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U ~ ABSTRACT

-
€

Rate distertion thésnry, image codlug .and vec;o*,gugﬁ“i"a~
tion concept are first introduced and reviewed. TwG new in-

terframe coding tﬂchnﬁcues based upormn’ ada Tive vecTor gquanti-

zation are <hen presented: tnreeedimenSional block wvector

Quantization and .two-dimensional block vecter cuantization

e =3
with replenishment. the three-dimensignal case, best re-

sults are cbtained« by first-perforning theﬂHadamard_:ransform
on a three-dimensional block ‘basis, and then vector cLa“h zing

W . -

the transformed coefficients. .- The secbnggalgorithm has as its

-

basis two-dimensional block vector guantization, at the frame

level, onto -which is grafted. the concept of adaptive vector

i J‘&
quantlzatlon and frame reolenlsnmeng. Each frame is assumed

to ‘be represented by a codebook and a codeword label map, and

both are selectively updated or replenished. Codebook renlen-«

e - -

ishment involves updating the codebook to “rack the changes in

local statistics. Three efficient strategies are o oposed and

-

tested: mean shift, selective codewcyd replacement and franme

-

adaptive migrating mean (FalMmM). Experimental results are pro-

vided for a picturéphone sequenéé&énd a secuence of angio:%
graphic x-ray images. Good cuality images a*elag'awned at blh
ratés aé low as O.Sgbits/pixel, when all ovefhegc componerte
have been included. ' ‘ ’ - : =
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L ' Chapter 1 - A

.

,,.\:.‘ ,\.‘ ’ ‘ l' __. "‘_‘ ‘.INTRODUCTIQN B 'f':}‘;_:::'f . T?-

A digital3imag¢ is obtained by guantizing a centinuots im=
S age both spatially and in amplitude. Digitization of =i

: *tial coordinates is called image sampling while amplitude “di-

-

LT, ', B . ) . B - ,. . . 3
- giltizatiom is referredﬁs:p as gray-level 'cuantization. Subpose
- : ™ . s W
» - ’ -

that,a continuous image is denoted by g(x; , v.), where <the

~ ~. value: or amplitide of g at spatial coordinates

(x: , ¥:) is

the intensity (brightness) of image at that point. The digi-

tal image is then cbtained by
ag Y.

A

f(k,y)=é'(xn+xbx, Yotydy), (1)

- .-
=

where g' is the quantizgd value of g, % and v are the discrete

i values O,

s

. If this sampling process is extended te 2z <third temporal di-

1,2, ..., and Ax , Ay are the sampling intervals.
-

mension, a sequence, I(x,y,t), is chtheq,

bt -

B B(R,Y,0)=g7 (Ro+xAX, ye+yAy, To+tAt) (2)
"
s where t are the values 0, 1, 2,

-
'
L S d

..., and A&t is the sampling

intervals

. The individual images are called frames, and coding

-

Ee Y™

- A schemes which exploit the temporal dimension are called inter-

frame ‘coding. The frames are normally presented at a re

=

a

H

[

N '." .
interval of time so that the eye can perceive motion.

L43]

o}

]

exL-

B4
!
1 1

ol
-



2.

- . . s N
ample, the National Television Systems Committee (NTSC), spec-
ifles a temporal sampling rate of 30 frames per - second anék}n-
' N, . w

terlace 2 to _l. At this frame rdte, there is considerable cor- '

s - e

relation between successive '“rames of the picture; this redun-

dangy can be exploited to achleve- image compression.

" There are a number of applications where such cocding could

-

be used. These include point-to-point transmission of commer-

clal television programs, satellite transmission, videe tele-

cenferencing and. medicall image transmission.:‘ét present, a
large body of well organized knowledge has been accumulated
abouﬁ the coding of image sequences for bandwidthacompression
[1-2]. Such ceding technigues exploit the following fagtcts:
1. An imaée.is normally highly correlated spatially; <hat

is, there is a strong dependence between the values ef

neighboring pixels. This dependence can be regarded as

-

statistical redundancy of the image scene.
2. There is a high temporal cérrelation betweenésuccessive
“ . frames; that is, similarity exists between successive
frames.

3.. It is possible to reduce +the data rat+e by introducing
larger degracdations in those areas of therpicture where
human visual sensitivity is low and reﬁroducing accu=

“rétely those areas wﬁere the visual sensitivity ig

high.
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Coding techriigues fall into two _general categories, intraf-

-
-ad

rame coding and‘interframe coding. Intraframe coding schemes,

such as differential pulse-code modulation (DPCM), transiorm

.

are easily-extended to interframe coding with some modifica-
tions [1l]. Some coding schemes, for example Zframe replenish-

ment coding [3], motion-compensated predictive coding (1], are

only applicable to interframe coding. )

Y

Most codiny :technicues are based upon scalar cuantization;
&

that is, each component is individually quantized. However, a

furidamental .-Tesult 6f Shannon's raté distortion theory indi-
cates that better performance can always be achieved by wector
guantization, in which several compenents are quantized simul-

taneously [5]. In this thesis, new algorithms for. image se-

-

quence coding based upon vector guantization are proposed. In -

. vector gquantization, the image data is first processed to

vield a set of vectors. Then, a codebook of representative

.. s

vectors (codewords) is generated using an iterative clustering

algorithm such as X-means [&], or the generalized Lloyd clus-

.tering"elqd:ithm proposed by Linde, Buzo'ané-cray (7). The

. -

“vectors in the set afe <then individually cuantized to the

closest codeword of the codebook. Compression 1s achieved by

.

replacing the representative vecter (codeword) by a label.

Reconstruction of thegimages can be implemented by-table look-

up .technigues; the-label is simply used as an address to a ta- .

' ble containing the representative veczors (codewords). Vector

guantization technicues have recently been used wish'*some suc-

*



cess in speech coding [84101, for,

example, For a- g;veq dlstor—

. R L -
vtion, the reguired bit raees can be aecreasec by 73/ qqmpared

with-sgalar Quantizatzon {87]. Qeoorts on thei: wuse"o* ‘image

e e -

LY L -
- ‘:

coding, both in;:éframe and inter :ame, have* also abnea*ec

tization are proposed:

zation, and two-dimerisional

A e
.

thesis, twe newhalgorztnms.basedmupon vec*or Guai-

e ee e
o Sl e

e \ "‘-:_:‘:-'::--:.'
three- c*nens:.ona1 bidck’vececr wJuanti-

e -‘4: [N ==
- -.—- yl’h .. S i

block vegtogkquan ization w1 n re-

plenishment,. The <first- algorithm is an expension of <the

two-dimens:i

The second

-

onal klock wvector quantizationup:opoSeEej:ffpls].

algorithm has as its

vector cuantization, at the frame

the concept of adaptive codebook

-

The res? of this K thesis is organlzed as follows.

plenishment.

-

-

basgis +two- dlmen51oqal n‘ock
"Pk -

. v eres
- ‘-4.

level, onto whlch lS gra zed™

e
ur- :

*eolenlshmen_"and ‘*ame re»
‘.

A K

- RS

‘..‘_,‘\

two prlesents the mafhematlcal bas"s of Image co& ng and re-.

=

views research in image coding:

. ,.-,l‘:__’ =",

-

.Some results on intraframe image codlng using ector quantiza-

tion.

. emm . .,

”’»0 r

Three-dimensional block gector cuaﬁtlzaeion is then ‘intro-

duced in chapter four.’

» .

Results on using. soatlal temponal do-% .

fa S Tw

‘main vector qpantlzatlon on a 2x2x2 and 3x3x2 bﬂock basms .are

L ks -

Iirst reported. There follows a scheme in whiéh the ehree dl-

,menszonal

adama d **ans_o*m is

“\. . B e
BN . -

first. aoDL&ed on a 4xaxe’ blcck-w

P
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i
w
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basis and vector quantizationis then performed on a subset ‘of
the transformed coef flc'ents.ne-n this latter scheme, +<he com-

T. T

‘_ v

ponents in the vectors are decorrelated in both, spatial an
.

temporal, directions. .Improved: results as compared to spatial”

- =
- -

vector quantz:aezon are cbtained, however, at =zhe expense ol

longer **aznlng sets and increased comoueatwon.
~ - | -’ ) e .
Cha er five presents algerithms which combihe the congcept

of véctor cuanelzatlon with frame replenishment. In veczor
Lo

Quantization, each vector is encoded by two distinct sieces o

- F

™

-

informats 1o“~ the label and the corresoond ng cocewo d. As both

- ’vﬁ bl -

tnese pieces can be De*mlteed to change in dependently, the

e

. concent of adaotlv"ty can be aos11ed to each. Tne underlying

. mud..'

rationale is that a separate codéBook tailored to each frawe

may be more. efficient than one designed for the entire se-

PNy

quence. A smaller codebook, more mepresentative of the local

g Statistics, could conce*vably glveéhhe same distortion at low-

er bit rate. However, the need for updating the c¢odebook on a
p ,

frame-to-frame basis increases the overhead and so cculd nui-

Ilfz _hese sav1ngs Two e£f1c1ent strategies for codebook re-

/ A

plenishment, meah.E;i and nean shift with selective coaedo*d

replacement, are sktroduced.
- -

. In chaoter sizx, ehe Frame Adaphvermgrahng Mean (FAMM) code-
book replenlshment algorlthm is gresented. The main idea be-
hind thig algorithm is that a new codebook is genera=zed oy us-

'ing the prewviohs codebook " as. seeds :o-- the c;uster;ng

P

Lty oy
-
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algorithm employed in codebook éengration; the number of iter-
ations depends upon the type of chianges occurring in .the input
1mage sequence. This number is derived from one of two Sta<isg-

- ZLics:

: {a) -Q&st-order statistical rarameters cf':he difference im-

‘ages calculated from successivelf:ames,

(b) the correlation coefficient between <he successive

v

Zrames. ,

Xperimental results are .provided for = secuence of angio-
s -

-
1

graphic x-ray images and.a picturephone sequence. I+ is shown

that good gquality images are obtained at kit rate as low as

0.6 bits/pixel, when all overhead gbmponents have been includ-

ed.

N -

The last chapter briefly summarizes the main results and

. * v y . . -
lists some suggestions for further investigation.

- -
» -

"’"k

i

o
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Chapter. il

. “IMAGE CODING

This chapter first presents the mathematical basis for im-

age data compression, rate, distortion theory, and then reviews

S ﬁréditioﬁal'fmage coding technigues, for intraframe” aad

8. frame image coding.

- e

el
Ecad et -

o

2.1  RATE DISTORTION FUNCTION

Pt The principal goal in the design.of'aﬁ’image‘coding system

is to reduce the transmission rate reguirements of the ilnage

-
- - [

source, subject to some image quality constraint. There are
. “. ' ] 3 ‘ |

only two ways to accomplish this goal: reduction of the sta-

tistical redundancy and psychophysical redundancy of the image

source [l]." An image source is nermally verw highly correlat-

Ted both spatially and Temporally; that is, there is strong de-

pendence between the values'cf the individual-pixels. This de-

Z¥pendence can be regarded as statistical redundancy o¢f <he
et T oo -

image source. If the images to be codéd in an image transmis-
. > ) ‘ .

sion system are to be viewed by a human observer, then <he

perceptual limitations of human vision can he exploited to re-
Y /‘""
-duce transmission requirements. Human observers are subject

to perceptual limitations in amplitude, spatial resoluticn

L= and temporal acuity. By proper design of the coding sys+tem, it

’
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is possible to discard information without affecting percep-
tion, or at least, with only minimal degradation. Summariz-
ing, there ar%two Zactors that make data compression pcssi-

ble: the statistical structure of the_source and the fidelity

recuirements of the end user.

This intuitive explanation of how redundancy and distortion
can be used to reduce source« rate is made more precise by

Shannon's rate distortion theory which addresses the problem

-

of how <to characterize both +the source and +the distortion

measure. ‘

Consider the block diagram of a model of a typical communi-
.‘ca;ion system depicteq in Fig.l. The data source generates in-
formazion that the system must communicate_to the user. Both
the encoding and decoding can be separated into two.distinet

parts: source coding and channel coding. The function of <he

source coding 1is to remove source’ redundancy, whereas <he
function of the channel coding is to insert controlled redun-
cancy to combat noise. The problem addressed by rate Qistor-
tion theory is the minimization of the channel capacity re-

ruiirehent while maintaining <he average distortion at or below

an acceptable level,

-
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|
L _——— —
ENCODER
r
CHANNEL
== = -
I
I
USER .| SOURCE | | CHANNEL| ]
r; DECODER DECODER i;
o
DECODER
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The rate distortion function R(D) is the minjmum average
rate (biﬁs{éle@ent), and hence @minimum c¢hannel capécity, ra-
cuired for a given average distorfion.level D. To describe
this in more guantitative way, suppose <that the source is a
sequence of Intensity wvalues of discrete picture =2lements
(pixelsi, and that these ievels‘ are encoded Dy successive
blocks of length N. Zach block of elements is then Sescribed

oy one of a denumerable set of messages {Xi} with probability
. ®
. -
function P(&i).

Any given system 1is now described mathemati-
cally by the conditional probability Q(Yj/Xi) £ a2 messace

{Yj} at the output of the decoder given a socurce input, X, .

[ 319

The probability of the output message set is, therefore,

LA

e,
~

(25

PRTeI— [

o~ The information <transmitted is, called the average mutual in-

formation between Y and X, and defined, <or a block of length
- ’

.

P

N, as follows:

QT /%)
vi= : D 1 1
Ig(X. ) i § f(Xi)Q(Ej/Xi)~Og (£)
T(Y.
()
In the case that encoding is error Iree so that Y=X, then
r1l,.3=1,
. 0, j#i , .
T(Y.)=P(Y. .
(¥4)=2(X5)
and
4
.IN(X,Y =~ I z P(Xi)logzP(Xi)=EN(X) (H)



the Nth-order entropy c¢f <he source.

el ey

The optimum-error free
s P
nr Bl

o
o
coding requires az leas:-HN(X) bits [28].

g .

If, as in the more general situation, scurce ceding results

in error so that Y#X at least some of the time, then

K TYSE(X) - E(X/Y) ()

7..‘:‘ - Ll - a
where HN(X/Y) is the entropy of the solrce, giver. the observed

-

ositive guantity, <he

'O

cdecoder output Y. aAs the emxtropy is a

source entropy is the upper bound to the nmutual inform

) Py i ation:
that is, *
. 9
- .
IN(X,-) < “N(x) ) (8)

Let 4(X,Y) be the average distortion between X and % then

-y

the average distortion per pixel is:

1 - . 1 i
D(Q)=——E{d(X,Y)}=~——

(RN

st

N : N

The set of all conditional probability assignments, QTS LY,

- +~
}‘h

. i

vield average distortion less +tharn or egual to D=, can be

written as:

{Q: D(Q) £ D*} - (10)
~ . \

The N-block rate distortion function is <then defined as zhe

. l‘.‘b.-‘

“ae

minimum of the average mutual information, I .(X,Y), per oixelf/

2N

.

+

Fnw

by



‘"'cux*emen of ¢ 'é'.
;gog;geﬁ It
ﬁégélizat
fé*on easure
:zero dlsbo*tlon

R

nite value of

' . . A2

b 1 '
Ry(D*)= Min -—- I (XY (11)
Q:D(Q)<D* N
The limiting value of the N-block féte distortien functidn is
called simply the rate distortion function,
'R(D*) = Lim Ry (D¥) (12)
P e News . .

It should be clear from the above discussion that Shannon's-

rate distortion function R(D) is a lower bound on the trans-

recuired to achieve average distortion D. The

P -

mission rate

rate at which a sourcé produces information subject to a re-

2

fect reproduction is called tne entropy of

- ]

fe llows that the rate distortion function is a gen-

ion of the concept of entropy. Indeed, if the distor-

is- such- ;hat a perfect reproduction is assigned

then R(O) is egual to the source ent co

~

Shannon's codlng theorem states that one can design a
coding.. system with rate only negligiblly greater than R(D)
which achieves the average distortion D. As D increases, R(D)

;. ’ . \‘ -
decreases monotonically and usvally becomes zero at some fi-

=

distortion [25]. A typical rate distortion

- L
v

function is shown in Fig.2.

o~

2 | :3

[gX¥4

the -

B

o
[bS



- ;
[y
-5
v
2.
T .
A rR(D) .
- -
D
’ =
Fig.2 A typical rate distortion function.
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D, wh’ch acco*ds with subjective evaluaulon of image guality,

_0f all, there do not currently exist tractable and faiths

T - E I I

‘The rate distortion function R(D) specifies the minimum
l.’ -.'\ -

acnza"eanle Transmission rate requ red to transmit an image

-

it \

with average distortion level D. The main value of. }hls funec-
- 5, T - -

W N

tioy in a practical application is that; it potentially ¢ives a

B

mea¢u*e Fo*-*udg_“ the performance of a coding svs;em. How-

evgi, this "potent ial wvalue has not been comolete1v‘*eal*zed e

: v

for imagé transmission. There are two reasens for this First :

- v
- . -

mathematical models for an image source. The rate distortion

functidn for Gaussian sources unde:gthe squared-error distor-

tion criterion can be found, but is not a good model for im- o

-

réges: The.Secqnd reason 1s that a suitable distortion measure

“has not be ‘ound In spite of these drawbacks, the rate dit- -

tOrtion_theorem is still a magnematlcal basis for comparing

bhe Derfcrmances of dlffe*ent coding systems.

\" ' .‘x"\"
. "
>

S

2.2 TECHNIQUES FOR: INTRAFRAME. CODING

»

Historicafiyf‘tbe techniques used to reduce the bandwidth
required for transmitting digitized pictures have generally
foliowed two paths: spatial domain encoding or transform do-
main encoding {27]. The goal is to procesé:the correlated data
(image picture element s) in such a way thgt an uncorrelated
setof data regults. The processed data are *then quantized and

coded, so that data reduction is achieved [1]. Generally, im-

age coding can be categorized into still image (intraframe)
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o oo

&

coding and image sequence {interframe) coding [2,27}. - imong

- e

\ 'ﬁc%;rent intraframe. jcoding °techniques, there are predictive

coding,-g;ansform coding, hybrid coding, block truncation cod-
¥ ” '
ing (3TC), and interpotating ceding [2,27]. Each class can be
further divided into non-adaptive and adaptive depending upon
: ; s fe e : &
whether the parameters of the coder changé'-ras 2 function of

image data that is being coded. iThese coding techﬁiques are

oriefly reviewed below. A

. _ oty ) :

2.2.1 Predictive coding . ewd =

Predictive coding methods exploit the spatial redundancy in

—

-

the input‘ﬁgurce. As neighbouring pixels tend “to be correlat-
ed, a given pixel wvalue. can be predicted from previously

~transmitted pixels [l]. The prediction error, the difference

K

‘between the predicted value and the actual value of the pixel,

"is then quantized into a set of 'discrete ;mplitude levels.
'fhese lévels are};epresgnted"as binéyy wérds of either i;xedv
df variable wsgd length.ghd'are sent to the channel c6de; for

 transmission. Thus,'a'pfédict;vé coder has three basic fcmpd;

T .

nents: 1) predictor, 2) quantizer, 3) code assigner. The most

i

‘common form of predictive‘coding is differential pulse code

modulation (DPCM), the block diagram of which is shown in

(23]

ig.3. The different blocks contained are now discussed in

turn.
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Predictor

- ~
- .

Predictors can be classified as linear and non-linear. -

-~

a) Linear predictor

N

Suppose <that the current pixel is denoted by v(n), and

{(v(n-1i), ieI}l is a set of pixels in the neighbourhoed of v(n)

which have beéen previously transmit:ied. The set I speci

ies

§

-

x

the pixels to be used for the prediction. Fig.4 shows a Typi-

cal set I, comprising pixels. chosen <rom successive lines. 2

- .

linear prediction of v{n) based on {v(n-i)} takes on the fol-

lowing form:

V(n) = T e (i) v(n-i\w - . 13

. . ( =
l ) -

The best mean-square predistor is obtained by choosing c(i},

N
. .

. A 2 . .
so as to minimize E{(v(n)-%(n))“} [27]. If v(n) is a sample of
a wide sensé_stationary process, a fixed predictor results,
with coefficients given by the solution %to the normal egqua-

tions -

By ~

L c{i) R(i=k) = R{k) ’ kel, . (1&)
iel T

. r

where R(K) is the correlation function.

Y3
u'. o
y:
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Fig.4 Pixels An the r*e:.ghbourhood of the current- p:.xel tmder
consideration used for prediction. _ ar W T
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5) Non-linear p*echtOvs [?§] N g} o ;n.%n'ﬁ-: |
i .k _ﬁ: -S-.
= The faét-ihat images csﬁtain manYPEdqéQFand conatours has

-

led to, the use of nonlineai'bredictcrs. These prediftors az-
‘. e .
tempt to determine the direct lor-o‘-con Qurs :in .tie image, and

cnoose the oreclc_lon accordlngly Tne o*ec*Ct*qnwzs sti

. A_.‘n - - -

}-e
=
v

-u--

fureticaof p*ev1ously transmitted pixels, but this -function:

Cs nonlinear. The basic idea 1s illistrated by the follow:ry'
: = R R T R
simple 1ntra_-ame ofeqlcbc* [ e S
N . (V(n-1), if?]YLgélQﬁV(nr33Iingn{Zijjnfijhﬁ_
© v{n) = { - . e (15)
” v(n-2), otherwisg..r - -
T N ‘ SRR . ' ’

In this predictor, eithex the- D*e"xous}pixel on the ~same line
A

. e X
b 2 \,.A et

v

or on <the previous line is used for- prediction, and <the, .-~

L-3

. . X S, : T
switching is done by tne -surrounding line and pixel di€ferencs

as shown in eguation (15) and Flg.é. cre

Quantization

Quantization can be designed puréiy\on a2 statistical basis

or by using certain psychovisual measu*es [29] The quantizer

may be Zixed or may be allowed to adap¥-To local picture p

"

erties. Given the type of code ass;gnment the general cuan-

tizer de51gn principle is to minimize some‘measure of picture

’
P

distortion subject to the constraint on the transmission racze.

