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Abstract

In this thesis the pesformance of spectrally efficient Quadrature Amplitude
Modulated (QAM) systems operating in distorted transmission channels
is studied and methods to improve the performance of these systems are
suggested. The methodology employed in this study includes analysis, com-
puter simulation and extensive experimental research.

In order to improve the performance of M-ary QAM schemes operated
in the presence of transmission System Caused Phase Jitter (SCPJ), we
introduce and analyze a novel synchronization method based on two out-
of-band pilot tones. The two pilot tones are symmetrically located near but
outside the QAM signal spectrum and are referred to as a dual-pilot system.
By means of these two pilot tones and by employing a wideband carrier ex-
traction subsystem, instead of the commonly used minimal bandwidth one,
we demonstrate that the proposed method can improve considerably the
performance of an M-ary QAM scheme in a SCPJ environment. The pur-
pose of this wideband carrier extraction subsystem is to extract the carrier
and ideally all the unwanted SCPJ and therefore track, in order to can-
cel during demodulation its effects on the received digital data signal. We
have analytically evaluated the performance of a 16-QAM which employs
the dual-pilot system and is operated in a sinusoidal SCPJ environment.
Our analysis takes into account the most important system imperfections,
such as distortion and bandwidth of the pilot extraction filters. The re-
sults obtained indicate that performance gains of up to 8 dB (at a symbol
error rate of 10~!) over conventional non-pilot schemes are possible for an
11 degrees (zero-to-peak) sinusoidal SCPJ. It is also shown, that for the
pilot extraction filters, group delay distortion is the prominent source of
degradation as compared to amplitude distortion. However, both distor-




tions have to be minimized or compensated for, to achieve maximal SCPJ
cancellation. Furthermore, we show that for the case of relatively high
filter distortion, or equivalently if the compensation is incorrect, the un-
wanted SCPJ is enhanced rather than cancelled. In this case, the overall
system produces a worse performance than a system which does not em-
ploy the SCPJ cancellation. To prove this concept and to gain additional
insight into some of the problems involved, we designed and implemented
in hardware an 800 kb/s, 16-QAM dual-pilot system. A number of different
experimental set-ups and extensive measurements were used to verify some
of the results obtained by analysis and computer simulation. The proposed
dual-pilot system can also be employed in more spectrally efficient schemes,
such as 64-, 256-, 512- and 1024-QAM.

In order to further improve the overall spectral efficiency of data trans-
mission systems, we introduce a novel synchronization method for QAM
systems, which employs two in-band pilot tones for simultaneous carrier
and symbol timing recovery. The proposed method does not require an
additional bandwidth to accommodate the pilot tones, as do all other pre-
vious pilot-based methods, and at the same time it employs a very simple,
and therefore cost-effective receiver structure. It is shown that the only
in-band pilot frequency which does not cause any interference in the dig-
ital modulated signal and at the same time provides carrier and symbol
synchronization at the receiver is the Nyquist frequency. By analysis, com-
puter simulation and measurements, we evaluated a 16-QAM scheme which
employs the proposed in-band, at the Nyquist frequency pilot method in
an additive white Gaussian noise (AWGN) channel. OQur results indicate
that, as long as the pilot extraction filter bandwidth is relatively small, the
overall 16-QAM system performance has a negligible degradation. Like the
out-of-band dual-pilot scheme, the proposed in-band, at the Nyquist fre-
quency pilot insertion technique can also be used in more spectrally efficient
systems, such as 64-, 256-, 512- and 1024-QAM.

Finally in this thesis we present a performance study for the 512- and
1024-QAM schemes which can achieve high spectral efficiencies of up to 9
and 10 b/s/Hz, respectively. Such high spectral efficiencies are required for
a number of digital transmission applications, including the transmission of
a CEPT-1 (2.048 Mb/s) into a 240 kHz supergroup band, transmission of
a 19.2 kb/s rate signal into a single telephone chanrel (2.4 kHz} and trans-
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mission of two 90 Mb/s rate signals in 20 MHz RF bandwidth. Due to these
emerging requirements, and to satisfy our curiosity about the feasibility of
such high spectral efficiencies, we analyzed and evaluated the performance
of these QAM schemes in the presence of different system imperfections.
Qur studies include:

i) A quantitative evaluation of the effects of linear channel distortions
on the performance of 512- and 1024-QAM. The numerical results obtained
could show modem designers and researchers how flat and how linear the
filters’ amplitude and phase responses should be.

ii) Detailed analysis and examination of the effects of Co-Channel Inter-
ference (CCI), both of constant envelope and amplitude modulated type,
on the performance of 512- and 1024-QAM systems.

iii) The impact of Adjacent Channel Interference (ACI) on the perfor-
mance of 512- and 1024-QAM.

QOur study indicates that, under certain conditions both schemes are
implementable, and we foresee that they will be employed in the future for
applications requiring spectral efficiencies of up to 10 b/s/Hz.

In summary, this thesis presents a comprehensive study, at both the
analytical and experimental levels, of two novel pilot-based synchroniza-
tion schemes and their applicability to bandwidth efficient QAM systems.
Furthermore, it provides timely information on the performance and the
feasibility of the highly bandwidth efficient 512- and 1024-QAM schemes,
which can be employed to achieve spectral efficiencies of up to 9 and 10
b/s/Hz, respectively.
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Chapter 1

INTRODUCTION

1.1 SPECTRALLY EFFICIENT
DIGITAL MODULATION
SYSTEMS

In this introductory section a brief review of three well-known generic mod-
ulation schemes, and their applicability in highly bandwidth efficient dig-
ital transmission systems is presented. These are Quadrature-Amplitude-
Modulation (QAM), Quadrature-Partial-Response (QPR) and Phase-Shift-
Keying (PSK). In addition, a brief comparison of. the three schemes hav-
ing their theoretical spectral efficiency ny, (in b/s/Hz) versus the required
Carrier-to-Noise ratio (C/N), for a given error rate, as performance cri-
terion will be made. Conclusions will be presented as to which of the
three schemes should be employed for transmission applications requiring
high spectral efficiency. Also discussed is the recently developed 256-QAM
scheme which achieves currently the highest practical spectral efficiency of
Npr = 6.7 b/s/Hz. However, as will be seen, for a number of important
applications, a further increase in spectral efficiency is necessary. Thus,
two highly spectral efficient QAM schemes, i.e. 512- and 1024-QAM, are
studied, which can achieve spectral efficiencies of up to 9 and 10 b/s/Hz,
respectively., This thesis describes studies carried out on these two QAM
schemes and in particular will be concerned with the evaluation of their



performance in a complex interference environment.

1.1.1 Summary of the Most Popular Spectrally
Efficient Modulation Techniques

Over the last decade or so, the increasing use of radio transmission systems
has led to congestion in many regions of the radio spectrum. This situa-
tion, and the increased emphasis on digital transmission have resulted in -
a need for developing and employing improved spectrum utilization tech-
niques. Efficient digital modulation techniques provide the most important
means of achieving improved spectral efficiency at a reasonable cost. In this
context, the three most cost-effective and widely accepted two-dimensional
modulation techniques are QAM, PSK and QPR. The general identifying
characteristics of these techniques are explained below:

i) M-ary QAM: ! A technique in which the information symbols are
transmitted using a combination of M amplitudes and phases of the trans-
mitted carrier, in such a way that the transmitted signal constellation has
a rectangular form as shown in Fig. 1.1 [1]. Equivalently, we can state
that the transmitted M-ary QAM signal consists of two orthogonal carriers
(hence the term quadrature) modulated by a set of VM ? discrete ampli-
tudes, which consist a vM Pulse Amplitude Modulation (PAM) scheme.
QAM belongs to the more general family of Amplitude and Phase Key-
ing (APK) systems [8]. Although there are a number of more complex
(and therefore more difficult to implement) signal constellations within the
APK family, they are known to perform only marginally better than QAM
[1]-[7]. Thus it is widely accepted today that QAM represents the best
tradeoff between theoretical performance and implementation complexity

[6],(8],9],[11]-

ii) M-ary PSK: A second technique in which the transmitted symbols
are used to produce M distinct carrier phase changes, which are, tradi-
tionally, uniformly distributed over [0, 2x) [8],(10],(11]. In this case the
transmitted constellation can be represented by M signal sets which all lie

1M = 2" with n=2,4,5,6,7,... .
2This is valid for even values of n. For n odd the number of the discrete amplitudes
will depend upon the choice of the constellation diagram.
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Figure 1.1: Constellations of M-ary QAM schemes with M = 4, 18, 32,

64,..., 1024.

I: in-phase carrier (channel) ; Q: quadrature-phase carrier (channel).




on a circle, 3

iti) M-ary QPR.: A third technique, in which two v M-level partial
response encoded signals are phase modulated in quadrature by two or-
thogonal carriers [12]. As is well known, the partial response encoding
techniques deliberately introduce a controlled amount of Inter-Symbol-
Interference (ISI) over a span of one, two or more symbols. As a result,
certain beneficial effects are attained, such as convenient spectral shapes.
Since the amount of the controlled ISI is known at the receiver, it can be
subtracted from the sampled received signal. Thus, the transmitted data
can still be detected correctly [13],[11]. One of the most popular and widely
used partial response technique is the so-called class-I signalling, in which
every symbol is added to the next symbol to be transmitted [13]. In this
case the number of possible levels after passing a vM-ary PAM signal
through a partial response encoder (class-I) is 2v/M-1, and thus there are

(2vVM — 1)2 possible signal states for the QPR system. *

1.1.2 Comparison‘of the Spectral Efficiencies of QAM
PSK and QPR Schemes

Consider now the advantages and disadvantages of the above three trans-

mission schemes, depending on the particular application in which they are
to be employed.

One of the most important parameter of interest to many system design
engineers is the theoretical spectral (or bandwidth) efficiency, 7,4 measured
in b/s/Hz of RF bandwidth, ® which each of these modulation schemes can
achieve. For purposes of this thesis, we define a communication system to
be spectrally efficient if ny, > 4 b/s/Hz. Fig. 1.2 presents a summary of 7,
versus the required C/N at a symbol error rate Ps == 107® of the three spec-
trally efficient M-ary (M > 16) modulated systems under consideration.

31t can be argued that PSK systems do belong to the APK family and in fact for
M=4 both 4-PSK and 4QAM represent the same communication system. However it is
instructive for our purposes here to treat them separately.

4To have a direct comparison with the previously described M-ary QAM schemes, we
will assume again here that M = 2" with n even.

5We assume here that ideal minimum-bandwidth Nyquist filtering is used, i.e. raised-
cosine filters with & = 0.




Examination of Fig. 1.2 makes it clear that the QAM systems require the
lowest C/N for any given n;s, thus making them the most spectral efficient
schemes. For example, by using a 256-QAM system © (n,, = 8 b/s/Hz) the
obtained C/N gains are 2.4 dB and 15 dB as compared to the equivalent
961-QPRS and 256-PSK modulation schemes, respectively. These numbers
indicate that the use of PSK is out of question, as far as bandwidth efficient
applications are concerned. It should be mentioned, however, that although
throughout this thesis we will consider systems operated in linear channels,
M-PSK, due to its more constant envelope as compared to M-QAM, could
be a good candidate for nonlinear channel applications.

QPR systems are also inferior to QAM schemes in terms of C'/N ratio
for the same theoretical bandwidth efficiency. Nevertheless, as well known,
the shape of their spectrum allows filtering which does not require any
more excess bandwidth than the Nyquist bandwidth. In this sense, the
practical achievable bandwidth efficiency 7,, of all QPR schemes coincide
with ny. However, this is not true for QAM schemes, where their 7,, is

[7en/(1 + @)], with @ being the excess bandwidth, which is required by
raised-cosine filters.

Based on the above, arguments can be made to whether or not in terms
of 7pr, & 225-QPR. scheme can outperform the performance of a filtered
256-QAM scheme [15]. In fact a study comparing these two schemes as
candidates for the transmission of a 1.6 Mb/s (T1 rate digital signal: 1.544
Mb/s plus overhead bits) data over a standard analog supergroup band of
240 kHz (T1/SG), concluded that for n,, > 6.3 b/s/Hz, the 256-QAM mod-
ulation format was most appropriate for practical use [16]. 256-QAM was
also chosen, independently of the author of [16], as the best candidate for
applications requiring n,, > 6 b/s/Hz by a number of researchers [15],[17]-
[26]. As a result, over the last 2-3 years a number of 256-QAM digital
transmission systems have been designed, implemented, field tested and
are currently in operation both in North America and Japan [15},[18]-[26].

It is important to note here, that although in the past the design of
raised-cosine filters with small «, i.e. a < 0.5, was not considered to be
straightforward, today previous realization problems with these filters have

8As it will become apparent later on in this section, the 256-QAM modulation technique
represents the most spectrally efficient implemented digital communication system as of
today.
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been considerably reduced. Examples of implemented raised-cosine filters
with & = 0.2 can be found in a number of publications, including [15],(23]
and [27]. A promising technology for the fabrication of filters with low
roll-off factor seems to be the Surface Acoustic Waves (SAW). In [27] an
implementation of raised-cosine filters with o = 0.19 using SAW modules
is reported. In addition, other design results have been reported for the
implementation of raised-cosine filters with o = 0.08 [28],[30]. Furthermore,
adaptive equalizers employing more than 200 taps have been used to ensure
the ISI caused by any residual filter distortion is essentially eliminated [29].

As a summary, it is fair to state that with today’s advanced technol-
ogy, raised-cosine filters with very small roll-off factors can be designed and
implemented without major technical difficulties. In this sense, the excess
bandwidth a which is required for the transmission of QAM schemes, can
be minimized, thus eliminating their carrier bandwidth disadvantage com-
pared with equivalent QPR schemes. Furthermore at present, the 256-QAM
modulation technique represents the most spectrally efficient implemented
means of transmitting digital information, achieving a practical bandwidth
efficiency of n,r = 6.7 b/s/Hz.

1.1.3 QAM Systems Achieving Spectral Efficiencies
of up to 10 b/s/Hz

From the previous discussion and further as suggested by a number of
leading authorities in the digital transmission field, for further bandwidth
efficiencies increases to, for example, 7;, > 8 b/s/Hz, the QAM modulation
format is the most suitable method to be employed [29],{31],{17]-[26],[32].
As it can be seen from Fig. 1.2, 512- and 1024-QAM achieve theocretical
spectral efficiencies of 9 and 10 b/s/Hz, respectively. There are a number
of applications where such high spectral efficiencies are needed. We present
below a summary of some of the important applications for both low bit
rate transmission (< 2.048 Mb/s), such as Data-in-Voice (DIV) and basic
telephone systems, as well as emerging high capacity radio applications in
Tables 1.1 and 1.2, respectively.

-1



BIT RATE | ALLOWABLE | REQUIRED
(kb/s) BANDWIDTH | BANDWIDTH | APPLICATION
(kHz) EFFICIENCY
(b/s/Hz)
2048 240 8.5 DIV Transmission
19.2 2.4 8.0 Telephone channel

Table 1.1: Spectral efficiencies requirements for some low bit rate (< 2.048
Mb/s) applications.

AUTHORIZED | ALLOWABLE | BIT RATE | REQUIRED
FREQUENCY | BANDWIDTH | (Mb/s) | BANDWIDTH
BAND (MHz) EFFICIENCY
(GHz) b/s/Hz
3.700-4.200 20.0 2x90 9.0
2x90 6.0
5.925-6.425 30.0 2x135 9.0
2x140 9.3
4x90 9.0
10.700-11.700 40.0 2x135 6.75
2x140 7.0

Table 1.2: Spectral efficiencies requirements for high capacity digital radio
applications.




1.1.4 Interference Encountered in Spectrally Efficient
Digital QAM Transmission Systems

The practical application of any form of digital transmission modulation
scheme demands that serious consideration be given to the interference
characteristics of the equipment in the system. In order to achieve a suc-
cessful (ideally optimum in some sense) engineering design, it is essential
that the degradation in the performance be known when different inher-
ent source of interference (distortions) are present as well as when a signal
other than the desired one falls within the receiver passband. Quantita-
tive analysis of interference depends critically upon the equipment charac-
teristics and performance, actual channel bandwidth, spectral occupancy
regulations and other operating frequency constraints set by the regulatory
agencies,

The recent widescale employment of highly bandwidth efficient mod-
ulation formats has resulted in systems which are very sensitive to many
forms of interference. Furthermore, the increase in congestion of frequency
spectrum and use of satellites coupled with the development of various fre-
quency reuse techniques and increased use of higher bands have emphasized
the importance of various types of interference in defining performance of
a transmission system for many applications.

A general treatment of interference would be necessarily very extensive.
It is an almost impossible task to present, analyze and evaluate a model
which includes all important forms of interference. Instead, research carried
out in this thesis will focus on three of the most important sources of date
dependent interference in the context of the highly spectral efficient QAM
systems. In particular, we will evaluate both 512- and 1024-QAM in the
following interference environments:

1. Inter-Symbol-Interference (ISI)

[ &)

. Adjacent-Channel-Interference (ACI)
3. Co-Channel-Interference (CCI).

A brief description of these types of interference is given below, with a more
complete description and analysis to be given in Chapters 4-6:



e ISI: This term refers to interference resulting from distortion of one
symbol by preceding and forthcoming symbols. The typical source of
ISI is the deviation of filter characteristics from those of ideal ampli-
tude and/or phase characteristics of Nyquist-type filters.

o ACI: This term refers to interference due to the presence of one
or more radio carriers (modulated or otherwise) in frequency bands
adjacent to that of the wanted modulated carrier.

e CCI: This type of interference arises from the presence of a signal
(modulated or otherwise) centered at a frequency very close to that of
the wanted carrier. In principle, this class of interference is a special

case of ACI with very small frequency separation between the desired
and undesired signals,

1.2 DEMODULATION METHODS
FOR SPECTRALLY EFFICIENT
QAM SYSTEMS

In this section we shall briefly summarize the most important demodulation
methods employed in spectrally efficient QAM systems. It is important to
clarify that although many of the methods, which we will describe here and
in more detail later on in this thesis, can be applied to other less spectrally
efficient modulation schemes as well, our purpose in this thesis i3 to restrict
our analysts and evaluation to QAM modulation formats only.

We will begin this section by introducing the concept of transmission
System Caused Phase Jitter (SCPJ) and the negzative impact it can have on
a system’s performance. Then, the most important trade-offs between co-
herent and noncoherent demodulation methods of spectrally efficient QAM
will be presented. As coherent demodulation is the most suitable method of
demodulation for spectrally efficient QAM schemes, we present a compari-
son between suppressed carrier and carrier (i.e. pilot-aided) coherent QAM
systems. We will end this section by concluding that in SCPJ environments,
pilot based coherent QAM schemes appear to be the most appropriate to
be employed in spectrally efficient system applications.

10




1.2.1 Transmission System Caused Phase Jitter (SCPJ)

It is well known that time-varying propagation and transmission system
characteristics on long-haul terrestrial line-of-sight microwave links can dis-
tort the amplitude and phase of digitally modulated signal [10]. Fading
and/or transmission SCPJ 7 are factors of particular concern in coherent
spectrally efficient schemes such as 16-QAM, 64-QAM up to 1024-QAM
systems. Excessively high levels of additive white Gaussian noise (AWGN)
combined with transmission SCPJ may lead to significant performance
degradation and, under particularly severe transmission conditions, may
also lead to even unacceptable error floors. 8

In distinction to the Carrier Recovery Caused Phase Jitter (CRCPJ),
[40,[37],{38], which is introduced in the carrier recovery subsystem, SCPJ
is typically introduced by local oscillators, up- and down-converters, fre-
quency multipliers and/or translators and even by Automatic Gain Control
(AGC) amplifiers, i.e. components which are not part of the demodulator.
All these units are located within the communication system but prior to its
carrier recovery subsystem. The effects of SCPJ can be particularly severe
in non-regenerative digital or hybrid (e.g. 1.544 Mb/s DIV) microwave sys-
tems in which up to 30 radio hops may be used prior to the regeneration
(29,(32],[15]. Fig. 1.3 illustrates a measured state-space diagram of a 1.544
Mb/s rate 256-QAM system corrupted by SCPJ, where a pure sinusoid
carrier signal is provided as the recovered carrier of the 256-QAM receiver.
Notice that the outer dots, which are more smeared than the inner ones
due to the phase rotation clearly indicate the phase jitter nature of the
impairment. This field measurement result was obtained over a section of
a long-haul commercial 6 GHz microwave system [15].

Most of the research efforts today have been devoted to analyze and
reduce the effects of the phase jitter caused by the noise and/or Carrier
Recovery Subsystem (CRS) (e.g. frequency instabilities, CRCPJ e.t.c.)

"Phase jitter is the equivalent time domain representation of phase noise, which is
usually described in the frequency domain by a power spectral density function [33]-[35].

In this thesis, we will maintain the time domain representation since in our analysis it is
more convenient to work with.

8An error floor occurs when the bit error rate performance does not improve even when
the carrier power is increased.
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Figure 1.3: Measured state-space diagram of a 1.544 Mb/s rate 256-QAM
system corrupted by System Caused Phase Jitter (SCPJ). This field mea-
surement was performed over a section of a long-haul commercial 6 GHz

microwave radio. Photograph courtesy of Karkar Electronics, Inc., (a unit
of Signal General), San Francisco, CA 94103, USA.
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[14},(33],[38],[39],(98]. The SCPJ, however, would remain in the demod-
ulated signal even if a pure sinusoidal carrier signal is provided by the
receiver’s CRS and therefore distort the information carrying phase of the
signal.

1.2.2 Coherent Versus Noncoherent Demodulation of
QAM Schemes

Coherent demodulation of digital communications signals requires a re-
ceiver capable of determining or estimating within acceptable error both
the frequency and the phase of the signal carrier. The performance of
coherent systems is optimum in the presence of additive white Gaussian
noise (AWGN). In general the receivers used in these systems employ some
type of suppressed carrier loop for establishing a synchronous reference.
However, in applications where SCPJ is considerable, most of the carrier
recovery methods do not provide an accurate reference for demodulation
purposes. Nevertheless, as we will explain in Section 1.2.3, their perfor-
mance in such an environment can be improved considerably, by employing
insertion/extraction of pilot tones for synchronization purposes.

For noncoherent demodulation, the requirement of carrier recovery is
waived and thus instead of a CRS, traditionally a one-symbol delay ele-
ment is used for comparison of two consecutive symbols (i.e. differential
detection) {11]. The main advantages of noncoherent demodulation systems
are ease of implementation, fast synchronization and good performance in
channels with phase jitter. On the negative side, the bit error rate per-
formance of noncoherent schemes in an AWGN channel are considerably
inferior to that of equivaleat coherent systems. For example, when com-
pared to their equivalent coherent detection QPSK ? which is differentially
detected suffers a 2.3 dB degradation, while the constant envelope Gaussian
Minimum Shift Keying (GMSK) !¢ suffers about 7 dB degradation (when
the premodulation filter time-bandwidth is 0.25) {36]. Further, the degra-
dation of more spectrally efficient schemes, such as 8-PSK or 16-QAM,

*QPSK is the same modulation scheme as 4-QAM and 4-PSK of Section 1.1.1.

1043 well known, GMSK is a QPSK-type scheme employing Minimum Shift Keying
(MSK) modulation and in which the transmitted data are passed through a Gaussian
premodulation lowpass filter.
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which are employing noncoherent detection is expected to be even higher.
Thus the use of noncoherent schemes is essentially out of consideration for
schemes which have high spectral efficiency.

1.2.3 Coherent Digital QAM Systems

In general, coherent digital communication systems can be divided into

the following two categories, as far as their synchronization methods are
concerned [42],[43]:

1. Suppressed Carrier Systeﬁ:s (SCS), in which no unmodulated
carrier power is transmitted with the digitally transmitted signal.
These systems require a nonlinearity at the receiver and some type of

suppressed carrier tracking loop for establishing a synchronous refer-
ence.

b

Carrier Systems (CS), in which the data bearing signal is modu-
lated on an RF carrier or carriers (the so-called pilots) in such a way
that residual spectral components of these pilots exist in the over-
all power spectrum. These spectral components can be tracked by a
narrowband phase-locked loop (or an equivalent bandpass filters) to
provide the desired reference signal.

The synchronization aspects of the SCS have been rather extensively
analyzed and evaluated in the presence of additive white Gaussian noise
in numerous original research papers. The state of knowledge of SCS has
been summarized in a number of books, including Lindsey {37], Lindsey
and Simon {38], Spilker [33] and Bhargava et al. [39]. These references
have, for the most part, described two types of tracking loops, namely the
Costas loop and the data-directed loop. Although these loops are on first
examination, attractive for many applications they suffer from a number of
drawbacks such as self-noise (or pattern-noise) [40], slow acquisition time
(which results very frequently in the so-called ‘hang-up’ phenomenon [41]),
and in many practical applications, complicated and therefore inherently
costly system configurations. These drawbacks are especially important
for systems employing spectrally efficient modulation formats, due to their
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increased system sensitivity to any deterioration of the transmission condi-
tions. Additionally, in a SCPJ environment, these loops can fail to provide
an accurate estimate of the carrier phase. As a solution to these problems
auxiliary low-level pilot tone signals are transmitted together with the dig-
itally modulated signal, thus constituting a CS [42],[43]. This solution can
be very effective in a SCPJ environment, if the frequencies of the pilot sig-
nals are very close to the bandwidth occupied by the digital transmitted
signal. In this way, the effects of SCPJ on both the auxilliary pilots and
digital signal can be assumed to be practically the same. Therefore, by
extracting the pilots, i.e. tracking the unwanted SCPJ, it can be cancelled
out during the demodulation process.

