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IMAGE PROCESSING OF GEOLOGICAL DATA , -
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This thesis proposes to study/:geo

ical maps and micros-

' COPlC{lmaqkS of thln sectlons' £ rocks ry- methods of ipage

processing. such methods, which include pattern recognition

and image analysis, are used for xtracting information fron
two-dimensionally distributed «date in compﬁ}ég,forﬁ called
pictures qprimages. oo '

. Although our visugl system is well Stited for gualitative

1nterpretat10ns of pictures, our 1nnate\ab111ty to carry out

'y

quantltatlve measurements Mat a glance“ 1s extrem$ly coarse.

. «

A.
For a computer the situation is the “opposite: accurate__

measurements and extensive computations are qulie easily

programmable while the 1dent1f1cat10n of what to measure may’

be difficult or even impossible 1n the light of the present

knowledge. Por this reason, the so called "intergétivg‘
1)

methods" can be very succesful. The data processing -is

simply shared between the man and the computer, each doing -

- what is easy.

In order to support éhe claimlmade that image processing
QD

and pattern recognition can be‘ useful 1in geology, an

L
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~areas of statistical ai

inyeractiye.package of Portraﬁ programs was assembled which
is called GIAPP, a geological image analysis program package
for estimatig_g7 ‘geometrical probabilities. The package was
developed particularly for geological . applications - in- - the

ral reXources estimation, stereclo-

gy, and image andlysis by mathematical morphologi.
When, in patterns systematically quantified from maps, we
can identify conditions . favourable to the occurrence of

mineralizations (or other ancillary events) .the geometric

.probabilities associated with these patterns can be combined

with the protabilities associated with the distribution of
mineral occurrences. ‘This concéﬁt is our base for deveiob—

ing predictive models.’ Microscopic images of rock material

-can also be transformed into computer images and considered

-measured by a.computer: ,

like micromaps which covef very smél; geolbgical areas.
Particular attention is given to the extraction and analysis
of black and white,,"binaryﬁ, images because their quantita-
tive charaéteristics involve geometrical properties of

"objects" and relationships among objects which can be

"expressed as geometrical probabilities' and can be easily

A

The thesis sbans three different aspects of geological

image processing: the philosophical approach in geology,

[l

the programming of .image proéessing softwvare, and several

practical applications of increasing complexity including
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one pattern recognitién experiment. Ehe study'is*aimed at
applications of the dimension and character of ‘conventional

-real-life geclogical studies, and also at relatively large

'inages of about one zilliom picture elements. ;

4 -

A description is-given of geological images, of " their
usage, of how to digitize images as line, drawings, of a

\

snall computer dedicateq to image- -processing, and pf‘ the

////;;Etware, péckage GIAﬁP, which enables the geologiSt'to

perform both image digitization

-

himself. A reéie; is méde
computer proceséing of binary ihqgés by electronic engipeers
in pattern fecognition-during the past twenty years. Simple
exgmples of binary geological images aye used to introduce

concepts of parallel processing and processors, and mathe-

matical mérphplog? cbncepts for image .analysis: i. e.,

logical operations between binary images and transformations

of binary images by strﬁcturing elements. Those operatiéns‘

and transformations c¢an be computed with a degfee of
parallellism b®n general phrpose computers‘ if the binary
images are in a "compressed" state in which to every picture

element only ome "bit" of the compﬁter word corresponds in

order to store the black or the ‘white color. . oo

A case history application is' made to the studf of

regional mineral resources in an area in Canada for which, a
set of large images in registration with one another is

)
-

. . ‘\\",,.’ >

nd processing entirely by

the original studies of

T G )
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uged. .Particular,attention'is given o map di itization,

.pre ocessing of _tpe ;digitized‘ images, and extractiqn of

environments related to uradium. mineralizatijon. Two thin

»

;Sections of mpetamorpkic rocks, a granulite and an amphibo-

lite,. are analyzed. for quantitative characterization of "the

crystals by the study -of” their profiles, stereologioal‘

propertles. and for comparlng the perforlance of an image

analvzer dedlcated 1nstrument (a Quantlmet 720) with that of'

the softsare programmed in GIAPP on a mlnlcomputer. Finally

an experlment 1s ‘made of truly automat;c proce551ng, i. e.,
- ‘( L

pattern recognition: the countlng of alpha particle tracks

from'autoradiogﬁaphS'of radioactive minerals. This . last

application' exemplifies how complex it is for a macline to

“"recognize" and count features thCh our v15ual system, the

eyes and the brain, perceive "at a glance“

' Many more problems are avallable in the geologlcal domain
whlch are particularly well sulted for image proce551ng,
espec1allv so when the data are characterlstlcally obtalned
at dlscrete locatrons and can be represented in map form or
in the form of a digitized, photograph and other 1magery.

Throughout -the thesis, the ‘'visual aspect is stressed by

1nsert1ng many 1llqstrat10ns in harmony with the interactive

. Y

nature of the nmethods used and also with' the Chinese

proverb: * “A gpicture. is worth a thousand words". The

-

~subiject lies at- the triple point of ‘geologx, computer

- Y
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science, and geometric probahili;y; the ainm 1s.to fani-

liarize the qeologlst HI}F the image proce551ng approach by

way of example. ReV1eus of related geologlcal appllcations.

a’ user's quide to interactive sessions | of GIAPP'S programs,.

and operat10na1 flowcharts are provided '
\ e :
- -
!
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!
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"RESUME

-

On se propose dans la présenté thdse de faire une é&tude

. . ' L S ,
de " cartes - gfologiques et de micrpihages-de ainces sections.

de roches en faisant appel 3 des ' méthodes ‘d*imagerie. De
c | o - .
telles néthodes, dont . la réconnaissance des formes

ltanalyse des images, " sont utilisées pour extraire de*

v ‘

1'information de donndes A dlstributlon bldlmenszon 1le

- sous forme informatique; autrenent dit, elles ‘servent 2

saisir de 1'information comtenue dans des images.

L'appareil oculaire de 1'homme est extr@mement bien

r

. A%
ddaptée 2 ltinterprétation qualitative des igages mais sa

capacité 13 }'évaluatidﬁ quantitative rapide d'uné image.est'.

‘trds limitée. Pour l'ordinatéur, l'inverSe est vrai: il

est facile d/h\gfogrammer un calculateur pour qu'il prenne

F

des mesures précises et effectue dﬁ longs calculs Fﬁ;; la
reconnaissance de 1'object 3 surer est d'une extrémg
ﬁifficulté, voire imposéible, daLs 1'état ‘aétuel des. Eon-
naissances.' Pour cette ralson, les méthodes‘dltes interac-
tlves peuvent domner des résultats fructneux. Le traitement
des données est tout simplement partagé entre l‘homme et

- . ! . . [
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, fa%}le. o ;' T

73 partir

- modéles de prév131on.

l'ordingtéurg‘lchacup accomplissint Ice qui lui est le. plus
Pour montrer-l'utlllté da traltement des images et de

Sy

des formes en géologle, ‘on a mis au point yn

-la

reconnalssance

ensemble de programmes 1nteraciﬂfs en Fortran, le GIAPP, qui

permet l'analyse des 1mages géologiques et 1'éva1uatlon des

€

probabilités. géométrlques.

‘

ment adapté aux- utlllsatlons gébloglques dans

Le GIA?P est plus particullére-
1es

de l'évaluatlon statlsthue des ressources en mlnéraux, 3 la

stéréologle et 3 1'analyse des- imageS..ﬁﬁr mo;phologig .
mathémathue« g . - _
Lorsque, dans de formations quaﬁtifiées systémathuement

de* eﬁrtes,= i1 est possible de reconnaitre des
conditions favorables 3 la présence de

d&antreé

probabllltés géométrlgues de ces formatlons aux probabllxtés

mlnérallsatlons

P

maniéestations secondalres),'on peut assoc1er les

de 1a dlstrlbutlon des glsements de mlnéraux. Cette notion

d'assoc1at10n dex deux probabllltés est a la base de nos

-

Les

. -

mlcr01mages 'échantlllons de

‘ roche peuvent au551 €tre transformées en images numérlgues'

et . par Ia sulte étre 1nterprétées comme des mlcrocartes de

réglons géologlgues

tréf petites..

—

llére est donnée a l'extractlon et 3 l'analyse des-

images

"blnalres" noir et blanc car leurs caractérlsthues quantl-

- ' tat1Ves mettent en _3Qy de proprlétés géoméégigues des-
3 »

-p N . . . . e’

domaines .

{ou

Une attention partlcu—.

o : S Ax
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"objects" est des relati/pé( entre ces objects gqu'il est

p0551ble d'exprlmer en termes de probabxlltés 4géOlétriques

et de’ mesurer fac1lement au noyen d'un ordlnateur.

-1
La thase porte sur trois aspects différents du traltenent

-

des images . qéologlgues- 1'approche phllosophlque de 1la

qéologle, la programmatlon du 1ogic1e1 de traitement des

images, et enfln p1u51eurs utilisations pratlgues de comple-‘

L]

xité crolssante pour la résolutlon de probl2mes de géologie,

- [ e -

notamment ‘une expérience de reconnaissance des formes.'

L'éfuae a 'pour but de dégager\\Qes appllcatlons de la
dimension et du caractere des étudbs géologiques c1a551gues

et au551 da traltementtd'lmages relatlvement grandes compo-

sées d'environ un million d'&léments d'lmage.

Or donne une ‘descrlpgion- des images géologiques, on
précise leurs utilisations et on explique comment sont
nunérisé€es S%S inages commp des. dessins de trait. on décrit

aussi' le pEtlt ordlnateur spécialisé P ur le traltement des

1maqes ainsi que le logiciel GIAPP permettant au gédlogue de

falre entlérement lul—méme la numérlsatlon et le traltement'

' dés 1mages.."0n livre ensuite un . résumé des résultats des

~

premidres &tudes .de traltement par ordlhateur d'inages
numéniqnes  faites par des ingénieurs &lectroniciens dans le

domaine de la reconnaissance dés formes au cours des vingt

. L

derni®res années. Des exenples simples d'lmages géologlgues

biparies servent 3 présenter les notions de traitement

. )

e—
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raralldle, les ordinateurs ainsi gque les notions de morpho—

logie mathénatique de 1l'analyse des images,” c'est-3-dire les

"nations des opérations logiques entre les images binaires et

de transformation de ces images par &léments structurants.

\

Ces cpérations et méthodes de ransformation peuvent 8tre.

programmées avec un haut degré de parallélisme sur des:

ordinateurs polyvalents si les images binaires sont-"comﬁri-

'mées", clest-3-dire si 3 tout &lépent d*'image ne correspond

qutun seul bit du mot ordinateur ‘pour le stockage de
1'information "Eklanc" ou "h;)ir". ®

on applique les principes A 1'&tude des réssources
régioééles_ en winéraux d'une région du-Canada por laquelle
on utilise des grandes images liées les unes aux autres.o On
accord;\uﬁe attention particuli®re 2 la numérisation des
cartes, au prétraitemeni des images numériséés et 3 ltex~-
trdction de données environnmentales relatives 3 des minéra-
lisations d'ﬁranium. Deux minces sections de réches n&ta-
morphiques, une granullte et une amphibolite, sont analysées
poyr é&tablir 1la caractérisation quantltatlve des cristaux
par &tude de leurs profils et de 1eurs_propriétés stéréolo—
giques et pour comparer la performance d;un appareil spécia-
lisé dtanalyse d'image (un Quantimet 720) 23 celle du

. ~J
logiciel GIAPP implanté - m1n1-ord1nateur. Enfln, on
expérimente un traltement entlérément automatique, soit 1la

reconnaissance des fo;mes: " le comptage des traces de

F




traitement 4

o

.

particules alpha 23 pé ir d'autoradiOQraphieé de minéraux
fadioactifs. Cette ap lication illust:e‘ combien ;l est
complgxe pour une macﬁéie de *"reconnaftrem et de.ca:actéris—
er des. ph&nomdnes que 1l'oeil et 1le cerveau de 1'homnme
per;;ivent "d*un codp d'oeilr.

De nombrehx autres probldmes se ?osant‘en géélqgie .sont
ﬁarticuliéremeﬁt " bien adaptés au traitement des images,
ﬁdtamment qtand les données sont.carabtéristiquement\obtenue

3 des ‘endroits discrets et qu'elles se prétent 2 une

représentation sous forme de carte, de photographie nunéri-
P

.s€e ou d'image quelconque. Dans la thdse, on souligne

ltaspect visuel de 1la néthode en dgonant ﬁe'nombreuses
illustégiions rebrésentatiwes de sa .nature interactive;
fid2le an Proverbe qui dit qu'une image vaut mille mots. lLe
sujet est 3 la triple croisée de la géologie, dé ltinforma-
tique fi:je la probabilistique géométrique. ILe but visé est

de familiariger le géologue, au ‘moyen d'eiemp}es, avec le

i%ggqg. A ce titre, on trouve dans la thdse
une revue des ahplications géologiques connexes, une guide

de 1ltutilisateur

2 xii

ux programmes interactifs GIAPP ainsi que
. . “
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observations nmay be random at first, or can follow guide-

1. Introduction .

3

1.1~Geologica1 guestions .as statistical problens

In the natural sciences the student is confronted gith ' a
real world of phenomena which frequently may seem continuous
in time and physical properties. His task is to get

familiar igth then, by collecting obser vations over an area,

a volume, or a time interval. The planning of these

LY

lines from previous knowledge which also may have been

ﬁéquired by others, elsewhere. With the accumulation of
observations, systematic patterns of  similar observations
that seem to correspdnd to pgenomena observed in different
places, prdvide the tgdls for ergamnizing the. collection of

obsexrvations in comprehensible and reusable descriptions.

Because j?o natural phenomenon can be described entirely,.

its“classjfication and the measurement of its properties is
seldom- a cleahly definable Eask.' In general the student
resorts to assigning a certain degree of +trust to ' each
observation, and by comparing Several_observationé with eaéﬁ
other, he is 1likely +to increase his confidence about
phenomena occurring at smaller scales. In this process the

student slowly progresses fronm elenmentary observations,

1 -
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through intuition and cunulating knowledge to Statistical
statements. These statements represent part of the proper-
t1es of the phenomena studied and must. be viewed in terms of
the sampling schenmes egployed.

In £ime some geolog;cal questions have been formulated in
teras of nathematical models to which statistical tests
could be applied, nany problems have becone equally geolog-
ical and statlstlcal, and a new discipline termed "natyemat—
ical geology” was established about 15 years ago. Howvever,
Several fundamental statistical questions. in geolog} are
older than that, as became apparent in the vork of the
minefalpgist M. A. Dpelesse vho, as early as 1888, ipdi-
cated that the relative volumes of Dinerals in rpcks could
be neasured from rapdom sections. A recent overview of
statistical applications and of their historical development

in the study of spatial patterms in the earth sciences was

e
—

made by Agterberg (1978), and Merrianm (1981).
Modal analysis, quahtitative stratigraphic correlation,
analysis of -vectorial data, trend analysis, statlstlcal

sianation, numerical c1a551f1cat10n, and mathematical mor-

*pholegy are Just some'eof the subjects that have become

integral parts of geolog&,egs,-the éompass and the field
notes, in almost any geologieal specialty, whenever practic-
al applications are required. The approach followed in this

study is Proposing that patternfrecognitiqn'technigues may



represent a powerfnl tool in many geoloqupal applications in

which spatial patterns play an important role.

-

1.2 Bringing the image into the picture: image ang&:/r

ysis and pattecrn recognition of geological nmaps

A'great nanber of geological studies cover an area of
given dimensions which can be sampled at‘d%fferent lévelé of
detail. Time and financial constraints as ;;IL as other
loglstlc limltations, tend to delimit drastically the level‘
of deta11 of any study. For this reason the statistical
impact of a study will be limited by the scale vwhich has
been chosen. Given the scale and the consequent sanpliﬂg
intérvals, the geolqﬁical observations can be represented ip
map form, where +the different map units sdbdivide all

+ Lepresentable features and portray their spatial attributes-
such as dimension, distrlbutlon and orlentation, and also
the 1nterrelat10pship betveen the various features. Fre—
quently, not all available fypes of observations can pe
represented on one single map, and several maps covering the
same area have to Le prépared. Different fhemes' are
developed for Special purposes, such -as lithology, struc-

'(~ : tures, econonic "geology. or geophysics, geochemistry, and

engineering geology.

v,



Each map unfﬁghas its set of properties, some of which
can  be important for describing particular geological

aspects. It then becomes important to be able to capture

these - properties in a systemétic manner, so that computa- -

tions can be made easily for statistical estimates of the .

J

attributes of the map units.

Geological Eaps contain a great amount of information:

in general pot all the infdrmation stored in a2 map is used.

ir most geological studies, but a selection is made of the
relevant features to consider. S5eldom is this selection

systematic or dictated by quantitatively strict criteria.

' The methods employed in this study form an atteapt to bring

geological images "into the picture"1¥the£gfore extending
computatioﬁs and interpretations to the geometrical .attri-
butes of ge&logical r?presentations. ’
Geological maps‘ can be transformed into corputer images
for picture processing. Their attributes can be nmeasured
automatically, and froﬁ' such measures ﬁ@’is poésible to
recognizg patterns of reiétionships vhich #ay contribute to
explain geological phenomena in quantitative terums.,
Microscopic images of rock material also can be trans-
formed into computer ihages and 'considered as micromaps

which cover small geological areas.

T —— e a e =



1.3 Digitization and computer processing

-

(.

Picture or image processing, patterﬁ”técognition, scene
analysis are some of the names used to describe methods of
extracting information from, us 1y, tvo-dimensionally Adis-

)
o

f
tributed data. Normally such data are.termed pictures or

e

— -

images. Our own visyal system, the eyes and the -Srain, is
extremely well suited fof gqualitative interpretafions of
pictures;\ Our innate ;bility io carry out quantitative
measurementg\\"at a glance", however, is extremely coarse.
For a bomputeé the situation is the‘éopposite: accurate
measurements ana éxtengive computatiodé}are easily prégranm-
able whereas the identification of what to measure nay be
difficult or even impossible to program in the light of the
present Kknowhow. For.this reason} the-so calléd "interac-
tive methods" can be.éuccessful. The data procg?Sing "load
is simply shared between the man and the cqmputer, each
doing what is “easiest".

. The number and variety of compu;térized piciqre' process@,
hethods is large, so large that only the rglevant gpproache;
have been summarized briefly in a recent volume on the
subject by Rosenfeld andf Kak (19763. Typically in image
processing, the entire image is processed for the informa-—

tion rather than only applying statistical estimation tech-

5



nigques to.the inage of a sample.

Pictures can be analyzed by computers only in digitized
form: the conputer memory stores the digital rep:esentation
of pictures inp the forn of arrays of numbers, in which for
each two-dlmen51;F§& address 4 grey level or density wvalue
is associated which is in point-to-point correspondence with
small areas on the original picture material. These asrays
are the data sets on which programmed algorithas compute
measures 6f the differen; - parameters which describe the

patterns contained.-in the picture, A description of a

picture .involves properties of the picture or of its parts,

and relationships aloﬁg the parts. Geometrical properties,
for example, .do not depend on the picture grey levels, bat
only on the sets of Pictare points that belong to given

picture parts.

The digitization of picture data can be accomplished in .

.several ways. Two usual methods- are: (a) scanning by
optical or.mechanical-devices;—or (b).digitizing of.contonrs
by x-y diéitizers. In this study, both techniques are
applied. A flying spot scanner vas used-for 35 om trans-
parencies of black and white tracrhgs of nmap uﬁlt boun-
daries, and an image ‘analyzer was used to study black and
white transparencies of Daps; a graphic tablet was enployed

for digitizing boundaries of crystal grains from the trac-

ings of rock textures and boundaries from map patterns. -

-
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Computer procéssing .is aEconplished with a érogral pac- -
kage. developed in FORTRAR afte£ a .lodel interactfve image
processing system programmed by D;. 7. Kasvand at the
Electrical Engineering Division of  the Hational Research
Council of Canada. fhe system designed é5pecia11y For the
ahalysis of geoibgical imaéeﬁ was termed GIAPP 3 Ge;logical
Image’hqalysis Programlpa¢£age for estimating geometrical
probabilities. The sysiéﬂ'is intended for a general purpose
computer: with a FORTRAN processor, in order to facilitate
the usage of image-processing techhiqués by geologists to
study map or microscopic images in terams of their geometric-
al attributes which cah zbe estimated statistically. For
this reason methods of mathematical morphology, geometrical
probability, and image processing have been considered in

the design.

. The package consists of: file handling, interactive
conversation, pipfure dispiay, image digitization, and edit-
ing routines, in addition to algorithas - for mezénflng'
parameters of images by many methods from different fields;

. §

1.4 Statement of purpose of the study \
.t - AN

This dissertation project was initiated in order to

provide geologists with techniques for the analysis ' of



geological maps which capture tLe geometrical configntation
of features aﬁh offer the chAice of 'differing sampling
schemes dccording tormodel requirements. These technigques
are: (a) based an. theé guantification of images by a
soféware—depenQent flying spot scahner vhich allows control
of‘raster'geométriCal configuration, and also on the us;gb
of a graphic tablet, " and {(b) fully relying on copputer

programming for the analysis of image data interactively.

Computer algorithms have been developed which are on line

" with techniques and sthtistical methods developed in several

different disciplines. This was done in order to mrake the
softvare more genérai and flexible because the fields
considered overlap to a great -extent as to the tyée of
problems being studied but not as to the methodsQLpplied.
uény instruments at present are available for image
analysis. Generally they are built according to a ~modular
codéept, and have consisted until recently mostly of hard-
ware, The} are expensive, and their acquisition. and usage
can be Jjustified only with production work. It is likely
that soon, with the  increasead avéilability of cheaper
conPﬁter Eemory and micrpprocgssors, the manufacturers will
add programmaﬁle'computers to éhese instruments paking it -
pos;ible to use nore complex and satisfactory _image-
processing methods than what {s doﬁé at present. For

research study, . wvhere® experiments are performed only on



‘ [ . |
7 limited nuabers of images ,hovever, computer processing,

even with a ne&iun-size or a small co ter, offgrs more
flexibility of approach and lighter capital costs. This is
ﬁg if an availablg computer is used and ‘the software is
provided. Por this reason anr interactive inage-processing
computer paékage was programmed for ;he ahalysis of geolog-
ical images. The package duplicates in .part vhat those
instruments can Qp, and in part it expands théir capabili-
ties. The logic Followed by the various algorithms im the
package 'is documented fully and it éomplies vith the
Statistical theories developed in mathematical morphology
for . textgﬁe analysis.  In addition the package contains
several picturg Processing algorithms which expand tye
fheory and.applications of textural studies.

Much geblogical sampligg of Ricroscopic and macréscopic
images may be ﬂ;;nd by rigid preset scheﬁes, as for éﬁample
point couiting qu modal analysis or for map data quantifi-
cation. The nmeasurements made in this Ranner are in general
time consuming and 3§i&oﬁli; Lepeated samp1;;g made poss-
ible. The scope of this study is to input images into KN
computers in ofder to make‘more_safisfactory measurements on
them. The problem of both improving and accelerating input
preparation, for exanple for images which are directly

produced by a microscope, is complex and essentially materi-

al dependent: -this is not considered inp this study. netho ,\\\\

—
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,developlent through computer progranling is the basic target
of the study, which is related dlrectly“‘io important
geological “applications. The applicatioqs undertaken have
been- chosen because they are differeni in type, therefore
t%ey emphasize the adaptive character of the softva;e
‘development and the applicability of nmethods of image
analysis~ which have broader application outside the purely
geological domain. g . "

The geologlcal appllcatlons considered here are as fol~
lows. geometr1ca1 probabilities associated to geological

and geophy51ca1 maps, textures in drafts from thin sections

of metamorphic rocks, featore extraction from micrographs of

"alpha tracks, and ettension of theory and applications on

'general®texture problems. 1In general the results of these

-approaches will be in the form of iﬁ;ges which can be

diéplayed graphically in order to aid both communication and
' .

understanding of the various steps in computer Processing.

L >3
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2. Digitizatjon and processing of images

2.1 Introduction - S
] . ’ .

Dlgltal images are best processed by computers interac-

’

‘tlvely. Interactive processing is done in steps in which an

image is transformed and then dlsplayed in order to allow-

the operator to decide whlch furthen transformatlons nay be

'requxred The processing is essentlally Picture dependent,

and human‘interaction is needed until enough is known about

a picture that am automatic pattern recognition process. can

be designea. fQ'general a pictnre is digitized first, , then

it undergoes varlous types of preproce551ng transformations

for image enkancement and feature extraction. Pinally the

picture is processed for recognition and classification.
3
_This- chapter descrlbes briefly the conputer ‘equipment

used for digltlzatlon, process;ng and dlsplay of image. data.

™

ad -

2.2 1 Computer system dedicated to interactive image

processing

]

In the development of the technigques for this project,
' ~

1
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L~ - ' ro
the electronmc egulplent used is a computer system intended

for general research in 1mage proce551ng. The system foras

’
‘part of the Computer Graphlcs Laboratory of the Electrical
Engineering Pivision of The. Hdtioati’/EZseargh Council of
Capnada in ttawa. The electronic equipment in the labora-

tory can be ~c¢lassified broadly into the fblloging

- classes: (1) computer and peripherals; (2) interactive
devices, (3) display devices, _(4) digitization devices, and
(5} recording devices. In this broaq\cla551f1cat10n, howev-

. ér, we must keep in mlnd that the 1nstruments grouped ynder

one class may perform the roles of sone other classes.

2.2.1 Computer and peripherals -
A small general purpose compufer, Modcomp IX, with a

.read/vwrite memory of 64 K (thougan 16 bit words, two one.

million words disks and two 800 bpi (bits per inch) tape. :

drifes » ¥Was used for processing images. The peripheral 1,0
(inptt/output) devices consist of: a capd reader, a Versa-
tec dot matrix printei} a teletype, an oﬁ-liﬁe randon
_addressable flying spot s anner, a.memory type Tektronlx 611

NCRT (cathod ray tube) with\a specialtoperator console, and a . ;

Summagraphics graphic tablet digitizer. The computer and ,

the peripherals are diagrammatically shown ip Fidure 2.1. i
) L

1
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A

——————



T ——

e v P b

TI9FFng abewr yedioN *TT 031 pPa3daUUOD
‘340 10TOD o®BIUOD ‘QT !IduuUeds jods BUuTATI oTqessa2Ippe wopues *QUTTUQ
‘6 fx19330Td X-X -g. {x02T3THBTP 39Tqe3 oTydezb sotydexbeunms -y !afosuod
Jo3jexado TeTosds 9 UITM ‘I¥D TI9 XTuoxiyar 2di3 Axocwsy °g !eodiysrag b
{I33uTad XTI3EW 30D D93PSISA 'f {Iopeax pae) 'z !xs3yndwoo 11 dwoopow ‘T

- T ¢ v L Y S 01

1 N GO H

Thé Modcomp II

-

heral
13

cessing at
interconnec-

perip

and the

general purpose image pro
and the

computer

-

oratory (a)
ces (b).

i

C e am e A e e e e s

-

icated +to

the Computer Graphics Lab
tions of the various dev

equipment ded

Figqure 2.1

B



.\

iy s gn e e

o ———p s

et e

— N e
' ) . $17ns3Y 40 39vHO1S
: aNV NOLLONQOHd
N el |
: . ' [ [
: | $ vH3INYD | |
( ! A,
i \v i (- | ¥3av3y _ '
B \ Q | Jquvo |
- [ .
. ! )
NOILOVYILNI P> 1Y I
. YOLYH3dO NOISIO3NHd
T T T T T s oL R [ |
| | |
HYOLvHy3do ] | Ly yaingg | | ) }
. _ _ ! .
. .. | ! |
370SNO2 13gvl N33405s MILEM3dAL| |N33uDS AL N N31107d ._ .
ANYHWNGD JIHdYHO NOILONMLSN | 310SNOD H¥NO102 | //
y ! N
—_ - — - — A o - —_—— e P A L R |
NOILISINDY
. 39vW)
r--==- - -"=-""-""""=""“3JV1¢&QH-—---—=-7+-=75 r—-— """ ==-= ==
| | 340250H2IW
! |
-~ f . | _ "39vLs .
w&m_o GNY ¥3LNdWOD ; —1 0 Q3ZIHOLOW ’
S3dVL 2ILINOYI | Y3INNYI
$321A30 . - + | ¥334ng ! | VHIAWYID hoaw
J9VHOLS SSYW Jovml [ ! ) Al . ONIY14
| < N
—_— e e e e DM M L _ T !
ONISSIIOHd ANV I
39VHOLS 3OVHI |¥317dILINWOLOH
. - \M <t
> . ] R
- i
L SPp S A A |
o * i .
M - .
#
& * s’

el ek aeai i, S

R

Concluded.

-
-

2.1

Figure



2.2.2 Interaction devices

L
The irteraction equipment consists of a teletype and a

.

special operator console connected ég‘ the Tektronix 611.
The operator console is a pushbutto;'board consisting of 18
pushbuttons with indicator lights, 511 potentiometers vith
indicator lights for analog sxgnal input and six additional
indicator lights for general purposes ”:‘~ The 1}1nmination

level of the console light ,is controlled entirely via

FORTRAN callable routines.

r

2.2.3 bisplay devices

The displiy eguipmént consists: of the Tektronix 6j1
memory type CRT which allows the display of four grey levels
for an array of 8096 x 4096 points; a Versatec dot matrix
péinter/g}otter for black ;nd vhite onlj, for an array of
1024 x 746 dots per 8.9 x 11 inches per page,_aﬁd a cOnz:f

color television which displays artays of 640 x 512 ‘point

2.2.4 Digitization devices

15



The digitization equipment comsists of an on-line random
addressable flying spot scanner, manufactured by Litton Co.,
for 35; Bm transparencies, wvhich has a resolution ' of
4096 x uoéa addressable positions , over an area of 25 x 25
ma; and of a Summagraphics graphic tablet with' a reSolution
of 1500 x 1500 positions over an area of approximately

-

18 x 14 inches. TRTRAN callable routines allow to control

both digitizers.
Essentially a flying spot.scamner, which ‘can be used for
both input and output of pictorial data, is a CRT which

allows acces to any point ir a two-dimensional data plane,

N It has 64 levels of light intensity at each point and can
handle a maximum matrix size of 4096 x 4096 points. Input
9 comes from a transSparent film and outpg® can be obtained

using a standard camera. Sane the flying spot scanner is

just ‘about at comguter speed, it can be used as a randon

accegs menory.

\

h thé graphic tablet 1ines'ean be traced/nanually by
:using a speCialized stylus. Theﬁ tablet aggﬁ\ffe stylus
system 1is connected to the conmputer vwhich receives and
stores the x-y coordinates of the stylus nnile the ioperator

traces the lines on the tablet.

. L]

T

2.2.5 Recordj devices

16



The recording eduipment used for pic?ure data consists of
twvo magnetic tape drives (mdny pictdres are stored serially
and in.bulk), tvo disk drives (scratch, few pictures can be
stored bdth in pardllel or serially), and of course of tﬂé

various display units. Ir the computer memory only part of

one or ‘more inages can be stored for truly randonm access.
Also a special menmory vas added to the system: it is called

image buffer or frame buffer and can store an entire colour

‘

plctnre of 640 x 512 pixels, for random access. This buffer

was built by Forpak Ltd. in Ottawa.

2.3 Methods of digitiiation of images

iy . .

.

The qqantifiéation of two-dimensional images can be
accomplished by dlgltlzatlon, vhich generally is ternmed
guantizatlon. It consists of a procedure for assigning to

raster points given coordinates pumerical yalues propor-

"tional to the "grey level" (optical density, transmittdnce,

reflactance, etc.) of the unit element of obhservation. In

digital processing the, picture Sapples must be gquantized:

thus the range of values in the samples pust be dividea into

intervals and all the values within an interval must be

represented #by a single level. Generally the samples are

' ‘ ‘ | 17
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‘density in the immediate ndj
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obtained by using an array of points.

Optical digitization is gemerally made by a variety of
instruments termed scanners (microdensitometers, flying spot
scanners, iggge analyzers) which break the izage into a
large number of raster units, 3::: representing the tone or

borhood of a point in a

-

.

a

regular geometric array. In practice this array (pixel
configuration in the s%rgg;ure of image data ) is-termed a
raster and is either sguare or hexajonal.

-~

A square raster as shown in Figure 2.2a is obtained by

spacing the pixels so that they occupy the cormers of a

regular squafe grid: The unit distance between adjacent

pixels in the direction of the grid is 1, whereas in the

diagonal directions is v2. In the hexagonal .raster, shown
in Pigure 2.2b, the pixels occupy the corners of a network
of equilateral triangles. The unit distance between adja-
cent pixels is always 1; it can be measured along the three

directions of the network. In this confiquration the
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_\ distance between adjacent rows is v3 / 2. ..
. If the raster is régular, it is not hecessary to reaerd
geometrical addresses becaunse ‘}hey. are implicit ‘in .the-
Position of each observation in the series. Tone or density
(grey level) of each raster point must be expreséed as one
of a list of limited number of digital chaiacters; For
black and white material it is sufficient thaf.éach observya-
.tion shows only that the p&int was in the black and not in
the vhite, i.e. in the binary 1 and not in .the 0. Por more
complex structures, a separate charaéigr is required for
, each of the grey levels; If these are not unlformly spaced
( \\\\ra_ggg_gvallable tone range, several extra- characters will
be regquired. Such multlple level record will be treated as
the source of several‘b;nary im;ges, each representing one
of the “"phases" to be measured. rPhase is here intended to
be the set of points which includes all particles 'ofr a
\\_/ single type (here grey-level raﬁge, i.e. colour). This
concept is important because it allaws the analysis of
complex' structures to be tfeated as a set of- hlnary
problems. This treatment allovs a computer equipped with
N aBoblein roperators to process an image at a faster rate than
-when each image point is processed as a numerical character.
A flying spot scanper is a fairly sophisticated expensive
' (“; piece of equipment which allows raster scanning. Houever,'

there are many alterpative instruments. The drum scanner

~



.the standarad prac?ice, 1mage processing refers to operations

T e e - ek -

*

and the flat-bed scanner are two videly used - raster input

devices as alternative to the flying spot Scanner. In the
\ _

_drul scanner a picture is mounted on a. cylinder uhich nspiﬁs

on its axis., 1In the flat bed scanner a picture is mounted

on a Flat moving platform. A beam of light is reflected off

or tramsmitted through the surface of the picture into a

photocell.

2.4 Methods of image processing

i

Computer methods .for image processing inm general assuune

that the data to be processed'have a particnlar arrangement.

¢

To clarify this concept it may be useful to consxder 1mage
L]

" processing as opp051te to computer graphlcs. According to

v

that transform images into other images in order to obtain:

information about then ané about the objects in rhem° image
recognition is the mapplng of images into non image descrip—
tion. Because problems are pucture dependent, we do not
rnow 'in advance ‘what question to ask the. computer about the
Picture, or which - ‘measurements to make. Images are stored

and accessed directly as large matrxces of values and the

. computer prograns do not understand the images nor thelr

parts.' It is often said in lmage processing that images are

21



storegd expllcitly.

Different from both of these is computer graphics which

is concerned priuarily with computer synthesis and manipula-
tion of inages that ere specified by d scriptions. " The
various fundanent;l parts or objects belont ing to the images.

_'must be known beforehand. A carefuli& designed apd effi-

cient data-base system is needed tol manipulate pictures.

Images are stored implicitly, i. e: synthesized into parti—

cular descriptions understood by the compnter progransl m e

/

information, therefore, is coded and sparse.\ The amouut ' of

memory used is generally low, bnt the data nnst be a

¥

so that the needed 1nformation can be found withon

searching and computation. Some fundamental parts of com-(‘

puter graphics information or data bases are coded as edges,
polygons and various pointers to these, generally structured
in particular sequences, in order to be most effiCient for

vell-defined. purposes.

In general picture processing or image processing'is

employed for the following reaso vhich also constitute the
basic historical requimmf;/x{:a it: (a) picture digitiza-
tion and codirg, {b) picture enhancenent and restdration,
and (c) picture segmentation and description or‘pattern
recognition. FOT these purposes 'pictures are stéred as
regular arrays or matrices of values each corresponding to
an individual Picture element or pixel vhich‘in turn is in

-9

-
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point;to-point correspondence with’ﬁ point or better with a -
‘small area in the input material. Because usvally these
arrays can  be large, €.g. 1000x1000 = 1 lillion pirxels,

images are stored 1nto nagnetic tapes or disks. rather than

directly in the coamputer menory -, ' '

In the present system the picture data are represented as

matrices of integer or ,one bit binary numbers of up to

1024x1024 elements. These are stored row by row in‘;a

- sequential manner. Bach row of picture data represents ne

logical record.,

. Grey-level pictu:eslare diéitized so that each compat
‘'vord stores the gfey—le&el va lue (genera11y7 an ihteger
number):at a givgn position. ; binary picture hgs only two
values of grey levei; 0 pr 1, which can be co;sideted as
‘black and . white respectifely. Bigary, 0-1 data ,- are
comp:essed_ so' thatlto each 0-1 pixel, there corresponds an

"OFF"-"ON" bit status. This is done in order to economize

in memory storage and to expedjte I/0 and sone types of

. ' ‘ -
computations as we will see later. -

Picture processin§ by a general purpose timeshared éon-.
puter. can.produce satlsfactorlly the’ desired results with a
relatlvely modest programming effort.' Such computers gener-
ally are available everyuhere, but the processing xs bound
to take con51derab1e amounts of computer time. The general-
purpose\ﬁ_pmputer ;s thus ideal as a research tool, but not

23
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adequate for routine production of resulss.
In prbcessing of binary images, one word in the computer
now can contain many picturé elenenis. and in .a‘modern

computer all the bits within a computer word are processed

. in parallel when at least (Boolegn) logical operations-are uf

involved; a degree of parallelliss is obtained which is

proportional to the word length within the computer. Thas

cgrtgin binafy operations can be . speeded up considerably.

v

A~—variety of spe&ial "hard-vired"® 'imqge processing
devices "has beq& on the market for salertine (Hougardy,
4975) . These devices, generally termed "“image analyzers®
are fast but the operation repertoire ié very liaited. Due
to increased impoftance of picture processing, "pipe-lined"
and fpnrallel" processing compnters are: becouing available
‘which also can -be progranned in a manner ana{ogous to the

ordinary.'general—purpose coméuters-(?reston et al., 1979).

Such computers, however, are expensive.

7 . _ . .
The approach followed in this thesis is directed towvards

a_'pOPr-han's solutioh‘ in a time shared computer: a asual
situnation in uéich ve are paying in conputing‘time apd‘ not
in hardware. . The rich-man's solntion is a special-purpose
compnter.‘.‘This is mow a problea . at which the image }
- processing .community is active. “Soon special image proces-
sing "chlPS" will be available (integrated circuits) vhicg
vill be working ip a so-called "pipeline fashion" -a;

28



,approximatelj'ktelevision//speeds. It seels "likely that
geology as uel’]P, :ap other disciplines such as remote sensings -
or signal processing, will take increasingly more /advantage

of the progress in image processing technology.

| 4

2.5 Techniqnes'for the display'of image data

- 4

Hany aspects of picture processing are clearly related to
she perception of pictures by humans. Thevresults of the -
transformations computed can in general be hppreciated best
in pictorial forn as displays obtainable on various display
devices. On a telev151on screen we can have a  refreshed /“
.type of display: the image-can be stored on a so-called
image buffer or frame buffer, and then displayed continuous-
'1y with many different grey levels ard also colours. We can <
use a memory type‘tRT devlée, Y levels and also colors._ Ve -
can use a menory type CRT device, where the storage of the
image occurs ‘on the phosphorous surface: here only 3 or §&§
grey levels can be displayed for each’ single dot.

Displays can be done on paper by using various types of \JY
printers. When using a 1line printer, ohasacters can .be'- - »
overprinﬁed to obtain a - few differeot grey levelsl -pnoh
nore powerful types of printers are the plotters and the dot

printers. Plotters, either drum or flat bed plotters,  have
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the capﬁbility‘of several &olo; ribbons. Different picture
parts can be represented by contours, graphic patterns,
various charactgrs o; drafted symbols. In dot printers eacﬂ
p;gture'point can be represented by a square matrix of dots.
gof example a 3x3 natrix could be used, and by deleting
dots, 10 different gtéy level effects are obtaiméd from a -
single color of d9ts, geﬁerally black. Recently colors
bécame‘a possibility-in ihk 3et plotters, where tﬁree guns
fire droplets of fast drying ink of thelthree baéié-colonrs
(yellow, magenta anﬁ cyan) onto a special absorbing paper.
The coloufs are'OQerprintéd during three passes,,and the end
resd;fs are éictures of different colours and intensities,

¢ -

similar-to vhat is domne in a color televisioni

2

-~

2.6 Limitations in eBultiuser interactive processing
/ -_ | . -
Many display devices can be available on' a ‘dedicated

computer system, 1like the qﬁe- used here. Uhen'dnly a

graphic terminal is available, and this is connected. to a

_ time ~.shared cdppu£;:%-some limitations must b considered

for display and interaction. The graphic ferminal screen

and its keyboard have to be used in turn for both the
N - . . /-

‘igteraction and the display of pictures. It becomes neces-

sary, hzreve:, to use a permanent recording device swch as a

T T T e A m e s b e et e o —n e T e e e meeeme e



camera or better a printer or hard ¢opy unit vhich, vhenever

.needed, will photographically copy what is displajed on the

screen for documentation of the processing results and the-

sequence of the various computational steps.

The 'ﬁsage df magnetic tapes may not be permitted 'in an
intefactiVe time shared environment with nany héets, there-
fore only disk space may be availqble. Finglly, because.the
memofy Space allowed. in interactive modé is more-li;ited
than in batch mode, programs will have to be, taylored éo the

alloved memory, i.e. structured for minimum space regquire-

-

ments into overlays or into segments. Running speeds also -

will have to be minimal. Particularly, ‘a relatively fast
rate of transmission for the line conmecting the graphic

terminal to the computer is to be preferred for the display

of images, e.g. 4800 or 9600 baunds (characters per secqnd){

Failure to obtain these speeds, will'limit the efficiency of

picture display in the multiuser interactive environment.

’




3. GIAPP: Geological Image Analysis Prograa Package

@j 1 Introduction R = .

An interactive system of FORTRAN pr

“ = T

ical Image Analysis Program Package, GIAPP in short form,

has been designed .as part of mul 'discipliﬂhry efforts in
the fields of pattern recogniﬁion and mathematical geology.
Several methods of picture pfocessing, rathematical morpho-
logy and stereology have been brought together in program-
ming the ‘package. As a tool fgi the Studf of geological
images it is adaptable being written in PORTBAN swith few -
machine-dependent routines. A version of the paékage wvhich
was adapted to a multiuser environment, uses only a Tek--
tronix graphic terminal for picture display and ihteractive
coﬁmands and ﬂessagés. In essence, GIAPP bffers the possi-

bilj

o do iﬁage processing without having to use an image

alyzer. . '

GIAPP was programmed for the following reasons: (a) to
handle images of maps or micrographs as matrices of numbers

for compatatiom, . {b) to qpantify all the informationm that
,theyrcbntain, (c) to describe éhe morphology of each” map

~

unit or microscopic phase; (41 to study the spatial rela-
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tionships between map units, and {e) to provide automatical-

ly inputs to multivériate analysis.

1

3.2 Summary of the capabilities of the package o

*

The present capabilities of GIAPP are sunmarized in Table

3.1. Some of the terminology in the tablg vas taken after

Rosenfeld and Kak (1976¢)  who provided a comprehensive A

?ferviey of digital imagé processing. The prograqf havg
been ﬁaieloped first on a snmall computer dedicated to
general ipage processing: a Modcomp 1IX coﬁﬁhter with " 64
deé%Fa; k's of memory of 16 bit words, two tape drives and
two disks. Initially the computer was interfaced with a

flying spot écanner, a Tektronix 611 video display unit; a

Versatec dot matrix printer, a card reader and a .graphic

tablet &igitizer. Later a Norpak image buffer and a Conrac

colour television were added to the system. Part of the

package has been converted to a cbDC Cyber 74 comguter which
allows 70 octal K's of -memory. of 60 bit words for interac-

tive processing and . the access to several disks. v In this

second version a Tektronix noiu/1>yideo graphic terminal and ’

a“hard cogx unit comnected to it are the bnly communication
Y

and display devices available.

29
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TABLE 3.1

»

_ 'General description of the capabilities of GIAPP

r X B v

{ GENERAL FEATURES | PROCESSING OF | PROCESSING OF !
| | HNON-COBRPRESSED . | BINARY COMPRESSED

| | IMAGES [ * IMAGES

1 1 '] o

LB ) |

{-file searching, |-smoothing, - {-logical &

| copying, erasing | filtering, | operations on or

1.and reviewing
I .
|{-expansion and

| compression

| of %}nary data

|

I-handling of com-
| nentaries added
| to image data

| sets, by each pro-
{ cessing routine

1

{-processing of

! binary, labeled

| and grey level

| images for both

| square and

| . hexagonal rasters
| .
f-output of image

| data on magnetic
| tape of data

| transfer

' .

j-creation of

| binary compres¥ed
{ images of

. | boundaries from a

| graphic tablet

| .
{-scanning by means
| of a fXying spot
|- scanner

| thresholding
{ and graphical
| -displays

l—componenf

! labeling of

| binary images

| .
|-line thipning

|

{-phase labeling

(

|-junction

| detection

{

|-extraction of

| binary data from
| labeled images

{ ‘
{-digital displays.
! o

|-gther
%/Zpecial purpose
algorithms

| .
|~-false color
{ displays

|

|

|

|

{

|

"|{ auto- and cross-

e o e - —— - ——

| between binary
| images
i .
|-Minkowski

{ operations by
means of progranm-|
mable structuring|
elenents of any |
shape

e

— i M s D —

{~tvo—-dimensional

| correlatioans
[
{-point and vector
| displays of

| binary images

{

i

|-editing of binmary
| inages ‘

i . .
|-creation of
binary images
from data on
cards or computed}’
from interactive |
commands {(masks, |
grids, tests) i

|

? |
|
|
']

&
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3.3 Data management

- -
-
- . . . .

GIAPP. was designed to make maximum use of a linited

computer memory: a read/vwrite memory of 32 decimal K- to 4

K words of 16 bits, On the Modcomp II computer 12 K's of

memory are used by the operating éystgg; The remaining 52

K's of memory are reserved for: (1) the contfgiiing part of
the program (here called "éupeéuaster"), (2) _the integer and
the real common areas, (3) one group of pfograms ggveniently
grouped into an overlay (here called "Master®") and finally a

sératch area. Parts (3) and (4) of the mehory are occupied

o

in tarns by each particular overlay or Master during an

interactive session. ; .

\

Initially the prograns are stored on a Ragnetic tape anad

have to be transferred to disk before ‘each run. Upon

«starting , a system of dverlays is entered from which there

is no exit until the pProcessing work is completed or it ig
manually interrupted by activating an external inferrupt

switch button. Each overlay is accessed and .exited interac-

. tively by teletype cozmands. Optionally : the controlling

commands can be issued by means of _computgi c}u:which are
read by the card reader. The generalized pro?ram_ struacture
is showq in figure 3.1,

~

.
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‘images and to read both integer and floating point &

P
K

Pigure 3,1 The program Structure of GIAPP. 1 :SENSW(1,0)
is a function which uses a machine dependent routine which
activates exterhal control by the first of eight switch
buttons on the CPU of the Modcomp II computer. 2 : 1gool
start” is an automatic procedure to read soué" information
from,  and to account for all image files (data sets) ‘on the
tvo magnetic tapes, to prepare the *hree disk partitions) for

ults
fron cards. 3 : The dJefault values can later be changed
before calling other programs. ‘ ‘

" 32
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Fiqure 3.1: Cdﬁéﬁuded.
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For the system a data set is a strnctured file of 1nage

data. As exemplified in Figure 3.2, a data set consists Qf
%
(1) a header record of 100 computer words, describing the

picture sequential address, type and ‘dimension, (2) a

. variable number of comment records of 100 computer words

each, containing picture name and all names of the proces-

sing algorithms to which the picture was subjected, includ-
ing the commentary of other pictures with which it vas
combined, (3) -the picture data as ‘a (i) x (n) arrayn;f
integer numbers, in which m is the record length and n tke
number of records, and (4) an end-of-file mark. ‘
Several.pictures can be ;tored sequentially in anj of the
storage devices, tapes or disks, where eﬁdh set of éictures
is preceeded by a beginning-of-data record.  The last data
set is followed by an end-of-data record. Both the latter

records are of 100 computer words each similar to the header

record mentioned earlier. The package allows up to 5

’ independent I/0 devices which are accessed entering theé

nunrbers between 100 and 599. . Fach physically independent

erve either as an jmput or an output storage

%
hysical unit cannot, Qowever, be used in ' more

device,

than one rble at the same time. Because storage is

sequential, on the last data set can\ be erased; a neu data
q:

set can be added only next taq the 1ast data set.

34~
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L load point of storage ‘
© device 4
- beginning of data record . A

(100 words) - R X
4 end of file mark rd ~
. - header record b '
. : (100 words)
- comment record
(100 words) )
- comment record -
. (100 words)
. . . header and _ A
commentary ' !
data block
' first
7 Ppicture
data file -

. Y .

- last cornment record
(100 words) .a :
+ row | of picture data™ . Lt
+ row 2 of picture datal picture
. data block

-

row n of picture data |
end of file mark second
picture
data file

+

-

. end of file n"lark

» end of file mark last
- . picture
. ) data file
* - end of file mark )
- end of data record u
. {100 words)

Pigure 3.2: Physical structure of" seguentia'lry- organized
picture data in GIAPP. . : :
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RECEN LLI# FROM HT= 11

beginning-of-data record  RLIG1, $————— "eetic tape drive 11
. ALli A 1
encounterad ,—/, _fzf_s-”ml data svt rumbep
FILE,DSs 1 100 ) -
1w 12 3 1 8, 0. o g8 g . .
303 : , S -
-1 18 5PICT= 3 3 ID=BISE 000/010/000 :
FILE,DS= 2 101 . ;e
header racord 2 101 12 " 30 1 0 0 0 1 0
;2
oommant Ncord’_'_’{-l 18 >PICTY= 3 3 ID=BINX 010/110/000

FILE.D5= 4

aequence mumber of

_data act (filc) ) ‘3‘

-1 18

nunber of worde

numbar of records
frows) in picture

018
' 19

o, 9
o - ;IB
- S L_/ 9

218
—3 ¢

418

3 9

418

7 9

818

? 9
~ e

IR
8
19
12
13
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19 9
18
21 9
22 18
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13
13
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1%
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sequende numbor
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comment record

endvof-commentary ——p —|
marker '

end-of-data record ancountered

FILE,DS=

par racord 5
64593

1014

DATA END

102
12

. / typa of pieture (30 1o binary eapanded)
R N N T '

1 3 ID=B2SE 000/010/110

103
103 12 3o 1 0 a a
3 - _
SPICT= 3 3 ID=B2MK 000/110/110 .
. type of picture 140 is btrary corpressed;
3 104 / ' :
104 23 408710 0 0 0. 0 1000k el pizals
200 100" 2 1000 3 3 1040 14 ~
34 3 - \
PRIG.COMBIN RKS9F+2,10000/45
LOGAI=HBT(A)
LBGA3=A. NAT(B)
YPICT=1000 595 ID=RK&9S065HAGK1-
LOGB3= A+B .
JPICT=1000 595 1D=RK&9S085HASK2-
LOGE3= A+ : . .
SPICT=1000 595 1D=RK&9S045NASKI~ e
LBG6A3= A+B '
YPICT=1000 595 I1D=RK695045HASK4+
LB6O3=A.NET(R)
>PICT=1000 595 ID=RK&9S0SSHASKE-
L3GO3= A+B ) _ )
>PICT=1000 595 ID=RK&9SQ4SHASKS+
LBGA3=A. NAT(R) o :
YPICT=1000 595 1D=RK&9S045HASK?- - 1
EXPAND COMFRESSED BINARY PICTURE
THIN BINARY C@NTS:THIN3F
THIN.PBST PRCESS:HILDI4
THIX BIHARY CONTS:THINIF
THIN.PEST PROCESS:HILDI4
CEHPRESS EXPANDED BINARY PICTURE
LAGOI=A. NOT(R)
>PICT=1000 595 ID=RK4BSQS5HASKE-
LBGE3= A+B
SPICT=1000 595 ID=RK495045HASK 7+
EXPAND CEHPRESSED BINARY PICTURE
ENUN4AENUNERATED AREAS
ENUMS: JBINING AREAS .
HPR8B:P-PYRIXENE :
MINK2=  ER@SIEN
SPICT= -3 3 ID=RISE 0C0/010/000 -

h Fiqure 3.3 Example of printout during the "Cool Start"

operation:

header and commentary of GIAPP's

picture data

} ' are listed as stored on a Nngle magnetic tape on drive 11.

™
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Figure 3.5 shovs aﬁ exanpie of printoﬁt 'of header and

comments vfpr severaf data sé;s stored on oné single tape.

- - The sjsten\attenpts to be as useful as possible. At the
) beginniﬁg of a run in which one or more existing picture
files are available, a procedure (called "Cool Start" in
Figure 3. 1) reads the headers of all the existing files and
creates a table in memory whlch contains all the inforaation

. for file availabllity (input or output data sets) on all 5§
storage devices. If during a proc9551ng step the user tries
to read a nonexistent’ data set or tries .to overwrite
existing data, the system simply generates efgor‘ ;g%sages
and returns cbntrplkto the'user, wvithout ruining the picture

data or aborting. As mentioned earller, only tﬁe last

picture on a physical devlce can be“brased.

i
T

3.4 The conversational-systen "

GIAPP is a self sufficient system which handles antomat-
ically storage and processing fron' Sseveral 7I/0 devices
(tapes or disks). This is possible via a very simple

conversatlonal language which 13 kept to a ‘bare nlninun‘by

referrlng only to paraneter addresses and to the correspond-"

-
ing values. The user is expected to Y three different

(* ' classes of interaction: (1) define I/ 0 piétnre numbers, (2)

.

e T R i b
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*xNBO2

—— — g
'

116002:12 . : S
105~ : .
ITNPUT COESTANTS, AS READ == READC=—— read default valucs from cards

| SET SENSW 3 POR TYPING R '
number of files, data sets, which oan te used on

:g?ODZ:IZ - I‘/ the tapes and the threa dick partitions.

{COOL START. YOQU[SURE? ‘1=YBS, 2=BYPASS CARD READ

12 7 ——— - .

JISLLIO 30 14 2 2 3 initialize the threo disk pavtitions .

" IPREPD - ¢ 0 13 14 17 ' ':’“k beginmning-of-data and end-of-data records
{RLIO1, RECON LLIO PROM MT= 11 ‘ :
IDATA START . X read through magnatic tapes on drives 11 and

IDATA END ) 12 to create the file occupanoy tablan

fRLI0T1, RECORN LLIC FROM BT= 12 : R \ L

}g:$: gﬁgn‘r " addrece of roming j.aarbwur '
: 33002:I2 value

IEINDA: ENTER I,J:I4,16 = prompting message with format of imput required

. — ) —— o —— W TS i A SR mm . ol

017200 . ‘
: :;2 O:gg input wnit data setr N 1 ‘/..\
- 10080000018 C R P
1 80 180 o e
10083000005 - : v | b _
83 5 oL dafine: the runni tere |
10083000005 o For the progean 13 be catren” |
I Bn 5 - s . ., - l —
10085000066 \ ) 1
| 85 . 66 ) : I 5
- 10 SR - - : I
: I§_G002:IZ S : oall by mumber 21 SUBROUTINE HPRSZ |
21 ' : - ‘. |
"|HPR92 105 180 5 5 66 list of running parometers |

IS E STRING:NO. OF BITS, 228 NO. OF ELENENTS= 37 1
|IDINBS= 15 IDIMNBE= 196 ‘ f
"INO. OP 1 BITS IN SE SET= 777.00 |-
) :IGOOZ:IZ ocontrol retura to :h; user :
I S ' o
| S— e ]

-

Pigure 3.4: BExample of conversation during a session of
GIAPP.- ‘ ) ‘ N

-
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’ ’ * ~ ’ : )
* \(' -
| ' i
. : # fomata of I and oall by-nuanr 8 SUBROUTINE fmm :
IEINDA:ENTER I,J:T3,%6 paramater addroms and its valus |
10172000200 1
) t 172 200 dafine input pias
10173000105 ' P o mabare :
1 173 105 7~ -
101740003 deting oo
‘ © 1174 300 ofina output picturd mebar |
-~ :0:2300000% . dofine type of transfermation: 2 if for aroiion | ° °
:0:}2;00900:} define type of rastor: 1 iz for cg raster | -
J * ‘ '
. 10 i
. |
:;?002. I2 call by mumber 24 SUBROUTINE NINXKI | :
. ' . I ‘
}mm 2.005 1231; 30(1)5 1 180 s}_l 1 )
66 5 o '
| KMASK1: RANGE= 17 96— gugmourine winet 1: paramater
i i1 rel
. ITOTAL BITS IN TUNKA AND JOK | transmtted via :;.Z’?@ﬁoféﬁi}?i and m,‘u:
| = \1 7344, 8996, cnteved by SUBRCUTINE EINDA i
16002; ’ v d )
: 17 12 intermodiate me#sage during run : ,r;
IVPIX3 300 1 :
116002:12 ° 50{:;:2 meseac is: no. of "N (blaok) bits in
‘ put pioctura (before erosion) and in auzpue |
i piqture (after ervgion) tranoformed by atruc-|
! turing element stored as ifPut pioture data |
. —~ 4
. )
. .
- )
.i_ *
Piggr:e_ 3.4: Concluded ,
39
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3 (3) ocall by number the particul

- error is qet

- label corresponds to which picture and to 4

a ' >

define the running ' parameters, for a given subprogram, and

rqgﬁam, When the progran

. . '\\ : .
execution, the contTol returns to the user. LIf an

ted, an error message is generated and again
the control returns to the user. SRR
o o

A description of the programs and a list of their valid

‘parameters and addresses. and possible values must be used

durin the nteraction. m ubprograms present various
g interacti 78” exs Hp g P J//,i

optxons to the user and require a response. These - are

explalned\\;n detail and in plaln language by the programs

during the interaction. The subprograms themselves are also

called by numbenks which afz“gxplilned in the Jdescription

In GIAPP it is the responsibility of the yser to know which

of the processing. Tiat flowchart and

copy wof tz/,text of
p\me interactive converss};gg will enable ‘to recon trua cf the

‘session at a later stage. ~Pigure 3.4 shows an exaaple of

interactiye-conversatlon.

\

3.5 General structure of the processing algorithps

/-

The -pptinizafion oquFQ?cessing speeds and the picture

data organization depend on the nature of the picture

processing algorithas. Most algorithas, hoveier, process

=

40
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START

. . 1
. v

T " . A
[Print program name and list input parameters {
| S

T - ]
v : ¥

Check input parameters to Prevent

¥
I
| incorrect progranm operation or abort
| I—

error 1

|
| 0-K. -
V.