Three types of degradations can arfse: granular noise, edge

-

busyness and slope overload. Adaptive guantlizers use stazTis-

T,

op-"
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tical or psyc&évisual critéria to change ﬁﬁeir charécters,
which invelve switching between a 1umber of fixed quantzers,
or changlng the basic step size of a g*veu guantizer \Eor ex-
amp}e, irn areas of the picturesffhere there is very li;ple ac-
tivity, a fine cuantizér can be uséd, and ifi areas with nere

activity, the qua

can be coarser.

Code "assignment

..
,-

Variable- word-1ength coding- is commonly used for code asu

signment [4], an& exploits the observation that the

cf occurrence of the gquantizer cutput levels is not uniform.

Thus, variable length code words can be used to reduce the bi T

raté\py *enrese“hlng the_lévels that occur more often with a

smaller length word. Typically, the Huffman code ([30], the

average bit rate of which is very close to the entrepy o the
cuantizer output, is used.

One of the problems with the use of variable 1engg“ codes
o< . .
is that the output rate from the source code changes with lo-

cal image content.. in order to send such a'signal ever a con-

-

stant bit rate channel, the source coder output must bé';empo?

- -

»

rarily held in a buffer: the inputs arrive at a nonuniform

rate, but are uransmlt ted at a uniform rate.



2.2.2 Transform coding

1.
“

In transform coding (1], an image is first divideds into
blocks of equal size, and then a transform is applied-!ﬁ sach
b

block individually to yield a set of coefficients. A trans-

- -

form, such as the discrete cosine transform (DCT) [31], Touri-

.o

er transform (ET) [32], or Hadamard transform (HT) [33], is

L3 -J -~ . . - L]

used so thigﬂthe correlaticn between the coefficients is de-
creased. The coefficients are then gquantized and coded for
transmission. At the receiver, the data stream is thern decod-

ed tg vield the transform coefficients and the inverse trans-

ities

n

&

formation is applied to reconstruct an estimate of inten
of pixels. & block diagram of the process is shown in Fig.5.

Compression is achieved by discarding the coefficients whieh

contain little energy and by variably cuantizing the remaining

coefficients. The number of bits allocated to a coefficient is

proportional to its energy (variance).. In designing a trans-
form coding system the following parameters must be selected:
block size, type of transformation, the coefficients =o be

transmitted, the bit assignment and quantization strategy.
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. . .
Types of transform: <
- ’.:':"' “
There exis® many different types of unitary transforms, in-

5 s . i . . N —_ ; 3T -
cluding the Fourier, sine, cosine, Hadamaré and Xarhun n-Loeve

L _a"

transforms [2,27]. The optimum transform, in a .least-mean-
o =

_ sQuare sense, ¥s xthe Karhunen-Loeve (KL} transform. ZHowever,

’

ue to the large amount of ccmpute:idn as well as cther 1

.

i-
1

3

3
1

Tations in impiementing this transform,, its use is currently

L

<
impractigal?l . The choice between These transiforms Is governed

-l ¥ -

. e e i . : -
by the <rade-ocff Between implementation complexity and per-

P

. o
formance [27]. - ur
' -“ - . ":
= N =,
Adaptive transform codiag: o d o

[T

The parameters of a transform coding system can be updated

to match the .statistics of the images being coded. Since the
- /
image statistics may be highly nonstationary, adaptation can

increase the coding efficiency. & simple and effective adap-

-

tive approach is to adapt 'the bi<t éssign.ent to changes in
Tatistics: EFor example, the image blocks can be ciassified
into several categories and mere bits are’ allocated to <he
blocks which have large activity and fewer bits to the ones
having lower activity. - 'This results in a wvariable average rate

from block to block, but gives a better utilizasion of “he +to-

tal bits over the entire ensemble of image blocks 133].
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2.2.3 Hybrid transform/DPCM coding

intraframe hybrid coding [36] exploi}s the horizontal and

vertical correlation within an image by the use of a unicary.
y \ .

transform cascaded with a. DPCM operator. Typically, a one-di-
mensional transform is first taken along rows in the image, '

and a set of parallel DPCM linear predictive coders ‘are then
applied to the transformed coefficients in a columnwise fash-

- - —

ion. .

2.2.4 Block truncation ceoding - ‘.

——

Block Truncation Coding (BTC) [37] uses a moment preserving

—
1)
-

quantizer. er a two dimensional image, this method divides

the image into n by n pixel blocks (typically n=4), each pixel

of which is individually q;antized into two levels, YO and
: Y i

Yl » 1n such a way that the block sample mean M and vari-

2 . . .
ance o are preserved. If Xy X, se-ssKy o are _the original

sampled values within a given. block, then the sample mean is

- -
.

defined as: —— NS
- ' L e ' T . a'\ ‘ i

1
M= —.
N
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It has been shown [37] that , <he first two moments of x, M

and ¢~ , can be preserved using quantizer levels : -
v - —
e _
¥o=M - oja/p ., and Y,=M+ op/g , S -

where g and p are the number of pixels -above and below <He

-

sample mean, respectively. For each block, M,c ., and 2 bin-

- - : y u - .- ) - - M
plane (one bit per pixel €o select guantizer level ':'O or Y.,) '
are transmitted. . . ' .

. * ( l.
2.2.5 Interpolative coding - B
In )

r interpolative coding, a subset of pixels are transmitted
. -

and the remaining pixel vadlues are then interpolated [38]. as <
an example, Fig.5 shows a case in which there is a 2:1 subsam-

. - . . L.
pling of pixels along each line. The subsampled, pixels are
staggered ZIrom one line to the next and are interpolazed by a

th

four-way average as shown by the arrows; for example, pixzel 2

is interpolated .by averaging pixels B, C, D, E. Aadaptivity '
can be achieved, for example, by switching between horizontal
and vertical averages depending upon the tvpe of local corre-’

- > ' »
lation [39]. ’
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Fig.6. An example of interpclative coding using 2:1 horizontal
subsampling, which is staggered from one lime to the next.
Pixel A is interpolated by averaging pixels B, C, D, and E.
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2.3 TECHNIQUES FOR INTERFRAME CODING EXTENDED FROM
INTRAFRAME CODING  ©

. . . R

n interframe coding, both spatial .and temperal redundan-

v

Y e ]

cies are exploited £for data compfession- In general, inter-

C o,

rame coding subsumes somgrintraf ame codin g. Most
coding schemes can be extended to.interffame coding with some
madifications. In addition, there-are some scl nemes which are
only for interframe coding. One such technicue is based upon
the concept of Iframe replenishment [3]. Since this technigue

is grafited onto vector guantization ir this thesis, it is de-

Y . ra ¥, .
scribed in further detall in the next section

a

2.3.1 Predictige  coding with motion-compensation

In interframe predictive coding, the value of a given pixel

is estimated (predicted) from a combina%tion of pixels drawn
! »

from <the present and previous frames. By transmitting only

the error in the prediction, a sequence with lower entropy re-

& -

sults [1].

One. class of adaptive predictors for interframe coding”

takes into account object motion. A time-varying image is as-

sumed to consist of a number of objects with different moticns

superimposed on a background. If the motion tfajectory of each

.

pixel can be predicted, motion-compensated prediction can be

used [40~42]. As an example, a-.block diagram of a motion-com-

L] ~, »
pensated DPCM: coder is shown in Fig.7.

‘ -
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Fig.7 Block diagram o

<

e

a motion-compensated DECM coder [66].
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'« 7. The thiee steps "involved in the motion-compensated. pre-
i -dictive DPCM.coding are as follows: ™

".. I The image is fifst segmented into stationary and chang-

. 4 ing areas, and the displacements of moving objects in

" . = the changing areas are then estikated.

v

2. The motion-compensated predictor is generated by <the

'y -

- L JGisplacement estimates. .

Lk [ . e,
3. The prediction error and side information are coded

separately. ’

g .

. Approaches. . to e;;ihééin&fthe moti;ﬁ or displacement between
successive f;§m§s iﬁdede.;offé;ation or matching, and differ-
ential techn@dﬁes [4%41: fhe Qéiqhing technicgues £find dis-
placement valués which minimize some measure of the difference
between the curgén; frame- and the previous frame. These %tech~

‘¢ . .nigques reqﬁire c&ns;derable computation, since many possible

displacement vglues ﬁust be evaluated. The differéntial tech-

nigques useléhe derivatives of the image seguence function with

respect to time to estimate the velocity of moving objects.

'“A variant of motion~compensated prediction is <the block-
stfuctured motion-compensated coder [(40-42]. In this scheme,
the scene is divided in;p rectangqular blocks, and a single
shift is eétimated for each.block.'The block may be segmented,

R further, into changing and staﬁionary areas. The previocus

-

frame is shifted, and interpolated to form the prediction for

L]

". that block. A second variant operates on a pixel basis. The

displacement estimate is recursively updated for each pixel.
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"This update is based upon only previously transmitted neighb-

ouring pixels, so’ that no explicit displacement estimate need

be transmitted [40]. &

The side information is used to address the stationary and -
changing areas. If the motion-compensation has beén success-
£ful, many'of the guantized prediction errors will be zero, and

a variable length code assignment could be profitably used.

P L

2.3.2  Interframe transform coding ’

i ?/ : . e

| e

it

In interirame transform coding, 2 .secuence of image frames,

f(x,y,t), undergoes a three-dimensional transform in blecks of

-

-

JxKxL pixels according to the formula

-
- e

Can

e

J-1 K-1 L-1 :
F(u,v,w) = I z OE(X,y,t) Blu,v,w X,v.t) . (18)
X=0 y=0 t=0 R

Ry

. .

to produce a corresponding seguence, F{u,v,w), in the <trans-
form domain, where A{u,v,w:;x,y,t) represents a unitary trans-

Torm kernel, and (J,XK,L) denotes the block size in row, column

: . Ry S ; ..
and temporal directions.. As for intraframe transfornm coding,
3 =
- i B

data reduction results by selecting a subset of the transform

e o

coefficients, which are then guan ized and coded for transmis-
S
S l O n. : ’
’ h.'.: . A 1.“' e

.

In an image sequence, ._the local statis;icgg@f'the input

- —

source may be centinually changing, therefore, adaptive strat-

. -
o ampmmmadoy By et - -

13)

~—



eg’es "have been proposed to improve the performance of

Sl . e

e A, . o ce - - .
~frame tTransform codi ng sc.._mes [-1.‘5"-]*:“. , O_ne such example is pro-

- 0o - J-” " ’ "':. -
‘ it by‘ualn (341, in which meisures of soa ial and temporal
o . R - . :; “ 5..- T *
',j ) ‘“.ach1v1bv havq,beeq used ‘or adaptive se1ec iok and guantiza-
co e i Lo S
U . wion of the cce_ iglents. The :@age locks are c<lascsified
T . into seve*al categories and . a larger number £ bi:sf:swalio-
il-.- I"':',‘ ‘ '
- - cdted to the blocks tha; have ?arge acbl":ty o
T
2.3.3 Hybrid interframe transform/DPCM coding :

In intexframe hybrid coding [1l], <tvpically, a ‘two-dimen-
sional intraframe <transform is first ve fﬁ*rec won  spatial
blocks—within each frame. A linear predictive DPCM coder is

S L .
then applied in the temporal direction to each resuls ing
% transform coefiicient.
2.3.4 Interframe BTC coding .

- . b .

. J:. - - -
The two-dimensional 3TC scheme can beﬂexue ded to three-di-
mensional blocks (two spatial, one temporal) [£7]. Howewer,

ge-movamenbs across zlock boundaries cause” reduced temporal
r

correlation 'and degrades .fhe performance. This problem 1is
t overcome by using a fast registration method [47]. The areas
whefe no movement across the background are rééiste:ed anﬁifﬂ
. coded using a tﬁ;ée-dimensional ?TChéeder,'while changing are-
| as-(non-*eglsue*ed a*eas) .are coded by a two- dimensiona _ 3TC
coder. e ) i -
L . (
o \

e

-t



posed by Limb.and Bowen [48].

"ceiver memory is made to trick the Cransmitter memory.

2.3.5 Interframe interpolative coding | Yo

-
rd

In interframe” interpol :ive coding, the interpolations op-

erate not only in the hor izonal and tpe vertical direc;_on,

but also in the temporal direction. Such an algo thm Ig”ﬁro—

T

-

- “

-l

2.4 FRAME REPLENISHMENT CODING T g

e A =
T e
T

p

An interframe" coding technique which explicitly exg’o*“Sﬂ”'

" the sim* arity betweer rames is frame *enle“-shment codingf

*h"s héChnidué‘ s based ubon aetec ing. the‘a*eas‘of changes

and “then Lodaging or replenishing oqu these a_eas In 1969,
Mount [3]graemonstraged Q,;condihional frame replenishment

scheme, where only the information necessary to describe the

intensity of pixels uhat changed between suCCPSSive f*amas‘;§

S

‘-w'
transmitted. The implementation used two f*ame memo*ies, one

at the receiver aridg- aqo;heP at the transmitter, to store theﬂm§$~

T ;
required reference images. The incoming signal Ls‘comba*na on
a .pixel-by-pixel basis 3;bh hhe reference frdme When the mag-

) il
nitude of the irame to—‘*ame diffe*ence is greater <han aﬁcev-

Sam ..-‘-

tain threshold, it is regarded as significant, and thé“éuywbv-

signal value is"replaced in both image memories. Thus, the re-

P
-
b

The basic steps involved in f*ame 1-em"enisl':.rrua"ix. coding Sys-
. s - ' - [ '-T" P ’ L e o
tems [3] are as follows: . |
. SR ) - S~ - -~
S . ) st _ .
. . 2
. e ) -
o -ﬁ‘.._:“:.{- -
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1. Segmenting each frame into two parts, one part which :1s

[ X

the same as the previous frame -and the second part

:",L"
which has changed from the previous Irame.

-

w'

2. Transmisg;on of two sets of informac ien,. (a) addresces

"0-

“ %

specilying tbe location of the Pixels in the chang:ing

s

area, and (b) in‘ogmation by which -the. intensity values

o

'of the chang*ng 'mixels can be updated or “replenished.
e ERE v
3. Mat¢hing the coder bit rate to the chann l rate. Since
i - P

the amount of information to be *“ansn-‘.ec varies as a

crwr

Lk - —ad

[3

“fhhction of time, a buffer is required <o smoeth the

P
ﬁv:@ata *at prior to transmission oveér, a consga. bit
‘ ; Tate channel.
. g7 : LT . - S
. It is noted that,™4n frame reolenishmén“ codidg, two dis-
W T P A ’

R

Ui tinet sets of in £ornatlon mus. be sent the~oos;t1 on of

.'U
b
}—~

.Xo be replenished and the new’intehsity”valges. A number of
modificatipﬁs: to the basic conditiohal” frame replenishmen T

*scneme have been proposed which address tne orob’nm of coding-'. ' -

LN S

>
2

-

these’sets of information. Candy et al; [uO] proposed a mexth-

;(.

od of more efficiently addressirig the pixels?in clusters, in-

hed ..,,,_

‘i'

stead of individually; An altérnate approach was proposed by

:.Eease and Limb [50] in"Which the o‘yeTs in thern cnang;ng areas .

are subsambleq by 2:1 aleng the horlzon;ai dwvec ;on. Certain

P ‘.
%

stud*es [4 51] have demonstrated that ‘the pixels in the chang-

.ing areas need not be transmitted 1rczepe deﬁt‘y, and can be

coded bf linear predictive coding.
&

.-

4
o

- R C Aot e
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2.5 COMPARISON OF IMAGE CODING METHODS

-

ous sectlons have reviewed various image coding

[ s

The prev

methods. This section presents a comparison of these image
coding methods from the point of view of implementation, bit

rate, complexity, and noise immunity. These aré summarized in

’

Table 1. ' -

&

L4

2.5.1 Predictive coding R . €

’ ) L : 2/’)[
The advantages oI predictive coding are that the eclIcment:

~

complexity and the encoding delay are minimal compared to the

transform systems. DPCM svystems exploit both spatial and tem-

oral-correlation in the pﬁpre data, but generally reguire a

g

bit rate of 'at. least 2 bits/pixel. Reconstruction cuality,
however, is exée_llen':.. The overriding limitations of DPCM .are

the extreme -sensitivity to the piTiure statistics, and the

'propagation of, channel errors. v

2.5.2 Transform )

The unitary transform preserves the entropy of the source,
: - :

while-decorrelating the ‘data. This method provides a low bhi%
peT pixel ratio, distributes the coding degradation, and is

. . - . . . - 14 . - .
fairly insensitive to picturé statistics and. channel distur-
KL ' '
bances. The most significant disadvantages of the <=ransform

-

techniques are the amount of computation and storage reguired.

Published results show that good image }ecqnstruction,-quality

-
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-, .
is obtained at bit rates less than 1.0 b}

-
-

kn

s/oixel for inzra

ct

rame coding [52], -and 0.5 bits/pixel for interframe coding .

=
[33]- >

2.5.3 ' Hybrid coding

< e
- - B Y
- . 5 -

-~ .
The performance characteristics of nybrigdLoding lies be-
] - N

ShTa ¢ . - 1 .

. tweenr that of transform and DPCM coding [36]. For example, it

igf¥ess sensitive to channel errors than DPCM, but is nmot as,
robust as transform coding: .2t 1s also less complex than

transform, butfis not as simple’gs DPCHM. GCood results at med-

erate bit rates can be obtained by this scheme. The problems
of picture statistics dependencies and erroxr propagation still

exist. This is due to the fact that the transformed coefs

)

cients are' non-stationary processes, and implies that a con-
Stant set of DPCM coefficients cannot be optimal for all time

rand for all scenes. Adaptive predictive coding can alleviate

this undesirable characteristic [361].

.
-

2.5.4 BTC coding

Block truncation c&ding (BTC) is a simple agd effective
teéhnique Zor compression of image sequeﬁce {37j. Rates of 1.1
to 1.625 bit;fpfxél can be achieved for intraframe ébding, and
C.2 to 1.4 .its/bixel for interframe cocding [47]. One essen-
tial problem of BTC is tﬁat edée reprodyc:ion.tends to be

racged. This can result In a blocky appearance izt the recon-
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structed image. for interfirame coding [47], the system re-

. - - r

guires three frames of random access memory, buffering memery,

and -various one-bit frame memories for registration, -differ-

-

encing, and mowving area detection.

2.5.5"° "y Interpolative coding /.5 4

- The performance of interpol;;ive ooding depends upon the
. LY

function of interpolation. High-order polynemial functions can
improve the reconstructed quality, however, the complexity in-

: »
volved grows rapidly with +the -degree of the rolynpmial [48].
g b g Yi

It appears that in terms of the number—of bits’ reguired for a

- given - 'quality, interpolative coding shows an improvement o%er

4
-

o

~ +

nonadaptive DPCM and transform coding; but it appears =tTo be

-

inferior .to baoth adaptive DPCM as well as transform  coding

[27]. This technique is effective in reducing discrete "im-

- -

Pulse noise since <the interpolative process can be considered

" as a smoothing filter, Simulation studies [39,48) indicate

. , .
that good gquality reconstructed image can be obtained at the

bit srates as low as 1.0 bits/pixel for intraframe case and

¢ -

0.96 bits(pixel for interframe case, but the coding systems

I

are guite complex. ’ Lo

2.5.6 Frame replenishment

Frame replenishment coding efficiently exploits the simi-

LA - . . ‘ A
larities between frames. It also tries to make use of-subaecf

L] . L )
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. . 3

tive redundancies resulting from the, inability of viewers <o

v
see spatial or temporal detail. In conditional replenishment,
A T . ‘
the data to be <transmitted is proportional +to the amounc- oz
. ~
movement in the scene. Thus, buffers are required to smooth
A - .

the data rate prior %o transmission. In <he event tha+t tToo

-

much data is produced, methods are needed to reduce =he data

generation rate in order to prevent buffer overflow. Simula-

tions of frame replenishment coding systems have been reported

L

at rates of about 1.0 bits/pixel with quality rated as excel-

lent except for pericds of exceszive motion [ +0Jgm
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Table 1 Comparison of image coding methods

Predictive
Intraframe DPCM’
Infraframe DPCM

(adaptive)
Interframe DPCM
Interirame DPCM

(adaptive)

-

|
I
|
I
I
1
|
I

o - - [ P —
Transform

Intraframe -

|

l

| Intraframe
! (adaptive)
| . Interframe
| Interframe
| (adaptive)
|

|

| Hybmd

[ Intraframe
| Intraframe
| (adaptive)
| Interframe
[ Interframe
| (adaptive)
o e o= =
| BTC

| Intraframe
] Interframe
|

" Interpolative
Intraframe <»

[

[

|

| Interframe
l .