Recently, a number of papers have appeared describing such pilot-aided
modulation techniques that seek to reduce the effects of multipath fading
at the receiver of a mobile-satellite link. All of these methods employ
pilot tones which are out-of-band, that is, they are transmitied in a part
of the spectrum which is not occupied by the digital transmitted signal. We
will present a brief description and comparison of these techniques at the
beginning of Chapter 2.

As a sur:mary of our findings we can immediately state that pilot based
synchronizzi-on methods appear to be the best candidates for achieving
ligh performance with spectrally efficient modulation schemes which are
operated in the presence of SCPJ.

1.3 RESEARCH OBJECTIVES OF THIS
THESIS

The foregoing discussion on pilot-aided, spectrally efficient QAM systems
which are operated in the presence of transmission SCPJ and additive white
Gaussian noise has established the background to the research tasks per-
formed, and the results obtained, in this thesis. These are summarized
below:

1. Introduce and analyze a method based on the use of two out-of-band
pilot tones for cancelling the effects of the transmission SCPJ on
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the performance of QAM systems. Qur method employs wideband
pilot extraction filters, instead of the frequently used narrowband
ones. It is applied to a 16-QAM system which is operated in a
combined additive white Gaussian noise and sinusoidal SCPJ envi-
ronment. We present a number of analytical as well as computer
simulated results for different system parameters, such as extraction
filter bandwidth and particular distortions, as variables. These re-
sults indicate that performance gains of up to 8 dB over conventional
non-pilot based schemes are possible for a 11.5 degrees (zero-to-peak)
sinusoidal SCPJ. An important part of the work reported in this
chapter is devoted to the design and implementation considerations
of an experimental 16-QAM system. The scaled down (in bit rate and
carrier frequency) hardware implemented 16-QAM, 800 kb/s modem
includes transmission of the two out-of-band pilot tones for both car-
rier and symbol timing recovery purposes as well as cancelling the
effects of the transmission SCPJ. A number of different experimen-
tal set-ups and extensive measurements were used to verify some of
the results obtained by analysis and computer simulation. The pro-
posed technique can also be employed in more highly spectral efficient
schemes, such as 64-, 256-, 512- and 1024-QAM.

. Introduce a novel synchronization method for QAM schemes, which
employs two in-band pilot tones for simultaneous carrier and symbol
timing recovery. The proposed method does not require an excess
bandwidth to accommodate the pilot tones, as do all other previ-
ous pilot-based methods, and at the same time it employs a very
simple, and therefore cost-effective receiver structure. It is shown
that the only in-band pilot frequency which does not cause any in-
terference into the digitally modulated signal and at the same time
provides carrier and symbol synchronization at the receiver is the
Nyquist frequency. By analysis, computer simulation and measure-
ments we evaluated a 16-QAM scheme which employs the proposed
in-band, at the Nyquist frequency pilot method in an AWGN channel.
Our results indicate that, as long as the pilot extraction filter band-
width is relatively small, the overall 16-QAM system performance has
a negligible degradation. Like the out-of-band pilot insertion the pro-
posed in-band, at the Nyquist pilot insertion technique can be also
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used in more spectral efficient systems, such as 64-, 2566-, 512- and
1024-QAM.

3. Present a performance study of the highly spectral efficient 512- and
1024-QAM schemes, which can achieve spectral efficiencies of up to
9 and 10 b/s/Hz, respectively. Such high spectral efficiencies are
required for a number of digital transmission applications including
the transmission of a CEPT-1 (2.048 Mb/s) in a 240 kllz supergroup
band, transmission of a 19.2 kb/s rate signal into a single telephone
channel (2.4 kHz), transmission of two 90 Mb/s rate signals into a
20 MHz RF bandwidth. Due to these emerging requirements, and to
satisfy our curiosity in regards to the feasibility of such high spectral
efficiencies, we analyzed and evaluated the performance of these two
QAM schemes in the presence of three of the most important sources
of data dependent system interferences, namely:

e Inter-Symbol-Interference (ISI)
o Adjacent-Channel-Interference (ACI)
o Co-Channel-Interference (CCI).

QOur study indicates, that under certain conditions both schemes are
implementable and we foresee that they will be employed in the future
for applications requiring spectral efficiencies of up to 10 b/s/Hz.

1.4 THESIS ORGANIZATION

Including the introductory chapter, this thesis consists of seven chapters
and two appendices, and is organized as follows.

Chapter 2 deals with the analysis and evaluation of a system termed
as Dual-Pilot System (DPS), which employs a pilot tone pair to successfully
cancel the unwanted effects of SCPJ on the performance of QAM modulated
signals. The first two sections briefly introduce the most important previ-
ously employed pilot-based techniques and review their applicability and/or
limitations in different communication system environments. Furthermore,
the DPS is described and its advantages over the other pilot-aided schemes
are discussed. In Section 2.3 we present a general analysis of a QAM system
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which employs the DPS and we adopt a mathematical model for the SCPJ.
Section 2.4 describes a method of analysis which will be used to evaluate
the exact symbol error probability performance of a 16-QAM system in the
presence of SCPJ and thermal noise. In Section 2.5 the effects of a num-
ber of system imperfections, such as pilot extraction filter bandwidth and
distortions, are analytically derived. Hardware design considerations and
implementation complexity issues of an experimental 16-QAM DPS are dis-
cussed in Section 2.6. Further, in Section 2.7 a number of experimentally
measured results are compared with the analytical ones. The chapter ends
with Section 2.7, where its conclusions are presented.

Chapter 3 introduces a novel in-band pilot insertion technique, namely
the In-Band Dual Pilot System (IBDPS). After the introductory section,
Section 3.2 presents a detailed description and analysis of the proposed IB-
DPS as it can be employed in conjunction with an QAM signalling scheme.
Extensive computer simulated as well as measured performance evaluation
results of an experimental 16-QAM IBDPS are presented in Section 3.3.
Finally, Section 3.4 contains the conclusions of this chapter.

Chapter 4 deals with the evaluation of the effects of amplitude and
group delay distortions on the performance of 512- and 1024-QAM systems.
Section 4.2 contains the description of the employed simulation model. In
Section 4.3 the obtained performance evaluation results are presented. In
Section 4.4 the previously obtained computer simulation results are physi-
cally analyzed and interpreted. Further, we present an efficient technique

of generalizing the obtained results in Section 4.5. The chapter is concluded
with Section 4.6.

Chapter 5 presents a systematic evaluation, by means of computer
simulation and some analysis, of the performance of both 512- and 1024-
QAM systems in the presence of CCI. After a short introduction, Section
5.2 briefly describes the computer simulated CCI system model. In Section
5.3 the obtained computer simulated performance evaluation results are
presented and analyzed. In order to verify some of these results a theoretical

analysis is included in Section 5.4. The conclusions of the chapter are
contained in Section 5.5.

Chapter 6 is devoted to the study of the performance of 512- and
1024-QAM systems in the presence of ACI. After a short introduction,
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Section 6.2 describes the employed ACI system model. Section 6.3 presents
and analyzes the obtained performance evaluation results. Finally, the
conclusions of the chapter are given in Section 6.4.

Chapter 7 summarizes in Section 7.1 the contributions of this work.
Furthermore, it presents in Section 7.2 a number of suggestions and ideas
for future research tasks.

Detailed circuit diagrams of the 16-QAM DPS modem and a brief de-
scription of the signals involved are given in Appendix A.

Finally, the listings of the programs which were used to evaluate the er-
ror performance of the different QAM systems are presented in Appendix
B.
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Chapter 2

OUT-OF-BAND
PILOT-AIDED
TECHNIQUES FOR
SYSTEM CAUSED.PHASE
JITTER CANCELLATION

2.1 INTRODUCTION

The use of auxiliary tones for the purpose of synchronization in digital com-
munication systems goes back in the early 60’s. For example Bennett and
Davey report in [43] a method of transmitting reference carrier informa-
tion by employing a sinusoidally modulated tone outside of the data signal
bandwidth. The frequency of this auxiliary tone and also the frequency of
its modulation are chosen to be harmonically related to the frequency of
the data carrier. At the receiver they describe a CRS by which both the
original carrier and any amount of frequency offset due to drifts can be
obtained from the pilot signal. Lucky et al. describe in [42] a2 method of
inserting a pilot tone at the carrier frequency for Vestigial-Sideband (VSB)
and Single-Sideband (SSB) transmission applications. However, for VSB
systems to ensure that the extracted pilot tone is free of data signal energy,
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the baseband data signal is passed through a high-pass filter. This filtering
guarantees that after modulation no data signal energy will exist around
the carrier. Nevertheless, the loss of low-frequency energy has the effect of
adding a great deal of ISI. This condition can be corrected at the receiver
by employing dc restoration by which the demodulated baseband signal is
processed by a feedback circuit which essentially reinserts the low frequency
of the digital signal which were removed at the transmitter [44],[45].

A different approach to the same problem is to employ coding schemes,
such as Manchester coding [38], delay modulation [38], Feedback Balanced
Codes (FBC) [46] e.t.c., to suppress the spectral power of the digital sig-
nal near the carrier. In all cases this is achieved by increasing the re-
quired transmission bandwidth. Here we will briefly describe the FBC
scheme, since it is the most bandwidth efficient spectrum suppressing cod-
ing method.

The basic idea behind this coding scheme is to ensure that the summa-
tion of all transmitted digital symbols is on the average zero, thus creating
a null at the DC of the baseband spectrum or equivalently at the carrier
frequency [46). This is achieved by first dividing the transmitted symbols
into frames (groups) of N symbols. In each of these groups one framing
symbol, which does not carry digital information, is inserted. Summation
of all the data in one frame is calculated and its sign is compared to that
of the summation over all frames so far. If the summation of the frame
has the same sign as the summation over the sum of all foregoing frames,
all the data in the frame are inverted. The framing symbol carries the in-
formation whether the data are inverted or not. The disadvantages of this
coding scheme is that it increases the transmission bandwidth requirement
due to the insertion of the redundant framing bit and also that it increases
considerably the system complexity both at the transmitter and receiver.
Different versions of FBC codes having been applied to high capacity digital
radio systems are given in the recent references [47]-[49].

During the last ten years or so, there has been a growing interest in
employing pilot tones for digital mobile and digital line-of-sight microwave
system applications. As a result a number of papers have appeared in
the open technical literature describing techniques that seek to reduce
the effects of multipath fading at the receiver of land mobile and mobile-
satellite links through the use of pilot-based calibration processes [50]-[58].
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Such pilot-aided modulation techniques have appeared under various titles
such as Feed-Forward-Signal- Regeneration (53], Transparent-Tone-In-Band
[54],(55], Dual-Pilot-Tone-Calibration-Technique which is also referred to as
Dual-Pilot-System (DPS) [56] and Tone-Calibrated-Technique [57],[58].

The basic concept of all these techniques is to transmit pilot tones at
convenient frequencies in the vicinity of the data signal and then extract
the pilots and subsequently from them recover the carrier at the receiver
with the channel impairments intact. From all these schemes the DPS
seems to be the best compromise between bandwidth efficiency and system
complexity. Furthermore, the performance evaluation results for a Binary
PSK (BPSK) system, which are reported in [56] indicate that it outper-
forms all other equivalent pilot-aided modulation techniques. For mobile
radio applications, having a relatively low bit rate (typically 4.8 kb/s) the
DPS has some limitations, including error floors. However, for higher rate

systems (typically above 1.544 Mb/s) DPS have been found experimentally
to be most valuable in SCPJ cancellation [32],(15].

Fig. 2.1(a) illustrates the transmitter DPS signals, whereas Fig. 2.1(b)
represents its carrier extraction subsystem. In [56] apart from the fact that
the analysis was restricted to a BPSK scheme operated in a mobile-satellite
environment, one of the assumptions used was that the characteristics of the
pilot extraction filters PBPF, and PBPF. have ideal amplitude and phase
characteristics. However it is well known that in practice filters always
introduce distortion and therefore the matter has to be investigated further.
Moreover, in applications where SCPJ is the main source of degradation (for
example in microwave digital radio systems) the DPS performance should
be analyzed and evaluated employing more spectrally efficient modulation
schemes. Thus the objective of this chapter is to analyze the DPS system
performance in a SCPJ environment by employing a 16-QAM signaling
scheme. However, before we proceed with the system description, analysis
and evaluation a chronological note is in order.

2.2 A CHRONOLOGICAL NOTE

Although the DPS configuration [56] was first published in a refereed jour-
nal (IEEE Transactions on Vekicular Technology) in the May 1986 issue,
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Figure 2.1: Dual Pilot System (DPS) configuration:
(a) Transmitted signal power spectrum.
(b) Carrier extraction subsystem used for QPSK as well as for more spec-

trally efficient systems, such as 16-QAM, 64-QAM,... .
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we became aware of this paper at the end of December 1986. We began
independently to investigate the DPS scheme as it applies to SCPJ can-
cellation in microwave digital radio systems in March 1985. Some of the
methodologies and results which will be presented in this chapter and also
in Chapter 3 which employ the DPS configuration were included in the
following publication of ours:

1. Ref. [59], which was completed in May 1986 and was presented to my
Ph.D. advisory committee in June 1986.

2. Ref. [60], which was completed in August 1986.
3. Ref. [61], which was a preliminary version of Ref. [63)].

4, Ref. [59] contains some preliminary results of [64], which employs
the same DPS for in-band pilot insertion applications. A detailed
description and analysis of the in-band pilot insertion scheme will be
presented in Chapter 3.

5. Finally, most of the results of this chapter were published recently in
the IEEE Transaction on Broadcasting [105].

2.3 DPS-QAM RECEIVER ANALYSIS
AND 5CPJ MODELLING

The received digitally modulated signal plus the two pilots are corrupted
by SCPJ, denoted as ¢(t), and additive Gaussian noise with a double-

sided power spectral density of Ny/2. Mathematically, these signals can be
represented as:

Z(t) = Apcosf(we+uwp)t+ $(t)]
+Ap cos((w. — wp)t + 4(2)]
+51(t) coslwet + ¢()] + Sq(t) sinfw.t -+ 4(t)]
+Ni(t) cos(w,t) + N,(2) sin{w,t). (2.1)

In Eq. 2.1 the first two terms represent the pilot tones of amplitude 4,
and of radian frequencies w, &+ w,, whereas the last two terms represent the

24




bandpass Gaussian, i.e. thermal noise, with each of its components N;(t)
and N,(t) having a variance of No( BW)/2, with BW being the equivalent
noise bandwidth of the noise bandlimiting predetection filter BPF' (Fig.
2.1). The M-ary QAM signal is represented by the third and fourth term
of Eq. 2.1, where w, is the carrier radian frequency and S;(t) and Sg(t) are
given by:

Sitt) = Y Lgr(t—nT)
Sa) = 3 Quarlt—nT). 2.2)

I, and Q, are independent random variables representing the data infor-
mation (symbols). They are taking equally likely values from the alphabet
{£1,43, ..., £vV/M —1} for M = 4, 16, 64,..., T is the symbol duration and -
gr(t) is the impulse response of the baseband transmit filter.

In general, the extracted pilot signals ¢.(t) will depend on both ther-
mal noise, which has a variance of NoB'/2, with B’ the pilot extraction
bandwidth, and on the transfer function of the extraction filters PBPFL.
However, it is shown in [56] that the degradation for a BPSK system, due
to the thermal noise which corrupts the extracted pilots, is negligible if
B'T < 0.02. Therefore, under this assumption the thermal noise effects
on the extracted pilot signals can be neglected. It should be noted that
this assumption would be valid for a more spectrally efficient modulation
scheme, if the product B'T was even smaller. As an example, we intuitively
expect that for a 16-QAM system B'T < 0.001 should be enough. In any
case, for the rest of this chapter we will assume that B'T is small enough,
so that the thermal noise effects on the extracted pilots can be neglected.

In view of this, the extracted pilot signals can be written as :
cx(t) = A% cos[(we & wy)t + 6(2)] (2.3)

with A¥ and 6,(t) being the distorted amplitude and phase characteristics,
respectively, due to the transfer function of the PBPF;. As shown in Fig.
2.1(b), to obtain the recovered carrier ¢(t), c.(t) and c.(t) are multiplied,
afterwards the harmonic at 2w, is extracted and finally the resulting signal
is frequency divided and amplified by 2. Thus, the recovered carrier can be
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written as: .(8) + 6.t

_.:*.'.____5;(_).] (2.4)
As well known, this frequency division by 2 results in a 180 degree ambiguity
which is associated with the recovered carrier ¢(¢). This can be resolved
by the usual process of differential encoding of the inpuf data I, and Qn
(see Eq. 2.2) at the expense of a slight increase in the error probability
performance [38]. For any QAM system this increase will be not more than
twice the error probability of that of an uncoded system or in equivalent
C/N degradation not more than 0.3 dB at a symbol error probability of
P = 10~* [68]. The receiver of the DPS-QAM system is shown in Fig. 2.2.
The demodulated baseband I- and Q-channel signals are given by:

Zi(t) = AFA;{gn(t) ® Si(t) cosl(t)] + gr(t) ® Sq(t)sin[y(t)] + n(t)}
Zq(t) = A¥A;{ga(t) ® Sq(t)cosiy(t)] — ga(t) ® Si(t)sinfy(t)] + n(t)}
4(t) +6_(2

A0 = gy 202D 2.5
and n(t) being a Gaussian noise process with power No(BW)/2, ga(t) the
impulse response of the baseband receive filters and ® denoting convolution.
In deriving Eq. 2.5 we have assumed that the bandwidth of gg(t) is less than
wy, so that the pilot signals are filtered out. As the pilots are transmitted
outside of the bandwidth which is occupied by the digital signal, this is
a practical assumption. Furthermore, we make the usual assumption that

the cascade of gr(t) and gr(t) satisfy Nyquist’s I criterion [14, Chapter 7},
ie.:

c(t) = AT A7 cos[w.t +

gr(nT) @ ga(nT) =1 V¥ n. (2:6)
Therefore, the sampled signals Z;(nT) and Zg(nT') can be expressed as:
Zi(nT) = A} A;{Icos{y(rT)] + Qnsin[y(nT)] + n(nT)}
Zo(nT) = A} A;{Qncos[y(nT)] — L sin[y(nT)] + n(nT)}. (2.7)
It is clear from the above equation that a complete SCPJ cancellation occurs
when v(nT) = 0.

Before we proceed any further a discussion of the nature of the SCPJ,
(1), is in order. Several models for ¢(t) have been adopted in the tech-
nical literature, including Gaussian [21], Tikhonov {5] and sinusoidal {65]-
[67],[78]-[80], depending on the application. In this paper we will adopt the
model of sinusoidal phase jitter due to mainly two reasons.
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Figure 2.2: Receiver structure of a DPS-QAM system. The carrier re-
covery/phase cancellation (tracking) subsystem described in Fig. 2.1(b) is

assumed.



1. It has been found experimentally that sinusoidal phase jitter is a good
first order approximation of SCPJ, particularly phase jitter caused by

power supply ham, ground loops and interference {35],[65),(66],(78]-
[80].

2, Tt allows the subsequent mathematical analysis to be tractable and
therefore in some cases closed form expressions of the system perfor-
mance can be obtained.

However, it should be mentioned that the method of cancelling SCPJ ap-
plies to other SCPJ models. For example, SCPJ cancellation was success-
fully applied for a 1500 km non-regenerative microwave system, employing
a 1.544 Mb/s 256-QAM modem ([32]. In this terrestrial system the SCPJ
is more complex than the assumed sinusoidal distribution.

In view of the above reasoning the SCPJ can be represented as:

#(t) = A cos(wmt) (2.8)
with 3 its amplitude (in rads) and w,, (=27 f,) its radian frequency. Practi-
cal experience shows ttat 8 < 0.2 rads (11.5 degrees zero-to-peak), whereas
fim can take values up to a few hundred Hertz, depending on the applica-
tion [65]-[67],(78]-[80]. In the next sections we will first derive the exact
symbol error probability of a 16-QAM system in the presence of combined
additive white Gaussian noise and system caused phase jitter 7(¢). Then,
by using the derived expressions we will theoretically analyze and evaluate
the impact of both the extraction bandwidth B' and the nonideal trans-
fer function characteristics of the pilot extraction filters PBPFy on the
16-QAM DPS performance.

2.4 EXACT SYMBOL ERROR RATE
EVALUATION OF A 16-QAM
SYSTEM IN THE PRESENCE
OF SCPJ AND THERMAL NOISE

Since 16-QAM has a quadrant symmetry we need to consider only the signal
constellation showr in Fig. 2.3. Assuming that the transmitted symbols for
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both I- and Q-channels take values from the alphabet {+1,+3}, then the
square root of the ratio of the bit energy to the double-sided noise power
spectral density is given by [11]:

39

Ty = S—NO.

(2.9)

If we make the usual assumption, that the I;robability of error is dominated
by symbol errors made between adjacent signal points, the conditioned on
the SCPJ v symbol error probability Pg/., can be written as:

Pgjy = 1= (1~ Peaj)(1 = Peppy)(1 = Peejy)(1 — Peppy)  (2.10)

with Pgi 1 = {4, B, C, D} the error probabilities of the symbols A4, B,
C, D, conditioned on 7.

From Fig. 2.3 one can easily see that, the condxt:onal probability of the
symbol A to be in error is:

*

Pgajy = Ppar+ Pgaz — PearPeaz (2.11)
with Pg.y, and Pg4, given by:

Pg4r = 0.5 erfe(as Ty)
Pg a2 = 0.5 erfe(a,Ty).

a,, a; can be expressed as:

a; =3 (cosy —siny) —2
a; = 3 (cos+y +sinvy) — 2

and erfc(x) is the complementary error function which is given by:

o(x) = o= [ t%)dt 2.12
erfe(x —\/—7?.[( exp (—t*)dt. (2.12)

Similarly, Pgg, which equals to Pge because of the symmetry of the 16-
QAM constellation, can be derived as:

Pgpjy =1—(1 = Pgp1)(1 = Pgpz)(1 — PEsa) (2.13)
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Figure 2.3: Signal constellation changes of a 16-QAM system, which is cor-
rupted by SCPJ 7. Due to symmetry, only the points of the first quadrant
are shown.
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with

PEB]. = 0.5 BI"fC(bng)
PEBZ = 0.5 erfc(bzl"b)

PEB3 = 0.5 erfc(b_gr‘b)
and
B = v10[0.95cosy —0.31sin7y] —2
b, = V10 [0.31cos~ + 0.95sin+]
b3 - 2—62.

Finally, Pgp is given by:

PED/'y =1—(1-Pgp)(1 - ngz)(l — Pep3)(1 - PED.;) (2.14)

with
PED] = 0.5 el'fC( d; rb)
PED2 = 0.5 erfc( dgl"b)
PEDB = 0.5 erfc(dsl"b)
PED4 = 0.5 erfc(d4 Fb)
and
dy = cosy—siny
d; = cosvy+siny
d3 = 2- dl
dy = 2—d,.

By averaging Pg/, over all possible values of v the exact symbol error,
Pz, can be evaluated. We have obtained results for the performance of
the 16-QAM system operated in the presence of sinusoidal SCPJ and ad-
ditive white Gaussian noise. These results are summarized in Fig. 2.4 and
are presented for different values of 5. From this figure it is clear that,
for # > 0.2 rads the performance degradation of the 16-QAM system is
unacceptably high for almost any practical application. However, as we
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Figure 2.4: Impact of the amplitude B (in rads) of the sinusoidal SCPJ
on the Ps = f(C/N) performance of the 16-QAM system. The results are
independent of the frequency of the sinusoidal interferer. For § = 0, the

performance is the same as that of an ideal 16-QAM system, i.e. without
any SCPJ.
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will see later on, by using SCPJ cancellation (tracking) techniques, the
performance of the 16-QAM systems in the presence of SCPJ could be con-
siderably improved. One other interesting observation is that the obtained
results are only a function of 8 and do not depend on the frequency fm of
the SCPJ. The reason for this is the previously described averaging of the
individual symbol error probability of all 16 states over one full cycle of the
sinusoidal SCPJ. We verified this result by evaluating the symbol error rate
performance of the 16-QAM system for a number of different frequencies

-

2.5 IMPACT OF THE IMPERFECT
EXTRACTION FILTERS
ON THE DPS 16-QAM
SYSTEM PERFORMANCE

2.5.1 Wideband Systems

For these systems the extraction filters bandwidth B’ is wide enough so
that all the unwanted SCPJ is extracted together with the pilot tones. In
the case of sinusoidal SCPJ the bandwidth which it occupies is theoreti-
cally infinite. Thus, this wideband system is unrealistic in the sense that,
since it requires an infinite bandwidth to extract all the unwanted SCPJ,
the amount of thermal noise which gets also extracted will become pro-
hibitively high. However, it is instructive to analyze this case and compare
its results with that of the narrowband system, so that conclusions can
be reached about the optimal value of B’. Furthermore, it should be men-
tioned that practical experience has shown that the extracted thermal noise

does not cause any significant performance degradation as compared to the
degradation caused by SCPJ [52]-[58].