T

- . ]

error 2
/O >

1

1

|

| O.%. |

. v I
- |
1
!
|
|

h |

|

|

. - l

r T = |

é\ ~ Initialize data set management |
—_ |

|

Find input data set and read header
information about picture . -

|
. ,\\ error 3

. |
. , . . ‘ &V/ >4
'(- ) ' ‘ 0.K. - . € - :
ST
|

|

|

s
——

\
T

|
v

| Prepare header for output picgéie

- - : =
s v

— - «
| open cutput data set and load header [
. -

1
|

error i

T
|

. | O.K.
v

.Copy old message and present, message and
Close message data

——
e v

. - T

|
1
|
{
1
1
i
!
t
i |
|
1
|
i
|
{
r
{
{

. erroer 5
~ e >
\ .

| O.K-
v

[a]

1
- — -
—_—
-

Process picture data row by row -
kY

v N 2

(": Figure 3.5: General structure of a processing algorithm in
- . GIAPP.
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] .
v : o
r-)Q - Do all tows in-picture >
i .
| : , v ’
4 / .
| | + Real picture Aata into window |
i | (ore or aore rows) 1
| b = r )
| 1
- ercor 6
' o :
l I
| | 0.K. :
| "y
I ]
| f_( \\_90 all rows in window >
11 —
[ | - 4 : ’
It r .
(3| 1r +11
I I Process picture data along rows ., |[]
[ I 1|
I — — )
| v
[ r -
| Load output |
11— —_— )
I 1 v
I z —— -
I ‘—-< Continue >
I |
| ’ - "
| r "“. W .
1 ILoad one row of results into output data set )(
I L . - 4
! | |
| . error 7 |
| SR :
{
| \ \ : | 0.K. . |
1 : ~ v |
! - I
"-—Q Continue > |
— |
v 1
r - N 1 |
1 Close output data set 1
L 1
Ll I
- | .. ]
ercor 8 1
o :
. " |
| C.K. 1
v i
r - 1 |
] Print result message if required I
L I
- : .'
| — } ‘ -
| | Print error message and if ocutput data set 11
| [ has been opened close it | <=3
| 1 .
| — QL_erase it !
T . .)I i
!
- v
BETURN '
3.5: . Concluded. .
3
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pictures in a systenatic manner, starting at’  the top left
corner of a picture and ending at the bottom right cor- ner.
Therefore, the pictnres can be stored as large two-
. dimensional ondatrices in which each element and a certain
number of its intermediate neighbors or 'the corresponding
elements in other picture matrices are used for conputation.
In- ocrder to minimize storage, only .a strip across a picture
is stored in core. The width of the strip corresponds to
the number GFf ravs of 1npnt picture data which‘are used'by_a
given algorithm. The ninimnm strip consists of one raw of
picture'elementel Eech raw of pictnre data represents a
1ogicai fecord. Figure 3.5 shows the schematic structure of
.2 program, or processing algoritha. A complete listing of
GIAPP's source programs will be available as a separate

' technical report (Fabbri, 1981) . >

3.6 Machine-dependent routines

. C
Several nmachine dependent routines are used ip the
r ‘ .‘ﬂodcomp II version o GIAPP, They have_ the lfollowing
parposess (a) file management, (b) debugging options acti-
" vating printed messages, (c) bit manipulation and character
‘ (* manipulation, 'and {d) nctivating the peripheral eguiplent,

Such as the flying spot scanner, the graphic tablet digitiz-

43
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N er and the display device These routines are all -Portran

‘callable but are machine specifict Por this"reasqn tggz’/,

L willbhav?}tg/be revritten or substituted for the particular
_equipment on vhich GIAPP may be transferred and converted

" to. A detailed description of these routines will be

\\a\\ ' available as part of a Separate technical report  (Pabbri,
[ .
% 1981). '

R T -
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d.1 Introduction

The programs in GIAPP have been grouped into five c1asse§
as follows: (I} control of the flyi;;\\spot scanner and
processiné of grey-level images; (II) dig;tizat;on of line
drawings by a graphic tablet, and editing of binary compre=
ssed images; (III) processing of binary images of boundaries
to ‘prodngp phasg—labeled irages and bin;ry imaées of the
different ﬁhases:']IV) processing and analysis of binary
compfessed imaggs. by means of structuring elements as
defi;éd in math?matical . morphology; and (V) transfer of

uncompressed iﬁhge data outside the HModcomp II computer

systen. ,

Data-mdnagement programs fﬁr the &utomatic. haqdliﬁ; of
iqage data with labeled file structure was mrentioned garlier
(sée also Figure 3.2). These programs Iafé used‘ip the

classes II, III and IV as sole file, handling procedures:

‘they are used in classes I and V as ob}iods. .Class I

h%ndlés unlabeled data—seté,-however it allows to create
tape files . = for both grey level images and binary compre-

ssed images obtained by thresholding, according to thé

J\\\; ‘ 4s
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TABLE 4.1

Summary of the functions performed by the groups of programs
in the five classes of SUPERMASTERS in GIAPP

SUPERNASTER | NASTER)
| S— L

FONCTIONS

I 01

1)

Scanning on a Flying Spot Scaaner, ]
display of the results of the scans, 1
creation of grey level images, study {
and display of grey levels, thresholding|
of grey level images, and creatisn of
binary compressed images as labeled |
data sets for subseguent processing

02

4

originel images, polnt oporations on
pixels for grey level images

03

R I

i
F
"Selection of ‘subpictures “roa large t
|
|

!
.lipe drawings, creation af files of 1
|
|

L]

Graphic tablet prograss for ligitizing

vectors from a graphic tablet, transfor-
aatjon of vectors into binary 1
}lagas, assemblage of subpictiires

(384 pixels x 384 pixels maximue) |
into large mosaics of bipary compres- |
sed images of line dravings |

04

he

-
Assemblage of sobpictures

{512 pixels x 512 pixels waximunj
into large mosalics of binary comp-~
ressed ilage; of line dravings ~

a5

S T —— e . — . —— ——— . I ——— ——
-
(L]

Bditing, ‘via graphical displays, of i
binary compressed images

IIx

06

Line thinning of binary expanded
isages, component labeling of lines,
Junctions or greas within contours

07

]
|
!
|
|
|
!
1
4
1
1
I
|
1

Pase labeling via interactive

|

!

displays, creation of phase labeled -*
images, extraction of birary resded 4
izages of each phase \

v’ oa

’-——-———4-—-—-——-1-——‘—--"-'-1|-————-

Logical operations on oc- hotween A
binary compressel images, Minkowski
operations or transformations by means
of programmable Ntructuring eleaants,
displays of binarf coampressel images

o
o

Auto- nEd cross-correlation of binary
conpressed images in two dimeasisns
creation of correlatien images

-y

10

*

Suimnt Seiebatateietiaiet Satelabinin bt

|
[
|
|
'
|
|
|
|
:
I
)
i
|
1
i
[
!
|
|
|
i
|
!
t
|
f
!
|
|
|
|
}
|
|
[
|
|
{
!
|
[
f
|

Outpyt of binary expanded images,
labeled images and grey level iaages

[
i
{
|
|
|
|
!
{
!
1
|
)
:
for transfer in different BCD formats |
s ’

4§,
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labeled structure: for the other classes. Class V accepts
labeled data sets as input and creates unlabeled and
differently'gormatted files as outpdt-on magnetic tapes for
a .

image transfer.

The same simple type of conversational structure is used -

in all progranms throughout the five classes.
An overlay pr%gram structgre is useﬁ in the first four
. classes of programs. This is done in order to redyce the"
étorage requirenents. Programs have been grouped together
which perform related tasks in order o provide practical
selections of algorithms for each sessiog.

'Tdblg 8.1 summarizes the various tasks performed within
the fiie classes of programs of GIAPP. A brief. introduction
of the data managemant Prograss which are called by each
processing routine is provided in the next vsection. Table
outlines of the different algorithas within each Master

program will follow.

‘Q:Q'Data ﬁanagément and conversational programs

- 4

A relatively crude pethod of handling image data is used
first witgin SUPERMASTER I Tapes are unlabeled, and each
( image.may consist of the rectangular array of pixel values

*(computer words) followed -by an end-of-file mark. Two

47
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optional callé are available for going back one end-of-file

mark, and for going' forward, past one end-of-file mark,

" respectively, on each of the two nagnetic tapes that camn, be

mounted on the two tape drives called AT11 and MT12 . Prior
knowledge about the seguénce of images and careful anncta-

tions during a session, are necessary in order to place the

I/0 devices in the proper positions relafively to the image

files desired. 1Image dimensions .— record length and number
e al ‘,
of records - in each image file are assumed‘ to be known and

entered integactively before the file is accessed. File

elimination in this situation isISimply doné‘by overwriting ~

the last file in a sequence with the new file being created
or copied.

For file management in the labeled system, during the

initial part of a session, programs are called for: (1)

reading ‘' from cards dQefault values of input paraneters
(integer or floating‘point values{ and, optionally, tb print
them out on the teraminal teletype; (2) initializing the disk
partitions with beginning-of-data lrécords "and end-of-data
records; (3).‘reading through headers and comments of all
files on the two magnetic tapes to create in core a file
occupancy table. Optionally headers_aqd comments for each
data set containimng an image or a tahlé of data, can be
prieted by thisx‘grogram on the Versatec printer as backup

information; (4) ff desired the data Tn all or part of the

-

. ,7 e a8 .
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' ) @é\
occupancy table can be 1listed for control; ) unl? eled

tapes qan be , initialized (by a beginning-of-data record
follow::\\;;/;n end-df-data record) fpr usage onthis labeled
file handling system. This ~is dome by separate special
calls; (6) a genéral program for: éoing through the
occupancy table, file séarching, header reading Yfor ‘the
desired data set, ariting a new data set header information
record, and overwrltlng an end-of-data record at the begin-
ning of the last data set on the mediam aounted on a given
device (rubbing a éile), is called by all processing
i routines. It can also be called separately by a special
cal} for data set (file) ergsing; This routine is also used-
to put an eﬁd-of—file mark at the end z;/EZEE dgta set (to
close a file); (7) the hakdling of th commentary blocks is
' done'by a'separate fanction which'reads the image commentary
-and writes old and hew'commentafies on nevly created image

data sets. This routine is called soon after the Gne in () .- -

above; (8) finally a separate routine is called r copying

a data set from one‘I/o device to anothjie to take best

advantage of the file sﬁace available for tention (tapeéi
" or for scratch (disks). -

Beside the default values loaded first from the card

reader, the conversat10na1 part of the programns calls

(" separately routlnes for changlng integer input values and

floating point values. Bach ‘Supermaster program will requ-

R i ek Sy A . LI
«
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est, during iq}eraction, an integer number as call coamand
rd y - R

~ to enter a Master program. Each Master program then will

request an integer number -input command’ to call a

processing routine. This is dome after each routine has

completed‘its task.

4.3 organizational flowcharts of the SUPERMASTERS

Pigures 4. 4.5 provide simplified organizational

" flowcharts of) the SUPERMASTERS I to V¥, respectively. The

practicality of\ the oquation;\‘flov is self evident in the
detailed level of information about .the
programs and their Routines is provided in the user's gquide,

instruction sheets, fin Appendix B. Y
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: ) ll] 1drgace one enl-of~file aack on BT
SO PENDNITERQ 1 I
12] Mvsaece ose eai-of-f11e nark os AT I
12
01] Call oveclay 13 HASTER 01 ]

1

02

;I Go back ons eni-of-flle mark on ar
N :

K

Call ‘overlay :

Hi5TER Q2 —l
Y 1

03]

L] ?; back ons enl-of-file sark oa AT l

Damny call for issecztions

j 1

s'I Inltislize tsps onx nY 19 for
labeled systes 2sta sets

6| Go throagh taps oz AT {1, resd all
hesders and ci te occupancy table
ts on NT 1%

71 Bob last fila sn tape on AT 11

04 | Eater ' actosatic wods for fmpgt
commands froa cards 1
1
] ANSTER 02 J 1

8] Scan plctaore as sguace raster or
&  heragomal caster scaaning copw
figucation, and write gctey lavel

-~

01| Select mabpictures froa large ori- iunge either s labeled data met
9inal and’ compute functions on or &2 unlabele] dute mat
local arrays
19 Prist aelwcted wizdow of inage
02| Copy image Sats as unlabeled dnql froa anlabeled data set aa digltal
ast fros device to device printout
03] Kread gray luvel values in picture 120 ]| %ead trajectory Zata from tape
and set all values lover thaz &
given valua and Copy on acother 21| wtite trajectory data on tape I
device
22 ] Plot trajectocy date an Tektronix
0% | Coapate point ocperatiops on pizels 611 or oo mcanner
ftom tvo isages and create a third
inage ZJ] Plot bor around plctare on Tuljl
tronix 611, grid and croas
05| Print selected window of inage
from unlabeled data et as digitsl 2% | Flod  maxisga and aininon grey, |‘
b printount . level val ia picture
96 | Duamy call for addition | 2% | (d:o-pn- cov histogram of ﬁIC:nETl
ata
07| busey call for sadltiop 1
2p | Conpate lower and  opper Adnta
ﬂﬂ Change integer defanlt values j boueds in bhistograw
09! Change floating point defanlt 27 | ¥eite bistogram onto taps |
yluss o
28 | Resd hlstogram from tape I
10] Raturn to suPnnlsrm:n ]
29] Flot hismtogras i nocmal scale nn\l
" L. | the Ya toc
:o'l Expand histogras base by 2 I
HASTER 01 l 31 | Plet  expandsd bistogran o the
- Yarsatec &
01| Read integer and floating polpt 321 Clip histogran '
defaults frow cards : I
JJ', Define 1inesr tredectory  in I
02} Copy image data as unlabeled data picture .
net from g-vln to devics {tape to
4iek) aa ] Plot tee jectory

plcture on | :

-] Yarsstac

4

.

0] ounsy call for sddition

03] set pincusbios correction cnnltutf L
35] Fead dats taps or 4isk for valges l
08 | Tero =canner DACS {digital to .b.Tl o6 trajectory
109 converteca)
- Jb" pPlot  dats ETY trajectory en
05| Select area in picture for szcan- Tarastec
oing apd processing
37| Thresholding of gray level plcture
05 | Test gcanner and aisplay nnl.u] 4x: grey level slice or as grey
of scans level slice into binary: aad or
- diaplay on Tektroair 611, scunner
071 Print table of défanlt values | of Tersatec of thresholded
08 | Change izteger defaalt values ]
us'[ Change floating point a-tnltl 38| panay call for adflitlon ]
vsluen .
12| Dummy call for addition |
10 | 2etorn te sgpzRMasten progzam | —]

Fiqure §,1:

GIAPP:

", imaqes.

scanning, thresholding a

Organizatioﬁal £

lowchart of "SUPERMASTER
processing of grey

-
.

hl in
level
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3 l'l 383 9TEROZ 16§ Create  labelsd  duta set slty
Ty Ladje atsred is core
——
1% | Pead blsary iange }abeled L et N
011 Call averlay 13 RASTER Q) I to cots (348 pizels = J6n . pirels -
sazines) ; .
nz] Call averlay 2: mASTER OW l 20| Cosblus ciepisite blaacy inages | | L
£ tbelsd dsta sete and sudlp-
[ ] Stofed lu core (308 pixsls x
03 | Call overlay 1: EASTER 0S5 | 388 pivsls waxisna}l o creste /
ahha‘ Iata sets of cosbised
24Ty inages -
08 | panwy call for lnnrtl4- I
21| Tane uan I.ngo from ladelsd
duta  set, lojlcally ®one 4 gebin-
a3e iato it (dats in cors) eat
atofs the cesslting  image imts
asother labaled dgta set u
RASTER 03 | -
2] Initialixe tape o dse 'T_11 .
01 | ool _atati procedurs: () read 23] Initialize tape on device N 12 . .
dsfanlts froa carde (optional);
{b) read hesders of all data sets 28 | Initlalize the file occwpancy
oo the twa labeled sagnetic tapes; table for a dlffetent Adats set -
(c) prist headers snd cosssntaries ArTaARgRBent )
(optional); (4) isitialize the L1 *
thres dlsk partitions - 25] #eiat 51e occapascy table

02| C2py labeled Lmage data sat fros

1 2s] tenny call fac tagactios A
ona I/0 device to sncther z

. . 03]} #ub  the 1last data set o & ghul x
- I70 device 28] pesay all for {amsCtioa
¥

|
=
27| Suany call Yor imsectios . _[
|
n
_]

O | Bead integer asd floatiag pohtl I!l Dussy call faor Lasertion
defanlts fros cards
. 30| bessy call for iasectios
05 ] rrint table of default valwes ]
Qp | Plot  blaacy conpressed image on * .
Versatec: onmse dot par pizel {fast
printiag progras)
RASTER 0%
07 ] Plot bipary coapressed image "on o
Yearsatec: B doty 1 a dots per N
plxel, square and psenda-ketragonsl
plots (slow priatiag progras). |, 01} mead Labeled 1ata set with vestors
. * Select subaras to plot . to core . | . -

Oﬂ Change integer defanlt valoes | 02] Copy Jabeled Sesge dats gzet from
oas dhvice to another

- 09 | Change  floating polat hhutl -
valoes . . 0!] Reb  the Llast dats set on s ives
170 da¥ice I
10 | setara to Superasaater progras ]
0% | Estabiish the wsabec of plzels
11| EZstablish the foyr cormera of sad- prer aap distasce polated ot os
B3P 10 be digitized on tablet and tablet and sujyest dim ioas of +
tha scsle interval in mep wnits; bisary pictsce
. proflide rgctengularity test and
slope nd- of wpper horizoatal | 053] Create blaasy pictacs ia coce
ap edge . optionslly plat plcte ™
tec. lsages Cya be te. '
12 | Ewtadblisk tie pusber of pirel core.  bptionmally zere acray for
over the asp distasce poloted o bisery picture ia cors [512 pixzela
ot the tablet, and soggest dimaz- x 312 pizats &s
sions of bimary plcture to be
conputed ) 06| rlot blasry cowpressed Lgage oo
. Torsatsc: oks dot pet plrel, fust
- 1) | pigitize oa the tablet wp to 1309 prist progras
vsctors in ome rea; 4isplsy vece
tors on Pektromic 1, elislzate 97 sad leage o
vectors in backward ocder seartiag per  pluel,
fros the last by pushbattoe a= S9are and psealo-hezagonal plots,
®e3d on the special operator’ cos- #low printisg prograe !
s0le for onlibe editing
nll Chunge iatsger defaxl values j
13 | Crwate bimaty picture ls cote sad »
optionally plot pictere pa  Versa- 09 ] Change flosting . palat h!nlq
tec. Images caa be sccassiated ia valees -
care. Optiosslly tzero srcay for >
bikery pictere i core {188 pixels w] Istars to Supermuiter progras j
148 pizels Ximum |
11] Same as in (095) above bat =orrect
15 as is (1%) bot after correc- for tatatloa of sap os tablet s»
for fotation of map on tablet casputed by (39) abovs (512 plrals
as compatsd by ({11) above (304 ¥ 512 plxels saxinum)
pizels x 304 pirels anzianm)
r 12| Coabine cosposits blaary iseges .
16 abeled date set with tab- fros labeled lata sets aad sbis-
toc table from coce ages stored in c011 {512 pixels 1 |
- 512 plzels saxises) to creste +
17 ] read ladeled data set with v-ceou] . labeled drts set of cosblaed
. to core binary Lleajes -

Fiqure 4.2:- Organizational flowchart of "SUPERMASTER II" of

GIAPP: graphic tablet subroutines. for digitizing line

drawings, @&diting and assemblage of nmosaics of binary

conpressed images. :
4
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presszed isagea [102% plzels.x 1028 -
' . plzels  maxinmum) via Tektronix 61% 07] Plok " binary =zoupressed fmage on
3 ec Alsplays and comsands Yo : nradots per plual, N "_ .
specinl operator ccessle squace and psegdo-hexagonal plots,
slov printing progras
92| Copy labeled image data =met tnll
one 1/0 device to asother 03] Change intsjer default valoes I
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03] cell for editing ancther image —I 10} netara to Sopecaa ‘. . l
.t ” . -
- . .
- - b
P S . -
. * -
* ¢ T ' ’

<

& T AR A G- L

L e T S

FWeT



A

-

el ' - . .
b ke . .
) . oW : ‘
: - r isa . | h
. - 29 PXRAASIZERO
T 21| tabel 1lise #egReats of  blaary
. expanded  isage aftar Juactios .
dotection amd  ellsinmations of .
M] Call overlay 9: asrer 04 I uactioas 1f s> desired
> 22| nelabel 3Jumctions and line seg=| = b :
02 | Call cverlay 2: HASTER 07 I ssnts that touch after [21) abawe ‘
. 23| tist Labels, cyordinstes of ceat!
. 0) | panay call for -inseztions I of gravity szd aumber of pizel f . /
for each label
- o8 | Entex luolnfe "asde  for input 28] Initislite taps om derice af 1% |
conmands fros cards —
25] Ioitiatize tape on device AT 12 | —
' 26 Iaitialies file occopaacy tabls
for a  diffarest data et
accangement
HASTER 04 l
v 211 Print £ile occaopancy table I .
.
() 3 (a) Tead 2![ Dansy call for igurtlgn- |
defsults from carda [optional);
N aders of all data sets 29] Dempy call for iasection ﬁ
beled magaetic tapes;
. 30| Duany call for iasertion * &
(4}, . N
single dlll partition for large , N
images (1028 x 1028 'onl-) F) f
102 | Copy labeled “uncompressedr data
ssts. flom vocne I/0 dervice to EASTER 07 -
ancther ‘ "
03| iub the last Jdatm get 08 o g'hln] 01] Copy 1lndsled *™uncospresssd= dgts
1/0 device sats fIom ooe- [/0 devics to
anoths
0% | Yeud integer azd. floating polntl =
defaults from cards 12| copy  labeled blpoacy comprsaseld f
. v inage data set froa one I/0 darice ; -
PP 05 | Print table o dwrwuit valtes J to snother .
e
* 06 | Plot binary cospreased Smage O3 OJ] fub the last Asta set on a given |
Tersatec: one dot par pixel (fast 170 device .
pricting program) B ' ‘ 4
'
s 07 | Plot binary cospressed image on 08| Nead labeled lmage Jdpta ast na“‘l
. Versatac: n dots x = dotg © per crasts table of labels in coce
Pizel, sguere and pseudo~hexagonal
plots " {slow pristirg progras}. 0% Crente Itbeled dsta sst of ubch
Select sobarea to plat | of labels in cacre 7
30 | Change integer default valdes _] 08)] Jead to core label txble Crom I 3
labeled data mat .
09 | Change flosting point c-fuul
. values 07] 1steractive wmalection of labels
via specisl opsrator cofsole L] -
101 Returs to Supersaster progras - I Tektronlr €11 1 ays of bi T
ra conpreused im of boundar ' .
11 | Prict selected windov of uncompre= . data met p? updated .ll «lz
sspd  data from labeled image data - Absln)- .
- W as digital printouta .
{ .| 08} Change 1:?!: da¥ault valtes ] ‘ -
0'-' Copy lsbelad blnary cosplessed|is
inage data set from oce 1/0 device b9l Change floating ' paint Adafwalt “
to another 3 LTT]
- DED N -
1) | Cosptens binary expanied ilange | | 161 setara to Supecaguter |
‘ll»'] Expand binary compressed image I 11{ rind stes labels that correspond’
' to polnted oot pixel :oordlnntu
15 | priet o8 vipdov of zon- ducing (07) above
N compre images tn vacious foras
I &% ORZe character per pirel 12| Select polatel-ont lupels and com-
TS = Tert torbipary conpressed pictute
. 1% { Lioe thiacing of hifnry o:pud-dl or cosvert to phame labeled fmage
I isage
13| List tablua 3¢ labels stoced in
Postprocessing lhlr 1lide thinning (] . '
to retain binary dat.
18| Plot binary coaspressed image o3
18 | Conponent 1labeliang -Gf aress enc- Tarsatac: one 4ot per pixel, fast
. printing progranm
- 19 | asiabeylng Uf~-eovPonents after 15| call for phase labeling another
(18} bove: . aliminations of inage during the sams seasion (OT)
‘Yedundaht labels 1] .
) 20 | ¥ind juactions, line segments and 16| Doany call for insertlon | . o+
. livre wala ,on binacy ancospressed
o
R L * . o y
- T ’ ‘

.

Finge.1[3: organizational flowchart of "SUPERMASTER ITI"M
" of GIAPP: 1line thinning of binary expanded ' images, com> .
ponent . labeling -of areas and of lines, phase labellng, and
extraction of bhinary compressed and of phase labeled images
from component—labeled images. . -

. , ‘ < !



N Jrc ’
.. SUPERANLITERDDN 16| Coaputs alwXowski type erosion amd
R dilatatiozs for hoth sguece and
- - hezsgonal rcaster Limages. A mask
is used for the stractariag
O | Call overlay 1: RMASTER 0B elenest

,I 11]7cb|pnt- logical operatioas om or ] -

02]'6111 oveclay 2t HMASTER 0% petvesns bisary coapressed images

] I Dakey call for imsertlos 1
03 | lmnaay call for insectioss ' B .
19| buany call foc insertlon ]
-, - . 08 | Eater automatic mode for impout 20' Dasdy call for insertioa I
' . conmanda froa cards
: - i L21] Damay call for inmertion

2 Ioitislize taps on dervice BT 11
=~ _J 23] Initislize tape on devica AT 12 ] !

AASTER OO
. 28| Initialize the file occupancy
table for a Aifferect data set
01 ] Cogl stact ococedpre: {a) Tead NCZangement
defaults from cards (optional};
1 (b) resd basders aof all Zata sets 28] print file occapascy table |
on the tvo labeled magnetic tapes; ~ a

(c) print headers and comssntaries
{optional): td} lpitialize the

three di{s3k partitions -
02 | Copy = labeledbinary cospraksed NASTER 09 ]
isage duts met fros one I/0 device
Lo apother r X
01} Compate cross-cotrelation betwean
03 | Rab the lant data set on a qlvual two binary cospressed inages la
170 device tvo dlgensions; if disages age
1denticil, compute the
. ou] Wead doteger and floating palntl agto-correlation
. dafaults from cards

AJ' 02| copy labeled image data set from I

05 | brint table of default valoas one I/3 device to snothet

. Ob | Plot binkry compresssd Lsege on 03| Rub  the last dats set on a glvoig]
1 ( Tersatec: one dot per pixel [fast] devics
printing progras)
. s I O8] Create duta set of corcslation l . .
07 | Plot  binary comprassed imags on ¥ilues: cocrelation image
Yersatec: n dota x s dota per i
pixel, sguare and pagudo-hexagonal 05| Copy labelad . ipaga data set of f
plots - (slov printing- progras). Ron=conpressel dats from one 1/p :
- Select sobares to plot fevice to apother
. i 1
- o 08 1cl|ngn fficqcr,‘.%ih;t valuen G| Plot binary cospressed jaage on
z Yersatec: oae dot par pixel [fast | . "
- [09] Change floatimg polot  Zefanlt printing progras} ,
- - yaluen ~ R
07| Print swlected window of non- " ,
10 Ilcturu to Supersaster prograa ] EOlpr.llud 1:lg.l tr:n a labaled -
ats set as digital printoat
° 1 [Plot bloary compresased images on :
Tektrdelx 611 video; sguars and 08 | Change integer default values |

bezagonal ramter images

09| Change tlosting polnt dafaglt I

12 {Create  pictures and sasks, and valuas

grids from catds or fros the tele-
.

LlO[ Return to Supecmaitar progras |

T3 ata” =at of sttuctucing] .
eots and gstructuocing element 11| Compress binary expanded image
sk : ¢
12| expand bloacy compressed imags 1~

18 [ Create in core & stroctoring ele-

.| ment mtrlp (or mamk strip) of 13| Dumay call for fnsettion
- . bilnary dimension to fit the imnge

- t2 be transformed by s Alnkowski 18 | Pumny call for,insection

transformation
LY 15| Dumay call foc inmartion

15 Cnlputo‘h{pknulki type erosion and

dileatation for both asguare or 1&1 Duany tall fot insertion
hezagoral raster imege. BNo mask N g g
used foc the mtructuring elemant

UL

v . .
Figure 4.4:’, organizational flowchart of "SUPERMASTER IV™ of
+ GIAPP: processing of binary compressed images. .

v
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comments. Por lmage tranafer to a
(3 2. P ER B A ST EN Q!] differont cospoter

W — o:" %9 back ons 4al<of-Ille mark om AT I

HASTER 10 M
{single manter) on'l Go Yorvard cos and-of-file mack on—l

AT 12
”,

- 05] Duany call for insertion I

01| Seol. atart _orocedyre: (4} read
dofaults from cardas {optional); 061 Dumay call for- inmertion ]

(b)  resd header of all data sets
on the labeled tape on device NT 07| Duamy call for ingectios B

11, amd (c) prist bhesdecs and
coamants foptional) 08| Change integer default values ]
02| Read labelod uncomprenged dsta sat M'I Caangs floatiag polnt d-hnlt\l

froa dovice #T 11 and write on Yalues hd

devlce AT 12 on an unlabeled tape
in a gelection of Alfferant for- 104 Dumay call for insertion —I

mats with or wvithout header and

.
- * - -
( ) , '

' -
a *
igure 4.5:
, IAPP: output of mage
(: ) formats for transféd

oy

~
-

Organizationdl flowchart of "SUPERMASTER V" of
} files (in Bipnary Coded Decimal
of data to other computing devices.
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3. Transformations of binary images

5.1 Introduction
Experinents on simple images will be described at the end
of this chapter. ' They exemplify the concepts wvhich will be

developed fnrther on more coaplex practical applic&tions on

materials of geological nature. Mention is nmade first of

- the early approaches to the analysis of binary images by

computer.

As p:eV1ously described, An blnary images there are' only
two grey levels, black ,the objects) and uhlte.(the back-
ground). The description and qmantitative characterization
of binary inmages’ inv&jéh the geometrical ‘hroperties of
objects and relationshipg among obﬁects. TQeiset of thgse-
p€oper¥1es, hd}eyer not . necessarily _linited> to ’binary'
imagés, is termed texture. Methods for texture description

in. many different applications, have been developed in

pattern recognition, stereology,,and also in' mathematjcal

horphology. The approaches chosen in those fielas had

independent motiVations . dlfferent statisqiéél bases and

-phy51ca1 applications. However, . many .of the solutfons

‘ L B .
pcoposed forkt;ther practical or theoretical problems, have

generated remarkable interdisciplinary overlaps.



After .conlentlng briefly” on these Trelat onships,~the
. softvare based approach for geologicar applicntions, pro-
pose&¥ i? this . thesis, will be exemplified in teras of

sinnlated parallel processing for a general purpose spall

\‘ t
computer.

5-2 Historical background on computer processing .of

binary images.

The concept of applying television technology to guanti-

B tative image analysis folloved closely the _introduction of
' entertainment televls;on « In the early é;;iies Roberts ond
Young (1952) introduced the flying‘qut scanner, an elec-

from trans arencies. A first

tronic dig{tizer which, entirely under conputér control,
prodhces digital iﬁage

- 'ittempt to studf pictures /as sets of bxnary inages by binary

' gransformations, was nafe by Kirsh et al ‘(19571 and Kirsh

uho developed some of the early ideas of Kovasznay

and Joseph(19551 n orgamized approach to the analysis of
binary images by compuier vas initiated by Moore (19ﬁ8} in

his description
"image analysis termed STQIP ‘fstandare Taped Routinés for
Inage Processing). He laid down/the basis for the analysis

e

(ﬂﬁ of binary 1mages"a

‘2 relatively fast computer method for

autqmated measurement 6f structures. After 1ntr§du¢ing the

—
———r e e e arm e T e e e e e e e b s e Ao e e r = e s r o R el T

f-a general purpose computer program for
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concept of phase, which represents the set of all(/rrtich

of a single kind within an inage, he wrote. .

-

"The phase concept is important since it
allows the analysis of complex structures to
be treated as a series of binary problems. 1In
each treatment it is necessary only to consid-
er the pattern formed by the particles of a
single phase, against a black background occu-
pied by ali the other phases. Such a simpli-
fied treatmert permits a 'computer equipped
with an gequate group of Boolean operations .
to process an image at a rate around: 200 times
faster than is attainable when processing each
image point as a numerical character" (ps
27T .

—_

ﬁe furtheér added:

-, '™

"The basic operations generally referred to
as Boolean operations or Boolean algebra, are -
implemented mainly by the very simple expe-
dient of disabling‘the “carry". mechanisas,
vhich normally inform the machine that 6 + ¢
equals 10 rather than zero" (p. - 294).

Thus™ images can be considergg as compact arrays of bits, and

. operations .between pictures are coaputed with relatlvely

high' speed., This capabillty is available on nmost general-

purpose compwters, (

-

Moore, described how sequences of 10§ica1 transfbrmations

L]

upon binary phase images,- and "BIT oOPerations" on them '

-

(Moore, 1258),:can proahce'new 1mages in which the nuaber of
. & E

pixels (or bits) “which belong to the transformed objects,

are closely related to the morphometric measures sought

< Sy
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after. By additionpal 'procesé§:g the various objects are
identified and separated in thé images, ;and .statisricsl is
computed £o charac‘erlzin the’ distributioa of a large
'numbsr of ﬁaraheters; In gupport of his approach, Moore was'
probably the first to document experiaents in which pro-
cesses simulated in time by sequences of blnary transforma-~

“
tions provided criteria for predictlng the behaviour of the s

material analyzed
Three main lines of work have developed sinoe thbse early
-approaches to ‘binary image processing. 'One.'directly'fol-
' 1owingruoore's woraf dsalt with the developuént of spft{are,
such as FORTRAN programs, and of bit-naoipulation machine~

language routines for general-purpose c~|purérs. A second

line conSLSted of the deSLgnxng "of sp 1 hardvare-built

1nstruments connected to a telejisi- amera and monitor,
s
vhich,in an interactlve fashion, conputeyfieasures for selec-

tively extracted binary patterns.

THe extTaction i accomp- -
4 .

lished by semiautomatlc grey—levs .slicing. A tHird 1line

pCcessorsn

a

vas the 'design of "parallel _ p "preline
. ~ ,

processors" par%icularly fast conmpute r the analysis of .

-~

grey-level llages at real-tlme spe@ﬁs These ﬁE:omplex .and

simplest tzpe of image djta. i n' : .

~—

"A. recent software- based .appﬁ?ach to.image processing,

inspired after Moore's 'conceptsr vas .considered by Rink

L4

'/ L - i N : . 60"
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(19762 "and 1976b). Versatility and relative independence

from capital costs for special equipment were the arguazent

- Al
in favour of the computationally slower approach.

-

Several specialized instruments, generally termed image

-

analyzing systems or image analyzers, have beén built * for
{ _ _

the autdnatic detection of binafz&éﬁfktsiif':rom various -
¢ types of image material (ore nmicr €opy, metallography,
cytology . etc,) and for 'making précision morphoiogical

3

measurements on the detected patterns. In general\the image -
infqrma;iOn.is supblied Sf afwide rangg of input peripherals
(optical microscopes, epidiascopes, slide‘or movie projgg—//
tors, scanning elec?ron microscopes, eté.) and‘passed J;LK/
the screean of a television camera. The electrical ‘output
from this camera passes into a closed-circuit television
monitor to provide a television image and also to a detector ¢
, unit whgfe' signqis‘ from the camera emanatipg fronm - the
features that need to be measured are discriminated and °
selected from the rest¥of the.signal. The outpat from the

detector, consisting pulses from the detected features,

alsh can be fed into the mdnitor, so that the opefatbr can
‘'see which features he Mas detected, and jinto a.conpggef

yhich can be set to méasqre several geometéical pfbpertiqs”’—f\\
(e.g., ,percentage area of a{ phasey ndnber df detected

features, their total projéCEion and size 'distribﬁtion).

Until recently the repertoire of measurements built as

-
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-~ (\Eﬁogramnabilityl Perhaps the most'recent development

g .

4

hardware in ‘these instruments vas sé%erely linitéd.
A first model of one of the nosg rcliahle of these
instrulents,: the Quantimet A, becane -availablc- in 1963
(Jesse, 1971). A more refined modular systes, the Qunntinet
720, was introduced in 1970 (Coles, 1971) . 1A recent summary
review of lnage-analyzlng instruments wvas made by Hougardy
- (1976). oOf particular interst vas. the ﬁbdel designed by
Serra (1965 1967, and 1970) also described by Klein and
Serra (1972). This model was construCted.so that it conld
satisfy thc statistical requirements of gathelaticai morpho~
logy theory. Later the Leitz company in Germqny;'built such
o ~an image analyzer which then was called TAS (Texture
Analyzing System),.and'wds_described by Muller (1974), Serra

and Muller gg'm)_ and Serra (1974).

) Most image analyzers undervent continuoné’development#’
Y

) %
. and expansions which required redesign of the wmodules for

the specific tasks and additions .of new options for added

are
. programmable systems like ®"AT4™ and. "TAS second wodalnr

| .
employed by Charmant and Coster (1978) imn Prance. Besi

. having a rather. extedded programmability and being infer-

% faced vith large computers, these inétrdments have ’several

nemories for. the sto:agecof the detected images ﬁnd their
"transformatiohs. -In practice an image analyzer is d costly

instrument . barticularly vell suited . for routine

. L
'
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measurements,

In a parallel processor either the entire ‘image or a
large part of it are processéd at .oncé in a number of
elementary stgﬁé. The processing is organized in parallel
as 6ppo$ed td sequential fashion (most g%mpnters are sequen-
tial ﬁaehinés) thus achieving optimal employment of- the

capabilities of the .computer in time . . The concept of a

twoZ&imeas;onai parallel‘ computer with square module array
vas~first introducead bfﬂquger (1958,1959) . -The hexagonal

»

. - ~array, instead,wvas proposed by ucéormick (1963) as the

o ‘nrhombic array", and hexagonal pérallel p@tteﬁﬁ\\zyansforma-
( ‘ ' '

tions 3?si§ned " by Golay '(1969) and discussed furthervby
Preston’(1971). A first prototype of parallel processing
system vwas described by Johnston (1970). At ?résent ncellu~-

lar 1logic" or also neighborhood logic, is thé name given to~ X\>

: . 4
a discipline in the field of computational geometry, which

has ample applications in iuagé processing, particdlarly in
the design of parallel compﬁters; | Preston et al (1979)
\_\_\ ) L .
.;provide' the state of the art in the SHbject. To quote the’

2 authors: ' T _ e

1 | e

"Cellular, logic refers -t n operation
<\.:perfor|ed ﬂlgltally on an-array of {ata P(I,J)
' which is carried out so as to transform P(I,J)
. / into. a ‘new array P'(I,J) wherein each element
(“. , in the new array has a value determined only
o . 5"/ by the , corresponding element in the originmal’
S array ajong with the values of its nearest
C neigh?e%s. The nearest neighbors congigura—

.\ .
, . ST
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tion is called the "cell” and operations over
arrays of idemtical cells are called "celluylar
logic". Whenr one considers the implementation
of celluler logic by an array of computers the
logic and the memory associated with the cell
define a processing element (PE) . The array
itself is then a cellular automaton (CA)."™
(p. 826). ' ‘

While programming was extrenely\diffiéult on the first

parallel computers, it ‘has becoae e;;ier on the latest

modeiﬁ which are provided with high—lévelllangﬁaggs. Paral-
lel computers, howe;er, aré expéngive dedicated ‘instruments.

After the interest during the fifties ana the‘sixties in
the development of image pProcessing methods fot the analysis
of binary images, the squect was practically abandoned in

pattern recognition during the seventies, if we make excep-

‘tion fbr'special purpose practical_appliéations, particular-

ly related to the development of inage  analyzers.

As #e qili See in fhe next section, a,fénéwed-interest in’
the analysis of hgf:ny. image information was génerated
paftly bgcéuse of the wof& for a theoretical background to
geometrical ' probability concebts'and applicét;éns, done by

the Prench school of mathémafical'morphology., Also the work

' of stereologists in both the . theoretical and practical

aspects snp?orted furthéf the study of binary images.

The. quotation by Preston et al (1979) vas made here,

because it summarizes well in image—processing terninology,

a logic which has its equivalence in the theory of transfor-.

1
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mations by - "structuring elements" proposed in mathematical
- .

‘morphology where the expression "hit or niss . transforma-

*

tions" is frequently used. , -

5.3 On sone relationships betveen pattern recognition,

stereology, and nathenaiical lorphology
3 A\
Stereology is the field of exploratlon of the geoletrical

‘propertles 1n "three dimensions fron tvo-dilensionul Sections
\

or projections through solid‘ materials. This field is

'interdiscipllnary: it covers disciplines as fa;\}fron' each

other as medicine, mineralogy, biology, netallnroy, mnathema-

tics, and staristics. During the past 25 years s the main

1nterest of pattern recognition was ipg the_ developaent of

automatic‘ systems and ‘machines. The instrumentation for

data'acquisifion and.preprocessing, some of ‘the Rethods in

artificial intflligence, statisfical approaches to ilnge

processing and. the development of picture 1angnages. pro-
vided add1t10na1 toolS' for the solution of stereological
probleas (Cheng, 1976- Chen, 1976).' The dlfferent materials
studjed by stereologists, on the .other hand, offered the

opportunityffgad motivation for developing mary applications
Py ? . .

of pattern reoognition to a larger variety of everyday.

problenms of practical utility. Common  to both fields,

according .to Pavel"(i976), is the ain of identifying

A . - o
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- the U.s.A. 'ane Europe are different and seemed to he little

I, e e e e e m et T

_ patterns from incomplete information. -We can describe

objects or. images by prilitive conponents and their conposi- -
tion, and also we cun define them by their local. or glohal
topologisaliy invariant oproperties. Recognition of a pat-
tern is modeled as the detection of an egeivalelte with’
regard to a specific set’ of ttansfotlbtiens. betwveen the
given objects and an ele-ent of a set pf teaplates. d
i/gnrding to Serra (1916 1978) , lnthelatical * morphology *
tspéry ban provide a,6 background for eztrapolntion and
pcedicfion needed vhen a stereoldgical lodel is needed for S
the interpretation of geonetrical properties of a strncture.
Bernroider (1978) pointed to ptobahilistié-and conputa—

w
between the various disciplines of quantitative strncture .

. b
tional geometry as .a collo?dr!5_hdpological backgronnd

analysis: stereoiogy, ilage analysis and ° processing,- Ipat—_
tern recognition and scene analjsis. He suggested thst a
connection might exist of pictnre Qrocessing techniques,
originally established in the U S.A.,: over 20 yeats ago- ’

(Kovasznay t;.nt?l,,,mseph.tl 1955), vith the'"European ‘School of-

. Image Anaiysis and' Stereologf".' This -ﬁe considered of

importance because the directions of structure analysis ‘in .

avare of .each other before 1977. Figur% 5.1 after
4 . \ ) o

Bernroider (1978).portfay'thisesitnatiqh. T
u : ‘

R . ' N . f
. . ' : l‘ ... - ' )
. ‘ : ’ B . . ’
- ., v‘ . : - - v, . - M o .
‘ . o TR R 664 .
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.
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5.4 Logical operations on binary images

rerr

Boolean operations, Boolean algebra or logical operations-

are comeuted, for example, between two computer words at the
bit Tevel. 1If ve consider computer words as sets, each of n

“bits (16, 32, 36 or 60, depending on the- Computer used)
' \

which-can be either "ON" or “OFF" (0 or 1) status, wve can.

obtain all the operations known in set theory by the
symbols: U (union), M (interséction), = (complement)
and their cémbinations. These opérations are obtained in
computer %efminongY, by the operands: +OR., .AWD., and
.NOT., respectivgly,' .

let wus take two computer words, and call‘them the sets h
and B. We can write A U B, RN B, A° , and B° r which
cqgrespond to A.OR.B, A.AND.B, .NOT.A, and .NOT.B .- Anoth;r
operand which isgometimes usg@ is .EXOR. (exclusive .OR. )
for expressions 1like A.EXOR.B . For this we can use the

symbol |J in order to distinqguish it from the union symbol

J . This operation corresponds to the wunion of the

~ s

nonoverlapping subsets of two sets (ANB ) U
(BM A° ) = 2 U B for simplicity in expression.

The operands .AND., .OR., .EXOR., and «NOT., are machine
dependent fﬁnctions, céllable in IORTRAN, which, if properly

used can be parts of fast computations. In particular,
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machine-language routines can be vritten for 1ogica1 329a§:‘~
tions between sets or arrays of uordé, sucﬁ as, for exaaple,
two rows of binary comrpressed image;. .

'gf‘ By making these 6berations betveen successive portions
(vords or set of words) of two images in corresponding
subsequences of pixels, wve can obtain loéfégi operations
between images at conveniently high speed. FPor example if A
and B consist of 1024 x 1024 = 1048576 bits, on a 16 bit
vord rcomputer, these can be stored in 64 x 10§§\ = 65536
wvords, and that many operations are needed to compute the
picture resulting from a logical operation between A and B.

- In panﬁicﬁlar if routines are used for the operations
between arrays of 1024 words, only '102u calls to these .{
routines .uill be .needed for the operation between two
images.

For illustration, figure §.2 shovs several 1o§ical opera-
tions between (and on} two artificial binary images. A and B, i
each of 10 x 10 = 100 pixels in size. Teﬁ operations which
are? mnoce commonlf #sed are as follows: -~ (1) A.AND.B, (2)
A.OR.B, (3);i.EXOR.B, (8) .NOT.A, (5) .NOT.(A.AND.B), (6)
’.nor.'(n.oa.a), (7} .NOT. (A.EXOR.B), (8) A.AND..(.HOT.B), (9)

A.OR. (.NOT.B), and (10) ;.Eiop.(;nor.s) . 3

From the patterns ir Pigure 5.2 we can see how different

1]
relationships between two images can be expressed immediate-

-

ly by nev images which are the result of 1logical

69
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Fiqure 5.2: Several logical operations between * (and on) two
artificial binary ‘images, sets A.and B, each of 10 pixels x -

10 pixels in size. The expressiwns below the images contain

the following set symbols {and Fortran operators): U
union (.OR.), | , Jdintersection (.AND.), -« ., complement
{(-.NOT.), and U., union of non-overlapping subsets (.EXOR.) .
Cémbinations of operations are also included, all of which
are available in GIAPP as single operations. To the right
of the logical ekxpressions, the numbers are shown of +the
black pixels in the binary images.
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dperations. Depending on the relationships betye". the two
patterns compared, the results of some operations may “be

identical: this can be seen in Figure S.2.,
L} ' ‘l

Logical operations can be conmbined with shifting (trans-
lation) operations in order to produce transformations which

are used to characterize textures in binary images. Essen- |
1 /
tially, 1logical operations are parallel procdesses in which/

several bits ‘(pixels) change their status at once in a

single operation.
5.5 Structuring eleme&nts for the analysis of textures

According, to concgpts of mathematical nor7hblogy, if we

consider binary images as sets of ‘points in{ the picture

Space, we can compute operations and transformations which

’

ftfasare their geonetricég'attributes. This can be done, for
]

example, by apprbpriately flesigned elementary sets of points

—_—

[0 N
which then are used as local operators.
A structuring element can be considered a set of pixels

vhich is swept across evify pixel of an image whose
»

WEQN"—HOFP" status is Ehanged according to the degree of

matching in its corresponding neighborhood. Several struc-

-

turing elements, %ﬂ,tﬂg formwgg,small binary images, can be

se in Pigure 5.3. When the central pixel of the structur-

ing elements happens to overiap a pixel in the image to be

Q .
72
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111 111 o011 101 010 11111 00000
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111110000 000lo001
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11 11 0000 00100 - Y0
: e 01710
3 k 1 111 n
‘ m

FPigure 5.3: Some examples of structuring elements of square
raster, (a) to (i), and of hexagoral raster, (j) to {n}.
Center pixels in structuring elements are underiined. Only
the 1's identify the neighborhoods used in the transforaa-
tions described by these structuring elements. ' .
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tfénsformed the surroundlnq pixels 1dent1fy its nelghbor-
hood for local computations.

By means of structurlng elements, several geometrical

. properties™ of binary images can be neasured vhich are

immediately tranSfdrmaple into geoqetfical probabilities. -
In a square raster, for exampie, each e;eﬁént can be
considered as surrounded by eight neighbors. Suppose thaiﬂ
our structuring element B is a‘Square array of 3 x 3 black
pixels. Edach pixel in a picture A is eifhér black or white.

By overlapping the structuring element with the pixels of

’the image we can make the pixel corresponding with the

centre of the structuring element black if at least one of -

its neighbors is black. We'call this operation a dilata-

tion. We can write for the transformed image C = @ ‘B,

.where the symhol ® indicates a  Minkowski addition as

define€d by Matheron (1975), and briefly reviewed by Watson.

(1975).

An opposite transformation of A can be ohtalned by maklng
the plxels in the picture white if at ‘least one of the
pixels in the neighborkood is white. We call this operation
an erosion. Fer the transformed image D we can wfitg
D.=-A é B, where tle symbol © indicates a Minibwski
difference. These operations can be applied successively to
the transformed inages. We call opening 6f.an image by a
structuring element, an erosion»followed by a dilatation;

‘
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Closing is. a dilatation followed |by an erosion. Extensive
o - ,

application background to these con ts can. be found in

-

Serra (1975,1956),

Fiq&ré 5.4 shows sonme transﬁormation; of a simple_ipage-A
of 31 x 12 pixels by different struc£urihg%elements B, to
By, , in which the 1's represent the ‘valid points 6f .the
neighborhoods to be.cdﬁsidereq.for the transformations.

'In general a transformatiﬁn is evaluated according éo the

.portion of pixels whose status has changed during the

transformation., ZLogical operation§ between images befor and
: ' . . . o

after the trainsformations produce binary images of all tfle

pixels which have changed s{atus. In this way expressions

of single qeometric attributes can be readily extracted anad.

displavyed. ‘ '\\’ .

All the transformations describead in.Fiqure S;Q have been
rﬁgpriyted' to the following two cases: (1) "change ;tafus
of pixel at the centre. to 1 if at least a 1 matches with the
strucéurinq element” (dilatation), and (2{-"Change status of
pixel at\centre to 0 if ‘at léast a 1 nismatches with the

structuring element® (erosion). The structuring elenments

>

used in Fiqure 5.4 were designed to.ber(m) x (n) arrays of

*

binary kixels wher€ (m) and .{n) are odd integers > 3., This
: : S~
vas done ‘in order to enmphasize the similarity between

strucfuring elements, binary neighborhoods and templates or

small images. In particular the (m) x (n) .structure is
|

|
! -
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Figure 5.4: Erosions and dilatation of a 32 pixels x iﬁ pi-
. ¥els artificial square raster binary ' image by difflerent
. tﬁ- " structuring elements B, B, -
shown below the transforms. White pixels in image A changed
to black have been indicated by the symbol” *; black pixels
changed ' to white by the symbol +. 'Symbols 1 and . are for
black and white pixels, ".respectively. - Numbers of black
pixels in each image or transform occur below to right of
expression of transfqrmation. IO these structuring elements
only the 1's identify the neighborhoods used in the +trans-
formations. The
‘are underlined.

to

1
.

Structuring elements are

B T

center pixels .in the structuring €lements
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Fiqure 5.5: Erosions and dilatations of the same 32 pixels °
X 12 pixels square raster artificial big%iv image of Figure

5.4 by different structuring elements Bs<to By . Structur-

irqg elements are shown below the transforms. White pixels
in.image A changed to black have been indicated by the
symbol” *; black pixels changed to white )by the synbol 4.4
Symbols 1 and . are for black and white ﬁgxels, respective-
1y. Numbers of black pixels «#An each image or transforn
occur below to . the right of expression of transformation.

"IN these structuring elements both the 1's and the O'i

identify the neighborhoods used®ifi the transformations (both
1's and 0's should coincide, i. e.,.match, with 1's angd 0's
in the image for computing the transformation). The center
pixels in the st cturing elements are - underlined. -
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€
useful in programming the transformations with generalized
Stfucturing elements because the nappin; of their centre
. - pixel'fhroughoub anrim;gé is cons;dérably simplified as vwe
¥ill see later on.

Transformations can be generalized further to cases in
vhich the matches have -to occur for the Q's as well as for
the 1's. The logic for the transformations then changes
to:nif matchiﬂg is perfect for all valid 0's and 1's in the
structuring ‘elément, the image pixel at its centre changes

.pfrom 1 to 0 for an erosion (3) , and changes from Q0 to 1 for

a dilatation (4)". For such transformations, however,

erosions can be obtained when the structuring eleléﬁt has a
1 at its centre; for dilatations there pust be a 0.

Figure 5;5’.shows erosions and dilatations of the same
image in 'Figure 5.3, b} several Structuring elepents.
Tiaﬁsfo:matibnﬂgules (3) and (8) are used. ’

The programming apzﬁgﬂch chosen has been generalized for

both the square and thé hexagonal rasters. It is illustra-

tive to consider few transformations of an artificial

hexagonal image ﬁh&ch‘?@;e been described by' Serra (1978).

"Figure 5;6 Shows U Sg;ra'sftransformations are obtained in

the algorithms developed in GIAPP. L N

! The examples shown in figures 5.3 and 5.6 indicate

(~ A tfansformations for whi&h a strnctnrihg element i's creéted

_ . . -l
'as a small (m), x (r) binary image:'-it‘ig the pattern within

~
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Fiqure 5.6: Erosion of an artificial 14 pixels x 20 pixels
kexagonal binary image by different hexagonal structuring .
elements B, to B;. Structuring elements are shown below the
transforms. -Black pixels which turned into white pixels
during the transformations are indicated by the symbol #.
Sypnbols 1 and . are for black and white pixels, respective-
ly. ©Number of bhlack pixels in each image or transform occur
below to the right of expressions for transformatipns. In
the structuring elements representations, when .the entire
hexagonal neighborhoods are indicated, only the 1's identify
the part of the neighborhoods used in the transformation, i.
e., for B, and B,; when only some pPixels are considered in
the neighborhoods but both O's and 1is are used, only those
are indicated (i. e., other %els which surround then
within the hexagonal neighborhoodstare only used for "map-
ping" +the center pixel}. Center pixels in the Structuring
elements are underlined. This image was taken from Serra -
(1978} . ‘ S o™~
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-
the structuring element that transforms another binary image

accordlng to the degree of matching locally occurring. This

concept can be general

d further for different degrées of
matching and also inary 1nages, as 1is generally
done in the techrique of template matching by Rosenfeld and

Kak (1976).

5.6 Parallel processing algorithas for Minkowskf-type

transformations of binary images on a rinicoaputer

A binary image has-only tvo values of grey level: 0 or 1
whice we can consider as white;or black respectively. It
can be ‘obtained directly by mechanical digitization or by
thresholding a grey level or by thresholding a grey-level

inage at a given valwe: lower values become 0's, higher

values become 1's, or vice versa.

Binary data cen be compressed so that to each 0-1 pixel

an "OFF"-ON" bit status corresponds. - This is done in order:

i

(a} to economize in memory storage, (b) to expedite I/0 and
computations, and () to utilize efflciently logical and bit
shift operators which exist on most computers.

As p;evxously hentioned, in GIAPP all transformations are
pregrammed‘in FbRrReN. Parellel processing, the conten-

poraneous transformation of the Pixels of a binary image, is

simulated for arrays of 1024 bits (1080 bits in the Cyber
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computer), corresponding tq_%nﬂividual rows of picture data.
Logical operatioﬁs betvee% vectors of words (rovs of image
data), bit shift operations between vectors of 1024 bits (64
words), bit counting, bit status cecking, and bit status
set?ing'operdtioné, are combined into programs for ﬁarallel
processing of biﬁary compressed images; .

Four a}gorithms have been progrémned in éIlPP for the
following compufations: .{1) logical operations, (2) binary-
geighborhood transfo:matiéns in uhich only' matching or
mismatching 1's are considered for both the square and the
hexagonal images , (3) binary neighborhood transﬁofmaiions
in which boih the matchiﬁg Oﬁs_.énd the matchinq 1;5 are
considered, and (4) anto- aﬁd cross-correlation_(geométrical
covariance and cross—covariance). Simplified operatiqnal
flowcharts for these four algorithms are shown in Figures
-5.7}““STETWWET;6;IWQHd 5.11. The-operational flowcharts are
self exlanatory, however, FPigure 5.9 describes in detail the

v

processing in "patallel"-for computation (2} of Plgure 5. 8.
. %
i !

T
RS

‘Q‘



Figure 5.7: Generalized flowchart of an algorithm for log-
ical operations -between two binary compressed- (one bit per

pixel) images in GIAPP.
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Generalized flowchart of an algorithm for stru-
transformations of binary

compressed images in GIAPP:

of binary 1

(bit)

only matchings or
S are considéred in these transformations.
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Figqure 5.9: Ethple of 1'Mparallel® proéessiﬁg of a binary
compressed image in GIAPP's SUBROUTINE MINK? (described in

. Figure 5.8). The structuring element is expanded into-

structuring element windows to £it the image to be trans-
formed. Both image and structuring element windows are
"padded" (i. e., filled with 16 bits of binary 0 values at
both left and right ends of each row. One row of padding is
also added to the top and bottom of the image. Each row of
structuring element window either shifted or unshifted is
compared with the corresponding row of image window contain~-
ing as many rows as there are in the structuring elément
window. The comparison with all rows of structuring element
windows for shifts 0, 1, and 2, are computed and one row of
output image 1s generated, before shifting the image window
down the image one row. The processing continues until the
last row of output image is completed. Both eroded image
and dilatated image are displayed in the lower part of the
illustration. The dimensions of the input and of the output
images are 31 pixels x 12 pixels. The symbols 1 and . are
used for indicating black and white pixels, respectively;
this 1is so also for +the structuring element and the
structuring element windows where the center pixel is
underlined. Only the 1's in the structuring element repre-
sented are wused, in this case, for computing the two
transformations. Comparison, i. e., the operation of
-AND.'ing, is computed between two words at a time, each . of
16 pixels (in reality this is done for two--sets of 64 words
at a time): this represents a degree of Wparallellism",
function of the word length -(number of " bits) of the
computer. The processing can also be considered "pipe-
lined", since the computations are structured ‘row by row in
order to optimize between processing time and. available
Demnory. I/0 access time is minimized because advantage is
taken of the machipe-dipendent instruction- set available for
loqical operations and also for bit shift operations for
arrays of 64 words (i. e., 1024 bits).
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Generalized flowchart of an alqorithm for
structuring element binary (bit) transformations of binary

images in GIAPP:

both matching and mismathching

1's and 0's are considered in these transformations.
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6. Sone sinple'exanpies of processing geological data

.
-

6.1 Introduction

The experiments which will be treated in the following

sections are of a descriptive nature: their aim is to

introduce and explain the type of measurements and statist-"

ical estimates which qu:Bbtained fron eitﬁer 1arge‘regiona1
geological maps or microscopic images of roé;; ip thip
sections. Concepts of spatial correlation of stratigraphic
anits quantified from éeological maps and concepts of
guantitative'characte;ization of nicrotextures (texture ané-
1ysis) ;ill be illustrated by transformations of binary
images obtained from a flying spot éc@nner or from a graphic
tablet digitizer. :According ".to mathematical nmorphology
theory, geometrical characteristics of binary images can be
neasured by structurihg elepents, and thus transformed into

qganﬁitative descriptions or geometrical probabilities asso-

ciated with the pdatterns in the images.

6.2 Study of a geological map pattern near Bathurst,
New Brunswick
6.2.1 Introduction

¢}
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The examéle to be discussed was selected initially in

1977 for a study on the quantitative stratigraphic correla-

tion of rock units and other features represented on

geoldgical maps (Agferberg and Fabbri;'1978ay. In 1979 this
example was analyzed aniﬁ by the author using soae df the
images previously studied by Agterberg and - Fabbri {1978a)
bat obtaining .a nerber of new result§ vbibh also vill be

described here.

1
\

This study aims at the gquintitative charaéterization and
corrélation of combinations of litho-stratigraphic units
coded from geologiCal'maps. Geoiogical maps ﬂand ancillary
information, generally also in map form, are constructed for
being of assistance in thé following tasks: (1) in-making
interpretqtions, (2) in planning new Surveys or searching
stcategies; and (3). in providing up-to-date syntheses on
some geological processes for :;e prediction of other
geological aspects.

‘Rock units'-on a map can be quanfified vith respect to a
cell centered about an arbitrary point, and the average
composition per cell can be determined as in Pabbri (1975) .
ninéral deposits tend to occur in regional environments of
specifi; types. As exemplifigd by Agterberg et al (1972),
it is useful to attempt to define these environments for
systematic comparison to other emnvironments in the same

region.
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Let us call "deposit cell" a random cell which contains
one qr_more deposits of a speqifié type. We. can c0mpare‘the
statistical population of the deposit celi vith the popula-
tion of the réndom cell. If the random cell is. sufficiently
small, it tends to contain only one rock type, and onlf one
deposit. A geological map, then, can be quantified 5y
subdividing it into a reqular qrid of many small cells, and _
assiqning to ‘each cell the rock types which ocecur at its
center. Suppose that rock type i has ni cells in a region
and that o4 of these cells contain a deposit. Then the
probability that a_ random cell in rock type i is a deposit
cell is equal td n,4/n - In éddition to this probability,
we have to consider that the probability of occurrence of a
deposit also maﬁ depend on the spatial pattérn of 1litho-
stratigraphic ﬁhits at soﬁe distance, for example 10 knm,
from the deposits. ' ’ . |

Let us consider a geologicalvmap as a set of map units,
each representing the shape and distribution, in at least
tvo dimensions, of the litho-stratigraphic units in the map;.
Over the entire surface of ;he geological mapt each upit,
distinquished by .its colbr or graphical pattern, will occupy
a given area. We can consider each map unit ;saa_black

pattern in a binary image (1-0 or black and white) in  which

_ the white background represents the area occupied by all

other map pnits together. Sﬁppose that a very small cell (a
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square, a circle, a hexagdn or an octagon) is placed at
randoa over the map area. The probability that such a
randoa cell will "hitf the pattern will be ﬁfoport%onal to
the area occupied by, the pattern in the map; conversely the
probability tHat our random cell will "miss" the pattern,
will be prqporiional to the area occupied by all the other
units together. If the cell is sufficiently small, it will
fall entirely inside our pattern, or entirely outside it.
When the cell 4is translated throughoat the area to the
intersections of a regular finely spaced grid, the _afea
proportion of the pattern and ﬁhe probability that our cell
_will hit the pattern will be expressed by the sanme value.
Let us consider the binary pattern for. some .ancillary
data - iﬁ map form, s;milaf to the black point (pi;el)
distribution patterh.of mineral deposits. The probability
that our-réﬁdom cell will contain one deposit is a fanction
of the cell size and the number and distribution of the
points in the pattern. TIf our cell is S50 small that it can
only contain one of the points at a tihe, and is translated
in a regularly fashion as before, the.area proportion of the
blach point péttern in thel-map and the probability of
“hitting the point paiéern with our cell probg Will have the

same value. \

When, in patterns Systematically quantified frogm naps, we

‘ . i
can identify conditions favourable to the occurrence of

’
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o ningralizatibns (or other ancillary events) the geometric
probabilities assoc¢iated with these patterns can be combinead
with the probabilities associated with the distribution of
mineral occurrences. This concept is our base %or devglop-
ing predictive methods. A rélatively simple application of

this concept is presented here.
6.2.2 The map pattern

The géology of the Bathurst area, New Brunsuick, has been
déscribed by Skinner {1974). Porty known massive sulphide
deposits from this area are felated genetically to the
occurrence of the acid{c volcanic rocké oF the Tetagouche
Group of Middle-Laté Ordovician age, These acidic 7oléanics
were coded from 2 nmiles geological maps (scafe 1:126720)
from an experimemtal data base described -in Pabbri, Divi,
and #¥ong (1975). The pattern of acidic volcanics was drawn

- separately in hiack and white and photographed on a- 35 nn
color film. The film was later digitized on the flying spot
scannel as a set of 18843 pixels on a square raster with a
total of 324 x 320 = 103680 ﬁinary pixels. The spacing of
the pixels is "259 n in the north-south and east-west
directions. The resulting binary inages (éhown in Figure
6.1a) vwas oﬁta}hed by thresholding of the grey-level image

produced from the flying spot scanner. The Square area
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diqgitized corresponds to éﬁ x 83 ka ;' The sane pattern'also
was scanned according to a hexagonal raster configufation
as a set of 22925 black pixels within an image of 313 x 349
= 109237 pixels spaced 256 m apart. Each pixel.in this
second image cah be considered.as a héxagon of 256 m of

-t

minimum diameter with its center at that distance from the
™ ' A
center of any adjacert neighboring _ pixe17 This image is

-Shown in Fiqure 6.6a.

$, N

Fiqure 6.1: EPErosions, dilatations of bR¥nary images of ‘acid-

ic volcanics in Bathurs ea, New Brunswick. The original
image A is shown in (a) & re are 18843 black pixels in
this image. The complenWyE® of A, A¢ is shown in (b) : there

are 84837 black pixels ~ in this image. .Writing B for the
operator-set of 8-neighbor expansion, the transformed images
are as follows. (c) Xk @ B; there are 23076 black pixels in
this image. (d) A @ 2B; there are 27102 black pixels in
this image. (e) X @ 3B; there are 29560 black pixels in
this image, (f) (A @ B) ) Ae; there are 5133 black pixels
in this image. {9y AN (Re BY:; there are 5360 black
pixels in this image. (h) A o B; there are 13483 black
pixels in this image. (i) A o 2B; there are 9990 black
pixels imr +this image. () A o 3B; there are 7635 black
pixels in = this image. Dimensions of image are
84 km x 83 km, North direction points upwards.