I

I

] Sframe

| replenishment
|
I

W ——— - - - - ——— - = o —— e
|Typical rates] Comments |
(blts/blxel)l J
------------- F o —_———— e —_——— = -
b . .

2.0-3.0 | simple to implement, |
1.0-2.0 | excellent reconstruction|

. | quality at 2 bits/pixel, |
1.0-1.5 | sensitive to data |
0.5-1.0 . |~ statistics, error propa-|

—_— + —— — —— — — e + —

Ll R —

gation, low channel f

l
| noeise immunity. (1,2,27].]
- —

________________________ .+

high performance,

less sensitive to data
statistics, channel and
guantization error
distributed over blocks, |

Ammunity, high hardware

complexity [1,2,27]..

I

I

]

|

. I
high channel noise |
l

J

-

o
perférmance close to [
transform at.moderate |
rate, complexity lies I
I
I
|

and predictive .
(1,2,27,36]

- |
simple to implement, - [
bit map for each pixel |
is reguired [37, 47] |

I
performance lies midway |
between non-adaptive . |
and adaptive transform ]
and DPCM, effective in |
reducing impulse noise, |
high complexity [27,3%].|
________________________ -+
high performance at ratel
1l bit/pixel, |

two frame memories and [-

buffers required (1,31



) Chapter I} o =

PRINCIPLE OF VECTOR QUANTIZATION FOR IMAGE .
. | CODING ' ' :

Vector quantization is an effective technicue for perform-

[y

ifhig data compression. A“tutorial by Gersho and Cuperman [13]

‘Presents a review of wvector quantiza<tion for speech coding. A
broader and more comprehensive review of vector cuantization

is -given by Gray [{53]. In this chapter, the basic'concépt of
image ceoding using vector quantization is first ‘described! in

section one. Section two then briefly reviews image vector
; ,
\

guantization. Section three follows with an example of intraf-

- .-

rame coding which combines adaptive linear predictive coding
) .

-

(LPC) with vector guantiza<ion. P, 3

3.1 BASIC PRINCIPLE OF VECTOR QUANTIZATION

. "
£

An N-level vector guantizer

L®
lJ
)
W
=
[11]

'O

'g
| B
u

0
iy
1
s]
=
v
v
1

0

[ 5
1

mensional vector set, (V}, into a finite cocdebook, W =

,wz- PR WN}"

1
0: ¥ — W . ST (17)

In other words, it assigns to an input vector, v, a represen-

tative vector'(codeTord),-w. The vector quantizer, Q, is com-

rletly described by the codebook, W =_{wl A CIREREY wNﬁ, to-
gether with the disjoint partition, R=(R; ,R, ,.. 0, Ry}, where

-



faad

Ny

Ri= v Q(v)=w)) : (18)

ER
-t

and w and' v are X-dimensional vecteors. The partition should

ideally minimize the guantization error [46]. ' SRR
) ’:. .
A block diagram 0 the wvarious steps involved in vector

- - .
e

quantization, as applied to image coding, is depicted in 7

Fig.8. 'The first step in image vectoxr  Quantization is the de- Y
.S L

composition of the image -inte a set of vecteors, {V}. In the

- -

second step, a subset of (V}, {T}, is chosenrn 25 a trainin

set. In- the third step, a codebook _%s generatéd from <the
training set {T}, normally with the uée of an ;té}étive clus-
tering algorithm.:.THe Guantizer .'or codiﬁg .Step involves
searching, fo; each input vectér, the closest cpdeworé, w, igjx
. : i “'. .
the codebook W;.the corréspoﬁéing label of th%s codeword is

then transmitted. Thus, ~the designldeCESions in implementing
image vector qﬁantiiation are as follows,

(a) vector formaticn, )

(b) <training sec gegeration,, P

*

(c) codebook generation,
(d) gquantization. "ﬁ
In this thesis, the first three aspects are of particular con-

cern with fespect to interframe coding. ! &
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Fig.8 Principle of vector guantization
correspond to the training set generation
and transmission.
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. The dashed lines
, codebook generation
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3.1.1 Vector formation

that is, the decomposition of the images into a set of vec-
tors. Many different decompositions have been proposed; exam-

. ¥
ples include, the colour components of a pixel [16];, the in-

tensity wvalues of a spatiidlly contiguous block of pixels

[11,12]; these same intensigy values but now normalized by the

mean and variance of the block [20]; the =transformed coeffi-
o i .

cients of the block of pixels [17,19]); and the adaptive linear

predictive coding (LPC) coefficients for a block of Dpixels

~,
Y

(19].

~ 3

3.1.2 ‘Training set generation

p

An ogéimgl vector quantizer should ideally\match the sta-
tistics of the input vector sourée [7}. However, if the sta-
tist;;s.of an input vector soufce_is hﬁknown, a training éet,
‘:epreséntative of the expected input vector soufﬁe is used to

design the vector gquantizer. If the expected input vector

. o

source has a la;ge Qériance, then a large.training set (and
codebook) i§ needed. fo alleviate this problem the inputhveé-
tor source can be sub-divided. Gersho and Ramamurthi .[11] di-
vide the singlé input vector source into two more homogeneous
soﬁrces corresponding to "edée" and "shade" vectors, respec-

Tively. Separate training sets are then used for each- source

and the resultant codebooks are then concatenated,. In Boucher:*

-



and Goldberg [21], small local input sources, corresponding to.

portions of the image, are used as the training sets, thus the

codebook can better match the local statistics.

3.1.3 Codebook generation

o
The key step in vector guantization is_the development of a
good éodebpok. The optimal codeéook, uéing thé mean scuared
error (MSE) criterion, must ségisfy TWO necessary conditicns
(a6]: - \

1. The input vector scurce, V; is partitioned inzo N
P S

closed sets or Voronoli regions, {R,: 1<2i<N}, with par-

tition determined by the minimum distance rule:

2{v : |wv- - for 1 423 1
'Ri {v : v wilslv wjl for all j=ij. (19)
2. The corresponding codewords are then defined by o

N. (20)

In other words, the ccdewards of +he optimal co%ebook are <the
mean value of the corresponding Vorohoi regions under the MSE
measurement criterion. The X-means [6]‘or the ;loSely related
generalized Llovd clustering algorithm proposed by Linde, Buzo
and Gray (7] are’?ypically used to generate the codebook.
Both these clustering algorithms are iterative processes, minf_
imiziné a performance index calculated from the distances'5e-

oa

tween the sample vectors and theix cluster centers. - These al-

-~
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.gorifﬁﬁé"haye'tﬁeﬁedvaﬁfage of not requiring any kKnowledge of
.2

ehe ﬁnde*lylng statlselcs of the *noue source and additionally

. ‘f e
haal oY

yezwm%nlm;zmng a crit 'ion related to the cuanelzatlon error

[ - ° . -

3.1.4 "QuaﬁﬁiaﬁOnﬁ' ' . ‘ Jﬂdﬂ;:,

R A P . oot

- In vector cuant*zatlon the process o-_quantization involves

LN T -
-

- ‘lndlng tne c1osest cocewo*d ‘or’each input vector. . In this

e thes;s tne st a*qh o*ward expedient of searcblng the entire

éﬁ”'codebook is feas*ble as the codenooks are . *e‘at*ve’y small.

N = . ’ - t/

.. R

3.2 A REVIEW OF VE'(:TQR,'QUANT:zATIQN,FpR IMAGE CODING

A . A'review of image vector quantization is now presented from

* Lt ” . ) .

.the :foIlowiﬁg‘ffou:“Laspects: vector £ormation, training se-
. .‘ ‘:‘

quence generation, codebook Generation and quantization. .

U — : .

3.2.1 ‘Veqtoi- formation : .

et .

Many" different approaches +to vector formation "have been

proposed. These approaches can be class*eied inte two catego-

L. -

ries: dlrect spat;al/ temporal and feature exXxtraction.

(1) Dl*ect soaelal/temoo*a; - o

Dlrect soat*al/ emporal is g 51mole approach to ‘o*mlng

vectors from +the *ntenszty values of a spatlal/temporal con-
tiguous block of pixels in an image or an image sequence. A

number of vector gquantization schemes have-been investigated

B - -
S RPN
R e L, e
— Dttt .
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_f

with this methed. Hilbert .[14] implemented a vector quantiza-

4

< .

tion for multi-spectral Landsat imagery. The vectors are

formed from thg intensity values associated with ind

-t LS L

pixels in-the four Landsat-bands, thus expleiting the spectra

1

correlation. Lowitsz - [15] descrikbed a vec=or guantization

)

scheme for black and white imagery. In this scheme, the

image

is fZirst divided into blocks, the vector is then <ormed by

taking one pixel Zfrom a number of different blocks.

-1

o

12980

’

Yamada et al [54] . reported results on using vectors formed

from spatially contiguous pixels. Recent eﬁperiments on com-

‘e

S

bining both-spatial and spectral information were proposed by

King and et al [17]. As discussed in [11], using spa

ilally

contiguous pixels introduces a problem in the reproduction of

»

edges. One proposed solution is to first identify patential

—

edge vectors and then to°cluster these seg;rately. Alfhough

the mean-sguared error may increase, a definite wvisual im-

provement results [11].

’

.

(2) Feature extraction +

e

An-‘image feature is a distinguishing primitive characteris-

PR, )

nhennr

-tic. Some features are natural in the sense that suc

—_d

tures are defined by the visual appearance of an image,

o

“other so-called artificial- features result from specifi

*

\

e

ha

fea-

nipulations or measurements of an image or an image sequence.
<t r i w~ - .

c ma-

In the vector formation step some features, such as trans-

formed, coefficients,..LPC parameters, block mean, can be ex-

o .

=

A
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tracted and coded separately. The practical szgnlflcaqge of

' cL
" feature extraction is that it can result in the reductiontin

RN

vector size, and consequently,  rediice coder complexity.

(i). Unitary transform followed by vector.cuantization
e .-7-.‘"_‘:‘7_.:_5_ -'-'_' e i

~

The idea of vectors formed from a subset of transformed
coefficients is similar %o the hybrid transform/DPCM coding

technique [36]. The trdnsform is first applied to the blocks fé?

P .
w PP

A ) L . N, s e
©f pixels, then some high-order coefficients which have low
energy can be discarded with little loss. The selected coeffi-

cients containing large enercy are then used to form a vector.

- et ;—1.':;:."“.'-‘:'
Thus, two benefits are obtained: e
(a). The effective vector'dimension mapred from spatial bleck i
decreases, which also reduces <he computa%ion;l complexity.
As stated in [43], for a given bit réte, the performance
ach;eved Wwith vector guantization increases mono#gnicaliﬁ with
.
incrLasing vector dimensiodA. and codebook ™ size, Eyeoretically
- ) * = L

-

approaching the limits given by rate distortion theory. 2s a

first approximation, the <compQitation required for codebook

generation can be calculated as [43]:
CT = PxNxMsxK

where P -=- a constant;

N -- the number of representative vectors; i
Ms --'the number of training samples’
o .-a"""""'

K == the vector dimension.
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Decreasing N, Ms or K, bhe*efore *educes the computing time,

L -

‘but of course affects both the b:“ rate and normal

-

lized mean
) - e \Q )
squared error (NMSE). . The :ransform is™>~ene e,_ec_lv m‘ﬁ.;

.

.of dec*eaSLng vector d_nens*on wlbnouthe ous degradatiah ‘of

1mage quality. o o e
(b). The second benefit arises indirectly.from the eflect of

- p -~
decorreliating the comooneqtg + the vectors, therefore, reduc-

e ‘,_ | et
ing the “B¥dek ‘effect [ [23]. The ideas can be made clear us:ng
- : - -
the two-dimensional vector set as an example. In this case,
K ’ o

the image is first divided into one by two pixel arrays, whizh
o . T R ) R — . o
are then mapped into L the <Two-diWénsional wvector set {X:

X=(xi . xi+f)}. Since acjacent pixels are more likelv to have
- . ol

nearly the same gray level, the vectdrs tend to occur in <=he

.

s ML . el e .
vicinity c¢f the line RiTKy 9 - Additionally, the'oftimal code-

—

words take the mean values of their correspeonding clusters.

-
Thus, after clustering, the reSultant codewords are usually in
: i
s
the vicinity of the line XyZK L. However, Ssome edge vectcrs

that is, tHose not lying near this line) are also replaced by
= . -

thel*éddewords so that a "block effect" results. This can be

generalized to multi-dimensional vectors because of the ccrra-

*

,lation of adjacent pixels. ‘To overcome this problem, the de-

-

-correlation of the compeonents in the vectors is both necessary
. :

-ahd valuable [23].

i -

(ii). S-transform with yector guantizatien

Ly
- S

el
4 Cd
] e [ N ot
e ey ’
- L
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.The S-transform decomposes an image in a hierarchical man-

)

‘block is then assembled td form a copy of the original picture

at a lower spatial resolution. The non-zers order transformed

coefficients from each block are aligned into a vector with
] .

-~
dimension reduced by cne. The decomposition. process is reit-
erated on ti® lower resolution image. The process: stops when

remains, corresponding to the overall

only a single mean value.

mean value of the original image. The results of combining S~
. . >

transforms with vector cuantizaticn are reported in [13].

S "

(iii). Adaptive LPC with vector cuantizatidd

“" ;" - - 1 ] -
blocks. Separate LPC (linear predictive - ceding) paramezers

(linear predictor ccefficients) are then calculated for each

block, and these parameters are concatenated. to form a wvector
- - ) '
and vector cuantized.

-

-
-

(iv). Residual vector quantization

~ - o

Béker and Gray [12,55) describe a residual vector quantiza-

tion for intraframe codin@, where the mean of each block is

(=8

extracted and a difference signal is formed by subtracting the

mean £from the -original signal. The mean is encoded by a sca-

lar guantizer and the difference signal by vector guantiza-
.
tion. Murakami et al. [20,56) develop a similar algorithm for
s

interframe coding. The images is divided into blecks and each

™

!
n

Te
oy
-

er. At eagh step the image is partitioned into b;gcksl Each

In this scheme [18], <the image is first partitioned iato

Y
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block is first normalized with respect to .I'ts mean and -ari-

ance.  The normalized ¥ector set is then vector cuantized. The

L

codebook is generated from the normalized vector se: crawn (Co—

- >

from different sources..

3.2.2 Traihing sequence generation

V4
. The codebook is optimized on the given training seguence,”

N » - o . - . .
which therefore’'must Be a good Tepresentative of the input

source being coded. ®

(1). Preprocessing

A ]

Various methods Zor preprocessing the training sequence/be-
fore clustering have been proposed. One approach i1s separation

A

of shade and edge vectors. Gersho and Ramamur=thi [11] d&iv:ide
R d . .

gpé' ;ingie input vector source into| TwWo " more Vhoqezeneous
sources cofrespond;ng to "edge" and "shade" vectors, respec-
tively. Separate training sets are then used fo:,ea:h scurce
and the resultant codebqoks-aéé then concatenated. The pur-

pose of this preprocessing is <o improve the edge reproduc-

tion, by reserwxing more codewords for the "edge" source.
{(2). Local training seguence generation

Generally, <for vector guantization +the codebook is opti-
mized for a long training sequence. However, i the input im-
age source has different local statistics, the codebaok must

. C s P Al i el A -
larﬁe to malntain the ficelity; which, in turn éentails more
4 Pl

.
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> /
L~ O . .
bits for codirrg the label and increases coding complexity. %an _

effective manner of decreasing the codebook size and Trzining

. - ~ : “
deguence length, thus decreasing the computational complexity,

is to divide the 'image in%to smaller sections. Zach section is'
5 .

<2aken as a training set and I1s used to generate Its corre-

sponding codebook. This approach is based upen the observa-

Tion that image statistics are not spatially étationary. Thus,

+

smaller codebooks are reguired to maintain the same distor-

tion, which, in turn, implies. that both codebook size and

. -
-

training seguence length are reduced. This algorithm is
called adaptive wector guantization. One such an exzample. is

given by Bouqher and Goldberg [21). Results feported indicate

that the computing times are decreased by up to a factor of
. - (

four whel adaptive codebook generation 1is used. It should be

noted that in this apprdach, a separate codebook is generated

for each image section, and the overhead ?s increased.

'

3:2.3 Codebook generation - . S

e

-t

A number of different approachgsito codebookr'generatiop

have been progosed, : - N

(1). Multistep vector Guantization - ..

/

-r,

A multistep vector gquantization process is described for

speech coding in [57], énd‘for image codihg in [538]. In this

H.

technigue, the e ror vector resulting from the first vector

cuantization is fed to a second vector uantization. The pro-
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cess can be repeated by feeding the:.second step error vectaor

. 1 "
inte a third-step vector guantization, and so on. Note .~hat -

e,

-

S

N, 1s the codebook size at t

e i-th step for a m-step vector

-

guantization, then the number of combined representative vec-

bl

tors is N=N1xN2x‘n.me . The computaticn "time for codebook

generation is now: )

1-1

CcT = PX(N1+N2+...+Nm)stxK

-
o~

where P .is the constant, Ms, is the numbér of training vecteors,

and K is the vector dimension. In a one-step approach, <the
;N \ ;

.
«

computation time to okfain a codebook with the same number of

representative vectors, N, is

CTo = PxNxMsxK = PxN.xN.xN_xMsxK |
172 m
) For Ni>2, it is glear that,
© NyxN, ...me>>N1+N2+...4Nm :

3

e
Therefore, CTo >> CT, and the computation time is reduced with

~——the multi-step approach. &s a result, the memory size Zor’
stofing the codebook with size of N is- also reduced from
NyxN, ...xN_) to (N,+N_+...+N_).
( 172 m) { 172 l.\m)

(2). Adaptive codebook replenishment

4 e

Adaptive methods which track the locagrbehaviour of the
5 : 4 .
age statistics' cax improve overall performance [(21]. In {2
< -
reported results are concerned with a separate small codebook

- .

designed for each portion of the image. In this algecrithm

ot
n
14

*

new codebooks increase both the overhead and computatidn.’

-
1
!

o

stead of generating an entire new codebook, it may be more ad-

»
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vantageous to only update or replenish thé .codebook, especial-

Ly if the changes are not large. Such adaptive strategies are

reported in [23] and [24].

-

]

{3) Initial codabook

'As stated above, the Codebook it generally generated bv a
clustering algorithm [5,7]. These clustering algeorithms can

only assure a local optimum, which depends upon the inivial

codebook or cluster seeds (E]. Two basic approaches have been

cdeveloped to obtain the initial codebook. In_the first (8],

the starting point involves finding z small codebook with only
two codewords, and then recursively splitting the codebook un-
-til the reguired number of codewords are generated. This ap-

proach is referred to as binary splitting. The second [53%]

starts with initial seeds ifor the reguired number of code-

words, these seeds being generated by preprocessing the train-

ing sequence. Two examples of the latter approach are "para-

metric diagonal" seeding [16] and "mode-seeking" seeding [67].
In the first, the seeds are located along the diagonals of K-
dimensional Zuclidian hyperspace [16]. In the second, the
seeds lie at the modes of the histogram {87].

(2). Mean/Reflected Residual Vector Quantization

In [53], Baker and Gray demonstrated a method for increas-

ing the effective codebook size for a given memory space. In

-

this technique, one label plus a 2-bit suffix is used to de-
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scribe each codeword. The label describes the basic codeword
and the suffix describes one of four reflections of <he code-

woxd. This does not.decrease the codebook label size, bu: re-=

duces the codebook storage memorv size. ° .

3.2.4 Quantization e

“Quantization in the context ©f a vector cuantizers involves

selecting a codeword in the codebook for each input vecto

A1

ba

»

The optimal guan*ization, in turn, implies that.for each input
vector, v, the closest codeword (using the mean sguared error

(MSE) crizexion), w, is found:

k
v - W = Min {|v -w. |}
| ol {lv =w, 1}
_ i :
that is, the codeword which minimizes the distortion.
A full search quantization is a exhaustive search process over
the entire codebook for £finding the closest codeword, as ghown
in Fig.9(a). "It is optimal for the dJiven codebdok, bu:t the

‘computation is more expensive. An alternate approach is a

tree-search cuantization, where the search is carried out

. - =

based upon a hierarchical partition. Buzo et al [8] describe

a binary tree-search guantizer, as shown in Fig.¥(b). At each

layer %f the tree, a decision is made between one of two sets
S ‘ .
of codewords. At the last layer, a representative codeword is

found for the input vector. Experimental results [8] show tha=x
.an 8-layer binary tree search quantization is over 6 to 8
times faster than the full search case. However, it is clear

that the tree-search is suboptimal for the given codebook, and

recuiires more memory.

A4
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.

Fig.9(a) Full search gquantizer, (b) Tree-search quantizer.

‘7“}



. 3.2.5 Summary of image vector quantization

- Image coding dy vector quantization has been reviewed Zrom

B

four aspects: vector formatiocn, training seguence generation,

codebook generation and guantization. This is summarized in

i

Table 2.

Vector " formation: Technicues Zor vector formation caf be,

’

classified into spatial/temporal and feature extraction. Fea-
ture . extraction, includes <ransformed coefficients, S-trans-
fgrmu_LPd'paramgﬁErs and resicdual vectors. Using feature ax- -

- T .

traction the vector components are decorrelated and the vector

 sizé€ is reduced, resulting in better coded images.