With the above in mind, for a wideband system employing ideal but non-
identical extraction filter characteristics as shown in Fig. 2.5, the distorted
phases of the extracted pilots can be written as:

62(t) = Booslum(t — )] (2.15)
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with 7, and 7_ being the delay of PBPF, and PBPF_ respectively. More-
over, it can be easily seen that for the DPS-QAM system the require-
ment for total SCPJ cancellation in this case is 7, = 7 =0 or in general
(t)wm = n(27) with n = 0, 1, 2,.... Thus, although the extraction fl-
ter characteristics are ideal, i.e. linear phase and constant amplitude as
functions of frequency, the DPS-QAM system will suffer degradation if the

above mentioned conditions are not met. Clearly, in this case y(t) is given
by:

~(t) = B{coswyt — cos[wm(E——T-)] cosfwp(t — 1--"'—--‘;—T—_)]} (2.16)

2
A geometrical interpretation of Eq. 2.16 in terms of vectors is illustrated

in Fig. 2.6, from which it can be easily seen that:

|7(t)|.,.+=.,.__ > h(t)!-q.;ér. (2.17)

with |y(t)| representing the magnitude of 4(t). Clearly the scenario 1, =
r_ = T can be considered as a worst case performance for a given value of
7. In this case, Eq. 2.16 can be rewritten as:

Y(E)|rpmro=r = B{coswmnt — coslwn(t — 7))}
= 28 sin(wm%) sinfwn(t — %)].
In order for a system which employs the SCPJ ca.uce]latidn to perform bet-

ter than a ‘conventional’ (i.e. without any SCPJ cancellation) the following

relation should be valid:
28 sin(wm-g) sinfwm (t - %)] < B.
It is easy to show, that the above condition can equivalently be rewritten
as:
1

T

6fm
We have evaluated this wideband system by using the analysis which

was described in Sections 2.3 and 2.4. The results obtained for the worst
case T3 = T— are presented in Fig. 2.7, in terms of Carrier-to-Noise Ratio
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Phase responses
of PBPF_

Figure 2.5: Linear phase responses of the ideal PBPFL. Their amplitude
responses are assumed to be 1 and constant over the bandwidth of interest.
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T,+T

—)) cosly (b= —5—))

A=
cos (qu(

Figure 2.6: Rotating phasor representation of the two terms of Eq. 2.16.
Both terms (i.e. A and cosw,,t) are assumed to rotate with a radian fre-

quency of wm.
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C/N degradation
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at PS—IO

(dB)

————e—. !SCPJ cancelled

T ey —— ——

ino cancellation

X: T,=T =T Q: T,=T =1
B=O.1{ + 3:0.2{ + -

O: T,=1; 1_=0

Figure 2.7: C/N degradation of the DPS 16-QAM system for wideband
extraction filters and as a function of the constant group delay r.
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(C/N) degradation (at. Ps = 10™*) as compared to an ideal (i.e. with-
out any SCPJ) 16-QAM system. Additionally, we have also included the
previously (see Section 2.4) obtained performance degradation results of a
16-QAM operated in the presence of SCPJ. From this figure we can observe
firstly the periodic nature of the system degradation. This suggests that by
introducing the appropriate delay, i.e. 7 = 7= = 2nw/wy, withn =0, 1,
2,..., the system degradation can be reduced considerably as compared to
the narrowband system. Secondly it is clear that the requirement of having
the appropriate delays becomes more severe as 3 increases. For comparison
purposes we have included in the same figure similar results for the case
where 7— = 0. It is interesting to observe that the system degradation is
much less for the case where 7, = 2K,7_ = 0 as compared to an equiv-
alent case of 7, = 7— = K. This suggests that it is more appropriate to
ensure that one of the delays is minimized, rather than having both delays
small but nonminimized, especially for applications with relatively high 3.
Finally, it should be mentioned that for all cases the maximum system
degradation occurs for 74 = T = T/wp,. '

#

2.5.2 Narrowband Systems

For these systems, the extraction filters bandwidth B’ is not wide enough, so
that only part of the SCPJ is extracted. As a result we should expect some
additional degradation, which should depend on the extraction bandwidth
B’'. To demonstrate this point, let us assume for convenience that 7. =
r— =0, and consider the extreme case where B' < wp /™ in which only the
frequencies w, & wy are extracted. Thus, from Egs. 2.3, 2.5 1t follows that:

~(t) = B cos(wmt). (2.18)
Evidently, in this case we did not achieve any SCPJ cancellation. As men-
tioned before, these narrowband systems are more realistic and practical
than their wideband counterparts, so therefore we will somewhat generalize

our methodology to include both amplitude and group delay distortions for
the extraction filters PBPF...

As shown in Fig. 2.8 these filters will extract frequency components of
the sinusoidal SCPJ which are located at wg & wy,, where:

wo = W £ wp. (2.19)
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Then the phase jitter to be extracted, vu.(%), is given by:
Yeve(t) = Jo(B) cos(wot) — J1(B){sin[(wo + wm)t] + sinf(wo — wm)t]} (2.20)

From the above equation and by representing the transfer function of the
extraction filters PBPF. as in Fig. 2.8(b), the extracted pilot signal c..(t)
can be written as:

e () = Jo(B) cos(wit)—J1(B){ By sin{(wy+wp Jt—D1 1]+ sin[(wy —um()t+D2+]}
2.21)
with Dy, and Ds4 given by:
Dyy = wnty + Ady
D2+ = Wy T + Aﬁ.;..
Also, without any loss of generality, we can assume thiai E; =1 and E; =
1+ ey, so that Eq. 2.21 can be rewritten as:

ce(t) = Jo(B)cos(wit) — Ji(B){e+ sin[(wr + wp)t — Day]
Dyy -;D2+ ) sin(wmt + Dyy ‘; Dyy N3}.(2.22)

Expanding the trigonometric terms of the above equation the following
expression for ¢, (t) can be found:

c+(t) = G4 cos{wt) + Hy sin(wt) (2.23)

where G, and H, are given by:

+2[cos(wpt —

i Diy+Dsy, . Dip—D
Gy = Jo(B) + J1(B)[es sin(wmt — Day} + 2 cos(wmt — 1+ '; 2+)sm( 1+ . 24 )
H, = Ji(B8)|es sin(wmt — Day.) + 2 cos(wpt — Dhy -;D2+ ) cos(DH' ; Ds, 1l

In a similar manner, the following expression for the other extracted pilot
c..(¢) can be obtained:

c-(t) = G- cos{wst) + H_ sin(wst) (2.24)
where
G- = Jo(B) + J1(B)[e- sin{wmt — D2_) + 2 cos(wmt — D, - -; D,.. ) sin D,_ ; D,_ )
D,.+D Do — Dyl

H_ = Ji(B)[e-sin(wy,t — Do) + 2 cos(wyt — 2 27 ) cos( 5 )]
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D,_ and D, of the previous equation are given by:

Di. =wnT- + A
Dy =wpr- + Ab_.

In Eqs. 2.20 — 2.25 Jo(B), J1(B) are Bessel functions coefficient of the
first kind. ey denotes the amount of fluctuation of the transfer function of
the extraction filters whereas A¢s and AS, their phase distortions, all at
wo W (wo = w, £ w,), as shown in Fig. 2.8(b). By multiplying c,(t) with
c-(t), extracting the frequency components at 2w,, frequency divide and
amplifying the resulting signal by 2, the recovered carrier can be written
as:

o(t) = A cosfw,t + A(t)] (2.25)

with

A?=(G,G_-H,H )+ (G H.+H,G.)"
G.H_+H,G_
- -1, 5+ +
A(t) = —0.5tan™!( GG —H. =)-

Finally, by using the above expression for A(t) and Eq. 2.5 the following
equation follows:

Gy H_ + G_H+)
G4G_—H.H_."
Egs. 2.10 and 2.26 are used to evaluate the C/N performance degradation
as a function of the different filter imperfections, similarly to the wideband
system case. The obtained results are presented in Figs. 2.9 and 2.10 hav-
ing the amplitude, ex, and phase distortions, Az, Ay, respectively, as
parameters. Fig. 2.9 presents the C/N degradation at Ps = 107 as a
function of the amplitude variation of the extraction filters, for {ey| = |e_|
and e. = 0. From this fizure we note that for higher 3 the system is more
sensitive to amplitude fluctuations. However, since B’ is relatively small,
these fluctuations should be typically less than 0.12 (0.5 dB); therefore am-
plitude distortion should cause small C/N degradation, even for g = 0.2.
Fig. 2.10 presents the system degradation as a function of the phase distor-
tions A¢. and Adi. We considered the worst case in which all distortions
are the same, i.e. Ag, = Ap_ = A, = Aé_, and also the case where one

v(t} = B cos(wmt) — 0.5 tan™"( (2.26)
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(a)

(b)

Figure 2.8: (a) Specirum of the sinusoidal SCPJ with ¢(¢) = 3 cos(wmt).
(b) Nonideal transfer function of the extraction filters PBPF,, having an
extraction bandwidth of B’ with 2f,, < B’ < 4fn.
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C/N Degradation
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Figure 2.9: C/N degradation of a 16-QAM DPS with narrowband pilot
extraction filters as a function of their amplitude variation e.




C/N degradation
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Figure 2.10: C/N degradation of a DPS 16-QAM system with narrowband
pilot extraction filters as a function of their phase distortion ¢.
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of the filter distortions is equalized, i.e. Ady = Aé_ = 0. The trend of the
results is similar to that of the linear phase case (Fig. 2.7) although the
degradations are generally higher.

For all the results which were presented in this section we did not include
the degradation which results from the additional power that is required to
transmit the pilot tones. Towards this end, let us assume that a suppressed
carrier QAM ! system requires C power to operate at a certain symbol error
rate Ps. If the inserted pilot tones require power of mC to be transmitted,
then the total required power C' for the dual pilot QAM system to operate
at the same symbol error rate Ps is given by:

C' =C +mC. (2.27)

In other words, the additional power allocated to the pilots will cause a
C/N degradation, Dy, of:

D, (dB) = 10log,(1 + m). (2.28)

Table 2.1 presents the values of D, for different values of m. It is clear from
this table that m has to be small, so that the degradation of pilot based
QAM system is not significant. It is felt, for all practical purposes, that
Mmaz = -10 dB (or 0.1) should be the maximum level of the pilots, so that
D, is not more than 0.4 dB. Thus, by including the additional degradation
of 0.3 dB which results due to the differential encoding of the input data
(see Section 2.3) the total degradation Dpps which is present in our DPS-
QAM system is 0.7 dB. Since this Dpps is inherent to any transmission
scheme which employs the DPS and further to concentrate our attention to
the degradation resulting from previously described system imperfections,
we did not include it in our analytical performance evaluation results.

Before we proceed to a comparison of the analytically derived results
with a number of experimental results obtained by measurements, we will
first describe in the next section the design and implementation aspects of
a prototype 16-QAM DPS.

1The discussion which follows applies also to any other suppressed carrier digital mod-
ulation system.




m |m(dB)| D, (dB)
0.001| -30 0.0043
0.01 -20 0.043

0.025 -16 0.11
0.1 -10 0.41

0.25 -6 0.97
0.5 -3 1.76
1.0 0 3.0

Table 2.1: Equivalent C/N degradation D, due to the power which is
required to transmit the pilot tones. m is defined as the ratio of the power
of the pilot tones divided by the power required to transmit the digitally
modulated signal.

2.6 DESIGN AND IMPLEMENTATION
CONSIDERATIONS OF AN
EXPERIMENTAL 16-QAM DPS

In order to verify the validity of our theoretical results and gain a further
physical insight of the previously obtained analytical results, we designed
and implemented a prototype 16-QAM DPS.

At this point an important note is in order. It turned out that the
successful realization of this experimental 16-QAM DPS was a challenging,
rather difficult and generally speaking time consuming task. We estimated
that we have spend the equivalent of 7-8 months of full time efforts in
designing, implementing and of course making the modem work. However,
since we consider that experimental research is of equal importance as theo-
retical and computer simulated work, it is felt that undertaking this project
was more than a worthwhile task.

The block diagram of the 16-QAM DPS transmitter and receiver are
shown in Figs. 2.11(a) and 2.11(b), respectively. The main purpose of
this section is to briefly describe the design and implementation philoso-
phy/methodology of the individual blocks of Fig. 2.11. Detailed circuit
diagrams of this experimental 16-QAM DPS and a brief description of the
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signals involved are given in Appendix A.

Let us first start with the transmit, gr(t), and receive, ggp(t), filters
since their frequency characteristics will determine the system’s bit rate.
Both of them are square root « (\/a) raised-cosine filters having an excess
bandwidth of 20% and a Nyquist frequency of fy = 100 kHz. ? In the
transmit filter an (z)/sin(z) aperture equalizer is included, so that the
overall filtering strategy theoretically satisfies Nyquist's I criterion. These
filters were designed and build by Karkar Electronics, Inc. (a unit of Signal
General). As well known, the Nyquist rate of 100 kHz corsesponds to a
symbol rate of fs = 200 kBaud/s which in turn implies that for a 16-QAM
modem a bit rate f, = 800 kb/s should be used.

In the transmitter, this 800 kb/s rate binary signal is commuted by
means of a Serial-to-Parallel Converter (SPC) into two independent binary
bit streams (I- and Q-channel), each having a rate of 400 kb/s. Both of these
binary (2-level) bit streams are converted into 4-level digital signals, which
have a symbol rate of 200 kBaud/s. In order to ensure that an error in an
adjacent level of the received signal results in only one bit error the output
of the 4-level converter is Gray coded. The implementation of the SCP as
well as the 2-to-4 level converters was realized by employing standard TTL
and CMOS devices, such as 74LS04, 74L.S74, 74LS393, CD4098, CD4013
and others. Furthermore, two Digital-to-Analog Converters (DAC08CD)
as well as a number of operational amplifiers (TL084 and LM318) and two
line drivers (LH0002). To achieve a symmetric system configuration, which
resulted in similarly behaving digital signals, it was decided to build the
baseband part of both I- and Q-channels on one card (CARD #1; see also
Fig. A.3).

For the same reason and furthermore to minimize the mutual interfer-
ence (due to mainly ground loops) between the baseband and RF signals,
the modulator for both I- and Q-channels was breadboarded on a separate
card (CARD #2; see also Fig. A.4). The pilot tones are added by using a
LM318 operational amplifier with the 4-level filtered baseband PAM signal
of the I-channel just before the upconverting mixer. Both level (4,) and
frequency (f,) of the inserted pilot signals can easily be varied. However,

2Their measured power transfer function indicated that they exhibit a 55 dB attenua-
tion at 120 kHz.
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Figure 2.11: Block diagram of the used experimental 16-QAM DPS. The
dashed lines indicate the plugboards (CARDS #1 - #35) on which the pro-
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(a) Transmitter structure.

(b) Receiver structure.
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the experimental results which we will report later on are for f, = 200 kHz
and with each pilot having power 13 dB below the 16-QAM signal power,
so that this additional energy allocation to the pilots does not degrade the
overall system performance more than 0.4 dB (see Table 2.1). Further-
more, this particular pilot frequency was chosen since it is the same as
the symbol rate, so that the timing signal can easily be obtained from the
pilot signals. In the same card the two modulated signals are added and
then transmitted to the channel. In designing the modulator we employed
standard Mini-Circuit devices such as phase shifters (PCSQ-2-1.5), power
dividers/combiners (MSC2-1) and double balanced mixers (SRA-1). Due
to the availability of these components and also to ease some of the imple-
mentation requirements the carrier frequency was selected to be f. = 1.5

MHz.

At the receiver, first the carrier and the symbol timing signal are re-
covered by using the configuration shown in Fig. 2.1(b) (CARD #3; see
also Fig. A.5). Afterwards both signals are fed into the quadrature demod-
ulator card (CARD #4; see also Fig. A.6). By employing similar to the
modulator Mini-Circuit devices the RF signal is demodulated in quadrature
and the two outputs are fed into the receive \/a=0.2 raised-cosine filters.
The filtered outputs are inputs to the 16-QAM decoder card (CARD #5;
see also Fig. A.7). This card, as shown in Fig. 2.11(b) employs 3 slicers
(threshold detectors) for each of the I- and Q-channel signals. The em-
ployed slicers are realized by 6 operational amplifiers (LM 311) and their
purpose is to quantize each of the received signals into one of the 4 trans-
mitted levels {£1,43}. In the absence of noise the quantized signals I and
Q2 are identical to the transmitted ones I, and Qn. The threshold levels,
Via1, Vinz and Vips are set properly in the horizontal middle (i.e. level) of
each eye of the eye-diagrams of both I- and Q-channels. Furthermore, the
sampling of each received symbol is adjusted so that it takes place in the
vertical middle (i.e. time) of the eye-diagrams. Then, through a straight-
forward logic two 4-to-2 level convertions take place and by means of a
Parallel-to-Serial Converter (PSC) both I- and Q-channels are combined
to generate a replica of the transmitted binary data. For the implemen-
tation of the 4-to-2 level converters as well as the PSC standard ICs have
been employed (e.g. 74LS02, 74LS04, 74LS08, 74L595, T4LS175, CD4013).
Photographs of the measured spectrum of the transmitted 16-QAM DPS
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as well as the demodulated signal constellation appear in Figs. 2.12 and
2.13, respectively.

To conclude this section, we would like to briefly point out the following
three design suggestions, which we have discovered during the implemen- .
tation and testing of the described 16-QAM DPS.

1. It is very important to ensure that the operating conditions and in
particular the input signal levels of the employed RF components
suggested by the manufacturer are met. 2

o

It turned out that improper matching between the employed raised-
cosine filters and the different modules had a major impact on the
16-QAM system performance. Thus proper care has to be taken in
order to ensure that all input and output impedances of the different
units are matched.

3. In order to ensure a time stable system operation we were forced to
employ a number of voltage regulators such as 7915, 7813, 7905.

2.7 PERFORMANCE EVALUATION
RESULTS OF THE
EXPERIMENTAL 16-QAM DPS

2.7.1 Experimental Set-up Description

A block diagram of the experimental set-up used for testing the 16-
QAM DPS is illustrated in Fig. 2.14. Further, a photograph of the
complete experimental set-up in the Digital Communication Labora-
tory of the Department of Electrical Engineering at the University of
Ottawa is shown in Fig. 2.15. During the course of the experiments

JAlthough this might be obvious to any experienced design engineer, we discovered by
designing and testing this modem that input signal power levels were often forgotten to
be adjusted to their proper value. This resulted in nonlinear operation of the used RF
devices, which in turn increased the overall system degradation.
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Figure 2.12: Measured spectrum of the transmitted 16-QAM DPS without
any Gaussian noise or SCPJ. The power, which is allocated to each of the
pilot tones is 17 dB below the data signal power.

Horizontal Axis: 50 kHz/div.

Vertical Axis: 10 dB/div.

Center Frequency: 1.5 MHz.

Resolution Bandwidth: 5 kHz.




Figure 2.13: Measured signal space diagram of the demodulated 16-QAM
DPS in the presence of sinusoidal SCPJ (8 = 0.1 rads and f,, = 9 kHz)
and additive white Gaussian noise (C'/N = 22 dB).



it became apparent that the key element in the system performance
are the characteristics of the pilot extraction filters PBPF... To sim-
plify the experimental prototype design, especially the requirement
for a relatively small extraction bandwidth B' for these filters, we
selected the frequency of the sinusoidal interference to be f, = 9
kHz. Although the chosen frequency is fairly high for a practical ap-
plication, our scope here is to verify the previously derived analytical
results. Furthermore, since the extraction bandwidth B’ is directly
related to fm, our results are valid assuming the values of both of
these parameters are linearly reduced. However, the drawback of
this approach is that now the extracted thermal noise is not negligi-
ble any more. To bypass this problem in the experiments the pilots
are extracted and further processed before the addition of the white
Gaussian noise, as shown in Fig. 2.14.

We have used 2 sets of extraction filters, 5; and S». Each set consists
of two bandpass filters with their center frequencies located at 1.3 and
1.7 MHz. Their measured transfer characteristics are summarized
in Table 2.2. The bandwidth B’ of S, will allow extraction of the
frequency components at fy and fy & fi,, whereas S; will extract fo,
fot fms fo £ 2fm and fo £ 3fm. It can be seen from Table 2.2 that
the group delay variations of both filters of 5; over the extraction
bandwidth are much higher than that of 5;.

CENTER EXTRACTION | AMPLITUDE | GROUP GROUP
FREQUENCY | BANDWIDTH | VARIATION | DELAY DELAY
fo(MHz) B' (kHz) € at fo | VARIATION
r'(psec) | AT (i sec)

Filter Set 1 1.3 21 1.74 35 2
(5,) 1.7 22 1.78 35 1
Filter Set 2 1.3 61 1.95 30 20
(S,) 1.7 60 2.19 28 i3

Table 2.2: Measured characteristics of the employed extraction bandpass
filter sets PBPF.,.
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Figure 2.14: Block diagram of the experimental set-up used to test the

16-QAM DPS.




National Library
of Canada

Canadian Theses Service

NOTICE

THE QUALITY OF THIS MICROFICHE
IS HEAVILY DEPENDENT UPON THE
QUALITY OF THE THESIS SUBMITTED
FOR MICROFILMING.

UNFORTUNATELY THE COLOURED
fLLUSTRATIONS OF THIS THESIS
CAN ONLY YIELD DIFFERENT TONES
OF GREY.

Biblioth&que nationale
du Canada

Service des th&ses canadiennes

AVIS

LA QUALITE DE CETTE MICROFICHE
DEPEND GRANDEMENT DE LA QUALITE DE LA
THESE SOUMISE AU MIiCROFILMAGE.

MALHEUREUSEMENT, LES DIFFERENTES
ILLUSTRATIONS EN COULEURS DE CETTE
THESE NE PEUVENT DONNER QUE DES
TEINTES DE GRIS.




“—MR))() JO AJIsIaaTUf) YY)
e SunrsamBuy Tesuyds|y Jo juauwireda(] 9y3 Jo L107e10qQBT UOHIBITUNUIWOS)
rendiq a3 ur dnjas peyuswitradxa a3a1durod ays jo ydeidojoyd :C1°g am3r1J

54



2.7.2 Experimental Measurements and Results

We first tested the 16-QAM modem back-to-back, i.e. with both the
carrier and the symbol timing signals hardwired, without any SCPJ,
i.e. only in an AWGN channel. The measured C/N degradation at
an error probability of Ps = 10~* was approximately 1.0 dB. Since
this represents degradation caused by the 16-QAM modem itself, it
will not be included in the subsequent results. In this way, a more
fair comparison betweer the measured and analytical results can be
made. The main source of this degradation is imperfect filtering, as
it can be seen from a photograph of the demodulated eye-diagrams of
the both I- and Q-channels, which is illustrated in Fig. 2.16. Further,
we tested the modem using the dual pilots to obtain both the carrier
and the timing recovery signals, again in the presence of only AWGN.
We employed the set of filters S; and by appropriately delaying the re-
ceived signal by 35 usec, we were able to achieve performance almost
identical to that of the hardwired modem. We used an amplitude
equalizer to adjust for the differences in the amplitude characteris-
tics of the extraction filters at 1.3 MHz and 1.7 MHz. As previously
mentioned, it is important to recognize at this point, that by taking
into account the power, which is allocated into the pilots (i.e. for our
experiments 10 dB below the power of the 16-QAM signal) as well as
the 0.3 dB degradation which will result due to the differential en-
coding of the input data, we end up having an additional degradation
of approximately 0.7 dB. However, this degradation is present to any
DPS (narrowband or wideband) and thus we will consider it of no
significance, as far as the scope of this work is concerned,

Finally, the 16-QAM DPS was tested in the presence of both AWGN
and SCPJ. The obtained results are summarized in Table 2.3 as C/N
degradation in dB at Ps = 10~*. The analytical results which appear
in this Table were obtained by employing the same methodology as de-
scribed in section 2.5 and using the appropriate filter characteristics.
We first experimentally verified the fact that in the case of no SCPJ
cancellation the C/N degradation is only a function of 5 and does not
depend on fn. As it can be seen from Table 2.3, the measured results
for B = 0.1 are very close to the analytically derived ones. Similar
results were obtained for values of 8 < 0.1. For 8 > 0.15 we observed
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Figure 2.16: Demodulated eye-diagrams of both I- and Q-channels of the
16-QAM modem, showing the ISI caused mainly by imperfect filtering.
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increased error floors occurring at an error rate of more than 1073,
which is for many practical applications unacceptably high.

By employing the filter set S, it became apparent that both ampli-
tude and group delay distortions caused by the bandpass extraction
filters had to be at least partially compensated for, so that perfor-
mance of less than 10~* could be achieved. In fact, in this case the
obtained error floors were higher than the equivalent (of same ) error
floors observed with no phase jitter cancellation. Thus, we designed
and implemented using standard operational amplifiers (LM 318) a
number of amplitude and group delay variations equalizers. These
equalizers were employed, as shown in Fig. 2.14, in cascade with the
pilot extraction filters PBPFy, so that they would cancel the intro-
duced amplitude and group delay variation distortions. Furthermore,
we similarly implemented a number of Linear Group Delay Systems
(LGDS), which were used to delay the received 16-QAM signal by up
to 40 usec, as illustrated in Fig. 2.14.