102



Figure 6-15, Continued
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Tijure 6.1:
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According to Skinner (1974) the lapping of the Tetagouche

- Group is based on lithological units that have yo stratji-

graphxc significance because stratigraphy and structure of
the Group have not yet bheen determined. These units are

character;zed. by : (1) sediientary rocks; (2) metabasalts,

and (3) rhyolitic rocks. 'The rhyolitic unit is shown in

Figures 6.1a and 6.6a,. The rhyolitic rocks are interpreféd

by the aathor as ‘the Youngest part of the Group, surcounded

by:sedlmentary rocks, the oldest part. The rhyolitic rocks,
! .

acidic volcanics, are pPossibly of igniambritic (pyroclastic

flow) origin. _ ‘ >

6-.2.3 Erosions anad dilatations

In 2 square raster each .pixel is surroundeq by eight
ﬁeighboring pixéls. " The eight pixels around any black pixel
belonging to the image of Figure 6.1a, are either black or
white. Suppose that they are changed into black pixels Jif
they are whlte. This operation is terned 8-neighbor expan-
sion (Rosenfeld.and Kak, 1976) 6r dilatation. The result s
a new image with 25§76 pixels, showﬁ in ‘'Figure 6.1c. TLe‘
difference between .the two images, Pigures 6.1a and 6.1c,
consists of 23976 - 18843 =5133 pixels and- is shown in

Pigure .6.1f. A second dilatation gives the pattern of

Figure 6.1d; a third adilatation produces the pattern of
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Figure 6.1e. The reverse operation ?hich “consists of
ﬁrocedinq from the image on Figure 6.1a to that of Figure!
6.1k can be termed an 8~neighbor shrinking or erosion..
Three successive erosions of the original image in Figure
6.1a, are shown in Pigures 6.1h, 6.1i and 6.113, resﬁective-
ly. T@e ~black pixels which turﬁed to white in the first .
erosion are shown in Figqre 6.1g.

In order to continue the discussion of these transforma-
tions, vwe céh adopt the términqlogy of mathematical morpho-
logy as develaoped in Serra (1976¢) and Watson (19751.
Suppose that the originéi image in Fiqure 6.1a is a set A
with measure mes A. This measure is the area and can be
expressed either as pes A = 188“3'3pixéls or as mes A =
126&.0{ km2 (ogé pixel represents an area of 259 X 259 m).
Let B be the operator set of the 8-neighbor square logic. B
has an origin which is located at thé center of the square
described by the eight neighboring pixels.

* The images of Figures 6.1c and 6.1d now can 'be repre- -
sented as the Minkowski sunms (A ® B) and (2 ® 2B), respec-
tively. 1In Agterberg and Fabbri g1978a) a set nB was
defined by induction with nB = {((n —°1} f) @ B for n = 2, 3,

eesw « It is seén readily that operating on A with the set
-nB is identical to applying the successive operations A @ nB
=( @@®-1) B) ®Bforn=2,3, ... . By using the

concept of Minkowski subtraction, the patterns of Figures

-

¥
F
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- .
6.1k, 6.1i and 6.1j can be written as (2 © B), (A @ 2B) and

(A © 3B), respectively.

If the superscipt’ ¢ denotes complement of a set with

respect, to the universal set T which -comsists - of all the

pixels' in uase, then the pattern im Figure 6.1b can be

written A°; the patterns of Figures 6.1f and’ 6.1g are

(3 @ B) h A°, and A () (A © B)°, respectively."
6.2.40 Cross~-correlations

A set C was formed by assigﬂing each oE the 40 volcano-
genic massive sulbhide deposits~in the area to the . picture
points c}osest to!it on the grid{g}th,259 m spacing used for
the binary images dff?fahce;&?1a. C consists of 40 black
pixels which can'he sub; |_to successive’ dilatatiéns by
use of B. The iméges, sets.(c @-QB), {(C ® 9b) and (C ® 19B)
are shown in‘Figureé 6. 2a, 6.2b and 6.2c, respéctively.

Because each pixei ié rep;esentative for a celi of. 259 m
on a side, theJlength of a cell éeperated by n dilatations
is equal to (2n + 1) x 259 m. Hence the cells obtained}by

4,9, and 19 dilatations of a single picture point are 2.33

' km, 4.92 km and 10.10 knm, respéctively. The latter two cell

' sizes can be used to'approximate (5 km x 5 km) cellgxand (1Q

km x 10. km) cells, respectively. The binary images‘qf

-

Figures b6.2a; 6.2b and 6.2c can ‘be intersected with that of
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Fiqure 6.2: Dilatations of image set C° for 40 deposit
pixels and intersection of resulting sets with original
image 2 in Figure 6.1a. (a) C @ UB; there are 2342 black
pixels in this image; {bY Ay (C ® 4B); there.are 1512 black
pixels in this image; (c) C ® 9B; there are 8390 black
pixels in this ipage; (d) AN (C ® 9B); there are 4501 black
pixels in this image; (e} C'® 19B; there are 26654 black
pixels in this image; and (f) A () (C @ 19B) ; there are 12152
black pixels in this image.
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Figure S.ja. Ihe resulting images, sets (A N (C.@.QB}),
AnN(ECo 98} ) and " {A N (C @ 198)) are shown in figures
6.2@, 6.2e and 6.2f, Tespectively.
r_z”"~\= The efésion of Figure 6.7a can be cBntinupg ffom Figures
6.1h, 6.11 and 6.1j onward until not a single” black pixel
r//r remains. " -Likewise, the dilatations car be continded fron
‘ ‘ -. Fiqures 6.1c, 6.1d and é.1e onvard until most or all of the
study area or image (set T) consists entirely o _ black
Dixeis. The relative areas of the erosions ﬁnd diiatations.
sq'Q:a ' are shown in Figure 6.§. Forfdilatations;ﬁach relative aréa
can be interpreted és ihe ﬁrobability P{nB) with
¢ o P(ziﬂB) = mes A @ 1B / nes T + D=1, 2, .;.7
fziﬁhat a random cell with side ((2n +.1) x 259) n contains one.
or more black pixels belonging to the original pattern of
Fiqqré 6.1a. The pprability Q(nB) thét a cell _ﬁith siié
mes (C ® nB) contains no aci@ic' volcanics is egua; to
Q(nB) = 1 - p(mB) .

Likewise it is possikble to measure the probability P, (nB)
that a Pell with side ((2n‘+ 1)_x_259) m i's a deposit cell
containing~ one or npore deposits, as it is shown in Figure
6.4a, becau;e i

‘Py(nB) ="mes (C @ nB) / mes T R n = 1, 2, aus -.
o ‘ | . Another practical result is as follows. A correlafion

* between sets A and C can be carried out by détermining . how
110
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TOTAL AREA = 324 pp.x 320 pp

' DISTANCE BETWEEN PICTURE POINYS = 259 m
- .70— ) : ) \
60 : Lt
g & .t -
‘d s0-{ |, ) . " | 0.0050 g
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e
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. <— EROSION,

DILATATION ——» A

Figure 6.3: Percentage of total area occupied by the ima
obtained after successive erosions ard dilatations. This
histogram indicates probability that deposit pixel coincide
with an arbitrary' .pixel in "shell added" after single
dilatatior or "removed" after single erosion.
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many dfposit points are contained in the separate shells

S added to, or subtracteﬁ from the original pattern of Figure

6.1a, bv,dilﬁtation or erosion. The original pat}ern itself

contains 36 deposit pixels or nmes (L nC) = 36 pixels. The
'pattern of Figure 6.1g ‘consists of 5360 black pixels and./‘.
contains 14 deposit pixels. Hence the probability tﬁat’ an
arbitrary pixel in this cell is a deposit pixel is -equal to .;

14 s/ 5360 = 0,002&}4/)This probability is one of the propor-

tions for separate cells shown in the histogram of Figure » -
1 6.3 The image of Figufé 6.1i consists of 9990 pixels and
.has mes ((A @ 2B) ne = 16 ﬁixels. This indicates. that
(” ‘ 3602- 10 = 26 of the deposits (or 65%) occur in the zone
identified as acidic volcanic rocks on the geological map,
and within (2/2 x 259 m =) 733 m from a contact between
acidic volcanics and other rock tyres on this na This h
zolle may be. relatively favourable for the oc rrenge of
- 7 massive sulphide deposits. The probabkility thati a randonm

1

pixel in the zone is a deposit cell ‘amounts to 26 / (18843 -
$990) = 0.00294, which is about eight times greater than
the probability (= 0.00039) that a random pixél in the

b .
entire study area is a deposit pixel. On the other hand, it

. L .
is only about 1.5 times qgreater than the probability
(= 0.00191) that an arbitrary pixel of the original binary
”_“\> image in Fiqure 6.1a is a deposit pixel.

(' N ds vpreviously obsérved, 36 of the 40 deposit pixels (or

112
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90%) coincide with the acidic volcanics, black pixels in

. Figure #6.%a. . A nore general form of this ratio for a cell

~of side ((2n + 1) x 259) m is:

nd1_= mes {A N (C @ nB) / mes iC-@ nB)

For the patterns shown in Figure 6.2, Hdl amounts to?
0.646 (Figure 6.2d), 0.537 (Pigure 6.2e), and 0.456 (Pigure O
6.2f)." The ratio represents a weighted average proportion

of acidic volcanics per cell for cells centered 'about the

"deposits. BAll these probabilities .and ratios follow direct-

ly from Minkowski transformations of sets. Additionally by

computing logical operations betﬁeen the sets,'binary'images
are produced which retain the spatial attributes which are
hidden in the pfobability values.

&

6.2.5 Transformations by circular elements

-

pixels, representing a

In the Minkowski transformations” discussed, the set B,
used was a 3 x 3 array of bla

square. In some caseg, ,particularly for computing measures
related to distances ié

the two dimensions, the set B may be

chosen so that - it approximates as cldsely as possible a

circle. 1In a square raster a circle can be approximated by

a pseudo-octagon. Two psewdo-octagons are frequently used

for this purpose, one whose area-exceeds that of.the circle

B et T R S



which has the same horizontal ({or vertical) diameter, and a
second whose area approximates by.defect that of the circle
of the same horizontal diameter. The first type of octagon,

shown in Figure 6.4c, is contained within a 5 x 5 array of

pixels: its horizontal and vertical sides have length of 2

pixels, its oblique sides have length of /2 pixels (1.4142).

Its horizontal and vertical radius is 2.5 pixels. Transfor-

“~—hations by this pseudo-octagon also can be obtained with two

¢

successive transformations by the two structuring elements

of 4 and 8 neighbors also shown in Figure 6.4c. A second

octagon is shown in FPigure 6.4d. - Its horizontal and
vertical sides and- its radius are of 2 and 3.5 pixels,
respectively. Its oblique sides are of length 2/2 (2.8284)
pixéls. Transforaations by this pseudo-octagon can also be
obtaiped with two successive transforﬁations by two offset
11 npeighbors sets (smaller octagons withoué a center pixeli
also shoﬁn‘in %igure 6.4d. ‘

L4

For the hexagonal raster, like the one used to produce

1

the hexagonally " Scanned image of Figure 6.6a, a good

' A : . . X - : -
" approximation to the circle is obtained with the hexagon:

this is shown in Figure 6.4b. Pigure 6.4 shows as open
circles the area proportions of the set T occapied by the

binary patterns of the ' 40 'deppsit pixels after several

successive dilatations by means of sgduare, octagonal and

hexagonal sets B (structnring\e;emehts)f Shown . as solid

-

) v E 114
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Figure 6.4: Probabilities that random cells, of different
sizes and shapes approximating the circle, in the square
raster and in the hexagonal raster configurations, contain
" one or more deposit pixels. The area proportions of the set
T~occupied by the binary image of the 40 deposit pixels are
shown as open circles after several. successive dilatations
by a square (a), octagonal, (c) and (d), and hexagonal (b)
sets B, the structuring elements. The area proportions are
plotted against the horizontal diameters of the structuring
--elements; each point corresponds to a different successive
dilatation. The vertical arrows point at the dilatations
displayed in Figures 6.2 (square), 6.5 (octagons) and 6.6
(hexagons). The area proportions occupied by a hypothetical
image of 40 black pixels such that the patterns of their
dilatdtions do not overlap, is shqwn by solid squares. The
solid circles indicate the theoretical area proportions of
40 non overlapping circles of diameters equal to the
horizontal diameters of the sets B used for the dilatations.
The structuring elements and the elementary sets which
produce the octagons are shown above the area proportion
diagrams. .Additiomal descriptions are in text.

4
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Squares are the areal pProportions occupied by a pattern of

" 40 black pixels S0’ that the patterns of their dilatatioas do

not overlap. - The functlons of these proportions ‘are com-
pared wlth the theoretical area proportlons, shown as solid
circles, of 40 non overlapping circles, of dianeter equal to
the horizontal diameters of the four sets B used. As can be
seen in Figure 6.4a, for increasing dimensiors,~t£e area of
the square exceeds: that of the circle more than the area of
the octegon in Figure 6.4c. A closer approximation within'
the range of dilatz{tions considered, is obtained by the
octagon in Figure 6.44d and the hexagon in Flgure 6.4b.

The ’area proportlons in Flgure 6.4 can be interpreted as
probabilities that the dlfferent shapes,' approximating
circles of various diameters, translated at random throu-
éhout the image containing the pattern of 40 deposit pirxels,
hit one of these. It also can be shown that - the areas of
octagons similar to the omne in figure b.ud'and of hexagons,

tend to depart from the areas of the corresponding circles

with further " increases in d1mensxons. ' The distribption

-pattern of the functlons of the dllatations for ,our = dot

pattern, crosses in Pignre 6.4, depends on the degree of
clustering of the 1nit1a1 dot pattern, the initial number of
dots and also on their locatron relatlvely to the edge of

the 1mage set T

The - horizontal-and vertical diameters of the octagons in

Pl
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* Fiqure 6.4¢ and in ‘Figure 6.4d, generated for n dilatations, -

are equal to ((4n + 1) x 259)-m‘;nd te ((6n + 1) x 259{ m,
“respectively. The 'reshlts of 5 and 9 dilatations with the
first octagon and. of 6 @ilatatibns with the second octagon
correspond to adianeters ‘of 5439 m and 9583 m. The binary
images on Fiqures 6.5a, -6.5b and 6.5c, corresponding‘to the

r

above mentioned octagonal dilatations of the deposit pat-

xn of

tern, can be intersecied q;tp the ‘geological patt
figure 6.1a. The resulting image set; (AN (C ® SB3Y) 4.
(AN (C ® 9B3)), and (AN (C ® 6By)), where Bs and ‘B, are
;he octagons of Figufes 6.4¢ and 6.4d, respectively, are
shown iﬁ Figures 6.5d, 6.5e and 6.5f. ‘For: these patterns
ndl amoynts to O.SBQ (Figure 6.5d), 0.468 (Figuée 6.5ei.and
0.Q76 (Fiqure 6.Sff. The intetsectibn'of the sets in Fiqure
6.5b with the complement of the set in Figure é.5c'is shown
in Fiqure 6.5¢ in order  to diéplax the shape difference
between tﬁe two types of pseudoroctagons which have the same

horizontal-diameter.

6.2.6 Hexagonal transformations ﬁ‘h_\’;////‘

Figure b6.6a shoﬁs the pattern of hexagonally -scanned
’ a
Middle-pper Ordovician volcanic 'rocks . Fourteen dilata-

-

tions of the hexagonal pattern of 40 deposits produced the

ind%¥e of Fiqurg 6.6, the set (C ® 14B) in which the nminimum

-

)
L]
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Fiqure 6.5: Octagonal dilatations of .image. set C for 40
) . deposit pixels, intersection of the resulting-sets with the
( original image A in TFigure 6.1a, and comparison of the
octagons. (a) C @ 5B,; there are 8736 black pixels in this
images (D)  C ® 9B;; there are 22083 black pixels in this
image; {c) C @ 6B; there are 20164 black pixels in this
image; (d) A (C ® 5B3); there are 4627 black pixels in
this imaqge; (e) A () (C ® 9B,); there-are 10334 black pixels
in this image; (£f) A (C® 6B,); .there are 9593 blacdk
pixels in this image; and (g) (C @ 9B;) N (C @ 6B,): there,
are 1919 black pixels in this image which represents a
comparison between dilatations of C by the two different
pseudo~octagons when they have the same horizontal diameter.

120



Figure 6.5: " Concluded

\ ' 121



e S S

w, oy
TN Ly ———— -
.

a’::\é\w
34

.'\‘;

‘ ‘diameter of the hexagon is equal to ((2n +\1) x 256) m or

7424 m for n = 14, .. The binary patterns of Pigures 6.6a .and
6.6b can be intersected, and - the resulting image sets
QAN (co 14B)) and ((C ® 14B) N 1) are | dj.s[ig:ayed \.,in
Figures 6.6c- and 6.6d, reépectivéiy:W For the natrern in
Figure 6.6c My, amounts to 0.538} for the pattern in figure

amounts to

6.6d, where - A° is  intersected, Ma,

0.462 (= 1 - 0.538).

Different shape§ of structuring elenénts have been'exeip-
lified for the two dlfferent geometrzcal arrangenents ofl
pixels:  the sguare and the hexagonal raster, respectively.
For isntrop;c transformntlons the closest approxination;to a
circlelis desirable at the given renolution. For anisotrop-
ic transfbrnations a rectangular structuring eleaent or an:
approximatlon to an ellipse can be used. For dlrection-

dependent transformations llnear structnring* elements are

used whlch point at given Senses of direction. There are

rinS;anées in which the choice of structuring element is

problem.nependent: for example for relating_geolggical data
from maps uitn minerni' deposit locatioms a square is
preferable because it‘corresponds directlj to the way the
data are collected or digitized (according to the 0. Tr' M.

Projection and coordinate system) . - Also a square raster

_representation of the pixels is used for remotely sensed

data.

N\ | N ' ' 122
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The transfbrmations dgScribed have all begﬁ computed

using the generalized approach of GIAPP. ,Similﬁr transfor-

he mations also  can be produced on séecial-purpose harduare-~
- ' ’ built instruments, Euch as the Quantimet 720 (octagoms) or
‘uthg -Lg;ng2£§’jhéxag%?s). However, the degree of sophisgi—
.. . cation of those instruments does not yet a110§ a completely
g erﬁ{';hpproach to the technique of transformations by all
7%5 'iybeé of structhing elements.

@
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6.2.7 Covariance measurements

Let us now consider briefly few_more types of transforma~

tions which afe used to characterize further our spatial

- patterns. For measurements in the plane at the crossxngs of

a regular g§\aa_a two-dlmensional autocorrelation function"

can be computed which has an origin or a’ central point.

Agterberg (1974) provided the theoretical background to the

two-dimensional autocorrelation function as a direct’ exten-

sion of the one-dimensional funétion as follows:

"Suppose that the elements of the (n x n) data
matrix X are written as X | (i= 0 lyeae,m~1;
3=0,1,~<.0-1). The two—dfwénsional autoco-
variance fanction C(r,s) is deflned as: '

-1 np=-s-1
1 m-r

C(r,s)=m 2 E ( - X)(x, itrjes T - X).

=0

and t
m=1 n—s-1. ¥
C( —-rs)= m Z; FEO (th X)( !—H*f X)

vhere r=0,1,...%, and S=0,T14ea-,H" [x is the
mean value] (Agterberg, 1974: pages 340 and
381).

Bach covariance C(r,s) canr be converted into an autocorrela-

tion coefficient-R(r,;? by dividing by the variance C({0,0).

A .model for the statistical covariance” function of

two-dimensional patterns (e.g.,-rock units on a map). i&iii_—#ﬂﬂ;

4 ( ' 122:.2
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Figure 6.6: Cross-correlation between nineral deposits and
the geological map pattern from a map which was hexagonally
scanned on a f£lying spot scanner. (a) binary image G of the
map pattern of Hiddle-Upper acidic volcanic rocks in
Bathurst wmining camp, WNew Brunswick. Image is 313 x 349
pixels (= 109237 pixels) and plotted hexagonally from
hexagonal scanning. ' there are 22925 black pixels in this

" image. (b) result of 14 hexagonal dilatations D of the

pattern of 40 volcanogenic massive sulphide deposits in the
-same area of G; there .are 13500 black pixels in  this imageT
(c) -~ result of cross-correlating D and G: D {) G; there are
7269 black pixels in this image; (d) result of cross-
correlating’' D and G°: D () G°; there are 6231 black pixels
in this image.’ .
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Pigure 6.6: Concluded
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has been proposed by Agterberg (1977) was applied. to the
oriqina} pattern of ééidic vglcanics shown in figure 6.7a.
The geomettical coiariahce Kd-(l) .satigfies Ku (1) = nmes {
A e B), ~where 3 .is the original pattern and E an operétor
set consisting of two points. One point is the origin of B

and the other point occurs at a distance 1 in the direction

. The symbol Y denotes reflection of a set with respect to

dts origin. K, (1) is shown in Figure 6.7a for both the

o

east-svest and the north=-south q@fectioqs. The measurements
were obtained by the correlation algorithh described earlier
. [ .

in Chapter 5. Measurements are computed by translating a

.duplicate of the image beingq ‘processed relatively to it from

e -

a position of perfect overlap to & given number of positions
in -all directions, and computing the intersections or
matching values for eacﬁ;:position.. The number of black

pixels overlapping for the different shifts provides the

geometrical covariance function. In order to obthin the
corréspondinq-statistical covariance, the values of |Figure
6.7a vwere first.increased by the factor mes TO/ mes T0 © B,
vhere TD represents a sgdare' study: area around/ A which
measures B0 km on a side. The statisticalf?ovariances are
obta;ned by subtracting m2 from ‘the corrected gecmetrical
covariances where m = mes A / meé To‘ is the propor£109 of

the study area underlain by acidi&?VOlcanics. .The statidst-

ical covariances, the values of Figure 6.7b, yere divided by

N ' © (\ 125
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ge'one't‘lcul covariasnce

(in pixels/103680)
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Fiqure 6.7: Geometrical, (a) . and statistical, {(b),

covariances for the east-west and north-south directions for
the image of acidic¢ volcanics in Figure 6.1a. The auto-
correlation coefficient computed from the first ten geometr-
ical covariances for the north-south direction, (c), and the
east-west direction,, (d), are also shown. . The so0lid lines
in (c) and (d) represent theoretical autocorrelation func-
tion of signal-plus-noise model. :
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the  variance C = a - n2 and this gave the-auto;correlation
coefficients r plotted along the vertical axis with the
logarithnic scale in Figure 6.7c. The sigral-plus-noise
nodel with‘r = ¢ exp (-pllil) with ¢ = 0.80 and p = 0.106 in
the horizontal direction éﬁd ¢ = 0.76 and p = 0.080 in the
vertical direction, provide reasonably good fit. The two-
dimensional covariance function' shown. in Figure 6.8 is
isotropic by good approximation. The batterns corresponding
to the values at east and south shifts ({ x 7 pixels) of

(0,0, (5,0), (0,5) and (S,Sf ,respectively, are shown in
Figure 6.9a to 6.9d. The arga.of the light grey pattern /
10000, is the value in the Corresponding position of Figure

6.8. .
6.2.8 Hexagonal closings

A dilatation followed by an erosion is called "closing".
This transformation if produced by a “isotropic set B, a
structuring .element 1like the hexagon, can be used %o
describerdistance Eelationships between the objects in a
binary pattern. A hexégon B of the horizontal éiameter of 5

pixels was ,used to produce first the set (C ® B), dilatation

of the pattern of 40 deposit pixels. This is shdwn in

Figure 6.10a. The 40 deposit pixels in the original pattecrn

.

form 39 obijects. This is so because two pixels occur side - .

4 :
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- Figure 6.9: Shifting of a binary image during the computa-
tion of four of the geometrical covariarce values shown in
Figure 6.8. (a) (0,0) values for east and south shifts
(x 7 pixels}; (b) (5,0); (c¢) (0,5); amnd (d) (5,5). The area
which is measured is the one of the light grey pattern.
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Fiqure 6.10: hexagonal closings of a dilatated image of the
40 deposit pixels in the BRathurst area, New Brunswick, for
describing the distance relationships between the hexagonal
areas. (a) the U0 deposit pixels after a dilatation by a
hexaqoh of horizontal diameter of 5 pixels; (b) to (g) one
to .six closings; (h) one erosion before obtaining the
closing in (g). Additional information is in text.
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by side and therefore are considered as gonnected to form -
single object. The two pixels occur at a distance of 259 a.\
LIn Figure 6. 10a there occur 24 objects after the hexagonal {-
~dilatation: this indicates that 39 - 25 = 15 Qdeposit pixels
| nis/less than\(un + 1) x }gﬁ m. apart, which for n = 1 is
1280 n. The pattern of Figure 6.104 was subjected to 6
‘closings (Figures 6.10b to 6. 109) consisting of *1 to 6
dilatations followead by the sime number of erosions. This
Process of transformations creates "bridges"” hetueen objects'
whenever their edges are located at dlstances from other‘
~object edges which are les than or egnnl to (2n +‘1) i 256° m.
(o is the number of closings). This happens i-f during the
n*th dilatation shapes ‘are: produced by nerging object
patterns which have the%r minimum diameter, in at.lenst_one
of the tnrée nirections gf ‘the hexagonal raster, grenter_
than tne diametér of the n-dllatated hexagon used for the
subsequent erosion. Object count after each closing itera-.
tinn, provides: the  distribution of the interobject or
?interparticle distances. In Fignres 6.10a to 6.10g, the
.object nuanbers are 24, 22, 20, 20, 17, 17, ama .17, .
tespectively. The pattern of Figure 6 10k vas produced by
performing 6 dilatations fol\qwed by only S5 erosions of the
pattern in Pigure 6.10a (one, more erosion produced the
patterrn in Pigure 6.109). }nis pattern“shqys the,growing'

trend between clusters or grqups\?f linked objects.

\ ; .
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. ~ The problem of nistogranning inte;pdrtible distances
occurs in textural studies for ore ninerals. _In this

application of essentially illnstgative ch racter, object

R

counting . is performed readily by eye. vever object“
counting in-an hexagondl binary 1lage can be perforned
automatically by the method previously descrihed in Pigure
5.6, which provides the connectivity nnnber@pefined as the

. nunber of objects Rinus the nunmber of holes. This nunber
can be used. for histogramming interparticle distances, as
denonstrated by Serra and Verchery (1973). . ~
( ' 6.3,nna1ys::\;;Ja portion of a thin section of a

‘metamorphic rock

I . | 6.3.1.pigitization and preprocessing
)'v_ . . .

In this application the boundaries of crystal grain.
'profiles vere digitized with a graphic tablet. The originn%
draving, not shovn here, of a .thin section -of .4 granalite
from Otter Lake, Quebec, vas taken from Knetz (1978) . The
crystal phases in the section are: cglcic pyroxene, plagio-
-clase, hornblende and sphene.r The processing of the grain
Jboundary 1mage consisted of several steps, which included
ninor editing of the binary image produced from the vectors

. computed from the graphic tablet&qntpnt, expansion of,binafy

f I o
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compressed data, ' line thipning, Iahe;ing of areas enclosed
bj conkgour lines,_ pp#sé. rieling aﬁ'd extraction of binary
coipréééed 1la§es from the phase-labeled inagé. \The purpose
of ° the preprocessing was to obtain the patterns of the four - °

different phases in the section as binary images . in regis-

tration’ wvith one another. : Co . ) o
The unit spacing betveen the pixels in the binary image’

is 0.0279; mm; image dimension is 180 x 252 pixels., The
» - /\ ——

total number of individual crystals of ihich,the,boundary

vas digitized is 398. ‘The binary _patterﬂs obtaiped are

shown in Figu e 6.11 as go;lows: {a) thinned dary image
with tectang:j;:\\f ane agdeﬁ after thinning, ?b) frame at
the edges of the ihage, ;c) image of ‘thinned boundary
without frame, (d4) inage of allgsthe gra | ogether obtaiﬁed . M
by compnting the complenent of the attern(;? (a), (e) to
(h), .binary inages of sphene, _calcic 'py hotnblenéf”_,
&nd plagioclase, resPectiVely, extracted fron the pattesn in '
(a)~ ' *
, \
- 8.3.2 B;osions; dila-tati.énsf openings, and
closings | o /Z
‘ Let -us‘qonsider some trqhsforlat;;ns wvhich qre'zizgésenJ

tative of't@g_geasnres vhich are comrmonly require& about

this type of rock material and which, at the. same- time,
- : oy

;3
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~—> Fiqure 6.11: Binary images of a thin section of granulite

rectangtlar frame added after thinning. 1Image dimen is
180 x 252 pixels; (b) ‘the rectangular.frameé; (c) the boun-
dary image without the frame; (d) the onplement of the
image in (c); (e) to (h): binary images of sphene, calcic
pyroxene, hornblende and plagioclase profiles.

from Otter 1Ilake, (Quebec. (a) thinned boundary imgg: with
shon
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illustrate the versgtility of GIAPP.

During the int racﬁive phase relabeling process;, the

patterns of all crystals adjacent to the frame was identi-

- fied and extracted. Such pattern was then used as a mask,’

in = order to eliminate, if so desired, the patterns of those

crystals, from each phase in which they occurred. Figure

6.12a shows the binary pattern of all plagioclase crystals

which were uncut by the edges of the picture or in this case
the franme. Several'traasfbrmations of the binary pattern in
Piaure 6.12a were computed using the pseudo~octagona truc-
turing elemﬁnt of minimum diameéer equal to'5 pixels, also
shbha inﬂ r;qure é.ua; The resulting patterns are shown in
Figures 6.12b to 6.12h. Figure 6.12b and Pigure 6,12d show
(2 ©.B) and (A @ B), single erosion and singlefdilatation,
reSpectiielv, of the‘original set A in Figﬁfe 6.12a by the
set B, the octagon. An erosion provides a neasure of the
probability that an octagon with the shortest diameter of 5
pixels uhicﬂ is moved at random everywhere in the image

space is fully contained within the plagiofldse crystals. A

dilatation provides a measure of the probability that the

- -

octagon hits, i.e. falls partly or wholly on top of the
plagioclase. These prohabilities can be used, for example,
for estimating the average circunpherence of the profiles of

the plagioclase grains. Y\/
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'Figure 6.12: Minkowski type operations with > pseudo-
octagonal structuring element 'on sSquare rasgs image of
plagioclase profiles from thin section of granulite.

(" original image of 180 x 252 pixels after elimination of all
crystal profiles which were cut by the edge of the image;

there are 17344 black pixels in this image A. (b) octagonal
erosion of A; there are 8996 black pixels in this image B.
(c) octagonal opening of A; there are 15935 black pixels in
this imdge C. (d) octagonal dilatation of A: there are °*
25939 bla pixels in this image D. (e) octagonal closing’
of A; there ire 18355 black pixels in this image E.  (f)
result’ of logical operation & !l B®; there are 8348 black
pixe1§ in this image P. (gq) result of 1logical operation
A NC : there are 1409 black p}xels in this ipage G. (h)
result of logical operation E (WA 3 there are 1011 black
pixels in this image ‘H. P -
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.An opening, an erosion followed by a dilafat;on, and a
closinq..a dilatation foliﬁwed by an erosion, -are [displayed
in Fiqure 6.12¢ and-in Figure 6-12e. 0pen£ng can be used to
estimate the grain:size distfibutiqn of the gégg;;; closing
can provide information on interparti¥cle distances. These
ﬁeasureS'should_howeigg,kgke intqj;ccount_Egg-irregularities

of | the boundaries of the grains which have curvatures

~
.

éreaterﬁthan can be approiimated by the octaQonal structur-
M9 element. Such §Spects of the transformed images can be
bettér.displayed ﬁy means of logical operations bhetween +the
original and the transformed images. Figure 6.12f £3\6.12h

shov the results of.thg follovwing operations:
‘ »

AN (A9 0)°, AN ((Ro0) ®0)° and ((A00) @ 0) N A%,

where the symbol [\ indicates intersection of the two sets,
°" stays for complemént, A is thé original set, and 0 is tﬁe
octagonal structuring element set. Figure 6.12f shows the
black pixels which have bgéome white in the octagonal
erosion. 1In Figure 6.12g the black pixels are shown which
have turned‘fromwb%ngﬁgp white during the octagonal opering
of the image A in Fiqure 6.12a. The pixels addeﬁ in the
octagonal closing are disp;ayed in'Figure'b.i2h instead.

4

6.3.3 Interparticle distdnces and particle
[ |

‘counting

141
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v ‘}a ‘ : a -
\ viousl& néhtloned, c1951ng transformations can’ be
used in order to characterize interparticle dlstaqces.‘ Ve
have seen. an application of closing for a point pattern in
Figure 6.10, for a hexagonal image. For patterns in a
square raster, several structnrin§ elements can be used,
such as the octagons f FPigure 6.8 or the ‘sguare. The
larger is the structuring element the broader are going to
be the distance ' intervals used as unit. For exapple,
horizontal. and ‘vertical distances of 7 and 5 pi s and
multlples of these can be measured using the octaqons in

Flgure 6.4d and Flgure G.Qc, respectively. For narrower

‘intervals in a square raster we can use the square as the

smallest isotropic shape approximatlén to a circle. Square
the shortest diameter or distance interval.is 3 pixels.

The 1£f:e of plagloclase crystals in Plgure 6.11h was
used to illustrate closing patterns and interparticle dis-
tance determinations, by a square structuring element of

increasing sizes (3”and higher). Opening, i.e. a dilata-

tion followed by an erosion, involves groving of a black

pattern. The growth tramsformation, honever, cannot ex
the dimension of the original 180 x 252 pixels imayge.

eroslon, on the contrary.is not affected by the image
dimension, because it is a shrinking transformation. In
crder to .avoid edge effects; the black pattern of Plaj}OC?

¢
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272\pixels so that a width of ten pixels surrounds the edges
of the driginal -image. In the newv larger image the

dilatated plagioclase crystals would reach the new image

‘edge only at the tenth square dilatation. The patterns

resulting from Q0 to 5 clo;ing transformations are shown. in
Figures 6.13a to 6.13f, respectively. The initial number of
crystals in the pattern of Pigure 6.10a was 137. The nuamber
gf connecteﬁ objects in the fi;e cl&ged éatterns is 22, 11,
5, 3, andy.1, respectively. This is the information needed
for .histogranmiﬂé the interpaéticie distances versus the
number of crystals whosé edges afe at less' than a given

minimam _Histance from the closest crystal edge. Ia the

patterns of Figure 6.13 it can be seen how the bridges vhichie
| develop)cpnnecting objects in a ‘square raster irage are

elongated in either’ horizontal or vertical directions. -

Differently from the square raster, irn the hexagonal raster
the bridges develop along the three main directions of the
raster as can be seen.in.Pigure 6.10. ;

A set of transformations similar to the ones used for
hexagonal images (see Figure 5.6) can be designed for square
raster binary images, to compute the connectivity-nunber f;E

histogramming interparticle .’ distances. The\> connectvity

. -
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Fiqure 6.13: Characterization of interparticle distances,
for the image of plagioclase profiles from the granulite, by
sucgessive closing operations. (a) the original inmage
napped into a larger ‘image space of 200 x 272 pixels; there,
are 137 profiles (objects) -in this inmage. {b) to (h)
results of one to five closing operations leaving 22, 11, 5,
3, and 1 "connected objects", respectively. (g) and (h) are
the images of the black pixels which turned to white during

the erosions of the image in (a)'hx the structuring elenents

o(e YY)
B =101 . and ‘B = 01e ,-
1 e . 2 IR LE

respectively, 'for the 'computatipn' of the Tfconnectivity
numbern, ' '

4y
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number (number of objects - number of holes) can be computed

by erosions with the following two structuring eléménts

o0e ess
Ay -, . ; B, = 01e and B_ = 0le .
LA _ 1 see - 11e

where 1 indicates a blagk pixel, 0 a white pixel, and * a

pixel not considered in fhe transformation.

The procedure to” follow to compute. the connecti}ity
" number 'is: (1) erode thé oriqina}.hinary pattern A by 81,
and compute hoi'many black pixels have becone white; (2)
‘erode A by the.structdrinq element B,, énd compute hOﬁ;many
black pixels have become{whiie;‘andf(B) conpute the absélute
rdifference between the céunts in (i) and (2) dﬁavg.]  The
. . » ‘

expression for this computation the connectivity number cn

’ - v'
can be writtemn as follows:

N

Imes A - (mes A g B;) - (mes A g B,}| = cn

Piqures 6.13g and 6.13h are the patterns of the. black
i : )
pixels which have become white after the erosions by the two

- r

elements mentioned above. They correspond to the follgwing
expressions: (A0 (A © B,)°), and (AN -A.©B)°) . The
set A&, the original image, is shown in figure 6.13a.

& ‘
6.3.4 Transforamatiens by linear elements

N ' , a ;;}
] . \
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Fiqure 6.14: Minkowski Qypé operations with  horizontal
linear asymmetric structuring elements of differqpt lengths
on binary image of calcic pyroxene-from same granulite of

Fiqure 6.11, after elimination of the crystal profiles cut.

by “ the image edges. (a) original image bf calcic. pyroxene
crystal profiles; there are 6748 black pixels in this image.
(b) image of pixels which turned ‘from black to white during
the erosion of ipage A. in (a) by the Structuring element

-

000000000
000011111 S -
' 000000000 :

There are. 3516 black pixels in this image. (c) image of

pizxels uQiQh- urned” from black to white durimg _erosion of
binary imaqe Al\in ‘{a) by the strupturing‘e%ement '

‘- . 000- .

L\————\ . . 011 I

000

There are 1030 tlack pixéls In this image. (d) image of the
pixels which turned/ from black to white during erosion of

image A in (a) by s ucturing element .
o . 000 : . [://*

J 010 ﬂ\\_ '
. 010 _ .

There are 860 black pixels in this image. () to (h):
conbutation of the linear horizontal:geometrical covariance
for riqght shifté of 5, 10, 15, and 20 pixels, respectively.
The wvertical black bands of widths of 5,10,15, and 20 pixels
in (e) ,to (h) represents the loss in significance for the
covariance values after shifting the entire images in the
horizontal direction. - The pattern .in (e) to (h) simply
represents the intersection between the image A in (a) and a
shifted duplicate of the same image. ~ '

. ' " 1wy
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Linear structuring elements can be used to stundy - the

snipe anisotropy of the graims in bi'.ry inages.‘ Pigure

6.14a shows the binary inage of calcic pyroxene for the same

v

granulite. Figggsxi;1nb display he black pixels vhich
tarned to white ‘ih the erosi;; by a horizontal lindar

»

elenent of length § pixels extending to the| right of the

centre pixel Pigure 6.18¢ and Pigure 6.14 “show the
elements ®lininated by the-erosion of a linear right and

dovnward elements of length 1. 1In stereology, such patterns

are termed horizontal and vertical imtercepts, respettively.

-~

lTHESe_ images and the mneasurements that they " provide,
describe quantitatively the average elonggtion of the grains

"of pyroxene in the two vertical)/and horizontal directions:r.

They can be considered as the ohabilities that horizontal

, and\vertical trajectories placed at 'randon thronghont ”all'

the grains in the 1mage space, will intersect the right and
the lower edges of the. grains.

‘e also can represent the geonetrical tfbxg;ifnce as a
transfornation by a linear strnctﬂring’%lenent consisting of
Q° set of two pixels, one black and one white, at- a given

distance from each other, and placed along a - line ‘oriented

' in a directiom o . The origin of the set pair is at the' 0

pixel. Por a = 0, we can consider  the ‘pair of pixels -

e

located in the . horizontal direction.; ‘§e can use-this

.:y 3 ‘-.' .- . 7 T
R S ] o - . 149
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- structuring element for .producing a shifted "pattern by

erosion. If the origin-o is at the ﬁixel to tpe'léft, the
pattern vwill be shifted 1eftvand;.if the origin is to the
right, the pattern will be shifted towards the right.
During the shifting operation a §tr¥p 6f our image._patterﬁ
elongated gerpéndicularly to the shift directién and of
width equal to the shift length will be lost over the edge

! . .‘ 3 .
of the image in the directior of the shift. A-white band

- pattern will be added in its place at the opposite” edge of

the 1maqe. . The intersection between the shifted image and

the original untranslated patterﬁ is a new pattern fron

which we can conpute the probability that a black pixel
occurs at a distance egual to the shift i the)ﬂiréction of
the " shift. Thé'g&ttern of figures 6.1‘2 t _6:‘uh, corres-
pond to shifts of iéngtﬁ 5, 10, 15, anad 50 pixels respec-

~tively. ' A black vertical band of width equal fo the shift

ength has ®%en added to identify the narrowing, of the

shifted images. The number of black pixels in each pattern

has to be compared with the pixel count at the otigin, i.e.

~for shift of Ofpixels, or the proportion of black pixels in

the original pattern over the entire universal image set 3

(of 180 x 252 pixefs). After each shift, howevé;;ég,_

universal set

set T,, such a e sets T.,, T,,/. Tzs and-u;zo. Our

10

probabil- - .

teo/”

4

Ns . A .
oduced, which are narrower +than +the
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fiqure 6.15: Computation f boundary length and transition .

‘matrix from +the bin images of boundaries of profiles,

(@) binary image of hornblende profile boundaries; (b)
binary imaqge of sphene/hornblende boundaries; {c) binary
image of pyroxene/hornblende boundaries; - (d) binary image of

- plagioclase/hornblende boundaries; (e) binary image of

pornblende/hornblende boundaries; (f) to (i) binary inmages
of the black pixels which turned from black to white during
the erosions of the image in (d) by the following structur-
ing elemenfs:__ . . \4

000 000 000 000

011 , 010 , 010 and 010 |,

000 010, . 001 100

Lrespectively, for'detecting the kind of black pixel adjacen—
¢y in the four directions. : - .

- %
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ities will have to be scaled proportionally to thqse
universal sets,. smaller than T, ,for the areas marked by

vertical black bands in Fiqgure Qigﬂ.- SN

o " “ -l
' .

¢ ’ " ’
6.3.5 Boundary length and transition matrix:
computation \ -

-

Let us now consider an appliéation on -\ pat£erné of
Fiqure 6;11, in order to produce and displa:H:Lparate images
of bo, ndariesj betﬁgen different crystals and also of boun-.
darie, betwge crystals of the same type.A'-As is sometimes
done in textural studies in petrology, crystai to crystal
transitions are coded for - grain sequences along eéually
spaced t§§¥erses “in order‘ to compute transition matrices

which can be compared to Markov chains for . texture

terizatiop, j;n Kretz (19
“ ) ' ~ ’ .
The approach followed in .S application” donsists of

measuring directly the contact length for >alI ontacts "of

the four -minerals of the patterns in Figure 6.11 {e to h),

and to compute the 4. x 4 transitior mafrix from these-

-
~3

lengths. The images ofJFigures 6.11e td 6.11h were dila-
tated once'by.means of a-lsquare structuring elemeat (3 x %}
pixels{ and the resulting'ima@eé were intersec‘ed with tﬁg

image of boundaries of Figufe 6.11c. ‘Thié pfoduced act

4
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'eeparate boundary pattern for each crystal type. Pighre
6.15a shows the boundarf of kornblende. Each boundary image
then vas:intersected with any other one and this‘ prbdhced
six partial boundary images, one for each possible pair of
crystals. Figures 6.15b to 6.15d " sfow the boundaries
. horeblende-sphene, . hornblende-calcic pPYroxene, and
hornblende-plagioclase' respectively. The three partial
boundaries so obtained for each crystal pair Hé;e chiclated
logical union operations, vith each other for every crystal
type, and the resultieg ilage vas complenented and inter-
sected with the boundary image ofAeach‘crystal type. The

results were images <for the boundary patterns between

crystals of the same type. Figure 6.15e¢ shows all

s

<

hornblende~hornblende boundaries. ' : -
From the different binary ieeges of boundaries so pro-

+ duced, ~ the boundar% lengths were computed as multiples of 1
'fo; pairs .f black pixeis on thehsame LoV or colunn of *the
binqry i; ce, and as multiples of )2 for paiis of\diagonal
points. The 4 x 4 transition qatrix so conputed is>shovn in
Table 6.1, together with the contact length matrix,+ the

//rpercentage of contact length and aree for_each mineral and

\ehe number of grains for each mineral in the inmage. Thls
tybe of transition matrix describes .the texture in the two
dimensions by_expressing the probability for each crystal to
53 in contact with any other type of crystal and with .

[y
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crystals of. the same type. The values in the table shoy'a
distinct tendency for uneqnel contacts over egunal ‘conta S.
This pattern may provide evidence on genetic regatie?ships

between the minerals: and on metauorphic recrystallization

events of the rock such as interfacial energy ard

-

nucleation. B o : “f‘

It is\ef:intereét.to consider briefly the_ problem of
meaeuring the iine 1engths for the patterns of FPigures 6.15a
to 6.15e. Paire of adjacent pixels with different orienta-
tions haie‘been*hsed as structuring elements for.eroding the
patterns in Pigure_b.lsg, the JbopndaEybetveen hornblende
and plégioclase grains. The ttansforied patterns represent

-~
the proport1ons af boundary pixels adjacent to a boundary,

‘pixel to the right (Figure 6.15f), below. (Pigure 6.15g}, to

‘the'lowerrright (Figure 6.15h) and to the louef'left (Pigure

6.15i). These four patterns, 'therefore, single .out all

point pairs at distances 1 ffpm "those at distanees Y 2.
Farthermqre, ;he patterns in Figures 6. 15h'to 6'151-.corree¥
pond to the values of the geonetrical covarfﬁnce of the ’
pattern in Flgure 6..154, for: the shifts in the horizontal

-

and vertical direction (-1, 0) anmd. ( O e 1)

‘covariance arrays of values are listed in Table ¢.2, for

both the‘,hornblende/piagioclase (?igure' 6‘15d) nd “the
hornblende/hornblende patterns (Pigure 6.15e). These arrays

of auto—correlation val es,ahoweVer, nnderestinate the boun-

v, . 1ss




Figure 6.15e. Thls approxlmatlon vas used for the values of
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-

dary 1ehgtﬂs since ro weight Faréiven to the single points
{wkich are' eliminated by "the erosions or by the unit

shifts), amd to the end points of line segments. This

'happenslbecause the line ﬁhtterns vere measured out of their

context. A better approximation of boundary lengths cank_%

obtained by cross-correlatlng the patterns of- Figures 6. 15&'
and 6.15e with the pattesn of Figure 6.15a, the total grain_
boundary pattera for hormblende. = The cross-correlation

'values are.also listed in Table 6.2.

In these arrays, each valuecorresponds to distance und

of 1/2 for horizontal and verical directions, and of y2/

e

\
for oblique directions. Boundary lengths can be computed by

e

multiplying the the bross—éorrelation values by those ac-
tors and computing the sums of the eight valueg in the
arrays. Such computation gives a length of 2786 units for

the pattern in Figulg 6 154, and.of 442 units for that o{

&able 6.1. i ) o o
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TABLE 6.1
Contact lenqth matrix computed for boundaries of sphene,
calcic pyroxene, Contact 1length matrix conputed for boun-
daries hornbhlende and plagioclase digitized from 'a thin
section of granulite. Percentage . of contact length and
area, and number of crystals are alse in the tabte for each

. crystal type. A transition matrix P has been computed from

the contact length matrix.

.
L}

/
f T LI T T T T T—- A
| " Isphene|pyro- lhorn- |plagi-|% con-{% qféal No. of |
| 1 lxene [blendefoclase|tact | lcrystals|
: N | r |length| I |
— { : : : + + | |
L | I | | ! N I
{ | | | | { { | |
Isphene|0.0000] .0122f .0109{ .0208] 4.39] .42] 25 |
I - | l. f { i | | |
{pyro-~ | l | | i | | i
Ixene | { =0340] -1496] .2578( 45.36] 20.41{ ~97 |
Ih i | - ] | - | : | |
lhorn~- | I 1 | I gﬁ R
|blende | ) -1 TN L0874 .3572| 5%.41] 20.844 139 |
Pl i 1 [ | | l u
iplagi-| ! . 1 i | | !
|oclase] | . | | =110ty 74.59] 58.72f 137 1
g | . | 1 | i [
L 1 | H 1 i 1 1 ¥
-,

r ' \ T 1

~ 1.0000 ‘ .2779 .2843 -4738]

' 1 ‘ |

/\ ' 1.0269 0750 .3298 .5683]

: P = : - o

. }.0193 .2647 .0839 .6321]

. i i i .
1.0279 -3456 . .4789 .1476]
L R |
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6.3.6 Skeletonization by line thinning

Skeletonization is a transformation which detects all the
‘pixels within objects which lie or are closest to points at
-equal distance from opposite boundaries. Several algorithas

have been proposed for such trangformations, for either

allowing object reconstruction or for facilitating object
' o

description and recognition. 'Alqo{?gg;;\{éxist for square

raster images and for hexagonal raster images. ‘fhe trans-

formations are not necessarllv limited to binary 1mages, of

_course, but are sometlmes computed for grey level lmages.

Rosepfeld,and “Rak (1976) describ a few llne thinning

alqorith&gR One - type of skeletonization process of binary
images is the one produced by applylng a life thinning
algorithm to patterns not necessarily mnade uﬁ,of 1ing§.
Figure 6.16b is_theréet S, the Mskeleton® pattern of <calcic
pyroxene, the set A,_aftey a“cldsing transformation whicd
joined all grains which were adjacent. _ The image was
derived., from the pattern ip_Figuté 6.11£, In Figuré 6.16cC
thd pattern (A ) S°) shows how closefy the central pixels of
the pvro#ede crystal prdfiles are detected in th&\ transfor-
mation. This type-.of .trdhéf rmdtion. Ls{\.houever, not

coitputed in one single scan throudh the image, - but it is

‘iterative: processing continueiihnd the image is trans-

¢
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; " TABLE 6.2

Ruto- and cross—correlation valyes for the computation of
boundary lengths of binary images of thinned boundaries
T ) '..'.

v
N Y

-~

| - : oy - R ) o
[ RAUTO-CORRELATION | AUTO-CORRELATION ]CRGSS-CORRELATION |
Iplag/horn boundaryjhorn/horn boundarylhorn bXplag/horn’ bj

L [ L |

| LY
+1 | -1 0 +1 i -1 0 +1 i
o - I -
522 |+1 41 163 67 |+1 608 575 587 |-
95 526 | O 16 © 353 16 | 0 551 2195 544 |
1 528 547 |-1 67 163 41 {-1 565 565 599 |
1 1 1 1

La L} ) T
ICROSS—~-COFRELATION |DISTANCE FACTORS FOR| L EN G T H S |
lhorn bXhorn/horn b{ CORRELATION VALUES 1 |
¢ - : ‘ : .
l - 0 *+1 1., -1 0 +1 | |
| i Iplag/horn = 2786]
i+1

| 0 =

-1

L

[]
r
\K L "
y

! 17 9% I1+\ v2/2 1/2 272 | . |
) SO25 1 0N\1/2 * 172 |horn/horn ug2z)
& 68 |-1 2 /2 272 . I
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Pigure 6.16: “Skeletonlzatxon" of a binary image by nmline
thinning". (a) image A of calcic pyroxene crystal profiles

after a closing +transformation by a 3 x 3 structurin%<;‘“/

element; (b) the image S :of the skele of the pyroxene
files (clusters) after line thinningt (c) result of the
‘ical opedration A s wh®ch shows Jiposirformance of the
Ilne thlnning algoritﬁm in the context of the original
binary image. : . i

L
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thinning algorithm adapted after Tamura (1975). The grains

-,
LT et A D it e

formed little by llttle, in cycles, until the process stops

automatlcallv because no further change is poss;ble (the

vl
. analoqv can be. made with the peellnq of an onlon). In the-

case of quure .6.16a, the_blnarv image was flrst expanded

(one word_per‘pixel)'end then it wes proccessed by a line

-

of the black pattern were thinned so that a 8-connect1V1ty

= s ' : s
, .

*

between black pixels was maintained. The algorlthm assigns © °  ~

labels of increésiﬁg negative values to the pixels belonging

to consecutive shells (fxom the boundaries linward) to be

1ater trans roed intp.uhite'pixels.

. The* completely -thinped pattern vEs then cdhpresseé as -
shown in Figure b.16b,.where the apparent tefldency of the | \
qréiﬁ elﬁeter skeletons to be prefereniia;lyoorrented-in tbﬁ[\_f

vertical direction is clearly visible.

6.4 Concluding remarks S . ok

We have reviewed a numﬁer of trersformerions for two
eraﬁples of sﬁ%}l images . This was ;Qon;, -rripariiy, f?r‘
providing a broad viehal impression of tke apbiications of
binary trahsformations. However, as a generdl procearre, it
is not so mean1ngfu1 to apply many traneformatlons _to the

materlal analyzed (eV1dent1y the ch01ce of transrormatlons‘ P

™t

can be as wide as one's imagination), but rather to select

1
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the” de51red crltlcal Proper

or design *those - Eransformatione} that,n dependlng on the.

problem at hands, ace moneillkelyito guantltatlvely descrlbe,

of the materlal analyzed.

- Serry (1978) classified the transformations used in.

texture., analysis according to the number of steps reguired:

ohe, two, three, ... infinity. (i.e., iterative ﬁransfor-
. : £ . '
nations). Such approach can be 1logically extended fron

binary to gréy level ;mages,'as-demonstrated'by Goetcherian

(1880).  In addition, the neighborho®d or structuring ele-

ment approach to frapsformations can be further generalized

by modellinq any given functlon Hlthln a neighborhood and

a 1qn1ng a glven value to the plxel in a glg\n position” in .

.

t in relation to that functlon. It is of 1nterest to

observe that the transformation- approach, developed in " this

-

way, has now .made a complete circle,and so the o0ld .method of

Qemplate i

chind has been rediscovered. Indeed a full

. .8
exploitation of \template matching techhizfes——tan - be done

~. . ’ v

best by a speciallzed parallel or pipeline processor. While

it may be remarked that there is nothing new under the sun .

-

so far in image processing, worthwhile new applications are.

being discovered every day, that make it useful at present,

to use the methodologies developed in the past. .
i # . ~y . : -'_,, -
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7. Quantitative characterization of geological ° anad

v

ancillgry map patterns and their relationships to the
™ distribution of mineral occurrences in ghé wiskeggigck“

Lake-Kasmere Lake area, Northwestern Manitoba .

7.1 Previous approaches to fpe systematic analysis of

- -

geological map patteras S v

Conventionally, geological maps are constructed so that
(“ : -they contain all th information <that the geologist,

responsible for mapping or™cgmpilation,, judges to be essen-

t1a1 to a qualltatlve‘descrlptlon and 1nterpretatlon, at the
1evel of deta11 requzred by the scale of mapplng. Recently,
:the need became apparent to produqe specialized*maps which
portray more quantitative ;nf¢rméﬁion'for épecial purpoées:
e.q. mineral potential estimafion, soilﬂevaluétion} geo—
techgical assessementlbr environmental teFrain classifica-~
tién. For tHose m;ps, différent kinds of déta have to be
quantified, "either manually, digitélly or electronicélly;
and‘ Qtored on computef pgocessable files for.suﬁséguent'
statistical amslysis and visual diéplay.

Several resources related geomathematical .projects were

A o 'developeﬂ since 1968 at the Geological Survey of Canada. To
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produce estimates f the mineral potential ‘for legji_ébnno- .

‘dities in large areas of .Canada, methods of~ statistical

analysis of re ;pﬁal geological data, extracted from maps
and retrieved ffgm computer files on'gfnerél deposits, were
extensively applied by Agterberg et al (1972). These’

applications required the systematic compilation of special-

" purpose geoloéical maps dJdesigned +to reveal netallogenic“

features. The quantification and coding of regional ggolog-
icall information_for,resources estimates,in thé Appalachian
region vas deScribed.by Fabbri, Divi and Wong (1975). For
those projects usage vas nade of square grid patterns (egqual
area cells) produced agcording to_the Oniversal Transverse
Mercator geographic';rojection (0.T.M.) . Transparencies of
éhe grids wqfe placed bYer the maps\tgjpe coded, and couﬁfg_
vere made éo expresgﬂ;he areal amounts of _ali rock aunits
oécurring in each séﬁare cell of the grid. |

As exemplified by Pabbri (i975), syétematiéally guakti-
fied regiongl geological data could be useful to a variety 
of Statistical applications. 'The data, however, which wére
m;nually coded and comrputerized for severai thousands of
10 kn x 10 km cells, represented only part of the inforna-,
ti;n contained in the maps. Only dne cell size could bé
ePosen each time for manual compilation,ﬁtherefore, Fhe data

]

units vere either single cells or larger cells consisting of

--mosaics of individuwal anit cells. Such data have been used

-~
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fo¥ jcorrelating statiéticallx the geblogical composition _of

the cells with the occurrence of mineral deposits (Leech,

At

1975) . A nain drawback of such ,procedure was represented by

time and 1ahour required in the lannal éﬁilection

eaning‘ of the data. mditionauy, :i.n those

~manua11y collec ed files, no direct information was coded ‘on

the: tvo-dimensional shapes of the geological units .or the
’

lengths of their~conpacts. Equally. the spatial distribu-

tion of the different nﬁp Eﬁi\s or the -~ orientation of the
. 3 ] . .
lithologic contacts were .not. difectly guantified, This
N -

information can be of importance ihi\deriving estinates of

the probability of obtcurrence of Eingralizations and /An

“~

characterizing the spatial distribution - of the mineral

deposits.

N
s N

. ™. ‘
A statistical approach to the analysis of geological

variables from maps was put forward by Switzer '(1976f‘\yho

wrote:
P

"Complex spatial geological patterns may be
regarded as realizations of randonm processes.
The egziha:g/ parameters of such processes
serve as convenient summary characterization
of the observed geological patterns, ard pro="

~vide a basps for their classification and
composition. The statistical properties of
the estimates of process parameters, e. g.
prevalence and patchiness, are related to the
rate and methods of sampling, as well as to
the model of the process itself." (p. 124).
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As "he prbpose&, the scale of the phenomena to which

"1nvestigations of these relationships apply, range from the

' texture of rocks “in thln “sections tq\kntellite surface

1magery. Switzer paid partzcular attention to the study of

models of spatial variation repreSentable by siuple tuo-

~ color or multicolor patterns. Important applicatioqs where

the data are characteristically obtained at discxete ioca- - .
tions are offered by 3011 samples, grab rock samples, points

on a thln section, weather statlons, digitized photog phs

. and other imagery, a&&‘scqop samples from the ocean bottom.

Dlscretely spaced sample data are used to estimate areal:
proportions (as in .thin section modal analysis), battern ~
complexitf, to make pattern neconStrnctions, and to obtain
estimates, of parameters of the patte:n—generating process.
Swltzer proposed a method for estimating algebraically ‘the.
spatial dependence_of map patternms.

.5ome recent technigues of digitizntien of geological Raps
have . been descnihed' by Bouills (1975)' who used a graph
theory apprdach; and b}' Anata et al (1976} who nused a
polygon technigue ,to.dig%tize geological maps fbr enplota-

tion purposes‘invelvingiremote sensing and geophysical data.

7.2 Digitization, preprocessing and processxng of

large regional geological maps
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Whenever the need arises to convert picture information\\;,//
info computer-readable form, several.alternativé methods may

be used. The nature of the data normally dictates the most:
. ) 4 > '

. 1 - .
appropriate method. Thus, - in gaserqu;colored pictures, .

. b

normally the data 1ls raster scanned using red, greeﬁ and *

[

v, b -
blue filters. At each raster point the red, green and blue
* 1 ' l-

color intensities are recorded as numbers. In this c

digitized data consist of three quite large matrjces o
numbers. In case of qgrey tone_pigtures only one matrix i
necessary since only ‘the grey 1eve1'intgnsity is recorded.
In case of Iaages contairing lines only, like the.p_ésent
contour maps, an alterhative to systematic raster sca ning
. consists of sone form"of.line Fracing or line folloging._ -
Given adequate equipment, automatic lin€  tracing is féas4
“ible, but freguently the lines are tra maﬂually by- using
a specializéd sﬂ‘bus'and a so dalled graphic tablet. The
tablét and .st;lus system is connected to a codputef; which
receives and stores the x-y coorﬂinatesrqf thélsty;us ~;hile
the operator trac;s the lines on the map.

In raster®scanning the data is a matrix of ;umberé while’
the data ;eceived from the tablet is a seque;ce .o x-y
coordinateé or “yectors" appfoximating the line Being aced

by the operator. The data structures stored in the“cbmputer

are radically different. Whether the raster or the vectori-

[Fee
P
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2l form of data is to be preferred is to a. degree a matter

4

of taste and available computer programs, but the solution

to some problems is easiest in the raster form while other

are easiest to solve if the data is in vectorial form.

-However, computer programs which are written for vectorial
o Y ‘ .

type of data cannot use raster data and. vice versa. In
principxé,. all data stiuctures are edquivalent, and if ho

loss of information cccurs, they are convertible from one to

_the o}her, but the conversion may not be very simple.

',In the present case the contour map d&ata is traced

interactively and received by the computer in vector form.

_ However, since the rest of the programs all wuse raster

fprhatted data, the éecpor data is converted to raster

format for subsequent processing. In many sSituations the

raster format 1is desirable, but it may be wasteful in the

required digital storage space. The necessary computing
time is so problen and equipméﬁt dependent that generalized
statements tend to be meamingless.

of necessity, the computer programs at N.R.C. had to Dbe
taylored to %he available Modcomd II @inicompﬁter environ-
ment at the Cgmputér Graphics lLaboratory. Efforts have been
nade éo minimize the amoqnt of computer equipment and human
resourcés needed“while ghphasizing aqginteractive environ-

ment with adequate automation and quickest turnaround 'tf@e.

The probIém'considered_here is to convert large regional

168

bod



[ 1Y

geological .maps to computerized. form and to process the data
L] , “’

as‘imaqes. 'The conversion process is usually called digiti-

zation. The maps to be digitized are much larger than the

present eqhipment (34 cm x 34 cm tablet) allows. Many aiﬁ-

 ferent large maps which cover the same area are: to be

- b ]

digitized and processed. It is desirable that the maps are
in redistration with one another in -order to facilitate’
cross-correlations or . matchings which imply point to point

correspondence.

-

-

It is importan£ to follow a ;vstematic.érocedure in' map
preparationl for digitizing.' 6p the mép, rectaniulér sub-
areas with no gaps and preferably no overlap between thean,
are selected - and clearly méfked. These rectangles are to
fit within the active afea of the graphic tablet. " The final
composite binary imége wilivbe rectangular.