. Tradining sequence. generation: Inmproved performance has

. r L L . "'.' . . . ) ) - ‘d .

bean achieved by the proper choice of the training sequence.
- - : B Y B N

or example, 'edge reproduction is improved by partitioning the

ITj

o

training sequence into "shade" and "edge" vectors. Local
training sequences result in codebooks which match the: local

statistics.

Codebook generation: Tééhniqﬁes for codebook generation in—“
clude multistep vector Quantiqétion,'adaptive'Eodebook reglen-
ishﬁent, and reflected residué&?vecﬁbr quantization Adaptive
codebook replenfshment updates ﬁﬁe ‘codebook to track the
chggges in local siaﬁistics of thé input source and can real-

ize an increase in performance.
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. . a ; . . . - -
Quantizationi The approaches to quantization include full-

search and tree-search. The full-search is optimal for

given codebook, but regquires a great deal of ccmputation.

tree-search iIs a faster process, but is _suboptimal for

given codebook. The”selection of guantization would requir

-

compromise between performance and computation time.

o

=

A

r
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Table 2° Characteristics oﬁ di
n

Techhicues
------- -_-__+_-_____-—--__--
Qe ' |Direct spatial/
' temporal

< o . -
b | Feature extraction
; | -

, | Transformed

! |coefficients

Vector
formation

nsform

arame<ers

!
|
I
|
|
|
|
I
I

- | separation of

| shade and edgefl

[vectors
Training set|
generaticn |Local source as
training set

Codebook
generation

-+

I

|

I

|

[

|

[

I

I

-+

I

I

I L

i |Adabtive

] | codebook

| | replenishment

| |Reflected

| | residual VQ

—————————— T ———— - —— - -

fT | full-search
|- | quantization
|Quantization|
! [tree-searched .
] jgquantization
I

Zferent vector guantization
igques

i Comments |

- e W = A e o A W = . X -
|simple, poor edge ' |
|reproduction [11]. [

|decorrelates
| components,

I
vector |
reducing |
|vector dimension,’ I
jencoder complexity !
‘|increased (17,19]. ]
|progressive coding, fast |
| vector guantization [23]. |
| reduce vector dimension, |
|one~bit map required for '}
|differential error sjignall
[[18]. I
| £fixed codebook, [
increased bit rate to |
code mean and variance |
I

1{12,54].

- - - = - o ——— - — -+
|improved edge )
| eproduction {11,687,

I

3 _
|codebook better matches -
|local statistics,:.
|reduces codebook size and
training set- length, .
|increased overhead {43].

e e e A ————

| redyuces codebook size and]
|memory size, more steps |
IVQ required [57,58]. |
|lefficiently updates the |
| codebook to track local |
[statistics [23,24]. I
| reduces codebook size and|
memory size [55]. |
-
|
I
|
|
|

joptimal for a given

| codebook, computation

{is complex.

|reduces computa
" |complexity,

Jlecal optimum [8].

tional
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3.3 AN EXAMPLE OFJ.NTRAFRAME "ODING USING VECTOR
QUANT]ZATION

. ———

A - PR A N ' .
This- section describes a technicque for image coding which

SN ..-,""0-"

combines adaptive l’nea" D*‘edﬂctﬂ_ve coding- (LPC) with wvector

”cuant ization [18].

. -
.
AR

r

3.3.1 Adaptive linear pr'edicti,\.f_e,ggding -l

149

Traditionally, LPC.paramefers are estima‘c.,é.d"ﬁsing so-called -
autocorz_‘_glatz‘on methods and..‘.d'iglt:.zed by scalar qx.an::zatién
technique's.,' in which each parameter is individually coded. If
®(n) is a '§ét ‘ofv.image pixels indexed acéording to their <ime
occurrence and as'suming them .to be ..dezu.lcally' d*strlbh._ec'._
with zero mean and a variance, a linear p*edlc_o*' for the n-th

element :E(n) using k previous elements x(n-1), =x(n=2),...,

¥(n-K) can be written as

k .
R(n) = I C(i) x(n-i),. | T (21)
i=1 '
where the coefficients C(i), i=l,....k, can be obtained by
minimizing the mean-sguare-error (MSE) :.{[x(n) x(n)] They

must satisfy the "Ollow"ng equations:

o~

R(j) = I C(i) R{i-j), 1si,isk o (22)
- l '

where, R{j)=E{x(n)x(n-3)}.
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As stated above, in designing an'adaptiqe LPC" system, <wo
approaches have been adopted. One method uses a predictor with

péﬁgmeters that change with the variance of the signals. The

.second approach uses a fixed predictor with a wvariable guan-

. < tizer to accommodate the resultant differential signals. In

. . . ) . * . . .
our algorithm the former approach is adopted, since it is eas-

ler to vector guantize +the resultant parameters,

L
ar

3.3.2 LPC parameter extraction

- Adaptivity to the local iﬁ%ge structurérié obtained by pér—
titieoning the imaée into MxN blocks of.bldck size PxP, where M
and N are the_number_of‘bldcks in the horizonal and vertical
direction, respectively.. For edﬁh block, the parameters of .
this model can be estimated oy the method of linear predictive

analysis. In this method we assume the coefficients are those
which minimize the mean-squared value -of *he predictor error

-~
”

signals: ' ' H

e(l,k,m,n)=x(l,k,m,n)- ¢ I Cy(mn)%(1-1,k-3,m,n)~Cy(m, )
. - ] l J - .
. : (239

.

fa
».

where, 11, k<P, “1<m<M, 1<n<N, and i]jﬁranqe over the previous

elements’ which are used to estimate the present element. The

optimal predictor coefficients satisf{y the ecquations [B0]:

I I Cij(m,n)R(l-i,k-j,m,n)+CO(m,n)=R(i,j,m,n) (24)
i3 ' . —

and = .
Iz cij(m,n_)A(m,n)+CO(m.n)=M(m.n) ' - {25)

i ]
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R N
where, M(m,n)= I I x{(i,j.,m,n)/(PxP) Ys the mean of <the
Si=1 3=1 . ' .
block indexed (m,n), and R is the correlation function. Soliv-

.

ing these equations, the LPC parameter set of Cii(m,n) and C,

1s obtained, corresponding to each block (i,j range over the

previous elements used in predictor).

3.3.3 Differential signal coding - g
From the ébove analysis, the differential signals of adapi
tive LPC system have the Ifllowing form: : , .'?_
(L kmn)= I I C. i(m,n) x(1-i,k-3,m,n)-Cy(m,n) (26)
. o5 I '
e(l,k,m,n)=x(l,k,m,n)@ﬁ(l,k,m,n)=c(m,n)u(l,k,m,n) (27)

.

where o(m,n) is the standard deviation of the block indexed

(m,n) and u is a random variable, represented by a normalized

Gaussian model,

. 1
ty T ‘
E{u}=0, and p(u)=—exp(~u?,2} (28)
‘ ’ fz_n - . ": \ '

+

If a2 one bit.scalar quantizer is used to quantize u(l,Xk,m,n),

~then the quantized output is represented by

1

8= & -2- f; up(u)du =+0.8

r

e g A
_}"‘"““;'w" P
= o
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taindd. The Cij{m,n) and o(m,n)(m,n) are used =o form a ~vectaor

T TN

O
[

-

3.3.4 Combination of adaptive LPC with vector quantization
-

It is noted that with large vector dimensions the sza-.--:

cal cependence of the vectors will be reduced, however, <he
correlation within‘each vector will increase. In $rder
ploit the redundancies, both intra-vector and

the coding procedure can be divided into,twg steps:
3 F-3 -
1. The Qreproéessing step is used to decorrelate the zconm-
‘.,‘ .

.

ponents within vectors. z

2. The Zfollowing processing step attempis To rTecduce tThe
statistical dependence between the vectors.
- o

In this algorithm, the first step is the LPC codin At Thy

step, a set of LPC parameters, C,.(m,n) and standard devia-

i3
Jtion c(m,n)‘corresponding to tRe block indexed {m,n), are gbh-

. T
set. In the second step, vector guantization- is applied-~t

b
n

this vector set. The LPC parameters of each block,is replaced

by the closest codeword in the codebook. The coding procedure

is illustrated in Fig.1l0.

- LA
i .
3.3.5 Experimental results

In the  experiments, a 256 by 256 image svided

into blocks of sizes 8x8, 16x18 or 32x32. ; fer Two-
dimensional model of LPC has been used in Thus,
we have -

-,

%(1,%,m,n) = a(m,n)x(l,k-1,m,n)+b(m, n)x(1-1,%,m,n)

+c(m,n)x(l-1,k-1,m,n)+d{m,n) (30)

s .

e,
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. B '

%(1, % m,n)+o(m, 2)3(1, k. m,n) - (31)

~  x(l.k,m,n)

.
s

by using the autocorrelation estimation method for each block
\

inde%ed by (m,n). A #umber of different block sizes ahd dif-

‘- - . . el moest T
ferent codebook sizes have been used. The distdrtion is meas-
- 5‘. ‘- ‘ E-,f . -
ured as the percentage normalized mean sguared{error (%NMSE),
and defined as ‘- )
N k)

o

NMSE = 100%, ©(32)

where X, and X, are- the origingl and quantized grey ~tevels,

. — N,
respectively. Some results are shown in Table 3 anc -some pic-

Tures are shown in Fig.1l. ' ) A

v »

<
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3.3.6  Conclusions . - :

It-is found that +tre adaptive %?C for image coding can be

rlemented by first partitioning an image into blocks and:

-then processing in two steps: LPC followed by vector cuantiza-

v

tion. & small block size is good for adaptivity, but more bits
[~

are needed for cog;ng LPC parameters. :owever, for small block

size, the LPC parameters are more Staﬁistically dependeyt be-
'

tween the blocks. Vector cuant;zat on ¢can,

this statistical’ dependence to redice the

.

good reconstr uched images at bix rates of

bts/pixel, corresponding to comprgss n ratios betLe

and 5 to 1. o R
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R
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Fig.10 Schematic

’ 1PCP CODEBCOK
> ARAMETER TRAINING CODEBOOK

| EXTRACTION [T SET [ | GENERATION |

=E I e VECTOR
- P QUANTIZATION “*

[

diagram oI adapgive LPC with vector guantiza-

tion.
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) e (<)

orial results of LPC with vector cuahtization,

bits/pixel; (b) block size 8 by 8,
. size 16 by 16, 1.136 bits/pixel;
.022 bits/pixel. ,

1.625 bits/pix-
(d) block size

(a) @
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Chapter 1V
THREE-DIMENSIONAL BLOCK VECTOR QUANTIZATION

In single 'image (intra-frame) coding by vector quantiza-

tion, the images are typically divided into spatially cpntigu-

ous two-dimensional blocks and vectors are then extracted from

.

these blocks. The same principle can be extended to .image se-

-

! . - s
quence (inter-frame) coding, where <the blocks are now three-

dimensional, with the third dimension along the <time axis. In
other ,words, both the spatial and temporal redundancies are

«&Xploited simultaneously. . .

In this chapter, two diffierent strategies for vector <orma-

tion are _testec?:

i) Vectors are formed directly from the three-dimensional
blocks. ‘ . -
'ii).The Fﬁree—dimensiona;’blocks.are

L - <
formed and vectors a£€ then formed from a subset cof thepgre-

3
-sulting transform coefficients.

[Pl
LAk
.
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4.1  DIRECT THREE-DIMENSIONAL BLOCK VECTOR QUANTIZATION

-

The vector formation step of direct three dimensional =lozk

rector cuantlzagzon (DVQ) is -shown in Fig.l12. The input Yimage

-

secuence, ~(x,y,t), is £first partitioned inte contiguous

three-dimensional blocks. Training set generation is the next
1 . .

step and, for the image -seguence chosen, presents a problem.

The ‘first § frames of thé secuence are fairly constant; <the
o

next 5 £frames exhibitﬁazrapid motion of the woman face: and

finally, the last 6 have relatively small changes. Three dif-

ferent strategies for choosing the training Set were tested:
. 9 -
(1) TS-1I: the t*a'n ng set is formed by seTechlng every secon

r' ,f‘-,-\t -r
vector from the entire secuence; . /

11) - TS-]I: the training Set consists of 311 the ve uors in

the first four frames:;

(1ii) . TS-III: the training set consists of alil the vectors in
frames 15 through 18.
The different training sets are then used to jenerate code-

-
ta "

‘books and to guantize the entire seguence, i
. - B

..'u

The experimental‘résults,»give: as rate gistortion curves
\ i ~i . ! .

and the curves of distortion as a function A frame number Zfor
P : P e 3 -
three different, training sets, are shown in Fig.1l3(a} and

i3(b), respectively.. The distortiqg is .measured as the per-

centage normalized mean sguared error (#NMSZ), and defined as
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I (X -X,) .
NMSE = - 100%, - . (33)

2
I XS

A . *
where Xi ané’xz are the original and guantized grey levels.,

' respectively. Thé bit rate (bits/pixel) is calculated aséfol- -

+ »

lows.
. .
BR = overhead + label
= BRo  + BRI - < o
= NxBe/Np  + (log,N)/Nb T (34)
where,

[42]

I

0
1

the bit rate for the label; o y
N the\qumber of codewords in the codgbook; °

N -
Np - the numbgr of pixels in the input source;
b

the bit rate for codebook overhead;

e}

i)

bt
1

» X * _' -
Nb - the number of pixels per block.
Bc - the average number of bits per codeword;

P

In this chapter, each component of the vectors is scalar cuan-

*a

tized with 8 bits&az;ci\sustb.

The rate distortion curves corresponding to the use of the'

or

[£5]

three different training sets are shown in Fig.1l3(a)..
) “ - . .

each set, four different rates are shown, corresponding to co-

debooks where the number of codewords are, respectivef}\ 64,

128, 256 and 512. ‘Although the bBest overall'performanqe is

obtained by using training éequence‘TS-If§, it is instructive

-

v S
-y . v : .

'



to highlight the performanéé on an’individual frame basis. The

individual £frame distortion values are shown in Fig.i3(b) =-or

the three training sets, each coded at a fixed bit rate of

'
1)
e

th

0.63 bits/pixel. or the first nine frames the best perform-
ance s obtained by using the training set, TS-II, drawn from

the first four frames. Training set, TS-I, drawn from the en-

. tire seguence is a clear second. In frades 10 to 20, a rapid

motion first ocd¢ure followed by smaller changes and best re-

v
-

sults ‘occcur by using training set, TS-III, drawn Zrom zhe

-

framesexhibiting some. motion. As for the first ¢ frames TS-1

again ranks second in performance. These results suggest that

updating the codebook on an adaptiv% basis’ could yield 13

preved performance [23].,

\
N A

»t
.

D -

. -
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3~D Y~Q (BLOCK SIZE 3X3x2)
2 " @ SAMPLING TS
- * @ FRAME 14 AS TS )
- A FRAME 135~18 AS TS o
= TSt TRAINING SE
8
o
4
=
Q2
— h
—t0
(o Py
QO
—
4]
Qo
-
=
Q
o
%30 0. 40 0.50 0. .80 0.30 " 1.00

80 0.70 6
BIT RATE (BITS/PIXELJ', A

< .
|

Fig.l3(a) Rate distortion curves using three different train-
-ing rsets, and Zfcur different codebook sizes. Note the poor
performance of the sampled “tmaining set. The distortion has
been expressed as normalized mean squared error and has ‘been

averaged over the twenty frames. )
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Fig.1l3{b) The curves of distortion as a  function cf frame
number for three different training sets, ‘all are for a bit
rate equal to 0.63 bits/pixel. Note that training set TS 1-&
s;nows’ its best performance in £framesS 1-4 and similarly 7S
15-18 has its best performance in frames 13-18.
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THREE-DIMENSIONAL HADAMARD TRANSFORM WITH VECTOCR

4.2
QUANTIZATION
The vector Zformation step of <three-dimensional Hadamard b

transform with vector quantization (HTVQ) is Shown in Fig.14.

The image seguence is

first divided into three-dimensional.

Blocks of size 4x4x4&. The three-dimensional EHadamard transform - M
A .

is then calculated and a subset of coefficients is selected to

form the vector. The

block correlation and, therefore, compacté the energy in a

.t .

Hadamard transform reduces the intra-
T 2
]

small number of terms so that vectors of reducgd dimension can

be useé.

+

The Hadamarg trans

transform whic;/ié espeéially suited to digital processing :

form is a non-sinusgidal "~ orthpgonal

only addition -and subtract;on‘are necessary tc calculate the

transforméd signals. ‘Let f(x,y,t) represent the grey level

intensity values of the pixels in a three-dimensional ar> Y or

block of size.pxpxp, where p=2

mard transform,

where

K
and" the terms u, . v

representations of u ,v , W, x, y, and t, respectively [61]. -

—~

w

p-1 p-1
T(u,v,w)= L L
.X=0 y=0

“

g(x,y.t,u,v,w)

o1

.. The three-dimensiocnal Hada-

LY -
E(u,v,w), of £(x,y.t) is then given by

o Ay
] .
p-l ' - )

Iof(x,y,t) (1YY g,

<=0 '\ \ :
; - » .

n-1 : h
TR gy VayeT Wiy
i=o ) '

. ¥ A i - -

>
w. , X. v, nd t, r >inar
My 1.11,"5&1' lae.theb_"xay.

- -

- . 2
.
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If f(x,y.t) is considered %to be a random three-dimens:icna

-

. i . 3 . - = -
function with ngS? entropy, "then the energy o T(u,v,w) 1=
the same as entropy of £(x,y,t). Hence, with proper cocding it

. ' N

should bef possible to %“ransmit, with the same channe:l capaci-

Ty, either the original image data or its Eadamard =ransio-m.

»

3

M ~
(4 . F

. . . o 2
After three-dimensional nadamard.transfo:mat*on,‘the_next

step 1s the selection of Ehe most significant coefficients

with which to form the vector. Ideally, tHis is done by ob-

-

. ~

serving the energy distributieon of the <transformec coefii-

cients within each block. However, due to the changes :n -<he
‘ o %

local statistics, the optimum choice will wvary Zrom dlock <o
. i _

block. Published studies indicat® that the energy distribut:on

of the transformed cocefficients céh be modeled as an expcnen-

-
» -

tial function [52]:

..

T | g

E{u,v,w) = exp{ =-cu -Bv -Iw } (38)

This implies that the lowest order coefiicients contairn the
most energies; in other words, t¢ minimize the mean sgucred
error, the vector should be formed from the lowest crder coef-

ficients.
., ~ilcients

=

To tést the wvalidity of this model, the Hadamard =ransfesm

iS'EEIS: evaluated on blocks of s:ize 4x4x4, and the total en-
distributed cn, the 6, ¢, 12, 18 and 25 lowest gzdér coef-
hd =

-~

ficients, but not including the zero-order Term, is calculas-
t

- “a
ed. These afe then compared, cesgectively, with ":hg Tztal
* . ~va,
o .
h .
-‘. )
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[ ~]

energy distributed on the non-zero order coefficients chosen

- »

. . L]
optimally for each block. The results are presented on a

slice by slice basis (4 frames being ecuivalent to a sl:ice)

[

for the entire test image sequence. The -results are shewn in
Table 1. It can be seen that, for 13.or more coefficients, the
loss resulting from using the lowest non-zero order coefii-

A
The next step is training set generation, and the same is-

sues for choosing the training sets, as discussed in last sec-

tion arise. Three training sets similar te those

in Section

3
s

4.1 are used:

(1) TS-IV: the training set is formed bv selecting every sec-

. ond vector from entire sequence;

.7 {1i) TS-V: the training set consists of all the vectors in the
first £irst three slices, corresponding to the first 12
_faas-
L& 2z .{iii) TsS-VI: the training set consists of all the vectors in
>-_;j;_~,f e ; .
ﬁﬁﬁ;; be last three slices, corresooqd*ng to~frame 9 through 20C.

_f‘Theﬂdifferent training sets are then used in generating code-

sequence.

e -
e -
A "’ ~

w2-* The exne'—lmenta1 results, given as rate distortion curves

[

L el T ¥
f

kN

- . . . 4 .
and as dlstor‘.:.on ,for the individual frames, for the three

s

wgvﬂ,ﬁ41fferent training sets jare shown in Fig.1l5a and Fig.15b, re-

snectlvely The bit rate is calculated as follows::

.-

o : - . . ‘
e BR:=., overhead + labél + mean term
L W7 .
= " BRo +, BRL + +7BRm
a o ’ - N
o : . - . ~*
T - ~



.‘l

- = NxBc/Np + (log,N)/Nb + Bm/Nb‘- (37)
. 2

~

BRm - the bit rate «for the block mean term;

3m - the number of bits for the block mean ternm;
: LEE e o T
the others are same as for the equation (33), and Bc=8xK, it
. phal :

! -‘7.1 i
should be noted that X is new smaller than block size, Nb.

‘ . . ... Hee .‘l'l' - . ’ . -t
The rate distortion curves corresponding to the use of the

three different <training sets are shown in Fig.1S5(a).