In Table 2.3, we present a summary of some of the obtained results.
With reference to the distortion compensation, they are divided into
two categories. The first one, referred to as partial distortion com-
pensation, presents results obtained for relatively small values of un-

!

compensated distortions (¢, 7, and Ar,). The second category sum-
marizes results obtained by employing maximal practically achievable
compensation for both amplitude and group delay distortions. Fur-
thermore, €. of S; was intentionally kept to a small value, since we
will compare this set cf filters with the wideband system case (Sec-
tion 2.5.1) where we assume that there is no amplitude distortion.
As it can be seen from this table, the measured results are in good
agreement with those obtained analytically. For example for 8 = 0.1
the differences are not more than 2.0 dB whereas for 8 = 0.1 they
are less than 0.5 dB. Furthermore, performance degradation within
0.2 dB from the theory was obtained by employing fairly wideband
extraction filters (B’ = 6.6f,,). This residual degradation is believed
to be due to nonideal distortion compensation. On the other hand,
using narrewband extraction filters (B' = 2.3f,) the residual degra-
dation was 0.9 dB. However, in this case the extracted thermal noise
will be lower, as compared to the wideband case, and this tradeoff
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should be considered in applications with low Signal-to-Noise ratio
and/or low bit rate systems.

2.8 CONCLUSIONS

An out-of-band pilot based method of extracting and cancelling SCPJ
was introduced and analyzed. It was demonstrated that by employing
a wideband pilot extraction system instead of the frequently employed
minimal bandwidth one, the system performance can be improved
considerably. Analytical results for the C/N degradation of a 16-
QAM system operated in the presence of sinusoidal, with frequency
fm, SCPJ were obtained as a function of the extraction filters band-
width B', as well as their amplitude and group delay distortions. It
was shown that in order to achieve efficient SCPJ cancellation it is
important to compensate for both of these distortions. However, as
far as implementation issues are concerned, group delay distortion
seems to be a more prominent source of degradation. Many of the
analytical results were verified by employing a prototype 16-QAM
DPS operated in the presence of sinusoidal SCPJ. All results indicate
that with proper distortion compensation for a peak-to-peak phase
jitter of 0.4 rads an extraction bandwidth of B' = 8.6fn resultsin a
negligible degradation, as compared to an ideal 16-QAM DPS.
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Chapter 3

IN-BAND PILOT
INSERTION FOR
SIMULTANEOUS
CARRIER AND SYMBOL
TIMING RECOVERY IN
AN AWGN CHANNEL

3.1 INTRODUCTION

As we have seen with great detuils in Chapter 2, the DPS is an effec-
tive means of performing two simultaneous functions at the receiver
of an M-ary QAM system, ! i.e.:

(a) Combat the effects of SCPJ.

(b) Provide a carrier and symbol timing reference for coherent de-
modulation and detection.

1Again here we would like to point out that although the DPS is a generic scheme
which can be applied to any digital modulation system, we will restrict our discussions
only to QAM modulation formats.
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Nevertheless there are a number of drawbacks associated with the
DPS. Apart from the fact that this scheme requires an excess band-
width to accommodate the pilots as compared to a SCS, one addi-
tional disadvantage is that the pilots are located at the ends of the
channel spectrum where amplitude and phase characteristics are least
stable. Furthermore, because the pilots are located near the edges of
the band, they are susceptible to adjacent channel interference.

One way of eliminating the required excessive bandwidth and to avoid
filter instabilities and adjacent channel interference, is the use of an
In-Band Dual Pilot System (IBDPS). Fig. 3.1(2) illustrates the pilots
and the data of such an approach, assuming the latter being a QAM
signal filtered by a raised-cosine filter of excess bandwidth a. From
Fig. 3.1(b), which illustrates the carrier recovery subsystem of the
IBDPS, it is clear that it has the same structure as that of the one
employed by the DPS (see Fig. 2.1). The only difference between the
two schemes is the values of the pilot frequencies w, = w, and the cor-
responding center frequencies of the pilot extraction bandpass filters
PBPF,. Despite the spectral efficiency of the IBDPS, as compared
to the DPS, the disadvantage of this scheme is that there is mutual
interference between the digital QAM signal and the pilots. As a re-
sult, both interferences have to be analyzed and their impact on the
performance of the QAM signal has to be evaluated. Furthermore,
due to the multiplicity of the interferences present in the IBDPS, it
was decided that our research efforts will focus on system applications
where the amount of SCPJ is negligible and therefore can be ignored.
In other words, we will assume that the proposed IBDPS-QAM sys-
tem is operated in an AWGN environment only. Thus the purpose
of this IBDPS is to provide the QAM receiver, by means of the two
in-band inserted pilot tones, with a simple method of recovering both
carrier and symbol timing reference signals for coherent demodulation
and synchronous detection.

It is of importance to notice that the IBDPS is a generic scheme which
can be also employed with other than QAM modulation formats,
such as for example Quadrature Partial Response (QPR) systems.
Nevertheless, we will restrict our work in the analysis and evaluation

of the IBDPS employing QAM signalling format.
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After this introductory section the rest of Chapter 3 is organized
as follows. In Section 3.2 we present a detailed description of the
IBDPS-QAM system. Furthermore, the interference of the inserted
pilots into the QAM signal and vise-versa are modelled and their
effect on the overall system performence is analytically evaluated. In
Section 3.3 we present performance evaluation results of a 16-QAM
IBDPS obtained by means of computer simulation as well as many

experimental results of a prototype 16-QAM IBDPS system. Finally,
Section 3.4 concludes this chapter.

3.2 IBDPS-QAM SYSTEM
DESCRIPTION AND
INTERFERENCE ANALYSIS

3.2.1 System Description

The received signal Z(t)}, which is corrupted by additive white Gaus-
sian noise with a two-sided spectral density of No/2 can be represented
as:

Z(t) = A,cos{(we+wpy)t] + Apcosf{w, —wp)t]

+ 57 cos(w,t) + Sq(t) sin(w,t)

+Ni(t) cos(w,t) + Ny(t) sin(w.t). (3.1)
In Eq. 3.1 2 the first two terms represent the pilot tones of amplitude
Ay and of radian frequencies w, = w,, whereas the last two terms rep-
resent the bandpass thermal noise with each of its components IV(t)
and N,(t) having a variance of No(BW)/2. BW is the bandwidth of
the bandpass filler BPF (see Fig. 3.1). The M-ary QAM signal is

represented by the third and fourth term of Eq. 3.1, where w, is the
carrier radian frequency and S;(t) and Sg(t) are given by:

Sit)= 3> Lglt—nT)

n=—o0

2The above equation is the same as Eq. 2.1 with ¢(t) = 0. However, for the reader’s
convenience we will repeat the description of the different signals which are involved.
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Solt)= Yo Quglt—nI). (3.2)

n=—co

I, and @, are independent discrete random variables (impulses) tak-
ing equally likely values from the alphabet {%1,+3,. VM -1} for
M =4, 16, 64,..., T is the symbol duration and g(t) is the baseband
pulse shape. We will assurne that g(¢) is the well-known raised-cosine
pulse with an excess bandwidth of a and also that g(t) includes both
transmit and receive filters. The Fourier transform of g(t) is given by

G(f) as follows:

1, for 0< f < 'T"'
&) ={ cof[E(f-2), for E<f<YE  (33)
0, for f >

It should be noted that for the pilots to be inserted within the band-
width occupied by the QAM signal their radian frequency, wy, has to
be: 3

0<w, < (1+ a)-;;. (3.4)

As stated before the IBDPS-QAM system suffers from two sources
of degradation. Firstly, there is interference from the pilots into the
QAM signal, thus causing system degradation. Secondly, since even-
tually we want to extract the pilot signals in order to recover the
carrier, as is shown in Fig. 3.1(b), there will be interference (data
phase jitter) from the QAM signal into the pilots, resulting in an
nonideal recovered reference signal. These two interferences will be
analyzed individually in the next section.

3.2.2 Pilot Interference Into the QAM Signal
3.2.2.1 Pilot Frequency Considerations

It proves to be instructive to investigate the interference mechanism
of the inserted pilot tone into the QAM system in an equivalent base-
band system. In view of this let us assume, without any loss of gen-
erality, that w, = 0. Let also {a,} be an arbitrary sequence with each

3wy is the baseband radian trequency of the pilot tones. For a modulated signal, ‘
however, it represents the pilots frequency offset from the carrier.
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symbol a, having a duration of T' and ¢}, its optimal sampling instant,
as shown in Fig. 3.2. The necessary and sufficient conditions for not
having any interference from an inserted pilot, p(t), of frequency f,
into the sequence {a,} are:

p(th) = Apcos(2r fit}) = 0 (3.5)
and at the same time
P(tn41) = Apcos(2m fitn,y) = 0. (3.6)
Equivalently we can write: '
{ i(r/2)
2nfotn =4 or (3.7)
I(37/2)
and
(r/2) + k=
2w fotn =4 or (3.8)
I(3n/2) + k=

with k,1 € {..,—1,0,1,..} .

From Eqs. 3.7, 3.8 and since ¢}, —t} =T, this condition becomes:

1
fp = k-éf (39)

The above equation indicates that an infinite number of nonzero fre-
quencies, namely (1/2T), (1/T),..., do not interfere with the digital
signal. However, the only in-band nonzero pilot frequency, which does
not cause any interference into a digital sequence of symbol rate T 1is
the Nyquist frequency fy=1/2T. Furthermore, as will be explained
later on in this chapter, by inserting the pilots at the Nyquist fre-
quency, we can at the receiver very simply recover both the carrier
and the symbol timing signal using the transmitted pilot tones.

Nevertheless, it should be mentioned that for f, = 0 there is also no
interference from the pilot tones into the QAM signal. In this case,
only one pilot tone is inserted at the carrier frequency (that is after
modulation). This system configuration, hovever, does not provide
a pilot based symbol timing signal at the receiver and therefore will
not be investigated further.
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Figure 3.2: Arbitrary sequence of transmitted symbols each having dura-
tion of T. The sampling instants ...,t;_;,5,%5,,,... are assumed to be the
optimum (i.e. result in minimum ISI).
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3.2.2.2 Pilot Level Considerations

As explained in Chapter 2, where we considered the DPS, the power
which is allocated for the transmission of the pilot tones results in an
equivalent C'/N degradation D,. The same arguments can be made
also for the IBDPS. In fact the results which were presented in the
later part of Section 2.5.1 and in particular in Table 2.1 are also valid
for the IBDPS. Here we will only summarize our previously obtained
results, i.e. that if the ratio m of the pilot tones to the power which is
required to transmit the digitally modulated signal is small (typically
m < 0.1) then this degradation D, is less than 0.4 dB.

3.2.3 Analysis of the QAM Signal Interference
Into the Recovered Carrier

Let us assume that the pilots inserted at the Nyquist frequency are
extracted by the extraction filters PBPFy, which have an extraction
bandwidth B’ with B' << 1/T, i.e. B’ < 0.01/T. The data interfer-
ence into the extracted pilot tones can be represented by two signals,
the in-phase to the pilots interference, i;+(t), * and the quadrature
interference, ig+(t). Further, since single frequency components (i.e.
the pilot tones) are to be extracted, we can assume that the delay
occurring from the pilot bandpass extraction filters PBPF),. can be
easily equalized. In view of the above, the extracted pilot tones e4(t)
can be written as:

ci(t) = A,cos[{w, Ewy)t]
+ ira(t) cos{(we £ wy )t} + igL(t) sin[(w, £ wp)t]. (3.10)

In the above expression of the extracted pilots c4(t), we did not in-
clude terms which represent the AWGN, The reason for this is that in
all spectrally efficient systems the carrier power (i.e. the data power,
which in our case is the dominating source of interference into the
extracted pilots) is much higher as compared to that of the Gaus-
sian noise. For example, a 16-QAM scheme which is operated at a

4The + and - signs fcr both iry and igx refer to the equivalent PBPFyx filters.
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Pg = 107 requires a C/N = 19 dB. This suggests that the Gaussian
noise interference is 19 dB below the data interference for a 16-QAM
scheme and thus can be considered to have a negligible effect on the
extracted pilot tones.

As shown in Fig. 3.1 and similar to Chapter 2 (Section 2.3), in order to
recover the carrier ¢(t), c;(t) and c_(t) have first to be mixed. After-
wards, the frequency component at 2w, is extracted by the bandpass
filter BPF; and finally the resulting signal is amplified and frequency
divide by two. Thus, as shown in Fig. 3.1, m(t) can be expressed as:

m(t) = {[4y + iz (][4 + i1 ()] — liga (t)ig- (£)]} cos(2wet)
+{{Ap + i1 (lig-(t) + [Ap +ir-(t)]iqe(8)]} sin(2wet) (3.11)

In order to simplify our analysis we will assume that the transfer
function of the pilot extraction filters are identical, ® so that the
interferences from botl} filters can be considered to be the same ¢ i.e.:

i(t) = ire(t) = i1-(2) (3.12)
and
iq(t) = iqs =iq-(t). (3.13)

Furthermore, since it is expected that the interference signals /(¢)

and ig(t) will be much smaller in amplitude than the pilot signals, 7
we can assume that:

[4, + ()] > iB(). (3.14)
In view of the above m(t) can be rewritten as:

m(t) = {[A, + i1(t)]*} cos(2wet)+{2[A,+i1(t)]ig(t)} sin(2w:t) (3.15)

5This is not a unreasonable assumption, since nowadays manufacturers can produce
filters which have fairly identical transfer functions. This is particularly true for crystal
filter implementations, such as the ones employed in our experiments, as we will see later
on in the chapter.

SStrictly speaking, the two interferences have the same statistics. However, by making
the assumption that they are equal, the subsequent analysis becomes mathematically more
trackable.

"We will see later on in this section that this is true due to the fact that we have
assumed that B’ << 1/T.
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or equivalently:

m(t) = \/ B} + B} cos(2w,t + Ogp;) (3.16)
with By, Bq and 84,;(t) given by:
Br = [4+i(®)’

Be = 2[4, +u(¥)lia(t)
gdpj(t) = —a.rcta.n(quB,-). (3.17)

Finally, after frequency dividing this signal by two, the recovered
carrier ¢(t) can be written as:

¢(t) = B cos|wet + Gap;(2)] (3.18)

with B = \/E + 32 the amplitude of the recovered carrier and

Papi(t) = Bupi(t)/2 belng the carrier phase jitter due to the extracted
QAM data interference.

As previously stated, due to the relatively small interference signals
i7(t) and ig(t) it is clear that the fluctuations of the amplitude B
of the recovered carrier will be small. Furthermore, by passing the
recovered carrier through an automatic gain control subsystem (or
simply a hardlimiter) these amplitude fluctuations can be removed.
Nevertheless, the data phase jitter ¢g4p;(), which results due to the
terms B; and Bg of Eq. 3.17 has to and will be analyzed further.

Pap;(t) can be rewritten in the following form:
2ig(t)
I
A + 31(?':)
Using Eq. 3.14, the above equation can be approximated by:
ig(t) _
Ap+ 1y (t)

Further, by assuming that A, > i,(t), we finally end up with the
following approximation:

bap;(t) = —0.5 arctan[———— (3.19)

¢dpj(t) =-

i)

Gup;(t) = — A
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Since it is more convenient to derive expressions for the equivalent
power of the interference signals, the variance of ¢qy;(t), 03, is given
by:
Trg
Ay
where Pjg is the power of the interference signal ig(t).
Fig. 3.3(a) illustrates the transmitted QAM signal with the pilot
signals inserted at the Nyquist frequency together and the QAM data
interference shown with a dashed area. Furthermore, in Figs. 3.3(b)
and (c), the low pass equivalent (in-phase and quadrature-phase) of
the interference signals are shown. Clearly the power, Py, of the
in-phase interfering signal i;(¢) is given by:
B2 /37
= —) d
Pu LBW(2) f
= 0.5B'. (3.21)
Similarly, the power for the quadrature interfering signal i5(t) can be
calculated as follows:

B'f2 T
P = j LEE
1Q 52 {cos[Z~ (.f

B2 T 1
= [y l5 -
B'[2 .\/ﬁ 2

—)} d
+./-B'/2( 2 ) &
B'[2 *T l—o
- —(f - if. .22
VE [ cosls(f =z ldf (3.22)

Straightforward evaluation of the above three integrals resu’*s in the
following:

' - _
Lo costlinir - 2225 = B2

o3 = (3.20)

1

-2 o

-a
2T

o7

I

-Bi/2 27
B'/2 \/i 2
_ = B'/2
JIRCOR /
B'f2 =T 1—a 4 7T B!
T . _ = 2o 2
ﬁ/_swcos[mx(f old = Zsin(C). (3.23)
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Figure 3.3: Data into the pilots interference considerations of the IB-
DPS-QAM system employing /& raised-cosine filters with the pilot tones
inserted at the Nyquist frequency. B’ is the bandwidth of the pilot extrac-
tion bandpass filters PBPF, .

(a) Transmitted (modulated) IBDPS-QAM signal spectrum. Due to the
symmetry only the positive frequencies are shown. The shape of the QAM
signal is given by \/G(f) of Eq. 3.3. The dashed areas represent the un-
wanted data interference into the extracted pilots.

(b) Baseband equivalent spectrum of the in-phase component of the ex-
tracted data interference.

(c) Baseband equivalent spectrum of the quadrature-phase component of
the extracted data interference.
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Therefore Prq is given by:

4a , wTB'
Pig=B'- E;sm( i ).
It is convenient to express the bandpass pilot extraction bandwidth B’
as well as the power which is allocated to the pilot tones Py, = A2

as a function of the symbol rate 1/T. Therefore let us represent B’
as:

(3.24)

=2
B'= (3.25)

with i being defined as the pilot extraction bandpass filters band-
width B’ multiplied by the symbol duration T. Furthermore, the
normalized power which is allocated to the QAM signal is clearly
given by the following equation: 8

1

ltg

7T 2 11'T -
Poam [_%a_ cos ['é;;(f— o7 Ndf
1

= 7 (3.26)

As explained in Section 3.2.2.2, Ppin, should be 10 dB below the
power of the QAM signal. Thus we have:

Finally, by substituting the results of Eqs. 3.24, 3.25 and 3.28 into
Eq. 3.20, the carrier phase jitter ¢ap; can be approximated by:

. Ppilots = O-IPQAM (327)
or equivalently:

t 1

: P 3.28
| 4 =107 (328)

o3 = 10[ — %—?- . sin(%)]. (3.29)

Plots of ¢4p; as a function of i and for several values of a are shown
; in Fig. 3.4. From this figure it is clear that for a given ¥ the amount
: of data phase jitter ¢,; depends on the excess bandwidth a of the

SHere we assume that the average energy of the transmitted symbols is unity.
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employed raised-cosine filters. The reason for this is the direct depen-
dance of ¢4,; on the quadrature component of the data interference
signal. Clearly, as is illustrated in Fig. 3.3(c), the amount of data
interference increases with o decreasing. However, for ¢ < 0.01, the
amount of data phase jitter becomes negligibly small.

3.3 COMPUTER SIMULATION
SYSTEM DESCRIPTION AND
PERFORMANCE EVALUATION
RESULTS

In this section we will present performance evaluation results of a 16-
QAM system employing the IBDPS scheme. The evaluation method-

ology which will be used is based on computer simulation as well as
experiments.

First we will briefly describe our computer simulation method and
discuss the system model employed. A number of simulated perfor-
mance evaluation results for a 16-QAM IBDPS will then be presented.
Finally, experimental results of a prototype 16-QAM IBDPS will be
reported. This prototype is essentially the same system which was
described and evaluated in Section 2.6 with the only difference being
that here the pilot tones are inserted within the bandwidth occupied
by the 16-QAM signal. Wherever possible comparison of both simu-

lated and experimental results with the previously obtained analytical
results will be made.

3.3.1 Computer Simulation System Description

In order to evaluate, by means of computer simulation, the perfor-
mance of the proposed IBDPS 16-QAM scheme we have employed the
quasi-analytical symbol error rate estimation technique [106]. The
main feature of this technique is that the probability of error is calcu-
lated for each symbol using an analytical expression. Thus, the aver-
age symbol error rate is computed by averaging the calculated symbol
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error rates for all received symbols. The quasi-analytical approach re-
sults in considerable savings in computer run-time by avoiding direct
noise simulation and symbol error counting, as is the case for Monte
Carlo simulation methods [106].

The block diagram of the employed computer simulation model of
a 16-QAM IBDPS is illustrated in Fig. 3.5. In the simulations the
binary non-return-to-zero data, which take values +1 or -1, for both
I- and Q-channel are generated by using a random number generator
subroutine. Using blocks of 2 bits for each channel we obtain the four
amplitude levels +:1,43 for the symbols I, and Q,, as shown in Fig.
3.5. The symbol rate fs is chosen to be 200 kBaud/s, i.e. 800 kb/s
for a 16-QAM system, since this bit rate is used in our experimental
16-QAM IBDPS modem, ° as we will see later on in the chapter.
Evidently, our results apply in general to other transmission speeds,
such as 1.544 Mb/s or 45 Mb/s.

We are transmitting 2! symbols for each of the I- and Q-channels with
each symbol represented by 32 samples. The transmit and receive
filters are ideal /& raised-cosine filters, having a roll-off factor a.
Since we are transmitting symbols each having a duration of T =
1/fs, a (z)/ sin(z) amplitude equalizer is added to the transmit va
raised-cosine filter, so that the overall filtering strategy satisfies the
first Nyquist criterion [14, Chapter 8]. The eye-diagram of this ideal
case with a = 1.0 is shown in Fig. 3.6. We can observe that at the
ideal sampling instants (i.e. middle of the eyes) there is no ISI. The
filtering process is performed using Fast Fourier Transform (FFT)
algorithms. For example, the complex signal which includes both
I- and Q-channel signals, is transformed to the frequency domain,
multiplied by the filter’s transfer function and then transformed back
to the time domain, The pilot signal is added to the 4-level signal of
the I-channel after the transmit filter.

In order to modulate this composite signal a complex sinusoid e2m/et
having a carrier frequency of f, = 1/T is used. We have conveniently
selected this carrier frequency in order to avoid the frequency division

®As previously mentioned, this experimental system is the same as the one described
in Section 2.6 with the only difference that here the pilot tones are inserted within the
bandwidth occupied by the 16-QAM signal.

75



UOTIBRTNITED

's/pregy 00g = 5/
mmﬁn .Hnﬂw - :@ _I_N
'Sdagl NyD-91 v

30 [spour uotemuits 13yndwod pafordute ary jo ureiSerp yporg :g'g emsiyg

(*sTAaTp *boxj
Inoylta ang
q1'¢ 814
01 IeTTWIS)
*A0DDY I9TaaAR)

uuupmﬁm

4

UoT3Iooja(g

A31TTqRqOId
1011y

1oquig

WVb-91

x4

1917 I -XY

asTou
UBRTSSOEY
ITYM

d d
Auupmvmou<

©
-
%3
21p1
ToquAs)
X Uys/x u
18/ hy)
L —= RvD-91
A9ITTI-X], =H







by two (see Eq. 3.18). 1° In this case, if the pilot insertion frequency
is the Nyquist frequency, i.e. f, = 1/2T, then the upconverted pilot
tones are located at the frequencies 1/2T and 3/27. Thus at the
receiver, after extracting these two pilot tones and mixing them to-

gether the carrier frequency f. = 1/T results as the lower frequency
component of the mixing process. 1!

After quadrature demodulation the received baseband I- and Q-channel
signals are sampled at their maximum eye opening and then a deci-
sion about the received symbol is made. By determining the distance
from the ideal threshold levels for each of the received sampled sym-
bols and by calculating the average signal and noise power at the

input of the threshold detectors, the symbol error probability, Ps,
can be computed as follows:

1 & oo
Ps = SN EI(PH + P7) (3.30)

where 2N is the number of transmitted symbols and P}, P,? are the

symbol error probabilities of the n-th received symbol for the I- and
Q-channel, respectively. P! is given by:

pl— %erfc(‘g%{%‘l , ) for I, = £3
" %erfc(lgﬁ'r?’%l) + %erfc(l-l-“%?ﬁl), for I, = £1
with I the sampled value of the n-th received symbol of the I-channel.
o? is the power of the additive white Gaussian noise at the input of
the threshold detector and THR1,, THR2, are defined as:
THRl,={I,| -1
THR?2, =| I, | +1. (3.31)
erfe(+) is the complementary error function which was defined in Eq.
2.12. A similar formula, which was used in the calculations of the

Q-channel, can be obtained by replacing I, IS and I, with Q, Q3 and
Qr, respectively.

1%As previously rentioned (see Section 2.3), this frequency division results in an addi-
tional C/N degradation of about 0.3 dB.