To Gbtain suitable resolution (i.e. best digital accura-
cy) a large map should be divided .ihto ‘adequate size
rec?anqular subareés. Each subarea of submap is digitized
independently, and the maximal‘ resolution obtainable fron
the tablet is. preserved. A balaﬁce'is needed between the
ﬁumber%of submapé and the owerall digital ~accur$c§ of the
final product. ) |

" An overall view of the procedure, without the details and

reasons, consists of the following steps:

&
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TABLTS L 1 1 1

ENTER T6P L&FT CORNER #F PICTURE S
ENTER T8P RIGHT CORNER @F PICTURE '
ENTER BATT#N RIGHT CHRNER BF PICTURE .
ENTER BOTTON LEFT CORNER #F PICTURE

' ENTER PBINT #1 BN MAP SCALING INTERV

ENTER PSINT #2 #N HAP SCALING INTERV

TYPE SCALING INTERVAL IN NAP UNITS:F

GIVE SINT:F10.0

50000.

50000,

ISITOKY 1=YES, 2=Kg, 3= ABORT: 11

1

RECTANGULARITY TEST ERRORS= 0.1D142E+01 -0.99072€+00 i

RECTANGLE SLAPE ANGLE (DEGREES)=  359.1558

16405312

-

-

Figure 7.1: (a) Plot on Tektronix 611 vides display of the
four corners of the rectangle to be digitized and the
scaling interval; (b) -the conversation on the teletype
related to this plot. \

-’
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{a) A submap is mognted onto the graphic tablet with the
sides preferably parallel to the' coordinate system of

the tablet in order to minimize rotation of the data.

The zztlet is provided Hlth adequate grids . to faci-
‘ 74

llta map mounting.

L

/kL, A relatlonshlp is then estaHlished hetueen the rect—
angular submap and the tablet ootdinates by pointing
vith the tablet stylus at the Four corners of the -
\Submap and at the two ends of the scaling interval

see .Figure 7-1)a ;his process can be repeated
Several times in order to get aterages\ afld minimize
pointing'errors, T

(c) The'digitizatioq is performed on-line, i.e. an oper-
ator .traces “the ﬁap contours uhich.;the computer
approximates by appropriate short 1iqg segmeﬁts (vec-
tors). During this trécinq proceés, which'is dofie on

a graphic tablet Lty means of a ‘penfiike cursor, or

‘stylus, both the trace of the pen and the endpoints

of the vectors coﬁputeq are displayed on a Tektronix
611 storage‘display, as shown in Pigure 7.2.

(d) The raw digitized contour points, the corners of the
rectanqular subarea, the scaling inte:val in the map
units.and the map identification code are stored - on

digital magnetic tape for further usage.
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- dfs§lay. Vec
marked by sn

Figure 7.2: Tektronix =~ 611
vector displays during
interaction for digitizing.
{a) the Jdigitized portion of
a boundary: amn error was made
while digitizing. It was
detected by oking at the
igr ends  are
1 circles, the
position and lenth of each
endpoint is ‘markéd by a-
brighter dot.
(b) The vpush-button. box or
command console. Editing on
line can be done by erasing

via push-button zction he
last stored vector.

(¢) Tektronix €11 displa

after erasing the recent
erroneous vector and repYot~
ting. the remaining stored vec-

- tors. The last seven vectors

have been eliminated.

(d) Display of the corrected
boundary after removal of the
vronrg vectors and substitution
by the corrected vectors.
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 TABLT? 300 1 . L .
'NPIXEL,FPIXEL,DPIXEL = 300  147.2241° 2.4757 K

AVERAGE DIMENSISNS:IDINA,JDINA = 380 502 .
CORNERS = -511 448 505 -472. ’

-511.05408 548.97949 505.07739 -472.0327% D
1,04,51 = 0.359663E+03 0.999983E+00 -0,587649E-02
16605:12 N : :

N . .- -

8

Figure 7.3: Interactive conversation twhich- provijes the
constants for scaling values to be used in the processing.
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(€) A program divides fhe given scale interval into a de-

~ . . -
ﬂ,sired'numher of resolution units (picture-elements or

pdxels),_ givéé the ground dlstance (resolution) per'
bixel and the overall 'size of, the subpicture in
*picture element units. The resultant constants or
scaling uaiues are used in the suhseguent. step‘ of
prgcessiné {see Pigure 7.3). |

- )

(f) When all the rectangular submaps have been digitized,

1y -

.and the raw data preserved, these maps are converted
y - to blnary two-dlmensronal form and stored as matrices
gr binary pictures. The procedure ie equivéienu, te
,laving a transparent squared paper onto. each map
"seqment and by marking each square as one, (1) if a
coutour line crosses .the square, and as a zero 0y,
if no contour is #n 'the-square. The resultant narked

. overlay is a binary" picture of the map‘ contours.
"Obvmously the resolution of the binary map depends on
~ the size of the squares cﬁosen. Each sguare is also
called & picture element or pixel; The pfesent

maximem size of the binary. submap is 512 x 512

Pixels.

(9) -'Select the most complicated subpicture and determine
an adequate reselutien for the binary image. The

" above two Processing steps may have to be repeated on

~

k]
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Figure '7.4: Bipary .images of a
ical map, obtaihed at different resolutions from the

vectors: (2) one pixel =
{c} one pixel = 375 m, and
resolution selected, These
Versatec dot matrix printer.
picture data. A

T

Square portion -of a geolog-
same

1000 m, (b) one pPixel = 500 m,

(d) one pixel = 250 m,
Plots have been obtained on a. -

the

" The frames are not part of the
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Pigure 7.4:
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(h)

(1)

-

the chosen subpicture for a few times to select an

adequate resolution. Once an adeguéte :esolution is
selected, +this is then used for all subsequent
related rectangles and for all maps of a set (see

Fiqure 7.4).

*

" Since each bipary submap corresponds to - one of the -~

map seqmegté, a composite binary map is created by

inserting each bina;f submap into its corresponding

"position in a large binary map. Due to its size the

large binqry map (mosaic) cannot be stored in the
memory of thﬁ comp&ter. _The present maximum size of
the binary mosaic (large map)_is 102@ x 1024 picture
elemgnts. Th; accuracy with ﬁhich'onexsubmap can be

aligned with another is in the order of one pictare

element (see Figure 7.5).

+

Alternatives to the above procedures, which'are also
available are:
(1) The binary submap for insertion into the . mosaic

is created directly from the raw digitized data

without storage- of the intermediate results '

/.

(binary submaps) . ’
(2) A binary submap can be obtained by scanningla 35

mm transparency of the map section.
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Fiqure 7.5: A mosaic of four independently digitized-
,rectangular areas fron a, geological map. These plots have
been obtained on a Versatec dot matrix printer. The four
images have dimensions of 380 pixels x 502 pixels each. The
mosaic displayed is 760 pixels x 1004 pixels. Plots {(a) to
(d) are the four independent subimages; (e) the resulting
mosaic. o
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(1) Due to the resolution of the Binary mgps, certain
_verv spall areas mavh;become closed, some adjacgnt
contﬁnrs may touch and some breaks or other defects
may occur. To ascertain that the pattern of the
binary (large) map corresponds as well as possible to
that:of-the original, the binary map is printed and
checked. Whene;er.feasible, the defects are removed
by adding or deleting contour pixels via displays aﬁd
Eéggual' online interaction via a ﬁﬁegial command
;onsole and online displays of en}grged pdrtions ofs
pictnre.detéils (see Figures 7.6, 7.7, and ZJB)' Aﬂ:f?
hard copy of the area being edited caﬁealso be

printed on the line printer (Versatec).

-

(k) The thickness of the éontours, represented . by the
contour pixels‘%n the binary Qictufe, is now -repuced
to a'_minimum while 'breserving the conngctivity of
1ipés. The ﬁrocess is called line thinning which is
a‘iopology preseévinq operation., After this stage of
proceésing, for:wh;ch the image néeds to be in binary
expanded form, the maps are represented by biqfry'
pictures'containing thin . (single pixel) contours.
The thinned form is more ZSuitéble for subsequent
processing, since certain operatiqns are sgimplified

(see Figure 7.8). - v
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Fiqure 7.6: " Occurrence and removal of digitizing defects

from the binary images produced by transforming the “vectors:
from. the graphic tablet. Some examples of defects are as

follows: (a) a small area which is closed, (b) two adjacent

contours which touch, (¢) a contour which is broken, and (d4)

overshooting an enclosed contour. These defects have been

removed from figures (a) to-(d), as can be seen in figures

(¢) to (h). “In these enlarged subpictures each - pixel is

reproduced as an array of 6 dots x & dots.
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Figqure 7.7:' Interactive editing, (addition or removal of
black dots or pixels) of binary images via a special command
console and online displays of enlarged portions of picture
details. The  command ®console in (a) is used in order to
select the options tabulated on the Tektronix 611 screem in
(b). 1A selected window is plotted in (c¢) and points deleted

by means of a pointer under the control of two wheels in the
command console (d) now used in the updating mode. The

comn{s::ft of the image window can also be displayed in

. order\ to M"add" black pixels ti.e., delete from the comple-

ment) aw can seen in ({e). A hard copy of the area being
edited is vprinted on a line printer (f}). During these
interactions the progressively edited versions of the binary
picture are presently stored on two disks, while the subarea
being edited is in computer memory.
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- Figure 7.7: Concluded. -
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Figure 7.87: Editing and line thinning "of the binary image
of .geological contours. A magnified portion is displayed
before editing in (a), after asfirst editing but before
thinning, -in (b), after thinning in (c), and after addition-
al minor editing in (d). A bi ary mosaic is displayed in
h’( (e) after a first editing but before thinning, in (f)  after
thinning, and in (g) after additional minor editing.

1
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7.8: Continue
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In order to 1dent1fy each enclosed area in the prc-

ture, a unlgue label or ser1a1 nunber is now automat-

-

ically asszgned to ‘each area. The edges of the

plctures are also conszdered as "contours" implying ’

that -all areas in the Picture are Menclosed". The

pictufe, however,  is now no longer binary (see

'Pigures 7.9 andfl;iq<: .
. ' o L

The enclosed area labeling has assigned a unique nun-
ber"to each area. However, the map only contains a

certain number of map units (phases)-. The online

-

operator now .assigns a unigue serial number to each

" phaseé, i.e. each enclosed area is identified as

l

Belonginq to a given phase. Thé'ﬁrocess is semi-

gnrisatlc, carrled out via 1nteract1ve displays ‘and

Ush uttons. " The computer associates +the phase

labels with the area 1abels. .During this process,

m1551nq .phase ) labels ,and duplicaté labels ~are
detected. These errors are corrected (see Figure
7.11) by dlsplaylng the approprlate areas and delet-
ing or addlng the approprlate data online. Returnlng

to earlrer stages 1s-needed only if a . topological
!

.error . has been discovered, for " example a missing -

contour life. Additional software 'is desirable to
facilitate ‘detection of inconsistencies and operator

errors at the earliest stages of processing.
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Fiqure 7.9: A binary ex%andedJZl pixels x 45 pixels portion
of the image of thinned geological contours.’

; " 1's represent
boundary pixels, 0's represent the areas contoured. :
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_the 1's,

f

Fiqure 7.10: LA 2% pixels x 45 pixels portion of the image

"of geological contours ‘in component-labeled forms 1's

represent boundary pixels, values 2 and. larger represent the
sequential labels uniquely assigned to each area enclosed by

¥ -
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¢

Fiqure 7.11: Inferactive “phase 1labeling of labeled areas
from binary thinned contours. {d) . the special conmand
console, (b) the menu of options, (c) labeling areas, (d)
the command console during the 1labelirqg mode and {e)
eliminating a duplicate label. J
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(n) The pﬁasg-labeled image may now be used iﬁ variety of
vays, for example, to cEeate a bipary image for ' each
phase,' to étudy :elat;oﬁships between phases, étc.
This data is also stored on magnetic tape and may be .
E}ansferred to. other computers for fu:;he} analysis.

‘ The data is i# rasterformat (see Pigure 7.12).

- ~

. . y :
In order to define alternative approaches to the above

-

N described \procedures for map processing, these procedures

may be summarized as follows:
(. “
( i) oOnline digitization of the'contour data, resulting in

v

tables of vectors 1.
( ii) Conversion of the vector data from the tablet to

raster formatted images or submaps. ;
(iii) ©Patching of the submaps into into mosaics of binary

raster formatted contour napsy

- - - '
' { 1v) Interactive g@ug of the raster formattéd binary
images.
( v) Contour line thinning.

. vi) Closed area labeling.

! Submap creation and the subsequent patching to
Create mosaics was dictated by equipment limitations,
- i.e. too small a tablet, even though to have the
(: ~ option of creating mosaics is an advantage, irrespec-
: tive of tablet size. o .

N . i \
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(vii) Interactive phase labeling.
(viiiy Creation of phase labeled raster formatted images.

( ix) Subsequent processing of the phaSe-laBéled images.

r o N
The alternative approaches are as follows:
(1) If the digitizing is done on a. larger tablet, ,suﬁﬁap

s

generation can be avoided. The processing steps fronm .
E;;) onwards remain unchanged. It would, however,. be
highly advisable to c¢arry out the phasé labeling also
qé a pért of the procedures, théreby eliminating most
of the work in step {[vii), interactive labeling. Step
: ( a (vii) will, however, still be required for possible
online correcting or editing. |
{2} The.coptour méps may aiso-be raéter scanned to create
or obtain a binary raster formatted mosaic directly.
Thé naps, however, should be adequately‘ registered on-
the scanher to avoid subséquent resamplihg. Processing
-steps (iv) and ogwards.will remain‘unchanqed. |
(3) The interactive editing stéges in steps (iv) and (vii)
| are somewhat dépendent on the peculiarities of'the
h;;duare”;nd‘programming philosophy of the Modcomp If
system at’ N.R.C. Some modifications’ to these

pPrograms will be needed before they can run successful-

ly elsewhere.
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. files (1976, numbers 317 and 318).

7.3 The geological data base

'The map information digitized covers the Kasmere Lake -
Whiskey Jack Lake (North Half) Area, in Northwestern Manito-
ba, ?hich is 1located between 1oﬁgitudés 100900* ¥ and
102000* W, and between latitudes 58030* N dnd 60900* B (NTS
64N and 68K north half). Except for the gravity aap at
scale 1:500000, 511 naps for the gqént}f;eatioﬁ uere'.afail-
aﬁI; at the U.T.M. projection, scaie'1:250000¢ and é:ver an .

area of approximately 20000 km2.

A maidl source of information about the géology of the

o sfudy areazis a report by Weber et al (1975} which, beside

containing several geological and ancillary'naps, provides

much detail about the stratigraphy and the economic geology
of tﬁe region. Othlier reievant Sources are a gravity map
series by Gibb and.ucConnell (1969) covefing the area with a
sparse set of megsuting stations  at 1:500000 '(Hap 76:
Wollaston Lake) and a set of thfee 1:250000 éontour maps of
airborne-gamma ray spectrometric iﬁteger counts o: equiva-
lent uraniam, thorium (eU and eTh) and the ratio eU /7 €Th,
made available by the Geological Survey of Capada as open
¢

A table of geological formations which represent the
stratigraphic reconstquction,&fter Weber et g3l (1975, p.

17) is shown in Txble 7. 1.
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TARLE 7.2
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“lcontour intervals in 0.2 0.D.0.,12:0/3,0,3.0/0.0)

'between 0.0 and 6.0 >8.0 '

N
4
T

eTh p.p.m.
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2above

-

Fquivalent thorium in P-2.2.:1<10.0,10.0/15.0}%

contour intervals in 1.0 p.0.n.,| 15.0720.0, 7

.between 0.0 and 81,0 120.0/25.0,>25.0}
L

el / eTh

S
Lo_
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ahove

o ——

{Ratio of ‘equivalent urarig: t31<0.20,0.20/0.25|
fequivalent thorius contour inter-| 0.25/70.30, |
Ivals in 0.01 units between 3.3 0.3070.35, |
tanrd 0.55 10.35/0.50,>0.501
1 &L 1

T4-2-30

same as above

b - - T 1
! Economic geolooy: lozatipgn of th2[32 oairs oF x-v|
1first 32 mineral occurrences 1in) coscdinates 1
| table 7.3, for tha coamdldities| corresoondiny |
|pyrite, pyrrothite, sulphide, czop-{to the locatiant
|per, polvhdenum, cobalt, niczkel,{of the nearest |
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| | pirel |
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CANMIKDEX cbmpu-i1:250000—ta1comp Plot: loTatisn 9f|6 paics of ¥-v |
ter plot

112 uranium occurrences 6 of vhich| coordinate as |
fcoincide with locatisn on map 74-| above . |
12-30 and the last 6 of Table 7.3 | |
|
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TABLE 7.3 T

. - < q-;"e"-‘"
. . Susmary data op mineral occurcences in the stady are : '

. .

+

L) L i Y Al
|RUMBER | OCCURRERCE| CONNODITYRS PRESENT [PICTORE SOOFNINATRS| - . -
1 =1 TYPR | - | OP CLDSEST OTYE( '
1 | 1 1 2 A r + . 1
} } —} $ i
| T 1 14 10 ,Mo,Cu,¥Wi v 150 1M1 1
-1 2 1 32 1Pb,Cu, KL | 881 - 160
- | 3 1 2 {Ca,Pb,2Zn,Hi | 282 235 t %
i I 4% {1 2 1Cu,Pb,Fi 1 260 250 .y -
1 S | 5§52 1G | 257 258 |
| & t 32 | PhylC ,Co? | 281 286
. | 701 1 o W | 259 315 |
! 8 | 32 1Co,Ni,Cu,?h,2n N 268 383 )
| 9 1 32 |co,%i,Cu,Pb,7n | 210 k]! \
1 10 ) 2 . |Cu,%n, Pk, Ri,Co 1 168 1 1
1 3 | 123 0 ,8%,Cu,Co,Pb,Zn,Tk| 125 818
| 12 y 32 ' |Co,Ni,Cu,Pb,2n i 257 436 |
(. P13 1 0 . r 261 838 |
- L 18 | & |Po,®Py ! 1 108 539 | N
) { 15 | 6 °, 1Py | 220 449 |
I 16 1 %2 [Py . \ 1 138 460 .|
[ a7 | 2 1Zn,Cu 1 137 5a7 |
I 19 1 6 Aoy ! I8 561 |
{1 19 1 2 1Z2n,Cu 1 b2 592 1 !
1 .20 2 17n,Cu i 58 595 -
| 21 ) 2 {7n,Cu A 53 599 | !
‘ | 22 | 2 - {7n,%u f 56 600 | -
| 23 |. 2 {Zn,Ca | 51 (3]} 1
128 | 42 tM5,Cu, N | 2489 636 |
N 1 25 71 1 10 ( 17 280 "y
! { 26 | 21, 1Cu, | 101 BE0D |
o ! 27 2. fca’ 1 91 980 |
(| 28 | 2 1Ca l 120 . . 937
1 29 | n2 {Cuy Mo 1 496 863 |
,1 30 1 2 {Zn,%u,Ph 1 637 758 |
f 31 | 52 - {6 1 6%2 699
1 32 | 62 1S - { 703 666 |
. 133 o1 10 ,Th,No ) {248 386 |
1+ 38 1 1 10 ,Th | 160 31 )
| 35 t 1 {2 ,7h | 178 370 .|
1 36 1 1 Ry 1 516" 139
1 37 + 1 1o | 3y cl 1 B
1 38 t 1 1Th, 7 | 365 L29%
L 1 1 . ] ) §
N 1 TYDPRS: 1=0, 2=Cu,Cu-Zn, 3=Co-Ni, 4=Mo, 5=3, =oy,pP,,S
- . 2 COMMODITIRS: Tu=copper,.Zn=zinc, Ca=cobalt, ¥isnickel,
i O=eranium, Mo=molybdenum,G=gassan,
j - ‘ oy=pyrite, Po=pyrrothite, S=sulphar
a9
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~_ The.binary images io'.fignre' 7.13 _reoresent a nulti-

.);;<> layered- data base of 'map data in re;istration {pixel to

‘pixel correspondence; ehich consists, of: . (a). bedrock geolo-
qv map, -{b) aeromagnetld contour. map in gammas, (c)-;ree"air
Bouquer anomaly contour map in milligals, (d4) alrborne gamma
ray spectrometrlc contour nap of the 1ntegra1 counts of
uranlum equivalent concentrations (eU) in parts per million
Q.E (rpm), (e) of thorium egnivalent (eTh), (f) contour -mao of
the ratio eU/eTh, (g) topog:aphic‘elevat;oo‘contour_map; in

’ B feet, (h) the binary paftern of.eskers andl sand deposits,

and (i) the patterﬂ of 38 mineral occurrences.in the erea;

(’ ) looeted,at the nearest'pixe;, but displayed as arrays of
5 oixefs X 5 pixels cent&ed arowvnd the occurrences. _

v ‘In Table 7.2 information ‘is given ;n the contours
dioitized from the iﬁages of ?igure.7'13 A summary of the
data‘on mineral occurrences in the study area is prov1&ed in
Table 7. 3 »for the 38 occurrences 1ocated in Figure 7.134.
Occurrence tvpes correspond to the grouplngs made by Heber

.- o et al {1973). Flgures 7.14 to 7.16 prov1de examples of

~ binary paitef%s extracted from the labeled images™derived
from the"ﬁoundaries images in Figure 7.13. The soﬂmary of ':
the 4eology of the‘area which -follows _(éee waer_,g;_. 1,
1975y rélates-.to' the experiments described hefe. fhe

@eoloqical unit numbers used are those in Tab%s 7 1.

(3 . - Archean foliated granitoid rocks {units 2 to o) ranging

b

. . | : . Ly, . . ) ‘ .
. . - . A - N ' ' 202;;




-

LTI 2 T

. - , Figqure 7.13: The multilayered data base in the Kasmere . o
lake-Whiskey Jack -lake area, WNorthwestern Manitoba. (a)
(j‘ . bedrock geology boundaries; (b) aeromagnetic anomaly conw .

tours  (qammas); (c) free air Bouguer gravity anomaly cox-
tours . (milligals): (4) alrborne .gamma ray spectrometrlc
- ~ contours of the integral count of uranlum equivalent concen-

tration, eU, (p.p.m.}; (e) thorium equlvalent eTh (p. .m.)ol,

(f) eU/eTh ratio; (g) topographic elevation contours (in 10
feet intervals); (h) the distribution of eskers and sand
deposits; and (i) 38 mineral occurrences located at the
nearest pixel (167 m). . .

- _- ' | | . 203
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Fiqure 7.13

Concluded.
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from quartz diorite to alaskite'granite occupy the south

half of the area, as shown in Figure 7.14a. Some of these

v \

rocks conyain hyperstene and are associated tb hyperstene"

gneisses "{unit 1), probably the country rock. 'The Aphéhian

rocks which occur in the northern part of the area {units 185

to 16, see Fiqure 7.14e) display a continuity with Hurwitz
]

Group sedimentary unif%, vhile the remainder of the Aphebian

sediments (units 7 to 13) at the center and in the southern

part of the area lie in the extension of the Wollaston foldf

Belt. Units 7, 8a and 8b, amd units 9 to 12 aré. shown .in
. . Y . *
Figures 7.14b, ¢, and-d, respectively. As can be seen by
comparing Figures 7.14b to d with thé‘ pattern in PFigure

7.15a, a central part of magnetic lows corresponds to the

predominantly pelitic metasediments, surrounded by aeromag-

netic highs (Figures 7.i5 b and ‘c) where 'Archean and
Aphébian granitic and arkosic rocks occur, as shown 4in
Piqures 7.14 4 and £ to h. Units 7, to 13, Aphebian
metasedimentary Eocks, consist of ﬁelitic (Fiqg. 7.14  b)
conglomeratic and psammitic (Figure 7.14 4) and célbareohs
strata (fiqure 7.1u' c) which fhave Qeen interpreted as
qgeosynclinal, ' platformal anpd continentél sediments. - Young-
er, ig@eous and ﬁetamorphié rocks genefated during Hudsonian
o%oqenv cqnsist of migmatites, plugs and stocks of anatexite
and syn- and late-o;ogenic batholiths, most of which are
'passiée and may truncate Hudsonian trends (uniis 17 and 19,

2
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Figures 7.14% f-and 714 g, and units 20 and 22, .Figure 7.14
h). .Pleistocene ‘and feceht"sédiments (ﬁfift) and water -
coveréd areas uhere'geolbgical mapping was not available,
are shown in Figure\7.1u i.
‘In apparent coincidence with the ﬂollaston fold bélt,

.
there is a veak linear belt of low gravity values, contain-

r
~

ing a cﬁéin'of isolated "lows"™ which occur within an area of. .
qradually increasing gravity yalues, as shown in Figure:7.15;‘
4" to £. . According to Weber et al (1975) the "low" over the
pelitic sediments within the ﬁbllaston fold.belt can be due
to vwidespread partial melting which formed large #odiés
which, beside'heing exposed at tge'surface arél‘much 1argér
at depth. As sugéested for the Hurwitz Grﬁup, such pattern
would indicate a cratonic basirn.

The rocks in the area underwent regional me¥amorphism of
upﬁer greenshists to lower amphibolite fécies in the porthw-
;st part, to upper amphibolite-horpblende granulite facies
in the sopthﬁEEt\? §dh1edewith (1978) Hgscribéd the pattern
of regional metamorphism in the region. Sucﬂ data, howevér,
have not been considered in this_study.‘ £ithostratigraphic
units 5such as Aphebian pélitic biotite gneisses { unit 7
shovn in Fiqure 7.14 b) and psammitic gneisses, . con-
qloﬁeraies and meta-arkoses (units 10 to 12,-sh5wn in Figure
.18 d{ define large scaie folds. The two main trends in

Ead

1@ area are indicated by major and minor folds . apd their

. * 206
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Figure 7.14: Some geological binary inages obtained by

( processing the bedrock geologqy boundary image. {a) Archean

T igneous rocks: (b) Proterozoic or Aphebian pelitic metasedi-

ments (biotite ofleiss); (c¢) Aphebian calc-si:licate rocks:

(d) Aphebian psammitic and conglomeratic metasediments

(biotite gneiss, conqglomerate and metaarkose); (e) Aphebian

units of the Hurvitz Group (dolomite, argillite, metagrey-

vake and metasiltstones); .(f) white granite to quartz mon-

zonite and pegmatites; (g) pink-: leucogranite to quartz

monzonite; (h) porphyritic and fluorite bearing quartz -mon-
zonite; and (i) Pleistocene, Recent an&'unmapped areas. -

C »‘
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related planar and linear strnctnres..h_whe major tectoanic

trend is in the northeast directions it occurred during
Aphebian sedimentation and.is represented typically by the
" Wollagton fold' belf. A Pre-Aphebian, ~ less pronounced,
slightly curvilinear major fold trend occurs imn a roughly
east .directibn. A third nminor foldiﬁg phase has also
occurred in the ﬁrea. Structural maé5;~_and tectonic nmaps
which also accompany the report Qy Weber et al (1975) have
not beén d;gitized.
Thrée guarters of the area are covered by glacial drift
. while the rest is mostly covered by lakes and rivers,
leaving less than 2 percent to rock exposures. Till, - sand,
and gfévél associﬁted with the eskers system, make up the
drift cover. The till is compoéed‘of sand, gravel and large
rounded bhounlders up to 2 m in diamethr. Thesé may form
‘extensive boulder fields in lov-1ying areas. Some of the
" more resistant granitic boulders can bg traced from local
bedrock outcrop. In most cases' the  boulders qre-‘not
transported farlfrom their ;Lurces. ﬁany e;kers, which form
southwesterly extending long sinuous ridges, ‘occupy. topo-
graphic depressions Ltypical of nmeltwvater channels. The
ridges run subparallel and are épaced aﬁproxiqatelj .15 knm
apart. They meapder in a southerly to southwesterly direc-
tion an& form steep-sided ridges~uhich Cise up to 150 (50
m{ above the surrounding drift. Their pattern can be scen
‘ - . | \
. ' . . 209
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Figure 7.15: Some geophysical 1nterval and topograpﬁlc ele-
vation binary 1mages -obtained by processing geophysical
anomaly contour interval images. (2) ,aeromagnetic anomaly
lows < 2100 gammas; (b) aeromagnetic  anomaly interval .
between 2100 and 2500 gammas; (c) aeromagnetic anomdly
interval . between 2500 and 2900 gammas; (d) gravity lows
< =75 milligals; (e) gravity lows between =-75 and -70
milligals; (f) gravity interval between -65 and -70 milli-
gals; (q) topographic elevation below 1100 feet; (h) topo-
graphic elevation between 1100 and 1300 feet; (i) topograph-

ic elevation above 1300 feet.
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Elevations in +the area are between 900' anad 1800 (300

-

and 600 m)'above sea level. ‘\Ehe percentage' of bedrock

exposure is lowest in a central belt in the area (see Flgure'

715 q) where the poor bedrock exposure corresponds to more
easily eroded pelitic metasedlmentary rocks. The digitized
map pattern, hovever, does not show thlS relatlonshlp. In
the southwestern and northwestern parts of the area more
_ reSLStent qranltlc and arkosrc rocks tend to form hllls of
‘up to 300" (100 m) relief (see Flgures 7.15 h and i).

Some of the patterns extracted from the airborne¢ gamma-

ray spectrometric contour maps of Figures 7.13 d to £, are

shown in Fiqure 7.16. The contour values for the radioele-

ment concentrations are '"average surface concentrations"
over the area sempled’by the airborne spectrometer, which
include sone outcrop, overburden and water in small ponds,
streans ans suamps, therefore, proviuing contour values
con51derablv lower than the concentrations in the bedféck,
'hut whlch still reflect the regional distribution of the
elements in it. Because of coEpilation and contouring
procedures,.the contours in some cases may be 'distorted in
the east-west direction.

Several companies bégun in 1967 combined airborne nagnet-

jc, eléctromagnetic rand radiometric ‘surveys along the main

metasedimentary pnrt of the Wollaston fold belt. a first'

discovery. of uranium mineralization at Rabbit Lake, near

#
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Wollaston Lake, caused an’'increase in uranium and base metal
exploration activity all qloqq the metasedimentary belt in
the Kasnere -L;kgi area, .uhich by 1569 was covered by
exploration.reseryatio£s.' Airborne sufvéys were followed by
electromagnetic, geological and gebchemical mapping. = In’
spité of this, .only few radioactive and electromagnetic
anom;iiea were drilled because.of the very small outcrop

areas. No major diébéverv was found and by 1975 all

. : ! v

exploratory reservations ard claim blocks elapsed. Regional
qeochéﬁical surveys, cafried'out in ﬁor;hwestern Manitoba
during 1975, have been described by’ Coker (1976). 1s
mentioned by Soonavala g;_g;-(1977), new exploration activi-
tv;started during 1976 and brought'to the staking of 911 the
areas characterized by aﬁomélausly yigh uranium. * More

recent exploration activities in the area consistedwof

additional mapping, and more detailed airborme spectrometric

surveys as part of a Federal/Pfov;nqial Uranium Reconnais-
. ~ .
sSance Program.
N
. Almost. all mineral occurrences were discovered by means

of airborne geophysical methods. In general the radioactive

aﬁomalies in the area (see Figure 7.16 a to c) are céused,by_

boulder fields of slightly radioactive granitic - rocks,

A . 0}

containing disperse uranium bearing minerals or their weat¥-

‘ering- products. The intensities of the anomalies are:

exaggerated because of the proportionally* greater - surface

R >

A
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area exposed in the boulder fields.'

Weber et 2] (1975) described disseminated uranium pinera-

lization in: (I) white granite and pegmatite (unit 17) and

.similar granitic rocks occurring as sills in pelitic biotite

gneisses (unit 7); (II) red and pink pegmatite (part of unit

19) 3 (III).caic silicate gneiss (unit 8a) and marble {(unit

Bb);' (IV) foliated guartz-monzonite (unit ‘4);  and (V)

granitic and arkosic granite gneiss or meta-arkose (units 19-

and 12). They concluded that ufanium minefalization_ is

.Testricted to units 17, 19, 8a, 12 and 4 in order of

- . -
o

importance. : ' o - . ‘

Base metal mineralizations are grouped into occurrences
. -, 3

of: (I} cobalt-nickel in metasediméntary rocks .of the

Hollaston fold belt, for example within calc-silicate rocks

(unit. 'Ba) and marble ‘(ﬁnit‘ Bb) near the contact with

‘meta-arkose (unit 12); (I) zinc-copper (and copper-lead-
-zinq) in:| (a) zones of mas;ive and disséminéted sulphides
+in éalé-silicate rocks {units 8a and 8b) near the contact
,With hvperstene-quariz'monzdnite (unit 2¢), (b) disseminated

‘sulphides in 'pelitic gneisses (unit 7), and (c¢) as Cu-Pb=-Zn

in pelitic gneiss; amd (III) copper (+ molybdenum} as

' . . . . . . 3
- sparsely disseminated mineralization in the southern part of.

the area in pelitic - gneisses (units 7 and 7d) in calc-

silicate interlayers (units Ba and 8b) and. in pegmatitic

calc=-silicate rocks. ot

,-:.:_’,’ 'n:l f . » 21 u
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' Figure 7.16: Some binary images obtained by processing the'
radiometric contour binary maps. (a) eU < 2 p.p.m.; (b) el
., between 2 and 3. p.p.d.; (¢} €U > 3 p.p.m.; (d) eTh < 2
X+ PePele; (e) eTh between 2 and 3 p.p.m.; (f) eTh > 3 .p.p.nm.;
{g) el s eTh < ,20; (h) eU {/ eTh Dbetween .20 and .30;: and

(i) .eU / eTh > .30.
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216



- r

-‘The geologlcal and anc111ary 1nformatlon descrlbed above,‘

1s in part used to’model experiments for relatlng 12 uranium

occurrences and 2u base metal occurrence (group ITI above) to"

'qeoloq1Cal and anC111ary map patterns in their v1c1n1t1es.

The, applloatlons ‘presented here, use "transformations of

- 1‘111966 ) in France. The binary images are transformed and

:33a325ned by logical operations to obtain derlved patterns as
coincidences of_deszrehle characterlstlcs.' The proportions
\TEF\R{?elsinthese'paéferns over toe totai nunber of pixels
'in the Etudy area can be cgnsidere&’%?-the prohebility that
'a random pixel swept ‘througﬁout ‘the image MHITS" the

pattern. Patterns of probabllltles can be built, dlsplaxéd

1]

bin;}ﬁgxoompressed °images in the 1ines of Mathematical

'5_“Horpholoqv concepts. developed by - Hatheron {(1975) and Serra

and quantitatively characterized in the study of regional

I
i

nineral resources-evaluations. - Thus the present technigye

‘can be considered as a new geologigal tool.

-

L

S

Ty R Appié;;;;ons-to uranium and base metal occurrences

7.4.1 Derivation of binary patterns related to

uranium mineralization
. : »

-



" tion, a number of 'separate models were tested for ‘all

1itho;stratigraphic-units considered to be important hosts

+

for uraniunm.

The . applications performed use tranformations of binary

-

comnressed inages. Logical operations or hoolean algebra

and blnarv nemghborhood transformations are computed on the
Modcomp II ninicomputer. PFiqure 7.17 shows examples of such

-

operations and transformations. 1In Figure 7. 17a,'D is’ the

-pattern of '61 X 61 pixel nelghborhoods (correspondlng to
10 km x 10 km squares) of 12 uranium occurrences- at can he
generated by 30 successive dilatations of the or191na1 1mageg’“
A.bv a ‘E x 3 plxels black template. On that 1mage the 12
occurrences are 1dent1f1ed by 12 bladk plxels in ‘point-to-
po;nt correspondence with the occurrence locations. Each’
~ black ' plxel qrows into an array of 61 X 61 black plxels. u
measure of D is its area,. mes D -,33?73_p1xels each corres-
ponding to 4 square area of 167 m x 16% n‘; We can élso saﬁl
that..057 Or 5.7% is the area .proportion of the pattern,
-i;e., the probablllty .that a. 10 km x .10 km square array of
.plxels WHITSY or contains an occurrence of uranium. Inci-
dentally, 2-% or .002% is the‘?robablllty that a sThgle

pixel translated at random throughout the- study area of

684076 pixels!, "HITS" a uranium occurrence pixel.

. i ahdl A e i =B S . — —— w— —

1 The total image area which is 760 x 1004 (= 7630u0 )
pixels, is 78964 pixels greater than the study area within
the geological boundary 1mage. ’

/‘—‘7.\.
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The area of the pattern G,'Aphebian pelitic netasediments
in Fiqure 7.17b, is 119212 pixels; i-e}, .174 or 17.4% is
: . . - rr-

the probability that a random pixel MWHITSY G. The intersec-

tion or overlap or better the coincidence between the two
' F 4 .~

-patterns, D.[) G in‘Figure-721VC; has an area of 9075 pixels:

i.€sy -013 or 1.13% is the probability that the random pixel
WHITS" Dboth patterns in coincident.pdsitions. Figure 7.174
shows the pattern obtained by the nunion’ of tﬁe two non-

overlapping subsets of D and G; it repreéents another uay'af

-

- visually displaying their relationship. Figure 7.17e shows

6 © B; i.e., G eroded by B, a 5 x 5 pixels’ black template.

The pattern of eroded pixels is shown in Figure 7.17f.

Fiqure 7.17q shows the pattern of the complement of G.

Fiqure .7.17h. shows the pattern of G @HB; i.e., of &

dilatated by B. The pattern of the black pixels "added" to

-G during the dilatation is shown in Figure 7.17i.

In 'similar ways’, Dbinary 'images are ?ransformed and
combined to obtain 'derived- patterns 55 -coincidences of
Qesirable characteristics.‘ Let us consider an example ;f
aﬁplicatién of such a tool. " All the zoneS'wi£hin 420 o of
the qradgtional contaét between Aphehian pelitic metasedi-
ments (units 7 and 7¢ in Table 1) and the - more - porous
conglomeratic and psammitic nphebian.ﬁétasedime£;§ (units 9,

10, 11, and 129 whichk are considered as potential traps to

uraniun mineralization due to the increased porosity, have

e
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-Fiqure 7.17: Transformations of binary images. The numbers

. of black pixels in th§ images (here displayed in white on a

Tektronix 611 storage display unit) are shown below the

right corners of the'plots. Below the -left corners the

(' . . expressions for the transformations are shown. {a) image D

of 6] pixels x 61 pixels neighborhoods (10 km x 10 km

squares) of 12 uranium occurrences; (b) the image G of

Apkebian pelitic metasediments; (c) the intersection (over-

lap or coincidence) between D and G; (d) the image produced

* by the .EXOR. or exclusive .OR.'ing logical operation (the

union of two non-overlapping subsets) between.D and G, which

shows one image in the context of the other; (e) image G

eroded by a 5 pixels x 5 pixels black template: {£) image of

the pixels eroded from G; (g) the image of-the complement or

. pegation of G; (h)Y image G dilatated by a 5 pixels .X¥ 5

- gpixels black tembPlate: anad (i) image of the black pixels
"added" to the image during the dilatation.

- - , [l
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pattern of squares are clearly visible, ard the 1nterrupt10n

part of the nelghhorhoods around the uranium occurrences.

h

been extracted as follows.' First _the: nnion between the.

patlefns(?)’u“(?c} and the' patterms. (9) (y (10) y (11) U 12y
o« * ' v . ) -
vere computed. The resulting . binpary images were .then

*dilatated by a square structuring element of 5 x 5 black

pixels 'anh the intersection between, the. tno dllatated
patterns-waé computed.’ Thls représents the 840 m wlde zone
uhiCﬂ in Figure.7.18 s dlsplayed together with the pattern
of 10 km x 10 kn .ﬁs_ centered around the 12 uranium
ocourrenoes. What is represented in Figure 7.1§a, is ., the 7

result of ‘the logical operation of exclusive .OR., -EXOR.,

the union of non-overlapping subsets. This artlflce is used

here in order to dlSplay within one 51ng1e binary image the

relationship between two binary patterns characteri;ed by

_stronqlv different shapes. Here a linear -pattern and a

of +the ‘line pattern, as the holes in the sguare pattern,
repreéents the overlap‘or coincidence between’them. We can
see 1in Flgure 7. 18a, the gradat10na1 contact between Aphe—

bian metasedlments of dlfferent ‘porosity: it c01nc1&es'u1th

- fhe same artifice, which allows us' to see one pattern in the
C

ontext of another, will be used in the remalnder of the

blnarv images shown in Figure 7.18.

. . T ney
. '@_
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Figure 7.18: Partitioniqg of the binary image of a +transi-
tional . contact into "environments" favourable to uranium
mineralization. - {a) binary image of the 850 m wide contact
zone  .between Aphebian pelitic metasediments and the. coarser
psamnitic and conglomeratic metasediments of Aphebian age.
The contact image is compared -(é%clusive .OR.'ing) with the
square areas surrounding the 12 uranium .occurrences; (b) the
contact is compared with the image of aeromagnetic lows <
1900 .gammas; {c) the contact is compared with the image of
gravity lows < =70 milligals; (d) the contact is compared
with the images of-uranium highs > 2 P«p-m.; {e) the contact
image 1is - compared with the image of eU / eTh ratio highs >
-20: (f) the image of aeromagnetic. anomaly lows < 2100
gammas is compared with the - image of the square areas
surrounding the 12 uranium occurrences: (3) promising parts
of the . image of the contact whith coincide with areas in
which gravity lows (< -70 milligals) and aeromagnétic lows
< 2100 qgammas) ' coincide, i.e., the line pattern cutting
across the larger shapes; (h) promising parts of the image
of the contact which coincide with areas in which aeromag-
+netic lows (< 2100 gammas) and eU / eTh ratio highs. (> .20)
coincide, ‘i.e., the line pattern cutting across the larger
shapes: and (i) the union of the intersections between the
contact, aeromagnetic and gravity lows, and the contact,
aeromagnetic lows and eU / eTh highs, i.e., the extracted
pattern. -



Figure 7.18: Concluded.
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As’ exerplified in Figﬁre 7.18a, the feature éxtraction
experiment which follows cdnsiders coincidences -of the
pattern of gradational contacts with other bin;ry patterns,
such as: Ithe pattern of'aeromagnétic anomaly lows < 1900
. o gammas kFigure 7.18b), the pﬁt&g&g of gravity lows <-70

‘ milligals (Figure 7.18c) tﬂé pattern of e0 highs > 2 p.p.m..
;F "(Fiqure 7#18&), and ‘the' pattérnr of enf/ eTh highs > .2 )
(Fiqure 7;18é).. In . Figure 7.18f, a comparison is made =
betueen tﬁe pattern of éeromagnétic '1qws < 2100 gamnas

(ﬁhiqh coifgsponds to the Wollaston fold belt netasedimentsy

« and the pattern of 10 km x 10 km neighborhoods around.the 12

(“. - uranium occurrences. Figure 7.18g shogs ‘the relationships

between the Aphebian g:adatioﬁal conﬁact,tthe aeromagnetic

lows < 2100 gammas, and the gravity 1lows <-70 ;ﬁiiligals.

Here +the coincidence or arear proportion is_.005:or ;5%,

Which can be compared to .019 or 1.9% 0f the entire

£ gradational contact in the study area. In Figure 7.18h, the
coincidence 'is shown between the gradational contact, the

pattern of pixels corresponding to the aeromagnetic 1lows <

-2100 gammas,- and eU / efh highs > .2. This coincidence
corresponds to_.002 or .2% of area proportion, and is aimost

“entirely a suﬁset'of the pﬁttern in Fiqure 7.18g. This can
also be seen by comﬁutrng éhe union of the two patterns

which is'displayed in Figure 7.18i. This pattern represents

(; a probability of .5% that a random pixel W“HITS" a pixel

225




-""!'v-_..___‘ B

Py

bYelonging to our Aphebian gradational contact vhere it
; ‘ ;

either coinc;des with aerohagnetic lows and gravity lows o:i
it coincides with aeromagnetic 1lows and .eU / eTh highs.

This pattern which represents one aspect of the uraniunm’

2

depositional environment in the area, can be considered as a

L]

probability, furthermore, it.can be charactgrized_in severgl

-

different - ways eifhen;by itself,IOr in the context ‘other

patterns. © - o S

Figure 7.19: oOther aspects of uranium related environments.
(a) compari'son between eU./ eTh ratio highs (> .20) and the
square areas around the 12 uranium occurrences; (b) compari-
son between the image of Aphebian pelitic metasediments with
the square areas around the uranium occurrences; (¢) binary
image of the areas in which Rphebian pelitic mnetasediments,

aeromagnetic anomaly Iows (< 2100 gammas) and eU / eTh highs.

(> .20) coincide; (d) comparison between the image of white
and pink granites and pegmatites and +that of the square

* areas ‘around the 12 uranium occurrences; ({e) binary image of

th€ areas in which white and pink granittes and pegmatites
coincide with aeromagnetic anomaly lows (> 2100 ganmas) and
el / eTh highs (> .20); (f) comparison between the inage of
Aphebian calc-silicate rocks and that of the square areas
around the "12 uranium occurrences; (g) binary ‘image of the

.areas in whick Aphebian calc-silicate rocks coincide with -

aeromagnetic lows (< 2100 gammas) and with el s/ eTh ratio

highs (> .20); (h) .comparison between the imagé of Archean

igreous rocks and that of the . square areas around the
uranium occurrences; and (i) binary image of the ,areas . in
which Archean igneous rocks coincide with gravity highs (>

.=55 milligals) and aeromagretic highs (> 2500 gammas).
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' b:fhoods. This comncxdence xs @oor. as can be expected, for

' v, -

. The results of these experiments p01nt t? the portions.of
the Apheblan metasedlmentary g:adatlonal contact Hlthln the

Wollaston foH belt where ‘uranium occurrences have not yet.

been discovered. Additional information, such as more

recent geological mapping, geochemistry, or a more detailed

qamma'ggxhspectrometric“suﬁvev which have not been - consi-

£ . ‘ '
dered here, mightw-restrict these searching areas even

" further down to operat10na1 areas for dlrect exploration.

Aspects ‘of uranium related ap patterns within other
lithologies can be extracted for a model of areas charac-

terized by aercmagnetic lowvs (< 2100 ganmnmas) and of el / eTh .

highs (> .2) as follows. Figure%7.19a, 'Shows the coinci--

-dence between the pattern of e0 / eTh hlghs and that of the

uranium occurrence 10 x 10 km nelghbo;hoods. : FLQQIE_.”
7.19b shows the cOdinciddpce Jbetween the ‘latter and the

Aphebian pelltlc metasedmments (unit 7), and PFidure 7.19c_
shows the -pattern of Aphebian metasediments where the
foltqwing conditions hold: eU / eTﬁ > «2, gravity anomaly

< =65 milliqais, and aeromagnetic anomaly‘< 2100 gammas. -
The same three condltlgte are modelled for’ the patterns in
quures 7-.19¢ and f. Flgure 7.19d shous the c01nc1denze
between map unlts (17 and (19), ‘white and plnk granltes and
peqmatltes, reSpectlvely, and the uranium occurrences neigh=

h€avily underrepresented map units suc@@ﬁas the pegnmatites

+ A
e

i
. 1‘_-:’
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'neiohborhoodsuf For the two occurrences to the south west of
d

]
. et

most of which-.capnot. be properly digplayed on either
1:250000:0: 1-50000 maps. This is so because such rocks
OCCuUr as outcrops Uthh are too small to be drawn. at{those
tuo scales.. Nevertueless, as it is shoun in Figure 7. 19 e;
fron the binary 1ma§es of those map units, it is possrble to

extract the portions of those‘terrains vhich are charac-

terized‘ by the three coincident conditious previously

selected for Figure” 7.19c. similar consxderatlons can be

made for the calc-SLllcate rock units (8a) anﬂ (Bb), and

‘their corncrdence with the uranium. occurrence neighhorhoods

in Fiqure 7.19f. vHere only omne . outcrop oen ‘be extracted.

e

from. the 1mage of these terrains, as can be seen in Figure

7.194, for those same condltlons. ' ' .

The last llthologrc env1ronment considered for uranium -,

odcurrencesvls in Archean ineous rocks (map unlts 1, 2a, 2b,

2c, 3, 4a and ). In Flgure 7 19h  this is shown in
e

COincidenée with the - pattern of the uran;um occurrence

-

the imaqe, two broad characterlstlcs seenm to conc1de with

.

these Archean 1gneous rock map units: aeromagnetlc anomalz

values. ranging between 2100 “and 2900 qammas, and gravzty

"anomaly values-ranging betveen -55 and -60 milligals.  This

guite arbltrary, and probably not 1nterpretable without
additional information; here not available. However, pat-

A

) ' T 229

' pattern of c01nc1dences thch is shown in Plgure 7. 191, LS-
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Y .
. ‘térns like;this_last one, are not easily fnaginable and .

-

cannot be practlcally extracted by hand from ,Sets of mnps.
They can induce the geologlst to postulate -models which
hopefullv ‘are gore reallstlcﬁln terms of ‘what the lmage data

base contalns. Thls may be particularly 1mportant in cases,
*
like th1s one, 1n whlch a 51gnif1cant lack of control exists
- }
for the regional - mlnerallzatlon environment.

L]

To/conclude thls section, it must be duly noted that the ;

derived patterns here descrlhed as , subsets of pixels or
B J . .

reqiofial environments, can also ‘be 'generated by other.

technlques of automatic c1a551f1cat10n vhich, for exu\blel

' are applled elther 1n remote sen51ng (pixel claSSLfrcatlon)

or in several nultlvarlate statistical analysis applica- -
tions; In ~many cases, houever, a geologist may still
prefere to iook at patterns of overlays llke the bnes shown
here, and observe hls orsher metallogenlc models developed
as comblnatlons of binary patterns at flrst, before consid-
ering automatlcally produced probabllity contours. Iwo_such
contours are shoun ir Piqure 7.20 a and b, in which they
have .been produced by multiple regre531on and by charac-
teristic analys;s, respectlvely. ) .

The data analyzed have been extracted from the phase-
laoelled inaqes used - in this sectldn -for producing the
varlous binary patterns descrlbed.‘ The seven phase-labeledl
images produced ‘from the- blnary contour images shown ln'

_ . : , , .
_ . , 230.
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quuresf «13 a’ to g, the blnary 1mage "of eskers and sand

1n pxcture coord;nates, on occurrence c1a531f1catlon for the

wsz_s Cinc Figuﬁi 13 ‘h, and the 1nformat10n on locatn.on,

38" occurrences- shown in quure 7.131, have been -transferred

s

from the uodcomp II computer. of N.R C. to the Cyber'7u,-
hp

;éghputereat the Department offﬁnergy, Hlnes and Resources 1n

hd &

' Ottawa. The data(}ave been enter;a into SIHSAG, an interac-

_tlve svsteu with graphical' input/output for ﬂmultivariate_

¥ - .
statlstlcal anaigggé, wvhich has heen developed at’ the

Geoloqrcal Survey of Canada by Chunq (1979).
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The contour maps in Flgure 720, have been generated as a

-prellmlnarv attempt’ to detect favourable -uranium mlnerallza—

tion using the same overall modelg/of the experiments for .

Fiqure 7.18 and 7.19. The results shown in the two contour
patterns, are very close to those in ‘the binary' patterns
deriVed here. As expected the aeromagnetlc anomaly lows
(< 2100 qammas) whlch characterize the ﬁollaston belt, show
up as the most 1mportant variable in the analys;s. .In the
contour maps the hlgh values represent en71ronments similar
to those surroundlng the known occurrences of_ﬂSinum. The
contour values have been computed for square cells measuring

approximgtely 9.5 kp x 9.5 km (= 90' km2). The data have

been: tr nsformed into binary (0- 1) variables 1nd1cat1ng the

absence o presence of geophy51cal anomaly ,1nterval values
[}
or qeologlcal map unit 1labels or mlneral occurrences for

L}

each type of occurrence in each square cell.

-

Purther experiments of this type are being considered a
extensiorns« of the- apprdach. For example, the imageéﬂ::'
eskers and. sand deposits distribution. and the contour
interval of the topographic relief ianigure 7.139g and h,

are to be used in order. to correlate those binary patterns

with the patterns  for gampa ray radiometric contours and
those for some of the_¢323291£a1 map units. At present,
however, it is the opinion of the Hrlter, that addltlona1"

experiments of this type ' are beyond the scope of this

-
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related to uranium3

L -

sectiqn. Clearly, a Eomplete study of the regional pattern’s

ineralization in  the study area is

1ikelv to represent a najor undertaking in ,its: own right. -
Rhat has been introduced "here, is a mgthaaology vhich is
being proposed anq developed, and which is Beipg applied to -
poin£ out the %i;d-of problems and of results to be expected
in studies in . which these methads‘aré emploied. A second

application on different commodities, Cu~Pb~Zn nmineraliza-
. - - . -

tion, is being described in the next section.

Y

7.342'Derivation.df inary:patterns :elated to

\ . L
] base metal nmi %j}lization.

'Zinc-copper ' mineralization, type' II of Weber et al’

{1975, is described in this section’ in terms of binpary

'pattérnq extracted- from the 'Phase labelled inmages of:

bedrock'qeoiony, aeromagnetic qﬁBmaly and gravity anohaly

contour maps shown .in figures 7.13 a, ‘b, and ¢, respective-

"1Y-. Zones of massive and disseminated sulphides in ' calc-

silicate rngs (units 8a and 8b in Figufe T7.21b), pear the
contactfwith hyperstene-quartz monzonite (unit 2¢ in Figure
7.21&?, disséﬁinated sulphides in pelitic gneisses {unit 7

in gure 1.21c) and Cu-Pb=-Zn in pelitic gneisses (unit 7)

are | correlated’ ¥ith the, patterns of 10 km x 10 knm neighbor- -

f< 234
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“ hoods around 24 baseé metal occurrences kmown in the area.

7

'The_‘intersection ‘between the latter pattern of occurrences.

the binary patterns of the map unité (2¢) ,

and the union o

(éa); tBb). d (7) represents the .392 or approxlmately 39%

of the ar ? of the base metal occurrence blnary pattern. In

the foll #ing derlved patterns, "such area.of overlap is

w s

subdlvlded into portions which coincide with combinations of

patterns for different ranges of aeromagnetic and gravity
anomaly values. 0f the many birary patterns so obtained,
six have been selected which coincide best with the  binary

pattern of the 10 km x .10 k eighborhoods of the Cu-Pb-Zn

occurrences (i.e. occupy-tH@ centryl part and also much of
the area of the neighborhoods),

sent environﬁents similar to those in the neighborhodds.

235
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Fiqure 7.21: Extraction of binary images representing
environments related to base metal mineralization in the
Kasmere Lake - Whiskey Jack Lake area in Northwestern Mani-
toba. (a) comparison (exclusive .OR.'ing) . between the image
of Aphebian hyperstene-quartz monzonite and the 10 km x 10
km square areas around the 28 base 'metal occurrences;
(b) the image of base metal occurrences is compared with the
image of Aphebian calc-silicate rocks: (c) the image of base
retal occurrences is compared with that of Aphebian pelitic
metasediments; (d) conparjison of the image of ‘Qase metal
occurrences with that of - the areas in which aqromagnetic
anomaly values are < 2100 gammas and the gravity alues
range between -65 and -70 milligals; (e) comparison of the
image of base metal occurrences with that of the areas in
wvhich aeromaqgnetic anomaly values are < 2100 gammas and the
gqravity apdmaly values range between =60 and -65 mnilligals:
he

(f) compaTisgn of the image of base metal occurrences with
that of t reas in which the aeromagnetic anomaly values
range between 2100 and 2500 gammas, and the gravity anomaly
values are < -65 milligals; (g) comparison of 'the image of
B ccurrences with that of the areas in which the ¢
REfpnagnetic\anomaly values 'range | between 2100 . and 2500
clgnas and the gravity anomaly values range between -60 and

'0 milligald; (h) comparison of tHe image of base nmetal
occurrences with that in,. which| the aeromagnetic anomaly.
values range between 2100 and 3400 ganmas, and the gravity
anomaly values are < =70 milligals; and (i)} comparison of
the image of base metal occurrences with that in which +th
aeromagnetic anomaly values range between 2500 and 340
ganmas, arnd the gravity anomaly values range between =65 a
=70 milligals. ! Lo

~ . L
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Concluded.

Figure 7.21:
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'In Piqure 7.21d4, the terrains are shown for which

aeromagnetic anomaly values are < 2100.and gravity values

¢
-

‘.%énqe between -65 and -70: three beccurrences are in this

environment. » ' .
In Fi&qge 7.21e, terrains are shown for which aeromagnet-

(\- 3

ic anomaly values are < 2100 gammas, and the gravity anomaly

values range Letween -60 and =65 milligqals: three occur=

rences are in this environment. . 0 .

In Figure 7.21f, terrains are shown for which the

aeromagneétic anomaly' values range between. 2100 and 2500

’qammas,'and the gravity anomaly values are < -65° milligals:

six occurrences are in this environment.
In Fiqure 7.21g, terrains are shown for which the

aeromagnetic anomaly values range between 2100 and 2500,

.qammas, and the gravity amnomaly values range between -60 and

=70 milligals: four occurrences are in this enviionment;‘
In Figure 7.21h terrains are shown for which the aeromag-
netic anomaly values range between 2100 and 3400 gammas, and

the graxgly anomaly values are < -70 milligals: seven
. . {
occurrences gre in this environment.

[

In Figure 7.21i terrains are shown for which the aeromag-

netic anomaly values range between 2500 and_BQQO“Q?Tmas,‘and
the gravity anomaly values range between =~65\and =70

' . . )
milligals: one occurrence is in this environment.

The results of this application, as shown in Figure 7.21,

238
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suggest the e istence' of several environments and that
diiferent tvpesxéfubase metal mineralization are represehted
in the data analyzed The derived patterns provide ~the
opportunity for' discussing some of the critical variables

which must be used in modelling map patterns. The size,

- shape and orientation of the occurrence neighborhoods toabe

. used for establishing the initial coincidence w1th geologic-

al unit map patterns is of importance, He may want to
experiment with c1rcular, square or rectangular or elllptic-
al neiqhborhoods, neighborhooas uith grain sigg/émaller than
th*r geologicial grain size of.tng outcrops, subparallel to
qeological trends or of arbitrary geometry and orientation,
which will provide different kinds of controlling relation—

sﬁips in better correspondence witk the geological units

‘hosting the mineralization.

In selecting the contour intervals to be digitized from

the qeophv51cal maps, several intervals have been lumped

together. This may cause that the extracted binary patterns,

represent ranges of values which are too broad. The
transformation of continuous variables, 1like: the contour

values, into discrete variables, like the binary patterns

extracted here, may result in a loss of information. It is .

only the prior knowledge of the geglogist and of the
geophysicist, which can quide in decisia;L of this nature.

'

. ) »
Additionally, the knowledge of mineralization characteqﬁ-
-> _ ot

239

[ AR ORI



‘interactive sessioy.

stics of the occurrences used in constructlng the control-

ling nelghborhoods, and the availability of. additional

information, are essential tools to the model - building -

experiments.

The patterns derived in ?iqure 7.21, represent an initial °

stage of am application which brings out what kind og

geological decisions often have to be‘hade, even during an

7.5 Concludingrremerks

The target-of the analysis of binary'images iike the ones
- : ’ \ . o
considered in this chapter, is to recognize patterns of

areas to which a greater'probability of discovering m1nera1

deposits is associated. In the effort to hit the target, we .

-

must aluays keep: in mind. that ln bulldlng the necessary

' qeoloq1ca1 models for recognltlon, it is 1mportant to dec1de

f—ﬁ

what to measure from our 1maqes, glven the wvarious uncer—
- ’ :

.

taintips associated with the data-
(a) uncertainties in the qeoloqlcal houndarles represented

on. the geoloqlcal maps and 1n the contours of the geophy51c-

- . . A
al maps: . v , o . .
(b)- uncertainties in the résq;htiqn of the original’. data

1

:mapped or contoured (of course not -all available ihforﬁation

L]
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can be mapped);

(c) uncertainties in the dldital resolutlon of the 1mages,
in thelr reqlstratlon and in the selectlon of the i forma-
tion d1q1t12ed.» ‘ ' \\V///n

These uncertainties will have to be built ipte the uncer-
iainty, the greatest perhaps, assocfated with our elassifi-
cation model to be bullt relying’ mostly on prior knowledge.

The transformatlons of the contour intervals in. geophys-*

ical (or~ geochemlcal) maps 'into blnary lmages e}h, most of

all, the selection of the 1ntervals, as to be done by
expert knowledge of what the geophysikal anomalles represent
in terms of the phenomena under \study. The éqntpurlng
itself is, to some-extentj an eriistiC' ndeavour. Aécording
to the different appllcatlons, geophysic ts*%fsduce special
purpose contour maps for their *~ work:  fo this reason a
publlshed qgeophysical (or geochemical) omaly cohtour map
is Hot necessarily the nost appropriat ‘ data ~base for a
given study. Addi}ionally it g be remarked that_the
binary transformatien of continuoug data represents a gross
-~ Simplification, and it could be-desirable to treat contour .

maps like grey level images, which: ”esseﬁce they are. ',It

naturailv follows that the applications descrlhed here can
onlv be of a general nature- only few fundamental aspgcts,/“\w
are considered in order to suggest a broader fam ly of,

" promising techmigues st111 ‘unfamiliar to geologists. !

261
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The resutlts of the experiments thaf heve been described

N

) in this chapter have shown Mthat' it 1is 'possible‘for a

-

.qeoloqlst to perform by hlmself fast processing of wmineral
“qgsources- map data. on a general purpose mln;computer with

GIAPP 's software, even . at a digital resolution of

1024 pixels x 1024, pixels.

It also .has en deﬁenstrated that it is usefﬁl to have

‘methods vhich hake ﬁrobability concepts visible and there-

fore more understandable by geologists, such as map overlays

like the ones shown here. 4 . .

_Addltlonallv it is 1mportant that geologlcal and ancil-

""lary map data are transformed and processed like Temote

sen51nq type of data. This represents one- ‘Bre step towards

the 1ntegrat10n of. geosc1ence data.

WX
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‘8, Digitization and computer processing of'microscppic

images of rock thin sections

¢

8.1 Introduction

This chapter analyzes the phllosophy of capturlng image

J’/data and the technlgues which were develoPed for the -

digitization of microscopic ‘images of rocks. Uhnder thé

. _ y
microscope, rocks 3in thin sections or polished sections,
) . s - ) . 1.

appear as mosaics of - tightly interlocked grain profiles.

- . ’ . '.." ' .
The Sec;}qaf;_fgfffifond tp projections of the crystalline

(boundaries onto a plane-f the geometrical chaFactfristics.of

these profiles, including their apparent, shapeé,' orienta-
tions and distribubﬁons:'beloné to what is generally called

_ - ce
"texture”. In the Dictionary of Geological ° Terms (A.G.T.,

1957), under the ternm texture._ye read: '"geometrical aspects
*(‘ rock, including size, shape

L

and'artangement".