[y Ll

R - : o
each set, four different rates are shown, corresponding to co-
debooks where the number of codewords are, respectively, 64,
178, 256 and 512, and the vector dimension is 18. “The indi-

vidual frame distortion values are shown in Fig.lS(b)-for the

o

three training sets, each coded at a fixeg bit }éte of 0.81
bits/pixel. The same conclusion as for the dirétt three-di-
mensional block vector quantization can be made. The beéé re= -
sults on an individual frame basis is obtained by using the
codebook generated with locally selected Training sets. TS-V
is the best on the first 12 frames, whereas TS-VI is the best,
on the last 12 frames. This suggests once more +that adapting
tﬁe codebook as the image sequence progresses could yield re-

duced distortion.
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~74.3 COMPARISON o

In the next set of experiments the vector dimens:ions are
. . F"".

- T

varied and the corresponding rate distortion curves are shown

: - .. -
- e

in Fig.l6... For comparative purposes, the results of using a
" . .

three-dimensional Hadamard transform combined with a zonab

o

J. - -— - - e )
quantizer described in [64] is ‘provided. For direct three-di-

mensional block vector gUantfization the results for blocks of.

size (2x2x2) and (3x3x2) are included where the appropriate
training set, TS-III, is used for codebook generation.  In. the

(=]

o |

k-

.

cases of Hadamard transform combined with vecwor. quantizat

e

the results for three vector dimensions are shown, respective-

L
e

REaRN . o R Ao
1y 9, 12 and 18 coefficients. In all three cases, the’ ‘appro-

" priate training set, TS-VI, is used for codebook generation.

The results clearly dempgnstrate the utility of first perform-

. - L b ] .
Ing the Hadamard tramgsform before vector quantization.

codebook is factoxed into the bit rate. For the image seguence
used, the ovérhead component varies, . from 7% for direct spa-

tial vector guantization for a block size of 2x2xX2 and a code-
" ) =

P

bookw'size of 256, to 40% for the Hadamard transform with vec-

tTor guantization Zfor vector dimension of 18 and a ccdebook
size of 256. For images larger than 112x96 and secuences
longer than 20 frame’s, +the overhead component will be signifi-

cantly reduced. Fig.l7 shows the rate distortion curves for

the same cases as in Fig.1l6, but where only *he component for

&

4
|
i

. -~
In Fig.16 the overhead compenent required to transmit =hé
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‘.i’f --‘. . . ) .'Al‘- ‘.79.‘.

Lot Tev ; "J-'.t;i < -g‘.:. . G
the “Mean and the label is inTliuded An, ehe blt ‘tate. These f"'

_,..‘,4.— -

clearly demonstrate the 1ncreased Derﬁc*mance 50 be expected '_ %
. . . .

by combining Hadamard “*ansrorm_w1eh vector quant*zaelon.;.f

- . ORI

- -~ oo * D . . i “.' B ]

- A - -

PR B . ol CLe T . )
The results for three frames, 1,” 14 and 18 are, respective-

ly, showw in Fig.19(a), 19(b) and 19(c¥. The firsr is.in a

ﬂzoneﬁﬁf'little motion, the second in a zone of 'aold cnange;f“

- for the direct VEC;O” cuantlzatlon on a block szze-Sf (3x3x2)

are, respec;ﬁvely;-ﬁO.ES

e s

and ehe third in a zone of moderaee ;hange-ahdri .e 1adana*d
e K - :

o
t“ansform with a zonal sca?ér,aﬁantlzer nexazt rate,msao 7

iy

u‘\*"

D_ts/plxel and the NNSE is 0-65 The corresoonc ng "alues

by

bi ...s/blxelr,mlth overhead . and 0.4‘.-5

" g

bits/pixel without overhged at” O 49% NMS; distor lonfi‘In the -
2 CLE Y .

cases of Hadamard ansform followed by veceor‘quantlzaezon
""fr .

the results when 18 coeff1c1ents are -used are,/resoectlveTy,

- 0.61 blts/plxel with overhead and Q.27 blts/plxel without

due. to poor quantization of the higher” ‘Srder coefflcrents.k : RYR

Y}

,‘-f

overhead at 0.43% NMSL d*sto*tlon. Frame l=ard 18 are both

reasonably reproduced, whereas frame 14 in the zone of rabid-

motion is more severly degraded. In all th*ee cases, “adanard

'i
transform with vector quantlzarlon is much better-:haﬁ dmtect

m;g_.. . -ﬁ-"
block vector cuantization. THe :eproductlon of koth dadamard
”".a

transform wlth.veceor cuantization and radamard eransfoxm #ﬁ

.

zonal’ quanrlzer are 51mllar in terms of v1$ual cual* y How-

ever, 1n the nadamard transform with zonal cuantlzer there ;ﬁ PR
"

ot J{ 0

a v*sxble spatial pattern suoerlmposed on the«amage oﬁvpably
”

e - Lt e
T

-



-

"°'-In -this paper, two 'vector fo:cma :.-on 'schemes for inter-

. block vector cuanlazatlon

“the codebooks ~237.
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1mage vector c'uant:.za:clon,_ gene*-a zed f:'on I t"a-fra-ne image
" o -

codlng tecgglque'r‘[Zl]a.'é.presen‘.ed‘ diregt mr’ée dl'nens:r.ona‘

-~

c_\d‘ . ,-d-',, -

, and h..ree-*clmer-s:Lonal Hadamard
A }, ,"""

' transfo*m folfﬁwed by vector cruang.z.zat*on of a. subs,et of Hada-

e

' mard coef*‘lcn.ents. '.'E'he nesu-resu s-‘are ob alneé by us*ng *'he/;

+

) ‘. 7 --’- - .‘q.

-nadérhard transform w:Lzh vector czuant:.zatlo as u,he compongﬁ.ts

tq." g ‘._, e \1

. g‘ i3 -
in the Vectors“’a"’e decoxr elated _n. ‘,éom spaﬂﬁal ? temporal,

d:.'rect:.on. _Org,e problem ﬁo:: both schemes :.s cqoos*ng a*z appro-

prlate tralnlng set..-“T"'ze resul’ts ‘zdemons rate ;_:that using a

.

:,.H'

'L.ra:'l.nlng_r_s_et- representativ‘e ‘."cf the - erztlre seguence does net

F

-necessarlly g:.ve *he best *esuH‘.s. . It*;is denonférated expe*'l-
-~'{

>.‘.( .

-, aF B

'-mentallv that 'an- apnr iate cadebook tailored to each leocal
*b—

source could reduce the distortlon. The subsecuent chapers

are be:Lng pursued on various ada::u:.ve \.echnlques for updatlng

RS ' "

U @a



‘o
tn

L

R

S T4
.\"{;:‘:"P.‘.'
~

} -
. : . s
Table 4. Energy distribution on thesnon-zero order *
SE . S,

Hadamard coefficients S

Optimally chosen’coefficients
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Chapter V | .-

ADAPTIVE VECTOR QUANTIZATION BY REPLEN!ISHMENT

In an’ image sequence, successive frames are usually very

ct
1}

similar. A simple interframe coding technigue which exvloi

g

this similarity is frame replenishment coding {3]. In this
method, only the informatidm ‘necessary *to describe the new
grey level wvalues of the pixels that change between successive

frames are transmitted. The implementation uses zwo frame mem-
. ! ' - * .

ories, one at the receiver and another at the transmitter +to

store the regquired reference frames. The incoming signal is

compared pixel by pixel with the reference frame. When the

magnitude of the‘frameéto-frame difference is greater +han a

given threshold, it is considered as significant, and the new

signal value is replaced in both frame memories. Thus, the

receiver memory is made to track the transmi

rt

Ter memory.~
tudies [4,51) Aindicate that the‘pixels of ﬁhe ghanging area
need not be transmitted indépendéntly of one anotﬁer. Varfous
techniques,  such aS'predictiye-cgding,‘ﬁbtion-compensation'de

i

cthers have been used +o exploit the correlation between these

pixels [51].
In this chapter, a new algorithm which combines the concept
of frame replenishment with two-dimensional block vector -gquan-

tization is propesed. Each ‘rame is first divided into two-

*



' | { a2
dimensional blocks, apd vectors are then extracted Irom the

~

resultant biocks,ieithér directly in the spatial domain or in-
directly ﬁhrgﬁgh the :raﬁsform domain. The vectors corre-
sponding to the first frame are taken as the training set for
generatiné';he f£irst codebook. 'In encodigé subsecguent Zrames,
the operation ofzrepleﬁishment can be applied to both labe;s
(label replen{shment) and codewords {codebook replenishment).
p-S moré.detailed descéiption of each operation follows.

.

5.1 LABEL REPLENISHMENT 3

The basic principle of cperation of label replenishment us-
ing directitwo-dimensional block vector'quantization, illus-
trated in;?ig.zo, consists of two phases. The first phase is
codebook generation represented by the'dashed iine 1l; . where"
the first frame is used as a training set. The first frame is
“then quantized, and the labels are 'stored in thé label memory
and trgnsmitted as indicated by dashed line 2. The next phase,
represented by the solid line, corresponds t¢ coding subse-

quent frames. Each vector is first quantized,’ the label 1is

-

then compared with the one in the label memory, and if it dif-

A : . :
fers, the memory is replenished. An extra bit is used as side
information to indicate whether the label needs to be replen-
’,. . .\ - -
ished. The bit rate for this coding scheme can be calculazed

as follows:

I

BR overhead + side information + new label

= BRo™  + BRs + BRnl W & :

e
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P .’ . 93
| = NeBe/Np + . 1/Mb  +  Nex(log,N)/NE. “-*“(38);

where, W - S
« BRO - the bit rate for the.codeboog pverheaéj ) ,.;

BRs - the bit rate for the side information; . -".
e . o N ) e .
BRnl - the bit rate for transmitting the new labels;.
Bec - the average number of bits petr codeworgd; . =

. ' A4 B .
’ N - the number of codeword in "the codebook:
A B P

" S -
v,

. - - . "--” -
Np - the number of pixels in the input source;
"
‘ - -
Nb - the number of pixels per block; -

h

‘Ne¢ ~ the number of new labels;

Nf - the number of pixels per frame.

Note that the first two terms, the overhead reguired for -

] -

-4 s ) .
transmitting the codebook, and the side informatiogmare fixed.
The third term depends upon the number of labels changing be-

tween successive frames, and is, therefore, variable.

Returning to the wvector formation step jg: Fig.20, each

frame is first divided into two-dimgnsional blocks. As for the

three-dimensional biock vector gquantization, two different

. - ., Fe s
- . - - ]
Strategies for vecton formation are tested:
I " "
. P .
- "

o



o

-~y

a R g _,” -r.r" -
- . . " . ‘ . * ".f
= - L B ) » ! . T 94
_ - ’
" ; : F % o
Tm L . . 4 _-._;F'; .
< - - N : .b"-
“',- - <. ~ "._ N t - K "
- ] 4 - =! -
::':". ' - ul # X
s F .. _ A TR
r- s ) ~ [
. . .
’ N ) -~
v -~ - .
B . ”‘." . ! - d
o : . L . 2 ’
- w . ) . ‘
e . ._‘ - - s i [
. N 3 . 4 )
: -+ ] * cooesoox " Lage . o
q €8 . LABEL 2 s
r e . ---- --L..b
.| GENERATION 1 MEMORY
F & B » g L
> O R . NEW LABEL
. S o ! - - - ‘
SEQU CE : ECTQR . . . B T . .
EQUEN . YECTGR " ANTIIER i | LABEL CHANGE . INFORMAT £ON
Flxeyet) | FORMATION IR .I 5 DETECTIGH o ey
‘ - A AR ¥ : Lo g R
g - w7 ) ' A i
, - -\:'. _)-:f'éﬁ- - N ’-._;. o
. ’.;" s ’ = - a‘" -
T _ ’ -,
b N ] - B . g
- 5 . ; : . 8 . e
) . < s o ) ¢
th Al 4 - > - » -
4 Tk - o~ -
‘_q-} - . ST "‘ -' Lo e T '. ) N ‘ ' TA [ -
-. j-" -; R s i 4
Fig. 20 Schema...lc‘ dlag*‘b.m for label .replenishment on- the direct a
A two -dimensidnal vector guantiFation. Dashecz ’1ne ~1 corre-
< ..sponds to the codebaok :generation step using the first frame. ]
Dashed linés 2: cor*‘ésoond to storage and **aqsm* ssion- of the -
labels of the first £fafle. - : The remaining . SOlld. ..._'1es corre~
spond to codlng the subsecue;n, "-ames. j"' : )
*"- ” r . P s . . . . ‘- v R -
. R . - . L. R
) - A "‘Jl..!l " : . :
® Coe L R T R
b N 4 - .' . g .if- . . e = N .
- + . - R ¥
: 4 RN
. -, L - B - li' "
.c . i K ."‘. . -‘ . . .l:‘.. "‘ ;. P + - AI
- 4 " v @ . v;- ~ _ l—. . -_.._.;'?_. L
. g . L. -
T ¢ & T - TS0 ‘
. < e ".“_.—' - 3 ," "f .
Ao. M .
- - LR

=



Vaa

A3

i).Direct Iwo-D1mens:on@;gBlock Vector Quantlzatlonf
4,;

A 4:19 .
unr i
1i) Two-Dimensional Block | adama*d Transformation with Vector

e
- - o

%

‘J

In the first, +the vector s are Zormed directly froﬁkbwo-dimen- N

an 2

L5

-

o
,. -

sional blogks, by s*moly realigning the, b1ock into a linear

. ,n,
-

bl LY
. ;"\ ~
. of the wvector. In the second, the two-dimensional “adama*d

transform is first applied to the block, thus decorrel tiq'

- &

the components. The block mean, containing the most inferma-

; tion, is scalar quantized; the remaining coe_hlc*en;s_and tken
- .:‘, .

. . - £

vector guantized (see Fig.21l{a)). The second strategy re-.
T g b X _ R

. @Uires a more glaborate encoder, which needs & guantizer, two

separate’ frame memories and tmpfbitﬁjbf:side ;._o*ﬂa“loq. ocne

- -.
En '3

for the, label as before and one *for ,,‘Eﬁe".block mean (see w-

A
o

gE%g.Zl(bQ}E For this scheme, the. .bit raze can be calculated

R - SR 1,'5 - -
e - b b - - .
as® follows: P Y N &
-3 w2 i - Lo
At K PRI ‘ o,
. o - o B
wr -

o v

-
.

ove-nead + side _nfqrmabion + new ladel + new ‘mean

I e R

- _.) e

= BRo =+ 2xBRs + . BROL "+ BRom .. (39)

BR

.
e L]

< e -~f .
. . b - ‘an -
3 ) : 2

where, the term BR..=Bmem/Nfg‘is tHe bit ﬁﬁte for néwgblockfl

- - -

mean, 2m is the number of.bl* for block mean and Nm is the .=

¢ “number of new biock mean The remaining terms.-are the same as -

w -

:in the equation (38). We note .hat in the codebook some aadl—

o g N ';‘ L

s b
tional reductions are obtained by scalar cuanhlzzng the compo-

nehts of codeword according to 'the ene“gy dlstrzbution {(36).
F ‘

4 .

- .array. Significant correlatlon remains betyeen the ddmponents 2

.

~

k‘
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L

1 . -~
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values give better pérformancg.

¥
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If the threshold walue is too

low,

_small add‘t1onal *eductlon in dﬂstovtlon for a dlso*cport;on-

- “
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5.2 . CODEBOOK REPLENISHMENT

In vector guantization each input vectoi is encoded by two
pieces of information: .the label and the corresoonding code-
word or representative, vector. In the algorithm o*esented$in

o . the last sectﬂon changes in the ihput source were t*acked by

replenishing only the label component The underlying assump-
tion made is that vectors from the changing areas can be ac-

ceptabi? encoded with codewords from the existing codebook:;

thus, only a new label need be transmitted. The main drawback
to this approach is that a codebook which is representative of
the'entire sequence must be found. From the point of view of
implementatiocn, this implies that the statistics of <he entire
seduence be known beforehand. Furthermore, as demonstrated
.. above, if the individual frames hate different statistics,
then a comparatively large codebook_is reqguired, so increasing
the bit rate. An alternative strategy would be, therefore, to
-deéidn-a codebook which more closely matches the local- frame
statistics. One such algorithm for intraframe codiné is de=

séribed by Boucher and Goidberg [13], and uses a small code-

Tl
+ . - bookidesigned for different portions Sf the image However,

-v -

~  the new codebpoks increase both the overhead and computation.

- - <. a b . . }
instead of generating an entirely new codebook, it may be
e

_more’ advantageous to only update or replenish the codebook,

...-

espeCially if the changes are not la*ge. The o*oblem then be-

'comes ‘how to detect the changes and reolenish;tne codebook.’
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LA the same time, howeugr, if Fhe. ;:odebcvok is *-ep-len" shed *h

L. -.
e

too d—r-amatlc a ‘asb*‘on“ th.,e arnountwf‘ laoe’xzepLenxshment“in-
" -‘ . :h;a-.gh*-' “_\_\ . '\-..,::"

c*eases corresoonc1nglz~ "‘hus,.,_vlt may be- *nxpz:&kaqvantageous,

) v St }' ﬂ -

with *-esnect to\the overali merformance £a3 *estrict ..he«.wtyoe

r'....-.g A
.d . - o TN K PR

of replenlshment tbr the couebook ""»Wlth thxs,‘observat:.on in

Mle apa o
Rt el o ¥
- - [y

LR - --a'\..,'_‘"

mind, two strategles for co’debq_q.l-: replenishment a*-e -"prasented

LN

Mean Shift and Mean Shn‘t combmed with Se:l’%%tﬂe .Codeword Replacement

= .’.... _-. u.._
- : -

5.2.1 Codeboqk Replemshmen‘t‘bv_Mean Shft e

- ’44.“'“"_9."‘

.2 _' -t - 'i"
codebook z.s ’—eplenlshed bv s:.m'olymbdatlnq Ehdlw.dual reo-
- -....’_' """0-'

resen eatlve vectors

r -
..-'--

representative vectors -are chosen to be the. eercaedmean val-'
. DA .

g 0 S e
Ue over the Voronoi regions. I:’.E,-,;.—'ﬁr.f}'ze%i"

)

s ~

sources are used to estimate the’--means t.'%exi‘fhanges in the
. . . " ‘ ;,,w "

. rml-\..m —ﬂ'\“‘

local statistics on a frame -to frame_ bas‘is “ean .be_:tr'aca‘{ecr It
‘N—.. -a‘ . - -'J.."."'.r--

should be noted that the mean sh..‘ft algorlt.h.m has.ﬁa-;'r:m;;ortant

.. .:-

merit; it preserves the orlg:.nal codebook structure as'unuch +as
(_ N T, .-w-yv s PN

possible ‘thus reduc:.ng the need f.gg label replen:.shment ThlS‘\“ -4

v.,‘g,

stheme was first proposed in [23];.-% deta:zn.ed_ present at:.on .,

3 - e

- ' SN e S SRR, S
follows. R A “K""':'""i.'”.,» Bl
B T N
e, 4 -
The _steps involved in the mean Shlft codebook repj,e'zzsmen*-
. v"’ ST SR RTOR
are shown in schematic form In Fig.23. The first f'l‘ame ls

T,

normally used to generate the initiag® codebook in, th.e standa*-d

manner: - . ,—.~

e A P :
. B T ] -
v em CTm =% . e ‘.,

T el - Pr e

v

e b e, T

1 N ot Loy
Wi = E(v" | vt R} , and v® is the tidining Set} ... (20) *

ety




- ’:\ Q N L
’ ‘_ ‘ -"’: "‘:.r‘/ ’ ".‘l
. R -202
. ‘- ) ’
. P e - 1 = 1, 2, o ey N.
2 - .‘;ﬁ.'."‘_, ' . '
- It N 5 7“-."" -
- \u; w0 .
.Note ..hat here E denotes ehe samnle mean Tor subseguent
“‘-"‘“ N i
e o frames, un pa*'t*cular »..‘g.e j=th frame, there are ehree u*s\.:.m:..
steps: PR - e
1. .Quantization: 'Eaé:ﬁh input wvector v is. assigrned to. the
o e -1 L S
. nearest Voronoi!.rggion, R ., . UsSing’ the nearest c:*_s-‘L
o . 5 g ) 8—-.- oL, S -‘.- + X
N P . a e _ -
E cance rule: PN oS -
’ < ARG - G -
. . = nEe .
’ ] Jode s J J=1 ) .
B ‘ -Iv - Wi .. | = Min {{v° -w |} (£1)
— - . S i .
~ % :‘;__,r . e -
B . Note that the codébook from the previous frame is used
. BN 1“ [
for,‘ ‘..he" quantlzathbg -THE . label k is then compared
B : T I I -_-‘..
. with the one in _the; slabel memor}{-‘ ey
. o ' T ) .
_ 2. Updating Representatwe Vectors (means) The vectors of the
PR o,
current frame, v ;. are used tb update the rep*eseﬁta-
- t:ve vectors (cnluster means) and co*resoondlqg x?o*'o*101
" . - ‘b- .. - i
e regiony N ) .
=.\‘ -i -
R W 5 2 LN
. S o (%2)
- . -\:';; -
- _‘V.«.
L4 = - Y
N . i { . . .
: RI=(v) ¢ [vl-wdi] s vi-wd|, for all m#i) (43 )
. -1 T m . R
-~ . A n-l's—: ’ ‘;.:ﬂ. j"'% ‘ .
T A Note that v- are the~vectors formed ‘*—om the j-th frame
. . e — x
B - s weip ) C.
in the sequence. oo > :
. -
. ¥ .
= 3. Codebook r'ep'lemshrnen'; The current representative vec-
I . - 521
Iy "tofs {w } are comba*ed with the previous set (w 1. If
- . .
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:.the /difference is greater than a preset threshold, T. ,

the codebook is replenished at both the transmitter and

receiver:
32 Li-1 ;£ 3 . ‘5_1 <
wi wi , 1f [wi wi B Th
and

J = gz b j-1 : jo_ o i
w: = E{v- |v-e Ri }, if !wi; wi

1l

>

(£4)

It is easily demonstrated that by tracking the shift in

mean, the distortion is reduced. Let Do and Ds be the distor-

tion before and after the shift in mean, then

-

Do = E{(v] - wi™1 )%

Ef(vj cwd ayd 3l )2}.