111n the simulations for extracting the pilot tones we employed ideal brickwall bandpass
filters.
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3.3.2 Performance Evaluation Results

Employing the above described computer simulated model the C/N
degradation of the 16-QAM IBDPS was evaluated for various pilot fre-
quencies and levels. In ovder to investigate the impact of the choice
of the pilot frequency f, over the widest possible frequency range
we assumed raised-cosine filters having o = 1.0. Furthermore it was
decided, as explained in Section 3.2.2.2, that the level of both pi-
lots will be 10 dB (i.e. m = 0.1) below the power level required to
transmit the 16-QAM signal. The estimated C/N degradation of 0.4
dB, due to this additional required power allocation to the pilots,
was also verified using the computer simulated system. Additionally,
the important result of Section 3.2.2.1, namely that the Nyquist fre-
quency is the only in-band pilot frequency which does not cause any
interference into the QAM signal was verified. This can be also ob-
served from the eye-diagram of the I-channel with the pilot inserted
at f, = fv = 1/2T (Nyquist frequency) and m = 0.1, as presented
in Fig. 3.7(a). We can observe from this figure that although the
eye-diagram is distorted by the inserted pilot, at the ideal sampling
instant the eye is completely open, thus there is no ISL 12 However,
if the pilot frequency is not ezactly the Nyquist frequency then the
degradation which results from the pilot insertion could be unaccept-
able. The resulting eye-diagrams for f, = 1/2.1T = 0.476/T aad
fo = 1/1.9T = 0.526/T are illustrated in Figs. 3.7(b) and (c), re-
spectively. The obtained C/N degradation, Dy,, at Ps = 10~ for
(0.4/T) < f, < (1/T) is given in Fig. 3.8. Similar to the methodol-
ogy followed in Chapter 2, for convenience in the interpretation of the
obtained results and for comparison purposes, we have not included
the DPS’s inherent degradation of 0.7 dB. As previously mentioned,
this inherent degradation Dppg results due to the power which is al-
located to the pilot tones (for m = 0.1 we get Dpps = 0.4 dB) as
well as due to the differential encoding of the input data sequence to
combat the 180 degree carrier phase ambiguity (Dpps = 0.3 dB). It
is clear from Fig. 3.8 that the more inside into the QAM bandwidth

'*We have to notice that in this case the phase of the inserted at the Nyquist frequency
pilot is equally important, so that its amplitude becomes zero when the eye-diagram is at
its maximum opening.
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Figure 3.7: I-channel eye-diagrams of a 800 kb/s, 16-QAM employing o
= 1.0 raised-cosine filters with the pilot tone inserted at different in-band
frequencies. In all cases the power of the pilot tone is 10 dB below that of
the 16-QAM signal.

(a) Pilot inserted at the Nyquist frequency (f, = 1/2T).

(b) Pilot inserted above the Nyquist frequency (f, = 1/1.9T).

¢) Pilot inserted below the Nyquist frequency (f, = 1/2.17).
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Figure 3.8: C/N degradation, Dy, of the 16-QAM IBDPS at a symbol
error probability Ps = 10~ as a function of the inserted pilot frequency Fes
normalized to the symbol rate 1/T (m = -10 dB, & = 1.0).
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the pilot is inserted, the more Dy, is increased. This can be also veri-
fied by comparing the maximal openings of the eye-diagrams in Figs.
3.7(b) and (¢), where the eye opening of the former (f, = 0.526/T'} is
larger than the latter (f, = 0.476/7"). Furthermore and as expected,
there is no degradation for f, = 1/2T and f, = 1/T. However, this
last frequency is not an in-band frequency and thus should not be
incorporated in our scheme.

As previously mentioned (Section 3.2.2.1), one other major advantage
of inserting the pilot at the Nyquist frequency is that it provides an
easy means of recovering the symbol timing frequency at the receiver.
This can be understood by observing that by inserting the pilots
at the Nyquist frequency the signal w(t) (see Fig. 3.1) contains in
addition to the previously mentioned carrier information, a sinusoid
with frequency the symbol rate 1/T. Thus by simply employing a
bandpass filter BPFy, which is centered around fs = 1/T, we can
recover the desired symbol timing signal. It should be noted that the
bandwidth of this filter does not have to be narrow, since most of the
data interference was rejected by the pilot extraction filters PBPF,.

Measured, demodulated I-channel eye-diagrams of the prototype 16-
QAM (a = 0.2) IBDPS with the pilots inserted at the Nyquist fre-
quency are illustrated in Fig. 3.9. It should be noted that the Nyquist
frequency can be easily obtained by frequency dividing by two the
symbol rate signal. Due to this frequency dependance, inserting the
pilot at the Nyquist rate proved to be a robust technique to any sym-
bol frequency changes. In part (a) of this figure, the pilot is inserted
with the proper phase alignment and therefore, as it can be seeing,
all eyes are almost completely open. '* Furthermore, their level is
constant over the two symbol interval. However, this is not the case in
part (b) of the same figure, where although the pilot is inserted at the
Nyquist frequency its incorrect phasing results in distorted (i.e. non-
aligned) eye-diagrams. In both figures (a) and (b), the square wave
signal is an arbitrary reference signal of frequency 2/T. It should
be mentioned that in order to demonstrate the implementation effec-

1355 expected, there is a small amount of ISI in the middle of each of the eyes, which
is mainly due to imperfect filtering of the 16-QAM system. The same amount of ISI was
observed for the out-of-band pilot insertion, as is illustrated in Fig. 2.16.
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(a)

(b)

Figure 3.9: Measured, demodulated eye-diagrams of the I-channel of a
16-QAM (@ = 0.2) IBDPS with the pilots inserted at the Nyquist frequency.
The power allocated to the pilots is the same as that of the 16-QAM signal.
(a) With proper phase alignment.

(b) With incorrect phase alignment.
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tiveness and accuracy of the pilot insertion at the Nyquist frequency,
regardless of how strong the pilot signals are, for the eye-diagrams of
Fig. 3.9 we have m = 1.0, i.e. both inserted pilots and the 16-QAM
signal have the same power. The corresponding measured spectrum
of the transmitted signals is illustrated in Fig. 3.10. It is important to
mention that any other in-band pilot insertion frequency, that is even

if it was very close to the Nyquist frequency, resulted in completely
closed demodulated eyes.

The effects of the imperfect carrier, dus to the data phase jitter, on the
performance of the 16-QAM scheme were evaluated and the results
are presented in Fig. 3.11. * In this figure, the C/N degradation
Drppps (in dB) of the 16-QAM IBDPS at a symbol error probability
Pg = 10~* as a function of ¢ (see Eq. 3.25) for systems employing o
= 0.2 and a = 1.0 raised-cosine filters are illustrated.

Clearly our results indicate that for 1y < 1072 the effects of the data
interference into the recovered carrier and therefore on the 16-QAM
system performance is negligible. Furthermore, we can see from the
same figure that systems with large excess bandwidths (e.g. o = 1.0)
are less sensitive as compared to more bandwidth efficient systems
_(e.g. a =0.2) especially for applications where ¢ > 10~2. This can be
easily understood by considering the analytical results derived for the
variance of the carrier data phase jitter, o3, as they are illustrated in
Fig. 3.4 and which indicate the sensitivity of systems with relatively
low «. Finally our results suggest that for 4 > 5-10~2 the performance
degradation of the 16-QAM scheme becomes unacceptably high.

In order to verify by measurements some of the results which were
obtained by means of computer simulation, we employed the provi-
ovsly described prototype 16-QAM (a = 0.2) IBDPS. As previously
stated, the carrier frequency and the symbol rate of this prototype
system are 1.5 MHz and 200 kBaud/s, respectively. Therefore, ac-
cording to our computer simulated results shown in Fig. 3.11, in

14A1l the performance evaluation results which will be reported from now on assume
that the pilots are inserted at the Nyquist frequency and their power level is 10 dB below
the power allocated to the 16-QAM signal. Furthermore for comparison purposes, we will

not include in these results the inherent to any DPS C/N degradation of 0.7 dB, as we
did in Chapter 2.
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Figure 3.10: Measured spectrum of the transmitted 16-QAM (a = 0.2)
IBDPS with the pilots inserted at the Nyquist frequency. In this figure the
power which is allocated to the pilots is the same as that of the 16-QAM
signal, i.e. m = 1.0.

Horizontal Axis: 50 kHz/div.

Vertical Axis: 10 dB/div.

Center Frequency: 1.5 MHz.

Resolution Bandwidth: 5 kHz.
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Figure 3.11: C/N degradation Dygpps of the 16-QAM IBDPS at Ps = 10~*
as a function of 4 (product of the pilot extraction bandpass filter bandwidth

B' multiplied by the symbol duration T') and for systems with ¢ = 1.0 and
a =02
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order to achieve a reasonably good measured performance, we have
to employ pilot extraction filters which have a ¢ < 1072, or equiva-
lently an extraction bandwidth B’ of not more than 2 kHz. However,
in our modem additional C/N degradation will be caused due to the
fact that in practice the employed pilot extraction filters will not be
ideal brickwall filters as assumed in the computer simulation model.
Furthermore, these filters will not have identical bahdpass frequency
responses, as again was assumed in obtaining the results of Fig. 3.11.
Therefore, in order to get meaningful performance measurements, we
decided to use filters which have an extraction bandwidth B’ of about
200 Hz. 1% It is useful at this point to define ¥ as the ratio of B’ over
the bandpass filter center frequency. Clearly for the upper bandpass
filler, PBPF,, ¥, == 200 Hz/1.6 MHz = 1.25x10~* whereas for the
lower one, PBPF._, we have ¥_ = 200 Hz/1.4 MHz = 1.43x10™%.

After considerable consultation with a number of filter manufactur-
ing companies, we have decided that the best solution to achieve nar-
rowband extraction bandwidths is to employ crystal filters. As well
known, crystals because of their highly sensitive resonance frequency
characteristics, provide a means of designing and implementing ex-
tremely narrowband filters without any major technical difficulties
[69]-[74]. With today’s technology crystal filters with very low ¥ can
be implemented, over a wide variety of frequencies. Examples of de-
signs include bandpass filter realizations with ¥ = 10~® with a center
frequency within the 10 kHz - 200 MHz band [71]-[74].

We decided to order two crystal bandpass filters which were manufac-
tured by K&L Quartztek [72], because of the fairly short delivery time
(6 weeks) and their relatively low cost ($§ US 265.00). The obtained
crystal filters had the following measured characteristics:

¢ Center Frequency: 1.4 MHz; 3 dB Bandwidth: 238 Hz; 40
dB Bandwidth: 400 Hz.

e Center Frequency: 1.6 MHz; 3 dB bandwidth: 240 Hz; 40
dB bandwidth: 450 Hz.

Thus, these extraction filters correspond to a ¥ of approximately 10~2

131t should be noted that B’ represents for these practical filters their 3 dB bandwidth.
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We measured the performance of our prototype 16-QAM IBDPS with
the pilot tones inserted at the Nyquist rate and employing the crystal
filters to extract the pilots and subsequently recover both the carrier
and the symbol timing signal. Qur measurements, which are included
in Fig. 3.11, indicate that the modem degradation due to the data
phase jitter at Ps = 10™* is approximately 1.0£0.2 dB, ' as com-
pared to the 0.3 dB degradation of the computer simulated system.
We believe that this difference in performance is due to the nonideal
and nonidentical transfer functions of the employed pilot extraction
crystal bandpass filters.

3.4 CONCLUSIONS

In this chapter a novel synchronization scheme which employs an in-
band at the Nyquist frequency pilot insertion method and enables
simultaneous carrier and symbol timing recovery at the receiver, has
been introduced and analyzed. The main advantage of the proposed
scheme is that it does not require any excess bandwidth to accommo-

date the pilot tones as all other pilot based synchronization schemes
do.

We have analyzed the effects of the mutual interference between the
inserted pilots and a digitally transmitted QAM signal. Performance
evaluation results in terms of C/N degradation having the pilot fre-
quency and level as parameters were also presented. It was shown,
that the only in-band pilot frequency, which does not cause any in-
terference into the digital signal and at the same time provide both
carrier and symbol timing information at the receiver by means of the
pilot tones, is the Nyquist frequency.

As an example, a number of computer simulated as well as experimen-
tal results for 16-QAM systems employing the proposed in-band pilot
insertion scheme were presented. They indicate that by employing pi-
lot extraction bandpass filters which have bandwidth (normalized to
the symbol rate) of 10~* or less, the C/N degradation which results

161t should be noted that these measured results do not include the inherent to our
modem degradation of 1 dB.
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from the recovered carrier and symbol timing signals is practically
negligible.
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Chapter 4

512- AND 1024-QAM
SYSTEM PERFORMANCE
IN DISTORTED LINEAR
CHANNELS

4.1 INTRODUCTION

In Chapter 1, after introducing the demand for highly bandwidth effi-
cient modulation schemes, it was concluded that 512- and 1024-QAM
are the most suitable candidates for applications requiring spectral
efficiencies of up to 10 b/s/Hz. Essentially, 512- and 1024-QAM are
equivalent to 24- and 32-level, respectively, PAM signals in baseband.

In general, the sensitivity of a system increases as the number of
modulating states is increased [9]. For example, multilevel signals are
more sensitive to various impairments because the same impairments
(e.g. filter imperfections) yields higher ISI in multilevel systems than
in a binary system [42},[43]. As a result, filter specifications which are
suitable for a binary svsi m do not necessarily guarantee a satisfac-
tory performance of a 24- or 32-level system. It should be emphasized,
that channel distertions can be caused also by residual errors of im-
perfect adaptive equalizers. Thus, it is important to investigate the
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effects of channel distortions and/or hardware imperfections on both
512- and 1024-QAM systems [62],[107].

The objective of this chapter is to quantitatively evaluate the effects
of amplitude and group delay distortions with linear, parabolic or
sinusoidal characteristics on the performance of 512- and 1024-QAM
systems. After this introduction, Section 4.2 will be devoted to a
brief description of our simulation method. In Section 4.3 2 number
of simulated results for both of the QAM systems under consideration
will be presented. Section 4.4 presents some heuristic explanations of
the obtained performance evaluation results. In order to efficiently
apply the obtained results to systems of different transmission rates,
a simple scaling method for doing so will be described in Section 4.5.
Finally, this chapter will be concluded in Section 4.6.

4.2 DESCRIPTION OF THE
COMPUTER SIMULATED SYSTEMS

Figs. 4.1 and 4.2 illustrate a general block diagram of both 512- and

1024-QAM systems. For both schemes the modulated signal can be
represented as:

s(t) = Re{ 3 (I +7Qu)gr(t — nT)e /) (41)

Nn==—0o0

where f. is the carrier frequency, T is the symbol interval, gr(t) is the
impulse response of the transmit filter Gr(f), I, and @, are indepen-
dent and equiprobable discrete random variables which represent the
transmitted data symbols.

For the 1024-QAM system I, and Q, take values from the alphabet
{£1,£3, ..., £31}, which correspond to a square state space diagram
(see Fig. 1.1). For the 512-QAM, among the different signal sets
which can be used to generate it, the symmetric cross-like configu-
ration shown in Fig. 4.3 was used (see also Fig. 1.1). This signal
constellation consists of two 24-PAM signals, modulated in quadra-
ture, with their 64 outermost stages deleted. The major reasons for
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Figure 4.2: Encoder and decoder structures for the QAM schemes under
consideration.

(a) 512-QAM Encoder.
(c) 1024-QAM Encoder.

(S/P = Serial-to-Parallel Converter
P/S = Parallel-to-Serial Converter)
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(b) 512-QAM Decoder.
(d) 1024-QAM Decoder.
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Figure 4.3: State-space diagram of a 512-QAM system.
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choosing this configuration are near optimal performance in a linear,
additive Gaussian noise channel, fairly easy hardware implementation
and reduced peak amplitude compared to 24x24, i.e. 576-QAM [75].
For convenience, the levels of a 512-QAM signal can be defined as:

I, = +1,43,...,£23
Qn = 1, £3, ..., +23

where I, # @, for £17,£19, £:21, 23, The simulation model used is
illustrated in Fig. 4.4. All computations are carried out entirely in the
complex baseband form. An ideal carrier recovery as well as symbol
timing recovery is therefore assumed. It should be mentioned that,
in principle, the same computer simulation method will be employed
in evaluating both 512- and 1024-QAM systems, as the one described
in Section 3.3.1. However, for the reader’s convenience we will briefly
describe it.

We are transmitting (2!°-1) symbols for each of the I- and Q-channel
with each symbol represented by 64 samples. The symbol rate fg =
1/T is chosen to be 15 MBaud/s, so that an easy comparison could be
made with the 15MBaud/s 256-QAM system reported in [76]. Clearly,
this Baud rate represents a 150 Mb/s rate for a 1024-QAM system
whereas for a 512-QAM system it represents a 135 Mb/s rate signal. It
is important to keep in mind that the obtained results can be applied
to other bit rates by appropriate scaling as will be shown later on in
this chapter. For filtering we employed FFT techniques to alternate
between the frequency and the time domain. The transmit, Gr(f),
and receive, Gg(f), filters are assumed to be ideal square root of
@ raised-cosine filters with an (z)/sin(z) amplitude equalizer in the
transmitter, so that the combined filtering response satisfies Nyquist’s
I criterion [14, Chapter 7]. The eye-diagrams of this ideal case for
systems employing « = 0.2 filters are given in Figs. 4.5 (for 512-
QAM) and 4.6 (for 1024-QAM). From both of these figures it can be
observed that at the ideal sampling instants there is no ISI. However,
data transition jitter is very significant particularly for the 1024-QAM
system. This indicates that a high-precision sampling clock would be
required. After the Gr(f) filters, both I- and Q-channel signals are
sampled and passed to the threshold comparators at the receiver. For
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Figure 4.5: 24-level ideal baseband eye-diagram of a 512-QAM system with

a = 0.2 raised-cosine filters.
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a specified power of white Gaussian noise at the threshold detector
input, the error probability of the n-th symbol with reference to the
I-channel is calculated as follows:

pr_ | Ferfe (ﬁ%ﬂf&l), for I, = I (42)
n erf (Iu— HRI..[) + erf (|L,-THR2nI for I =Ir2; :
where I, represents the n-th transmitted symbol at the I-channel, I3
its equivalent received sampled signal and THR1,, THR2,, erfc(.)
and ¢ are defined as in Eq. 3.31. In addition to that I} and I? are
given by:

g [ £81 for 1024.QAM
=1 £23 for 512-QAM

2= | £1,4£3,.,£29 for 1024-QAM
T ] £1,43,...,421 for 512-QAM.

The error probability P9 with reference to the quadrature channel
is obtained similarly using an equivalent to the above expression.
Finally, for a sequence of N symbols in each of the I- and Q-channel,
the average symbol error probability is calculated as in Eq. 3.30.

In order to investigate the impact of illustrative different channel im-
perfections on the systems performances, we introduce amplitude and
group delay distortions with linear, parabolic and sinusoidal charac-
teristics in the channel transfer function C(f) (see Fig. 4.4), which
can be expressed as:

C(f) =l C(f) | V. (4-3)

Clearly, the equivalent amplitude and group delay chstortmns can be
represented by A(f) and D(f), where:

Af) =l ()| (49)
and
(N =28 (45)

In the next section, we will evaluate the effects of both of these distor-
tions on the performance of the QAM systems under consideration.
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4.3 PERFORMANCE EVALUATION
WITH CHANNEL IMPERFECTIONS

4.3.1 Amplitude Distortions

To investigate the performance degradation due to amplitude distor-
tions we assume that the phase distortions are equalized, 1.e. D(f)=B,

with B being a constant. The amplitude distortions are defined as
follows:

Laf for linear amplitude distortion
A(f)=1 Paf? for parabolic amplitude distortion (4.6)
Sasin(2rK f/2fgw) for sinusoida! amplitude distortion

where K, chosen to be equal to four, is the number of ripples of the
sinusoidal distortion in the passband, fzw is the system’s baseband
bandwidth and L4, P4 and §, are parameters characterizing the
amount of amplitude distortion. Clearly:

few=(1+a)fn (4.7)

with fy being the Nyquist frequency which is given by:

fn = fs/2. (4.8)

As illustrative examples we present in Figs. 4.7 and 4.8 eye-diagrams
of both 512- and 1024-QAM systems operated in the presence of am-
plitude distortion. The computed symbol error probabilities for the
512-QAM system for different parameter values are given in Figs.
4.9-4.11. Its equivalent C/N degradation at Ps = 107 for the three
amplitude imperfection characteristics against the maximum ampli-
tude distortion A,,, defined as:

La(2fgw) for linear amplitude distortion
An(dB) =< Pa(fiw) for parabolic amplitude distortion (4.9)
Sa for sinusoidal amplitude distortion

are given in Fig. 4.12. In the same figure, the degradations of an
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Figure 4.8: Eye-diagram of a 150 Mb/s, 1024-QAM using a = 0.2
raised-cosine filters and a channel having parabolic amplitude distortion
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Figure 4.9: Impact of different linear amplitude distortion coefficients on
the Ps = f(C/N) performance of a 15 MBaud/s (135 Mb/s) 512-QAM
system. Filters with & = 0.2 are used. The noise bandwidth is defined as
the double-sided Nyquist bandwidth.

163



S

PROBABILITY OF A SYMBOL ERROR P

no distortion
PA=0'002 dB/MHz

2

P,=0.003 dB/MHz’

PA=0.004 dB/MH22

P,=0.005 dB/MHz"

P,=0.006 dB/MHz>

“t%.00  18.00 20.00 24.00 28.00 32.00 38.00 4b.00

C/N IN 4B

44.00  4B.00

Figure 4.10: Impact of different parabolic amplitude distortion coefficients
on the Ps = f(C/N) performance of a 15 MBaud/s (135 Mb/s) 512-QAM
system. Filters with a = 0.2 are used. The noise bandwidth is defined as

the double-sided Nyquist bandwidth.
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Figure 4.11: Impact of different sinusoidal amplitude distortion coefficients
on the Ps = f(C/N) performance of a 15 MBaud/s (135 Mb/s) 512-QAM
system. Filters with & = 0.2 are used. The noise bandwidth is defined as
the double-sided Nyquist bandwidth.
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equivalent (i.e. with the same symbol rate and roll-off factor o) 256-
QAM system are included. The sensitivity of the 512-QAM system
compared to the 256-QAM, especially for higher distortion values
Am, can be clearly seen. The comparison here is based on equal
symbol rate and equal filtering strategy. Furthermore, similar to the
256-QAM modem study [76], for a given value of A,,, the sinusoidal
amplitude distortion causes the worst degradation, whereas the lin-
ear distortion the least. Using exactly the same definitions for the
amplitude distortions and by following the same procedure as for the
512-QAM, we obtained C/N degradation results for an equivalent (15
MBaud/s and a = 0.2) 1024-QAM system. These results are illus-
trated in Fig. 4.13 where for comparison purposes we include also
the previously obtained results for the 512-QAM. From this figure it
is clear, as expected, that the 1024-QAM system is more sensitive as
compared to the 512-QAM system. Further, we can also observe that
for a given A, and roll-off factor «, the sinusoidal amplitude distor-
tion causes the most severe degradation of the system’s performance
followed in order of decreasing degradation by the parabolic and lin-

ear amplitude distortions. A physical interpretation of the obtained
results is given in Section 4.4.

4.3.2 Group Delay Distortions

We now assume that the amplitude distortions are equalized, i.e. A(f)
= 1. Again, three different characteristics for the group delay distor-
tions are defined as follows:

Lpf for linear group delay distortion
D(f)=< Ppf? for parabolic group delay distortion(4.10)
Spsin(2rK f/2fsw) for sinusoidal group delay distortion

where Lp, Pp and Sp are parameters characterizing the amount of

group delay, and the rest of the used symbols are the same as in Eq.
4.5.

We compute again first for the 512-QAM system the probability of a
symbol error for the three characteristics and for different values of
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the distortions. The results are given in Figs. 4.14-4.16. Defining the
maximum group delay T, as:

Pp(fgw) for parabolic group delay distortion (4.11)

Lp(2fgw) for linear group delay distortion
Tm(n8) =
Sp for sinusoidal group delay distortion

we present the C/N degradation plotted against 1, in Fig. 4.17. For
comparison purposes, in the same figure the degradation of an equiv-
alent 256-QAM is also illustrated. We note that for both systems, for
a given value of 7, the linear group delay distortion causes the most
severe degradation to the system performance, followed by sinusoidal
and parabolic group delay distortions.

Similar to the amplitude distortion case, we obtained performance
evaluation results for a 1024-QAM, 15 MBaud/s system which em-
ploys raised-cosine filters with & = 0.2. The calculated C/N degra-
dation at Ps = 107" as a function of the maximal group delay 7,
for all three distortion types are presented in Fig. 4.18. In the same
figure we have also included the previously obtained results for the
equivalent 512-QAM system. Clearly, 1024-QAM is more sensitive to
all types of distortion. As far as which distortion causes more degra-
dation the trend of these results are the same as that of Fig. 4.17.
Some heuristic explanations of the obtained results are given in the
next section.

4.4 PHYSICAL INTERPRETATION
OF THE OBTAINED RESULTS

Having obtained a great deal of performance evaluation results by
computer simulation, it is of importance to seek the physical reasons
of why certain distortion characteristics cause more degradation to
the system performance. It should be mentioned thai, due o the
complexity of the problem, our scope here is not to obtain a rigorous
method of analyzing the effects of the different distortions on the
QAM schemes, but rather to present some heuristic explanations for
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Figure 4.14: Impact of different linear group delay distortions coefficients on
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with & = 0.2 are used. The noise bandwidth is defined as the double-sided
Nyquist bandwidth.
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the obtained results. To begin with, let us consider first the amplitude
distortions.