-

). more precise definition “of texture and a formal.

* approach t its study do not exist. Par exampie, the

‘characterizati n of textures still representl a cémpiéx and

,

, unresolved preblem; - a greai vagiety of different textural

aspects and methods'for'measurinq textu'_l properties are
¥}

‘ .being. "applied in very diverse fields of ‘study. +Haralick

N .I”"

- . ©.213
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1_(1979] ipn a recent revieu of approaches o textures Ih iuage v“

) | processing. enphasizes that in order to characterize tex-"
tures,‘ both the tonal priaitives, €. g. a- particular range.
‘of \qray 1 els or a single phase, and the spatial interrela-
iops betueen;theu must he-characterized. He cd%sidered the ~
. follouinq eiqht groups.'of statistical lapproaches- {a) .

Y

o , autocorrelation runction, (b) optical transforns, (c) digit-
) a& transforls, (d) textural edgeness, (e) structural ele-_
ment, (f) gray tone co-occurrence. {q9) £un lengths. and lh)

autoregressive models. As Haralick—obServed, each of. the

\ //ij methods. existing\:o date,,tends to. emphasize either the

Al

('fw ‘E.ﬁ analvsis of tgna primitites .or their spatial interrela-‘
' tions, and*not to trepat each aspect equally. In describing
“ : _' then approach (e) - above,' thch ;as ‘Proposed by'uatheron
(1961 1975) and by Sdrra (1978), he writes (Pe 753::”The'

pouer of the structunah\eleuent approach is that it pha-

51zes‘ the - shape \aspect f the +¢omnal primitives. ’ Its-.

weakness 1s that it can onlv do so for binary imaqpé’
In the opinfon ot{‘the aﬁthﬁﬁubf Ehis thes1s, howeVer,
this approach can in fact e well extended to non-binary
| ‘ 1ma;es as-’ (exemplified ’b} Serra b1976), Goetcherian (1930)_
- ' . and also by Sternberg t1978) and Gillies (1978) for the
',; ' thocomputer, a pipeline proceésor of recent design - (Preston
T et al, 1979). - The ‘same approach is also used in this
(E,.:i-t chapter, and the technique 155 descrihed for transferring‘

o D o b
. .t } A ., . Y a ’. . . - . . .
- . . . o .
- . ' v e : . - ", ' ’ .
, [ 38 L - v - - L
. . . L : » o A I3 .
. ' f .
. ) L .
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‘\_ microscopic images into digltal images from uhich, by image
o

processinq, features are extracted'for texture .analysis( of

binary images. ‘ |
- A n.croscop:.c 1mage can a.lsoi ‘eonsidered as a _raw'gray ‘
_ 1eve1 plcture. From it we can extractia sample (or hetter a
“ ' ‘ dlscrete\aggai,of gray level jvalues) at-fregnlar intervals
| (digitized image). For btainieg a coiored-imaée ve can
e scan the 1mage¢u1th dlfferent color fEIteréi. A'.scanner' is
elther .a mechanroal, or an' electronic irstrnmentg which
‘meadures the gray(ﬂieVEJj tones from our original iﬁage

- ‘materjial and transforms them into digital-values.: These ‘can
(*‘ valso\\geI stored for laterx use, for example, on a magnetic
00T T tape. ﬂ\\tfis case, for transferrlng the Lnformation ‘

provided by he dlfferent colors, many images u;;lﬁhave to

benéombined.. SOme cryst‘ s, for example, appear ,colored"

" under plane polarized -Tight, whereas other crystals are
colorless.. The color of pleochr01c crystals w1ll, however,
change Hlth thelr orlentatlon with respect to the plane of

,polariZat;ona -Under cross-polarized 11ght, the colorless
trvstals willl assume dlfferent codo ccording to their.
orlentatlon relatmvely-to the polarlzatlon planes and also

“ . due to thelr 1n61V1aual 1aht1ce “\gd optlcal properties.

. .:Under these qeneral c1rcumstances the recognltlon of grain

' . Tl . - R

T . 1dent1ty and graln houndarles becomes a-.problem even in the

| o & B oy st
.(j"> relatively simple cases ‘of clear .and homogereous crystalline
. | - . cos
o - - o ; N
L o o © o 285
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_digitizing thin section -naterial. Ihey can.he_gronped

N
fnnnics. :

Por example, whenever crystnls of the same ' type (phase)

" are in contact, the grntn boundary lay or nny not be visible
unless the licroscope settinqv is changed. Evan in the -

special ‘caseé of an nlready avnilahle colored. dfnft ' being

scanned, tne Scanner cannot easily Tesolve the’ colors as
nniforn gray tones because colors ‘are often na@e up of
colgned dots, and there are defncts cfén in very nnifonn
looking colors. FPor these reasons it is not ”yet 'possibl&

for antnnatic scanning devices to capture and . ptocess

sufficient information for a satisfactory phase recognition.

and e:traction. o ‘ . 1

There are severnl kinds of scannegﬁJ can be used fqr

[

follogs' (1) Flying Spot 5canner (FSS), (2) televi

scanner (TV canera),.(a) drun scanner, (8) flat bed s

‘

and (5) scanning nicroscope (nicrodensitoneter).

-The F55 is a custom made electronic device with nornnl

resolution’ ranging from 1028 pixels x 102u pixels to

" 4096 pixels x un/p P xels. Its position accuracy-ié not -

a8

very good bacnuse uses a agnetically deflected elec on,

beam. The scannifg speed is eqnivalent to coﬁ?nter speed if
ihe;fss is co led by a computer.

,Broncnst cdnner

L/
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Anerica. and 625 iines in Burope (for the PAL system). The
‘ ; . , ;

aspect ratio is 84:3. Special TV cameras go up to 1200 or

more lines. This scanner is the least ezpensive and also”

the fastesd!i 1t grabs the input in 1/30 of a second. Thare

' are probleos of posi ion agcuracy with electronic levision
_d7é;nners, but not so £ B, solid stéﬁg,QCETEE”i:ievision.
cameras. We o no re, hooéver, a 500 x 500 pixels .
-"chip" availoyzs |

at reasqnable coSt inm solid state chips TV

cameras.
Hechanical dram and

resolution, except for the physical limits of/the particular

'equiﬁnent. They are guite po;itiod'occura ’ however, they.

are  very expensive,’ particularly the flat bed scanners.

They- are slovw devices: for exanple what could take half an

_hour‘ on a drum scanner, might require hours on a flat bed

scannere.

ﬁl scanning _microsco'po- has a television camera which looks

at the image in the hicroscope, and also a single bhot&cell
. - = L

. . —~
at bed scanners arecnot liajited in-

{a photomnltipligf for photometric occuracyi: these comple- . °

ment one another. ihe television camera has a lov resolu-

' tion and-posifion accuracy, and a ‘fast speed. The,pgotocell

.has a high resolution, good poéition accuracy,' but itj ;é

very slow. Scanning

instruments.
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“qrain proKiffs is too "time consuming to

» .

ce t o A -

- present stage of image processing, ‘or ‘even the quickest

A

solution in\ the -1ight of the present equipment and
knowledde. ' |

{ The applicatlons con51aered in this chapter make use of a

- f1§1nq :;j;,scanner 'The dlgltlzatlon of boundaries of

“gfain ofiles ' of ‘\a mf%roscoplc 1mage could also be per-

\

formed by pro1ect1ng the mlcroscoplc 1mage on the surface of"

a graphic tablet ThlS was not done both because it would

have .requlred some special,eguipment (a transparent tablet

digitizer and ‘projection devices) and elso because the

recoqnii@pf> and manual digitization of sevefal thousands

e.-performed
N . '

interactively on a single user conmputer,.

The - digitization of grain prefile  ink ,dra‘:ngs by a

flying spot scanner is described in detail for the gulpment

presently available. Experimeptal appllcatlons to the ana-

L] 1

lysis "of the inages of a granulite, and an amphibolite

exemplifyithe capabilities.of the software\which was pré-

qrammed. They also pIOV1de the ground f r further work on

quantltatlve characterlzatlon of rock textures. -

.From T analysis of hlnarv 1maqes of grain profiles, %he,

‘Properties in the thlrd dlﬂenSLOn is feasible,

which 1s a typ1ca1 stereoloqlcal pnoblem. Texfure charac-

terlzatlon aé_BE?formed in the folk{:ing sectlons, is only a

small aspect of a broader fleld of t xture analysls.
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To complete the subject uithih-thel field of geq}ogical

applications - to the study of crystalline morphometry and ;

.texture, a review of some Qﬁ&thé mdré\ginteresting experi- -

¢

ments. made during_ the 1ﬁast¢*%qo . decades is made. This

proposed in this thesis.

-

Some néw problems can be studied if the .éssumption is

rade of having at our disposal a computer imagk of our study-

- material <which can be identified as a data bank .from which
e can read or retrieve information on many quantitative
(’E spects. - Indéed in such a situatibp; in .the absence of a.

. . LY
comprehensiVe_theory of texture formation and characteriza-
. . AR
tion, the 1limits to what can be asked our data bank are in

our practical knowledge.and ingenuity.

- - V . ) K . \. " .— . ) . 2“9

section is followed by several remarks.on possible develpp-

ments of the. approach which was used and which is being .

-
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8.2 quitlzatlon of grain proFlles by scannlng transp-

arencxes of 11ne drawings

The procedures “described in this section could bel auto-
mated-'to some exient by using a more expen51ve scanner,
than the one whlch was used. This deszrlptlon- faithfully
represents the experlments aod the érooessing actually
performed for the practical applicatlons. -

In summary the steps fo; digitizing the microscopic
imaqes of grain \profiles from the thin seotions are as
follows: ‘ T ' N
( 1) tracing of the original microsbopic imeée bf projectiob

it onto a wall or by using a specmal projectlngoscreen.

A 35 mao negatlve drawing of such a trac1ng, ‘taken after

Kretz (1969) is shown in Figure 8 1a.

'( 2) the 1magg'1s scanned first within a pProperly p051tloned

" bpx, and dlsplayed on a Tektromix 611" storage display
oreen." A hlstogram of the gray level)value readlngs'
1s also produced, as shown in  Figure 8 b. A cross
'section of the gray levels between two seleéted points
can also be obtained and plo;ted over the scanned image
plot for further assisting in deciding on a iproper

resolutlon, as shown in Flgure 8.1c. - A prlntout of 256

qrav level readlngs alony the cross sectlon can bhe

N . ) ' . 250
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Figure 8.2: Bdrtion of the

1300 “grain boundary profiles of the same granulite
dimensions.
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produced, like the one shown in Figure 8.14.. from‘9
‘these preliminary tests, a decision‘ is taken on the
desired resolution: for example, at 1east three pixels
should represent line thlckness and most small areas
snould be represented by at least. one pixel.
.( 3) after deciding on the resolution, the FSS is programmed .
to scan the transparency and to provide' the comnputer

with the desired number of gray level. readlngs for the

de51red number of scan llnes. In the case shown in

Fiqure 8.2, a 1000 pixels x 595 pixels Square raster

1mage was*produced the gray 1level values .of fev-
plxels are displayed between_x-coordinatés'g and 33,

And v—coordinates (rows) 1 a 45, 1 second hexagonal-

~_.

ly scanned 1mage for the same resolutlon {same density

4

of scanned poxhts per unit dlstance in the horlzontal

dlrectlon) -was-'also produced, with 1000 pixels X 687
L

‘pixels.  Each pixel corresponds to 1/53 am or .019 mm.

( 4) the gray level rmage is analyzed by pProducing first a
— _
b gray level h;stogram, both as plot and as 1isting, as

‘shown in Figu 8.3a and 8.3h, Jrespectively. This . .

' _
histogram is

needed-to decide on how bhest to select a
N . /

‘thresholding level or thresholding ruie,' also - called

gray leved slicing, for obtaining a corrected binary'
B . ! i

image. 1In such.image ai;'the pirfls belonging to the

© 258
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lines are bleck, gray level value of 1, and all the
renaining pixels are. white, gray level value of 0. After
_thlS: one Or more Cross sections are conputed -4CLOSs |
thé iuage (Figure 8. ua) and the gray level. v'Iﬁes along
“them are plotted to seq if the desirced detail is“'
properly expressed (Figure B nh). In ..this_ case the :
cross sectibn has e-coqézveh;;;terE} voish leans that
the scanner sensitivity varies’ froa the center to the
edges of the scanning ” area. :
(75).different threshdlding levels can be set for prodncing
binerv' inages and stquz/g/fthe PpPlots of relevant
—_ detdils in ‘I'cri.tical pArts of the”bina:y ir_nages"
Stained.' This is shown in Figures 8.53 to 8.5, For
both the upper 1eft and the upper right corners of the -
thresholded images. Sgnare and pseudo—hexagonal plots

/- .
of binary images thresholded hetveen the same values

¢- can also be produced for conpatison of the detail
digitized by the two ravar -types with identical

resolution (Figures 8 6a and:B.Gb). |

i
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in order to correct for the- scanning defects observed

_ in ( 4] and - ( 5) ahove, the . principles of high pass.
: Eiltering are nsen.. lndrees (1970) describes the
'nsages of filters for inage enhancenent._ In this
'instence the equivalent effect of high pass filtering
15 ohtained by conpnting first the average valnes for,

19 pixels x 19 pixels areas and then creating a pictnre-“

hetween .the original values and the average «values.

Pignre 8.7a shows a part of the orig}nal grey levels‘

“in uhich the valnes of-the pizels are the differences -

fron the - scnnned ilage, and Pignre 8 7b, the 19 pixels :

x 19 pixels average for the sane area. . The nEUli

4

colputed difference values are shown in Pigure §.7c;.

Further filtering is ohtained by reaveraging the

averageﬂ valnes, for exalple averaging within 19 pi-‘

xels x 19 pixels érrays again. This is shovn in Pigunef

ing the lettgr averaged,values from the original gray.
level values, as shown in ‘Figure 8%8. - ‘This Vsecond

filtering,, elininates -entirely the concnvity of grayt

level values distribution observed earlier in--rignre

B.uh.: _ The - resulting cross sectiqns are~'§hqkn in

o

\

Pigures 8.9a to.8.9d.

T. B o . . ‘ N - .
2 o . N - . :
Co .
. . L . .
. - . - N . . -
. ' B . . . r
. . .
L] s .

A +

‘d.74. A better filtered ilage is obtained by suhtractni

.,



Figqure 8.5: Three different thresholdings . {gray level
slices) "of the square raster scanned image in Figure 8.2.
Plots are fo portions of.256/pixels x 128 pixels of the
upper left corners, (a), (c), ‘an (e}, and of the upper
rights corhers, (b), (d), and (f), of the images. (a) and
(b) : thresholding between the values -1800 and -3702: (c) -
and (d): thresholding betweeﬁt the values -1600 and -3702;
e

and +(e} and (f): thresholding

tween the values -2300 and
-4500. '
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Figure 8.6: Thresholding of two images scanned with ‘a
Square raster, (a) and (b), and hexagonal raster, {c} and
(d) . Thresholding is between the values -1500 and ~9000 for
- both the 1images. In the plots arrays of 2 x 2 black dots
correspond to the black pixels. The .pseudohexagonal plots
in (c) and (d) is dbtained by shifting one dot to the right
every even row of picture data. :

259



,__,,.
‘l/ﬂ

(7
o

¢ 8)

(9

10

-

after high pass filtering, several thresholding values

are tested again; and are displayed as plots of patts

or whole of the binary inages-obtained, as shown in-

Figufe 8.10. An optimal thresholding 1nterva1 is then

selected, as shown in Pigure 8.11a and in Figure 8.11b.

the blnary imege of grain boundary profiles is then
edited interactively in places of poor résolutionE for
example, black pixels are "added"' where boundaries .are
broken, white. pixels are "added“. for areas totally
filled with black pixels. This interactive procedure,

described im more detail elsewvhere (Chapter 7),

produces an edited binary - image as shown in " Pigure

8.12za.

e

the .editead,’ thrésholdedg\aﬁpd filtered -image is then

thinned so that boundary lines becope one Pixel thick
in width. The brocess produees ‘images of ?he kind
displaye@ in Pigure é.12b and Figure 8.12c. ‘

ninor eﬁiting might still be required in places wﬁich

have been opitted durimg the editing step ( 8) and

wvhere the thinning process leaves a few tails, as shown

in Flgure 8. 124. A final boundary image is then

obtained, which is displayed in Pigure 8.13.
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Figqure 8.7: High pass filtering of the scanned gray level
image of granulite; (a) original gray level values; (b)
average values computed for square neighborhoods of 19 pi-
xels x 19 pixels; {c) difference between the values in {a)
and those in (b); and (4d) average values computed for square
neighborhoods of 19 pixels x 19 pixels from the averaged
values of the image in (b). Contours were added by hand to
R emphasize the location of the boundary pixels; brokem 1lines
{ represent the contours in (a).
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Figure 8.7: Concluded. .




» -
L] N . . -
. a ¢ .
. _ f -
. s . .
-, . ! . ‘
{ N . -
. . . ) oo
3 .
. Y -
. e - ' )
.
i ~
. = \ L] . -
. . . .
SUTHEET" lee 17 B O " 33 . o N -
- 9 12 1t 12 13 . (L INT RT- ST ST 19 22 21 32 23 24 25 26 27 28 29 3P I} 32 I3
v . L N -
! -25 =23 -36 -4%5 -52 -6L 71 -§| -91 -193 -115 —127 -14@ ~154'-165 ~176 ~185 -1B9 -285 ~211 -218 -224 -226 -234 -239
: 2 728 -34 -42 -3 =3B -69 7B -89 -|B2 =110 -127 -1d] =15% ~169 <179 -[92 -201 =212 -219 227 7234 -24D -2a60-232 ~2%4
3 °33 -38 <48 =36 -66 =76 OB -89 =11] -126 ~1ad ~154 ~133 - |83 ~19E -288 -21B =223 -23a -242°-249 ~2%6 -261 -2E% -271 °
4 -3 -44 -33 -63 72 -4 <06 -10B -123 -136 -152 - 166 - B4 =197 -211 =221 -233 =241 ~230 -29% =264 ~269 ~27% -28) -284
3 =42 -43 -38 -67 -B0 =92 -103 ~119 -133 -147 ~163 ~160 —137 -213 -226 =236 -24r -253 -263 =271 ~279 -281 -288 -292 -29%
6 -4% =52 +38 -73 -03 -99 =113 -127 -142 -159 =173 ,-192 -21| =226 -240 -350 -260 -268 -278 -285 -290 -296 -300 -383 -38@
ToomA3 -37 -G8 -B0 =94 ~107 -119 -136 -132 ~[63 - |BG '~20% ~223 -240 -792 =263 =273 -281 -290 =296 =381 -30% =312 -3IS -31§
* 8 -34 61 <73 -B6 -99 ~113 -120 -143 =161 -179 - 196 -216 NGIG -292 ~266 ~277 =28% -292 -302 -3@7 -311 -310 -320 -M4 -326
3 %6 -66 7B -92 -183 -119 -136 - |32 -170 =189 -208 -229 -247 -26% -278 -9p —297 -383 -312,-318 =323 -129 =33y -333 -337
a3 62 -70 -84 -38 -113 =128 -141 -|6] =179 -198 -210 -236.-285 ~274 -290 -100 -309 -316 -323 -329 -333 ~337 -139--343 -143
H' -6 ~r3 -92 -109 -124 -14) =160 -180 - 199 =210 -28 -263 -204 -303 -313 -327 -336 -343 -330 -355 -359 -364 ~38E -156 -369
12 =73 -07 -104 =119 -136 =156 -176 -196 -219 -241 ~263 -288 -387 -323 -339 -347 -342 -360 -350 -I?3 -I76 -I67 -38d -361 -171~ |
13 -Ba ~96 -114 -132 =150 ~172 -19) =216 -240 -263 -287 -262 . ry
1a =31 -1B6 -124 ~141 163 =187 -209 =233 -259 -2p4 -3p7 1330 1544 1734 1798 1668 1724 1258 1739 1716 1762 1750 1719 1739
- 13 =93 =113 =134 -133 -1T6 -200 -224 -25| -278 -I04 -329 416 1443 1783 1805 1739 1691 1681 1626 1723 1659 1617 1625 1708 1649
16 =196 -12) -143 ~164 -187 =212 -237 -265 -29% -32) -141 430 1616 1787 1618 1276 1097 1242 98B 1879 1825 069 1D3Z 10%€ 938
. - 17 -113 2128 =151 =173 -198 ~224 -230 -270 -306 -338 -3%3 | 483 1561 1679 1393 973 I3t 8D 20 BS 129 a1 315 1224
, ~~ 18 =118 -133 -135 -184 -209 -237 -262 -291 -320 -390 -364 | 62 1354 1637 1212 388 Wmms%;
19 -123 -142 =163 -193 -219 =246 -273 -303 =334 -365 -307 | =564 1471 1653 1108 232 463 -501 -506 -500 -50% -499 -496 -a89 -479
20 132 -149 -173 -203 -229 -297 -288 -3|5 -348 -381 -273 [ 719 1560 1584 1032 539 [-400 -525 -527 -%23 -928 -514 =985 -494 -488
21 -138 -136 -163 -207 -238 -269 -299 -329 -357 -192 323 h0z7° 1643 1791 1193 236 [-472 -529 -541 -332 -53% -523 -5(%5 -%p4 -497
. 72 142 =162 -190 -Z19 -249 -279 -308 -343 -377 -a0% -B3I 263 t919 19es 1377 33t 477 -559 -355 -5%55 =548 -33% =527 -518 -497
23 -147 -160 =196 -226 -238 -2B9 -319 -35% ~306 -423 ~411 {87 (786 [773 1181 313 [-40) -564 =571 -%71 -5%7 =552 -543 =530 -5a9
24 -134 ~i7a -262 -233 -266 -290 ~332 -366 -4D] -a38 -36% | P38 1959 1731 1177 376 Lsi% ~581 -393 -588 -576 -366 -5%% -33] -%19
! 23 =137 -173 210 -24] -272 =308 -343 -37B -414 -453 -199 | 423 1441 553 1164 376 F339 -399 -606 -593 -504 =877 -S564 -5 -527
26 -168 -194 -217 :z;; 7202 -310 -353 -38 ~427 -464 ~417 | 34D 1501 1470 976 -26 366 -617 -615 -61B =681 -589 -%53 -$53 -539
27 =167 -198 -221 -23%, -290 -323 -361.~402 -A37 -473 -4%4 | P47 1479 1%60 1051 16D [-382 -623°-625 -619 -60% -390 -%7@ -557 -Sdg
28 -170 -134 =227 -262 -297 -32G =373 -407 =430 -490 -a42 | 741 1418 1324 Sag 342 |-566 =645 -638 -640 -619 -608 -387 -%5B -552
- 29 -176 -197 -234 ~260 -304 -342 -382 -412 -461 -SpB -349 | 391 142t 1480, 952 22 568 -663 -£%5]1 -63% -633 -GS -%A9 -578 -%G4
(‘ 38 -178 -203 -238 -273 -312 -35] -308 -430 -473 -308 -a90 | 652 1326 1537 (036 s 520 -636 =392 -611 -%12 -497 -56@ -955 -Sa7
31 -182 -203 -243 -260 -317 -330 -339 -439 -469 -321 -324 | 590 14?9 1500 970 247 b2Ea -t -6
32 106 -213 -248 -283 -324 -339 -4B7 -447 -d491| -334 -376 | 530 1272 1534 1006 €1 123 1342 1484 1548 1577 1554 o
33 <187 -213 -234 -291 -329 -369 =412 -450 -499 -%49 -418° 564 1361 1618 143D 1259 1566 1504 1464 1433 (41D 1418 |437 1567 1723
34 =192 -2)9 -257 -296 -333 -379 -4}9 -461 -304 -336 -360 | 363 1684 1493 1547 1477 1667 1643.1302 1878° 975 B13 971 (04D ) 106
33 -196 -223 -262 -233 -340 -301 =424 -46B -a77 -352 -3%9 | 59 1529 1506 1pa3 1313 1350 1542 1890 620 68 113 14 12 220 4
. 36 =197 -224 -266 -303 343 -388 -43| =473 -310 -358 -424 346 1498. 1676 |6LS 1687 1737 1441 %93 = =L
3r 197 -223 <267 -300 -33) -392 -a33 -479 =813 -55% -506 | 640 1472 1451 (314 1512 1627 1266 444 |-376 -631 -635 -644 -616 -530
. 30 -202 -231 -272 -314 -333 -393 -440 -4B3 -323 ~566 -33% | 662 t39D 1362 (194 1a%4 1429 +157 375 474 -668 -676 ~£3D -625 -610
33 -2B4 -230 274 ~312 -332 400 -44D -483 =320 -370 -320 | 645 (473 La5) 1232 1511 1369 963 -529 -653 -671 ~£47 -634 -606
40 -206 -236 -271 -319 -339 -4p3 -449 -48% ©338 -573 -487 | 721 1440 1400 1342 1457 129) 639 | -42 -S81 -663 -667 -€48 -£23 =611,
4l -21D =237 -281 -32) -363 -410 -443 -a97 -34D -562 -321 | 361 1487 1434 1443 1497 1224 923 209 -664 ~67D -6%4 -6D6 -620 -GBS
42 -211 -24D -281 -326 =363 -4]] -434 -439 -344 ~5g0 -293 | 9%6 1515 1548 13%% 1409 1114 480 |3084 -630 -681 -656 -644 -607 -594
43 -213 -243 =202 -330 -373 ~412 -427 -499 -829 ~393 -a1a | 725 1536 1616 1643 1347 1007 348 |-495 603, =664 -656 -623 -£23 -£@7
44 -21b -2a3 -287 -3293 370 -G08 -430 -5D2 -546 =377 -403 | 569 1628 1609 1623 1467 931 397 |ef6 -684 -678 -E57 =615 -£24 =599 .
43 -213 -233 -207 331 -371 -414 -46] -312 -%45 -300 -314 016 1673 1373 1478 1357 919 -583 -665 -690 -650 -636 ~627 -5B2
— - .
1@ N o2 13 g 1S 6 17 @8 19 *}a 2t 22 23 24 -5; Y% 28 -23 3 3t 312 3
T
- - .
. -
-
L3 S .
/ N
. S
. 1 ,
-]

Figure 8.8: High pass filtered image. The values plotted
are differences between the original gray level image in
Fiqure 8.7a and the doubly averaged valued image in Figure
B.7d.., Haud contours enhance the desired feature.
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Fiqure 8.10: Different thresholdings of 'the high pass fil-
tered image in Figure 8.8. (a) thresholding between +the
values 4000 and 100; plot represents the upper left corner
of image; "(b) same as in (a) for the upper right corner of
the image; (c) thresholding between the values 4000 anad 50,
the plot represents the upper left corner.of the image; (d)
same as in (¢} for the upper right corner of the image; (e)
thresholding between the values 10000 and 100, plot repre-
sents the upper left cormer of the irage; (f) same as in (e)
for the upper =right corner of the image; (g} thresholding
between the values 10000 and 100, plot represents the upper
left corner of the image; (h) same as in {g) for the upper.
right corner of the image; (i) thresholding between the
values 10000 and 50, plot represents the upper 1left corner
of the image; (J) same as in (1) .for the upper right corner

of the imagqge, N . o
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v N (11) for _further processing, which requiref to assign a

-

uniqueglgequential label to each 0 pixei entlrely
surroundeo by 1 boundary plxels, the image is not aLy.
more binary, as Shown in Fiqures 8.14a and g.1ub.

(12) an interactive -prooedure, identical to the one
described earlier (in Chapter 7, aSSLgns to ;11 prxels
belonq1ng to each dlfferent area, graln, a neﬁ lakel,
phase ‘label or crystaf’type label. - A portion of phase

- labeled 1mage 1s shown in Pigure 8. 1uc. .
(13) a phase ‘labeled 1mage is therefore produced on magnetlc
tape, which can be transferred to another computer for
t .o further computations. In Figure 8715, for example, an
Applicon color_ plot 'is shown in which each label is
associated to the color density values for the three
basic colors: vyellow, magenta and cyan. _
. j (14 the phase-labeled imoqo, here isplayed as a color
image, Figure 8.15 represents a J;i:‘bank, from which
K many measurements can be made, ano many features can be
ertracted. For exapple a binary image of each plase,
crystal type, can be oxtracted, for further processing.
Eight binory images have been extraqted from the image
of Figure B8.15, as can‘ be seen in Figures 8.16a to

v

8.16h. They corresgonds.to the eight phases labeied in

.

the -image.
Ny

( : ‘ v -

‘o
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Figure 8.11:

Final threskolding selected between the values
10000 and 65; the entire binary image is displayed.
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With the complétion of step -(14) above, we have ter-
minated ‘the task of digitization and preprocessing, which is

" a prerequisite to the analysis of binary images to be

r

described in the two sections following this. Clearly steps
s { 3) to‘(10) could be automated to a great extent by using a

€ .
more expensive flying sSpot scanner. TIn that case then, the

steps would only‘be required for very minor improvements.

!
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Figqure 8.16: Extraction of binary images from the phase-
labeled image of grain boundary profiles of granulite. The
image dimension is 1000 .pixels x 595 pixels (= 595000). (a)
image of edited thinned boundaries: there are 38225 black
rixels in this image; (b) image of the frame: there are
87100 black pixels in this image; (c) image .of the PyYroxene
profiles: there are 278010 black pixels in this inmage; @)

“image of the scapolite profiles: there are 204741 black

pixels in this image; () image of the sphene profiles:
there are 10909 black pixels in this inage; (f) image of the
hornblende profiles: there are 12360 klack pixels in this
image; (q) imdge of the apatite profiles:  there are 1835
black pixels in this image; and (h) image of the zircon
profiles: there are 45 black pixels in this image.
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‘8.3 Some aspects, of quantitative characterization of a

thin section of a granulite

8.3.1 Introduction

L]

As previously mentfonéd, the tracing of the profiles of
approximately 1300 grains of crystals in a thin section of a
granulite was Pbtainéﬁ from Kretz (1969). He vas the first
to give particular attentioh to the statistical analysis of
qgrain profiles fop quantitatively relating,their geometrical
attributes to nucle%tion and crystallization processes which
could be nodeled for this rock. Kretz used several manual
methods for obtaining the neasurements frouw a complete
drawing of a thin section (Kretz, 1969, fig. 1). The same.
neasurements, and also many more measurements, can te made
from +the drawiqg, once this is in digital form, i.e.
computer processable as in the case of the explicit inmage
form shown in Figure 8. 15,

Oonly some experiménts are described here, particularlf

those which would be too cumbersome"to perforn manually.

. The experiments are for exenplifying the kind of studies

which are possible with relative ease by programming’ angd

Processing images on a spall computer.

, 280



v oL
ot

The applicatigns described in this section deal with- the
foilowinq topics: (1) computatio;iof the.area and of the
circumference (perimeter) of the grain profiles;_(2) mea-
_suremenpt of qrain profile contacts and of gheir éistribu-
tion: (3) deté&mination ok the orientation of grain and
grain cluster profiles: an& {(4) computation of the geometr-
ical covariaﬁce function of tLe'fahric.

\ While these applications secpve the pufpose of explaining
how to study a rock fabric in a systematic manner, they algo
'provide Some new unconventional geological t?ols for detect-
iﬁq the presencé of and for describing the type of crystal
shape or of crystal clhster anisotropy which causes gneis-

LAY’ o

sossity or foliation in a crystalline fabric.

8.3.2 Computation of the area and the circum-
ference of grain profiles
‘.

*
»

In general , basic data which are needed about: the
geometrical characteristics-fdf gréin profiles from a thin
section are the area and the perimeter 1length or c¢ircum-
ference' of all the grains belonging to each phase. 3
summary of data for the Gremville granulite is given in
Tablg 8.1. There, -because oﬁ the particqlar partitioning of

the image data, separate areas are given for the frame (see
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A
image in Fiqure 8.15a) and fhe.boundary {see imagé in Figpre
'8.15b) and alsd of the boundary pixels in contact with the
frame. Because the boﬁnd%ry itself is distinquished as a
separate phase, one method of caléulating the areé propor-
tion iﬁ peréent of the Erystalline phases, is to divide the
nunber of pixels belonging to each phase by the sum of all
the pixels be%onging to a cry§talline°phaseJ’which is 507900
pixels. The six percentageé so conputed in column 2 of
Table 8.1, can he cquaFed with the percentages , in colunn
;, obtained by Kretz (1969) for a portion of the draft used
here for digitizin;'the image of the graﬁulite. The numbers
of crystals, ctystai proportions, and average area #er
crystal for each ph&se are also given in the table, in
columns 4 and—1, respectively. The latter ;ata _shpu . that
the pyroxene profiles have the largest grain size and are

followed by scapolite, amphibole, apatite, .sphene and zircon

ir decreasing order of mean grain size.

—
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Fiqure 8.17: Partitioning of the grain profile “boundary
‘image of the granulite into images of perimeters of the
individual phases. (a) image of phase. boundaries with
frame/boundary contact; (b) image of phasefﬁpunﬁaries without
frame/boundary coantact; {c) to (h) images of the individuial
boundaries: (c) pyroxene, (d) scapolite, (e) sphere, (f)
amphibole (hornblende), (9) apatite, and (h) zircom. The

nunbers of boundary pixels in these images and the boundary

lengths are listed in Table 8.1.
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Figure 8.17:

Concluded.
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The total circumnference of the grain profiles was com-
puted as fSiloms: --(a) from . the image of boundaries in

.Fiqure 8.17a, Vthe‘ pixels at the contact with the frame

.
- -

(shown in Fiqure é;1$a) héQe beén "eliminated" by dilatating
the franme imaqe'ﬁith’a 3 x 3 black structuring element, and
fhen comﬁutind the imaéé in vhich the boundary pixels.do not
éverlap with the dilatated frame inage, as shown inVFigufe
8.17b: ﬁﬁ) the separate overlaps betdéeﬁ/fthe dilatated
phases and'the-bbundary image in Pigure 8.17b, have produced
ihe imagesu of grain-profile boun arigs- shown in Figures
8.17¢ to 8.17h. The number of piyels‘ belonging to eac;
boundary is, listed in column QM;E) Tabie»8.1; (c) such
boundérv images, howeverﬁCii;ggj/:;keinto aécaunt'the fact

n \grain profiles of the same phase

-

that the boundaries betwee
have to _béf measured once for each of the adjacent grain
profiles.. The Separaté contacts between adjacent grain
pfpfiles. of the sane phése céh be ob}ained; for example, by
“closing" each phase (a dilatation followed- by anj erosionm) °
and by computing the intersection or overlap between the
‘closed image and the boundary image.‘ Pyrbxene;pyfotene‘
boundary and scapolite—SEépolité bshndaryh are’ shown in
Fiqures»8.1Ba and 8.18g, respectivély. The number of pixeis
on the boundaries betweeﬁ the profileé of the sane phase are
] ralso given, in brackets, in column.S of Table %.1; (d) the
computations . of the boundﬁry lengths was accémplished by

]
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cfoss-correlating each partial boundary imagé with the total
bourndary image in Figur; 8.17b, for shiftslin‘ vertigal' and
horizoﬂtal directions of one pixel in both senses. The
values for shifts (-1,-1), (+1,-1), (+J;t1) and (-1,+1) were

. W
sumpmed, divided by 2 and the result multiplied by the square

‘root of 2. - This value, .the total léﬁﬁth of the boundary in

-

directions '45° and 135°, was added to the total length of

boundary in directions 90° and 180°. This was computed as

" the sum of the values for shifts (0,-1), (+1,0), (0,+1) and )

{(-1,0) divided by'/z. This proéedure was also used in
Chapter 6. The sums of the lengths of boundary between

grain profiles of all phases and those of of grains of the

same phase, is the final length entered in Table 8.1 uhder-

-

the header circumference in column 6.

[
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TABLE 8.1

Summary of guantitative characterization data 2f the
grain profiles in-the granulite

L]
] 1 5

pu——

2] i 7¢1)

L]
2 1 3
L

[ Sy
-t
-t —y

e —f

T L} L) L
pPhases IHo. ¢f |Area %|Area 7|¥o. of INo. of pixels IZircan-|Conplexity
Ipixels fover |from lcrystals|on boundaries |feren- |index,C.I.

oy i ——

. '= !

1Crystal pha-| - | |

|ses only I 5079001100.00]%00.00} 1294 { 63321
1 1 | ] | |

| Total image | 595000] ] 1

1 A 1 3

(1.000) {15472)
o

! (average|5079001Fkrety | (propor~-| (between crys-|ce {1 a c
Ino. per |pixels|(1969) |tion) Itals of same | 1 )y (&)
) jcrystal) | % I phase) N !
4 : } $ t - + ¥
| Prape | 45828) | ! | | |
| Frape/bound-| | I | t | ]
lacy contact | 3087y ( | | { |
| Boupdary [ 38225j | 1 | ! 1
. I ) 1 R i . | (. t
i | l, | | | ) | |
| Pyroxene ! 278010) 54.741 50.31] W70 | 28579 | 47495 | .15 14 |
| | {592)1.. - | I (.363)1 {8136) i Ty (. 22)
|Scapolite 1 2047819 40.31) %1.89] 574 i 26627 i 48041 1 .18 .17 |
I : I (30 - ( b (-ub8) (7123) I T (191
| Sphene | 10909¢ 2.15)] 3.381 164 i 4296 | 6012 § .39 .37 1
| | {6731 1 1 -2y (99} I P (-58) (.43)
{Anphibole . | 122607 2.43) §9.05] 61 | 3107 | 8202 | .27 .22
| i (203)1 |- | (=047 (114} { 1(-33) (.25) 1
{Apatite i 18351 0.361 0.34} 22 668 | 912 | .36 .33}
| | (83)i I 1 (.017)} {~--} i 1 (-50) (.39}
{Zircon L 459 0.011 o0.037( - 3 [ - ua 1 64 | .72 .50 |
| | (1511 t (. 002) ) {--) | H(1.8) (.92
+ ! } t - }
| |
|
l
|
i

|
i
|
l
!

B2 C.I. with boundary pixels as part of crystals

b: C.I. without boundary pixels as part of crystals

c: C.J. for circle of same average area computed as in (a}

4: C.I. for c¢ircle of same average area computed as in (b)

¢1) RNote on C.I. cosputations. Por exapple, for pycroxene the complexity index
computations in colunn 7 are as follows:' (a) 47495 s (28579 + 8136 + 278010) =
-15; " (b} 47895 s 278010 = .17; (c) for Kk (area of circle) ='r2 , apd ¢
4perimeter of circle) = 2r , C /A =2 /T = C.I.. Por A of 276010 / 870 = 592,
r = 13.73, € = 129.38, and C / A = 129.38 / 592 = ,2185 or ,22; (4} for A of
(28579 + 8136 + 278010) / 47D = 670, © = 10.60, C = 91.76, and C / A = .1370 or .,
.18, - . s .

* For a portion of the studv area.
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kh geometrical measure which relates the circumferences

and the areas - of the grair profiles for each phase is the’

"complexity index" C.I. (Underwood, 1970, p. 228-229). .Tt

skould reflect the jaggedness of the perimeter per area of

the particles or grain profiles. This is simply cqmpﬁted as

rd
the ratio between the total circumference and the total area

of the gfain prcfiles for each phase (see column 7 in Table

8.1). Because of the particular structure of the data in

" this application, binary images in which the boundary is a

separate phase, such index can be affected by the resolution

-

so that the phases with the smaller grains tend to bLave a

" relatively larger circumference. This 1is the case for

zircon in column 7 of Table 8.1. For this reason, two
-differgnt conputations for the complexity index have been
entered in the table: one in which the boundary pixels have

been summed to the areas of the grain profiles, and one in

_ which only the areas of the grain profiles were used. 1In

the table we can see that inpgeneral the larger grains have
smaller C.I.'s.l In column 7 the C.I.'s computed for circles
of the sanme average areas (no. of pixels per crystal,
listed in column 1) are also shown. According to Underwood

(1970) the complexity index can be computed without assump-

tion on qraap size. ~\\\; -
\ .
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(—\\ ’ TABLE 8.2

(a) distribution of - boundary pixels, n, and boundary
lengths, 1 (in brackets), between all pairs of phases of the
granuljte.  Letters P to Z indicate the phases Pyroxene to
zircon. . (b). the distribution is recomputed for the compre-
ssed 3 -x 3 arrays of toundary data (the 1less “frequent
boundaries bhave_ been grouped under 0, other phases), n and
1, with the observed values above, and the expected 'values
below (in brackets). (c) the transition matrices are com-
puted, P(n) and P{l), respectively, and compared with the
traméition matrix P(k) obtained by Kretz (196%). The fixed
vectors  (n), (1) and (k) represent the expected transi-
tion matrix based on the supposition that the crystals are
randomly distributed. "/ They represent the proportions of the
sums for n arnd 1 in {b) above. The elements of those
vectors are multiplied by the sums in (b} in order to
conpute the expected values in terms of boundary pixelsm,and
boundary lengths distributions. Additional explanation is
in text. - : .

L
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] S
TABLE 8.2
Concluded
i P 1 s I_ T o8 t A 1 7 |
+ ' ¢ + $ {
? 1 0136 n (i I I 1 |
{10571y 1t 1] 1 | ] [
; ¢ ' t i '
5 11720 | 7123 | 1 1 | ]
1422525) ) (93e7 | I 1 |
+ + + { | | |
T 2281 | 2089 | 99 | 1 1 I
I (3178) | [2988) | {136) 1 1 1 |
. = ¢ . i | [ : -
B oL 2072 | 986 | 125 ] 118 | I {
1 {2694) | (1351} | (185)] (156} | t |
$ } t t 4 1 |
A 300 | 365 | 34 | 20§ -1 |
! 823 | (510) ! {49} | {281 = ! .|
L) L) L4 T T L - L 1
| ‘28 | 20 | -= | el | 6 | -
! (38) ! (34} | (-=)1 (==)1 (9) ! {-} !
Totall 30045 1 27813 | 8627 | 3317 [ 725 | 5114 81025 | ‘
1(30425) | (36751) | (86BB}{ (4810p| (101%)|  (31)[(54218) |
F 3 L x Il L A 'l 1
r Ll L] v h J L) 3 L] L L) ¥ 1
I n P 1 s 1 0 I Sum | -t 14 P | s | [¢] 1 Sum |
L L i L I ] L 1 L 1 1 1
{ P 1 RI36 { 17231 | G628 | 30065 | | p 1 10571 | 22525 | 6329 | 39825 |
I 1013610} [{12589) 1 (3846)1 [« [ [{17781) 1164011 {5248} | I
£S 1 172310 7123 | 3559 | 27813 | | S [ 22525 | ©387 | 4839 | 36751
| 1(12599) 1 (11650) [ (35609 11 ((16575) | (15288) | {4888)|
101 4678 | 3459 1 392 | B8535 | | o | ‘6329 | @R35S |  £e3 | 11731
1 1 (3B66)| {3576)| (1092)1 | I I (5297)1 (4882)) (1560} |
L — i3 i L 1 1 3 1 i 1 1
ISusl 300645 | 27813 { 8535 | 66393 |  |suml 29925 | 35751 | 11731 | 88307
L A i L\ 1 i L o 1 i A 3
- Aval § . »
{271 .573 .156) | " [.268 .57T1 .16 | (389 .u6b .145)
2(n) =(.620 .256 .124) (1) =(.613 .255 .132) [P(k} =(.56 .384 .080)|
‘ [-548 .505 .087) | (-580 412 -048) { - (.613 .290 .097T)|
M) = (=453 899 J128) iy (l) = (451 .416 ~133) |q(%) ={.474 612 .119)

r— e ————
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8.3.3 Measurement of grain- profile contacts apd

[ 2
their distribution

Lo
i

Binary images of the separate grain-profile contacts éan
be obtained for each pPhase, by computing the intersections

between all possible pairs of the boundary images shown in

Fiqure B8.17c to 8.17h.- The extractjon of the contacts
beiween qrgin pProfiles belonging to th same phase has been
discussed in the previous secti . | Nine of the nost
revealing partitidned boun images are shown in Figqure
8.18.  Intraphase boundari®$, Filgures 8.18a and 8.18g, are
characterized by the presence of functions between segments
of boundary. These occur wheréver three profiles of grains
of the same phase are in contact. The other types of
boundary images are typically of "ﬁeander" iike appearence,
wig} different  degrees of dispersion or Clustering in
relation to tﬁése of the qréin profiles. Of particulaf
intereéf s the boundary Between the two main phases
Pyroxene-scapolite, shown in Figure 8.18b, which strongly
characterizes the entire fab;ic.

As previously nentioned, thé ‘1ength of each. extracted
oundary iﬁaqe can be comﬁufed,, and a table. of boundary
lepqth distribufion is constructed, as shown in Table 8.2.

the table, in (a), both the numng n of pixels on the
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boundary, and the boundary length 1 are.eﬂterd for compari-
son. From 'both kinds of data,'% boundary length diétribu—
tion for a compressed array of Boundaries (contacts) . pyro-
iene, P, séapolite, S, and other phases, 0, are easily
constructed and compared with the expected values for
boundary distributions for the supposition that the ;rystals
are randomly distributed, which are shown in brackets in
(b) . From these arrays, two different transition nmatrices
are computed, P(n) and P(l), respectively, in which the‘sumé
of each row equal unity. The transition matrices represent
the probdbility that a graiﬁ belonging to a phase is in
- contact wi;ﬁ a grain of the same or of any other different
phasé; As éxplained by Kretz (19@9, eq. &4) we <can obtain
the trénsition "matrix 5ased_‘on‘tﬂé.supposition of Faﬁdom
distribution of crystals ﬁy the fol}owing equatién which is
valid iE evgnts Pyroxene, P, and scapolite, S, are

independent: o o .
P(B/S) = p(P) and  p(P/P) = p(P) (8.0),

wvhere p(P/S) is the probability of event pPyroxene, given
scapolite, and p(P) is the probability of event pyroxene

alcne. The two matrices, P(ﬁj and P(l) in Table 8.2, are

almost  identical, which suggests that the computation of
boundary length is not required to cempute the transition

patrices. In the table these matricas can be compared with
g .l
.l.)
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the transition matrix, P(R), obtained by Kretz (196%) ,
using Equation 8.0, from a portion of the draft for the same
rock. Given the similarity between the three matrices, the
same statistical tests and the sane conclusioﬁs drawn by
Kretz{ i. e, that§ "fewer P-P and S-S transitions ana
more P-S were found than expected, <owing possibly to
dégarture from randomneés in the direction of 4 ‘more fegular
dist;ibution for pyroxene and scapolite."‘ (1969, p.&61). A
chi square tes{ to determine if the' differences between
gxpeéted and observed values are significant hékes the model

of Eﬁndomness in the distribution of the two crystals just

acceptable at the 95 percent level of significance.

Figure B.18: ©WNine binary images of separate grain-profile
contacts in the granulite. (a) pyroxene-pyroxene, (b}
Pyroxene-scapolite, (c) pyroxene-sphene, {d) PYroxene-
amphibole, (e) pPyroxene-apatite, (f) pyroxene-zircon, {q)
scapolite-scapolite, (h) scapolite-sphene, and (i)
scapblite-amphibole. ' )
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Figure B8.18: Concluded.
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8.3.8 Determination of the orientation of grain

and of grain-cluster profiles

A granulitg‘is a high grade metamofphic rock consisting
{ of even sized interlocking graiﬂs’withra very wveak preferred
orientation. <The orientation of the fabric can he expressed
either as an anisotropic distribution of grains of both

major and minor constituents or as -a shape anisotropy of the

grains an&~thgrefore of the grain profiles.‘ In crystalline

fabrlcs all p0351ble 1nterre1atlonshlps of these two types
of anisoptroples can be observed - ir nature for the sape
texture. - The latter chéracteristic. is nmeasured in this
seétion. .

- ' ~
A method of nmeasuring shape anisotropy consists in

computing the rose diagramq of the boundaries of grain

profiles for each phase. A ‘simple but laborious way to

study the rose diagram of the boundaries is to approximate

them by successive strﬁight liﬂe segmehts that are suffi-
cieptly short, and to plot the histogram of the combined
length of all line éegments'pointing in @irections bounded
by class linits a few degrees“agart; An alternative gethod
to determine the preferred orientation consists of first
obtaining measureménis for narfouer class_intervals,_one or

two'degrees, and to construct a moving average for wider
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classes in order to reduce the random fluctuations that
generally arise when the classes are too nafrdq.

gecentli,'a computer pfoq:aﬁ called RODIA (for ROse
DiAqram) has‘ been developed by Agterberq (1979), also used
by ‘Agterberq a %prbri (1978b). and by Agterberg et al
(1980), whicﬁ constructs a -smoothed histogram for the
coht&bt’bet;een the two ﬁhages ("black"” and "wﬁite) in a
binarv image. The input fof RODIA is the so-called geometr-
'ical covariance of a binary iﬁage, wvhich can be computed by
GIAPP. ‘ )

A nunber of experiments have ‘been performed in order to
produce the. rose diagram of the follouinglimages: (2) the
boundaries of the individual grains of pyroxene and of
scapolife profiles, (b).fhe- boundariés‘of the clusters of
grains of the two phases, {c) the bhoundaries of all the
ipdividual grains in tﬁe granulite, and (d) the "skeletons"
of the pyroxene grain profiles.

Some preprocessing was required to4.produ¢e the binary

images iaput | for the computation of the geometrical

covariance in two dimensiqns.- For studying the individual

-

qrains, .the image of octagonally eroded pyroxene grains and

scapolite grains, and of ali he grains in the granulite (of

8.19¢, respectivelyr™ The 3 x 3 square dilatation of the

»
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. [
scapolite and PYroxene images was also computed for studying
the grain-profile clusters. The image of the djilatated
PyYroxenes is shown in Figure 8.19d. A reétangular binary
mask was produceq: of‘dimension 521 x 901 black pixels, .at
least 5 pixels away from the edges of the framé of the
image. The ﬁask is contained in a 1000 pixels x 595 pixels
binary image which is shown in FigureP8.19e. The intersec-

tion of this "mask image" and the images to be analyzed, was

R .
computed for the covariance Deasurements. 1In Figure 8.19f,

. the image is shown of the intersection between such mask and .

the 1image of the octagonally eroded grains in thé granulite
(i.e., between the images in Fiqure 8.19c and . Figure
8.19%¢e). The qeometrlcal covariance was computed by shifting

the masked 1mage$ {like the one 1n Flgure 8.19f) for 5

plxels, one pixel at g time, to the right, to the 1left and

downward, and then computing the intersections between the
shifted image and the unshifted image (like the one ‘in

Fiqure 8.19c). The resulting array of intersections fron

the image in Figure 8.19f£, is shown in Figure 8.19q. It

consists of g6 values, 61 of which are used for the

» computations. Similar arrays were obtained for +the other

experiments Previously mentioned.

-

" 3
¢
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Figure B8.19: Processing of binary images for computing the
orientation (slope histogram) of the boundaries of grain
profiles of the individuyal Phases. (a) image of octagonally
eroded pyroxene grains; (b) image of octagonally eroded

scapolite grains; (c) image of all grains in the granulite

after . ome octagonal erosion; (d) image of pyroxene grains
after one square dilatation; (e) 1000 pixels x 595 pizels
image containing a 901 x 521 white pixels mask; ‘(f) inage of
the intersection between the image in (e) and the image in
(). This image has been shifted and intersected with the
image in (c) in order to obtain the geometrical covariance

array in (g) used for computing the slope histogram shown in
Pigure 8.20e, '
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. The rose diaqramg for the experiments performed are shown

in Fiqure 8.20, in the form of histograms of difecti6n5.>

Bach histogram. should be intérpreted as follows. The
frequency is plotted vertically. The corresponding  direc-
tion is plotted for clockwise rotation in-the'horizontal
direction starting fro@ ¢ for the horizontal Jleft-right
direction. Consequently 90 is for the top-to-bottom vertic-
al direction, and 180 is "for the horizontal right-left

direction. All the orientation patterns in Figure 8.20 (a

to _gL\sshow' tvo naxipa for directions 459 and 130%. The
ern

patt
8.20a; that <for octagonally eroded pyroxenes, PYOE1 s i

Fiqure 8.20b. They .both show two maxima which are stronger

‘than the corresponding patterns for the scapolite grains

shown in Figures 8.20c and 8.20d. The strongest orientation
pattern was obtained for the octagomally eroded grains of
the entire granulite, AXOE1 in Figure 8.20e for one erosion,

aﬁ@ AXGE2 in Figure 8.20f for two erosions: The orientation
) * —

pattern of the binary image of a circle is shown in Figure

" 8.20h after appropriate scaling, for kcomparison. In " this

. -r/
R B a1 2 L PR B . S TR £ ATk T IS SUIIDVIRY (TS S gy

diagram the variation of the freguencies are restricted to a
rarrow irnterval, very small in'comparison to'the estimated
- \ .

perimeter of the circle itself. The rose, diagranm computa-

"tions in the program RODIA are \bas a-0n the e%timation of

the total particle perimeter from the measurement of the

299
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for square dilatated pyroxemes, PYSD1 is in Figure -

A
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"intercepts" of the particles im all directioas. The

intercept is a measure of particle profile elongation in a

particular direction, and it can be easily computed from the

-

geometrical covariance values for small shifts {e.q. & to

10 pixels in length in the progran) . Except for Figure

+ . 8.20h, th7’ rosé diagram for the circle, all diagrams in

o a &
Figure 8.20¢ have been similarly scaled between the values of

0 and 1000. ' Within ~this range fall all the estimated

. < - . 4
perimeters in the various experiments.

.
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Figure 8.20¢ Slope histcgrams or rose diagrams computed for
the pyroxene and scapolite-grain-grofile images. On vertic-
al axes fregquencies (0 to 1060} are plotted versus -angles
(0° to 180°) on horizontal axes: 0° is for horizontal left
to riqht direction, 909 is for vertical top to bottom

direction, and 180° is for horizontal right to left direc-

tion. (a) rose diagram for pyroxene after one sguare
dilatation; (b) for pyroxene after one octagonal erosion;
(c) for scapolite ,#fter one square dilatation; (d) for
scapolite after one octagonal erosion; (e) for all crystal
profiles after one ‘octagonal erosion and (f) after two
octagonal erosions; (g) for the pyroxene "skeletons" comple-
mented after twvwo octagonal dilatations; and (h) for a
circular shaped profile {frequencies between 0 and 10).
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The ofientation diagram for the "skeletons" of pyroxene
grain profiles, which also shows two peaks of different
magnitudeé in the sanme directions, was obtained frona images

which vere preprocessed as follws. The operation of square

"closing®", a diiatation followed by an erosion:by a 3 x 3-

black pixels structuring element, wvas computed for the image
of pyroxene‘grain profiles, shown in Figure B8.21a. After

expansion of the “closed" binary image, a line thinning

13

‘algorithm, the same one used for the image of the digitized

boundaries of the grains descrihed in Section 8.2, was
applied to the image. ' The 1ligne

hinning process is an
iterative Aprocgaure, which computes the "backbones" 6f the
grain clusters. Figure 8.21b shows a partly thinned binary
inage after 10 th;nning iterations. The pyroxene profile
pixels eliminated (changed from black to vhite) during the
first 10 iterations.are shown in Figure 8.21c, aé.uhite‘on
black. The binary image after 20 iterations. is .Shown in
Figure 8.214, and the completely thinned imagé ("skele;
tonized® imggé) after 81 iterations is shown in Pigure
B.Zie. Prom this irage the tende;cy can be seen for the

profile skeletons to produce strings 'with a preferéﬁiial

orientation at 459, but also at 135°. In Figure 8.21f, the

skeletons are compared (union) with the, image of pyroxene
boundaries, where it can be seen txgzlthe skeletons repre-

sent the pixels at the maximum distances from thellprofile

303
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"boundaries. Figure B8.21g, shows the image of the skeletons

of the pyroxene ﬁ?ﬁsterg, éfter “twvo consecutive octagonal
dilatations. - Figure 8.21h shows the Eoﬁplement of the
latter. Pigurg 8.21i is the intersection between the
complemented doubly dila;ated éluster skeletons and the
tinary mask in Figure 8.19e. The last two images have been
used to coﬁstrpct the geometrical covariéncé array ‘input to
RODIA for the rose diégram shown in F%gure -8720g, PSKCOD2,
the orientation of the boundary of the skelétonﬁiﬁage.

All . the rose diagrams in Figure 8.20 refléct the aniéo-

tropy of theldranulite texture as orientation of the grain

profile boundaries, This orieﬁfation pattern can be

explained as follows. The pyroxene grain$ form chains of

profiles in the {50 direction, where the confacts between
adjacent pyroxene profiles are nostly oriented pefpendicu—
larly to that direction (i.e. in the 135° direction). Very

likely the 45° directi corresponds to a lithologic layer-

ing and to a faint gneissossity. Such anisotropy is also

4
measured for the. scarpclite grains, however it is 1less
fisible. While.oug\eyes cannot detect the anisotropy 'for

the entire granulite fabric,. the overall pattern of grain

boundary anisotropy is the strongest.
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Fiqure 8.21: Experiments for computing the binary images of
the "skeletons" of pyroxene profiles by line thinning, and
for deriving the skeletons orientation pattern. {a) binary
image of the pyroxene profiles after one square closing
transformation (a dilatation followed by an erosion) ; (b}
the image in (a) after 10 thinning iterations; (c) image of
the pixels which changed value ' after theY10th thinning
iteration which produced the image in (b); (d} the image in
{a) after 20 thinning iterations; (e) the completely thinned
"skeletonized" image in ' (a) after #1 thinning iterations;
(f) the union of the skeleton image in (e) with the image of
pyroxene boundaries; {g) the image of pyroxene skeletons
after two octagonal dilatations; (k) the complement of the
inaqe of dilatated skeletons in (q); (i) image of the
intersection between the image in (h}) and the mask shown in
Fiqure 8.19e, for computing the slope histogram shown in
Figqure 8.204. ’
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Figure 8.21: Concluded.
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A poésible reason why'the'"uarkovi£y" property im this
‘fabric was'_ohserved by Whitten et al (1975), and also why
various gademness tests gave negative fesults in the study
by Eretz (1969), is the anisotropic pattern of the grain

profile boundaries.- The pogsibility should also be consi-

ered that such propert'y~ of the grain-profile boundaries

"ideal granites" (Vistelius and co-workers, 1966

to 1972). This consideration would justify a rather inter--

. esting study project in its own right, on the previously

studied thin sections of such ideal granites.

., 8.3.5 Computation of the geometrical covariance of

grain profiles of the granulite fabriec in

different directions

This section dealslﬁith the following gquestion: is there

in the images of the two major components of fhe granulite,

| pyroxene and écapolite profiles, a preferential disttibution
of the areas of the profiles in the different directions 2.
This question can be answered by computing the geometrical
covariance for dis?ances of pixels corresponding to several

hundreds of individual shifts;
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Fiqure 8.22: Preprocessing for computing the geometrical
covariance of grain profiles in the granulite.. (a) image of
pyroxene profiles; (b) image of scapolite profiles; (c)
upper half mask (1000 pixels x 295 pixels); (d} left half
mask (500 pixels x 595 pixels): {e) intersection between the
inage of pyroxeme profiles in (2) and the image in (c); (f})
intersection between the image in (a) ard the image in (a) 3
(g} intersection between the image in '(a) and +the non-
overlapping part'of the images in {c) and (d); (h) intersec-
tion between the image in (a} and the overldpping part of
the ipages in (c) and (4). Similar intersections were
computed with the image of scapolite profiles in (b).
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£ The preprocessing of the .binary images of the two phases,

r
shown 1in Figures 8.22a and 8.22b, before the computation of

. ‘the covariance, is as follows. Masks for.the upper {Figure

B.22¢) and 1lower half of the images, and the left iFigure

8.22d) and right halves were computed, as well as for the

upper left and lower left quarters. The intersections of

" the pyroxene imagé with some of these binéry masks are shown

in Fiqures-8;22e to 8.22h.. Each masked image ﬁas- inter-
. ' .

sected with the entire original image after being shifted in

e

the diréctioﬂsf in which it could travel without its edges

. Teaching the_edge of the lattér. Linear geometriéal auto-

covariances ""for 0°, .90°, and 180° were obtained for bofh
pyroxéne &nd scapolite. They are shown in'FiQures 8.23 and
8.24., For the Py¥roxene; also the cbvariancés for 459 anad
for 1359 were compdted, a§ shown in Figure 8.23e and 8.23f.

The diaqrams of Fiqures 8.23 and 8.24, are plots of the

. areas of overlap (intersection) relatively to the initial

area for shift equal to 0 in the two directions, which hae
the value of 1, aﬁd,is'plotted on the vertical axis. On the
horizontal axis the shifts are plotted‘in pixels. It can be
seen that the area decreases stabilize "within shiffs “of
sixty vpixels. For this reason the two-dimensional geometr--

ical covariance arrays slown in Figure 8.25 were obtained

for unit shifts of five piggls between -60 and +60 pixels in

all directions.
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Figure 8:23:- Linear gecmetrical covariances for the pyro-
xehe profiles of the granulite computed in different direc-
tions. (2} horizontal direction, right to left; (b) ‘hori-
zontal direction left to right: (<) vertical direction -top-
to bottom; (d)  vertical direction bgttom to top; (e) "1359°
direction bottom to 'top; (f) 45° direction top to bottom.
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(d) vertical direction bottom to top.
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The values in ¥Figure 8. 25a for pyroxene, and in Flgure
FE
8. 25b for i?éPOIlte' are the rawv 1ntersectlon pixel counts.
The mask used for the images to be traslated has the size of
801 x 381 black pixels and is not shown here. Contours are
added by hand for intervals cdfrespon&ing to 70%, 55%, 52%,
nd  00% "of the sarea for shift i0,0). The' contours show
mildly anisot;opic patterns , elongated in the 45° direc~
tion, which correspond to the direetion of the gneissossity.