»

As the cross terms are zero,

B(v? - wd) w? - Wt gy =0,
thhs, Do can be rewritten as,

Do = E{(Y? - wj #2} + E{(wj- wjhl?jz}

However, the. first term corresponds to Ds,
" Ds = E((v] - wl)?}
il

-

So that, we can conclude that the distortion is reduced by us-

ing the new codebook,

S

(47)
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~ent To using the previous codebook, {wJ 7}, as seeds for zhe

pr T
clustering algor¥thm used for codebook generation. The new co-

A

iy ) .
debook, {w”}, however, is formed by applying only -one itera-

. 4-‘, . .. . i '
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v! ' INITIAL
- . CODEBOOK
: CENERATION
:. -
- i
- r
1
1
:
- H -
i FIRST CODEBOO
H >
[}
I
1
1
1
1
:
UPDATED
¥I g>1) CODEWORD
QUANTIZATION | —D-
: . SIDE
UPDATE CODEBOOK
‘ ‘ IurnamrmL
MEANS REPLENISHMENT

-

Fig.23 Codebook replenishment by Mean Shift. The dashed
~.lines correspond to the initial codebook generation step. The
solid lines correspond to coding the subsecuent frames. The
input vectors are first quantized by the previous: codebook
stored in the codebook memory, and then used to update <+he
codewords and the corresponding Voronoi regions. The current
codewords are compared with’ the previous ones, and replenishs-
ment carried out if necessary.
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5.2.2 ‘Mean Shift and Sele-cti_ve Codeword Replacement

. g . . s s
The mean shift algorithm for replenishing the codebook is

o

applicable if the Zframe to Zrame changes are small. However

¢

. a mo

Lhs

¢

significant fashion, simply shifting the mean may no longer be

when changes occur wb}ch alter the local! statistics i
» 2%

sufficient. The codebook must, therefore, be replenished in a N

more complex fashion.. One¢ possible strategy would be to find a

completely new codebook by applying an iterative clustering
algorithm with the present means as seeds. However, this could

change the correspondence between ‘the frames at the label lev-"

el. 2&n alternative strategy is to Zreate new codewords that
can represent the changes, while at the same time preserving

some of the previous codewords. A measur? based upon the max- -~

© -
(re e 5

. - . . =t . . . . .
imum expected distortion for each Voronoi region is introcuced
below and used to decide whether a new codeword should be cre-

P

ated. . ST - -

Recall that the vector quantizerLiQ, is completly described
by: the codebook, W={w1 b Wo e wN}, together”with‘the céis-

-j¥int partition, R

{Rl , R2 PR _RN}, where Ri={v:

Qev)=w,}, and v is in the training set. We now define the

P

”

maximum distortion of. the region R

dimax = Max. |v = wil -"ff; : (S0)

With respect to

‘R', ,..., R'.} is defihed as follows: / -
B2 2N -

ot
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and .;v-wi|sﬁv-w.|~:o; ij ) (5173

R'i={v: |v-w. |<d 5

i imax

The first constraint defines a hypersphere in the K-dimension-
al space centered at Wi the second constraint removes +those

sub;ggions of the hypersphere which-intersect with the other

Voronoi regions (R, . m#i). If the complement of R'; with re-

spect to Ri is taken, then a new region Oi’is defined such

that: .

R. = R',U 0. . _ (52)

The test for créating new codewords will now depend upon
the number of vectors lying in region Oi ., that is, guantized

as the i-th codeword, but with error gredter than Limax - AR

adaptive codebook replenishment strategy which combines 'the

mean shift with selective codeword ‘replacement is illustrated
=2 L -

in Fig.24. The following threb phases can be distinguished: =

1. Initial Codebook Generation: . As before, the first frame is

&

' L. - : 1 -
used as a training set to gererate a codebook, {w~}. In

addition, the maximum distortion, {dimax} with respegf’)

R

to the training set, is evaluated and stored.
2. Quantization and Mean shift: For subsequent frames, in

particular the j-th frame, each vector is assigned to

‘the nearest codeword in the “codebook {wJ_l}. Aftef

-

quantization, the same algorithm as in section 5.2.1,
- Ame

the mean shift, is used, that is,



t ey

a%
-

and : ' T

j - J J j'l P J
w3 f{v ;v 3 Ri },_1__iwi i

Inﬁthls steo, the updated codewerds and side informa-
't‘on are not transmitted. .

3. Requantlzation and Replemshment During £his phase the

v
th 4

vectors are assigned to {OJ} (R'i},_by using equdtion

(51). In other words, the vectors of each Voroneoi re-
gion, Riare assigned to two regiocns, one where the dis-

»

tortion is less” than .d

. and the second where i
imax e it

2

is greater than A max - The strategy is now to replace

those w2 . Which correspond to the empty or near empty
*
rggioné. The new regions are chosen anong {Oi} and the

corresponding codewords axe calculated as follows:

J.wi EE{Vj | eOJ} : (55)

- -
-

Computer simulations have been performed for both codebook re-

Y.

Plenishment algorithms; <the results are provided in ,the next

- -

section.., The bit rate can also be calculated with eguation

(40), but the overhead portion, BRo, now included the new

codewords.

s
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v INITIAL
-w------f»  cODEBOOK *
= GENERATION
'-‘;“ -‘} ;.‘. lp
e 4
& i -
$ vIigey [ - -
QUANTIZATION
. ' ) . - . :
> . - :
L = .. UPDATE " cobeBook R ’
v ;. 3. . . 5, St . ‘. . .‘, i o #* o
» o 4 _.MEAN | REPLENISHMENT | -
N . 3 - ~ B . :
SR T T T T e e e e o ST ey L
PO ) T t  UPDATED.' %~ °
PR i CODEBGAK _CODEWORD
- £ i
:':. : . 4 .o "_"':"‘
o ; SIDE
i L vy ti>n ’ - CODEBOQOK INFORMATION
REQUANTIZATION B L W
1 n REPLENISHMENT
;.;-_fig.24 The schematic .diagram of Mean Shiftfi with Selective
5 ..Codeword Replacement. “The procecdure includes: (i) Initial code-
- - ¥ book generation: the first frame is taken as a training set to
¥ generate the codebook and the maximum distortions {d*maxl’

(ii)'Quanﬂzéﬁop and mean. shift: for the subsequent frames, each
vector 4is assigned, to tHe nearest: codewords and used to update
the “region mean, the codebook is then updated by shifting the
méan; (iiiy*Reguanﬁzaizg and Replacement: The vectors of each

Voronoi region, Hi‘f e assigned to two regions, one where

the distortion is less than d.. » and the second where it is

Fmax
greater than dinax - The strategy is now to replace those Voo,

which correspond to the empty or near empty regions, {Ri}, j=3%
the mean of those {Oi}, which are more populateg.

e



tad

-

: a.'béve

-

5.3 EXPERIMENTAL RESULTS =~ . - =+

-

Shlft and - selectlve coaewo*d *eolacemene - we*e aCDllec to. ehe'

,

label *eblenlshnene, #laoel reolen*shneqt .combined,

"
o
'
-

110

SaTe s L L -

'-\.'

wlth mean sh_ft .and Tabel *eolenﬁshme. :combined-with méan

B -

- L.

‘same chtu*enhone sequence as. zn ehe three dlmen51ona1 lock

veceo*'ﬂuaqt*zaelon case._ The co D nd-ng;:aee d*sto*tlon

'--~cu*ves are. p*esented 1n. 1g 25 wne*e”ene bit *ate aﬁd no*ma1-

1zed mean-scuared er*o_ (Nmsu) Have been ave*agEc owe*- he 20

frames..?o

Py

-

u31ng codebooks of 51ze 5&- 128, 256 ahd Slzi-resoectively.-

-

.The f-rst

three entrles co**espond to. the -use of a codebook

with. 256 codewords, for the eou*th eut“y, 512 codewo*ds were'

used.

~
o
ot

.In terms o he ave*age rate d;sto*tlon at the 'low bzt

I’

rate the label replenlshment _and. label replenishment with-

ae

mean shift a*e ve*y szm*la: Both are better than sele;tive

codewcrc replacement. ';At bit‘*ates above 0.8, . label replen-

1snment comblred w1th codebook *eo‘eqlsnment {both mean s“:

and mean

about 15%

ment. A possible explanation is that' at the ‘lower bit rate,-

there are

]

shift w1th select;ve cocewo*d replatement) gives

4 -

improvemen Sin NMSE over-straight'label replenish-

few codewords, forcing each to represent broad
- - . .

classes of vectors. Hence, in the bit rate calculation formula:

-(38), the portion for new labels, BRal, tends to be small, and

- o

F
<
e

' The th“ee *eolenlshment ;-basec coclng scﬁemes cesc“;bed B

each scheme f the Four values given.corresoond tog f-
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overhead (BRo) becomes a important factor 1n the bit rate.

Whereas, at higher bit ra.es, tnere a:e mo*e coaewo*cs-g*v*ng
.

<2 -finer representation of the classes of vectors. The finer

e e, — . :
» representation 15, therefore, more sen51t1ve to small 9nxer-

I

a2

[

frale variation. In eguation (38), the portion for new lanels

u(BRnl) becomes dominan<t. Updating the codewords glves mcre

hene‘zts in v'e':iuc:~..:f.on of distortion at limited expense to. blt
.' - - -

rate.., QOf further note is- the only marginal -increase in per-

-

to the mean shift. This may be due to the increase - of the
| - LV

< g - E
overhead -with marginal reduction in distortion.

) ’ v

An important feature of codebook replenishment, illustrated

in ~1g 26(a), is the ability to track interframe ‘variation

. and by suitably 'modifying the codebook, tec maintain a more

.

‘constant distortion over the entire secquence. In Fig.26(a), it

is seen that the “three replenishment coding schemes behave
identically for the first 9 frames, where there is little mo-

tion. At f:éme'lo, an abrunt change begins and the azsto*tlon
for label reDlenashmeéé increases by about a0% andjremgins
high for the rest of the sequence;h However, label reglenish-
ment combined with codepook replegishment is able to adapt td
the change and maintain g}@ost the same level of distortion
throughout the sequence. In terms of bit rate;-the codebook
replenishmen; recuires more bits, but as illustgétéd in
Fig.26(b), they a*e allccated selectively to _be la;ter frames

which contain more changes. , f T

. E o o
formanceé acnlevgd by selective codeword replacement compared ..

e
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" An important observation is the significant improvement of

p “ .

two-dimensional vectop Tuantizacion with replenishment as com-
' ) . e ’ s .. . ‘
pared .to wusing vector guantization on the three-dimensional

blocks (see chapter 4) For .bit rgtés betweeh’about 0.5 and

0.65, the NMSE is reduced by a’factor at légst 2. This can be. .

‘seen from Table 5. The data in.Table 5 érg drawn from.Fig.1l6

-and Fig.25, and reproduced. I R .o
e » ot + + .
. P .
.
'/ N : )
- :_ )
T e L.
v e . -
-~ \
- 1! ]
h B [
..
,f“ R . - f
> . . -
- \. N
i 4
..
rl Al )
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M . Table 5 B
4-.:-1-7—--———.;-————“‘ ————————————— v———---—-—f —————————————————— -+~
,#Jf?";févj;;ﬁﬁﬁ;, [ Bit Rate- I ANMSL] Codebook |
\Ig/ | B e I | size L.-
e = ———— . - - —— e ————— -t ———-——- +~--:: ----- +
Label Rep..emsnment (m)l. 0.584 | 0.180] 256 |
o] ] i | S
+‘__..__....'..___..":‘_'_';'..-..':;. _____ o e - = — T +
e Lo ] TsER- w;th Mean Shift (MS): | 0.645 . | 0.15¢4] 256 ., |
(. I [ | ] !
e e e ————————— tm————— o -
- . | LR Wwith' Ms—and Selective] 2 | [
| Codeword Replacement | 0.658 | 0.152] 256 ]
o - - —— P - -+
| 0.790N\| ©.135] 512 |
[ ' y |
I R e +?—. ----- e m———— - -IE "
" | 0.494 | 0.461} 512 !
. I I I I
i o ———————— tm————— e ————— +
| 0.609 | 0.422] 512 |
I I I I
T —————— - ——— o —— - - -+
' Table 5 Comparative rate distortion values for the three-di-
mensional vector duantlzatlon and _ two- clmen51onal vector quan-

T ——

tization with replenishment. The HT-VQ data is from chapter~4n.

Y
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The visual results presented in Fig.27 corroborate the rate
-] N -

' . ."\.
distortion curves shown in Fig. 25 In :*g.27(a) are shown the

coded images of the first frame.u51ng respectively, the three-
. ’ -~ e R P .

dimensional block Hadamard transform with vector guantization

on the 12 lowest non-zero order coefficients (from chapter 2);

14

" abel replenishmegt with 2586 codewordgf and label replenish- °

- 5- -l

ment with 512 codewo*ds. The two codgd images using label‘re:‘

plenlshment are clearly suoerlp* to the three-dimensional Ha-

.

.damard ;ransform with vector guantization. Fig. 2?(b) shows

~
'

the lmages of the fourth frame coded by ‘label *eplenlshmenu at

bit rates 0. $84 blts/plxel and 0. 73 blts/plxel respectively'

vy

for the\top right and bottom right. The reproduced imagé'at

higher bitfrgte;ﬁO;QS-bits/pixel, shows improved appearance on
the right eye, ‘the hair and the cheek regign. Fig.27(¢) pres-
ents the results for frame 10, where significant interframe

changes are begining. The three coded images. clockwise stated

from'tbp right correspond to, respectively, label replenish-

L

' ment with 256 codéwords at bit rate 0.584 bits/pixel, label

replenishment WIth 256 codgwords conbﬂned with mean shift at

bit rate 0.845 blts/oaxel 'and label replenishment with 512

_‘ "

' codewords™ tomblned with mean-sh t at bit rate 0.79 bits/pix-

pe

el. In both cases whe*e the .mean Shlft is used for cocepook

‘replenishment, 1mproved reproductlons are visible over the

rlght eye and in  the™ hlghllghts of the hair. Finally

:1g 27(d) preSents the results for the 14-th frame, -'which is

in a zone ofurapld change, The'orz&inal image is blurred so

e



PP

upqh vector quant:.zatlon is p*esented

-._.- - - ’.:' > N - - :\,‘ .

~hat it is better to ‘make compar:.son in me ;.one ofw!he*-

.’ - . a -.-‘ - "-.-—- s..'". l"l-"' 4,.-.— b
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error 1magesf are shown 1n E‘i‘g'. 2_7‘(8.)-. andwffq’m&espew_

1y, -fob the lo'ﬁh ‘*ame and *the 1‘"‘t"-v='“‘°'53me. ‘,whe*e mﬁdle-grey
o ) ' "“—*' " ;'*/m_.rm-a - e o

correspords~ Lo RO error- . ’I‘he ffmﬁ*ovemaent*:m.\.p. cade‘book ~-re--*l N

L "‘10;

R, -so,
plenishment is con-l*med Dy-thé er*or 1mages. -The e*ro*' lS
N e e Ta s L. ,‘.?m__;._k
AL R b AT -

moré uni formly‘-‘dlstrlbuteo througn tng. ‘l*o.arge amé-- in oart:.'&‘i*.-—

T ¥ e
lar, shows that the edges ‘have in gene,_a.} beé’ﬁ' ‘3: cet .‘e_p__ro-;_.
4 Lt " . - L -~ =i J "‘"‘ "-':":" 3 ‘?ﬁ"‘ e
duced. s ey {‘"‘:
) '_._ o - :.' . . . o .’. LT _._ o
R - T TR
’ ; . I -"‘“x-.z" '
5.4 | DISCUSSION AND CONCLUSIONS e LS
? e A L
T BERS T e By 5

In this chapter, a new :.nte*f*'ame cod*n_g technlc:ue based "

S Ly
B,

N L

its basis two-dj,;neqsional bléc:k vector*qﬁantlzat:.on at .._tb_.e

label level, onto which 1is g*afted the concept of.adaotﬂve co-

’-\._

debook replen:.shment and frame reolen:.shmen‘- *"’or label re-

. "'x...

. plenishment, the unde*ly*ng assumotlon., m.ade :.s tha‘t vectors

~from'cha.nging a*‘eas can be acceotabily_ gnc"o"'éd with codewords

T
tot oy

- ‘-.-

form the exi‘s;ti:igféodebook. However, 1f “the inddyfidual f*ames

have d:.fferent statlstlcs the cor;lebook,.., "which 1s obtalned

-

£xom. the "1rst £rame must be updated to-_;:::ack these changes.

This. 1s :melemented by “Label- replen:.shment with mean shift and

Tabel' replem.shment wlth mean shi ft and selective codeworc re-
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reduced.bv A, £actor of at legst’Z by bhe use;oﬁt ebveplenish-ai
e TE S . )

mentxﬁfrabegles. qdwever a n*actﬂcal cons; '? tion

g W R

"
need to use a varlable Blt ”axe o exchange for. thi

LI Y

- P
) =y
R able rate, hcuewer uhe~schema~‘§‘hughly aqaptlve and alle-
L ';: T e . PPN w RS 1‘ -6-\* ‘_,(_... S
cates more »its ‘to these frames with 1a*‘ge changes, thus,
'-'I-'- \ i ’J'-"‘J"" f-‘ .
. maintaining”a’ mo*ewsonstant level of QlS;O“t’On throughoust the
» WS
o sl o
seguence. o
R ' M -
. o) - -.3‘
i
s
. 3B
IERR >
ST P
Sk
A
. ¢ .
: \:\“ v
Voo = "o )
'-s. _ o . o
e '_‘}_ - . _‘r
. A &
A- ., .
K T -
r .
- .":'-' » I
i
e Y i )
Al _
e - e o
- ES .

expl

-

-
CTUﬁI‘.»l-

is <=he

5 vari-




NMSE (X)

TION

N - ' - 117
- ¥ ) .
N 5
v F oo
o
I? ﬂ-—ﬂ\'
& -
- LABEL & CODEBOOK REPLENISHHENT \
of . « ' gl REPLENISHENT QR R
e © LR VITH MEAN SHIFT ot9)  ° ‘
a LR VITH MS AND SCR .
SCR+ SELECTIVE CODEWORD REPLACEMENT
al - i3 = -
o = = -
Q
by
S°
-
m -
Lond -
ao .y -
= :
° '.'r’.'..
< = .
.30 - d.40 .50 0.60 _o.70 _ 0.80  0.s0 1..00

. -60 Q. 8
BIT RATE (BITS/PIXEL) .

A
¥4

Fig.25 Rate distorfiocn curves for lahel and codebook replen-

ishment, where, ihe bit 'rates and the NMSE values are ..he av-
erages over 20 frames. Three coding schemes are: shown, label
replenishment, label replem.shment with mean shift, label re-

‘plenishment- with mean shift. and selective codewo...d replace-

ment. At a bit rate gbove 0.6, .label replenishment combined
with codebook replenishment gives a 15% improvemermt in NMSE
over straight label repler*lsnment C
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Fig.26 (a) The distortion (NMSE) as. a function of the frame
number for the three replenishment schemes. Note that label

*‘eplem.snment cembined with codebook replenishment maintains &
relatively constant distortion even in the frames (10-«20) con-

taining ghanges. The first three schemes use 256 codewords and
the lasﬂ: 512 codewo*ds
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thus resulting in the more constant distortion shown in
Fig.26(a). :
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Fig.2%(a) The pictorial results for the first frame (the <top
left is the original). The three coded images correspond to,
respectively, the three-dimensional block Hadamard transform
with vector gquantization on the 12 lowest non-zero order c8ef-
ficients (bottom left, 0.494 bits/pixel) label réeplenishment
with 256 codewords (top right.'0D.584 bits/pixel), and label
replenishment with 512 codewords (bottom right, 0.79 bits/pix-
el). Note that the images coded with label replenishment are
clearly superior. Lt : ‘
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Fig.27(b) The. pictorial result‘s--‘f_o:*: the fourth Zrame. The two
coded images. correspond to, respectively, label replenishment
with 256 codewords (top right),” and label replenishment with
512 codewords (botitom right). A slight degradation is notice-
able in the area of the lips, especially'for the small'er code-
book. ‘
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Fig.27(¢) The pictorial results for the 10-th frame. The
three voded images correspond to, respectively, label replen-
ishment with 256 codewords (top right), label replenishment
-with 256 codewords combined with mean shift (bottom left), and
label replenishment with 512 codewords. combined with mean
shift (bottom xright). The improvements are -especially notice-
able for the mean shift cases over the right eve and the high-
lights of the hair. :
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Tig.27(d) The pictorial results_for the 14-th frame, which i%
in a zone of .rapid change. The "three coded images correspond
to, respectively, label replenishment with 256 codewords (top
right), label replenishment with 256 codewords combined with
mean shift (bottom left), and  label replenishment with 512
codewords combined with mean shift (bottom right). Note that
as the speaker turns her head a new portion of the background
has been exposed and that the better reproduction is achieved
with the mean shifet. ) ; ’ -
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v . Chapter VI

n

. " FRAME ADAPTIVE VECTOR QUANTIZATION

In the last chapter, two strategies ‘for codebook replenish-

ment have . been ‘propcsed. This chapter presents a third. Frame

-

]
Adaptive” Migrating Mean (FAMM) todebook replenishment.
“" . ’ ' -

L N
- F A
-~ . - "y -

6.1  INTRODUCTION

- - -
S

In ihtrgframe coding by vector quantization, the codeboodk’

can bg designed optimally Dby p;oviding a long training se-

caa

quence drawn from the source, thus obviating the need for an

accurate source model [33]. However, in the image seguence

case, the problem becomes .complex, sihce this implies that a
codebook which is representative of the entire sequence must

o, R ~

'be' found. As indicated in the last chapter, fréom the point .of

view of implementation, if the individual £frames have very

different statistics then a comparatively large codebook :is
o u .. ‘

required to represent the seguence, resulting in an increased

Dit rate.  2An alternative strategy could be, therefore, %to de-
sign a smaller codebook which more closely represents the lo-

cal frame statistics. This codebook must then be updated from

frame to frame. This implies that vector guantization must in-

»

clude some adaptive schemge” For designing an adaptive sys-

| _tem, two parameters are nécessary. The  8irst is used to ini-

-
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" I3

..1a..e the adaptlve ope*'a‘t:.on, and the second, to track the!