As illustrated in Fig. 4.19, the sinusoidal amplitude distortion with
a peak amplitude of A, seems to interfere with the QAM signal the
most, whereas the linear amplitude distortion the least. Indeed, if we
adopt the Square Area of each of the three Interferences (SAI), as
measure of the overall system distortion, then the following expression
for the SAI of each of the three distortions can easily be obtained
from Fig. 4.19 as follows:

1

SALin, = 75 A% fas (4.12)
1 2

SAIparab. = gAm.fmaz; (413)
1 2

SAI‘“'n. = Z mJmaz. (4.14)

Clearly from the above equations, the “amount” of sinusoidal interfer-
ence is the highest as compared to the equivalent linear and parabolic
distortions, which suggests that the degradation due to sinusoidal
amplitude distortion should be the highest. By the same token, one
should expect that the linear amplitude distortion will cause the least
degradation.

The effects of group delay distortion are more difficult to analyze.
However, with some efforts, we still can get some insight into it. As
well known, ideal filters should exhibit a constant group delay over
their entire bandwidth. In terms of their phase characteristics this
translates into a linear phase-frequency relationship. In the case of
linear group delay distortion, which corresponds to parabolic phase-
frequency characteristics, there will be crosstalk between the I- and
Q-channels. On the other hand for parabolic group delay distortion
there is no crosstalk. It turns out from a rigorous analysis by Sunde
[77] that, in general, the crosstalk effect results in an increased degra-
dation for the linear group delay distortion. Clearly our performance
evaluation results of Figs. 4.17 and 4.18 are in agreement with Sunde’s
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Figure 4.19: Gral?hica.l representation in the frequency domain of an M-ary
QAM, o= _0.2, signal with linear, parabolic and sinusoidal amplitude dis-
tortions which have the same peak distortion A,,. Notice that for a fair

f:ompa:ison the equivalent peak distortion of the linear amplitude distortion
is Am/2 (see Eq. 4.7).
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observations. Finally, coming up to the case of sinusoidal group delay
distortion, it is difficult to give a proper explanation. However, the
results of Figs. 4.17 and 4.18 indicate that the degradation caused by
sinusoidal group delay distortion is somewhere in between of that of
linear and parabolic group delay distortions.

4.5 GENERALIZATION OF THE
OBTAINED RESULTS TO

SYSTEMS WITH DIFFERENT
SIGNALLING RATES

The question which naturally arises at this point, is whether or not
the obtained results can be applied to systems having the same modu-
lation formats but different symbol rates. The answer to this question
is fortunately yes, and thus the purpose of this section is to show how
this can be achieved. In particular, a simple scaling procedure will
be described, which will allow one to efficiently obtain corresponding
results for equivalent QAM systems of different symbol rates, without
repeating similar computer simulation procedures and thereby saving
a considerable amount of computing time and efforts.

The central idea behind the proposed method is that the bandwidth of
the employed /o raised-cosine filters is exactly related to the symbol
rate, fs, of the system under consideration. This means that once
fs is specified and assuming @ is known, then the bandwidth as well
as the shape of the employed raised-cosine filters is well defined. For
example, let us consider two systems with Baud rates fs; and fso,
suffering linear group delay distortions, which are characterized by
two different parameters Lp, and Lp,, respectively. It is useful to
define the normalized to fs maximum group delay distortion, Ty, 8S:

b

Tm= Tmfs (4.15)

where 7., is the maximum group delay distortion as shown in Eq. 4.11.
Then it is clear that, for systems having the same modulation format
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but different fs, the linear group delay distortions with the same
T will cause equal performance degradation. As a result, for two
linear group delay distortions which are causing the same performance
degradation the following relation can be obtained from Eq. 4.15:

Tm1fs1 = Tmafs2 (4.186)

or equivalently, by using Eq. 4.11, the above equation becomes:
Lp1f3 = Lpafé,. (4.17)

Stmilarly, let us consider the case of having the same type amplitude

distortions and the same normalized to the symbol rate maximum
]

amplitude distortion, An. It is clear now that these distortions will
result in equal degradation for systems with same modulation format
but different symbol rates. Thus, for two linear amplitude distortions
with parameters L4; and L 42, which will cause the same degrada-

tion to two systems with symbol rates fs; and fs;, respectively, the
following relationship is valid;

Laifsy = Laafso. (4.18)

Using a similar procedure equivalent conditions for the remaining

amplitude and group delay distortions can be derived. These results
are summarized in Table 4.1.

GROUP DELAY DISTORTIONS | AMPLITUDE DISTORTIONS
Linear Lpf§) = LpofZ, Larfsi=Lazfsr
Parabolic Pprfé = Ppaf3, Pufh = Paafd
Sinusoidal SleSI = SDgfsg Sa1 = Saz

Table 4.1: Relationships between the different parameters of amplitude,
group delay distortions and symbol rates for two digital transmission sys-
tems having the same modulation format and performance but different
symbol rates. The definitions of the distortion parameters Lp, Pp, Sp and
L4, Pa, 54 are given in Eqs. 4.10 and 4.6, respectively.
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Finally, the following two examples will illustrate how our previous
results for the 15 MBaud/s 1024-QAM (i.e. 150 Mb/s) system can
be used to calculate the corresponding results of an equivalent 18
MBaud/s (180 Mb/s) system (see Table 1.1).

From Fig. 4.18, it is noted that in the case of linear group delay
distortion, a 7, = 2 ns results in 2.5 dB degradation in C/N for a 15
MBaud/s, a = 0.2, 1024-QAM system. It can be easily found, that
this distortion corresponds to a coefficient Lp = (1/9) ns/MHz. Thus,
by using Eq. 4.16 and substituting for 7,,1= 2 ns, fs;= 15 MBaud/s
and fs;= 18 MBaud/s, we obtain 2= 1.67 ns. This means that
a 7, of 1.67 ns will result in the same 2.5 dB degradation in C/N
for the 18 MBaud/s, 1024-QAM system. Furthermore, by using the
relationship for linear group delay distortion of Table 4.1, we obtain
the corresponding coefficient L p,, as follows:

1 ns 18 .2 ns
= 5vms (5 =0.16ym,

This means that the Ps curve which corresponds to Lp = (1/9)
ns/MHz for a 15 MBaud/s system also represents the performance
of a 18 MBaud/s system with Lp = 0.16 ns/MHz. Following a sim-
ilar procedure, it can be easily shown that for the linear amplitude
distortion case, the performance of a 15 MBaud/s, 1024-QAM.system
with L 43 is the same as the performance of 2 18 MBaud/s, 1024-QAM
system with L2 = L4+ (18/15) dB/MHz.

Thus, as a conclusion, all the results presented in Section 4.3 and
which were obtained for 15 MBaud/s, a@ = 0.2 systems can be easily
transformed, so that they can represent the performance of equivalent

QAM systems with the same modulation formats but of different
symbol rates.

Lps (4.19)

4.6 CONCLUSIONS

In this chapter, the performance of 512- and 1024-QAM systems in the
presence of amplitude and group delay distortions was studied. Com-
puter simulated results indicate that sinusoidal amplitude and linear
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group delay distortions cause the most severe Ps = f(C/N) degrada-
tion. The presented results could be useful to modem designers since
it could indicate the tolerance imperfections in filter implementation
which would not degrade the system performance below a specific
value. Additionally, we presented some heuristic interpretations of
the obtained results. Finally, we introduced and analyzed a simple
scaling procedure, which enables one to apply the obtained results to
any other rate system without having to go through similar lengthy
and sometimes tedious computational procedures.
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Chapter 5

THE PERFORMANCE OF
512- AND 1024-QAM
SYSTEMS IN A
CO-CHANNEL
INTERFERENCE
ENVIRONMENT

5.1 INTRODUCTION

As mentioned in Chapter 1, multilevel QAM schemes are essential
means of increasing the achievable spectral efficiency. One other
equally attractive way of increasing digital channel capacity is the fre-
quency reuse technique, where the data are transmitted at the same
carrier frequency on both the horizontal and vertical polarization of
the antenna. This technique is also known as dual polarization op-
eration [82] and can theoretically increase the spectral efficiency by
a factor of two. However, in this frequency reuse environment Co-

Channel Interference (CCI) is one of the major sources of performance
degradation [83]-[88].
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As an extension to Chapter 4, in this chapter we evaluate the perfor-
mance of both 512- and 1024-QAM systems in the presence of CCI
by means of computer simulation and analysis. We will investigate
the effects of amplitude modulated and constant envelope (sinusoidal)
interferers on the performance of both QAM schemes, so that their
potential use for radio system applications can be assessed [108]. The
organization of Chapter 5 is as follows. After this introduction, in
the next section we will present a brief description of the computer
simulated CCI system model. In Section 5.3, the obtained perfor-
mance evaluation results will be presented and analyzed. Section 5.4
presents a theoretical analysis which is used to verify some of the ob-

tained computer simulation results. Finally, Section 5.5 contains the
conclusions of this chapter.

5.2 CCI SYSTEM MODEL
AND DESCRIPTION OF THE
COMPUTER SIMULATIONS

Fig. 5.1 illustrates a block diagram of the system model which was
used to simulate the effects of CCI on the QAM schemes. The com-
puter generated 512- or 1024-QAM signals, s(t), are mathematically
represented as in Eq. 4.1. We will consider two types of CCI, namely:

¢ Amplitude Modulated CCI, and
e Constant Envelope (Sinusoidal) CCL.
For the case of amplitude modulated CCI, the interference which

corrupts the transmitted QAM signal consists of the same format but

statistically independent QAM signal, so that the interfering signal
can be expressed as;

i(t) =Re{R 3. (L - jQu)gr(t ~ nT — 7)eiC/t+0} (5.1
==

In the above equation, Re{-} denotes real part of {-}, I, and @,

are independent and equiprobable discrete random variables, taking
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values from the same alphabet as {I,,} and {Q,} of Eq. 4.1, 1/R? is
the Carrier-to-Interference (C/I) ratio and f, is the carrier frequency.
T and @ are the differences in symbol timing and carrier phase between
the desired signal and the interferer. It is assumed, that both r and
¢ are independent random variables uniformly distributed over the

ranges (0,T] and (—m,n], respectively. All other symbols are the
same as in Eq. 4.1.

For Constant Envelope CCI, the interference consists of one constant
envelope sinusoidal interferer, which can be represented as:

i(t) = V2R cos(2x ft + 6) (5.2)

with R? the power of the interferer and # the difference in carrier
phase angle between the desired signal and the interferer. We will
again assume here that 8 is a random variable uniformly distributed
over the range (-, x].

Similarly to the simulations of Chapter 4, we employed the equivalent
complex baseband form of the modulated system, thus it is assumed
that the carrier frequency, f. is known to the receiver. The transmit
and receive filters are assumed to be ideal /a=0.2 raised-cosine fil-
ters with a z/sin(z) aperture equalizer at the transmit filter, so that
the cascade of these two filters satisfies Nyquist’s [ criterion. There
are (2?0 — 1) complex symbols transmitted, with each of them repre-
sented by 64 samples. For filtering, Fast Fourier Transforms (FFT)

techniques are employed to alternate between the frequency and time
domains.

Che iack of coherence between the main and the interfering channel
18 included in the phase randomizer, where the interfering signal is
multiplied by e®®. The lack of synchronization is simulated by the
timing randomizer, which simply shifts the interfering data sequence
randomly by 7 samples. In our simulations, 7 is assumed to be a dis-
crete random variable uniformly distributed over the assigned number
of samples per symbol, i.e. 64 samples. For both kind of interferences
1/R? is the C/I ratio, which could easily be changed by means of a
variable attenuator, as shown in Fig. 5.1.

For the computation of the average symbol error probability, Ps, six-
teen values of @ as well as  are taken for the interfering signal. Let
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Pgs(8;,7;) be the conditional symbol error probability assuming § = 8;
and 7 = 1;. Pg can then be calculated as:

1
Ps = 7[Ps(61,71) + Ps(62,m2) + .. + Ps(Bis,me)l.  (5.3)

To compute each of the conditional symbol error probabilities as a
function of C/N and having C/I as parameter, exactly the same
procedure as the one described in Section 4.2 was followed. Clearly,
the only conceptual difference here is that the system degradation is
due to another interfering signal rather than filter imperfections as
was the case described in Chapter 4. Finally, by averaging the results
using Eq. 5.3, both 512- and 1024-QAM system performances were
evaluated. The obtained results will be presented in the next section.

5.3 COMPUTER SIMULATED
RESULTS AND DISCUSSION

Since a system design engineer often wants to maintain a specified
symbol error rate even in the presence of interference, the increase
in C/N required to maintain a constant symbol error rate of Ps =
107® for 512- and 1024-QAM with both amplitude modulated and
constant envelope CCI as functions of the C/I are plotted in Figs.
5.2 and 5.3, respectively. Before we interpret the obtained results a
few explanations and findings about the simulation methodology are
in order,

First of all, due to the symmetric constellation of the QAM signals
only the range of (0, =/2] is necessary to be considered as possible
values for 8. To prove this point let us consider the following simplified
expression for an amplitude modulated interferer: !

ig,(t) = I, cos(8;) + @, sin(8;). (5.4)

!Clearly, Eq. 5.4 results from Eq. 5.1 by assuming, for convenience but without any
loss of generality, that R=1, gr(t} =1, 7 =0 and f. = 0.
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in (0,T] i
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Carrier-to-Interference (C/I) ratio

: amplitude~modulated interferer

— e e aew e -——-cconstant-envelope interferer

Figure 5.2: C/N degradation at a symbol error rate of Ps = 107 for
a 512-QAM, o = 0.2 system in the presence of amplitude and constant

envelope interferers. With no interference the required C/N for the same
Ps is 36 dB.

126

(dB)



C/N degradation at PS=10_6 (dB)
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T=T/2 (worst-case degradation)
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Figure 5.3: C/N degradation at a symbol error rate of Ps = 10~¢ for
a 1024-QAM, « = 0.2 system in the presence of amplitude and constant
envelope interferers. With no interference the required C/N for the same

Ps is 39 dB.



Assuming now that the interferer has a carrier phase angle of 6,
which is given by:

Go=0+k(x/2) ; k=0,1,2,3 (5.5)
then the corresponding interference signal can be written as:
ig, (t) = I, cos(6,) + @, sin(6,) . (5.6)

Equivalently, Eq. 5.6 can be rewritten as:

I‘; cos b, + Cjn sin#,, for k=0;

ios(8) = jfn coséy +~Q~n sinf,, for k=1;
2 I co88, — Q.sinb,, for k=2;
—f,, cosf; — Q,, sinf;, for k=3.

(5.7)

Eq. 5.7 indicates that for phase angles which are described by Eq. 5.5
do not alter the amplitude of the transmitted symbols but only their
sign. As a result, values of  in the range of only (0, 7/2] can be con-

sidered. This fact was also verified by extensive computer simulation
runs.

One other finding was that the worst degradation, conditioned on T,
was obtained for 7; = T'/2. Indeed, it is well-known that for a system
employing raised-cosine filters with an excess bandwidth of a, the
highest overshoot occurs for 7 = t,, + T/2, where {,, is the optimum
sampling instant ? [89]. This phenomenon is more intensive in the
QAM systems under consideration, since they are employing a = 0.2
raised-cosine filtering strategies.

Finally, and in order to ensure the validity of our results, different
patterns of the transmitted data sequences were used and then the
obtained results were averaged. It was found that for each individual
data sequence the difference in performance was less than +0.5 dB for
a C/N degradation of 8 dB. Thus the estimated error of the obtained
results is not more than 1 dB at a C/N degradation of 8 dB. However,
it should be mentioned that for degradations of less than 8 dB this
error is less.

?t,p is referred to as the sampling instant at which the eye has its maximal opening.
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Comparing now Figs. 5.2 and 5.3, we observe that the amplitude
modulated CCI produces more degradation in both QAM schemes
than the constant envelope CCI of the same average power. This
can be easily perceived by comparing the peak value of both types
of interferers assuming they have the same average power. If for ex-
ample, R*/2 is the average power of the interfering signal, then the
peak amplitude of the constant envelope CCI is R. However, for

an amplitude modulated interferer ? since its average power is given
by R*(L? - 1)/3 its peak amplitude is R(L ~— 1)4/3/(L? — 1), where
L = 32 for 1024-QAM and L = 24 for 512-QAM. Therefore, for a
1024-QAM system the peak amplitude for an amplitude modulated
CCl is 31/+/341 = 1.679 times the peak amplitude for a constant en-
velope interferer of the same average power. For a 512-QAM system
this ratio becomes 23//192 = 1.660. As a result, for both QAM sys-
tems, the peak amplitude of the amplitude modulated CCI reduces
the minimum distance between any two signal points more than a con-
stant envelope interferer of the same power, Thus, since the symbol
error probability is a strong function of this minimum distance the
expected degradation with the amplitude modulated CCI is higher
than that with a constant envelope interferer.

Furthermore, in Figs. 5.2 and 5.3 two sets of results for the amplitude
modulated CCI are presented. In particular, curves showing the C/N
degradations at Ps = 10~ for the averaged 7 (i.e. for uniformly
distributed 7 in the (0, 7] interval) as well as for the worst-case value
of r (i.e 7 = T/2) are illustrated.

Because of the high-precision atomic standards used in many large
telecommunication centers produce frequencies which differ only in
parts per billion [90], the symbol timing clocks of two distinct signals
(e.g. the desired signal and the CCI) may be almost identical, with
a given value of T persisting over many symbol intervals. If a near to
worst-case value of 7 persists over a large number of symbol intervals,
a user may perceive a different and possibly worse performance than
the expected with errors concentrated in these intervals with other
values of r. Thus, the results indicating the difference between worst-
case 7 and averaged T would be useful in providing insight into the

3For simplicity it will be assumed here that there is no filtering in the system.
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overall performance for a particular set of communication links.

54 THEORETICAL EVALUATION
OF THE MAXIMUM TOLERABLE C/I
FOR ERROR-FREE TRANSMISSION
WITH NO GAUSSIAN NOISE

As it can be seen from Figs. 5.2 and 5.3, the C/N degradation curves
clearly indicate a transition from a noise-limited performance at high
C/1I to an interference-limited performance at low C/I. We will define
as (C/I)min of the interference-limited performance the asymptotical
minimum value of C/I necessary to maintain error-free communica-
tion without any Gaussian noise, i.e. for C/N — co.

(C/I)min can be read from Figs. 5.2 and 5.3 to be 26.5 dB and 30 dB
for 512- and 1024-QAM, respectively, with a single sinusoidal inter-
ferer. From the same figures the values of (C/I)pin are found to be
32.5 dB and 35.0 dB, respectively, with an amplitude-modulated CCI
for an averaged . In what follows, we shall theoretically analyze and
evaluate the (C/I)nn, which is required for error-free transmission in
the absence of noise for both 512- and 1024-QAM in order to confirm
the previously reported computer simulated results.

Under the assumption that the Gaussian noise can be considered neg-
ligible, error-free transmission can be achieved only if the peak value
of the CCI is less than the decision distance, d, of the desired signal.
As previously stated, the received levels in the I- and Q-channel of
a QAM system are equally likely to take values from the alphabet
{#d,£3d, £5d, ..., (L — 1)d}. Clearly, the average received signal
power C is given by:
o Lf2

C= i gdﬂ(zz 1). (5.8)

Evaluation of the above sum yields:

= fg(Lz —-1). (5.9)
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Similarly, if the CCI is of the same QAM format as the desired signal,
its average interference power I can be written as:

I= 532’-(1,2 ~1) (5.10)

_ where 2d; is the distance between adjacent signal levels of the CCL
Furthermore, its peak power I, is given by:

L =[L-1)d. (5.11)
As a result, the condition of error-free transmission now becomes:
I, <d*. (5.12)

Equivalently, by making use of Eqs. 5.8 — 5.11 the above condition
can be rewritten as:
C L2 -1
=)> —_— 5.13
Sz Pris (51
where PF is the well-known peak factor [91] and is defined as the
ratio between the peak to the average power of the CCI, i.e.:

pridle (5.14)
I

It is easy to understand that I, depends on the modulation format
as well as the employed filtering strategy. For example, in a QAM
scheme employing o = 1.0 there is practically no overshoot between
different symbol transitions (see Fig. 3.6), whereas for & = 0.2 filters
the amount of overshoot is considerably high (see Fig. 4.7). In [91]
it was shown that the power ratio of the maximum overshoot (due to
filtering) to the nominal peak value of the transmitted signal (without
any filtering) is 5.3 dB for QAM systems employing raised-cosine
filters with a = 0.2.

Thus, by using Egs. 5.10, 5.11, 5.13 and 5.14, we can write the
following expression for the (C/I Ymin Which is valid for an amplitude
modulated CCI having a QAM signalling format and employing o =
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0.2 raised-cosine filters:

Il

. L -
(Hhnialin dB) = PF+10logso(Z- 1)

(L - 1242 -1
m] + 10log;o(—5—)

3
~ 5.3dB+ 1010510[3%;11)]

-1
=) (5.15)

For sinusoidal CCI, since PF'= 3 dB, the following formula is valid:

= 5.3dB + 10log,,[

+10 log,o(

L*—1
3 )

For both Eqs. 5.15 and 5.16, we have L = 32 for 1024-QAM and L
= 24 for 512-QAM.

The values for PF and (C/I)min for both 512- and 1024-QAM in
the presence of CCI are summarized in Table 5.1. These theoretical
results are in close agreement with the previously obtained results by
computer simulation as shown in Figs, 5.2 and 5.3.

(%)m;n(in dB) = 3 dB + 10log,( (5.16)

AMPLITUDE MODULATED CCI SINUSOIDAL CCI
PF (dB) {€/I)min (dB) PF (dB) | (C/I)min (dB)
512-QAM 9.7 32.2 3.0 25.5
(a=0.2)
1024-QAM 9.8 35.1 3.0 28.3
(a=0.2)

Table 5.1: (C/I)min values required for error-free transmission with no
Gaussian noise and corresponding peak factors (PF) of 512- and 1024-QAM
systems employing raised-cosine filters with & = 0.2 operating in the pres-
ence of amplitude modulated and sinusoidal (constant envelope) CCI.
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5.5 CONCLUSIONS

This chapter has dealt with the evaluation of the performance of 512-
and 1024-QAM systems when they are corrupted by thermal noise
and a set of constant envelope or amplitude modulated co-channel
interferers.

For a symbol error rate of 107° and when there is an amplitude mod-
ulated CCI of 37.5 dB the degradations for 512- and 1024-QAM are
2 dB and 5 dB respectively. Similarly, for a constant envelope co-
channel interferer of 37.5 dB the degradations are less, namely 0.5 dB
and 2 dB for the 512- and 1024-QAM, respectively. It was also found
that for a C'/I of more than 45 dB the C/N degradation was less than
2 dB for the 1024-QAM, whereas it was negligible for the 512-QAM.
Thus, if cross polarization discrimination of better than 45 dB can be
attained, the design of 512- and 1024-QAM is feasible if the degra-
dations due to other causes, such as filter imperfections, transmitter
nonlinearities, nonideal carrier and symbol timing recovery, adjacent
channel interference e.t.c. can be kept small.
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Chapter 6

ERROR RATE
CONSIDERATIONS FOR
512- AND 1024-QAM
SYSTEMS IN THE
PRESENCE OF
ADJACENT CHANNEL
INTERFERENCE

6.1 INTRODUCTION

In many high capacity digital radio system applications, multicarrier
transmission strategies have been investigated as means of increasing
the overall spectral efficiency. Examples of such transmission include
the use of multiple carriers each carrying 16-QAM [92],[93], 64-QAM
[26] or 256-QAM [20],[24],[26],(81],[94],[95] modulation formats. Ad-
ditionally, for systems employing even more spectral efficient QAM
schemes (i.e. 512- or 1024-QAM) potential applications include the
transmission of four 90 Mb/s rate signals within a 40 MHz authorized
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bandwidth, two 135 Mb/s rate signals within a 30 MHz bandwidth
and other emerging applications (see Table 1.1). In these multicarrier
systems, one of the main causes of performance degradation is the in-
terference of the adjacent channels into the useful signal. Thus it is
important to investigate the performance of 512- and 1024-QAM sys-
tems in an Adjacent Channel Interference (ACI) environment [109),
which is also the subject of this chapter. Its organization is as follows.
After this introductory section, in Section 6.2, the ACI model and its
computer simulated realization will be described. Afterwards, Section
6.3 contains the obtained numerical results and their interpretation.

The chapter is concluded with Section 6.4, where the conclusions are
presented.

6.2 ADJACENT CHANNEL
INTERFERENCE MODEL AND
COMPUTER SIMULATION
DESCRIPTION

Assuming that the mth interfering signal, i,,(¢), is of the same mod-
ulation format as the useful QAM signal, s(t), then it can be repre-
sented as:

int) = 5Re(E(Fam + 7 Qun)gz(t = 1T = 1) lebimit (6 1)

Inmy @am are independent and equiprobable random variables taking
values from the alphabet {+1, +3, ..., £23} for 512-QAM, or {+1, 43,
wey £31} for 1024-QAM. Further, f. is the carrier frequency, 7, is the
difference in symbol timing between the desired signal and the mth
interferer and 0, denotes the lack of coherence again between s(t)
and im(t). fn is the difference in the frequency allocation of the
two carriers and K is the Carrier-to-Interference (C/I) power ratio.
These last two variables, namely f,, and K are the most important
variables and will dominate the performance of the QAM systems
under consideration. Finally, T is the symbol rate and gr(t) is the
impulse response of the transmit filter G7(f).
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Based on the above, a block diagram of the simulated multichannel
system is shown in Fig. 6.1. It is an equivalent complex baseband
model of the modulated system and thus all computations are carried
out entirely in the complex baseband form. We consider here only two
interfering channels, the Upper Interferer (UI) and the Lower Inter-
ferer (LI), i.e. m =U and m = L. Their channel spacing from the
Main Channel (MC) is fy and fy, respectively. The reason why we
consider only two interferers is that in most practical applications the
interference caused by immediate adjacent channels has the most sig-
nificant impact on the performance degradation, whereas the impact
of the more distant channels is negligible.