In Fiquare 8. 25a, the anisotropy of the pyroxene profiles,
is 1nd1cated by the contours for all .values; in Flgure
8 25b, the anlsotropy of the scapollte profiles 1s indicated
bv only the 40% contour. . . -

A* clearer Simplified expression pf-these aniSotropiee in
profile arees distgibution can be seen in the ethé?jytwp
diaqrams‘ of “Figures 8.25¢ and 8.254. There the spacing

-

between the covariance values are the same in the two

" directions. The same contour lines of Figures 8.25a and’

. 8.25b have been redrafted‘in Figyres 8.250 and 8.253, for

the cova 1ance pattérns of pyroxene and scapolite, respec-

tlvelv.- ReTe not only the area dlstrlbutlon anlsotreg?\\gen

ke observe hut “also the _fact‘' that the slopes of the

i

qeonetrical covariance function is steeper for scapolite,

which is a nmore disperse phase, than for pyroxene, a more

clustered phase.
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Figure 8.25: Two-dimensional geometrical <covariances for
Pyroxene (a) and for scapolite (b) profiles of the granulite
for 12 shifts of 5 pixels in all directions. Hand contours
for 70%, 55% and 52% (broken line) .of the central value )
shift) .in (a); contours for 70%, 55% and 40% (broken line)
for the scapolite’ were drawn- in (b). The patterns .of
contours are distorted because the spacings of the values in
the two directions are different. Simplified drawings of
the contours for 70%, 55% and 52% (broken 1line) of the
geometrical covariance of Pyroxene profiles {c) and of the
contours' for 70%, 55% and 40% (broken 1line) for the
scapolite profiles.(qd). -
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L
These’ results, t}erefore, support. the suggestion of a
'hiqh degree of homogeneity in grain-profile area distribu-
tion 'ih the tgxigre‘ for both thé najor componént of the
-crystalling fabric; .This suggestion wouldﬁleave the shapq'

_anisofropv as the strongest property of the fabric.
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- 8.3.6 Concluding remarks

The study of the granulite serves as an ing;dduction to

L

‘the kinds of problenms which should be studied by inage

ahalysis ‘and also to the kind of methods whith are applic-
aﬁle. SOm' f these apects have not yet “been -formally
considereﬁrevieu_sly by anybody. The present approach
certainly brings them to our attention - The visu;l side of
the approach is of further assigtance in method development
and data anaIV§is. '

Contrary .to the preceding section, the following omne

deals with a more formal geometrical - statistical approach

which is part of stereology. _ : . ‘o

317

e LA



B.4 Experiments op the characterization of metamorphic

textures from a micfog:aph of an amphibolite

/

'B.%.1 Inttoduction

.The content of th{s Section represents a contribution,

coauthored by J. Nasounave, which was orally presented at
the Vv International Congress for Stereology, held during

September 3-8, 1979, in Salzburg, Austria. It also wvas

submitted in manuscript form to the Journal of Microscopy

P

(Pabbri and Masounave, ' 1980). The text of this section
correéponds to‘ that of the hanuscript in press. The
subsections on the material analyzed and on the preparation
of the 1mage material (Subsectlons 8.4.2 and 8.4.3) have
been expanded in the thesis, and Figures 8.26, 8.27, and
B.fb vere inserted. 'Tha author of this dissertation is the
senior author of the corntribution and has made the.initial
experiments on the Nodcomp IX coﬁphter and on the Quantinef

720 image analyzer. The Junior author pérforled additional
~L

experiments on the latter instruohent so that suff1C1ent data

could be gathered for comparlng the performance of the two

~instruments and. approaches used. The juniot_gnzipr also

sugyested additional experiments to be made on the Nodcomp

+

--'(\‘318
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II computer.

This.séctior_ggcribes Some experiments on texture charac-
terization from a ~thin section of a'metanorphie ézck and
compares the results obtained by different interactive
approaches, One approach uses a Quantimet 720 inagelanalyz-
er, a specialized hardwired instrument working in real time,
'bur vhich has limited prbcessing capabilities. The other
approach is computationally slouer but has general Program-
ming capabllltles. As descrlbed by Fabbri (1980), 1t uses a
uodcomp II minlcomputer (64 K*'s of 16 bit words of nemory),
a f1y1ng Spot 5canner, and image processing softvare written
in Fortram with only few machlne-dependent routines.

" The Quantimet 72¢ image analyzer is faster, but it has a
limited computational power. it is ideal for routine wvork.
On " the Modcomp IT general purpose miniconputer it is

possible to perform any type of compntation, however;

certain tasks €an require much computing time. This could

he costly in cases in which there is a charge for computing

time. The two approaches are compared 1n ‘order. to determine
wvhich measures Oor transformations more efflciently describe

the partlcular naterial analyzed.

-
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Figure B8.26: (a) portiomn of the thin section of amphibolité
which was studied. The study areaz is indicated by arrows;
the trace of the foliation plane is horizontal. The letters
h, b, 'and p, indicate hornblende, hiotite and plagioclase
crystals, respectively; (b} the boundary tracing of all
grains in' the study area. .

.
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8.4.2 The material analyzed

|; ‘kl

' T~

The microscopic iﬁage of a t&in sectian‘of 2 Precambrian
amphibelite from Sparroa Lake (ﬁuskoka area); Ontario, is’
analvzed in thls paper. The photograph of a ?qffiﬁg.of the
thin section s shown in Figure 8.26a. The,eample vas
collected in Precambrian terrains of the Grenvilie; Province
of the Canadian Shield. The orientation of the macroscop1c—
ally v151b1e follatlon and lineation was recorded in fiela,
and the thin section was cut perpen@icularly to both the
foliation plane and the liheation ‘directioﬁ. The six
different crystalline phases in the section are: hornblende
(50.19%), ‘plagioclase (80.39%), biotite (5.48%), sphene.
(3.24%), apatite (D.bS%} and zircon (0.02%). Pregeentlj,
the graips are not dlstlnctly and uniformly coioreh Ccrys-
tals of the samaephase are in tontact so that the boundarlesw
between individual grains are not easily detected. For
these reasons it is not yet poss;ble to achleve & satisfac-

tory phase recognition and extractlon with automatic scan-

ring devices.

' : : 321
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Figure 8.,27: Digitization of boundary tracing and extrac-
tion of the binary image of amphiboles. {a) part of a
binary boundary image obtained on the Modcomp II coaputer by
~ ‘thiresholding. an image after sguare raster scanning.of the
- negative in Pigure 8.26b, on a flying spot scafiner; (b)
thresholding after hexagonal scanning; (c) thresholding
after hexagoral scanring at a gray 1lével range different =
. \;)from (b); (d) edited ‘'version of the image im (c}; (e) line
thinning of the image in (d); (f) extractign of the binary
image of hornblende crystal profiles from ‘the image in (e},
- after component labeling and interactive phase labeling.
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8.4.3 Preparation of image material

™ A8

n.'8 B X 8 am square portion of the thin section was

pro1ected onto a trae’ag’fllm, and the ©boundaries of over

2000 crvstals,ruhose profiles vere entirely contained within

the square, were’ ~drafted at a magnlflcatlon of 100X. The
transearencv (shown in Figure B8.26b) yas photographed using

a 35 mm film, for scanning bv a flylng spot scanner.. A grey'

level image was produced according to a hexagonal raster

conflquratlon -0f 900 pixels x 1016 plxeianin size.  The

" image was.thresholded to produce a binary image of the %ihe

drawing of «crystal houndaries to. be studied. - ifter minor

o

.amounts of 1nteract1ve editing in places of poor resolutlah,

- and hexaqgonal llne thirning of the boundarles, the extrac-

tion of the diirerent phases as separate binary images uas‘
Jhiaiﬂfd by component labeling and phase labeling as exemp-

lified by Fabbri and Kasvand (1980). ‘Some .of the processiig

._steps for this 1maﬂt are shown in Flgure 8. 27 The orliginal

microscopic color image and a plot of the phase labeled

.

image obrained, are ‘shown in Figure 8.28.

Two crvstailine phases vere aelected for textural mea-
surements:  biotite and hernblende:- These phases display
marked shape complexity and dlStlnCt orlentatlon properties.

The tvwo black and white ink drawlngs of the phases thch are

-
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:on that_lnsgrumegt. Displayed in Figure 8..30
- of:

ST S A LTl A e O

-~ D ’ ]

shown in Piqures 8.29a and 8;29b, have- been obtained fiom

the oriqinal“ draft  for the Quanfimet 720 experiments. To

',allow the separatlon of adjacent grains, care vas taken thaid

the whlté*qaps between them vas wide enough'to be-detectable

'are portions

the thinned houndary inage (a), the images of biotite

- {b) and hormnblende ‘{¢) and the image of verticallj eroded

hornblende (di. The plots are pseudo-hexagonal they uere

produced on a Versatec dot matrix’ printer from ' the

II computer systen.
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Figure 8.29: 1Ink dravings of biotite (5ﬁ$§md hqﬁ;ﬁzgaﬂe (b)

- crystals obtained from the boundary line tragi for  the

Quantimet 720 experiments. The foliation trace in these
drawings is horizontal, - '

—
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Pigure 8.30: (a) part of the hexagonally digitized binarwv
image of boundaries of -crystal profiles from the thin
section of amphibolite; (b) binagy image of hiotite grains,
and (c) of hornblende grains; " {d) vertical linpar downward
erosion of the hornblende image by a structuring element of
15 pixels in lquth.
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8.4.4 Theoretibal background

~- . ' - - . >
The exPeriments have been restricted‘ to the following
three selected characteristics: mean traversé, orientation!
and structqggf///ha ’
R commom method to measufe the mean trave;se of particiés
is based on the size distribution of their inte;cepts. The
_intercept -function I(l) is used, ﬁhich is a functioP of the
;J~ . “total number of chords detected after an erosion of length - iﬂ}
1. This function i®ysed to compute the mean traverse Min
1 : number®: - all the traverses across the particles in a given
. 1direction haqe the same weight.

The mean traverse in number in a given directidn can be

defined as: - | T

m, = 1/1(0)[?‘1(31/31);1, : - (8. 1)

vhere 1 is the lengtﬁ of the linear structuring element used
for the erbsion and i(O) is the total number of. intercepts
with non-éﬁpded profiles. fhe subscript , indicates a
one-dimensional measure. ) '

The experimental problem witﬂ Equation {B8.1) coméé‘-from 4
the instability of the TI(l) function on an image analyzer
vhere the image is scanned continuousiy. The ;qt?l nunpber

of intgrcepts, like the perimefer, is very sensitive to the

328
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instrumental noisé. It is possible to partiy- avoid this
problem by using the P&i) function,which:ié the probability
that a seqment or a structuring elemeﬁt of lengih 1l S};
included ‘in the grains. It can be showﬁ (Matheron, 1967)

that the I(1) function is proportional to the first deriva-

:>§:j§ve of the P{l) function. In this case Equation (8.1)

becones: .

-

1

£

m = —1/P'(01f: 1(a2pyale )4l (8.2) . /J

yhich gives, by integration by parts:

~

\

n = -P'(0) /P (0) = %; (8.3) .

where P* (0} is the first dérivative,~£6r 1 = 0, qéﬁéﬁs‘ ﬁ(l)
function. The P (1) funqtion,'ﬁeasured with the'area func-
tion after an ér&sibn'is léss'sensitive to ti strumental
noise than tﬁe Ifl) function. .He -want to compare the
fes&lts from Equations (8.1) and (8.3) %o decide which of

fhe.two‘is to be preferred.

&

8.4.5 Experimental results

The mnean traveiyse m is obtained by computing all the

»

ihtercepts for the \eroded particles for all possible succeé—

14
sive erosions of length 1 in a given direction a, Bl can

329
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be computed by producing a few successive erosions to
5btain: P(1f, P(2), wwe - In practice, two or \}hr?e
erosions are %ﬁfficient; |

The P(l) function is measured, by the Quantimet with the
area funcfion‘after an erosion of length 1; on the Modcomp
II:%t‘is measured by a routine performing hexagonal erosions

and dilatations of binary "compressed" t 'm;ges with struc-
< turing elements of any size and shéper :
S In order to take care of the frame bias“during the
-\&:_ erosion and the covariance measuremenfs which gill be
/i1>described for the Quantimet and the Modcomp II computer, thé
(' computgtions were all obtained w}thin a réctangular area
smallgr than and fully contained within the ima%?,_a zed,
also dfter the transformations. Therefore, the P(l)‘func-
tion measuqed is no sensitive to the frame biaé: the
reduction of .the #;:;;:sfkuring the ergSions or dufing the
translations.

The relationship between 4he two measures in microns, ‘di
and B1 ’ _is shown in the diagram of Pigure 8.31a for
« hornblende and hiotite for different angles of direction

in degrees. The diagranm suggests that Bl is a more reliable

measure of mean traverse on the Quantimet. Because of the

.
. — o ——— T — T i} S o ~

-1 mON" bits for black pixels, "OFF" bits for white . pixels. .

Compression is done for“ecoﬂomizing in storage space,.I/0
q: ’ time and to use fast bit manipulating routines usually

available on most computers.
.. :
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1 . ' .
absence of noise, on the Modcomp II both measures have th%:

same values in different directions. N
The Kodcomp II measurementsléénfirm that n and g have.. \Y
_ _ 1 1 . -
vaIEEs ¥hich are very close. This could not be done on the A

Quantimet. Clearly the mean traverse 31 is a more desirable
reasure in both 'instruments, whege it is quickly computed
with oniv three succe%ive erosions._ In §he case of Bx bofh
apprqaches are satisfactorily fast.

In Figure 8.31a we can also observe an orientation
effect: the mean traverse values vary with» &. A phase cag
be'consiaered oriented if it contains elongated lﬁincles
and the orientation of each.particleviq ppfeciably related
to that of its neighboring particies. For both biﬁ&ite and
hornblende most grains are elongated in the horizontal, o =
0. deqrees direction. Eecause. the areal .proportion of
biotite (5.48%) is far less than that of hornblende (50.
19%), from the diagran of A Fiqure 8.31a we can say that

biotite is nuch mdrg_stiongly oriented: its mean traverse

variation range is proporticnally greater.
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Fiqure 8.31: Mean" traverse and orientation tests.
Relationship between m and Bl, two  measures  of

(a4

mean

traverse in microns () for biotite and hornblende profiles,

and their variation with the angle of direction a.

Open

(ml) and solid (Bl) circles indicate . Modcomp IT © c¢omputer

measurements; triangles and squares indicate Quantimet

720

measurements. (b) Defipition of horizontal (k) and tertical
(v} intercepts for a convex- object at the origin ({I(0)) and

after a vertical erosion of length 1 (I(l)). P(l) 1is

the

area of the eroded object. (c) variations of the ratios of
horizontal over vertical intercepts with successive 1linear
erosions of length 1, for different values of the angle of
direction,a. The data are from the Quantimet. (d) Taria-

tions of the maxima of +he ratios of horizontal

vertical intercept for eroded biotite (triangles) and hornb
Soli

lende (squares) with +the angle of direction «o.
synbols are measurements from the Modcomp 11 computer-
symbols are from the Quantimet.

over

open
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Hare informaéion can be obtained frdm ‘measuring the
ratios of horizontal to vertical intercepts as functions of
a linear erosion by a segment 1, in different .diréctions.
fihure 8.31b shows the vertical and horizontal intercepts at
the origin (i.e. for 1 =0y, IV(O) and‘Ih(O), and after a
vertical linear erosion by 1, I (1) and I, (1). Pigure 8.31c
shows the ratio, computed on the Quantimet, of intercept
functions versus £h€ c&%ﬁlative length of_horizontal linear
érosion. This ratio for different directions, in cases of
convex”'qfains with no héles (inclusions), déscribes an
orientation effect in mixtures of large and small particles:
large particles are more strongly oriented~ The nmnaxima of
the curves, 1in Figure 8.31c, emphasizeé'maximum anisotropy
of the particles which have tﬁeir largest -diameter in the
difection of erosion. The variation of the maximum ratios
for differept directions is a good measure for éﬁaractqriz-
_inq the orientation éattern of biotite and hornblende, a§
shown in Eiqure'8.31d. The smooth pattern for hornblende is’
partly due to the pronounced concavity of the crystals, the
presence. of holes, the elongated shape of these holes and
their positioné within the host crystals. This can be seen
in the érosion pattern of hornblegde.shoun in FigJ}e 8.304.

The correspondence btetween Qﬂgntimet and HModcomp 1II

. . . . :
measurements is guite good (see Figure 8.31d). The Qerfor-
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mance of the Quantimet is, however, much faster (minutes

1

0 ‘ *
versus hours) for sequences of tens of erosions in different

(,directions like those shown in Figure 8.31c for the Quanti-

net cnlv.
The structure effect occurs when the ingividual particles
of a phase present sonme repetltlve character ‘in their ~
dlstrlbutlon in some dlrectlon. ThlS effect nay also depend'
on the orientation. The effect is expressed in quantitative
form by the covariance function which represents the proba-
bility :hat both extremities of a 1ineer segment oriented in
a2 given directioq:?vxare included in the graine belonging to
the same phase.‘ This function is measured on the Quahtimet
by a linear correlator module which works in the horizontal

direction only, and fpom left to right. Measurements in all

directions can be made by rotating' the inmage. on the

Modcomp IT computer:this function. is programmed in the two

are

dimensioﬁé: two identical copies of a .binary inmage
. R 6
shifted along columns. and rows and then compared

correlated) after the translation. The reéult is a coe £i-~

cient expressed in plcture roints of overlap, from whlch the

»

qeometrlcal covarlance can, be easily computed.

. : ‘ o 335
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Piqure 8.32:
crystals for different. angles of direction o.

Covariogramme for the

are ‘for Quantimet 720 measurements,
Modcomp II measurements. Different sym

the different directions of measurement:
(j oo degrees, squares for o =

45 deqgrees.
- =

M L]

image of .hornblende

90 degrees, and triangles for

Open sywmbols
so0lid symbols are for
bol shapes indi¢4te

circle = 0y
o =
/
|(. .
’ 336

110004



The values of the geometrical covariance, expressed as

prdp?ttioﬂs of picture points of overlaﬁ within the area
anaiyzed, -are’ plotted (vertical axis) égaiﬁé@%the shift
lengths in microns (horizontai axis) in Figqure 8.32. .Indi-
3 vidual subdifjsions of shift length correspond to 5 picture

points. For the two images ahalyzed no strong effect of

structure c be seen. The texture can be-ihterpreted as

the result of a homogeneizing metamorphic process indicated
by microfolding and shearing of foliation planes and recrys-
tallization along the different planes. &he metaporphic
processes have oblitérated any peribdical pattern of grain
(“ ’ distribugion which .maj have existed befo;g, within a dis-

e

Linear covariance measurements can be computed within one

tapée‘of'QOOO microns.

or two minutes for each direction on the. Quantimet. oOn the
Modcomﬁ 11 computer'they are at least ten t;mes slower. One
. advant&qe of thel latter appr;ach is the éossihility of
computing the covariaﬁca in any directieon 'without' changing

the setting of the -imaqe.

8.4.6 Concluding remarks

v

Y 4
uicroscopiéi norphological features of amphibolites, usu-
(”. . ally, are<hot described quantitatively. The phﬁéef/)studied
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have 'mean traverses, orientation and distribution patterns

that can be charactefized by-the two aﬁ%roaches used in this

v .

\paper. Therefore, it will be possible to develop quantita-

tive - models for nucleation and metamorphic crystallization
processes also based on the 'morphological and tekxtural

propergies of rock fabrics. This approach has not yet been

»properiy investigated.

‘The extraction of image infofmation from the nmaterial
analyzed, which was not attempted befqre, is cumbersome and

technically complex: fit.is also for this reason that little

'ié known on the guantitative characterizption of metémorphig

b4 »

tefﬁgifi_:;zz—ffin sections., - _ . '

i , O " .

More ? will ~be needed to further speed up the
!

I3

computing time required for the binary transformations

programned onjthe Modcomp II computer, especially so for

lengthy sequences of transformatiops“%hich are produced in

" real time by the Quantimet. The image , Processing approach

is yseful ‘for testinéﬁieésures which are affected by high

noise on the.Quantimet, and fn paticular for extending the
v k i :

_‘ptocessinq to more generalized structuring elements and also

' ~.. .
beyond the analysis of bhinary patterns.

~

-

It is clear that in a near future hard-wired image

analyzers and medium to large size computers wilil merde or

.be interfaced, thus closing the gap between thé\ two

approaches. The results of the simple éxperiménts perfo;med

o

...............
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in this -paper, suggest how-spftvgfé and hardware can be used

in further devélopnenﬁs-bffinaée aniiyzing:Systems.

Because of its working speed, an image analyzer is
. . . - v <

particularly well suited for routine uof&i However, it can

compute a limiged repgrtqire. of .transformations. - The

experiments described here are-a firgt step in S%Préhing for

efficient wpeasurements or transformations_by-comparing'fuo

instruments, - A software dependent system is not restricted

in the <hoice of transformations so that new programs can

4

continudusly be designed for better characterizing image ..
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8.5 Review of studies of rock textures.for the analy-

sis of microscopic ifffctions

. -

ﬂEPsng\the past tvo-d cades several attempts have been

nade. to explain textural patterns in lgneous and metamorphlc

rocks in~.tefms of free enerqy at graln boundarles.j The
following ie a reviev %i contributions which are related to
the -study rpsrformed in this thesis in that they deal) with
the analvsis-of rocks in thin -or polished sections. Most
approaches in those contributions providerthe background for
nore extensive abplications, particulariy if the assumption

can be made of hav1ng at our disposal a dlgltazed image ‘of

the section to b studied. *.-#hile this revieu is not

"complete (the literature on textural patterns of rocks. is

not easily‘accessiﬁle and also is not part;cularly\rich),the
- oL “ . - . ‘e

topics reviewed are thought to be a sufficiently representa-

tiveAsample'of‘geologicallstudies.

Rogers and Bogy -(1958) 1nt:\§tﬁ1;’of gfain contacts in

granitic rocks assumed that lf the dtétf?ﬁutlon of different

minerals is randon and unlform, he percentage of contact'

area of a mineral that is in contact wlth any other nineral .

should be proport10nal to the modal-percentage of the latter;

A

in the- rock. In thls 51tuat10n it can be assumed that the

forper mineral ‘did not affect the development of;nelghborlng

. o T : 350
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feldspar plagloclase—plagloclase contacts were less

conclu that the growth of one feldpar probably prevented
the no}leation of a similar crystal. An alternative inter-
pretation is that a growing potassium feldspar grain causes

rapid nucleation of the .other feldspar lattices in its

. neiqhborhood and simply incorporates these into its own /,;_—gﬁ

PR structure rather than permit their formation as sepgarate
(/Eiains (Rogers, 1961). The information they used was in
terms of "qeometrlc means of the ratio ,percentage of contact

( » .length of a mineral 2 in contif;J/:&:: nineral 8‘ / .modal
' i dal

. - percentage of mineral B". The data were obtained by

-

_ - ;7 vpoint counting traverses and the number of }times each
“possible contact was crossed. - The value of't is ra&io for

the potassiun feISpar?potassium feldspaf ) tacts in the

g;onites that they analyzed was 0.45. . ' . -
) uahan_ and Rogers (1968) used the same method in a study

of graln contacts 1in sonme high-grade. metamorphic rocks.

‘They .computed’ a ratio of 0.83 for potaési:fjfeldsbar—
. \ -

potassium £ hspar contacts., The relatively -rig ratio in
metamo i rocks was 1n£erpreted és 1ndlcat1ve of crystal—'
llzatlon of the pota551um felaspaf in a comparathely solld

| . © medium *in .uhlch growl g grain would probably have less

‘L ' " effect on its envi onmen and on nucleation in its neighbor-
| | - /
| - ‘ y ' Lo . 341 i)
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hood than ‘it uould'have in a melt.

-

ﬁhitefield et al (1959) established definite relation-
ships among textural properties aﬁd modal compositions of

some ggapitic rocks. De Vore -(1949) proﬁased -a model in

vhich relative grain sizes, gsgin,ﬂiettfﬁﬁtion, extent of

. 1
various grain associations, and nature of grain contacts are

iﬁte:pretzg as an expression of a minimum interfacial free
enerqgy /& "the @i erai assenblage. It is a nucleation-
crystal qrow%ﬁ\gggé{ vith a significant influence of lhe
interfacial free 4éngrgy on the. ¢ ystallization of grain,

/\

assemblages. According to the modeX there. seems to be: a

definite, and valid freé—enengy' elationship, that, if per-=
mitted to operate could determinge grain distribution and

place an upper limit on the modal composition of the phases-

"in the system. Thus these macroscopic fe;¥§res of grain

assemblages could be efféctively treated in terms of termo-
dynamic equilibgia.,:

Kre£2ff1966a) gﬁccesfully applied a quantitative approach
td the study“of rock téxtures, and derived eguatioﬁs for ;he
rat; of nucleation frbﬁ infofmation on crystal size distri-
butiong.. The siudy yielded information concerning tﬁe
growth procesges of the mnminerals and 'tbe ;rocesses\'of
migqration of thé%r compoheit elements t@rohgh the rocks:in
which they occur. In another contribution pobl shedw during

the same vyear - (Kretz, 1966b) he de a line of

e o L N . .



s :;.".‘;‘.-__’!j_’_, e
B

3
#

 § - T o, e
A ) ‘ - ‘ .
based on the interfacial angles at the contact between
.severalvqrains and shapés of fndividual grains. He suc-
ceeded in demonsérating solid-state growtﬁ in,metaﬁo}phiE
rocks describing that triple points in metamofphic rocks ‘
were _in positions for theoretical minimum surfaée energy.
Tﬁgfz;nc;usion waszthat several aspect; of the shape 6f
mineral-_graihs in metamorphic-rbcks éaﬁ be attributgd-téla
local reduction_ or minimization of interfacial free energy.
Hobﬁs (1966) observed that the ﬁictostructure of some
Australian tectonites that he analyzed by axial distribution
apalysis (AVA) was consistent with a justment of' grain

.

(“ ' ﬁbuﬁ?dries under the i?fluence of intgrfacial tension. The
ruﬂ§§;Lhich govern thes relationships)| between 'grains. have
been careﬁully developed by ﬁetall rgists and follow into
‘two related categories: '(1) topologicai rﬁigf which go?ern 3 .
the ways in which +the parts of .an aggregate nmust Be;§
' geonetrically related. to on; another, and (2) rules involv;
.ing thel cohfigﬁration which qfains in.an aggregate must
adbp;‘in order to bé in egﬁilibrium under the ,influqnéé of

the interfacial tension of grains. In a single phase

- i -
aggybgate the free enerqy associated with grain boundaries
!

st’ tend to a minimum for eqﬁilibrium and so grain shapes. .

" . andnboﬁndarv‘relationships mpst alter to make this possible.

- _ : ’ 3 ot
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which have a lower free enerqgy.

Vance and Gilreath (1967) used the same ratio used by
Roqer and Bogv (1958)-&m a studf\gf phenocrysts dlstrlbutlon

pattern in,sone porphyrlﬂic 1gneous rocks. Thé contact

relations ' between +the phenocrysp minerals studied reveal a

noderate to strong general tendency for breferential synneu-

sis of crystals of like minerals which is ‘balanced by an

-

‘antipathetic relatlon between unlike minerals in the sane

Lo\ :
rocks. SDElelC minerals seem. t0"<é{iibit colnsistent

- .patterns.

Kretz (1969)  éXxamined in detail the distributiop of

crystal. and c¢rystal boundari€s in .a thin section of
. A N -
pvrorene-scapolite-sphene _granulite. The rock was found to

/
be homogeneous and the crystals of pyroxene, scapolite, and

hene arpeared to be randomly distributed.’ . Hecarried out

sevéral different: homogeneity and

tatistical tests for
atial distfiﬁut' of the crystals.
leferent types of neasurerents were pe formed and different
data were collected and ana;yzed rom one: 51ngle thin
section. . In particular the regsults of the application of

one method, called "line-transeft  method", -alsd used by

Vistelius (1966}, led to the cdnclusion that the nucleaticn
o . e P &

site of any crystal in the rock was independent gﬁ any ofher
.o P .
crystal in the neigﬁhorhood.
Similar statistifal tests appl ‘ by ‘Flinn“,]1969) on
o 3084
' -
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different rocks -show that grainé in gneisses, instead of
being distfibuted at random are specially arranged so that
grains of the same phase tend not to occur in contaét with
each other. This arranqeméntiwas interpreted to arise fronm
grain boundary migratjon leading to the insertion of-graiﬁs
of one phase between pairs of 1ike_grains of . other Phases.

The' process was thought to. be due to the fact that the

+

AT T R

1nterfac1al energies of contact bétween llke phasesg uerg;"

greater thamr those between 'qnlike phases. According to

Flinn, in'metamorphic rocks unlike contacts are statistical--

"

ly favoured over 1like contacts at high level of

* significance.

-

Erlich et 3l (1972) obsérved that surface free. é¢nergy,

vhich is a function of surface area and graiﬁ neighborhoods,

may be a dominant factor in petrogenesis. Texturél_

¥

variables such as’ grain shape and surface area of phagg
éontacts per unit volume can provide information ‘concérning
reaction pathw@ys aﬁd kinetjics.  In a study of the response
of tektural variables to metamorphlc grade they found
proqr9551ve increase - in the*proportloq/bf unlike graln-to-
grain contact with incresing grade. This vas interpreted as
decre51ng the surface free energy. Similarly an increase'in

average size of grains, by reducing surface area, should
4 . q .

' also. result in a decrease of surface energy. They concluded

that a rock of a given composition affected by increasing

»
b
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netamerphism, can only conserve or decrease its,surface free
enerqgy by textural readjustment over a Iimited range. -When

this range is exceeded, chemical readjust ent is probably

-triggered, producing npew’ stable assemblages. It then

appears that surface free energy may play a fundamental role

in - the deveiopment of thesé ‘stable assemblages. Both shape

'and surface area_ of plagloclase gralns appear more effect:ve

" surface energy forvunlike boundaries, and (2) higher actd

»

‘material for diffusion being available in the ifmediate

in deflnlnq the gradlent than are standard comp051t10nal

*' wariables.

. 2 ‘ ‘
Aecording to Byerly and Vogel (1973), who studied grain

boundarv prodbsses and development of metamorphlc plagiod—

lase, the only explanatxons for Flinn's (1969) observatlons

are: (1) the increased effect of 1mpur1t1es on lowerlng

tion energy for unliXe boundaries <due +to diffenence__'
crystal structures and chemical composition, whereas

boundaries have low activation energies with ' the

vicinity of. the boundarf. In" other epords the, lowyenergy
. . §

like' boundaries are more mobile than the high-energy had

boundaries due to the differences in act'vatlon /é ergles.

surface enerqgy. is -a major factor ih ontrolllng the pro-

/ ,r
cesses involved and is itself a function pf t&g geometrical’

properties,  the distribution of phases and the dis;fibutioh.

hcbording to ‘thenm
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grain boundary higﬁgzgpn and impurity segregation are two
. L. ’ »
related processes which occur with annealing of any crystal-

line agqregate; they c¢an explain a- major part of +the
variat}on of the plagioclases fouqd'in metamorphic fééks.

Jen (19751. considered the spatial distributfion of crys-
tals in charnockitic granulites as_a-funétion of inﬁerfacial‘

free energy. Jhe spatial distribution of crystals maméjz;:;\\w

_information on nucleation sites and on the role of interfa-
- ) . ) .

cial free energy. He found that all three major fundamental

\ .

types of spatial distributions may occur Tﬁ a ock: ¢lus-
) N ¢

tered, reqular ,and random {also intermediate /tYypes such as

‘'square tests.

ey gt = g l— s ey n aD

~antireqular and anticlustered). Since thi curs frequent-

s St
ly, although in most of the rocks there are two inste d of

all three types, such mixing mb@g of spatial distribution
would be expected to be the ausual cage rather than -thél
exception. ‘\Tpis suggests that an ideal case of either
random, reqular or clustered distribution of crystals  in
natural rocks is raré, and that totalgequilibrium is rarely
achieved. Jenj§seq point-sample and line-transect me£hods
(Kretz, 1969) in hi® study, and measured an average of 769
transitiéhé per section. The analyses og‘ the transitions

wvere made by computer programmirg and werg based on chi

During 'the pas¥ (twenty years grain -boundaries have

constantly been a studied problem. The most recent collec- N
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tion of papers describing the state-of the art in this field
is in chadwick and Smith (1976i. There the grain boundaries
are described and attempts are nade to explain” their
properties. According to ono of the definitions in the
book, a grain boundary is nor simply a collection of
dangling iattice sites, bur rather a defect structure that
may ‘have somenﬁégree of regularity. Atomio arrangements at
grain Boundaries are investidated, and also are the chemical
oroberties. Much work is being done on computer simularion
of grain houndarles and on the methods of characterization
of gqrain boundarles in terms of structurlng elenents.

-

thtten et al (1975) and also Whltten and Dacey (1975)

studied sequences of m1nerat£graln-transitions along linear

traversé;\\across mutually erpendicular sets of serial
sections of ‘the same Grenville calc-silicate granulite
studied oy_Kretz (1969) ard also in this chaptgr. Rather
exhaustiJZ' tests'that they pérformed proved that the granu-
1iteazgssesses the Harkov-property (Viotelius, 1966, 1972,

Vistelius and ‘Faas, 1972, and Vistelius and Romanova, 1972) .

This propert;\they describe as a property in* which observed

~

mineral grains’are controlled by the composition of adjacent

grains in a rock. Such property seems to réflect petro-

-.qenetically important but unidentified factors. They, con~

cluded that in the granullte under study major constituents
) ") - : ¥

observed in traverses- normal to the vweak mineralogicad

. ( 348"



banding show a distinct non random distributionm which

implies that contacts between grains of the same major.

-mineral are always 1e§s abundant than would be e;ggcted if

the qralns were randomly dlstrlbuted Igﬁ&p;?:;sé of ;&e
'\calc—5111cate granullte, vhich-is a ''metasedimentary rqck,

the uarkovian properties' must be due tok a mineralogf
produced by, high grade(fgzgaffsta1lizati$n in the soiid'

state. This conclﬁsion is in contrast with a model used by

o Visteliws and coworkers which inply that the samé Harkovian
propertles shfuld be typical of "1dea1" granltes, represent—

- ing prlpary crystalllzatlon produced by a melt.

( . Hadsworth ,,(1975) ude grain-transition probabilities

dn
\égong mlneral phases to analyse variation in grain sequence

V . ’
™ among sixty samples distributed throughout the zoned -Corne-

-1ia pluton- in southwestern Axizona. He concluded that
variations .in  the patteras of grain sequences that_he
recognized among the” units of the pluton Justified a
compietelv new petrologlcV\understandlng of - the Cornella
stock. - In his study, wadsw?rth structured grain-transition
data according +to the nodel of "embedded"™ Markov chains,

8 ' éhonq like species. , ’ ..

o which avoids tée necessity ' of ,rgspgﬁfking grain conEEEij

Vernon {1976} em:3h51zed the 1mportance of studylng graln

~ 1 " : boundaries im both Jono—phase and poly-phases crystalllne

aqgteqétes. Thelr characterlstlcs Eanj be related to . the

“~

‘ ‘ . Ag ‘. M . i . : * B .- . . "3['9
| e ' .

e L Ty ) PR




I

structural deformation and to the recrystalllzatlon which®

commonly overlap in metamorphic processes.’.

7 To complete- tpls _rem;ew,_mentlon should be made of few

harticular applications to“a'fery practical’problem; that of'

ore dre551nq, and of dlgltal and optical analysis 'of Lock
textdres.\

Petruk (1975) applied Qﬁantitative mineralogical anélyéis

ninerals of economic value to pqedict the optimum grind for

1ibératinq the minerals and the degree of liberation that

«

ments of the properties of free and locked mineral grains in

rill products show a good correlation between predicted and

‘actual liberation, therefore, demonstrating the advantage of

using an image analyzer (a Quantimet 720) in mineral
ficiation research.

‘ - .

erra (196

énd Agterberqg (1967) vere among the first to

)

analyze +thin sdgtions of rocks by coding the occurrence of
the different grain préfiles by overlying regu;af grids on
nicrophotographs. Their statistical'anal&seS'of theaéﬁded
arrays of dafa was to illustrate new methods of studylng

spatlal relatlonshlps between minerals or mineral groups and

-

ores to ore dressing. He used size distributions of .

would be obtained at this grind. He observed that nmeasure-

p0551b1v contrlbute to petroloqlcal 1nterpretat10ns. Ser-

ra's studv con51sted in the analy51s of'a thin section oF

Lorraine oo0litic: 1ron ore, by comparlng experimental. var;o—‘

P e eyt e P det S i = Sai it e L L L

1350

AN
-

LA



E I‘:—:: M"f-'f‘:lﬂq-_'-, -

[t e 1 T T

'He computed the two-dimensional covariance

-

‘qrans computed in differen@ﬁdirections for three 'miheral .

Aqurberg uorkgd instead on thin sections of a gabbro fronm

the uuSkox layered 1ntru51on, District of uacKengle, tanada.

function and a

two-dimensiodgnal béﬁer'_spectrum of the thin section coded

*

data: .

Whilé'the latter two studies vere ba§ed 'essentially on
diqitai data, a'methoﬁ‘érbposed by Preston and Davies.(1976)
uses Pohriér‘ optics and optlcal data processing for a new

approach to the analysis of porous raterial. ‘The materlal

lgtudledm by - them consisted cf.photomlcrographs'of saﬁdstones

of units forming petroleum reservoirs.

-+
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-a single specialist.

- 8.6 Concluding relarks‘

.

The two applications presented in this chapter are by noy

means exhauStive usage of the software progralled nor

Fomplete studies of the two thin sections. The purpose of

* - the work is in attempting to illustrate a method of’ study hy_

. using’ "real lifen sanples which reguire large size images

-

{the largest size for which GIAPP uas designed is
10f/’x 1024 pxxels).\ In so doing: (a) several geological
and stereological concepts are foramulated in colpnter pro-

*

cessable terns, (b) a number of, possible solutions are

'pointed out, and (c) the efficiency of the couputer approach

is compared with that of special instrunentatioﬁs‘ﬁor ,ilage

analysis.

A reviev -of geological studies on rock tertures is .also

pde berause it represents hoth a supporting hackground. for--

-_ .,

the applications, and because it suggests that other appli-

. cations can be considered uhich go be;pnd the iuugination of -

S

Some iimitations of) the method here proposed ndve also

heen pointed out. ‘The software based approach is very

"general but not’ necessarily the most convenient for routine
repetitive production uork. When special?purpose coupnters,'

-such as the "pipeline processors" will be ea511y available,

’

. . / \ . .
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"’ then the gap eri'sting‘betueen the sftﬁnre based approach

and the hardware based approach will disappear.’
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9. Towards pattern recognition ' ) ¢

4
o, .
-

'9.1 Introdaction

.

Inage or picture proces§ing is the compute; analysis of
data in picture fo:n. Ig ihage processing "pattern recogni-
tioh" generally means the automatic extraction anpd classgéiJ
cation bf computers of features from digital pictures.
Computers transfdrm the images into other images, i.e.qi\new
ipages are prbduced vhich art nore informative and from

-

which a varlety of measures or features may - be extracted.

Digital pxctureip are in \Ef§11c1t plctnrefform.or raster
fornatg a matrif or rCegular array of numbers in point-to-
point correspongence with'points (véry small subareas, also
called pixels) ‘on the orlglnal materzal. The‘numbers chn be
gray level (fllm density) values from  a scanner, labels

identifying objects or groups of objects, colors, or simply

1's and “ors, identifying black and white pixeils in "bxpary'

1mages". Picture processing, in general, does not deal with
hierarchically structured data as is. done in computer
graphics (e.g. Bouille, 1976). |

FSOme geological data sets such ‘as maps (Agterberg and

Fabbrl, 1978 a), photographs, geological sketches (Agterberg

’
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‘and Fabbri, 1978 'b), microscopic images of rocks (Pahhri and

Xasounave, 1980), and sSystematic samples, can be digitized
and processed by.compnters as inages. .0n these pictorial
data sets the "gualitative pattern recognitlon" is performed
by the geologlst wvho uses his prior. knowledge and his.
Vision.- Por "quantitative recognition", specialized methods
and the assistance pf.alcomputer are regquired, .becamse in .
this. pur v1sua1 systenm generally fails.

We have been conslderlng applications to geologicai or
geophysical maps and to microscopic images of thin sections
of rocks or polished sections of minerals, we can classify
those applications in terms of different degrees of uncer-
tainties on - wha€ +to meésuté ‘from the nmaterial to be
analyzed. A ére§ter unqertainty is attached to geological
bouudaries and .tﬁ- ge0ph151cal map contours, than to grain
profxle bound;rles as 5een under. the microscope.

In the appllcatlon which follows, we have a lesser degree
of uncertalnty dn what to measure from a negatlve film of
alpha particle tracks, in order to count the tracks. To, the
human visuwal system the problen seens very simple and such
trivial pattern recognition tasks are taken for gpanted.

For a . computer, this task, as we will see, may regquire

‘considerable computation, since every single little. detail

requires ' its own particular attention, procedures and com-.

puter programs.
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Part of the content of the._ '61f6iing application goes
‘beyond the scope of GIARP, the computer package programmed

" for thkis thesis project. The study was done as a joint
' '

collaboration, and was presented by t§§>junior author to the’

Bighth Annual Automatic Imagery Pattern Recognition Synpo-
sium, held durlng April 3- Q,H\QSS, at the National Bureau of
Standards in quthersbnpg, Karyland. The contributigp vas
published on' the pr&céediugs of the synpoéium‘(xasvand and
Eabbril,lg78)- .The folloving section is essentially the
gext- of the ,published mangscript with a short addition of

remarks in Section 9.2.8. The junior author obtained the

original informatioan from S. Kaiman and W. Petruk who

provided the problem and the sample of alpha-particle.

tracks. Most of the computer programs used for the experi-
ments were already available at N. B. -C. with the senior
anthor. At the time when the study was developed, GIAPP was
in 1its early ‘stages of development. -The junior authorﬁis
responsxble £6r~ the interpretation of the results, the

dxgxtlzathn~ of the image analyzed and the interactive

processxng. >

el .
9.2 Automatic counting of alpha-tracks from autoradio/

graphs of r&dioactiVe minerals
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9.2.1 Abstract

" An  image érocessiffffappfggch is introdnéed for the,
autométgz- separation —and counting of randonly distributed\\\
seglents from binary images of autoradiographs of the alpha
particle tracks ermitted by Fadloactive minerals. The com-
puter algorithms‘presented in this paper provide an élterna-;
tive to :i:ﬁe:§euq and tedxous visgal countlng for statist-
ical estikmation. The computlng strategy is structured to
allow the computer Programs to be adapted to a relativelf

small machine, i.e. , a “minicomputer". This requirenent_

puts certain constraints onto the structure of the. programs

and the amount of picture data that can be kept in the
memori of the fachine. The method described may be fu;ther
developed for the automatic counting ‘of overlapping fibers
in general, éhch ,aél ashestos fiber in air samples for
pollutlon‘studles or fibers in pulp for paper mannfacturlng.
It can al;;\\gf used for the quantlflcatlon of linear
features fronm éeologlcal maps or aerial photoggaphs. The
output of thex-algogithm proyides tabies of labeled conm-~
ponents which can be-used for statistical analysis of the

segments. . e

Keywords: Alpha particle track counting; scene analysis;

image processing; counting; alpha particle tracks; scene
L] N

357

R N



L]

segmentation; separation of line segments.

9.2.2 Introduction

-t

The paéer introduces fn ima&e processing approach for the
automatic separation and counting of randomly distributed
segmeats from binary inmages of autoradiogfaphs;of the alpha
particie tracks emitted bz_radioact;ve ninerals. : .

Uraniam- , or thoriun-beaiing minerals emit alpha par-

. ticles, beta part}cles and gamma rays at rates which are

proportional to the amount of U238, U235 and Th232 that they
contain.

A method' for estimating the'aﬁount of radioactivitj of
those ninerals consists of counting the %unber "of alpha
particles emitted by crystals vhich are located at the
sucface of polished sectioné or in thin sections. -This is
done - by placing a film coated witk alpha particle sensitive
enulsion (5 to 200 microms in tbicknefs) ip“cbntact with the
surface of the section for a given"iéﬁgéh‘ of time. The

appropriate time in each case must be empirically determined

in order to produce a large enough number of tracks for the

estimation, but not so many as to hinder visual separation

and counting. For the present application a polished
¢ . -

section with crystgls of torbernite, a hydrated phosphate of

~
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copper and heiavalent uraniom, has been used. Exposure
times range between one hour and three hours. For a given
;xposure time, the ratio (total number of alpha‘ tracks) /

(tétal exposed crystal surface area)- is rePated to the
surface alpha activity of the crysfal wﬁich in turn is a
qeantitative measure of uranium dbﬁtent. ‘

Quantitative aspects of alpha particle.patterns have been
treated in the past py Yagoda (1949) and more recently by
Rogers (1973). ' '

The image‘analyzed_in this paper is a £Kodak Contrast
Pfoé;ss- ortho 4154 -negatiVe‘ bg. a 130x enlargeueni of a
portion of the cl&udrof_tracks en%;téd. b% one  crystal of
torbernite in three hours. A ﬁositive print of the image is
'showﬁ‘ in FPigure 9.1a. Hbst tracks appear as stra{ght
disjoint segments of different léggths and orientations.
‘The 'darkness of the tracks varies irregularly along their
length. PFew tracks intersect and partly overlap in areas of

higher density. Sonme tracks appear as darker rounded blobs

-

‘of diameters ‘8P to twice the width of the lipear tracks.

The smaller and lighter dots are enmulsion grains of the
film. Larger blobs are grains of dust. This image repre-
sents a general case, encountered dﬁfing routine visnal
éountind: ‘the density of tracks in the image is considered
satisfactory for both visual and statistical estimates (S.

Raiman, personal communication). In the framed area of

359



Figure 9.1a, 102 acceptable tracks-land 3 unclassifiable.

blobs can be distinguished.

The task of counting the number.of objects in a fielad,

* which appear relatively simple to the human eye, is in

reality gquite complex for a2 machine if a correct count is

desired for an infinite variety of sﬁapes, orientations and

overlaps.

359.1

-



- lv.
o :-.. Y \ ' \’ . . / -
. 2N e} .
N, / </
LR
\._ \'h / "’ . P4
A —_— FEEEN / _ ',4
- - -~
] — L2, ‘,Jﬁ%E / -
S Nal e > ’?T - _u\‘.r ’ '
N - ! : - T
~ .~ ( \)j /JI . ) Y ‘\
. / ’ - T ,, , ./~ '- K} /
— ) \ {l‘- . ot -/ ’ u’
- . ,‘ T \. 1 l'{ '
S AN N I
- \f‘ A b : ‘I -
4 - - e - LY ~ N
S T,/ \—-.// E
N\ / /
: \ 1 ‘1 . / +k\ “
1 . \} ") W / / -
' f \ . .
, o~ ,\ \:) / ’ \\\ -~
* __\/' - . Il . \
R T~ e ® - !"( - ‘\ -
s " e / ) I ' « -
A b }--'r'. s, 1, ! - N
P . ! “"/ I ' . \/l ' ‘ \.
re.o. AN )
Figure 9.1a: An enlarged positive print of a portion

alpha

of

particle tracks emitted by one crystal of torbernite.

The framed area has been scahned and processed d%gltally. ‘
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In several applications, the overlapping individuals are
removed from the fleld of analysis in order ‘to ellm;nate the
bias due to crossings (Cruttwell, 1574) or manual 1nterac-
-tlons w1th image analyzers are used, such as light pen
'probes- for 1solat1ng or ellmlnatlng spec1f1c partlcles fron

the screen of TV monltors (Jones, 1975).

The probler of separating and countlng partly overlapplng

individuals from an image, for which the hupan’ eye and’ brain -

-

‘are so well suited, has not yet seen much progress. ihecent
tests made for counting asbestos fibers in air samples

(Pavlldls and Stelglltz, 1976) angh pulp flbers -for paper

manufactoring (Graminski and Klrsh, 1977) clearly exemplify.

both the difficulties'énd the need of this " task. In the

present’ paper experiments towards complete automation are

attemptedé

9.2.3 Alternate approaches to the alpha particle

track problen

4

The ekperiments are carfiff_ggt//on a relatively " small
-qeneral purposé computer ‘with 64K of memory, 16 kit worad,
two 1 ¥ word disks and two 800 bpi tapes. The I/0 consits

~of a card reader, dot matrix printer,‘teletype, on~-line
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randonly addressable flying spot scanner and a memory type

g CRT with- a’ . special “operator consoie. Tme eguipment is
intended for qeneral‘research on picture processing rather.
than specifically fhg the alpha partlcle track problem.

The equlpment allows several possible approachesp

1) Since the an-line flying spot scanner is randomly
addressable, the film transparency of the tracrs could be
used -directlph\as a neéarly homoqeneous {to within the
resolution of the DA converters of 13 bltS) read-oniy Remery
to the computer. This approach has been used quité sucgcess-
" ' . £ully on other problems (Kasx:rand et 'al, 1975, and ‘Kasvand,

(" 1972). Houevér, a rardomly addressable flying spot scanner

_\:.—?* " is not a generally available computer accessory.

k ' 2) ﬁThere is a certaln resemhlance between‘,the alpha par-
ticle ‘tracks and bubble chamber photograpas, i.e. both
contain streaks (McIlwain, 1976). Confeguently, some of the
methods used in analysis of bubble chamber photographs could

’

be used here“\‘even if the spe01allzed harduare is not
available. From results so. %ar obtained it appears that
similar line enhancement alqorithms may be required._

3) The'least.specialized and reasopably‘&nexpensdre picture
scanning device is a TV camera interfaced to sqme Dass
storage device (tape, dlsk) usually via the computer. Thus

a raster scanned line-by-line 1mage is captured for tgrther

[ C' conputer processing. - This method was selected. The film
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transparency vas scanned line-by-line and the resultant gray
. ’ L) ’

L I -

levels stéiti'on*tape as a logical record per scan lindt\
: ; :

This results- o an imaqe' that is far too large for a

nicicomputer memory. : - &
The coﬁflicting requirements og'a large image  size and

small computer memory put certain constraints on the progran ,

structure. The usé of "windows" or small areas of picture

"data in memory’was considered difficult since a conglomera-

-

tion of criss-crossing tracks could_co%er an arbitr§ry size
area; There thﬁs is no guarantee that the imagé of even one
set of briss—grossing traéks could:he wholly contained in
the meﬁor;.' Instead, the image’is processed iine-by—line,

-

vhere only one or a few lines are in the nmemory at a time.
* »
This, of course, means that a track is practically never

"wholly visible" to the computer.

9.2.4 The-@resent processing sequence

The fundamental choice to be made is ﬁhether ‘to direct
the programming effort specifically towards.thg alpha par-

ticle track problem or to use a more generalized approach

4
- where +the tracks are only a special case. The generalized

approach is, of course, .far more attractive fronm the

research point of view, even though it results_in rather
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extensive computations and is slower than an efficient
oA :

» . specialized - alternative. The danger in the specialized ..
approach is the lack of appreciation of éll the diffiéh;tieé’
that will be encountered‘which, i, they cannot be resolved,

will be blamed on poor pictidre quality.

In a research environment devoted to picture processing a

fair set of applicable programs is already available,

frequently accaﬁpaniéd by a picturg Processing philosophy.
Consequently, thé_wpath of least resistance is to use
whatever programs and’ methodologies are dpplicable, and to
add new ones8 as required unfil a processing sequence has
been established for pilot runs. Based on the expéﬁiénce

.qained  and results obtained the practical realization of a

‘ﬁrodu tion*setup can now be evaluated.
ob nions differ #s.to the actuwal algorithms to be useqd

lidis and Steiglitz, 1976, and McIlwain, 1976). It is

anlikely tha} oneﬁunique best method exists for solving a

reasonably 'complicated pigture proceséing problem. The

-

merit.of a ﬁrocessing method is in its results. In our case
the following sequence of processing steps has been trieéj,zf

and their successes and failures illustrated.

-

1Y Amn enlarged film transparency (35 om) is scanned in a

Y

reqion -where a characteristic set of tracks can be seen. An
example is shown in Figure 9.1a. The scanned pixels are

written as one logical record per scaff 1ine: 161 records of
e < S a8 C

R
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‘256 pixels in the present case.

2} The scanned gray level image is higﬁ pass‘filtered‘fo,

remove some scanner shading (Figure 9.1b) and tﬁ; “result

thresholded to _obtain a black and white or binary image'

(Fiqure 9.2a)-.-
3) For every pixel on a track the distance to its closest

»
contour is conputed in order to estimate the average

thickness of each track.

'u) The binefv image is thinned to one element thick 1lines

{
(Figqure 9.2b) by using a 8-neighbour rule. The thinning

simplifies slope computations but is mainly carried out ‘to

facilitate the location of junctions between cr0551ng line

. elements and the llstlrg of éhelr connect1V1ty.

%,

4

The black and wh%te conversion and subsequent thinning

results in some'iﬁkormation loss. Howvwever, it is believed

gpat this loss is outweighed by the resultantm simplifica-

tion of the problen. Specialized track sharpening at the

'qrav level stage will be required since some of the tracks'

[

tend fo breack.

‘5) The qunction points tetween cr0551ng tracks are detected

and numbered sequentially. This segments all crossing lines

at the [junciions. The resultant 1line elements will be

W'

called seqments. A.segment nay thus have:

a} No junction, in which case it is a free standing

-

line consisting of one or more: alpha particle tracks.

T L
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- Figure 9.1b: Thg scanned .and high pass filtgred image of
the framed area in Pigure 9.1a. The:image contains 161 rows

of 256 picture elenrents.
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Pigure 9.2a: Biffary representat:.on of the scanned image in
Figure 9.1b, his black and white representation has beeh
obtained by-simple thresholding.
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Figure 9.2b: .The thinned binary image obtained by thinning -
Figure 9.2a using an B8-neighbour rule. Computer analysis of
the alpha particle tracks is based on this image.
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b) A single junction point.
c) Two junction.poiﬁts.
A segment in cases (b} and (c) may consist of a s{ngle track
» connected at ends, a line consisting of npultiple tracks
joined end-to-end or a -part of a track. Basically all
combinations are possible.
6) Since the machine "sees" only one or a few scan lines at
onge, i.e. enlx a few scan 1ipes are in computer memory,
each segment is given a unlgue label (serlal nunber). At
this pvint in the proce551ng, the binary picture contains
1% ‘ serially numbered junctions and serially numbered segments,
illgStrated in:Figures 9.3a, 9.3bs Pue to the unequal
character andlline spacing on a printer, all these pictures
. are stretched vertically. The letters symbolize segment
numbers and the numerals junction numbers. The dots repref;
sent the background. The segmenfsvcan be tabulated indivi-
dually and -their connectivity at a junction can be deter-
nined uniquely. : '
. n Compute the 1oca1 slopes of the line segments and smooth
these values once or twice.
8) Based on the local slopes, it was initially expected
that either a slope.histogram or a pojnt-to-line fransforma—
tion. -(Duda and Hart, 1973) per segment could be used to

( ‘ | partition a segment if it consisted of several tracks.

-»
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igure 9.3a after p

.

A sinple T junction between two tracks.
Track cluster in Figure 9.3b after éro:essing.

A more complex track cluster,

Track cluster in F

A B

giving two identified tracks labelled 0 and M.

Pigure 9.3a
Figure 9.3b
Pigure 9.4a
"Pigure 9.4b
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However, too many counter-exanmples have been found.
Straiqght- line fitting algorlthms are now also under’ develop-
ment. When thgé; experlments are complete,- and no new
compllcatlons arlse; each seqment vhich is not stralght will
be broken at the "kinks", by 1ntroduc1ng new junctlons. For
simplicity, all segments will -be relabelled resulting in a
picfﬁre of jqnctions and straight lineé segments. '
-At the moment +this computation stage is bypaésed. Since
most of the 101n1ng segments are reasonably straighz, the
connect1v1tv algorithms can be tes@ed irrespective of the
missing processing step. fThe overall track count, howe;ef,
cannot be  used, but the results 'of machine counting of
1ndlv1dua1 track clusters can be checked.
9) The individual segments meeting at every junction afél”
checked to determine vhether they can be comnnected. 1If a
reasonably straight composite segment can be formed of two
seqments meetlng at a junction, this connection is made, and
ihe segment and junction tables are updated. jghis process
is iterated until no further segmené joining‘is possible,
10y As usual, a éhole series of‘ugpxpected:problems arose.
The complicated junqtions frequently consist of several
neidhﬁourinq Junctions separated by segments which are only
one or few-pixels long. 1A typical g&se is shown in Figure
9.3b. The solution adopted at the moment is to amalgamate

doubly connected short segments {i.e.,. segments COnnecpeq at

4 o o . _ 371
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2

- '
-each end) and dunctiens. This makes the neighbduring

junctions merge, resulting in larger Junction regions but

allows the 'cdnnectivity algorithms (in step 9) to proceed

- past such imperfect Jjunctions. ~The pixels forming the
i _ " _

=

junction are added to the composite segments -to obtain a

reasonably accurate measure of track length.

.

£

'11) Processing steps 9 and 10 are iterated until no further

seqmeht connectivity takes place. In most of the cases the
resultant connectivity is quite'comparahle to human perform=-
ance, given, the somewhat degradedithinned binary image as a

starting point. Several éeparated'track clusters are shbwn

, o . .
in Fiqures 9.4a, b, ¢, and d. 0f course, somewhat comical

results may also occur, (Figure 9.4e) while the count may
still be correct.

12) Exgept for certé&n problém areas to be discussed
separately, the computational aspects of this ' problem are
‘now: Ro lonqér in theupicture processing realm. A table of

results is available which contains:
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a) The track number, i.e. . the final serial number
assigned to the joined segments. -

b} Junction number(s) to which the _ track may still be
.connected but furthe;.amalqamation cannot take place.

c) Thé average s}pﬁe of the track.

. d) The length of the track, i.e. its pixel count.

€¢) The average track thichness.

f) The average gray level along the thinned #rack (if
wanted). ) ' |

q) The:«x=-v.xcoordinates pf fhé track center.

Additional information on track linearity; its "strin-
- giness" (length/width ratio), average gray level, etc. is
or can be made available to forn ‘a decision space for
recognizing tracks frém other artifacts.  Furthermore, the

basis of an interactive display and verification stage now

exists.
9.2.5 Some remaining problem areas

As already mentioned,. the gray level image needs
fufther filﬁefing to prevent fragmentation of weak  tracks
'in the binary image. . At the sape time, however, close
parallel tracks or traﬁks crossing at a very shallow angle

should be converted to a proper image to allow the
® ) :
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.thinning algorithm to work properly. Pigure 9.4¢ illus~
trates one such case;’ Two parailel and toaching tracks
may only be Qistihguishable by their nearly double widths.

.;Another problem is a track in the pictare plane crossed
by another track nearly veftical to the picture plane. In
this casé;the track coatains a dot. Given proper fllu the
gray level density at the.crossing point can be higher
than along the rest of the track. However, the gray level
density alone canno£ be used since similar density valqu
occur at two crossing tracks.

. Two colinear tracks joined at their ends will form a
track with higher dersity at the Junction point?' In
appearance the resultant track would be very similar to a
long track crossed ét.nearly right angle to the ‘pi ture
pléne by another track. Thus the track count is 1ik;§;\to‘\‘
be correct but the interpre;ation vill be incorrect, “

The large blobs of black and the very small points are
relat;velx easy to distinguish based on the distance to

closest contour and density neasures.

9.2.6 Conclusions

+A rather lengthy sequence of processing algorithms is

described and' illustrated to solve -the alpha particle
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track counting problen; From the practical point of view,
tﬁe present solution 'may be teo reseacch orienteﬁ and
lenqthy to be of direct practical use.’ However, consider-
able sinﬁlification of érograns is possible,_ and nan}
processing steps can be collected into a single prograa.
Due to some unexpected problem areas, the string of
algorithas is not yet completé, but the major problems, it
is believed, have been solved. The programs allow bver-
lapping c;rved tracks to be studied, connected, measured
and counted. ‘The-constraint of stralghtness, posed by the

alpha partlcle tracks is only used in two places, nanely

at )thq segnents joining stage where additional decision

paramet r's have been zeroed, and at the segment 'linearity
checking‘ tage, which for the moment is incomplete.

Even though overall counting comparisons between man
and machine are .not available, the problem of track-
clusters, which poses one of the majér difficulties for
automatic coﬁnting is basically solved. The couplexity of
the required mechanized solution illustrates the variety
of procedqies available to the human when solving similar
problems. To "unde:stanﬁ" 2 picture we ourselves apply a
variéty of method’ to the problem, both with ease and
witPout necessarily e;en being aware of all the complica-

tions. Obviously, if a machine is to rival hunan perfor-

mance, each and every processing step has to be described
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logically.

"o

The approach presented in this paper can be appliéd to .
other types of images in whiéh straight or éurved line oo

patterns occur, as was done by Kasvand (1978 and 1979),for‘?ﬁh;

.,

paper pulp fibers and for Chinese deograms. One of ‘its =

*

ddﬁantages is that the output of éﬂEse algorithms provide
tables of labelled components which can be used for
statistical analysis of individﬁgl segments; The method
represents an altéénative to optical procegsing for quan-.
tification and selectivé extraction' of‘ linear features

from mapé or photograpks. in fracture trace analysis

(Norman, Price and Peters, 1977, and Harnett and Barnett,

T

h-/
e

o

1977) .

v
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9&2.8 Additional remarks

. ' . o
.

ra

» k4

Later developments of this study has completed the -

sequence of algorithms by introducirg an additional pro-

g
. & ‘- —4’—‘
7
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mahs,

-, ]

céSsing step between steps (5) and (&) of Subsection

9.2.8. In this step, all places on the lines where major

changes of _ditéction occur ("kinks") are located and the

pixel at the kiﬁk’is-removéd.in order to break the 1lines

{(Pabbri dﬁd Kasvand, 1980). | The introduction of this
»

step, allows satisfactory overall counting correspondence

between man anw nachine.
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0. Eﬁilogue

v
o

This the51s vork spans through three different aspects

of geolog1cal irage . processing: the . philosophical

P

approach of™ image processing in‘geologj, the programming
of the image proceésiné software, and also several appli-
cations to geologlcal problems including one pattern

N

recognltion experlment. Any undertaking which covers all

the‘;three ‘aspects, is certaih to/ be a heavy cdnmittnenﬁi\\(

,J/éhis thesis resulted in a work jyh\f>das of ﬁecessity much

underestimated both in e k 1abour, and most of all-in
; the complexity of,the Ezizzzgid;et durlng the study.

, It was .important to_ezperlence concretely the ‘conse-

quenceé of the suggested approach with applications of the
-dimensions and .the :chracter‘ of conventional~geologica1

studies.' Por. this CLeason the analysis of considerably
. large (1000 pixels x 1000 plxels) images was performed at

sonme depth for elther geolog1ca1 map\;bttepns or nicros-
‘-copic images from thin sectious of ﬁQcks.

It is of interést that sudh.;applicationéuuere not
started atrthe‘cgmpletioﬂ of the computer programiing,
i.e., 1in the order of the chapters of the thesis.  on the
contrary, the applications started glnost inﬁédiately.