-

va*zatlons o‘ the looal sou*ce i.e. the individual frames.,

Q.?.lﬂ:j'éqdebqqk generation - '

.

. ,Ehepadap;iye-dperation Presented upddtes the codebook from

ot
-t

v frame to frame by tracking the var aelon of the 16cal source.
In codebook generation, the K~means [6] 'St the generalized

Llovd clusterlng algo*lehm [7] is usually used. Thﬂs cluster-

»u*ng a1gor~tnm is an iterative process, minimizidy a perform-
- E

ance index  calculated’ from the distances bétween the sample

)

vecters and their respective cluster centers. In %ach itera-

tion, two steps are included: (1) *easslgnment cf the sample

,' - (L

‘vectors to the nearest cluster center, the label reassignment
step; (2) computation of the Hew cluster. centers, the migrat-

ing (cluster) mean step. 1In this chapter, we propose a new

- ' -

algorithm, Frame Adaptlve Migrating Mean (FAMM) codebook re-
plenishment to pe*form-ehe adaptive opefation. This algor-

ithm is generalized from the mean shl't codebook replenishment
".". L\ -
- sand label replenishment aTgorlehm proposed in the last chap-

ter. The main idea behlnd this new algorﬂthm is that 2 new

iy AL -

codebook ls generated by using tBe:gfevious codebook as seeds

for the clusterlng algorlthm used fd;' codebook: generation,

where, the number of iterations depends on the type of changes
{\.‘}\ o R . :
occurring 1n the input image sequence.’

AL AN TR

<+
%
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s _ 6.1-.2 Statistical parameters v

- el T : K i .

‘In this chapter, two differént sets of statisticdsvafe pro-

v ;-
s e
-, -

posed to track the type of changés occcurring on_ a, frame-~to-
. . . [4

@& - ~sw frame basis.” The first set contains first-ord
FC . R © o . v
parameter extracted from the histogram of the difference im-

tatistical

14
H
0

-

v ‘ .
ages calculated from successive frames, which is particularly
-

effizient for- medical image seguences. In the general case,

~‘€hé'changes involved - in an image seguence may be more complex.

The second statistical parameter, the correlation coefficient

(S8}

. between successive frames, is proposed to track the changes

occurring in an input sequénce on a frame-to-frame basis.

6.1.3 Main results ‘ .

. e
The experimental results for. .the angiographic sequence of

. -

X-ray images pfoyided by CGR (France) show that at most two.

-iterations are needed Tto adapt the codebook. For small. chang-

es, such as noise, only label reassignment is.reguired. For

the changes .involving~$imple transiat
o e S

Ve A

ions one complete itera
. tion, that is, labeli'reassignment followed by the migratin

[Ts]

v mean step is required, while for more complex and significant

. changes, such as occlusion;” two complete iterations are neced-

ed. The first-order" statistics of <the difference images’

" formed from the successive frames can be used <o indicate how
. -l. _'.~ . ’

many iterations are needed £4r generating the new codehook.

) PO

\,‘ O !
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The olcturepnone secuence is- used to test the FAMM code5§6k
repIenishment algorithm. The exnerﬂmenta1 re%glts IOreg‘ e
":!'\-.‘

s~ -‘*‘u_\.&t\__ ‘z—

o:ctureohone sequence show that ats most three{;terat*ons are

recnlred to adapt the codebook For small and simple cnanges'
-'\- hatd . r".
only label reasg;gnment is required. For complex changese;n—

"r " -

volv1ng occlus onyana Scene changes, one tGBthree 1teretlons Lo

N _-,

. : . "-‘. .
are requlredfdepe dlng upon the extent of thewcﬁange5woccur-
- :

. o HCI
N

owd

ringﬂbeiween th&vsuccesseve frames. The correlatloﬁwtoefrr-

- - LN

. - -l .‘ . _‘_.;..3_ ey e -
o Veoa e e -
cients netween the successivew~£rames can be used as am re o

- n, ’*1
of the changes, and therefore, can be us¥d to controlsithe num-

2 " - .

P : . . T
. ber "0f iterations invEFRMM. AT SR
'.':. - J . - b

Yt
by
~ -

6.2  FRAME MIGRATING MEAN CODEBOOK R&PLENJSHMENT&w‘-«'

» - R ,_“_‘ —;"--.\
o Lo R
.The 1nd1v*duar’ Lrames of an image, sequence may have d_,re*-
Qi R,
ent statistics, therefore on a rrame ba51s the optlmal.cpde-“

. . .__. e Lim

boocks must be generated from the locq}eﬁburces. However, it

h .

is clear that tnere Wlll be redundancy between codesooksp and

She ...w Rk
- h.;.

more/&omoutatlons w1i}*be needed to calculate tne_erd1v1dual
'

codeboocks. An‘alternatlve strategy, is to update ~or- *eolerlsh

,.—-'v'-‘.‘- ""-«_\“

a pa¥t.of the codebock, so .that the new codebook more cloge‘y”4~:
RS -
e ’ ¥ -
#%vi="*  matches the local statlsths of the current..frame. C
N P '-~-';.,-.,.g_a&"" - .

£

Recall that; £Br a given trulnang'set thgﬂpodEbook is ob- %

f-talned by using an iterative cluSSerlng aLgorLthm such as the

R TIPR
-+ Xe-means or the generallzed Lloyd algor*thm proposed by Linde, "
Buzo angd Gray [7]: In this cluster ing alﬁorlthm each i¥era-+
e ‘."' - . . [ ‘.--F‘:‘w“;
- - : ] N TR e ‘ﬁ_‘;}
R A -
£ oletce Temalr e

— ef‘.ﬁd\-

. - we e, T RSP s Y .
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- rtion includes two steps: (1) Yabel reassilgnment, (2) (clus-
S . LT
ter) meaﬁ;m;gratlon. It has been proven that the. tterat:ive

"
. -
- - .

process is &fonvergent, i.e., aiter each iteration, théiditrar
tlion between hhe tain ing vecto*s and ;he cluster centers %:

be reduced. 'This procedurerpnlnytops when :pe distor:ic“ is

L

~ * .
nc:‘-;;f};onger reduced. The convergence rate deoends critically

-+ upen thé initial seeds.i?] Since successive frames tencd to be
e ¥ . ) o .

. similar, a rapid convergence may result, if the previous code-

. St
- . E
.\._g ) By =~ » ~

. Book xg“taken as the seeds Zor generating the ‘new codebook Zar
” - V. :

% the current frame. The Frame Adaptive Migrating Mean (FavMM)

.- -
= . R P
Y T PRI g

~ = Ccodebook replenishment algorithm is based upon the’ above cb-
eodt BN . - T + ’ ’
- T L SLae N RS L 1

servation. , .. .~~~ i

P— —_.,.-._J -3 . o, .

« The steps 1an&ved in :AMM algorithm are ghown in sch rematic’

- .r" ,' wr - &

So »fo*m in Fig.28. The first frame (s novmal‘y used to;gene é

. v, .

foa -t

N e . .
~ 7" the initial’codebook %n the standard manner: -

L haen T 1 1 1 ‘ 1 l
e . WIS EvT | vTe R; ., and v™ training set} (32)
A& T T . R i=3,2,...,N

[

— 4

- . —~ -1 .
e Here, the vectors, v .-.are formed ‘rom ghe flrst frame, and

Yar v 3 - ¢

.-. ".-u‘,- N
1 -3"

o T {wT} and {R } a*e*the cadeﬁords and Vo*ono; region respec-

EERY . £ .
tlvely. For subsegquent frames, in particular, the j-th frame
*otl r . . . T -;'
¥ 2 there are four distinct steps: ;
L . '

1. Quanﬂzaﬁ&nbﬁ Each innuu vecbor x3 . 1s assigned %o the
> :

nearest reglon QJ . using the nearest distance rule:
Foll i :

.
T

P

DU - ‘.'.-_;y !vj_ ‘_l

-] = W i_ -1 P
A Wi . [ Min ;lv w3 |} - (37

< ! i
1 - . . -
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Note that the codeboox ﬁrom the Dvev*ous frame 14 used

fo* the quan.;zat;on.
) Migrating (ciuster) mean step: The vectors of The current
-frame, VJ-, dre used. to update the representative vec-

tors (cluster mean) and the corresponding Vorcnoi re-

gions, ijlz

' rJ
1

if
—~
<
-
| S—
<
LW}
1
£
e
1A
<
L)
|
¥,
j< LW S
L)
o
H
L
[ =]
1]
=
—d

Note that the vectors, v » are Iormed from the j-th

frame ir the sequence.

-

Convﬁence detection: Step 1 and 2 are repeated until

e -

the distortion between the input vectors and the cur-"

rent cluster centers (means) is no longer reduced by

some preset-threshold.

Replenishment: The replenishment process includes <two
~

parts; (i) Label reolenishment: each vector 1's cuans

tized, the label is then compa*ed-w1uh the che in ‘the

label memory, and i1f it differs, the memory is replen-

" ished. (ii)'Codebook‘feplenishment: the current rep-

.

resentative vectors {wj} are compared with the previ-

-1 L ; e
J }. If the difference is greater <han a

EA r

ous ones; {w

rRreset threshold wvalue, +the codebook is replenished at

/

both the transmitter and receiver.
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+Fig.28" Schematic diagram for FAMM codebook repleni=hment al-
‘gorithm. The initial codebook and lahkels 'in the memories are
obtained from the first frame by vector quantization. The
.number of iterations required can be controled by "parameters
‘extracted from the first-order statistics of the .difference
‘images: After a new codebook has been generated, the codebook
and label are replenishéd at both transmitter and receiver,
. ;. | ‘
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Note that’”in step 3, an extra iteration is requi:edjto detect

-

the convergence. It is shown belew that this step is not nec-

essary, since the rate of convergence depends upon the changes

L

occcurring between the consecutive frames. herefore, the num-i
) . -~

ber of iterations <in FAMM algorithm can be predicted. ’

6.3  TWO CHANGE MEASURES M " )
tarcl . L -
L]

st-order sta-

In this sect¥ion,’ two change measures, the. fir
. - ) o \ o - .
tistics of the difference images and the correlation coeffi-

-

cient between the successive frames, are presented.

N o -4

-

6.3.1 First-order sta@tics of différence images

A. “First-order statistics o

The "'first-order statistics of an image are given by <the

probability density function of pixel-gre’?_—lgyel values with-

- 2

out regard to <the spatial "distribution. The histogram pro-
vides an estimate of the grey level probability density func-

tion of the image. A unigueness theorem states that' if* the
probability density’ function, P(z), of the image is. piecewise
‘ ' 'd

’

' -continuous and has zero value onl.y’ fo,i-"-:a finite number of z
" then the moments ‘of all orders exi's't: and the moment sequence -
v(Mn) is uniquely determined by P(z‘)": The n_:tﬁ crder moment- and
its cofresponding central moments are, ~sespectively, defined
-

‘as

.
-
- -

* . “
N .=*}:_zn?(’z) ' (60)

F
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ané - ’ o el

- ) n .
; -§n = i(z Ml) P(z) 2

i) Measure of overall brightness: the mean of grey- ilevel of an

<imade, '

M1= Lz P(z) (62) -
is a measure of the overall._brigl}tness of the image. .
ii) Measure of overall contrast: the variance of the grey lev-
- . ' Y
el, )
2 2 . . .
ct= 3 (Z-Ml) ®(zy - ‘ (53
-

is a measure of the overall contrast of the image, where a
small value indicates that the grey level values of the image

are all close to the mean value, and a large value indicates a
P

wider range of grey levels.

k oa -
1ii) Degree of asyinmetry: SKewness is a measure of the degree
of asymmetry of a distribution. It can be measured as:
. §‘ - -~ *

3

asc—-_— ,;‘:. - (64)

ST £, ) S .

N 3 T EN s N

a . : .

- It is now shown how, thesg.pardmeters can be uséd to categorize

image sequences. %
. ' .
=’ .

B. Categories of diffgré‘nce images
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o
The difference image d {x.y) that results f*om subt*action

Q-. .

(<33 success;ve frames can be defined as follows:

e adx, y)=fj(x y) - £ x, v)

*[chx y)wj(x -7 vy o T, vy ) (65)

+

- i1 ’
1 and'NJ . NI+ are the information and tne noise

-

where I-J ,IJ
<
‘ . ed -1 . j :
portion of frames £ and £ . respectively. If NJ and
-1 ' . . Iy i .
N7 are uncorrelated white Gaussian noise with the same vari-
ance, the mean and variance of d&(x,y) can be obtained as fol-.

. lows:

m{=3{dj(x,y)}'= E(I J(x ot - 5Tk, - (66)
and

$=variad (x,y) 1 = var(d (e, )]+ var(1i e,y )

200q[1j(x,y),ij"l(x,y)1

+

var{Nd(x,y)] + varini"l(x,y)] (67)

- _ -
A useful model for ar ;mage sequence is a collection oe ob-
jects on a .uanorm background. . In comparing consecutlve'
FPames in the secuence, three, categories of changes can be

distinguished:"
1. Noise: ©Only small changes occur between the suctessive
frames and these Ean be'mbde;led as random Gaussian

noise.,, If no changes occur, the difference, d(x,vy),

'between,_wou‘succe551ve frames should be zerc mean with

.- .
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the variance contributed only from“the noise por:zion;
that is,
E{d7 (2, v) =0 ~
Tj Y 3-1 [ - ' - ) :
Var{I-(x,y)] = Var[l (ﬁ,y), = Var[I(a,y)J

Var[I(x,y)] = Cov[Id(x,v),13 (x,yy] .

- B P A
-
>

Thus,

[

Var[17(x,y) 1+Var{ 137 (x, v) | -200v{ 19 (x, v). 1371 (x, vy j=0 -

If it i1s assumed that successive frames have “the ,same

noise étatistics, that is, '
. -> N -
j _ i=1,0 . _ _2
Var(N-°(x,y)] = Var[N’ “(x,¥)]=Vax[N(x,y)] =0
Then from (67)§5
Var(ad(x,y)] = 2Var[N(x,v)] = 20 ‘ . (88)

Thus, the difference image can be considered as a ran-
dom Gaussian necise and, .therefore, the histogram is
symmetrically distributed about zéro mean with variance
202 \ -

Translations: - If in ggqitipn to noise, some object
translation occurs between the successive frémes, the
transiation results in thg same numbe; of positive and
negative pixels in the.diffgrence imagé, as explained

in Fig.29. Therefore, the mean. of the di

ference image

-ih

is still zero; that is, ) )

v



4

4.

i

: v Etad(x,¥)) = 0.

)
"E. -

However, as the _correlétio? between the successive

frames -decreasesf? Covf?lff,y),lj_l(x,y)] decreases.
. ] d ‘P.‘: ?‘ MU § ,-;y
i Then, ) - o . 'E:"*“ “l
var(1? (x,y) j+var(13 " x, vy o
. o i
--ZCOVEIJ(x,y),Ij-l(x,'y)I = °f-_ > 0, o~
. From (67), thesvariance qf dj(x,y) now becomes larger:
. . ‘»' ’ : |
var(dd(x,y)] = 202'+r°€‘> 252" . (89)

¥

In other words, ?he variance invoiveé't&i?indeﬁéhdggt
components: one from the.noisé po?tion ahd the&sécond
from the translation. Since translation results,in.the
same numbers of.poéitive énd negative pixels in ithe
difference image, the-histogram is wide; than in the no

» motion case, but is'stiil symmetricél.

3. Ocdusknﬁ: In this ca;egory, large éhanges' are in-
volved such as occlpsion, scene éranslatioqi et;.‘ In
this situaggon the mean of the Sifference .imagé is. no

loééer equal to zero, as explaiyéa in Eiq.&?. the cor-

relation between successivéa%raﬁes is decreased, and

'.F?e varliance of dj(x,y) iné%eéées. Fufthe;more,,‘ghe

difference image nro longer coﬁ%ains equal numbers of
positive and negative values, and the ‘resultant histo-

- ) o . -
gram need not be symmetrical.

.
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The above conclusions are summarized in Table 6. A narrow and
symmetrical histogram implies that ocaly the change between the

successive frames is nvise; a wider but-still symmetrical his-
togram corresponds to the noise and. some motion or transla-

tion; i1f the histogram is even wider andeasymmetrical, occlu-

sion and scene changes '“may exist. The behaviour of the

statistical parameters: .mean, variance and skewness of the

histograms of <the difference image corresponding <o <tThree

Qtypes of image seguences is shown in Table 6.

-
.

f et -

Tablé. 6 |
- ———————— - -*q;;;;;;—u:--——+-_————L:L——+ ________ -
| Type of image| - mean | variance | skKewness |
| " seqrence | M) 6B (ay) |
e ———— --i-----———:::-"'--'-";+- __________ fome—c———— -
| Noise | near zero | small | small |
l : | N I |
Fm———— —rm——— e —— bt e itk - T e ———
| Translation | near zero | moderate |  small |
1 b.oo ! ! 0
et — e, e ———— - —————— -————— e ——————— R el
| Occlusion | not equal | large [ large. . |’
I ~ l zero o T
b - - ———— - ——— o +

Table 6. Behaviour of the statistical barameters of the
* . l"“ .

first-order statistics for three categories of image seguenc-

‘es. b

.

C. Angiographic’ X-ray Image Sequence

L

Experimenfg\qgse carried out on- sequences of angiogram im-

ages supplied by CGR of France. Each image sequence is sampled
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The results are representative of the other-difference images”
. in therequence. The hlstograms of the difference 1mages of
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- WL Lo

e

o

s

R



.

ference of frame '2 and frame 3.
with theoretical analysis shown

results can be used to initiate

- .
PR
o
.
'
.
.
T
=
. -
‘. .
"
»
-
nd
- - .
4
T
-,
s o
- f 1
:
P .
N -
N .
a~
. . L4
'
* .
I - -
[ =
Ta oL
[ v - ’
e e -
L3 = P
N - -
A
@& .
-
] - » -
- e
-

142
These results are consistent

K
bS

n Table 6, and the numerical
the adaptive operation.

e

N
.
. -
o .
e
. S
" pra—"
-~
P
'
L i
. - .
o ate
b e .~
e
- N
Lt . g
.
M=
-
N
: a - - -
/ v -
LT



- FOTRAS
. L

D TODOOODOODO O

84

926 148 .
5938 deEbEsERRRREILISININL

MO0 OSSO
e " S S St

Fig.31(a) The histdgram of

@

-

o Ly el
..
PR

-

»

O T S T TR T TP YV Y R L 20 L0 1]

Ut iRnIn

iR

-
E
-
L
-
A
-
L. d
-—
linl
-
-
——
-y
-y
A -
-
-
R
=3
~
e
L
L
i
-
e
i
L
-

£

1

sl
Hiishieiie
ity

th
L

$haiie
LTIty

ttlllllllf
:llltllll!lt!!i

}
"

.

oo docoocooTo

14683 Sisdsstitsuinetin
4430

701

120

22818 seibeesii

13842 ¢t

-~

R R =TT R P R Py I
I -t s IR S e-4 -

- b . L
w-d‘ha:osc—c‘:mvm-aﬁ.u:o-c—e;mvw _—
SN I PP I M I PP () o o o - o i
U-:"—_——ﬁ—l——ﬂ_————l—.—.——i—
= . '

. . PO Bt R
-~ e

-

tﬂe difference image -with no mo-

tion, the histogram is sharp and almost symmetrical.

w

PR ol

-

]

,

1A

3



.“y
Btk N
.
L L .
)
- : . a -
LY - o+
R I
. ~ b -J' 8-
4
-
o =
_-.
- -
“- " e -
I
-
oo
‘ B R S A S A I I I B AR
~ SoosS eSS I TN mnens SLERCn Iy
———q————t—l—lw—lq—tl—l—ic—l—l-—l—l—'—l—l-—.—“
LY
’
.
. r‘ - -
- -
-~ .
- - *oeT .
-
- . . -;';:/
P -t
& )
. . -
W™ Fig.31(b) "The histogram of
<'a . tion, the histogram is wide
2 ¢
‘_‘ o =~
‘o _..:,";_'.. .
. -, " o D
) - - LN ¥
'.\_,o_:” L B b
- B s . v
. .