The binary data for all three channels are generated by using three
different Random Complex Sequence Generators (RCSG). These com-
plex binary data are converted into complex symbols with the in-
phase components I,, I, 1, I, ; corresponding to the real parts of the
complex symbols and the quadrature components Qn, Qn.z, Qv cor-
responding to their imaginary parts. Due to the high number of levels
of the modulation schemes under consideration, we are transmitting
2% symbols for each of the I- and Q-channel with every symbol rep-
resented by 64 samples. Although the bit rate was chosen to be 90
Mb/s, the results which will be presented in the next section are nor-
malized to the Baud rate and thus are valid for any bit rate system.

The transmit, G(f), and receive, Gg(f), filters for all three channels
considered are assumed to be ideal square root a raised-cosine filters
with an (z)/sin(z) aperture equalizer at the transmit filter, so that
their cascade satisfies Nyquist’s I criterion, For filtering we employ
fast Fourier transforms (FFT) techniques to alternate between the
frequency and the time domain. The lack of coherence between the
main and the interfering channels is included in the multiplications
of the interfering signals by e*¥ and e/*t with ¢y and ¢, continuous
random variables uniformly distributed in (0, 2x]. Furthermore, the
lack of synchronization is introduced by time shifting both interfer-
ing signals with respect to the useful signal by 7y and 7. Both 7y
and 7y, are independent, discrete random variables taking equiprob-
able values from the alphabet {0,1,...,7} where T is the number of
samples per symbol, which was 64 for our simulations. As already
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mentioned in Chapter 5, due to the quadrant symmetry of the QAM
scheme it was found that only values 0< 8 < (7/2) needed to be ex-
amined. Furthermore, for the calculation of the average symbol error
probability, Ps, we applied the same method as the one explained
previously in Section 5.2 (see Eq. 5.3). The worst case interference,
i.e. for 7 = T'/2, was always included in the chosen values of 7,,. The
power levels (I, Iy) of the interfering channels is controlled by at-
tenuators as shown in Fig. 6.1, thus achieving different (C/I) power
ratios. All three signals are added and then the composite signal is
transmitted through an AWGN channel. At the receiver, after pass-
ing the signal through the receive square root a raised-cosine filter,
both I- and Q- channels are sampled at their optimum sampling in-
stants and a decision is made. By determining the distance from the
ideal threshold levels for each of the received sampled symbols and by
calculating the signal power at the input of the threshold detectors
the average symbol error probability, Ps, can be computed using the
same methodology as the one described in Section 4.2. The obtained

computer simulated results will be presented and analyzed in the next
section.

6.3 PERFORMANCE EVALUATION
RESULTS AND DISCUSSION

We evaluated the Ps performance of 512- and 1024-QAM systems,
which employ o = 0.5 and a = 0.2 raised-cosine filters in an ACI
environment by having the normalized to the symbol rate channel
spacing and C/I ratio as parameters. The results, which will be
reported here, are obtained under the following assumptions for the
interfering signals:

i) Both have the same modulation format as the desired main channel.

ii) Both have the same power, i.e. I; = Iy = I and are symmetrically
placed around the main channel, i.e. fi = fy = Af.

Fig. 6.2 presents the Carrier-to-Noise (C/N) degradation at Ps =
1078 for 512-QAM as well as 1024-QAM systems with a=0.5 under
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different ACI conditions. Similar results are illustrated in Fig. 6.3,
where boti 512- and 1024-QAM systems employing raised-cosine fil-
ters with o == 0.2 were evaluated. By reducing Af of both interferers
essentially the overall bandwidth efficiency is increased. Thus we can
define nsgr as the Spectral Efficiency Increase (SEI) which for our
system is given by:

Af-T
l4a

nser =2-(1~ > (6.2)
From the obtained results we can see that systems employing less se-
vere filtering, i.e. higher «, are less susceptible to ACI. For example,
for a 1024-QAM, o = 0.2 system with C/I = 0 dB a SET of 6% will
result in a C/N degradation of about 2 dB, whereas an equivalent a
= 0.5 system results in a degradation of less than 0.5 dB. Further-
more, our results indicate that the spectral efficiency gains which are
achieved by reducing the power of the interferers seem to increase
considerably for C/I < 10 dB. Finally it is interesting to note that
even for high interference power, i.e. C/I = 0 dB, relatively small
spectral efficiencies increases result in practically negligible degrada-
tions. As it can be seen from Figs. 6.2 and 6.3, for a 1024-QAM
system having C/I = 0 dB a SEI of about 3% (with & = 0.2} and
5% (with @ = 0.5) is feasible with less than 0.5 dB C/N degradation.
Clearly higher SET are feasible for lower C/I ratios.

6.4 CONCLUSIONS

We have investigated, by means of computer simulation, the perfor-
mance of both 512- and 1024-QAM systems in the presence of ad-
Jacent channel interference and additive white Gaussian noise. The
obtained results are presented as equivalent C/N degradation with
the channel spacing (Af) and the Carrier-to-Interference (C/I) as
parameters. We considered systems employiug raised-cosine filters
with @ = 0.2 or 0.5. Some of our results indicate that for a 1024-
QAM, a = 0.5 system a spectral efficiency increase of 5% is feasible
with negligible C/N degradation.
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Chapter 7

CONCLUSIONS AND
SUGGESTIONS FOR
FUTURE RESEARCH

7.1 CONCLUSIONS

In this thesis the performance of spectrally efficient QAM systems
operating in distorted transmission channels has been studied and

improved. The contributions of this thesis can be summarized as
follows.

1. A novel technique based on the use of two out-of-band pilot tones
for cancelling the effects of transmission SCPJ on the performance
of bandwidth efficient QAM systems has been introduced and ana-
lyzed. The proposed technique has been applied to a 16-QAM system
operated in a combined AWGN and sinusoidal SCPJ environment.
Numerous analytical as well as experimental performance evaluation
results have been presented having the most important system pa-
rameters (e.g. pilot extraction bandwidth and distortion of the pilot
extraction filters) as variables. It has been shown that, performance

gains of up to 8 dB over conventional, non-pilot based schemes are
achievable.

2. A novel method, which employs two in-band pilot tones for si-

142



multaneous carrier and symbol timing recovery has been introduced
and analyzed. Its application to bandwidth efficient QAM system has
been investigated in great detail. The major advantage of the pro-
posed technique is that it does not require any excess bandwidth as
all other pilot based schemes do. It was shown that the only in-band
pilot frequency which does not cause any interference into the QAM
signal and at the same time provides simultaneous carrier and symbol
timing synchronization at the receiver, is the Nyquist frequency. By
analysis, computer simulation and measurements we have evaluated
the performance of a 16-QAM scheme, which employs the proposed
at the Nyquist frequency pilot insertion technique. The 16-QAM sys-
tem was evaluated in an AWGN channel. The obtained results have
indicated that, as long as the pilot extraction bandwidth is relatively
small, the 16-QAM system performance has a negligible degradation
(less than 0.2 dB).

3. Motivated by the increasing need for efficient utilization of the
available spectrum in the digital radio werld and in hybrid analog and
digital channels, such as the transmission of a CEPT-1 digital signal
in a standard analog SG band, we have investigated the feasibility
of two QAM modulation schemes, i.e. 512- and 1024-QAM. These
schemes can achieve spectral efficiencies of up to 9 and 10 b/s/Hz,
respectively. In this context, we have analyzed and evaluated the
performance of these two QAM modulation formats in the presence
of the most important sources of system interference, namely:

(a) Inter-Symbol Interference (ISI),
(b) Adjacent-Channel Interference (ACI),
(¢) Co-Channel Interference (CCI).

Our results have indicated that, under certain constraints, spectral
efficiencies of up to 10 b/s/Hz are feasible.
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7.2 SUGGESTIONS FOR
FUTURE RESEARCH

7.2.1 Analysis of the DPS in the Presence of Other
Forms of SCPJ

The analysis which was carried out in Chapter 2 assumed that the
SCPJ was sinusoidal. As previously mentioned, other models which
can be adopted for the SCPJ include Gaussian and Tikhonov dis-
tributions. It would be thus interesting to analyze and evaluate the
performance of the Dual-Pilot QAM system assuming that the SCPJ
has Gaussian or Tikhonov distribution characteristics.

7.2.2 Performance of 512- and 1024-QAM in the
Presence of Multipath Fading

For terrestrial microwave, high-capacity radio systems one other im-
portant cause of degradation is multipath (selective) fading [96]. Thus,
it is of interest to investigate the performance of 512- and 1024-QAM
in such an environment, so that the outage of the systems could accu-
rately estimated [97). Furthermore, the use of sophisticated receivers,
e.g. employing adaptive equalization, should be studied in order to
reduce the outage of these systems under selective fading [98].

7.2.3 Cancellation Methods for Co-Channel and
Adjacent Channel Interferences

As discussed in Chapters 5 and 6, CCI and ACI could cause signifi-
cant performance degradation, especially to bandwidth efficient dig-
ital communication systems. As a result, it would be very useful to
investigate methods which can be employed to combat these interfer-
ences. For example, one can investigate the use of complex transversal
equalizers with or without feedback in order to reduce the effects of
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interference. Furthermore, coding techniques could be employed to
decrease the overall system sensitivity to thece interferences.

7.2.4 Effects of Nonlinearities on the Performance
of 512- and 1024-QAM Systems

Although in this thesis the impact of only linear distortions on the
performance of 512- and 1024-QAM systems was investigated, almost
any practical digital communication system is necessary to employ
some kind of power amplification, e.g. TWT or GaAs FET, at its
output stage. Most of the power amplifiers exhibit a certain amount
of nonlinear distortion [101],[102]. Thus, it is important to inves-
tigate the effects of nonlinearities on the performance of 512- and
1024-QAM schemes. Furthermore, it would be very useful to find

efficient techniques for adaptively linearizing these power amplifiers
[103],104].

7.2.5 Application of Trellis Coded Modulation to
Digital Microwave Radio

In recent years, Trellis Coded Modulation (TCM) has become an in-
creasingly popular means of achieving substantial gains (of up to 6
dB in an AWGN channel) as compared to uncoded schemes of the
same bit rate and bandwidth efficiency [99]). This coding technique
has been successfully applied to voiceband modems [31] as well as to
mobile-satellite communication system [100]. In all these applications
the modulation technique PSK has been employed almost exclusively.
Thus, it would be interesting to investigate how TCM can be applied
to spectrally efficient QAM systems and what kind of performance im-
provements can be achieved over their equivalent, uncoded schemes.
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Appendix A

16-QAM MODEM
DETAILS

In this appendix the implemented prototype 16-QAM modem is de-
scribed and its detailed circuit diagrams are documented.

The experimental 16-QAM modem consists of the following five cards:

(a) CARD #1: 2 z -PAM Encoder

(b) CARD #2: Quadrature Modulator and Pilot Insertion
(c) CARD #3: Carrier and Symbol Timing Recovery

(d) CARD #4: Quadrature Demodulator

(e) CARD #35: 2 ¢ {-PAM Decoder

All cards consist of a Vector plugboard 4610 construction and are
plugged into a module cage (Vector-Pak) which can accommodate
up to eight cards. A drawing of the front panel of the modem is
shown in Fig. A.1. All external connections are made from the front
panel using BNC connectors. For the reader’s convenience the used
connectors are numbered and their function is briefly described in
Table A.1. Finally, the detailed schematic (circuit) diagrams of each
card are shown in the following figures:

CARD #1: Figures A.2 and A.3,

CARD #2: Figure A 4,
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Figure A.1: Front panel of the 16-QAM modem. It consists of the following
five cards:
(1) CARD #1: 2 x 4-PAM Encoder
(2) CARD #2: Quadrature Modulator and Pilot Insertion
(3) CARD #3: Carrier and Symbol Timing Recovery
(4) CARD #4: Quadrature Demodulator
(3) CARD #5: 2 x 4-PAM Decoder.
A brief description of the shown numbered connectors is given in Table A.1.
For a block diagram of the modem is given in Fig. 2.11.
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CONNECTOR # SIGNAL DESCRIPTION INPUT/OUTPUT
1 Binary Data Input
.2 Master Clock (3.2 MHz) Input
3 Bit Clock (800 kHz) Qutput
4 4-PAM (Q-Channel) Qutpus
5 4-PAM (I-Channel) Output
6 Pilot Signal Output
7 Pilot Signal Input
8 Filtered 4-PAM (I-Channel) Input
9 Filtered 4-PAM (Q-Channel) Input
10 Carrier (1.5 MHz) Input
11 16-QAM Modulated Signal Output
12 Extracted Pilot (f. + f,) Input
13 Extracted Pilot (f. — f,) Input
14 Recovered Carrier ( f.) Output
15 Recovered Symbol Timing Signal Output
16 Demodulated 4-PAM (I-Channel) Qutput
17 Demodulated 4-PAM (Q-Channel) Output
18 Recovered Carrier Input
19 16-QAM Modulated Signal Input
20 To Card #3 Output
21 Monitor of the Spectrum Output,
22 Demodulated, Filtered 4-PAM (I-Channel) Input
23 Detected, Binary Data Qutput,
24 Demodulated, Filtered 4-PAM (Q-Channel) Input
25 Monitor of the eye-diagram (I-Channel) Output
26 Monitor of the eye-diagram (Q-Channel) Output

Table A.1: Description of the various signals at the different connectors of

the 16-QAM modem.
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CARD #3: Figure A.5,
CARD #4: Figure A.6,
CARD #35: Figures A.7 and A.8.
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Figure A.8: Schematic diagram of the 2 x 4-PAM decoder.
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Appendix B

COMPUTER

SIMULATION PROGRAM
LISTINGS

The computer simulation programs listed in the appendix were used
to evaluate the performances of various pilot based and baseband
QAM system, operated in the presence of sinusoidal SCPJ, distorted
linear channels, CCI and ACL

The author of this thesis used, modified and extended numerous sub-
routines and programs which were developed by the Digital Commu-
nication Research Group of the Department of Electrical Engineering
at the University of Ottawa.
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FILE: 51SI FORTRAN * UNIV D'/OF OTTAWA CMS

[ LA IS ITT ISR TIEE LR LIS RS R R RALAL LS LI Q2R Al Ll d d 2 it tdsLt ]

c*
ce
Cce
ct

FILE NAME: 181

c*
c*
Cc*
(ol ]
c*

CHRP0s st ts N Rt SRR S RN SREERRrARERSARNR NN RREANRERRREUAREREERES RN N E

aooo

THIS PROGRAM EVALUATES THE PERORMANCE OF 512—QAM
SYSTEMS IN THE PRESENCE OF A CONSTANT ENVELOPE
CO-CHANNEL INTERFERER (SINUSOIDAL INTERFERER)

COMPLEX DATA(524288),CC1(524288) , TF (524288)
COMPLEX XSIGNL (524288) ,BUFF (524288)

DIMENSION PEI(S0),EBNO(S0)

DIMENSION NI{8192),NQ(8192) ,NNI(8192) ,KNQ(8192)
DIMENSION XARRAY(150) ,YARRAY (150)

INTEGER [R(8192)

REAL IBAUD, IMAX,QMAX

INITIALIZE PROGRAM.
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL , SBANDW

COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
COMMON IMAX , GMAX ,EBNO1 ,RK,CN1

FOR 312-QAM, NBPSYM= 9, EBNQI=18., CNi1=24,, CDIM=40.0

00

NBPSYM= 9
EBNO1m18,

CN1m24,

COIM=4S .0

ATM=45.0

NLEVL=24

IMAXwFLOAT (NLEVL) -1
QMAX= [ MAX

RK=FLOAT (NBPSYM)
KQAM=S12

o000 o000 Q9

Qaooon

ALPHA=D ., 2

IND=1 FOR PLOTTING THE EYE~DIAGRAM
IND=2 FOR PLOTTING THE P(E)

IND=2

NRUNS=1

10FF=0

LSAMPL=G4

NSNRw45
N5YMB=8192

LD IM=LSAMPL*NSYMB

THE BAUD RATE BUAD IS GIVEN IN KBAUD/S

BAUD=177.8
SBANDWmBAUD®1.SAMPL
NO1=LD IM/2+1
NO2=NO1+1
FEW=BAUD/2.
PIm3,14159

END OF INITIALIZATION.
START OF COMPUTATIONS.

THETA = 0.240*PI
WRITE(S,14) THETA

14 FORMAT(1X, "THETA=",F10.4,2X, "RADS*///)
92 WRITE(E,245) KQAM

245 FORMAT{5X, 15, '~QAM’ , /)

WRITE(6,45) ALPHA

45 FORMAT(////.2X, ' #eessssssssal PHAm' F§.2)

»
.
'Y
¢ ]
»
.
»
 J
»
=

51500010
51500020
51500030
51500040
51500030
31300060
51500070
51500080
51500090
51500100
51500110
51500120
51500130
51500140
51800150
51500160
51500170
51500180
51500190
51500200
51500210
51500220
51500230
51500240
51500250
51500280
51500270
51500280
51500290
51500300
51500310
51500320
51500330
51500340
51500350
51500360
51500370
51500380
51500390
51300400
51500410
51500420
51500430
51500440
51500450
51500460
51500470
51500480
51500490
51500500
51500510
51500520
51500530
51500540
51500550
51500580
51500570
51500580
51500590
51500600
51500610
51500620
51500630
51500640
51500650
51500860
51500670
51s00680
51500690
51500700
$1500710
51500720

PAGE 00001



FILE: 5151 FORTRAN *  UNIY D’ /OF OTTAWA CMS PAGE 00002

DSEED = 135791.D0 1500730

CALL RAND (NI, NSYMB, DSEED) 51500740
DSEED = 780956.D0 51500750

CALL RAND (NG, NSYMB, DSEED 51500760

CALL SIGNAL (XSIGNL, NI, NG 51500770

c 51500780
CALL RCOSTX(TF) 51500790

c %1500800
CALL FILTER (XSIGNL, TF) 51500810

c 51500820
c 51500830
c : 51500840
70 DO 101 Mvm1, 1 51500850

¢ 51500860
WRITE(S,102) THETA 51500870

102 FORMAT(1X, *THETA="',F11.4,2X, *RADS' ///) 51500880

c 51500890
DO 100 NR=1,NRUNS 51500900

c : 51500910
CommmmaA IN CHANNEL 51500920
c 51500930
DO 40 I=1,LDIM 51500940

40 DATA(I)=XSIGNL(I) 51500950
CALL ENERGY(DATA,C,EB) 51500980
IF(NR.EQ.1) GO TO 88 51500970

CDI =CDIM={NR-2)*2.5 51500980
G 0= CHANNE L 51500990
AM=SGRT(2.*C*10**(~0.1*CDI)) 51501000

DO 177 Km1,LDIM 51501010

177 DATA(K)=DATA(K)+AM*CMPLX (COS{THETA) ,~SIN(THETA)) 51501020
WRITE(6,199) CDI 51501030

199 FORMAT(SX,'C/I=' ,F5.1,'DB") 51501040
¢ 51501050
c 51501060
c END OF THE TRANSMITTER 51501070
¢ 51501080
c 51501080
88 CONTINUE . - 51501100
82 CALL RCOSRX(TF) 51501110
83 CALL HHGG(TF,PNOISE 51501120
CALL FILTER(DATA,TF 51501130

c 51501140
GO TO (26,27), IND 51501150

27 CALL SYNCRO(DATA,PNQISE,NI,NG,MI MG, EB) 1301160
CALL DECODE (NERROR,DATA,PNOISE ,MI ,MQ,NI,NQ,EBNO,PE] ,ER) 51501170

cce IF(iNERROR.NE.O .AND. (NR.EQ.NRUNS)) CALL PLOT(0.0,0.0,999) 51501180
IF {NERROR.NE.O) GO TO 100 51501190

DO 99 I=1,NSNR 51501200
XARRAYiI;-EBNO(I) 51501210

99 YARRAY(I)=PEI(I) %1501220
Am1, 51501230

CALL DRAWCN{XARRAY.YARRAY.NR.NRUNS.A) 51501240

c CALL ORAWEB(XARRAY,YARRAY,JCURY,JLAST) 51501250
GO TO 100 51501260

26 CALL EYEQ(DATA) 51501270
100 CONTINUE 51501280
THETA = THETA + 0.02*PI 51501290

101 CONTINUE 51501300
STOP 51501310

END 51501320
c...lBittttt-‘t-‘l-ttt‘llt‘tt‘-tt"l‘tttt.“‘"..‘tt.ttltt!t#t.tt..tt! 51501330
c SUBROUTINE: SIGNAL * 51501340
c * 515013%0
c THIS SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL * 51501360
cttt‘l“..!‘“‘!t'tt“tttll‘t.“.l“'."ttt‘tttttttttt‘ltttttt.-ttt-t! 51501370
SUBROUTINE SIGNAL (DATA,NI,NQ) 51501380
DIMENSION NI(1),NG(1) 51501390
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL , SBANDW 51501400
COMMON /NUMB2/ NSNR,NSYMB,BAUD,ND1,NO2 51501410

DO 1 Imi 51501420

« NSTMB
IF szNISI .EQ. NQ I;; .AND, NIEI; +EQ. 23}) NI(I1)=15 51501430
IF ((NI(I) .EQ. NQ(I LAND. (NI(I) .EQ. 21)) NI(I)=13 31501440



FILE: 3151 FORTRAN * UNIV D’/OF OTTAWA CMS PAGE 00003

1 CONTINUE 51501450

00 2 I=1,NSYMB 51501480

c LOAD INTO SAMPLE ARRAY, 16 SAMPLES PER SYMBOL 51501470
J1m( 1~1) *LSAMPL+1 51501480
J2m]sLSAMPL 51501490

DO 3 J3wd1,d2 51501500

3 DATA(J3)=CMPLX (FLOAT{NI(I}) .FLOAT(NG(I))) 51501510

2 CONTINUE - 51501520
RETURN 51501530

END 51501540

Corssnsssnssstssttssst st ssnsssniotsitsissstssssassasnusnsssssssnins 51501550

¢ SUBROUTINE: RCOSTX * 51501560
c * 51501570
c THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A * 51501580
c RAISED COSINE FILTER WITH ARSITRARY ALPHA WITH A * 51501590
c X/SINX APERTURE EQUALIZER * 51501800
CH*2H0AN 830NN NSRS SRS RN ER AN RNRER BN SIS P NN SN RIS AR ANA SN ARENOEERNN SR 51501610
SUBRQUTINE RCOSTX(TF) 54501620
COMPLEX TF{ 1) 51501630
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL 51501640
COMMON /NUMB2/ NSNR,NSYMB,BAUD 51501650
SEANDW=BAUD*L SAMPL 51501680
NO=LDIM/2 51501670
NO1=NO+1 51501680

IF (ALPHA.EQ.0) ALPHA=0.0001 51501690
FNaLDIM* (FBW/SSBANDW) 51501700
Fim(1.-ALPHA) *FN 51501710
F2=(1.+ALPHA) *FN 51501720
IFN=IFIX(FN 51501730
IF1=IFIX({F1)+1 51501740
IF2=IFIX{F2)+1 51501750

c 51501760
C  THE AMPLITUDE CHARACTERISTICS 51501770
c 51501780
Al=3.1415928/(2. *FLOAT(IFN)) 51501790

DO 8 I=2,IFt 51501800
TF(1)=CMPLX(1.0,0.0) 51501810

Ju[=1 51501820

c 51501830
£ X/SIN(X) EQUALIZATION 51501840
c 51501850
A2=(FLOAT (J) *A1) /(SIN(FLOAT(J)*A1)) 51501860

TF (1 }»CMPLX (A2,0.0) 51501870

8 CONTINUE 51501880
JK=IF 141 51501830

DO 9 Jm=JK,IF2 51501900

ImJ~-1 £1501910

c 51501920
¢ ROOT OF RAISED COSINE 51501930
c 51501940
AJ-(FLOAT(I)'M)/(SIN(FLOATSI)‘M)) 51501950
A-s:s.1415923/(2.0%me))~( FLOAT(1) /FLOAT(IFN))=-1.) 51501960

TF (J)=CMPLX (SGRT(0.5* (1.0-SIN(A))),0.0) 51501970

TF (J)=TF (J) *CMPLX (A3,0.0) 51501980

9 CONTINUE 51501890
JH=[F241 51502000

DO 10 I=JH,NO1 51502010

TF (1)=CMPLX(0.0,0.0) 51502020

10 CONTINUE 51502030
NO2=NO1+1 51502040

DO 5 I=NO2,LDIM 51502050

TF (1)mCONJG(TF (LDIM#2~1)) 51502060

5 CONTINUE 51502070

RE TURMN 51502020

END 51502090
CI!“!.t..tt“.ttt...t‘t.tl"‘tt‘-t-t‘-‘l!.t-‘lt‘t'l!!lt.ltt‘tttt.tt“ 51502100
¢ SUBROUTINE: RCOSRX * 51502110
c * 51502120
¢ THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A * 51502130
c RAISED COSINE FILTER WITH ARBITRARY ALPHA * 51502140

c...l"t""‘“'-!O‘t‘l‘“t"""“‘“.l..l‘-““--ltttﬂ.““ittltl“ll 51502150

SUBROUTINE RCOSRX(TF) 51502160



" FILE: $tSI FORTRAX * UNIY D'/OF OTTAWA CMS

COMPLEX TF( 1)

COMMON /NUMB1/ FEBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB ,BAUD
SBANDW=BAUD*L SAMPL

NO=LDIM/2

NO1mNO-+1

IF (ALPHA.EQ.0) ALPHAw0,0001
FNeLDIM® (FEW/SBANDW)
F1=(1.~ALPHA) *FN

F2=(1.+ALPHA) *FN

IFN=IFIX(FN

IF1=IFIX(F1)+1

IF2=IF IX(F2)+1

AWPLITUDE CHARACTERISTIC

A1=3,141592/(2. *FLOAT(IFN))
DO 8 I=2,IF1
TF{1)=CMPLX(1.0,0.0)
Jm] 1
TF{1)~CMPLX(1.,0.0)
8 CONTINUE -
JK=IF 141
DO 9 JmJK,IF2
1mJ=1

ROOT OF RAISED COSINE

A-iJ.141592/(2.0'ALPHA))'((FLOAT(I)/PLOAT(IFN))-1.)
TF (J)=CMPLX (SORT (0. 5% (1.0=SIN(A))),0.0)
9 CONTINUE
JH=IF2+1
DO 10 I=JH,NO1
TF(1)=CMPLX(0.0,0.0)
10 CONTINUE
NO2=NO1+1
DO 5 I=NO2,LDIM
TF (1)=CONJG (TF (LDIM#2=1))
5 CONTINUE
RETURN
c.t“‘EEE‘.“t‘....“‘..l..-.l“'.-‘.l'..‘..'“.‘“.“‘.'O“‘-..'l.“‘
g SUBROUTINE: FILTER *
[
¢ THIS SUBROUTINE PERFORMS THE FILTERING *
c PROCESS ON A DATA SEQUENCE .
c'lt.‘-t““"“‘.““t“"‘."l““‘"‘.“‘Ct"'*“l“t.-“‘l‘."““
SUBROUTINE FILTER(DATA,TF)
COMPLEX DATA(1),TF(1)
DIMENSION IWK(20)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
CALL FFT2C(DATA,19,IWK)
DO 1 I=1,LDIM
1 DATA(I1)=CONJG(DATA(1)*TF(I))
CALL FFT2C(DATA,19, INK)
DO 2 I=1,LDIM

o000

aaon

2 DATA(I)=CONJG(DATA(I))/FLOAT(LDIM)
RETURN
END
CrEsna st SRR NSNS SRS RS RNASRRORIREE RS NRAS SR ENI SRS AT R R ERERRNERDS
G SUBROUTINE: HHGG .
L
C  THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER .
C AT THE QUTPUT OF THE RECEIVE FILTER .