The problems encountered in those'applications, and the
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solutions required, wvere the best guidance for building
the necessary software. It va;.the continudus feedback
durihg the applications which helped in correcting both
the philosophical side. of the approaéh, and the type of

processing.

This exercise made the author aware of hqw difficult it

"is to ‘convey novel ideas and methods to the other

geologist " colleagues, without taking personally part in

the practical applications, i.e., there, where the real =

problems manifest themselves.-

Let ns-now nake a "summning up" of the present study and
then conclude with some outlook on thegpossible develop~
ments of image pﬁ?cessing in geology at least"‘uithin the
framevork of this thesis, .

AL general. statement on geological images and how they
can be useful is made first in Chapter' 1. Chapter 2
describes a small computer dedicated to general image
processing.‘ Chapter 3 introduces éhe software package
GIAPP which enablés the geologist to perform the pfoces-

sing himself. 'Mention of the structure of the package and

.some of the more relevant algorithms ir GIAPP is nmade in

Chapter 4. <Chapter 5 justifies,<from a ptogrammer's point
of view, the particular kind of pfacessingrproposed.
Parallel processing and processors, stereology, nathemat-

ical morphology and image analysis are the fields from
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.

wvhich support for@the analysis of geological data by image

processing methods is sought. Simple examples of the

‘processing of binary geological images are illustrated inm

Chapter 6. It is only in cnéQ:;;U? that a case history

application to the study of re nal mineral resources is
made. In that application a set of large images in
registration with one another is used. The description of

the experiments is preceeded by a detailed account of the

required digitization and preprocessig steps. : Chapter 8

describes the scanning of line drawings from thin sectiong
of rocks and %hé preprocessing related to this type of
digitization. Tuo‘applicatiops are made in the chapter to
a previously studied granulite in search for a pattern,
and to an amphibolite for comparing the performance. of an
image analyzer (hardware~baséd approach) with that of the
software programmed on a minicomputer (software based
approgph).‘ In Chapter 9, which is entitled "Towards
pattern recognition®, a firét experihent is made of truly

automatic processing. Chaptér 10, this chapter, is a

_ﬂsﬁmming upY of the work done. Appendices follow the

chapters, containing: the 1list of references cited,

Appendix A; GIAPP'S user's guide, Appendix B; and the

organizational flowcharts of the programs and routines in

_ the package, Appendix C. As mentioned earlier in Chapter

2, the source 1listings of the Fortran programs and

3g1
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routines, anad those‘of the machine routines, in GIAPP will
be available as a “separate technical - report {Fabbri,
1981).

What are the consequences of this study? Is image

.processing really usable in geology? Should ve .expect

more in future, or should we consider this experipefit 'as

an isolated peculiar venture, destined to remain in the

‘records of the methods which ' are searching for an

N

application?

0f course a complete answer to such guestions_cannot be
provided by éhis vork. -However, the applicatiqns per-
formed, suggest that many geological prbbiems can be
formuléted with models and can be presepted in'forms which
are very similar to image processing prbblems; The
capability of a computer to complement human vision in
some quantitative tasks, and to-pérform as én interactive
helper is being currently exploited by Ban¥ geologists.
New  powerful techniques for the definition and subsequent
recognition of desirable "environments" in economic geolo-
gy are needed because of the demands for résources
estimation.

As the autoﬁobile repfesents an extension of our Senses
- ¥e can actuoally feel a boulder under the wheel of our
car alﬁost@gs if vwe touched it - or .as the microscope

gives us the opportunity to penetrate the microcosmos -
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vhere our €yes cannot See by themselves - so computer
processing can tell us sonething - about the properties of

crystalline fabrics. It can also 'gnantitatively charac-

terize those properties in_a systematic manner which is

o
often entlrely beyond our physical means. 2 hachine can

detect a foliation that we cannot see but We .suspect that
exists. The machime can tell ‘us how nmuch is a ;et of
crystal proflles more strongly oriented than another set;
it can also count objects, falthfully ,and  persistently,
relieving us of tedious and erTOor prone mechanicat)tasks
in which .we would not like to be involved. Of course this
Jachine does regulre our guidance in order to perform with

any 1ntelllgence.

The applications made here, have a npain purpose. A

ééologist Sshould not be afraid to use a novel technology,

L_ .
because as Soon as the suspiciousness for the machine and

for its rules has bpeen overcome, he has a faithful

assistant for expanding his work in many ‘conventional

studies but also in some ney Systematic aspects of his

research work.

fhile the applications have the maiﬁ purpose of enrich-
ing the software of algorithms which could not be imagined
vithout practice, they also want to familiarize the
geologist with the image processinp approach by way of

example. It is the author's -hope, that this heavy
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committment haS'produced at 1eas:§£\nodest contribation in

communicating with the geological community.

10.1 Publications '

Several papers fhave been produced /from the material of
this thesis, and are either published@ or under submission.
The content of the pubblications, however, not always

corresponds to that of the thesis, since much of it is

Still entirely unpublished, and also because son

papers represent applications beyond the purpose of \the

thesis. They are as follows.

( 1) "Automatic counting of alpha-particle tracks
autoradiographs of radioactive minerals” (Kasvahd and

Fabbri, 1978), described in CQapter 9.

( 2) "Spatial correlation of stratigraphic units gquanti- -

.fied from geological maps*" (Agterberg and Fabbri,
.1978a), described in Chapter 6.
{ 3) "Stasisﬁical treatment of tectonic and mineral depo-

sit data" (Agterberg and Pébpri, 1978b), partly
t . related to this thesis. . X c '
( 4) rmpicture proceséing of geolbgical images" (Fabbri
‘and RKasvand, 1978), described paftly in ChapteF 5.

( 5) “"Implementation of an interactive systea for comput-

. , . o . 384
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» o . @r processing of geological images" (fabbri, ;;svand,
and Stra}, 197é), described in Chapter 2.

( 6) -"GIaPpPP: geological inége analysis progran package
for estimating geometrical probabllitles" * (Fabbri,
’1980), partly described in Chapters 5 and

{ 7Y ©®A picture processing approach to steréological
-problems* (Fabbfi and Kasvand,'1980e, partly related
to this thesis. - |

{ 8) “Experiments on the characterization of metamorphic
textures from g nicrograph of an amphibolite® (Pabbri
and Haséunave, 1980) , described in Chapter 8.

{ 9) "aPplications at the interface between pat£ern reco-
gnition and geélogy" ‘{Fabbri and FKasvand, 1981),
described in Chapters 7,8, and 9. .

(10) "pigitization and procéssing of ldrge regional geo--
logical maps" (Kasvand, Fabbri, and ¥el, 1981),
partly related to the.content of Chapter 7.

(11) ﬂPreliminary geomatﬁenatical analysis of geological,
mineral occurrence and geophysical data, Southethern
District of Keewatin,'ﬁb:thuest Territories" (Agter-
berg et Q1, 1981), partly related.to the content of
Chapter 7. |
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4
User's guide for GIAPP.

N | 5

This user's‘gulde is intended as a set of instrnctions to

1n;eract1ve Processing sessions in’GIAPD. It also illus-

trates in detail the capabllity of the softvare and the
simplicity with whlch the systen can be run.

"+ The procedures, represented in Appemdix d:%s orerational
flowcharts, are not‘°necessarily the only vorking solutions
possible: mucL of GIAPP's versatility lies in the possibi-
11ty for the user to assemble alternative solutions to
processing paths., | _

The generality of the ver;eus routines, called by name ip
a Fortran-like call in the guide, allows the usér to readdly

allocate storage devices _(magnetic tapes or disks), to

choose from several’ 1/0 - devices for input and output of

. .
~JLmage data, to use several dlsplay devices, and to activate

a variety- of proce551ng algorithms.~ It then becomes a
relatively 51mp1e exerc15e to construct “a solutioh“ to a
given processing task via a preferred sequence of cells to

appropriate routines. o 5

. _ s
JThe user's guide gives a short description of each -

routine, followed by a CALL ROUTINE NANE statement. " This
contains a list of mnemonic codes, for- the calling parame-

ters and the assocxated addresses, fos,iptefactive-substitu-
A o :

. .
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tion of their present valueé&‘with the new values for a
succésful; run. The infqrnation is folloved by a 1list of

the mnemonic parameter codes, a description of their neahing’

and the va;ueﬁ ' that they are alioved ;o assume. Rhen.
required, some notes to élarify the'ﬁsage of the' routines ;
are‘also added. ' ‘

Bach dgscri?tion is Aenclosed.,in‘ a;‘rectangular box,
preceeded by the-calling nﬁmber‘by which the corresponding’
routine is’ activated. The user. simply checks thatthe
parameter values are satisfactory and calls the routines ny
number. ?ih general, after the parameter defaults héve been
read in, only-a few need to be reset for each call (e. M'g;,
particular I/0 data set, DS, numbers). . ‘ -

As exemplified in PFigure 3.4, ' in running GIAPP any
routine can be calléd after the system_prémpt "IG005:I2" is
g;vep, by entering its calii;g nuaber (65 in the. systea
prompt refefs to MASTER 05). Tpe roatine pame and ‘the
* values for the paramé;ers are echoed, proviﬁiné cheéking and
record for future reference {see Figure 3.4). nfteF the
routine is run, the system prompt is agaiﬁ given _and the'
next routiné can be called. _This providés a s;nplé conver-
sation ahd‘;llovs the user to interact at each major sStep
during a session. .

In general' erroneous conditions for the call or daring
-running_gf a routine, are detected by the_rontine,.an error

: . _ \
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méssagé is enerated arnd tﬁe routine is exite¢ after
printing/;;—;ie terminal its name, én €rror nuaber corres-
ponding to-.a specific positior within the routine, and a

- \list of relevant pitguetef' values .ﬁhich uiIi help to
) j&ﬁgntify the error condition. = The control returns fbfthe :
user who éhen identifies the causé.of errcor, modifies the
'paramqter'vglﬁeé, and broceeds‘by calling the routine again.
‘It is na&visable to drav a flowchart of the.processing
prior or during a .session in order, fo “facilitate the
interpretation LOF prefious runs. The teérminal listing, the
printen'(vérsatec) listings and plots, and ‘the phdtographs
of the teievisipn .(f;ktronix) plots will provide conplete

documentation of the work done.

-

.
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HNOTE

- SUPERMASTER I is an _"unlabeled system®. This means

.that’ (1) it does not have automatic file management capabi-

lities, and (2) digital image files do not contain a header,
which describes image type and dimensions, nor a comnmentary,
which records -the history of processing. The image file
consists simply of the pixel values, arranged in records of
N pixels (computer words) times M rows. An end-of-file mark
is written at the end of each image file. -

oo ,

The image dimensions, the image sequence and its identi-
fication should be known in advance to the user because of
careful manual bookkeeping. In order to reach the desired

file on 'a magnetic tape, use of * calls is required for
advancing one end<of-file mark (AVFILE), or for going back.

past one end-of-file mark (BKFILE).,. on a given tape mounted
on one of the two tape drives available on the computer.
The supervision of the subsequent behaviour of the magnetic
tape must be exercised.’

Pile elimination is achieved by overwriting its records

, wWith another file. Because of the dimensions of the images

processed (1024 pixels x 1024 pirels maximum) which can
exceed one million computer words, only three input/output,

1/0, units are available: the two tape drives and two disks

restructured as one single -I/0 device. Only one image file
is allowed to reside on the disks. I/0 device numbers
alloved are 11, 12, ana 17, for NT11, MT12 and  the disks,
respectively. .

A linkage to éhe labeled systens of irage data management '

in SOPERMASTERS II to Vv, is obtained by sonme algorithms
which optionally can create labeled inage data sets, Ds's,
on one of the twdb magnetic tape devices. '

Running Jobs in automatic mode is possible, within

SUPERMASTER I, by entering "04" soon .,after the prompting
message "IGOM:I2", The program control will be switched to
the card reader which will erpect commands in the format angd
the sequence prompted on the teletype at the entry of the
aatomatic mode. Instructions froa cards will be executed
like during an interactive session. However, if an error
condition is detected by a program, the control will
automatically return to the user on the teletype. This is

also achieved by setting SENSH 1 on the computer,

e e e e A
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SUPERNASTERHR I

4

"SUPERMASTER Iw in'GIAPP:‘ scanning, thresholdiné and pro-

cessing of grey level images.

i

L)
SUPERMASTER|MASTER FONCTIONS
i |

[ S e e ——

I 01 Scanning on a Flying Spot Scanner,
display of the results of the scans,
creation of grey level images, study

and display of grey levels, thresholding
of .grey level images, and creation ,of
binary compressed images as labeled

-data sets for subsequent processing

02 Selection of subpictures from large

original images, point operations on

A I,

pixels for grey level images

o Smanth  w = am o me



01

02

03

o4

05

MASTER 01

(o vt

‘ Rea intggér and: floatin oint ults frop cards

CALL READCH

e G ot

[r S T e e e —— —— ——— =y

Copy picture‘data from device to device

CALL COPY2H( NTR, NTW, IDIAP, JDIMP,...)
. N uer 468 569 470

MTR,MTH: inpufy, output picture devices (11, 12,

_ > ot 17}; copy from MTR to MTH.

IDINP,;JdDINP: x,y picture dimensions. )

NOTE;: magnetic-tapes nust be'positioned'correctly
before copying starts. A

._—-——.-—ﬂh-‘

e s e — o

r .

| Set pincushion correction constant

| ) .

{ CALL INLIT(0) e

[ ]

T r - L

| ZerolP S Scanper DACS (digital to_ analog copverters) |

| o ) . ' |

| K = LITGRY(0,0,0) |

1 J

¥ . L 1

| Select area in picture for scanping and processing |

' - . .;‘..‘w I

| CALL SELAR1 : ’ 5 I

| . D ) {

{ NOTE: all parameter values are transfered via COMMON: |

| ‘comnunication via special command console and |

1 Tektronix 611 displays vith menu and plots. |

1 '
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06

07

08

09

19

11

U ——
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e e e e e e A e o e e

Test F S Scangg and displ results of sc

____,E_u__s_!._____ang__gn
Tektron;x 611; gLso print grey levels op Versatec

CALL SETBEA

NOTE: all parameter valnes are transfered via. COMHON;
commurication via special command console. and . -
Tektronix 611 displays with menu and plots.

,
i —— — — —— "
.

’

- —— ety

nt_table of default vglues
CALL TYPIDM(ILPV) .

—

t_integer_data . oo

CALL EINDAT

"EINDAT: ENTER I,J:I4,I6"
(address and value: if address 1s neg. print valne)

o e e o)

; ' /
—
Enter floating point data //;///// o |
S A ‘ |
CALL EDATIN o : l
T . ]
"EDATIN: ENTER I,J:I4%,F15.6" < |
(address and value~ if address is neqg. -print value) o
[ ]
T - L
| Go_to master ., |
- - |
Il "G I APP: SHN IV l
{ |
{ "IGOH:I27. I
1 _/ J
¢ . ; : = )
| Go _forward over one end-of-file ck_on_device MT11 1
| : ' |
| CALL AVFILE(IUFT1) . : - |
L i |
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13

14

15

16

17
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Go_forvard over one end-of-file mark opn device NT12
CALL AVFILE (IUFT2) , - .

Py

L(;r:o'yack one _end-of-file mark on device MT11 .

CALL BKFILE(IUFT1)

I

Go hackane end-of-file mark on_device MT12 .

CALL BKFILE (IUFT2)

e e o

(o - —

Initialjze magnetic tape on MT11 for labeled systenm
DS's . L

IF (TPODEM(0,~1,...))

S

Go_througli magnetic tape on NT11, read all header:
-g_gg_ggggg%gg. and create occupancy table for labeled
11 ,

DS's on_ M

IF(IPODEN(0,0,...))

R

Rub last DS _on magnetic_tape om MT11

IF (IPODEN KDS,3,...)) |

e v
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‘ a;g write grey level picture either as labeled DS__ or
a

J

sScan, on the_Flving Spot Scanner, pjcture. ip_ square
raster or in hexagonal raster scannjng copfigupation

anlabeled picture datg file

CALL SCANS2( MTX, ICFIX, JCPIXypeecncngonenae MAXDIN,
, ‘ 433 113 114 % - ‘ 438

IRONTP, IDISP, MAXGR, MINGR,HGRAYS, IBLEH,
. 435 437 430 . a3 123 257

IPOLSE,IPULST, NREAD,ITAPES,IGRIDS, LEVS,
10 152 458 477 - 362 - 478

IWAIT1,IWAIT2,ISQHEX,...)
480 481 361 -

NTX . : magnetic tape drive; 11 or 12 for NT11
- or NMT12. '
ICFIX,JCFIX: center of reading and display, fixed
and in one-to-ome correspondence.
.IHEXQFH: maxinum desired dimension of picture
N on tape; less or equal to 1024.
IRONTP: 1=write on tape; 2=only test and display; .
3=print B and W picture on Versatec.
IDISP : .neg.=for no display; O=for point display;
. ) pos.=for grey level display on Tektronix.
MAXGR,MINGR: ‘mgX. and min. grey level values at
Cem I0P afgd ILO in percent. -
- NGRAY : pumbex of grey levels in display on
ektronix (u to 7).
IBLWH : ‘pos. for black on white: neg. for
vhite on black.
IPOLSE,IPULST: pulse line (dumay), pulse
. Strength (0 to 7). : -
NREAD : number of grey level readings from same
X,Y point; neg. for square root, .
0 for LITTON, pos. for LITTAV. )
ITAPES: 1=for labeled system; 2=for non-standard
tape with header; 3=for non-standard
tape without header, and 4=for BCD
, fornatted tape- for outside ocomputer.
IGRIDS: neg.,or 0 for no grid printing on
Versatec plotter; pos. for grid i&inting.
LEVB ': last B/R bias (scanal normally).

— e a— ——‘——-—-—-—-—-—————_-—--————_——-.—_-—_—‘_—_—-.—.—-—_——-—
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IYATIT1,IWAIT2: delay loops between printing of
lines on Versatec for contrast, and
after primnting, respectively. .

. ISQHEX- 1 or 2= squate raster, 3= hexagonal
raster scanning.

NOTE1: need MAXGR, MIKGR, NGRAY if IDISP = 1.

NOTE2: if  ITAPE = 2,3, then NAXDIN can go to 1024.

NOTE3: set SENSWH 7 to cut run. If tape is written,
the file will not be complete bhut end-of-file
mark will be written.

NOTE4: if SENSW 2 is set, row being done is typed.

e NPT

Print selected vindow of picture as digital grzntout
on_Versatec

CALL PICTOH(IUND(1), (2), (3),IFORM(1}, (2}, (3),
' 300 301 . 302 303 304 , 305

IpIMP, JDIMP, IAREA, 1ITOP, JTOP, 1BOT,
469 470 310 306 307 308

JBOT, NEWPO,...)
309 299

&; IOND(.): first, seconfl and third input devices

for input pictures (11, 12 and 17).
IPORH( ): fist, second and third picture
printing formats; neg., 0= {2515),
pos. = (25(1XZ4)) .
IDINMP,JDINP: x,Y plcture dimensions.
" IAREA : area selection; neg., 0 = print
entire picture, pos. = print omnly area
‘Qefined by (ITOP,JTOP) (IBOT,JBOT).
NERPO : 1= for change page between picture
stripes, 2 = for no change.
IToP,JTOP,XBOT,JBOT: top left and bottonm
right corners of printed area in
: picture coordinates.
" .
NOTE: SENSHW 7 set cuts printing.

etk et Ui 15O A B PR LAl i et R B b a1 e
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L PPN

#hnza

mtmdamd



20

21

(o e — —— )

e U R

e e m a—t ——

r - - 1
| Read trajectory data from/ maqnetic tape |
' . £ : I
1 CALL RTRAJV( MTR, i
|. 4 1
! i
{ MTR : inpuat device for input file; i
| tape only = 11 or 12.. |
[ ] J

. .
Write trajectory_data on_magnetic tape l
- |
CALL TRAJ1( NTW,...) . [

468~ . | -
—~_/ | o]
) MTR  : output device for output file; I .

tape only = 11 or 12, . |
[ ]
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Plot trajectory (+ data) on Tektronix 611 of op P s
Scanner - : :

E
4 ' |
|
|
i

CALL TRAJD3( IDINP, JDINP,ISCOPE, ICENT, JCENT, IDXY,
' ) 469 470 246 248 249 250

NPULB,IFLIPX,IPLIPY, LXYD,LINCIR, LINTP, L
© 253 266 267 207 33; ‘334 ’

LINSTP, - 11, g1, 12, 32, scaL,
335 ° 200 202 203" 200 174
LLS, 1LLX, 1LY, LcCos, L5IN,...) .

|
I
|
I
|
[
1
. . . . |
IDIHP,JDIHP:;x,y picture dimensions. |
ISCOPE : neg.,0= Tekrtonix 611; pos.= F s Scanner. |
ICENT,JCERT: picture center coordinates on I
Scanner, (0,0), normally. 1

IDXY .Spacing between Pixels - (square raster). [
NPOLB T
' |
{
|
|
|
|
{
|
|
{

nunber of pulses-point for binary
‘Picture; 2 < NPULB < 4160. ‘
IFLIPX: pos. = for do £lip the x axis of.
. picture; neg., 0= for do not.
' IFLIPY: pos..= for do flip the y axis of
picture; neg., 0= ‘for do not. ]
LXYD : number of points-on trajectory; < 650.
LINCIR: 1= for linear trajectory from (I11,J1)
~to (I2,J32); 2= for circular trajectory,
"“Tenter at (rz2,32), s art at (I1,J1); 3=
+  for special traj LY, constant cos beta.

LINTP : neg. or 0 = for plot trajectory only; | .
Pos. = for plot ajectory and print data |
(LLS (.) *SCAL. g |
LIRSTP: line step size fo data. t
11,31 : start point of tr jectory. -
12,32 : end point of traj¢ctory. :
SCAL : scale for data; pllotted line =

(LLS (.) *SCAL) .

NOTE1: need LLX{.), LLY(.), i.je., X,y coordinates - |
of points; need also 05(.), LSIN{.) if pPlot //}/*\~

-~ data for LINCIR. ,
NOTE2: SENSW 7 set cuts disp

e

|
Y' 9' /‘ ,!
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Blot box around picture on Tektronix 611, .agrid apd

*

(=3 Mo 3
CALL

BXGRP1( IDIMP, JDINP,ISCOPE, ICEHT, JCENT, 1IDXY,
469 470 246 248 - 249 250

3

NPULB,IPLIPX,IFLIPY, IBGP, LNSTP, IGBID,

253 266 267 336 335 337
JGRID, IP,”  JP,...)
338 . 339 340
N \\‘
IDIMP,IDIMP: x,y pitture dimensions.

"ISCOPE: 0= Tektronix 611; pos.= F S Scanner

camera; neg.= for binary output on
Versatec and Tektronixz 611.

ICENT +JCENT: picture ‘center coordinates on

NOTE:

scanner, (0,0) normally.

Spacing betwveen pixels (square rasterj.

nunber pf pulseseoint for binary

picture; 2 < NPULB < 4160.

IFLIPX: pos. = for do flip the x axis of
picture; neg., 0= for do not.

IFLIPY: pos. = for do flip the Yy axis of
picture; neg., 0= for do not.

IBGP : neg. = for plot box around plcture-
0 = for plot grid on picture:
pos. = for plot cross at IP JP,
IBGP = 100 suggested. value,

LINSTP: line step size. for data.

IGRID,JGRID: x,y grid spacings in matrix

IDXY
NPULB

coordinates.,
IP,J? : x,y in matrix coordinates vhere cross\ujj

of size 2*IBGP is plotted.

SENSW 2 set types readings.

™.

14
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Fipd maxipum and minimum grey level values_jip pjctyre

CALL

NOTE:

HANI3H( MTR, IDIEP, JDINP;canaass, MAX,
467 469 470 263

~..-)

MTR : %ﬁpnt device for input file:
7 (114 12 or 17). . -
IDINP,JDINP: x,yY picture dimensions.

MAX,MIN: mafimum and minimum values obtained,
delivered by the MAMI3H.

]

.Set SERSW 1 before rumnning if tape is usead.

[ A A S . G e el " —— — )

Comipute row histogram of picture, data

CALL

ROTE:

RASN3H( MTR, IDINP, JDIEP, MPH, MAX,
467 469 470 217 264

*

. Y

MTR s input deyice fPr input file;,

. (11, 12 Ar 17) '

IDINP,JIDINP: x,y picture dimensions.

HPH  : number of histogram slots (< 256).

MAX,MIN: maximum and minizam values obtained,
delivered by MAMI3H.

set SENSR 1 before running if tape is unsed. -

MIN,

J

15

«F
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. | Compute lover and upper data_bounds in histoqram i
| , - : |
| CALL LOOP1 ( LHIS, MPH, ILo, , IUP,  MAX,: MNIN, |
| . 217 110 m 263 264 |
| o |
' * ’ I.‘...' anGB' !IRGR'-.., I
| T 430 431 |
| . : i
[ MPH : nuaber of histogram slots (< 25¢). }
1 ILo,TUPy percentage of histograa area rejected N
[ at lower and upper data engd, respectively. |
1 . MAXY ,MIN: maximum and ainimum vilues, abtained, (
| - delivered by MAMI3H. ; S 1
{ MAXGR,NINGR: maximum and ninimua. grey level R |
1- ) values corresponding. to TOP and ILO -

1. (result). A : o l.
i ‘ ' _ ' ' |
! HOTE: set SENSW 1 before running+#if tape is used. l
1 L] - ']
27 e : . -
| frite histogram onto tape v o |
1 BN e -
| CALL WTRAJ4( NTH,...) R |

A 468 ] Y

* 1 NTw : outpat tape (11 or 12). e |
a L )

28— i .
({;ﬁif;d histoqram from tape y
. : ~
! .TALL RTRAJG( ~ NTR,...} |
1 467 ’ ]
- l . . . . . & I
S NTR : input tape (11 or-12) . {
[ . . : B ']

At ’ LY -
"
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‘ CALL?ERAJDZI..a.... JFORN,ISOLID, HPH, IGIDT,IGRIDZ,

Plot histogram in pormal scale on versatec

SCALE=INDATA (218) /100.00

A

210 211 217 212" 213
 INAIT,.uee.., SCALE,s..)
215 ~218

JPORM : output form; 1= for graph, 2=

. for numbers, 3= for both.
ISOLID: neg., 0= for graph; pos.= for filled
. graph. , .
NPH : number’ of histogram slots. (5 256).
IGRIDT: grid spacing along trajectory, 0= no gria.
IGRIDZ: gria spacing for grey levels, 0=\Q0-grid.
AIT : delay constant for equal black o

e, e e e e D S v e e e G T, S e S ol

painting on Versatec.

SCALE : multiplicative scale factor for grey .
*level data (SCALE=INDATA (214) /100.00). %
, y
. -4"“*
. . ! °
) .
~
s,
5 - .‘
/
[
3
boas . v . ﬂ - 17
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i
.
1
L}
1]
1
i
i
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NPH2=MPH*2 _ —
DO 308 K=1,MPH
LLR(Z*K-T)-LHIS(K)
LLR (2%K . 4.)-LBIS(K)

308 CONTINGE *

4

-
|

|
t
{

’ \'
+

|
I
|
!

. L] > p“-\ T
Plot_ expznded histoqram on Versatec:

SCALE=INDATA (214) /10000
MPH2=NPH*2
CALL TRAIDZ(......, JFORN,ISOLID,"

. . 2100 211 217
¢ INAL®yerteees, SCALE,...)
s 215 219

212

MPH, IGIDT, IGRIDZ,

213

s
- S Sy G S R mbe o

nqﬁn- see T AJD2 at (29) for p;;;Bhggfs.
v . \h\\\‘

‘} -
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Clip histogranm

'MAXHEINDATA (216) ' .
IF(LHIS (K) ~-MAXH. LE. 0) . .
LHIS (K) =MAXH :

{

-

-——u-—————-—-————-————-‘

Define ;;né%r trajectory in picture

CALYL TRAJS1( I, J1, I2, J2, ICENT, J
' ' 201 202 203 204 205

IDINP, JDINP, LXYD,...) ' .
49 470 207

T,J1 : first point on_trajeétory in picture

(o] dinates. ’
é@i point on trajectory in picture
ordinates. . : ‘
ICENT,JCERT: center of picture (any value
’ inside picture is OK). .
IDINP,IDINMP: x,y picture dimensions.
LXYD : number of points on trajectogzﬁfs 65

I2,32

CENT,
206

N

[N

-

o a,  — oo, S — iy =

0).

—

!

Plot trajectory picture on_Versatec

- CALL TRAJP1( IDINP, JDINP,IJGRID, ICENT, JCENT,
. 469 470 209 205 206

]

F .

.

IDIMP,JIDINP: x,y picture dimensions.
IJGRID: grid spacimg in picture coordinates.
ICENT,JCENT: center of picture (any value
" inside picture is OK) . :
LXYD : number of poiq}s on trajectory (< 65

207

LXYD,

S

0)-.

ik ey T e B el U
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Read data from tape or djisk_for trgjec;g_r__[ )

CALL TRAJR1( MIB,......, IDIMP, JDIMP, LXYD, LRDIN,
. 467 369 470 207 208

.-.)

T .

MTR : input device for input data (11, 12
for tape, 17 for disk). \g.
IDINP,JIDIMP: x,y picture dimensions.
LXYD : number of points on trajectqry {< 650).
LRDIE : magnetic tape reading array = 1024, -
NOTE° magnetic tape must be positioned corregctly
-in all cases,_just after the d-of-file
mark. h 4 6‘\"‘

._______________;_J.

Plot data on trajectory o &Iersatec g],otter

SCALE=INDATA(214) 100.00 L9
CALL TRAID2(euwes.., J¥OBRM,ISOLID, HPH, IGIDT, IGRIDZ,
.. ) ! 210 211 217 © 212 213

IRAIT,eveves, SCALE,...)
215 . 214

NDTE: see TRAJD2 at (29) for parameters.

]

£

20
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|
Threshold of e evel tur EH eve cei

1ding grey_level pjcture as; qrey ] 1 sli
OC_as _grey level slice jnto binary coppresged; and/orct
display on_ _Tektronix 611, Flving Spot Scanner or|
Yersatec, of thresholde t i__Create _eith _al
labeled DS or an u bele icture file B |

CALL, PICTD( ATR, MTW, IDIMP, JDINP,ISCOPE, IMODE,
: 467 468 469 470 246 247

ICENT, JGQENT, IGRL, . IGRS, NPULB, IFRaA,
. 248 289 251 252 *253 25“_

LINS, NGRAY, MAX, HIHE\;BLWH,IFLLPX,
255 256 263 - 2064 257 266

. e
IFLIPY,ISOHEX ) cnvanqe né;g,...)
T 21

~ . 267 . 361. "
' MTR  : input device pe = 11,12, disk = 17.
‘ HTR = 0 for g test pattern; MTR =
neg. for bina st pattern.
MTR : output device forioutput picture.

If MTW neg. write'bifary ompressed
D5 for labeled systenm.
IDINP,JDINP: X,y pijgture dimensions
ISCOPE: 0= Tekrto 11; posi= F_S.Scanner
. camera; ne for binary output on
, Versatec anmd Tektronix 611.
INODE : neg.= for grey ‘level slice to binary
(if mingr. < grey level < n xgr,
grey level is set to binary 1);
0= for binary display (thresholded grey
level is 1, regmainder of data is 0):
pPos.= for grey level display.

N

T G S ST e SED Sm S R S SED G G e . —— L SN Sy G — o—

A\

T T e e et e e Tt ——— e e
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A}

cture centéf‘dﬁ Tektronix 611
Or on F\S Scanner (Tekt. 611 ACS . -
/= 12 bits, P S sc. DAS = 13 bits).
¢ Pos.= for linear grey level distribution;
0= .otherwvise. .
IGRS : pos.= fors guare grey lgvel distribution:
) 0= otherwise,
NROLB : number pf pulses-point for binary
- picture; 2 < NPULB < 4160. .
- IFRA : peqg:, 0 = for no frame; pos: = for
frame around picture (uses NPOLB) .
line step length for frame;0, neg. = pot.
number of grey levels vanted; 1 to 64 for
.F S Scanner, 1 to 8 for Tektronix 611.
MAX,MIN: max. and min. data values in picture
(must be given).
"IBLWH : 1= black on vhite; 2= white on black.
IFLIPX ZFLIPY: pos.= do flip x,y coordinates
of picture being plotted on Tektronix 61
and/or Versatec. Also flip x coordinate
output picture (for flipping y coordinate
FLIPY should be used instead\gf PICTD).
heg. or 0= do not f£lip.

"hexagonal.
\ PXYI : spacing between bPixels in display onm )
Tektronix 611.

,\\ ISQHEX: 1 or 2 = square raster display; 3 =

NOTE1: IMODE and MTR must be negative when
vriting out a picture.
NOTE2:; data written on magnetic tape ang displayed
\ Yersatec correctly for IFLIPX only,
\not for IFLIPY. '
NOTEJ:-§ENSH 7 set, cuts picture writing
and plotting. -

\

NOTE4: sgnsw 2 set, prints rov pumber being done.

™

|
N
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(
{
l
i
[
i
|
|
|
|
|

A

G
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Select subpjctures from a_larqer one, compute fupction
on loca) arrays

.,CALL NTHODS ( MTR, MTW, IDINP, JDIMP,ISTART,JSTART,
ue7 468 469 470 471 472

IEND, JEND, IDIN, JDIR) NAVAR,IJSTEP,
483 484 473 474 475 476

IHODE'.....-' FHULT,-‘-’

247 173
N MTR :-input device, disk only, for input picture]
( ' {(large, one pixel per word). MTR=17 only. |
. ’ NTH :

output device for smaller output picture. |

If output is for labeled systezm MNTW nmust

be 11, otherwise can be 11 or 12.

IDINP,JDIMP: x,Y dimensions for 1arger picture
(at one word per pixel).

"ISTART,JSTART: x,y starting point in larger
picture.

IEND,JEND: x,y endpoint in larger picture.

IDIN,JDIN: x,y dimensions of smaller picture at

one word per pixel.

cell size for local averaging of input

picture (can be 1, 2,..., 51).

IJSTEP: 'step length or compression of input

picture {can be 1, 2,+-., 20}.

NAVAR

___-j.___.-_—____.'_.___.__..._.._...'_....___..___._...1'

‘ IMODE : type of function on local array. 1= for
local average; 2=for local maximum
value; 3=for local minimum value; 4=for
local standard deviation; 5=for local
skeuness- 6=for local kuttOSLS'

&Ez =for local
(center value-average)/standard deviation.
PMULT : multiplier for all results.

NOTE1: (ISTART,JSTART}, (IEND,JEND) = data area
in larger picture,
NOTE2: SENSW 2 set types row being done.

- 4
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Copy: picture data from device to devjce

CALL COPY2H( MTR, MTW, IDINP, JDINP,...)
467 68 - 469 470
MTR,NTW: input, output picture devices (11, 12,
or 17); copy from KETR to NTH.
IDINP,JDINP: x,¥y picture dimensions.

NOTE: magnetic tapes must be positioned correctly

e o o = o o]

*-—_—————-——-———-—-—_————1

before copying starts. (
Read grey level values in picture and set valn

e
lovwer than a qiven value to_another gjiven valme and
copy result as new picture on ancther device

CALL MTNODS8{ NTR, MNTW, IDINP, JDIMP, MAX,” MIN,

567 4e8 469 470 263 264

LBIAS,...)
353

-ETR,MTR: input, output picture devices' (11, 12,
d ‘or 17). . - - o
IDINMP,JDINP: x,y picture dimensions.
MAX,MIN: maximum, minimum grey level values
for setting new value to LBIAS.
LBIAS : new value to substitute if pixel grey
level value is less than NIN. o

NOTE: magnetic tapes must be positioned correctly.

——.—.—-————-——-—J

et e o E— —
~ v
)

r
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04
Compute point operatjons on pixels hetveen tvo pig;g; Sl
and create a_third picture icture |

CALL MTMODG ( AT, NT2, HTW, IOPER, IDINP, JDINP,
467 351 48 352 469 670

LBIAS'-.I-..' FHULT'--Q)

13; 198

t
HT1,MT2: input picture devices, 11, 12 or 17.
HT2 can be 0.
output picture device, 11, 12 or 17.
operation mode between the pixels

l

|

I

{

|

|

|

|

MTW |
’ i
of the two input pictures. |
i

|

i

|

i

i

|

i

i

'}

IOPER

1= for (MT1+MT2)*FMULT+LBIAS=KTH.
2= for (MT1-MT2)*PNULT+LBIAS=NTH.
3= for (MT1*NMNT2)*FNULT+LBIAS=MTW.
4= for (MT1/MT2)*PMULT+LBIAS=NTH.
IDIuP,JDInP X,Y picture dimensions.
LBIAS : bias for data (constant).
FADLT : multiplier of results (constant).

NOTE: SENSW 7 set cuts picture processing.

P D S . D S S D L L D . G S e — —— — o ) o ——
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Print selected window of picture as djqita rigtout
on_Versatec -

CALL PICTOH(IUND(1), (2), (3),IFORE(1), (2},
300 301 302 303 304

Ipisp, JDINP, IAREA, ITOP, JTOP,
8469 a70 310 306 307

JBOT, NERPO,...)
309 299

IOND(.): first, second and third input devic
for 1'£nt pictures (11, 12 and 17).

IFORM(.) : fist, second and third picture
printing formats; neg.,. 0= (2515},

_ pos. = (25(1XZ4)).

IpInp,JpINP: x,Y picture dimensions.

( IAREA : area selection; neg., 0 = print
entire picture, pos. = print only ar
defined by (ITOP,JTOP) (IBOT,JBOT).

NEWPO : 1= for change page between plctnre
stripes, 2 = for no change. . :

ITOR,JTOP,IBCT,JBOT: top left and bottom

: right corners of printed area in
picture coordinates.

NOTE: SENSW 7 set cuts printing.

{3) .
305

iBor,
308

es

ea

SR

I G- N

Plip_ipput picture_upside down_and copy data to outggt

picture from last to first LOW

CALL PLIPY(  NTR, MTW, IDINP, JDINP,...)
467 468 469 470

NTR : input device for input picture
(11, 12 or 17).

MTW : output device for output picture
(11, 12 or 17) .

IDINP,JDINP: x,Y picture dimensions.

NOTE: magnetic taﬁes must be positioned correctly
before gopyying started.

L

-
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Epter igtegeE data
CALL EINDAT

"EINDAT: ENTER I,J:T4,I6" ' .
(2ddress and value: if address is neg. print value)

e

ggger.floating point data
CALL EDATIN

"EDATIN:ENTER I,J:I4,F15.6% '
(address and value: if address is neg. print value)

S

U~

e s o s

Go_to master

"6 I APP: SN I®

o o o

NIGON:TI2® )
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HOTE _

The following SUPERMASTERS represent "labeled systems" of
image data management and processing. Image data sets, Ds's,
with proper header, describing image dimensions and type, and
commentary, recording the history of processing, are necessary

part of the .image, DS's,..and precede the image data sepsu
strictu. A description of header and commentary structures

"for ap image DS in the labeled systenms is made in Figure 3.3.

File searching is awtomatic in either m3agnetic tapes or
disks. Five I/0 unis are available for binary compressed
images (tvwo tapes and three disk partitions). They can be
called by three digit DS numbers as follows: .100¢*s for MT11,

200's for NT12, 300's, 400's, and 500's for thé three disk’

partitions, respectively. For ancompressed images, in SUPER-
BASTER- 1IIXY, only one disk I/0 unit is availajpile (DS number

‘500 only) due to the large image dimensions (1024 pixels x
1028 pixels). . : . :

A linkage with the unlabeled systen }Of SUPERNASTER I is
obtained through SUPERMASTER V. ' ’

Por SUPERMASTER's ITI and IV, automatic mode is obtained in

'a manner idemtical to the one described for SUPERMASTER I (see

NOTE) . Such automatic mode is not a useful feature in
SUPERMASTER's II and V.
-3
O~

(]



. SUPERMASTER I

"SUPEENASTER IL" of GIAPP: graphic tablet subroutines for

digitizing ling drawings, editlng and assemblage of mosaics of

binary compressed inages.

)
-

L) . -
SUPERMASTER|MASTER FPONCTIONRS

II 03

Graphic tablet programs for digitizing
line drawingsﬁ?creation of files of
vectors from a graphic tablet, traasfor-
mation of. vectors into binary

images, assemblage of subpictures

(384 pirels x 384 pixels maximum)

into large mosaics of binary compres-

' sed images of line drawings

o4 Assemblage of subpictures
{512 pixels x 512 pixels maximum)
into large mosaics of binary coamp-

ressed images of line drawings

05 Bditing, via graphical displays, of

L
|
|
|
|
{
|
i
1
1
|
|
|
|
|
|
|
l binary compressed images

Iy e e ol s ae e i e R R S can s e swm efe N
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M ASTER 03

t

“CQOL_START" procedure for two magnetjc_tapes op

devices HT11 and MNT12

READC
SLLIO
PREPD
RLIO1
RLTIO1

4
-~

?;;;_________-.

(yes/no}
(®1,42,1,3,K)
(0,0,13,18,17)
(11)

(12) ,

NOTE: M1+M2+¢T+J+K=51

Number of entries of

-physical devices
M1: INDAC(254) - 11
M2: INDAC(255) 12
I : INDAC(2586) 13
J : INDAC(257) 1%
K : INDAC(258) 17,

h S e S e D s mm e e ey o

(length of data is 54 on Nodcoup)

1
>

anual copy of binary compressed DS f%on one I1I/0
Adevjice to agpother _

Cs
4

ey S o e o

02
|
: CALL CORY1(ION,JUN)
: "GIVE-IUNlJUR:ZI3“
. :
03 N\
] Banual rub of last Ds|on an Igg devijce
| : K= IPODS(IUH 3,0) ' |
! "ROB ION:I3® . g'_.

‘.
. ek S o e o
.
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05
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06
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y

- ettt TR el . ——— g ._.....A.,_...._._—-‘_.-.-...-.-._--—--.-—-l--uﬂ
o . ) ) -~

-

r : - -1 7
| Read defaylt values from cargs i . |
! ' : '" . .. ' N
| CALL READC Cot ' |
| & 1
{ . {Read INDAC and DACIN from cards) |
t - . - J)’
1 s : ' - )
r 1
| \ Type default value table e 4.
1 N |
1 CpLL TYPID |
L . - ) i |
T N - . i o - R L)
| Plot bipary compressed pictuye on Yersatec plotter;- l
| ope_dot_per pixel {fast plot) . |
| \ . ‘ . ' . . l
I CALL VPIX3( JUN, ITEXT, IEAIT,IHAITZ,...) A |
| - 17 16 117 - 151 o N
| Co R |
i JON - input pictute DS. . . |
| ITEXIT : text of header and comments printed before|
| the plot. 1= yes: 0= no. .
| - IWAIT :. delay constant during Plotting of picture.|-
| IWAIT2: delay constant after plotting before I
[ feeding papers - oo \\ [
. R ) , !
» B - N 1
-
- - N
LoER R jnﬁﬁﬁ?wl
N E :
' 2
\-'L * "‘:-.
Al '
. !
6 . N
° - My *
} o : . .
- ~ . : B 31
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[0 SN0 D AL SED DN SED N GER eyl eml Gl SR GER S S S G Gl ey . Gk WD mEn G SN sy =

ag_arrayg of n x m do

hexagqopal raste

/

Plot binary compressed_pjctugre on !eiggteg ,glggsg;

BO A, -_7. 0 a

3. W, (5),

CALL PICTOV(IUND(1), (2),
: L 65 66 © 67 68

u 4
irop, Jrop, IBOT, JBOT, NEH;P,ISQHEX.
27, . 274 275 276 ‘//4 167 °
R ° NPX,  KPY, IWAIT,IVWAIT2, MODE,4..)
o 228 229 117 - 151 "/ 289
TUND(.): input unit Ds*'s., .
- IABEA : neg. or 0= no area selection; pos.= area
o selection: ITOP, JTOP, IBOT, JBOT.
ITO@,JTOP: coordinates of top left corner of
selected area in pitture. :
IBOT,JBOT: coordinates of bottom left corner.
NEWPO : 1= change page after each print page;
2= no page change.. :
ISQHEX: type of plot, 1 or 2= square, 3= pseudo-
- hexagonal display. e
NPX,NPY: nos. of dots, per pixel in x,y. directions. |
IWAIT : d¢lay constant during plotting -of picture.|
IWAIT2: d€lay constant after plotting before
' feéeding paper. ‘ '
HODE : 1= slow, 2= fa5t but uneven plotting.

&

LY

———-——_-—_'——-‘_——————-?-d

NOTET: 1 to 5 DS*s can be plotted vith alternating’
! . rOHS - - 3 . | . .
NOTE2: SENSW 7 set cuts plotting. - g

.o S o B 32
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<!

08 . :
{ Epter integer_ data
{ .
| CALL EINDA Y
|
‘{ "EINDA:ENTER I,J: IQ I6n
i (address and valne- if address is neg. print value)
‘ A
09 =2 S . -
| Enter floagigg point_data i
1 . i
o CM.I. EDATI l
i - |
. | "EDATI:ENTER X,J:I4,F15.6"% ; . |
o ! (address apd value: if address is neg. print value) t
t_ : . )
('0 v 1
| Go_to master |
1 1\ |
| "G IAPUP: SHN II" |
' i N L ' '
| H"IGON:I2W® Ne i
' -‘. + e l
| J
™ {\_‘.l
\ - ;3 '
_'\Qa-‘ ) '
# .
O
- B_ 33
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|
1
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. N , .
CALL TABLT® ( K9, K2, HAV, NFL, IDISP. npULp,
: S TR 6 4 83

-3

Establish the four corners of submap to be digitized on}

tablet and the scale interval in map upits; providel
Cectangularity test and slo ngle of upper horizontall

nap_edge -

NPOLC, ICIRC, IRAD, LINES, NP, 1IMBES,
84 55 60 . 85 "B 7
) JMES, MESIZ, JDEL,LPULCH, SCAL, CHORD,
/fﬁ 8 13 9 10 42 27
\ | -
cea) L
K1,K2 : pointed location/range. “ A
NAV . : number of averaqings per one point.
NFL : 1= for using pen contact "ON", 2= for
- using pen contact "OFP" for reading. .
IDISP : message device. 1= teletype terainal,

2= Tektronix 611 unit, 3= both.
.NPULP : line intensity .on Tektronix 611 if
T pen in proximity.
NPULC : line intensity on Tektroneg 611 if
pen in contact.

ICIRC : pos.= for drawing circle at vector break
‘ points.
IRAD" ‘radius of circle at vector break points.

LINES : step length when drawing a line or
- Tektronix 611.

r WP : line intensity (1 to 7).

IMES, JMES,-MESIZ: X,y coordipates and size of

N message. on Tektronix screen.

Spacing betveen entered message and
prompting message. >
Pulse strength during character writing.
scale for Tektromix 611. .
circle chord length. . ¢ \

JDEL

j LPULCE
SCAL
CHORD

NOTE : SENSW 7 set cuts operation. . _ -
J

I N S SRS e S S Al D SR D D S IS S R o S S vk SIS ek Gme G s mee T SR S i M SN, G SmS S WS el

. ........_'...-.._,.._.__-..._....-.-.-s-.nm
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T TP S W

|
|
1
!

Establish the number o

els over t stance

pointed out om the tablet, and suggest g;l ng;gns of

binacy. image te be compute rotate o
L TABLT7 (NPIXEL, NINAV, SINT,...) ‘ ' b
" 12 45 :
NPIXEL: niber of pixels on-the scaling interval.
MIKAV : 1= for minimun corners, 2= for- average
’ corners.
SINT :

scaling interval length.-

o

.——-————————\‘d
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T TS

- Digitize on_the q ; hic-t et to_1300 vect
one _run; display %ectors on_\ Tektron 6 eli
Yectors in ba

—
i
|

ma
ICIRC

_IRAD
NPULP

o~
1

NPULC

LINES

&

M A . o — o A - — s —— o~ — m—— oy — o
.

S

CHORD

Y

DELOP

ANG
SCAL

. ROTE: if mA

DELIN

CALL TABLT1(

-

4 ckwnfd’a;deg starting from the Jlast px‘l
pashbutton commapd the special operator_copsole for |

onljne editigg

. circle chord length.

s

H ing tolerance between
.r_zggghl;_%pbsegdent poimts. - '
T angle tolerance betwveg¢n consecutxve

to the vector data ar ay;
0, vector ‘data array

BA,-.-...' ICIRC'.--.--' IB!D' HPULP'
92 . S5, . 60 83

FPOLC, LINES,c.wcsay CHORD, DELIN, DELOP,
g4 85 - 27 39 T a0

ANG, SCAL,...): "N S
61 42 : o

last filixﬁ}znﬁry in vector table.

pos.= for wing circle at vector .break
points. ~
radius of circle at vector break points.
line intensity .o Tektronix 611 if

pen in proxim:

line intensity on Tektronlx 611 if

Pen in contact. )

step length when drawing a line on
Tektronix 611. f//

.spacing tolerance betwee first
second point.
second

vectors.

scale for-Tektronlx 1.
is greater than 0, points are added
if Ma.is neg. or

s zeroed. . ' b

(
|
|
{
|
i
l
|
|
t
|
|
i
|
i
f
|
|
{
I .
|
|
|
|
|
|
!
l
i
1
|
!
N

[

-
.
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Create binary picture in core from__vector table and
optionally plot picture on Yersatgc. Pjctures can_  be
accunnlated jin core, Optionglly zero_ array for _bimary
plctare in _core {388 pixels x 3§u.gixe%s aaxigum size)
CALL HPRS2( . MA,IDINBX,JDINBX, ITL, JTL, _ IBR,

?2 180 182 56 57 58

IBR,eevues, STEP,...)
59 %3

Ma : last filledq entry, in vector table.
If MA is set negative, ‘array for binary
image in core is zeroed, .
IDINBX,JDINBX: desired inage dimensions ip core.
. Max. dimensions is 384 x 384.
'ITL,JTL,IBR,JBR: top, bottom, left and right
o coordinates of active tablet area. If
these are changed a different area' is
- selected for. picture generation. ]
STEP : step size along vectors, in tablet u

for the construction “of binary image.

o
el I N PR R ——

itg}

. cmn . S ot S o— —

2]

Same as_in- (18) above, but after cbﬁfgction for_ rota~
tion of map on. tablet as computed by (11) above (33¢

pixels'x 384 pixels Eaximunm

CALG HPRS2A(  MA,IDIMBX,JIDIMBX,......, XTI, ' ITL,

92 180 182 . 45 46
" . XBR,  YBR, co, SI, STEP,...)
47 48, . a9  sp. 43
! . )
MA ¢ last filled entry in vector table.

If MA is set hegative,(hr;qy for binary
. image in core \is zeroced: : '
IDINBX,JDINBX: desired image dimension in core.
Max. dimension‘ is 384 x 334. .
XTL,YTL,XBR,YBR: top, bottom, left and right
: coordinates of corners of franme.
C0,SI : cos, sin for the rotation of tablet
' coordinatés. )
step size along vectors, in tablet units,
for the construction of binary image.

STEP

S i ren . e S e e v iy e e e —— i —— ]

-

T T e e e e e e ——



18

17

R Y

o S RN B e G S S —— a—
- »

.

.Create DS __with tablet vector tabl? in i ;é

CALL GEST3M(cecasa, JUN,-..)
. 174

JUN  : DS for output of the vector table.

F)

po o e i —

C e o e o

el
L
gggg_;g core DS thh tah;et vector table i
. i
CALL GESTJL( ’ IUN....) |
172 i
o . .o |
ION : input DS with tablet vector table. |
,'_ . oo |
Create DS _with binary compressed_image stored in core |
- - =
CALL HPRT78B( JUN IDIHBf JDIHBX,......, ITL, JTL, .
174 180 182 . 56. 57
h ‘.
IBR, JBR,...)
58 59 .
’ ?
JON : output DS.-
IDIMBX ,IJDINBX: plcture dlmen51ons( ne. of
' bipary pixels per-row amd no. of rows).
ITL,JTL,IBR,JBR: top, bottom, left and rig A
coordinates of active tablet area.
*
! Read to core_binary compressed 1mgge DS (ggximun
| dimensions_ 380 ggxels x 384 Exxe;sl -
| jx I i
| CALL HPR78n( :IUN,...) L i
| < : 172 - |
| ION ¢ input Ds. 1,
[ ] ]

SRS TTOSMRes us cimraem e e Ll Ll o e e e o g TR
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21

-———n—————-—-——————-——.‘

Combine _cogposite_binary image f S_and subimage

(O WA S S ek D G . N W SR i A SN e e G GREE S amm S e ==

¢
IUN,JUN: input, outpat DS*'s; if IUN = O,

stored in_core (384 pixels x_ 38 g;xels maxigum) ;g
greate DS ogﬁconb ned binary compressed ipages

CALYL HPRB8SA (

IDINBX JDIHBX,-..)

P :
IUN, JUN, I, I2, \/61,_ Jz2
172 174 16 - 17 18 19

180 182

initialize composite binary compressed -
picture (i. e., to create a first
composite binary’' image DS

tw 1 3

LXION
TOUNP
JUN
I1,I2

J1,32

I1,I2 : coapressed binary picture rang in x

o (locationr of patch). - Do

J1,J2 ; compressed binary picture rapge in y
(location of patch).

IDIMBX: number of pixels per ro?htn/uin ow
(columns) in the patch.{

JDINBX: ntimber of rows of pixels in windo
in the patch.

ake inary_compressed image_ _D logi "oRe

_§ub naige DS into it{ row bz Lov, dat ore} an
tore_the res lting composi mage_jnto the DS

CALL HPRBSB(

_ION, 1IONP, JON, I1, 12, Jt,
172 173 174 47 16 17 18
Jz'-..’

19

input \0S; = 0 the first(tine.

input DS with patch.

output DS.

conpressed binary plcture rapge in x
(location of patch).

compressed binary picture range in Y
(ldﬁﬁtion of patch). .

.r;___;___________J

(H’

S e e e o

§
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P — sy
, 5
3 .
' B '
+
22 ' ' . » |
| Initialize magmetic tape on_device NT11 i
| |
{ CALL PREPD(11,0,0,0,0) |
1 ']
23 o - — - . |
| Initialize magnetic tape on device MT12 |
1 . - l
| CTALL PREPD(0,12,0,0,0) 1
! %) !
28 ——
! Ipitjalize file occupancy table
|
T~ P = SLLIO(30,14,2,2,3).
L
25 : _ .
| Type filé occupapncy_table |
| ) C ‘ ' |
{ 'CALL TLLIO l
[ | ]
. *
- .
/ N
\_\;) w‘:‘. .
,‘ 1 j
. , . -
e . B .40

o — o

itk

o 2o
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- rd
Read to_core DS_with tabhlet vector table

CALL GESTIL(  10W,.%.)
: 172

iUH : input(;;‘:;:; tablet fector table.

h

Eaiaiaiiint

HEanual copy of binary compressed DS from one I/0
device to another =

CALL COPY1(ION,JUN) /

“MGIVE IUN,JUN;213n /f’/ o o

/

[ = me = det —an =

" . S G g S Ay ey

>

Banual rub of last DS on an 1/0_ddvice

K=1PODS (IUN,3,0)

[ AN S e man o

“RUB IUN:JI3¢

R

4

. Establish the namber g; pixels over the map distance
pointed out _on the tabl) t, and_suggest dimensions of
binary jimage to be compute Lotate or pot decision).

CALL TABLT7 (NPIXEL, HIﬁAV; SINT,...)
Ll 12 a4

;. co
NPIXEL: number of pixels on th Scaling interval,
MINAV : 1= for minimum corne ¢+ 2= for average
corners. . . .
SINT éqgling interval length.
A
)

. ’\ﬁ\’

: ' WE: L T . B M

L S S

. _ e e ____.-_Mw
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05 - —————
| Create _bipary cture i ore_from vector table’ d
-1 optionally .plot picture on Versatec, Pjctures_ cam _he
. . | accumulated in _core. Optionally zero_array for binary
) - - | picture jn core (512 pixels x S12 pixels Raxigua gize)
N . S
! CALL HPRS2( MA,IDINBX,JDIMBX, ITL, JTL, IBR,
! . 92 . 180 182 56 57 58
[~ — -
' * JBR,..--..; STBP.--.,
' ! . 59 . 43
A ¢ last filled entry in vector table..

If MA is set negative, array for binary
.image in ‘core is zeroed. i
IDINBX,JDINBX: desired image dimensions in core.
Max. dimemsions is 512 x 512,
ITL,JTL,1BR,JBR: top, bottom, left and right
coordinates of active tablet area. If
. these are changed a different area is
. Selected for picture generation.
STEP : step size along vectors, in tablet units,
- for the construction of binary image.

itk el e N L T i —

R i e X B e —.

06

10 1o

lot bipary compressed picture on_Versatec plotter:
ne_dot per pixel (fast plot) ' ) -

CALL VPIX3( ,  JUN, ITEXT, IVAIT,IWAITZ2,...)
... 174 16 117 151

- e s s m e

JUN ' Ninput picture DS. .

ITEXT xt of header and coameiits printed beforej
. Plot. 1= yes; 0= no. t
IWAIT : delay constant during plotting of picture. |

IWAIT2: delay constant after plotting before - {
‘ feeding paper. i
. ]

e Tt VU SO ——
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h;gt binary compressed tar

CALL PICTOV(IUND(?), {2), (3.
_ 64 65 .66

ITOP, JTOP, IBOT,

228 229 117

JUOND(.): input unit DS's.

.

‘2= no page change.

b

hexagonal display.

feeding paper. .
,MODE : 1= slow, 2= fast but
. B L A
. NOTE1: 1 to 5 DS's can be plotted
" rows.
* NOTE2: SENSH 7 set cuts plotting.

2713 2748 . 275

‘WPX,  NPY, IWAIT,IWAIT2,

IAREA : neg. or 0= no area selectlon-
' selection: ITOP, JTOP, IBOT, -JBOT.
ITOP,JTOP: coordinates of top left corner of
selected area in picture.
IBOT,JBOT: coordinates of bottom left cormer.
HEWPO- : 1= change page after each print page-

ersatec

as_arcrays of n x m dets per pixgl:; square_apd pseudo-
hexagonal raster ots 1so_select area to

(%), . (S5). IAREA,
6

68

JBOT, NERPO,ISQHEX,

276 54

151 289

,ISQHEx- type of plot, 1 or 2= sguare, 3= pseudo—

FPX,NPY: nos. of dots per pixel in x,y directions.
IWAIT : delay constant during plotting of picture.
IFAIT2: delay constant after

plotting before
uneven plotting.

with alternating

MODE, .x.)

pos.= area

e

272

167

._._._..._...._._....-_,-........_.._....£.._...._.._.___.._.._....--....._...._..1
. :
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- Enter ipteger data N O R

CALL EBINDA

nEINDA: ENTER Jdedz2 IQ I6"
(address and value: if address is neq. print value)

- - a2 o o
e o e o

ggger~float;n int data‘ . . g
CALL EDATI '

g9

"EDATI:ENTER I, J 1I8,F15.6" '
(address and value- if address is neg. print valde)

s o amm wem S e

[T “\"_““*

10 - - : — . -
Go to_master ° - R |
) ' ) s |
"G I APP : SN II" . o i
o : . 1 , '
nIGON:I2" . S , P -
X ;
A
L A\ -
L * ) -’
- a
° ’ L} “y- - -
AN
L}
. “ .
& A -
) v

R .
! .
e ——— e T e - — B i aT T P S U P
e Y bt . .
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12
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-tion of map_on tablet as conputgg by (11) above (512 x

Same_as_in_(05) above, but gfter correctjon fg rota- |
512 leels paximum .

CALL”HPRSZR( MA,IDINBX JDIHBX,......, XTL,S ITL,

92 180 182 45 . a6
' XBR, YBR, co, S5I, STEP,...)’
87 48 .49 50 . 43
HA : last £fil entry in vector table.:

.If 'MA is ‘Set negative, array for blnary
image in core is zeroed.

IDIMBX,JDIMBX: desired 1mage dimension in core.
Max. dimensions is 512 x 512.

" XTL,YTL,XBR,YBR: top, bottom, lefi.and right
coordlnatas of corners of franme.

co,sI : cos, sin for the rotation of tablet

'coordlnates.
STEP : step size along .vectors, in tablet unlts,
for the construction of binary image
A\) ’ in core. .
i J‘ ) i
Iake a binary coapressed ima D3, logically "og™ -
g_gug%mgqe DS ‘into it{ row by row, data in core) an
Store’the resulting composite image jinto another DS
. f

CALL HPR85B(  IONj» IUNP, JOUW, x1, ;5} .on,
\Je -

172 173 1 4 17 18
Jz'--c,
19° '
I0F - : input DS; = 0 the first tipe. A
IONP : input DS with patch. : )
JUN : output ps,
I1,12 : compressed binary picture range in x

(location of patch)
J1,32 ¢ compressed blndéy—ﬁ;;ture range in y
" (location of patch).

._ﬁ____;;,________l

k

L
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:

Interactive editing of binary compressed jimage 1024
pixels x 1028 pixels maximun) via_ _Tektropix 611 and
Yersatec displays_and coamands via _a special operator
comsole .

CALL FIXPX1{ ION, JUN, KON, LON,e.e..., IDXY,

172 178 171 173 359
JDXY,...)
_ 364
I0N * : input DS for image to be edited.
JON : output bs for edited image.
KUN,LUN: interrmediate DS's used during editing;

should be on disk (300 and 400 ).
IDXY,JDXY: .spacing between the dots on the

Tektronix/611 screen representing the

black pifels (suggested value is 30).

NOTE: Qgﬁizu of instrﬁ;E;ons and options appears on
t

Tektronix 611 screen.

J

S

|

Hanual _copy of binary conmpressed DS from. one I/0

device to_amother
CALL COPY1(IOUN,JUN)

"GIVE IUN,JPN:ZI3"

— amn e

i\.&

===

Mapufl rub of last DS on an I/0 device
K=IPODS (I10K,3,0)

"ROB IUN:I3"

-'_—-———J

46

e e e e e e R e e L

/

<.
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06

Call for editing anmother jmage ot
IFIRST = 0 : |

o

’
I

it — v — o ———

Plot bipary comgressed‘ cture on_Yersatec otter;
one_dot per pixel (fast plot)

CALL VPIX3(

JUN, ITEXT, IWAIT,IWAIT2,...)
174 116 117 151

[

, JON : input picture DS.
ITEXT : text of header and comments printed before]|
the plot. 1= yes; 0= no. |
IFRIT : delay constant during plotting of picture. |
IFAIT2: delay constant after plotting before |
‘ feeding paper. ' , ‘ 1
&

NS ks s gt g mn e on e o E

— e — a— —
B
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g - - .
Plot binary compressed pict . on_ Versate t
as_arrays of n x m dots per pixel: s re seudo-

* hexagonal raster plots. Also Select _area to plot.