PO N

LA

4414

"
L
K

!

1]
idfi
ifi

e dna £t

1973 s
W M

4760 Sir4t
3765 4
035 4inp

p={=2—"_9

T2 ?9???????????????????
Y D P 0 =
sl i VY

-

S P DO O—Nﬂ-rl.n-or-mu-o -~
Eru“«-q Hﬂmﬂﬂmwa—nmﬂ-r:-:::
p— =

——t ot oy et Lt it

— et gy )y —

-t

the difference image
and symmetrical.

T

e

with t

151.9

ransla-

e
e W™
VILT e
—_—n
-
-



o . .. . .

i
i
Y

- e e, -

.
Ca

Libbiidisdbeeesd

OB bt
i

CREORREERIBEEE LR ORE

1]
o~

N

Tt
T INSY)
2 BINSERNERRISLNE

7
1249 3
1533

844

9

2675 4B
39

3921 i

Illlllllll:lltllllil
SRR I

9008 sussbidiibn
233141

13144

12437 dbsidibineie
5722

v

-3

752
78
19

]
'
»
!
v

T N P S e w— -y w— g .— -l - — et o— g
i - P e )
. ’ & . ) - . .
+ } ‘ .
.o Fig.31(c) The histogram of the difference image with ocelusien
; or -scene changes, the histogram is wide and asymmetrical.
. > : L
. > . _ . -
- o . - .,'- _
o - - QpsSSy
" . Pl . ..!
. M [ 4 |
. ) ‘_- 1' N ! .

R



- . * f

[
vl
(413

6.3.2 Correlation coefficient between the successive frames
‘For some complex image sequences, the changes occurring in

the sequence cannot be classified into the shree types pro-

=S

posed in the' last section.. h this section, we propose a cor-

relation coefZficient between successive frames to guantify the

. —_ R :
degree of change occurring in the input sequence.

B Vs
A. Correlation coefficient of the successive frames -

. -

‘.The correlation coefficient between the successive frames,

. . 2
£ and £371 | is defined as [69]: | ST
: T oe, a '
: E ' - 70
r.= . (70)
b . /
: .0, 4 - ' .
_ 3%3-1 . )
“wﬁgre, Cy '-- the covariance between £’ and =1
- -,cﬁ' -- the variance of < .. R )
.‘_" 2 s ' . j..l )
. o --. the variance cf £ . '
:( J-l * ]
Sdppese that; .
e Md -1 the mean value of £J |
ml-1 -7'the1mean.value of €171 ,
tﬁﬁs, i ' *
s ey EElmdy T ) | T
- of= mHandy? ' Sl (72)4
Therefore, the r. can be repreggﬁggd as ‘
N J . T ‘ ,
.;,J - -
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E((ETndy (£3-1opivy, _ .
r.= = : (73)

(EC(£7-17 )2y MJ 1,2y,
_ 0

ny
o

om the Schwarz's inequality, we have

"

. , .
R o N
EZ{(fJ:MJ)(fJ 1l Yyysegoeomdy Byeged oy 212
and therefore,

rs 1 - | (74)

. . . . ; . o] -1
The equality holds when £J ecuals a constant times fJ

Intuitivef§,51£ the changes occurring in the consecuti&e
frame are small, the correlation between successive frames is
high. The standard de;ia;ion of- the difference image. formed
fromﬂ:hé successive Zframes will be small. Tﬁerefore,'thé corl‘
relation coefficient can be estiniafed from the standard devia-
tion of ;the differénce image. This can be proved by the fol-
lowing deriyation. Suppose that, . oL _ .' ’

a7 -- the difference between fJ ang £3°1
.

aM3 - the difference oﬁ‘MJ:and MJ-;

cdf -~ the variance of the 'difference image, q3

’
4

Cqj =~ the covariance between fJ and &’

Tgy - the correlation coéfficient of £J ang g
4 T

Thus, we have 7 T e

- -

C .= "{(fJ_MJ)(c'J 1 ‘ )} - :‘{(-"J_MJ)(:J dj-Mj+‘AMj)}
=2((£7-m3)%) - "{@*J-MJ)(dJ-AMJ)}

= oy - cdj . : _ - (75)
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.7 The variance .of (j-1)-th frame can be repreéented as \\\"(/1

” . . ,
cof_y= BT TH ) = peeds adowdeand)?
- .2 _ 2
-—cs_j 2Cdj+.-cd.
[ -
from the definition (71}, C

1 ~hnerafor &y i
a3 ‘djo' 4j wherefcre frem (70),

the correlation coeificient can be/rewritten as:

2 L2
°j (oj - chi: cdj)

o? r¥o.o
] dji j d]

' 2 ~ ) 2z
95 (5572744949957 95)

From (77), we find the partial differential of r. about o..

dj
(.-
arj (‘dj 1) cj Udj
2 . 2
acdj cj-%;cj_z‘djcjcdj+°dj)
(rdj—l)sjcdj_ .
= (78)
03 ' '
j=1

Since rj is smaller than 1, the partial differential is zero

~dr negative. Thus, we pIove that'rj will meonotonicly degrease

. - " v N
with each increment of cdj . The standard deviaticon of <the
' ——

difference images can be used to describe the correlation

coefficient, and therefore, to estimate the degree of changes

F

occurring in the .sequence of images.

1. Simple changes: Small change or changes occurring in <he

-

» sSuccessive frames such as constant translation have a
small standard deviation of the rdifference image,

therefore from (74), r 1is less but very close to one.

-

o

v
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.

2. Complex changes: ~ Complex changes occur between the suc-

cessive frames, and d- is no longer a constant, and the

Standard deviation of <the difference image becomes

-

. large. ~from (78), we find that the correlation coeffi-

cient decreases with each increment of The standard de-
Viation of the difference image. :
Thus, the standard deviation of ‘the difference image can be

used to measure the correlation between .successive frames, and

therefore, to measure the changes occurring between the suc-

cessive frames.

-8. Picturephone sequence

The picturephone sequéﬁée,sf images in section'5;3 is also
used in Ehe experiments for testing %AMM algosithm. éor the
first 9 frames, there is little motiocn. At frame IOJ;a rapid
change occurs as the woman turhs her’ head. At frsme li,-the\
changes become somplex from the-poin% of view of imzée pro-
ce551ng, since large scene changes are involved. The correla-
.tlon coeff\iisnts-of the successive frames and the standard

deviation of *the differeﬁce imsges afs shown in Fig.32 These
*esulus are consistent wsth absve theoretical analysis. . Tor

the flrst\? frames, only little motion exists, the correlation

coeff¢c1en,s are close to one and the- standard dev1atlons are

-
-

small. After frame 9, a rapid change occurs and correlation
coefficient decreases and the standard dev1atlon increases.

In the last four frames, the changes have slowed cdown aﬂé the



-

correlation coefficients

.

ations decrease as-shown

150

increase again-and the standard devi-

in Fig.32.
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6.4 EXPERIMENTAL RESULTS

" -

R

sequence of anglog*aphlc x-rav images’ anc eh pi L"eohone se-~

_,.._

gquence uszng the FAMM algorithm are. p*eseneed * The

( "

iterations in EAMM are controlled,by,'resnectivelf, The f

numbe& of.

order statistics of the difference 1mage histogram and che

’ . . ‘ .'

.. variance of the dif erence 1mage o - ' S ..

2 e : - . X

v g ¥ ' . = “ . - v,_ N w
N - - 2 - ae s i . ) - - B ‘.-
] . T Y . w A L
T 6:4:1 . .Application to angiographic x-ray:images ' o
v e L v - ) e

N N - b Lo
S e el e L ~

. - bl —

.‘-‘f 'f fIﬂ‘tﬂe iasthection’nthree types of chaﬁges ofcurring in

. ) ‘

2 anglographlc sequence of x-*ay 1mages anﬁ hel stat-se ical
; ’ v - . 3 - o

3 A garameters are presented. The, first e,-ée{mpments.pxtractéd

“£from the first-order h;stog;;m can be taken as 2:measure of

- "1'

the type of changes and used to intlate and controI tne adaD-

_.,..- ; -

tlve operation. In thls secelon the conve*gerce of the FnMM

‘a

codebook replenishment-as applied toc these medfcal imége se-
. .
- ‘ - . Lo Y . .

queﬁces is investigated. The experiments aré carried out ‘on a

rame drawn from ehe thr3§ types of sequences and the resul<ts

_ ‘ . : R
are shown in Fig.33"(d);.(b1aand {c). . In the experiments, “we

-
<+ . S . N £

- r i - .- 3 1 - 3 - -
suppose that the convergence lsﬁachleved when the dlsto"**on

- b

between two connective iteratidhs is dec*eased by 1'ess than

- ~

. 1%. TFor .the noise seguence ISAE' in Wthh only sqgrl\changes

2 - -
-

are involved, afté?mdnly label *eass;gnment (replenlshment)

the 1terat1ve process is convergent (Fig. 33a) Eog'the trans-

.
' -
- lation sequence IS-B, convergence is achieved after one itera-
P . R

te
o« A

: S In thls section, the results of computer simulations on ithe i

s
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tion, i.e, laBél *e3551gnment followed by mean migration
(Eig.33bi§ﬁ For the occlu51on seguence,. 1S-C, which involves
significant changes, cenvergence is achieved within two itera-
tions'(Eig.3353. Hencef-it_is‘clear that for_theéparticular
medical imagé sequence: tﬁ% number of iterations in thg EAM&

algorithm can be controled directly by the first-order statis-

tics of the dlffe“ence lmages as lndlcated in section 6.3.1.

The visual results are%ﬁresented'Tthig.34'to Fig 36; re~
spectively, for the sequence IS-2, IS-B and IS-C.. I¥ is seen

that the good reproduction-is achieved_g§ FAMM codebook re-

plenishment. . S . .
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rtion (NMSE) and tHe bit rates as the func-
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Fig.34 The pictorial result for the second f*ame 1n‘the Se-.

quence IS-A. The coded image corresponds to the® FAMM algorithin
with only label replenishment at bit rate 0.56 blts/nlxebr
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(a) original,

-

(b) coded _

Fig.36 The pictorial result for the second frame in *the se-
quence IS-C. The coded image corresponds to the FAMM algor:

rithm

. @With two iterations at bit rate 0.67 bits/pixel. " ]
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6.4.2  Application to the Picturephone sequence ‘ 7 -

e

.n

’ - ‘:' - ¢

In the last section, the relationship betweén *the ccrrala-

~tion coefficient and the standard deviation ‘was derived. In
this section, the convergence of the FAMM codebook replenish-

ment related to the standard deviation is investigated. . The

-

experiments are carried out on the four different frames in

»

the picturephone seguence and the results are shown in Fig.37.

-

-

For the .simple changes, such as at frame 2, the standard
. : T2 .
deviation is smallé$2.5),'and the iter ative proceds is conver-

gent after a simple label replenishment. For the more%complex

. - & .
changes exhibited in the frames 10, 11 and 14,. the standard

b
deviations are, respectively, 8.99, 17.97 and 20.47: the iter-
ationg reguired for convergence are, respectively, 1, 2 and 3.

. -

¢ _
The dlstortlon clurves as a function of the frame numper and

tne bit rate curves as a functzon of the £frame number for FIMM

codebook replenﬂshment are shown in Eig.38a and Fig38b, re-

spectively. For'comnarison the results for label repilenish-
P E

ment and label *epTenlshment with mean shift are alsoc shown in
Fig.38a and Fig.38b. Note that FAMM achieves better .results

. than label replenishment with mean shift with almost the same
P

'

bit rate a&aexpense of computation.

- - . -

The viswal results are shown in Fig.3S. In Fig.39 is shown

the coded image cf '18-th frame using respectively, label re-
g g ) Y

- ——

AR

‘plenishment with 2586 codewcrds; iabel replenishment with 256 .



<

T , lel

cdodewords combined with mean shift; and label replenishment

combined with FAMM with same size codebook. Note that the bet-
. )

ter reproduction is achieved with FAMM algorithm coded images.
" RN

6.5 SUMMARY
o«

rd
e -

In this chapter, the Frame Adaptive Migrating Mean (FAMM)

codebook replenishment has been proposed. This algorithm can

be efficiently employed to update tHe codebooks on a frame by

fraﬁe basis. 1In the applicati
ishment algorithm to medical ﬁ age §%quence coding, it has
been shown thgt barameteré exf; éted from first-order statis-
.tics of the diff;rence'%mages c\n be'successfully aprplied to
control the ﬁumbgﬁ¥o£ ;t;raggons in thg algorithm. For the
generaiﬁcasq;‘thg”pérféiation coefficient of the successive
frames'ana.the.vgriancé of the difference images can'Se taken
as a-measure to contreol the pﬂmber of iterations in the TRV

W

algorithm. -
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Fig.37 The curves of distortion as a function of the number of
i<erations in FAMM for the frame 2, 10, 11 and 14, which have
different standard deviation values of the cifference images.
Note that the large standard deviatron values need more itera-
tions to achieve the convergence, and at most after three it-
‘erations, the convergence can be achieved. even for the frames .
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Eig.Ba_(a) The distortion .(NMSE) as a £function of the £rame
number “for label replenishment “with mean shift and FAMM code-
book replenishment. . 'Note +hat la®el replenishment combined.
with, FAMM codebook replenishment maintains a relatively con-
stant distortion, even in the rapid change areas.
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Fi¢.38(b) The bit rate as a function of the frame number fdf

the label replenishment with mean shift and FaMM_.codebook®

plenishment. Note that codebook replenishment a;locabes more
- bits to £frames containing changes, thus resul ting in thé more

constant dfstortion shown in Fig.38a. Note that FAMMY achieves

better results than mean shlft wlbh almosu same bit rate but

at expense of. comnu;at*on.
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wd S _ Chapter VIl

SUMMARY AND SUGGESTTONS_FOR FURTHER RESEARCH::

this dlsseruatlon,ﬂﬁnterframe coding using adactive vec-
4

r gquantization has been investigated. r'.T.‘he main contribu-
tions of this dissertation are as follows:

1. Threejdimensional block vector guantization: two algor-
ithms are given for this technigue. The first is an ex-

“er o tension of two-dimensional block vector guantization to

. * .
three-dimensional (spatial-temporal) blocks. The sec-

‘
_—

I

ond is an algorithm in .which +the Lthree-dimens:onal Ha-
damard transiorm is fitst-applied o2 a IX&xd block ba-

S35 and vector guantization is then performed on a

o

setective subset of the transformed coefficients. qf“
' Ce A B . .

- this algorxithm, the components 1n the wvectors are de-

. \~ correlated in both spatial and temporal directions.

e -~

Thus, both intraframe-énd lrte frame redundarn

0
-
(14
4]
fu
"
1]

reduced by, respectively, <ransform and vector guanti-

aaulon.’Tmo*oved oerfo*mance as conba*ed o spa:ﬁalr}

Tempoxal vec.or guantization is obtained at <he expe# e

of longer ffé;;ing géts“’ahd increased complexity of

I tranﬁform.operétibn. The results.demons**ate.that ;n
{

‘/) . all c%ﬁes vector auantlzahlon outpe*forms sca’a* Cuan-"
A o

“.tized- nadama*d rans‘o*n codlng Fgr bit rates between
y : ’ -
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da

0.4 to 0.8 bits/pixel, the vector quantization gives at

] . .
least 75% improvement in NMSE over scalar cuantized Ha-~

- -
.

o i -~
damard transform codzng.

Label replenishment algorithm: this is a simple and ef-

Zicient adaptive strategy. Th 11s ‘algorithm is based upon

-

two-dimensional block vector quantization,‘gt the frame

level, onto whlch is’ graft ted the concept of frame re-.

5 .
plenishment and vector quantzzatlon. in vector quanti-

zation, each input vector is enceded by two dlstlnct
information: ;He label and the corresponding codeword.

In label replenishment, the label is taken as- anﬂlnoo*-

tant information which is replenished according to the

change between frames. The‘resulﬁs have shown that this
algorithm is especially efficienﬁx’for the image se-
éﬁence,in whiph the.chenge is characterized by-transia;
tion. ' ‘ g’ ' ot

. A .
Label replenishment with codebook replenishment: in

the labe'I renlenishmen‘ case the unde“ly*ng assumpt101

maae is that an aCFepeable new codeword in the existing

o .
-

codebook ‘can always be found for each inpux vector.

Thus, only new label needs zo be transmitted.'However,

if complex changes are 1nvo1ved in the image segquence,-

this assumption may no longer be satlseled The clos-
est codewords in the-exis;ing/ngebook vield too large
error for some input vectors so that new codewords must

be determined. In other words,]ﬁhe codeboo’k must be up-

@
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dated to track the changes of .the local statistics.
This is'implemented by two codebook replenishment al-
gorithms: mean shift and mean shift with -selective
codeword replacement. In the mean shift algorit the
codebook is replenished by simply shift nq the individ-
ual codeﬁords-ti‘the.positions of new mggn vectors of
the Yoronoi regions. Tﬁis algorithm is applicable if
the "frame to frame changes are small. The selectiﬁe
codewo;d_replacement aigorithm is applied in the case

when significant changes of local statistics occur and

simply shifting the .mean is no longer sufficient. In
ply 3

[¥ N

this algorithm, the codebook is replenished by dropping

certain codewords which -are less important and adding
=~

new ones. The results show that significantly improved

ORI

performance is obtained by two-dimensional wvector guan-
tization with—label replenishment and codebook_replenJ
1shmeng compared to dl*ect vector cuantlzaulon on ﬁQ\

th*ee dimensional block vector cuanulzat*Oﬁ
The Frame Adap‘ve Migrating Mean (FAMM) codebook re-

plenishment is a generalization of mean shift codebook

-4

replenishment. The main idea behind this algorithm is

-
that a new codebook is genetrated by usinq the previous

codebook as seeds for the clusterlng algo ithm ud@d for

T

codebook qgnerahlon, where the number of izerations de-

pends on the type of changés occurring in the input im-

age seqguence. First-order statistical pargmeters. ex-

R -_— \‘ - "
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- + N Qe

tracted = from difference images calculated—«“ crof”’

.

successive frames and corrglation coefficients between
. r

the successive frames are used to control the addptive

operation, that :is the number of iteratioks.. For the

image segquences tested, +the similarity between succes- .

sive frames assures that convergence is/achieved after,

at mest, three iterations. .
- L

An important observation is the signifi€ant improve-

ment of two-dimensional wvector quantization with re-

~

plenishment as compared to using vector cquantizaticn on

-

the three-dimensiocnal blocks. For bit rates bétween
ebout 0.5 and 0.65, the NMSE is reduced By a factor at

least 2. It also demonstrates +hat two-dimensional wvec-

tor quantization with replenishment outperforms direct P

frame replenishment (1].

An additional contribution of this thesis is adaptive

LPC ‘coding combined . with vector quantization for in-
traframe coding. An image is first partitioned into

blocks. -The LPC parameters are extracted -from each

block using the autocorrelation estimation method and

then\gggd to form a vector. The vector cuantization is

C e -

then 'applied to the vector set to remove the redundan-
c¥- e SR SR
- - N \ .
-_&‘. - : .

L

&)
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Infthe“%ﬁﬁlications for medical image' sequences, the

changes between successive frames can’be caused by the

contrast dye material. This kind of changes is poorly.

reproduced by the current vector guantization coding
. rd

techniques. To solve this ‘problem, we could use the

'concept of a Dac*ltioned codaéggkt\previously used by

a4 Twa 4 - > ':'"'. +
.Gersho and Ramamurthi [11], in which a por cf the

codebook is specially assigned to edge informa®™on. In
g g

the apolication hetre, we divide the codebook into two

¢
\

parts with one baft. preferentially reserved for the
| .
i

changes.
- &

. ° -

In the codebook‘replenishment algorithms propoged in

2

2 .
this thesis, replenishment is ach*e"ed by comparing the

previous codebook and present cocebook This implies
S

chat the present codebook must be :l”s .calculated from

the present frame and.reguire one or more iterations of

the clustering algorithm. To decrease the number of it-
R * o ) . ..
erations, the concept of predictive c¢odebcok replenish-

ment could be investigated The idea-behind this is

that the new codebook can be Dred*cted from che previ-

ous codebooks ‘and  the changes occurring between ~he

successive frdmes. In this algorithm, the relgzfdnshi

<y .

between the changes of the codebooks and the c anges 1n

.

(‘

A
the consecutive frames probably needs to be investigat-

ed. : o A -

R
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In this thesis, we exploit codebook replenishment t'ecﬁ- I
.-L' v ¥
nigues to track _he changes occur*lng 3.'1 "The input :Lm- -

‘v

Some studies 12,20] try to cr_gé‘cé a.. .

age sequences. [11.

universal codebook to fit d;f:&'e*'ent irput imace =Qgré-~ -
. e -
. - N .:"\’-.“"\ !
es. Investigations that analyze and comba*e thesd jtwo L. T
- i ’ e - . . ) - '
techniques and Investigate’ ‘their strengthes and wdak- ~ .
. i o
- N ’ - o B 3" ".
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