CALL PICTOV(IUND(1), .(2), (3)» (8., (5), IAREA,
: 6% 65 66 67 68 _ 272

‘ . 1T0P, JTOP, IBOT, JBOT, NEWPO,ISQHEX,
\ 273 278 275 276 54 167
) WFX, ~ NPY, IWAIT,IWAIT2, HNODE,...)
228 | 229 117 151 289

Al

|

{

I

|

{

|

|

|

|

|

|

Ve

1 .5 IUND(.): input unit DS's. .
{ l IARER : neg. or 0= no area ‘'selection; pos.= area
| selection: ITOP, JTOP, IBOT, JBOT.

| ITOP,JTOP: coordinates of top left corner of
i selected. area in picture. )

1 IBOT,JBOT: coordinates of bottom left corner.
{ NEWPO : 1= change ‘page after each print page;
1 - 2= no page change. .

i ISQHEX: type of plot, 1'or 2= square,la= pseudo-
| hexagonal display.

|
|
{
1
|
1
|
|
|
L

NPX,NPY: nos. of dots per pixe} in x,y directions.
IWAIT : delay constant during plotting of picture.

INAIT2: delay constant after plotting before
feeding paper. -
MODE = 1= slow, 2= fast but uneven plotting.

NOTE1: 1 to 5 DS's can be plotted with alternating
rows. )
NOTE2: \SENSW 7 set cuts plotting.
z Y

J

~

48
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- “ )
- ‘ -
08 r _ ‘ N
| Enter integer data I
N gon ‘L l
{° CALL EINDA o i
|- , |
| ~"EINDA:ENTER I,J:34,I6" |
!  (address” and val if address is neg. print value) 1
[ - )
’ 0‘9 r - . . . <
' | Enter floatin oint dat {
N . |
| CALL EDATI - |
{ ©"EDATI:ENTER I,J:I4,P15.06" I
| {(address and value: if address is neg. print value) |
L - 3 ]
10 r [ 1 .
| Go to master ]
{ |
| "6 I aPP: SMII": 1
N 1
{ n"IGONM:zI2® , (
1 |

49
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N SUPERMASTER III T

-

-~

"susz&}srzn III" of GIAPP: line thinning of  binmary
expanded™~ images, component labeling of areas and of lines,

phase labeling, and extraction of binary conpressed nd of

phase-labeled images from component-labeled images.

N

“- : , * -.

T ¥ ¥ “l'

| SUOPERMASTER|MASTER | , - FUORCTIONS |

! — { - 1

{ . IIX | 06 | Line thinning of binary expanded l

{ i | irages, couponent labeling of lines, |

| { | Junctians or -areas within contours |

i g } 1

(f’ ' { 07 | rase labeling via interactive |
L [ | | displays, creation of phase-labeled I
! | | images, extraction of binary coppressed i

I i | inages of each phase aE““**Pp k

L ] A /]

45
-l
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01

02

03
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N wEm emmy em e m——

‘@J'

MASTER _ 06
s

&

. 1
o e . b s e e i v ey
4

COQL _STAR ' procedure fog\fuo ggnetic tgg on

devices g 11_and_ HT12

READC (yes/no) Number of entries of

SLLIO (M1,82,0,0,K) physical ' devices
PREPD (0,0,0,0,17) M1: INDAC.(254) 11
RLIOT {11) N2: INDAC (255) 12
RLIOT (12) .

K : INDAC ({258) 17

NOTE:' M1+K24E=51

e (length of &ata is 54 on nodcomp)

3

Mannal cdpy of non - compr es;§d DS. from_ope I/0

) dev1ce teo another

CALL COPY1FIIUN,JUN)

"GIVE ION,JUN22I3"

e e am, e )

v ok memk e e e— )

Hanual rub of last DS on_dn I/0 device

. f

K=IPODS (IUN,3,0)

"RUOB IDN:I3"®

I —

’

. Read_default values from cards

I

.

CALL READC

(Read Innnc and DACIN from- caf&q*

e e e e d—

51
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05

06 !

Iype_default value table

CALL TY¥PID

RP—

[* e —— i —— —— " =)

. Plot_binary_compressed picture on Versatec plotter;
one dot per_pixel (fast plot ' '

'CALL VPIX3(

JOR :
ITEXT :

IWAIT
IHAIT2:

: input picture DS.

JUN, ITEXT, IWAIT,IWAXIT2,...)
174 116 117 . 151

text of header and comments printed before
the plot. 1= yes; 0= no. ,
delay constant during plotting of picture.
delay comnstant after plotting before
feeding paper. ~

M e e S e s e eon e e — -




07

08

. —y —— o—

»-

(o e A o L - . . — — i — i " — e o
- L. DA .

Blot bipary compressed picture onp

as _arrays of n x m _dots_per pixel; e seudo-~
hg;agona; rastgr plots. Also select ggeg to_plot
CALL PICTOV(IUND(1),- 2).. 3)s (4),. (S)., IAREA,
68 - 65 ° 67 . &8 272
. ‘ITOP,‘ JT0P, 1IBOT, JBOT, NEWPO,ISQHEX,
” 273 274 - 275 276 © 5S4 167
NPX, NPY, IWAIT,IWAITZ2, HODE,...)
228 229 117 151 289

I0ED(.): input umit DS's.

TAREA : neqg. or 0= no area select
. selection: ‘ITOP, JTOP

! ITOP JTOP: coordinate

’ selecte

IBOT JBOT: co

NERPO : 1= change page after
2= norpage change.

ISQHEX type of plot, 1 or 2= square, 3= pseudo—

hexagonal display.

HPX,NPY: nos. of dots per pixel in- x,y directions.
IVWAIT : delay constant during plotting of picture.

IRAIT2: delay constant after
feeding paper.
MODE - : ‘1= slow, 2= fastrbut

NOTE1: 1 to 5 DS's can be plotted
COVS.
HOTEZ:;SENSH 7 Set cuts plottlng.

P left corner ‘of
ea in picture.
dinates of bottom left corner.

Versgteg plotter

n; pos.= area
0T, JBOT.

each print page'

plotting before
univen plotting.

with alterfating

'

CALL EINDA .

"EINDA:ENTER I,J:I4,I6"
(address anrd value: if address is

= g v o —

neg. print value)

\

B 53
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09 [, - )
| Ente oatin oint dat [
! ) : - ~ |
{ CALL EDATI |
| i
| W"EDATI:ENTER I,J:I&,F15.6" ‘ |
I (address and value: if address is neg. int value) f
[ — /]
10 ¢
| Go_to master
1 : )
| “G I APP:SH III®
1 .
| WIGOM=-I2™
o. -~
1 - . = :
R P.rint' gn_uww| .
{- using formats (251 or {25(1Xx,.24 L____!EI_QL___EELELQ_I
|
~ { CALL PICTOF(IUND(1), (2}, 3), (4), (5),
-\

~

o . am  mn . vE e = o i e K

L

262 263 - 264 | 2635 266

IFORE(1), (20, ~"(3), (4, (5), IAREa,.
267 268 269 270 271 272

Iroe, JTOP, IBOT, JROT, NEWPO,...)
273 218 - 275 276 . 54
IUND(.): input unit DS*s. ’
IPORM(.) : 1= (251I5), 2= (25(1X,Z24)) formats.
TAREA : neg. ‘or 0= no area selection; pos.= area
selection: ITOP, JTOP, IBOT, JBOT.
ITOP,JTOP: coordinates of top left cormer of
selected area in picture.
IBOT,JB0T: coordinates of bottom left corner.
REHPO\: 1= change page after each’print page-
2= no page change.

NOTE1: 1 to 5 DS's can be printed with alternating
COWS.
ROTE2: SENSW 7 set cuts printing.
o 'Y

A <

o ove e o

y oLl .
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\l
~~ A
12 [ § - I e
| Hapual copy Of bimary compressed DS from'ope I/0 I
| device to anothdr N =3 I
| CALL coPY1(IU S
o1 © (IUN,JO0N) ' _ _ vk
{f "GIVE ION,JON:z:21I3n E
— ) X !
1,
13 k -
: Compres nar anded picture j|
press_bina —L—E_—.Lé_ -~
| CALL CMPBIP (- IUN, JUH,...) :
: . 172 174 : ’ {
# I0K,JUN: input and output DS's. :
: - J
14 : .
| Expand_binary compressed picture i
N . ] I . )
| CALL EXPB2F( IUN, JUN, ) :
: - 172 178 i
. : : |
ION :
L/ +JUN: input and oufput DS's. ‘ )
- )
- . A
*
N b .
, 4
f .
7
b
- x B 55
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15

16

G

-

A\

I
I
!
' .
i
1
I
I
]
1
I
I
i
i
i
I
l
I
I
!
!
I
!
I
i
\
]
I

Print_selected ;Ihdgvloﬁ non-compressed. pjicture in
various forms_as one character xe) B/ ,
.. ¥ .
CALL PICT2F( - IOH, IUNN, IMAGT, HNGRAY, HAX, MIN,
, 11 200 ° g2 - 44 51 - 52.
IBLWH,IBLWHA, NPICP, NEHPG,'ITBIT,.a.)
49 " 43 ‘45 ‘50 116
IOX : input’pictare DS. :
IORM : binary mask input sS. . , ’ )
THAGT : image type. 1= grey .level, 2= binacry
. expanded, 3= hexagonal, 8= (0 to 371)
5= binary+junctions4lines, 6= slopes,
1= curvatures of lines, 8= conponent-
- (phase-) labeled pictures.
NGRAY : number of grey levels desired. _ .-
MAX,MIN: maxjimum, minipum data vadue in picture.
IBLWH : 1= black on vhite, 2= white on black.
IBLWHM: 1= normal mask, 2= inverse mask.
¢ NPICP : number of picture points on one horizontal
’ line of print. ' .
NEWPG : 1= change page after each print page,
2=no change of page. .
ITEXT : neg. or 0= print no text, skip over

comments; pos.= text on seperate page.

NOTE: SENSW 7 set cats printing.

~F

o TR A S ey e . . — o )

Line thinning of_ bipary expanded image

CALL THIN3F( IUN, JON, KON,ISQHEX, NCYCL,...)

ION
Jux
KON
ISQHEX
NCYCL

-
.
-
-

11 12 13 167 14
input Ds.
output DS.

tenporary DS (rubbed after run).
1,2= square raster, 3= hexagonal.
maximum number of thinning iterations.

56
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\
o A A A — i — o

e e e e e o o n

« N r “ /"
- ' ' '
L d . i“ -
-
—— /-" b -
) y _
‘ e
r ' - " ; —
J Postproces after_th to rgtajn b r t |
| elimpjnation of nogatjve—iteratjon labels |
1 ' : s, : Yow |
| CALL HILDI4({ T1UX, Bo§,...J - |
i : 11 12 : I
{ r i
1 TON . : input DS. |
l JON : output DS. |
L U < — ]
r L
1 g_g ponent 1a eling of areas (zgg s) egclgsed witg;n |
| contours {ope!s) |
| : \ Q
|. CNLL ENUMSA{ ION, Kuk ISQHE!,...)
A ' 11 13 - 167 o i
| |
N ION t. input DS. |
| KON - : output DS. P
{ ISQHEX: -1, 2— square raster, 3= hexagonal. 1
L. Lo A ']
f . 1
Relapeling of_ image labeled NONG 18) to mipate|
redundant Jabels |
- : : [
CALL ENOMS( . ION,ISQHEX, JUNse..) <
’ Vo - 1 167 12 ¢ ~— * |
X ‘ : < |
ION : input DS. \ ot I
JON  : output DS. - ) I’
ISQHEX: 1,2= square raster, 3= hexagonal.. {
JON : output DS, i
. - e 3
' . .' . '
{ ™ \
P} . "’\
y Fe 57



B, aeme

+—/§E§bngressed image_of thin lines
—

CALL JUNC1F(

k

ION

IgNN
R ALEE

IPAD :

|

1

1

|

I

|

|

i

I

|

|

!

!

[

|

|

I IPADV
{ ITHIR
|
i
|
|
|
|
|
;.
|
|
|
|
|
1

NOTE1:

NOTE2:

NOTE3:

"NOTEH4:

ION, IUNN,
1 200 . 12 18
ITHIN,...)
Y o

290

.input DS (thinned hinary'image of
contours or lines). )
input DS for mask (binary).

zeroed, 3= line ends numbered.

with neighbors as before, pos.= pdd
picture frame with IPADV value.

padding value if ysed.
1= retain. lonel

are zeroed.

marked negetive or on pictures o
segments. Junctions code word is

JTYPE=1 and =2 do not produce exachly
the same junctions.

the running. sequence is as follows.
{1) JTYPE=1 for junctions, (Z)JTYPEEJ

fof
line ends on {1). - =

neg.= no padding of picture frame, 0= pad

ts, 2= remove then.
if mask is used, then entries outside mask
IJTYPE=3 vorks only on pictures witlh Juictions

separate.’ line
egative.

JUN, JTYPE, IPAD, IPADV,

291

JON : output DS with junctions marked.
1= Junctions marked negative, 2= Jjunctions

.
K‘
r : T OSNT
‘1 Find junctions, line seqment a e_ends op bin

58
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.

Label line sedments_ of binary expanded  image _aftep
junction detection and eliminatiop of junctiops if g0
desired '

CALL

NOTE: IUN is binary separate thin lime segnents

ENOM2F( = IUN, IUNN, K JUN, KON,...)
11 200 ‘12 13

inpput DS of binary separate line segments
(vith junctions numbers also).

input DS for mask (=0 if not used).
“output DS of labeled line segments.
temporary DS, rubbed after use.

ION

ICGNN
JUN
KON

£y
s a0 a2

negative;/JUN _consists of labeled line segments

(discornectedf or with line juntio marked
without junc \ag,numbers (negativej.

. 7 -
W, R 4 ExY
Relahel nncé'ons and line segments that touch (redun-
dant labels) after ENUM2F in (21) : ’

" CALL

-

NOTE: IUN is the output of ENUM2F or JUNCITF,

- 1. /200 12 -~ 13 78

ION  : input DS of binary separate line ségments .
{(vith Jjunction numbers also) ' :

IONM : ipput DS for mask (0= no mask). .

JURN : output DS of labeled line segments.

KOR = : temporary DS, rubbed after use.

. labeled); JUN consists of relabeled junctions+

Enuu3§‘§~¥xun, IUNM, “J0N, { KON, JOLIN,...)

JULIN : 1=label junctioms, 2= label line segments,

i.e., junctions+line segménts (binary or

line segments (binary or labeled).

B

3’7'5""f“f‘
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23 - - : - .
I List labels, coordipates of center o; grayity apd I
| npumber of pixels for each lapel o ' |
' . ' . l
| CALL ENONMTZ( . I0N, MIN,...) |
| : 11 52 - ’ ) |
{ ' B . ‘ i
| IUN : input DS, labeled image (positive labels). |
! MIN ° : einimum label value desired from picture I
1 =2 or greater, T {
L . - - |

28 ' . -
| Initialize magnetic tape on device NT11 |
P - e [
1 CALL PREPD{11,0,0,0,0) . ( . i
L ot . ]
r . -
| Initialize magnetic tape on device MT12 I
' . N I
| ,CALL PREPD(0,12,0,0,Q) {

. Ll 3

- ""

26 : e
| Inpitialize file occupancy table |
| i
| F = SLLIO(30,14,2,2,3) |
1 - ra |

26 r 1
! Iype file occupancy_table |
| . i

CALL TLLIO
| capmizo !
o . ,

27 - v
| Type file occupancy_table ¥
| L l
[ CALL TLLID ! ’ |
‘. . . b |

. : ‘B 60
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01 ~ - - 1

| Hannal copy of nom - compressed DS from ope I/0 . |

| device to _another : I

| ’ |

| CALL COPY1F(IUN,JOUR) |

1 - ) I

| "GIVE IUN,JUN:2ZaM___ . .

L J

02 - ' +

| Hanmal copy of binarvy compressed DS from one I/0 P |

| device to another N ‘ |

1 . |

! CALL COPY1(ION,JUN) |

: | . i

‘ ' ' -1 "GIVE IUN,JON:2I3" - . |

. ' — f )
" 03 : . 1
| Hanual rub of last DS on an 0_device b

l' %, ) 'I

| K=IPODS(IUN,3,0) . |

A i

| "RUB'IUN:T3® (

t hd ']

ﬁﬁpé

wiaad

i



04

05

06"

O —— v e —

. e +
Read compofient-laheled image DS _and create ip core |
table of labels |
- |
CALL HPR86( I0ON, LABS,...) l
167 363 |
: |
ION ¢ input DS of labeled components (areas). i
LABS : starting label number if too nany labels. |
L) |
T

[ * . ) - e
| Create DS of table of labels stored _in core |
| ' - - g f
'l  CALL GEST3IE{ TIONL, JOHL,...) : i
{ 168 12 ‘ i
' - ' [
( IURL : inpit DS for adding commentary to JONL. |
| JUNL : output DS for table of labels. i
[ N hd 3

’-—'.—--—-.—01

Read to_core label table from table DS

CALL GEST3L{ TIUNL,...)
" 168

IONL : input DS with table of labels.

«

e e e s )

62

LY
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.sed_images of boundaries: creates DS of dated ble
of labels for phase labeling :"

4

Interactjve selectioﬁ of ljbe;s via specjal operator
console and Tektronix 611 displays of bipary compres-
s

. \.;
CALL FIXPX2( I0N, 1IONL, KON, JONL,HMSGCON, ...,
167 168 -1 12 367

359 360 57 58

IOR

input DS of binary compressed image of
"« boundaries.
IUNL input DS of table of labels.
\ KON internediate DS into which ION
hi is copied for plotting on Tektronix.
output D5 for partly or fully edited table
of labels of components and phases.
sSpacing in.screen coordinates of phase
- label to appear on screen (suggested
value is S50). -
horizon spacing- betveean plxels in
screen coordinates (suggested val.: 30).
IDXY : vertical spacing between pixels in
screen coordinates (suggested val.% 30).
XRAT, YRAT: percentage of overlap between- adjacent
successive frames if automatic mode
* N for scanning the ektire image is chosen .
during 1nteraction.

JONL

NSGCON

IDXY

NOTE: an instruction menu u111 pear on the screen
Qting interaction. ) '

: ——

- e e

Enter integer data

CALL EINDA

WEINDA: ENTER I,J:314,I6"
(address and value: if a 5? is neg. print value)

|




09

10

1

v o e man . ey
.

4 1
i
Enter floating point &Egg' |
. 7 l
CALL EDATI ) !
_ . i
"EDATI:ENTER I,J3:18,F15.6" ‘ |
(address and value: if address is neg. ;;B}Q; lue) |
— 2
| Go_to master |
'- T - I
|l "G I APP : SN ITI" - i
I {
| ©"IGOM:IZ2" |
| | I ]

e e R I IR R s Y ——

. NOTE2: set SENSW 2 to print unmarked label on Versatec

Pind aggg=]congogent) labels that correspopd to'point-

ed _out’pixel coordinates durinq inter on__with

CALL B7( IUN, LABS,......,LADSEQ, LAD,...)

167 363 365 364

ION input DS of labeled components (areas).
LABS Subtractor from label number (set to 2).
LADSEQ: last filled entry.address for

‘ Sequential search.

LAD ¢ last filled entry in table.

448 08

NOTE1: LABS, LADSEQ and LAD are automatically set when
a8 table is read to core by GEST3L either vithin
FIXPX2 or separately after using it.

.4

printer; data on dyplicate labels are always
printed if encounteredh'

e L ek kY e —




N f‘
13 \—. :

» N .

12 - 2 —_
| Select pointed-out labels an onvert coj ent-
| labeled_imagqe to binary con ssed e or t e-
| labeled image :
| T .

.1 CALL HPR8B(  1IUN, JON, JTYPE, LTYPE, LABS,cavnae,
1 - 167 168 366 374 363

{ _ : <. :

| LAD,LADSEQ,...) _

t 364 365 _ . .

{ - : . "

| I0N : input DS of labeled co S (areas).

| JON i~ output DS: binary compressed image or -

I : phase-labeled image of 3elected labels.

[ JTYPE : neg: or 0= for binary compressed output;

[ posi= for phase=-labeled image {uncompres-
1 o sed) .. .

{ LTYPE : pointing symbol in, table of labels,

i i. e., the area type wanted as binary 1

| " (black) . -

| LABS : starting I%bel if too many labels.

| LAD _: last filled entry in tablel . -

! LAPSEQ: last filled entry address for sequaential
! search.

L

List thg_ghbles of labels in core on VYersatec gringer'

. CALL TYPLTC '

-—-J

.
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Plot bdimary ¢

onpressed ture on_ Versatec tter:

d

one dot per pixel (fast plot)

VALL VPIX3(

<7 JoN

ITEXT

’e

INAIT :
TRAIT2:

JUN,- ITEXT, IWAIT,IWAIT2,...} !
174 1te nmrz 15

input picthre DS. _
text of header and comments printed before]
the plot. 1= yes; 0= no. : ' i

delay constant diring plotting of picture.j’
k)

delay constant after plotting before
feeding paper.

.

-~

(o o g . -y .
.

£

Call _for interactive session with PIXPX2 (7) with

another image

IFIRéE_;‘O

R

[

—

N
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SUOPERMNAMAMSTER &WV“ .

s

~

"SUPERMASTER 1IV"® of GIAPP: processfhg of binary compressed

inages.

<

]
SUPERNASTER| MASTERER FUNCTIONS

Logical operations on or between
binary compressed images, Minkowski
operations or transformations by means
of programmable structuring elements,
displays of binary comnpressed images

IV 08

09 Auto- and cross-correlation of binary
compressed images in tvo dimensions

creation of correlation images

o oo on el e e m A
-———qp—;————-r—d

bt cnm s G e e A o
L—-q——-——.———un_d




"MASTER 08

<
Y

devices MT11 and MT12 ’

READC (yss/no) -  Number of entries of
SLLIO (®T/M2,I,J,K) physical devices

PREPD (0,0, 13,14,17) M1: INDAC (258) 1
RLIOT (11) N2: INDAC (255) 12
RLIO1 (12) L I : INDAC(256) . 13

J : INDAC(257). 14

e K : INDAC(258) 17

NOTE: M1+M2+I+J+EK=51
(length of data is 54 on NModcoap)

[ T e —wn ——— —

"COQL,STARTY procedure for two magnetic tapes op’

¥

02 ¢ -
| mMannal_copy of binary compress DS _fropm ope I/0 i
| device to_another : ’ I
| _ -
{ CALL COPY1(IUN,JUN) |
| |
| "GIVE ION,JON:2I3" |
| | ” ]

03

Manual rub of last DS on an 1/0 device

K=IPODS (IUN,3,0)

r
|
|
|
{
' .
[ 1

WRUB ION:I3®

o —— — =)

T— .
Read_@&efauit wvalues from cards

-
|

i

| CALL READC
M )
|

| 1

(Read IFDAC and DACIN from cards)

e o - e s )

R e Y e e e o
.

J e e ke e M PR



05

(8 \ | -

Yy ~ -4
{ Type default value table |
| |
{ CALL TYPID {
[ 'l
06 : —
| Plot binary compressed cture ersatec |
‘1 ‘one_dot_per pixel {fast plot) - |
l ' |
| CALL VPIX3( JON, ITEXT, IWAIT,INAIT2,...) | '
{ 174 116 117 151 |
1l . ' }
| JON : input picture DS. l
| ITEXT : text of header and comments printed before|
| : the plot, 1= yes; 0= no. ' (
[ INAIT : delay constant during. plotting of picture. |
! INAIT2: delay comrstant after plotting before |
t L / feeding paper. \ l
1 - —7 []
—
. ~
L ..\
r



"CALL PICTOV(IUND(1), (2), (3), ' (%), 5) o IABEA, .
, bG 65 66 - 67 A
1TOP, - JTOP, 1BOT, JBOT, NEWPO, ,f’v_‘T
273 274" 275 276 54. e
NPX,  NPY, xwaiw.rwaxmz, MODE,...)
.. 228 229 17 151 - 289

TOND(.): imp it DS's. - "
TAREA : neg.! 0< no area selection- pos.— area
- sele ion: ITOP, JTOP, IBOT, JBOT.
. ITOP JTOP: coordibates of top left corner
i ' sglected area in picture.
IBOT,JBOT: coordinates of bottom left COrmer.
NEWPO : 1= change page after each print page.
2= no page change. I
ISQHEX: type of plot, 1 or 2= square. 3= gSendo- 1
hexagonal display. {
NPX,NPY: nos. of dots per pixel ip X,y directions.l
IHAIT : delay constant during plotting of picture.|
IAAIT2: delay conmstant after plotting befoq\ -
feeding paper. ’
1= slou, 2= fast but uneven plottzng.

g

._.._“.;..T_..-u_..—n_..;“_..J

HODE H

NOTE1' 1 to 5 DS's can be plotted with alternatlng W
FOwWs.

NOTE2: SENSW 7 set cuts plottlng. e

P
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1"

po S S s ——

S e

e

* T » " ( . -
L] ’ )
. -
- !
. A a® J
A

’ . - i v s
Bptei' inteqer data : - |
: ‘ i
CALL EINDA ' R ' L |
B " ) CT . ‘
, "EINDA:ENTER I,J:IG,I6" ' ' |
(add:ess.and_v§;ue: f address-is neg. print value) -~ |
- - . L
B er floatigg*goint data : ' et i
. o ' i
anL EDATI : (
- . . .
WEDATI: ENTER I h & 14 P15.6" - o
(
J

(address an?

valu if address is neg. print value)

‘,r

CALL PICTC(

JUN :

: DXY »
- IBWD
ISQHEX
NP.

NOTE: SENSW 7 set cuts plotting.

. :
r : e
| Go_to master . . , 1
| T ’ g l
] "G IAPUP : SM TyYn : |
| "IGOM:IZW : /j ‘|
L . ]
. .“ N
Display binar ressed picture op_Tektromix 611

JuN, 1ICOR, JTOR, DXY, Iaah,xsqa X,
174 177 178~ 179" 29\

-t
-~

NP,u..) SRR
180 : o

1nput Ds.

. 1ICOR,JCOR: screen coordlnates of top left corner‘

of picture.

spacing between the plxels.-

1= B on W;, 2= ¥ on B.

T ot 2= sgnare plot; 3= hexagonal plot.
tntensity of dots (1 to- 7). .

B e e il Ll Yy —

-

s
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5

12

13

e i et el T ——

-

[ = A e e o e an et v e i . ———— — — —

Create images either from cards-or_ from_ terpipal

CALL HPRS0( IDINBN, = IDIN, JDIN, IGRTP, 10, Jo,
) . - 80 81 82 . 218  22W  .225
1D, JD,. NPX, NPY,...}

,’fff

IDIn
JDIM
IGRTP

NPX,NPY number of points in x ¢ty
&gtartlng point of grid pic

I0,J0

~ID,JD

IDIMBN: -

226" 227 . 229 230

‘number of hinary pixels per rowv.

number of 16 bit vords, per row.

nunber of rows.

" 1=card- .input for vhole plcture° 2= grid

. from cards; 3=grid computed; 4=points

from cards' S=points fron terminal; 6=
nidpoints of rectangular arrays, (max.
64) from cards; 7=like & R terninal.
irections.
e coor-
inates,

step size in x (B\y Qireefions in picpu<
Te coordinates.\:f‘\i/s ' :

1
|
|
{
i
i
I
|
i
{
|
|
|
|
(
|
i
{
|
i
|
|
L)

NI "i,_l

.Create structuring element or mask DS's as bipary
expanded 1mages .

CALL HPR49( IDINM, JDINA, ' MODE;:..)
- 8r 82 289
IDIMN : number of words one rov of plcture.
JDIM : number of roisJain;1cture.
' MODE : 1=structuring element input; 2=mask input.
NOTE : IDIN,JDIM 0dd numbers between 3 and 15. -
- . (\ ‘h
B 72

IS
e I e S ——
e

)

-
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Ay

15

L o
| Create in core structuring element window r mask |
I uindow of binary dimensions to cojrcide with those o |
1. the image to be processed. Vipndous created l
| either sguare raster images or Eor Edd aEd eiéa Eogg 1
" | of hexaqgonal raster images : {
I . - Y ' |
| /CALL HPR92( IUN,ISQHEX,IDIMBN, .MODE, IXDIN, JYD1IN, |
| : 172 167 80 289 ~ 83 Yay g
| l
I KXDINM,...) i
T ‘ 85 — l
- - |
| input DS (structuring element or mask) . |
! 1,2= for squaré raster image; 3= for hex- i
s agonal raster image. . |
| binary dimension (bits per row) of the |
{ binary compressed image to be processed byl
f either HINK1 or MINK2. i
| MODE =: 1= load structuring element window; i
l 2= load mask window,. - {
Sk IXDIM : number of words in one Fov of structiring |
! element image. - o |
1 JYDIM : number of rows in, bot} structuring element]|
| image and structuring element window. ]
| KXDI¥ : number of words in.one row of structuring |
1 -element window. |
L 4 ) ]
2

.

CALL MINK1{

IONA
IUNB

JON
. IOPER

[T

ISQHEX:

sidered in th

r . .
Compute Minkpwski type transformation (erosio
. dilatation b

cessed image; _only coincidirg black xels are cogn-

structuring element} of binary comp-

. transformgtion

IUNA, IONB, 'J%;’?Eopza.rsohzx;...r
172 173 1 169 167 .

input DS for image to be processed.

input DS for structuring element used for
adding comments to processed image.
output DS for transformed image.

type oﬁggransfornation. 1= dilatation;

2= erosibn. ' )

1= square, 2=hexagonal raster image.

S L ey e g MRy e — S SR SEm S S emm o




16,

e Mtk AR

(0 A i N L D ) peyn A e S —

Compute Minkowski type transformation (erosio

uski type transformation (erosiop or
dilatation by structuring element) of bjimary comp—
_;___L___;gg__n_d__hi_a_ai__lg_gz___ga_

ressed ;m_ge° both b
side;ed n the transformation

CALL BIHKZ( IONA, IUNB, JUN, IOPER,ISQHEX,e..)
172 173 174 - 169 167

IUNA : input DS for image to be processed.

IUNB " : input DS for structuring element used for
adding comments to processed image.- .

JUN : output DS for transformed image.

IOPER : type of transformation. 1= dilatation;

2= erosion.
ISQHEX: 1= square, 2=hexagonal raster inage.s

i EES Ml CEN WU amm S ey o e el eEeE S Tk TE e SEE S e S

Logical opePation between {or on) conp;egged images

CALL LOGO3({ IONA, XIONB, JUNH, LOGOP,...)
172 173 174 175
™ L s .

IOHA,IUNB: input picture DS's.
JUR : output picture DS.
(JUN=IUNA.LOGOP.IUNB)
or
(JUN= complement of IUNA).

ROTE : "(+)" = .EXOR.; "e" = AND., _
. f+ = _OR., and "NOT" = .NOT. {conplement).

LOGOP : 1= AeB; 2= A+B; 3= A(+)B; U= NOT(A);
5= NOT(AeB); 6= NOT(A+B); 7= NOT (A (+)B);
8= AeNOT(B); 9= A+NOT(B); 10= A(+)NOT(B).

Qutput messages are numbers of black pixels in:

IUNA, IUNB, and JON. ¥

’
S e G e S S SR R S SN S S S GEE SR S e S S S e w)

-

S
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23

24

25

.
o s i - -y

a

- v -y Y

Ipitialize paqnetic tape on_device HT11

CALL PREPD(11,0,0,0,0)

- [
 — — )

e

Initialize pmagnetic_tape on device NT12

CALL PREPD(0,12,0,Q,0)

e . — o

f .
| Initialize file occupancy table \ 4}
{ ‘ |
| P = SLLIO(30,14,2,2,3) |
Iype file occupapcy table ;
|
CALL TLLIO i
2




01

02

03

HASTER "089

Aato- _and cross-correlation between two
compressed pictures -

CALL CORRLN ( ”IUNA, I0NB, NSHXL, NSHXR, NSHYL, NSHYR,
: 172 173 194 195 196 . 197

KSTEPX,KSTEPY,...)
198 199‘7 A
AN

IONA,IONB: first ana Second DS':
_ JUNA is shifted. ’ .
NSHXL, NSHXR,KSTEPX: do correlation matrix from x=
NSHXL, to x=NSHXR in steps of KSTEPX.
NSHYL,NSHYR,KSTEPY: do correlation matrix from ¥=
NSHYL, to y=NSHYR in steps of KSTEPY.
K%TEPX,KSTEPY: steps along x and y (=1,2,3,{..0).

NOTE1: coordinates for correlation go from - to +
in left-to-right direction, and
in down-to-up direction.

NOTE2: SENSW 7 set cuts processing.

o e e

Manual copy of binary compressed D /from_one I/0
device to_another o -

CALL COPY1(IUN,JUN) //

i W

"GIVE IUN,JON:213" //// :

~

o En e o e

Manual rub of last PS on an I/0 device

K=IPODS (ION,3,0)

WRUB IUN:I3®

e e S S —

76

-

-
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05

06
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Create DS of correlation array (63 x 64_values)

CALL HPRS51{ IONA, IUNB, JON, ceey FMULT,...)
' 172 173 174 52

IUNA,IUNB: input DS's
JUN s output DS. .
FMOLT : multiplication fa%tor for scaling of cor-

relation valyes to be stored as integers.

&

"'“'-“""'"""}\_H/f_’——/rl

Manual copy of non -~ cogpressed DS from one_I/0
device_to_another

CALL COPY1F (IUN,JOUN) . ’

o= o
WGIVE ION,JUN:2I3" ' ' (/ff‘\\\\\
Plot binary compregsed picture on Versatec plotter; jl\
one_dot_per pixel (fast plot) . |

(o i et wrm - o —
o —— — od

!

CALL VPIX3( JON, ITEXT, IWAIT,INAIT2,...) : l
} 174 16 . 117 151 |

' ' |

l

JUN : input picture DsS. .

ITEXT : text of header and comments printed before|
the plot. 1= yes; 0= no. |
INAIT : delay constant during plotting .of picture.|
IWAIT2: delay constant after plotting before®

{
feeding paper. |
]

- | .‘ o .§/ éf

o e - o s b

*, - . © e m e . . . . - PR I. . R S .7.. B e
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. -
o D el ey S S S el AR S D Gl R e D S D i i i UL LD A AND
’

print uncompressed pictures in DSts ;ggn(]f to IU l21511 //
using forma § {251I5) or (25(];. 8)) on Versatec pripter|

CALL PICTOF(IUHD(l), {2, (3, -gJu). {5),
262 263 264 265 266

IFORM (1), (2), (3) ., (4, (5) , IAREA,
267 268 269 270 271 272

ITOP, JTOP, IBOT, JBOT, NEWPO,...)
273 274 275 276 54

IOND(.): input unit DS's.
IFORM({.) : 1= (25I5), 2= (25(1X,Z4)) formats.
IAREA : neg. or 0= no-area selection; pos.= area
selection: ITOP, JTOP, IBOT, JBOT.
ITOP,JTOP: coordinates of top left corner of
' selected area in picture.
IBOT,JBOT: coordinates of bottom lef# corner.
NEWPO : 1= change page after each print page;
2= no page change.

NOTE1: 1 to 5 DS*s can be printed with alternating
COWS.

NOTE2: SENSW 7 set cuts printing.

’

s

Enter inteqer data .

CALL EINDA E : ..' (

"EINDA:ENTER I,J:14, IG"'
(address and value: if address is neg. print value)

S W R




09

10

11

12

.
o L.

[T T T T

Enter floating point data

*

CALL EDATI

“EDATI:ENTER X,J:I4,FP15.6"
(address and value: if address is neg. print value)

R —.

(4 i e e oy

Go_to master .

"G I APP: SH IVY® i\

. WIGON:I2n \ ¢

i
L

o — o - —

, \‘

o ——

Compress_binary expanded_picture

'CALL CHPBIF( ION, JON,...)

172 17

IUN,JUN: input and output DS's.

o S

R e I

Expand binary compressed picture

CALL EXPB2F( IUN, JOUN, )
1720 178

ION,JUN: input and output DS's.

-

-

79
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SUPERMNASTER v

¢

f .
‘WSUPERMASTER V" of GIAPP: output of image files in Binmary

Coded Dgégﬁal formats for transfering of data ‘to other

computing devices.

“ e
L ’\ )
i
L 1 1 |
Y | SUPERHASTER|MASTER] . FORCTIONS |
+ } { - — —
i v | 10 | Output of binary expanded images, |
| { | labeled images and grey level images i .
| | | for transfer in different BCD formats P |
L 1 1 P |
—




01

o e o R - - - - Sl - e e e T ST T

MASTER Y0 . '

-
‘"CQQL START" procedure Ffor magnetic tape in device NT11f

l

| .READC (yes/no) Number of entries of
| SLLIO-{M1,0,0,0,K) physical devices
| PREPD (0,0,0,0,17) M1: INDAC (25u4) 1"

1 RLIO1 (171)

{
{
{
{
|
l
1

K : INDAC{258) 17
L]

NOTE: M14X=51. : '
(length of data is 5% on Modcomp)




02

S

P 3 et_from aagpetic tape

Bead labeled pncompressed data set

op_device MT11 and write on magnetjic tape op_ device
HT12 an_uyplabeled file in a_ selection of different
formats™yith or without he '

CALL HPRYJW(

IDN,

T d co ts eco
er to i rcent compute

input DS for-laheled é}stem.
input device for input DS (must be 11) .
output device for formatted DS t

transfer.

set to 1 for running this routine.
format od image data for printing on

Versatec prinmter.

10N :
NTIN =
NTOUT =
MODE
KFORN :

1=
LFORN :

1=

2=
. 3=

4=

5=

for (80I1); 2= for (40I2); 3= 'for

(13I6) ; and 4= for (13(z5,1X))."
format of ontput picture data.

for binary picture in (80I1).

for. phase-labeled picture in format
(4012). ‘ . ‘
for grey level or component-labeled
picture in format (1316). ‘

for not writing on MTOUT, only
printing on vVersatec for testing.
for binary or non-binary picture in

_Hodcomp IT internal format.

MTIN, HMTOUT, MODE, KPORN, LFORM,)
172 89 - 90 - "87 91 92

N

)

1
|
l .
|
|
|
|
I
|
i
|
{
|
|
{
|
|
|
|

82



I

. 03

oa

08

09

o e oy

.gg;back one_end-of-file aark on_devjce MT12 .

CALL BKFILE (IUFT2)

o - —— -

Go_forvard over one end-of-file park on_dervjce

HI12

CALL AVFILE (IUFT2)

o —— -

* Enter_inteqger data

CALYL BINDA .

YEINDA:ENTER I,J:I4,X6M
(address and value: if address is neg. print value)

e

P e S —

Enter floating point data

CALL EDATI ’

SEDATI:ENTER I,J: x'%ﬂs. 6" ,
(address and value:Wif address is neg. print value)!

83
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gy Operational flowcharts for GIAPP
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R i

Operational flowcharts for GIAPP

The programmning phiiosophy is déscribed ;n- the form' of
generalized floh charts. The ‘software developed takes into
consideration various alternative paths for obtaihing digi-
tized submaps, creatioh of the’mésaics, editing, thirnning, -
pr?duciﬁg phase-ﬁabeled images, extraction of binary cohpre-

‘maqes correspondlng to glven phase labels, digitiza-

t on of photographlc transparenC1es by a flylng spot scann-
'GQ\;- 'e;, processy&g of grey 1evel 1mages, and processing and
‘ dlsplay of blnary compressed images..

" The follow;ng block‘glaqums corhsépbnd to hierarchically
ordered logical tgsks, as follows:

s e : ‘ . [+
(1) Digitize and save the vectors in a submap.

(2) Create a binary" éubmap‘ from previQusly stored
- wector dat?. .
an

(3) Alternate procedure for digitization binary

subnap creation.
: ™~
(4 Patch binary submap into a mosaic.
) ' (5) Patchlng of blnary submap data sets lnto b;nary
mosaic data set wlthout loading the patch into.
.computer nemory.
( ' (6) Printing of binary mosaic visual verification_ and

online editing. CoT

B T e i SLUP PO OSSR Ce et eiesa i aw mmetia aaories m e o -



(7)
(8)

- {9)

T (10)

A sopEce listing _documentation. for (::: entire GIAPP.
/ . - ’ v

(1nH
(12) .

-{13)

{(14)
(15)

(167

(17

-,

Contour thinning and automatic area labeliang.

Interactive phase labeling %nd extraction of

‘binary conpressed images.-

Scanning procedures with flying spot scanner.

Display cf grey level histograms . and

trajectories.

.-File hindling features‘in unlabeled system., .-
Preparatory précessinq fdr generating a binary
conpressed image.

-

Logical operations between (or on) bﬁnary Compre-

Correlation bekween two binary compressed images.

Minkowski type transformations of binary conpre-
ssed inmages: {only coincident black ﬁixels).

‘Minkowski type transformations of binary compre-

ssed inmages (both white and black coincident
. . ] o >
pixels). -

File handling and other features ."in labeled

systeﬁ.

, ' : ™

systen yill” be available as a separate teqhnical'report

-

(Fabbri, 1981y, L~ .

B T e i L H R
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DIGITIZATION AND SAVING OF VECTORS IN A SUBMhP

)

{conservative procedure, i.e., all

partial results are saved)

START

L

TABLT6: Establish map segment

corner coordinates and the two
end poih of the scaling

line. B _
-\ ,
T .

"MA=-1: Zeéo vector table.

Y

TABLT1: ~ Manual :interactive
contour tracing. Vectors are
loaded into a table MMAR(.)
in computer memory.

!

. the vector table MMAR(.) be-

If the submap is done or if

comes full; .

GEST3IM: Hrite vector table
MMAR(.)}, map corners and scal-
ing 1line coordinates onto a
data set (a.Eag. tape file).

‘.

Y

fdas the submap been completely
traced? »




CREATE A BINARY SUBMAP FROM PREVIOUSLY

. STORED VECTO ATA
(conservative’progédure, i.e., all -
partial res s are saved) *

e ‘ (3)

]

[4
% ‘ MA=-17 The binary submap
array MMPX (.,.) is to Dbe
: zeroed. ' HPRS52 or HPRS52A:

zero binary submap.

1

vector data
nenory.

GEST3L: Read previously saved
to computer

3

set?

"Is it the first vector datA - / ”

P yes

no

Y

TABLT7: - Given the desired

'gram (HPRS52 or HPRS52A}.

resolution (number of pixels)
for the scaling line, work out
reconnended dimensions for the
binary submap, and additional
paramneters for subsequent pro-

‘The second and subsequent vec-
tor data sets for +the sane
submap must use the same para-

meters. (from TABLT7) as the
first one.

'
-




o~
.

B
e, STV s At R s A

Does. the vector-data set have
to be rotated?

no - yes

HPRS52: Load the vectors into HPRG2A; Same as HPR52 except

the binary submap MMPX(.,.) vectors ‘are rotated ‘before
and prirt binary submap (if loading into MHPX(.,.)
requested). : .

Is the binar} submap
(MMPX(.,.)) in computer memory
complete, or have all -the vec-

tor data sets for this submap
been loaded?

*

J no ves

l h 4
HPR78% Save the binary submap
MUPX (.,.) as - a data set (or
- file) on magnetic tape. :

l

B .




. ALTERNATE PROCEDURE FOR DIGITIZATION AND -

- . BINARY SUBMAP CREATION

(vector data and binary submap are saved;
see prior diagrams for details)

. . o START
HA=§1

’ ' HPR52 or HPR52A:

MHPX (a,-) -

TABLT6:  Submap
scaling.

N IABLTI: Recommended binary
submap size. .

7 .

< initialize

corners and

. MA=-1: To zero vector iable.
TABLT1: Interactive contour
tracing. N '
GESTINM:

Save vector table.

| !



!

Rotate vectors or not?

no . : 'yes '
. .
1 .
HPR52: Load vectors - HPRS523: Load vec-
into MMPX({.,.). tors into -MMPX(.,.).
Has. the submap been completely
traced? : .
]| no yes
— (B*)
* HPR78: Save binary submap. ‘
(B)
. -~ .'\"
\ \/\, /
c 8
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-
L)

PATCH BINARY SUBHAﬁ-INTO A MOSAIC
< (i.e., create and save the large
, binary map)

e e e v e e T e A T

-,

Data set to data éet

' (B)
. HPR78A: FRead binary
. submap into computer
' memory.
(B*)
Data set for binary mosaic=0
4 initially. '

( . HPRB5A: Enter the
binary patch in
nenory into the
mosaic. The mosaic
must be on disk or

tape due to its operation.

. size. T
- .

' - Have all phatchex
. . been entered? -
. __J no l yes ' !
(<)

~

The mosaic is already on a data set due

peration in HPRBS5A.

Y patch is already in memory,
HPR78A may be bypassed, see B*; return to

.data set to data set o
Note: If the binar

for more than one patch.

Data set for binary mosaic.

to_ the

WSTARTH



.PATCHING OF BINARY SUBMAP DATA SETS INTO
BINARY MOSAIC DATA SET WITHOUOT LOADING
THE PATCH INTO COMPUTER MEMORY

i (8)"
. \
-~
Binary sSubmap or Data set for binary
patch data set. . _ mosaic, 0 initially.
K AR

- | BPR8SB: Entgr patch data set
into mosaic data set.

Binary ‘mosaic data
set.

Have all pdﬁches been entg%ed?

Vuw' l no yes

(€

The mosaic is already on a
data set due to the data set
to data set operation in

‘"HPR85B.



y

PRINTING OF BINARY MOSAIC, VISUAL VERIFICATION
and online editing

|

(C) !

PICTOV: Print the  binary
mosaic  in desired expanded

scale, 1i. e., expand each
pixel to desired size.

v

"Visual verification and mark-
ing of errors, defects, lack
o .1 of resolution effects, etc.

Data set update.

A 7

FIXPX1: Interactive online
editing of the binary mosaic.

4]

Printout and/or dis-
play of subwindows
during editinEu

ﬂc;/“v/

Y

J
PICTOV=: Print the binary
mosaic again for global veri-

fication .of the editied -
results., ‘

Is editing satisfactor,y?)
no l?es

(D}




CONTOUR THINNING, AND AUTOMATIC ARER LABELING,
{from edited binary nosaic)

(D)

‘

EXPB1F: Expand binary compre-
ssed image. : .

|
(Do)

THIN3E: Thin the contours. to

. one pixel wide 1lines without

( destroying ., the . topology.

\\ .| Black pixels to become white

are assigned ,increasing nega-

tive labels indicating itera-
tion c¢ycle.

‘ |
- ’ (D=)
= | . A

5, HILDI4: ©Post processing after
IHIN3F to substitute negative
labels with 0's to return to
binary uncompressed image data
set.

N " (D%}




_ ENUM4A: ~ Label all/ enclosed
areas, including thbse at the
edge of the pj re. Assign.a
Sequential et of serial num-
bers to areas.

7

.relabeling ‘of the areas. If
the areas are very convoluted,
the previous program may have
assigned several numbers to

is to check and correct such
occurrences. Several itera=
tions may be necessary.

"ENUMS: Automatic check anad-

the same area. This program—{

‘ Was relabellng reqn1r€6°

)

S

Automatlcally . area labeled

picture. .

13
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\IﬁTEhACTIVE. PHASE LABELING AND EXTRACTION

OF BINARY COMPR

ESSED IMAGES

(from area labeled picture and.edited binary mosaic)

® S o
| _

*) (F) or (G)

HPRB6:
phase
save

using GEST3N.

Creaté area and emnpty
label table. Cptionally
table as data set (F} by

GEST3L: restart procedure.
Read area and partial phase
labeled results (G) or enpty
table (F),.

b4

FIXPX2: Online interactive
labeling of the ' various
phases.
YA table of coor-
dinates and phase .
labels in  computer —
memory. - GEST3N: Save  the
i table of coordinates
] ' and phase labels as
. .| a data set. )
gé“\.‘ (i]
* ) GEST3L: Restart
procedure: Read the
+ table from a previ~
ously created data
set. .
HPR87: Collate automatically N
assigned labels and ‘the =
interactively * given phase

labels. 1A table

in memory is

. Created in whieh phase and e
area labels are associated. :

apeyrer




IRy L

Vang

S e e e ey o oo o <%

SRSV A

——— g

GEST3M: Save the
table as a data set.

H)
GEST3L: Restart
procedure: Read the
saved collated

_results to computer

signed labels with
phase labels.

(1) ‘
This is the "phase
labeled” image data
set. .

,memory.
(f) ) )
Y
Area labeled . Table in memory.
picture data set.
\ A A = i
JHPRBS: Replace HPRBB: Create auto-
automatically as=- matically a binary

conpressed image
corresponding to a
given phase label.

v

(J)

This is the
extracted binary
compressed image
data Set.




' SCANNING PROCEDURES WITH FLYING SPOT SCANNEﬁ )
: (for 'a 35 mm transparency in scanmer) . p

35 mn picture transparency in scanner '
(P) .
‘. :

Turn or scapner and initialize scaanning procedures’
with the assistance of a. technician.

(X

v

a2 display which
transparency in #h
interactively,
and get theiscan

level readings within the selected area..

PE—— )
SELAR]: Select area in picture for gﬁbceésiﬁg, -diséﬁay
the ' transparency in scanner with agtomatic grey level
sgcaling to generate best visible contrast. This produces
S in\one-to-one correspondence with the
'Scanner. In order to select the area
ove a pointer on the Tektronix 611 screen
€L coordinates for that point. Generate
a- movable and adjugtable (but not .rotatable) box for
selecting_suitable area in the picture for subsequent
Scanning, display or, on demand, display histogram of grey

SETBEA: 'Look at signal level and resolution along a
set of straight 1line trajectories in the picture,
selected interactively via pushbuttons .on special
conmand ¢onsole. Establish grey level (resolution)
‘rangenfor a grey level profile, drawn along a straight
line between two points‘selected\interactively.

!

. 5

SCANS2: Scan picture according to a square or a
hexagordl raster configuration with the selected
resolution within .the area of the box defined
interactively; write digital image. on magnetic
tape, for labeled system, unlabeled systenm .or in
BCD format (binary coded decimal) for - outside
naqnetic tape, ' ’ ‘

16
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v

'

Grey level image on‘magneyic tape

|

R e e T T S —

4

Q)

v
(R,

Labeled or unla- Unlabeled data set
beled data set in for unlabeled sys-
BCD format. ten.;

o+

Programs
systen..for
- grey [level -ipages.

Libeled data set
for labeled sys-

ten. l

in labeled
handling

COPY1F:

) ﬂPRsQ‘1 W:

. transfer to

BICTOF: Digital
display progranm for
Versatec printer.

or '
Copy uncom-
pressed image - from
one storage (I/0)
device to arnother.
Qr .
Read
labeled uncdfpressed
image data set from
magnetic tape and
write the d&ta . in
BCD with selected
format on - another
magnetic tape for
another

comiputer.

\\ )

—, e e

et My . e b e e A e omes 4
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DISPLIY'OF'GREY LEVEL HISTOGRAMS Aﬁb TRKJECTORIES
(for/stuﬁygng grey level pictures)

L4

grey levels.. The grey level
range'of pixel values is +2048
(AD ¢ nverter resolutlon = 13

RAW3H: Rewd digitized tape in
order to Jcompute a histogram
Jhe max. min.

ed from the previous
program. Maximum size of hlS-
togram is 256 values.

ﬁTEAJu-

core on magnetic tape.

v

RTRAJY: Read hlstogram - A
core from magnetic tape. -

OUP] Remove  tails of histo-.
ram to display the majority
of the pixels within th
_dynamic range of the displ

"device ( e. ge, 5% from eith f
end)._

?ﬁsatec plotter.

values’

Save histogran fram .

. tory on Tektronix 611
~display uonit.

B Tk T T T R

(R)
Grey level picture®unlabeled N .
. ' dgta set on -magnetic tape.
* r ‘
Histogranms Trajectories
MAMIBH:" Read digitized image TRAJS1: - Define linear’ trajec-'
to find peximum and mininmum tory by selecting, two end-

points across the picture and
the number of - points across
the trajectory (max.- 650).

5

TRAJP1: Plot trajectory on

Read picture data
or disc for values

TRAJR1:
tape

on trxajectory.

TRAJD2: Plot data on trajec~-

‘tory on Versatec plottér.

TRAJD3: Plot data on trajec-

storage

HTRAJ1: Save trajectory data
in core on magnetic tape.

L4

- .
(T)?2
RTRAJ1: Read trajectory data

to core from magnetic tape.



FILE HANDLING FEATURES IN UNLABELED SYSTEM

&

(R) =

Grey level ©picture unlabeled

data set for unlabeled system. .

C éxzﬂ: Read image from +tape
or disk and copy it to tape or

~ disk.

|

PICTOH: "List grey level
values within a selected area
in the picture. .

BKFILE: Go Lack one end-of-
file mark on the selected mag-
netic tape.

AVFILE: Go.forward one end-
of-file mark on the selected

magnetic tape.:

Prepare

(D)

Binary compressed image data.

set for labeled systen.

R

beginning-of-data record " and
end-of-data record)
tape on devige MT11 for stor-
ing images inxlgbeled systen.

Rub last file (data set) on

magnetic’ tape on MT11 (i. e.,
overvrite with
record) .

Read data on magnetic tape on
MT11, if initializead for
labeled system, and create in
core a file occupancy table
for MT11. '

(initialize with

nagnetic .

end-of-data

R S S L
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PREPARATORY_PROCESSING FOR GENERATING 2
BINARY COMPRESSED IMAGE

®)

Grey level image data set
) for unlabeled _Systean.
YTHODS5:  Select subpic- MTHODG : Conpute point

ture from a larger origi-

‘'nal and/or compute Ilocal -

area functions {local av-
erage, local max. value,
local min.

ard deviation, skewnesg, v
kurtesis, agpd ((center values in
pixel value - average pictures).
value) / standard
deviation)). '

t

value, stand-

operations on pixels be-
tween two grey level pic-

tures ( (additions, sub-
tractions, maltiplica-
tions and divisions be-

tween corresponding pixel
_the two

v

v

(U)! or (U)2 ————i——pn

Labeled 1! or unlabeled 2
data set for grey level
" picture on magnetic tape.

FLIPY: flip rows of
qrey level picture
from last to first.

v

() ——————p

Flipped image with
the last row of pre-
vious image as first
row. Data set for
unlabeled systen.

(x)

Grey level picture data
set on magnetic tape For
unlabeled system. -
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L TR P T U O S

4 S
PICTD:  Display  4i zed
image on Tektronix 611 or \ on
high ~ resolution display

{(scanner) or on Versatec

binary 'image or slice withi
grey level range. Optiona
write binary image as bilnary
compressed image labeled (data
set ~ on magnetic tape” for
labeled systen. Optionally
flip image from right to left.

!
3 o

“pinary® compressead
image data set for
labeled systen.

-\
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LOGICAL OPERATIONS BETHEEN (OR ON) BINARY
COMPRESSED IMAGES .

L; : (! ()2

Two different. binary conpres-
sed images of same size in
peint-to-point correspoandence.

10G03: Compute logical opera-
tiens .between two binary com-
pressed 1images Br on . gne
_ bigary compressed image |
- y {(complement) .

( : Note: . symbols for operations
are as follows. :(+) = .EXOR.,
s« = _AND, + = .0OR., and NOT =
.NOT. (complement) . Opera-
tions allowed for input data
sets A and B (corresponding to
J1 and J2) are as follows.

1: AeB; 2: A+B: 3: A (+)B;
4: ° NOT(A): 5: NOT(Ae=B); 6:
NOT (A+B); 7: ~ NOT({A(+)B);: 8:
LeNOT(B); 9: A+NOT (B) ;  and
10: A(+)NOT(R).

The number of black pixels in
the two (one) input- -images and
in the output image is

&/“k

printed.
) ‘ (a3 |
-\\\\N Binary compressed—image re-~
— . sulting from the logical opers

ation: = it can bé‘plotted by

-YPIX3 and PICTOV, on the Ver-

. - satec plotter, or by PICIC onh -
. (' ) the Tektronix 611 storage dis-
LN : play unit. ) ‘

P

e



CORREI.ATION B'E'i‘HEENfJ'WO_BINAR‘Y COMEBRESSED IMAGES
P (auto-correlation and cross—correlation)

>

A L @ s,
inn

Two identical binary compre-

ssed ' images for computing

. auto-cgrelation; two differ-

. ent @ry compressed images
? for computing cross-
correlation. :

| CORRLN: Compute correlation (.AND.)
R between. two binary compressed images for
all specified shifts irn vertical and
horizontal - directions. The number of
coincident black pixels is computed for
each shift and is printed as part of a
twvo-dimensional correlation array (max.
' size is 64 x %U4 values). -

Correlation array stored in core.

¥

HPR51: Create correlation image data
set on magnetic tape from array stored
in core. . -

v B

{X)

4

Correlation ipage data set: ﬂﬁrgy level

image of maximum size 646 x 6# pixels.

It can be displayed on .the Versatec
" printer by PICTQF.

23
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MINKOWSKI TYPE TRANSFORMATIONS OF BINARY COMPRESSED IMAGES
(Erosions and dilatations by structuring elements:
onlv coincident black pixels considered)

4 .
P
- -
HPRUO9F: <Create interactively HEPR4GF: Create interactively
binary expanded structuring binary expanded ‘'structuring
element data set' for square element data set for even rows
raster image (L) or for odd

rows of hexagonal raster image

C{Lyt. Allowed odd min. and

max.~ image dimensions are 3
and 15 pixels, respectively.

of hexagonal image (L)2,/

.to Dbe:

{L} or, {IL)1 (L) 2
HPR92: - Load in core a binary HPRO2: Load in core a binary
conpressed set of structuring compressed set of structuring

elements, a
ment window (SEW) to fit image
transformed; this .is
done for either a square rast-
er image or for odd rows of
hexagonal raster image.

structuring ele-—

o =

"SEW in core (5

elements, a structuring ele-
ment window (SEW) , to fit
image to be transformed for

even Tows of hexagonal raster

ihgge.

g/‘ SEW in core

Input g;nary image.

/

MIN K : Compute ‘a

transformation.

Minkowski
dilatation of the binary compressed. 1mage-
coincident black pixels are
Numbers of black pixels in hoth
the input and output images are printed.

type er051on or
only’

«onsidered -in the

¢

* R

. (J) e

Binary

- “

compressed image data set transformed by ,

.the structuring element in (L) or in (L)! and

(L) 2. It can

PICTC.

be displayed on the Versatec by
YPTX3 and PICTQV, and on the

Tektronix .611 by .

e A S s -

<
2
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MINKOWSKI TYPE TRANSFORMATIONS OF BINARY COMPRESSED IMAGES
- (Erosions and dilatations by structuring elements:
both white and black coincident pixels considered)

HPRU9F: Create interactively

binary expanded structuring
element and mask data sets for
for square raster image (L)
and (M) or for odd rows of
hexagonal raster image (L)!
and (M)1. Allovwed odd min.
and pax. Aimage dimensions ‘are
3 and 15 pixels, respectively.

(LY and (M) or."(l.)1 and (HD"

JHPR4SF: Create interactively
binary expanded structuring
element and mask data sets for
even rows of hexagonal image
(LY2 and (H)2.

-

(L) 2 an'd*(ﬂ) 2

HPRO92: Load im c¢ore binary
compressed’ sets of structuring
elements and masks, a struc-
turing element window (SEW)

.and a mask window (MKW} -to fit

image to be transformed; this
is done for "either a square
raster image or for odd rows

.0of hexagonal raster image.

)
SEW and MKW in core.

|HPR92: 1oad in - core binary
compressed sets of structuring
elements and masks, a struc-
turing element’ window (SEW)
and 'a mask window (MKW), to
fit image +to be transformed
for evep rows of hexagonal
Jraster image. .

SEW and MKW in core.

(0 °?

Input binary image.

.o

in +the transformation.

MINK2: Compute a Minkowski type erosiom or
dilatation of the binary compressed image: both
coincidentAwhite and black pixels are considered

in both the input and output imadges are printed.

Numbers of black pixels

{(J).1r0

v

et NEUURRPU

.y—-
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-

(3)10

. N . L4
- Binary compressed image data set transformed by

the structuring element in (L)and mask in (H) or
.those in (L)! and (L)2 &nd ()1 and (M)2. It
can be displayed on the Versatec by JYPIX3 and

’ PICTOV, and on the Tektronix 611 by PICTC.
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"FILE HANDLING AND OTHER FEATURES IN LABELED SYSTEM . -

=

-

COpY1: Copv blnary compressed

irage data set fron one I/0
device to another. .

Manual <Tub: Overwrite Jlast

-data set on a given I/0 device
with end-of-data record. -

COEY] ' Copy uncompressed
image data set from omne I/0
device to another. )

CMPB1F: Compress bipary
expanded image data set fron
one I/0 device to another

(from one word per opixel to .

one bit per pixel).

EXPB2F: Expand binary compre-
ssed image data set fromone
I/0 device to another . (from
one bit per pixel to one word
per plxel)~

. Ypix3: Plot binary compressed

image on Versatec plotter {one
dot per pixel). .

PICIOV' Plot binary compres-
sed image on Versatec plotter
(n x m dots per_Plxel). - Both

‘square and pseudo—hexagonal

dlsplavs are available.

R
- .
PICTC: Plot binary compressed gj\)
image on Tektronix 61 (one - /

dot per pixel at Zelected
spacing). Both square and °

- hexagonal raster displaYS{é;e

available.

.

PICTQF: print on Ver:sagﬁ_c-‘f"“""""rH
. prlnter the pixel values with-

in a selected rectangular area
of uncompressed image data
set. :

Y

'HEBSO- Create binary compre-

ssed image data set from cards
or by interactive commands N
from teletype. Images of reg-

~ular grids, -arbitrary grids,

and images Oof seté;:f black
rectangles of differ dimen- :
Sions can also be created to “
be used as masks or as test

images.

HPRI1H: Read uncompressed
image data set from magnetic :
tape on MT11 and write data - k
set - on magnetic tape on MT12, !
with or without header and -
conmentary records, in one of

several BCD formats, or in . :
Modcomp II internal binary :
format. e

. . K f
,
\ i
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