CrERNBRESNRESNAR NS R AENARSNAR RN IREES AR SSARIESENNEESAERESNANSREENEERRRD

SUBROUTINE HHGG(TF ,PNOISE)

COMPLEX TF (1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD

SUM=0 ., 0

SBANDW=BAUD*L SAMPL

DO 1 L=1,LDIM

51502170
51502180
51502190
51502200
51502210
51502220
$1502230
51502240
51502250
51502260
51502270
51502280
51502290
51502300
5150230
51502320
51502330
51502340
51502350
51502380
51502370
51502380
81502390
51502400
51502410
51502420
51502430
51502440
51502450
51502480
51502470
51502480
51502490
51502500
$1502510
51502520
51502530
51502540
51502550
51502560
21502570
51502580
51502590
51502600
51502810
51502620
51502630
51502640
51502650
51502660
51502670
51502680
51502690
51502700
51502710
51502720
51502730
51502740
51502750
51502780
51502770
51502780
51502790
51502800
51502810
51502820
51502830
51502840
51502850
51502860
51502870
51502880
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FILE: 31s1 FORTRAN * UNIV D'/OF OTTAWA CMS

HH-(CABS(TF(L)))"2
SUlbm SUMHHH
PNOISEﬂSUH‘SBANDW/FLOAT(LDIM)/Z.

WRITE {e +2) PNOISE
2 FORMAT 5X, 'PNOISE=’ ,F7.3,/)
c.tttl.t““‘t'lttoc-‘t‘ttt'..‘l.ttt...tt“ttt“‘-ttttt‘t“‘ltttt"#ll
g SUBROUTINE: ENERGY .
[ ]
C THIS SUBROUTINE COMPUTES THE CARRIER POWER .
c AND THE AVERAGE BIT ENERGY .

(ol LEL R LRI T RIS E L PR S AL ALY IR 221 21t il R st y)]

SUBROUTINE ENERGY(DATA,C,EB)
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON TMAX , QMAX , EBNO1,RK, CN1
COMPLEX DATA(‘I)
WATTS=0,
DO 1 [=t,LDIM
mns-mnsms(mm( [))*=2
1 CONTINUE
C=WATTS/FLOAT(LDIM)/2.
RRK=RK/2,
EB-C/(RRK'BAUD)
WRITE s ,40) C,EB
40 FORMAT(10X,*C=’,F15.6,5X, "EB=" ,E15. 8)
RETURN
END
END
cott-tt‘-0.0l0!tt‘.""‘t-tttt‘tttt....‘tlC#OOttt‘.‘.tt‘t“tt!“‘l..‘.
g SUBROUTINE: SYNCRO *
L ]
c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA .
ctt.tttt‘tt‘O‘!ttt.tt‘.t‘tt‘aOt‘ttt-tt.t‘OO'.‘ttt--ltt‘ttttttt‘ttttt..
SUBROUTINE SYNCRO(DATA,PNOISE,NI,NQ,MI,MQ,EB)
INTEGER GMAXF
COMPLEX DATA 1 AP
DIMENSION NI(1),.NQ(1)
COMMON /NUl.Bl/ FBW,ALPHA, LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB, BAUD
COMMON TMAX , GMAX , EBNO1 , RK, CN1
NERROR=0
IF (1OFF.EQ.0) GO TO 111
DO & Kw1, IOFF
XXmA IMAG (DATA(LDIM))
DO 7 KK=2,LDIM

7 DATAikx)-c’pLx(REAL(DATMKK)) JAIMAG(DATA(KK-1)))
cs DATA(1)=CMPLX (REAL (DATA{1)) ,XX)
g SYNCHRONIZE THE RECEIVED DATA.
111 NOLD=O
NOF =0
Kw1
300 cormnue
DO 200 Jmi Nsma
THR1 [mFLOAT (NI
THR2 [=FLOAT (NI
THR1Q=FLOAT (NQ —1.
THR2O=FLOAT(NG(J) )+1.
JImK+{d=1) 'LSAIPL
IF(J1.GT.LDIM) J1=J1-LDIM
AXBAR-EREAL(DATA(M);-!-REAL(DATA(JH‘I))
AYBAR=(AIMAG(DATA(J1) )+AIMAG(DATA(J 14153} /2.
“AXBAR .GT. THR1I; .AND. EAXBAR LLT.THR2I}) NEW=NEW41
AYBAR.GT.THR1Q) .AND, (AYBAR.LT.THR2Q)} NEWeNEW+1
200 TINUE
IF(NOLD GE.NEW) GO TO 399
NOLD=NEW
NOF wi

51502890
51502500
81502910
51502920
51502930
51502940
51502950
$1502560
51502970
51502980
51502990
51503000
51503010
51503020
51503030
51503040
51503050
51503060
51503070
51503080
51503080
31503100
31503110
51503120
51503130
51503140
51503150
51503180
51503170
31503180
51503190
51503200
51503210
31503220
51503230
51503240
51503250
51503260
51503270
51503280
51503290
51503300
51503310
51503320
51503330
51503340
51503350
515033680
51803370
51503380
51503390
51503400
51503410
51503420
51503430
51503440
51503450
51503460
51503470
51503480
51503480
51503500
51503510
51503520
51503530
51503540
$1503550
51503580
51503570
$1503580
51503580
51503600
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FILE: 5151 FORTRAN * UNIV D'/CF OTTAWA CMS

399

o0

K=K +1
LFU=2*NSTYMB

SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP

NSFT=LSAMPL*8
IF {NOLD.LT.LFU.AND.K.LE.NSFT) GO TO 300
NOF=NOF -1
KTmK=2
WRITE(6,56) NOLD,NOF KT
FORMAT(iX *NO OF MAX. CORRECT SYMBOLS = * 18,//,1X,
*'NO OF SHIFT IN SAMPLES FOR MAX. CORRECT SYMBOLS= * Jd4,7/,
*1X,"TOTAL NO OF SHIFT FOR SEARCHING = *,14)

000

240
250

230

30
40

50
60

IF (NOF.EQ.Q) GO TO 230
LO=LDIM-1

DO 250 Im=1,NOF
AMP=DATA(1)

DO 240 J=1,LO
DATA(J)=DATA( J+1)
CONTINUE

DATA(LDIM)=AMP
CONTINVE

OPTIMIZE THE SAMPLING INSTANT

M=t
MO= 1
EQT=FLOAT NST\B; + 1.
ao:a-ik'22 LOAT(NSYMB) + 1.
VARIAN=PNOISE*EB*(10.**(~0. 1*FLOAT(M) })
SIGMA=SQRT (VARIAN)
MOS=LSAMPL /4
DO 80 Jumi,MOS
El=0.
EQ=0.
1ERXm0
1ERY=0
DO 70 Ke=1,NSYMB
VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR
J1-(K-1)‘LSAM’L+J
EREAL DATA(Jx);mEAL(DATA(un)) 2.
AYBAR- ATMAG(DATA(J1) ) +AIMAG(DATA(J1+1))) /2

Mx-AB fAXBAR
AMP1=ABS(FLOAT(NI{K)))
THR1I=AMP] - 1.0
THR2I=sAMPI + 1.0
xmxr-o
Emn .EQ.IMAX) GO TO 30
{ AMPX.GE.THR2I).OR. (AMPX.LE.THR11)) INDEXIm1
co TO 40
IF (AMPX.LE.THR11) INDEXIm1
IMAXF=1
CONTINVE
INDEXQmO
AMPY=ABS (AYBAR)
AMPQ=ABS (FLOAT(NQ(K)))
THR1Q=AMPG -~ 1.0

THR2Q=AMPG + 1.0
GMAXF =0
IF AMPQ.EQ.QMAX) GO TO 50
{ AMPY.GE.THR2Q) .OR. (AMPY.LE.THR1Q)) INDEXOw1
GO TQ 60
IF{AMPY .LE.THR1Q) INDEXQe1
QMAXF=1
CONTINUE
IFEINDEXI.EQ.1 El=E]l + 1.
IF(INDEXQ.EQ.1) EG= EQ + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NO=22dB

51503610
51503620
31503830
51503640
51503650
51503660
51503870
51503680
31503690
51503700
51503710
51503720
51503730
31503740
51503730
$1503780
51503770
51503780
51503780
51503800
51503810
1503820
51503830
51505840
51503830
51503880
51503870
51503880
31503890
51503900
51503910
31503920
51503930
51503940
51503950
$1503960
$1503970
51503980
51503990
31504000
51504010
31504020
51504030
51504040
51504050
51504080
51504070
$1504080
51504090
51504100
51504110
31504120
S1504130
31504140
51504150
51504180
51504170
51504180
51504190
51504200
51504210
$1504220
$1504230
51504240
51504250
51504260
51504270
51504280
51504290
51504300
31504310
51504320
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5181 FORTRAN * UNIV D'/OF OTTAWA CMS

D1=ABS (AMPX-THR11}
ARG=D1/(SICMA®SQRT(2.))
CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARG=12,
EI=E] + ERFc(ARs;/z.
IF (IMAXF .EQ. 1) GO TO 65
D2=ABS ( THR21-AMPX}
ARG=D2/(SIGMA®SGRT(2.))

IF (ARG.GT.12.) ARG=12.
EI=E] + ERFC(ARG)/2.

65 D1=ABS{AMPY-THR1Q

70
a1

75

80
9

90 FORMAT(5X, "SAMPLING POINTS FOR [ AND Q CHANNELS DIFFER BY',

95 FORMAT(5X, "RECEIVED DATA IS DELAYED BY *,F7.3,’ SYMBOLS’, /)

ARG=D1/(SIGMA*SART(2.))

IF (ARG.GT.12.) ARG=12.

EC=EQ + ERFC{ARG)/2.

IF (OMAXF .EQ. 1) GO TO 70
D2=ABS  THR2Q-AMPY)
ARG=D2/(SIGMA®SQRT(2.))

IF {ARG.GT.12.) ARG=12,

EQ=EQ + ERFC(ARG)/2.
[ERX=IERX+INDEXI

IERY=[ERY+INDEXQ

CONTINUE

WRITE(6,81) IERX, [ERY

FORMAT (5X, * IERX="*, 15,5X, * IERY=", |5)
IF(EQI.LE.EI) GO TO 75

EOI=E]

M=y

CONT INUE

IF (E0Q.LE.EQ) GO TO 80

EQO=EQ

MO J

MOF F= I ABS (MI-MQ)

WRITE(E,91) NI, MG

FORMAT (5X, *MIs= *,13,5X, ’MQu *,13)
IF{MOFF .NE.0) WRITE(6,90) MOFF
OFF=(FLOAT(MI) + FLOAT(NOF))/FLOAT(LSAMPL)

#12,° SIXTEENTHS OF THE SYMBOL INTERVAL',/)
WRITE(8,98) OFF

RETURN
END

ct..".l.“.‘..-‘.t““‘..‘-.‘.O...t‘-.t‘O.l...‘-....‘t.“.‘.‘-....l..

c
c
c

SUBROUTIMNE: DECODE
THIS SUBROUTINE DECODES THE SYNCHRONIZED DATA

*
*
L

c.‘.#l‘t"--‘...ttt...‘.‘.."ﬂl-.‘---'..-"".tl.““...“t"“."l“‘

SUBROUTINE DECODE(NERROR,DATA.PNO[SE.MI.MO.NI.NQ.EBNO.PE.EB)

INTEGER QMAXF

COMPLEX DATA(1) ,AMP

DIMENSION EBNO(1),PE(1),NI(1),Na(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL

COMMON /NUMB2/ NSNR,NSYMB, BAUD

NERRORmO

DO 1 Im1,NSNR

PE(1)=0.

COMMON IMAX , QMAX , EBNO1 ,RK , CN1

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, ONLY THOSE
ERRORS IN ADJACENT LEVELS ARE CONSIDERED
DO 2 K=1,NSTMB

Ji-iK—1g‘LSAhPL+MI

J2=(K-1)*LSAMPL + MQ

AXBAR-{REAL(DATA(J!) +REAL (DATA(J141))) /2.
AYBAR={AIMAG(DATA(J2) ) +AIMAG(DATA(J2+1})) /2.
INOEX 1=0

m:x-AasiAxaAR)

AMP [=ABS (FLOAT (NI (K)))

THR1 [wAMPI — 1.0

THR2I=AMP! + 1.0

TMAXF =0

51504330
51504340
51504350
515043680
51504370
51504380
51504390
51504400
51504410
51504420
51504430
51504440
51504450
51504480
51504470
51504480
51504490
51504500
51504510
51504520
51504530
51504540
51504550
51504560
51504570
51504580
51504590
51504500
51504610
51504820
51504630
51504640
$15046%0
51504660
51504870
51504680

51504690

S1504700
51504710
S1504720
51504730
51504740
515047%0
515047580
51504770
51504780
51504790
51504800
$1504810
S$1504820
51504830
51504840
515048350
51504860
51504870
51504880
51504890
51504800
51504910
51504920
51504930
51504940
51504950
51504960
51504970
51504980
51504990
51505000
51505010
51505020
51505030
51505040
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FCRTRAN *  UNIV D'/OF OTTAWA CMS

IF iAMPI.EQ.IMAK) GO TO 30
ég Ts ::PX.GE;THRZI}.OR.(ANPX.LE.THR1I)) INDEXIm1{

30 IF (AWPX.
IMAXF=1

LE.THR1I) INDEXIw1

40 CONTINUE
INDEXQu0

AMPYaABS
AMPQuASS
THR1Q=AMPQ

EAYBAR)
FLOAI(QQ(K)))

THR2Q=AMPG + 1.0

QMAXF=0
IF
GO TO 60
50 IF(AMPY.
QMAXF=1

60 CONTINUE

IF im.EQ.M) GO TO 50
( AMFY .GE . THR2G) .OR. (AMPY,.LE.THR1Q)) INDEXQm1

LE.THR1Q) INDEXGm1

IF((INDEXI.EQ.1).OR. (INDEXQ.E@.1)) NERROR=NERROR+1

1/2*ERFC
DO 4 M=1

o0O00O00O000n

EEBNO(M) =EBNO1+1. 0*FLOAT(M-1)
VARIAN=PNOISE*ED* (10, #*

COMPUTE THE PROBASILITY OF ERROR FOR THIS SYMEOL.
THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN d8; PNOISE IS
1/2° INTERGAL (0 H(F)**2" DF); AND VARIAN = NO*PNOISE.
FOR THE END POINTS (7FLAG=1) THE PE-I/2‘ERFC§D1/(5]6MA‘SQSRT(2)))
AND FOR THE INNER POINTS THE PEw1/2%ERFC(D1/

(D2/(SIGMA*SGRT(2))).
,NSNR
-0. 1*EBNO(M) ))

SIGMA=SQRT (VARIAN
D1=ABS (AMPX~THR11
ARG=D1/{SIGMA*SQRT(2.))

CHECK IF
NERI=i

o000

IF

SYMBOL IS IN ERROR. IF IT IS TERMINATE RUN

IF SINDEX[.EQ.1) GO'TO 153
ARG.GT.12.) ARG=12.

PEI=ERFC(ARG) /2.
IF (IMAXF .EQ. 1) GO TO 100
D2=ABS{ THR2[-AMPX)
ARGmD2/(SIGMA*SGRT(2.))
IF (ARG.GT.12.) ARGm12.
PEI=PE] + ERFC(ARG)/2.

100 D1=ABS{AMPY-THR1Q)
ARG=D1/ (SIGMA®SGRT(2.))
IF ilmzxo.ao.n GO TO 153
IF (ARG.GT.12.) ARG=12,

PEQuERFC

(ARG) /2.

IF (QMAXF ,EQ. 1) GO TO 110
D2=ABS (THR2Q-AMPY)
ARG=D2/(SIGMA®SGRT(2.))

IF (ARG.GT.12,) ARG=12.
PEQ=PEQ + ERFC{ARG)/2.

IF (PEQ. L
4 PE(M)=PE
CONTINUE

DO S Je=1

110 IF{PEI.L

T.1.E-15) PEI=0,
T.1.E-15) PEQuwQ.
(M)+(PET+PEQ) /2.

+NSNR

5 PE(I)=PE N
S oo

5150 FORMAT (5X, *'EB/NO’ , 10X, 'PROB. OF ERROR’,/)
c WRITE (8,151) (EBNO(I),PE(I),I=1,NSNR)
C151 FORMAT(SX,F5.1,10X,£10.2)

WRITE (6
152  FORMAT(/
c0 TO 15

+152) NERROR
gx.’ERRORS-'.IS,/)

153 PRINT 154

154 FORMAT
WRITE(S,

(10X, *SYMBOL. WAS IN ERROR, RUN WAS TERMINATED'

157) NERI

157 FORMAT(5X, "NERI=’, I5)

SIGMA®*SGRT(2))) +

CHECK IF ARG IS LARGE IN WHICH CASE PE IS INSIGNIFICANT

/)

51505030
51503060
51503070
51503080
51505090
1505100
31505110
51503120
51503130
51505140
831505150
91505180
51503170
31503180
51505190
$1505200
31505210
$1503220
51505230
51505240
$15052%0
n1505260
51505270
51505280
51505290
51505300
51505310
51505320
$1S05330
51505340
515035350
51505360
51505370
51505380
1505390
51505400
51505410
51505420
51505430
51505440
51505450
31505460
$1505470
51505480
51505490
31505500
31505510
51505520
51505530
51505540
51505550
51505560
51505570
51505580
51503580
51505800
1505610
51505620
51505830
51505640
51505650
51505880
51505670
31505680
51505890
51505700
51505710
51505720
51505730
S1505740
$1505750
51505760
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ct"t.““‘ll.l-t..“‘...‘.....‘.‘.“‘..."".l‘.“.......l‘.....“-l.

c
c
c
c

00

o000 o060 OO0

o000

cc

Cres sttt sttt dis i nausd st sttt ittt e s RN Re R nR et ENR SRR IR RReERERnS

c
c
c
c

(AL LRI AL LI TR I I TSR R E T Y S Ly e ppupp g

155 CONTINUE

RETURM
END

SUBROUTINE: DRAWCN

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P(E) AS LOW AS 1.0E-10 AND A C/N RATIO AS HIGH AS 42 DB

c..."O‘....t..'..‘.‘..‘C“"‘“".“““.l'.‘l.l...“‘..‘.l....t'l..l

SUBROUTINE DRAWCN(XARRAY, YARRAY,JCURV, JLAST ,A

DIMENSION XARRAYU).YARRAY(il)J.XA(TSO). XX(150),YY{150)

COMMON /NUMB2/ NSNR,NSYMB,BA
COMMON TMAX , GMAX , EBNO1T , RK, CN1
M=NSNR

BR=RK*BAUD

NEW=BAUD /A

CF=BR/NBW

DO 1 K=1, NSNR
XAEK)-XARRAY( K) + 10%(ALOG10(CF))
IF{YARRAY( K).LE.1.0E-10) GOTO 3
GOTO 1

M= K—1

GOTO 4

CONT INUE

CONTINUE

Tt 1

=141

XA(1)=9.0

XA(11)=1.0

YARRAT{I)-1.E-1O

YARRAY (11)=0.4

Go TO 2

IF (JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(57.0,27.5)
CALL FACTOR(D.85)

ESTABLISH THE ORIGIN.
CALL PLOT(3.0,%.5,-3)
DRAW THE LOGARITHMIC Y-AXIS.

CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,25.,
+90.,1.0E-10, .4)

DRAW THE LINEAR X-AXIS.

CALL AX1S(0.0,0.0,9HC/N IN dB,-9,
448.0,0.0,9.0,1.0)

PLOT THE DATA IN LOG-LINEAR MODE.

2 CONTINUE
PRINT 150

130 FORMAT(5X, "EB/NC', 10X, 'PROB. OF ERROR',7X,’'C/N',/)

WRITE(6,151) (XARRAY(1),YARRAY{I},XA(I),I=1,M)

151 FORMAT(5X,F5.0,10X,E10.2,10X,F5.1)

GO TO 45
CALL LGLIN(XA,YARRAY,M,1,4,JCURV,1)
IF{JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,999)

45 RETURN

END
SUBRQUTINE: EYEQ

THIS SUBROUTINE DRAWS THE EYE DIAGRAM
FOR A TWO SYMBOL DURATION

SUBRCUTINE EYEGQ{DATA)

51505770
51305780
51505790
51505800
51505810
51505820
51503830
51505840
51503850
51505860
51505870
51505880
51505890
51505900
51505910
51505920
51505930
51505940
31505950
51505960
51505970
51505980
51505990
51506000
51506010
51506020
515068030
51506040
1508050
515060860
51508070
51506080
51506090
51508100
51506110
51508120
51508130
51506140
51506150
51506160
51508170
31508180
51506190
51506200
51506210
51506220
51508230
51508240
51506230
51506260
51506270
51506280
51506290
51506300
51506310
51506320
51506330
51506340
51506350
51506360
$1506370
51506380
51506390
51508400
51506410
$1506420
51506430
51506440
51506450
S1506460
51506470
51506480
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DIMENSION DATAZ(GSJ.DATAS(GS)
COMPLEX DATA(1)
COMMON /NUMB1/ FBW,ALPHA ,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
ESTABLISH THE SURFACE AREA.
CALL PLOTS(37.0,27.5)
ESTABLISH THE ORIGIN.
CALL PLOT(3.0,13.0,-3)
WRITE THE TITLE OF THE GRAPH.
CALL SYMBOL(10.0.12.0.0.49.16HOPSK EYE NIAGRAM,0.0,18)
DRAW THE TIME AXIS.
CALL AX1S5(0.0,0.0,1H »~1,24,,0.0,1.0,2.8)
DRAW THE AMPLITUDE AXIS.
CALL AX1S(0.0,-8.00,1H +1,16.0,90.0,-24.,3.0)
PLOT THE DATA.
JU=2*L SAMPL.
DATA2(JJ+1)=0,0
DATAZ(JJ+2)=3.0
DATA3(JJ+1)m1 .0
DATA3Z(JJ+2)m2.8
M2=NSYMB/S
M3=3*M241
Mimg o221
DO 4 KK=1,M2
DO 2 I=1,4J
11=(KK=1) *LSAMPL+I
IF{I1.GT.LOIM) II=II-(II/LDIM)*LDIM
DATA2€I;-REAL(DATA(II))

2 DATA3(I)=FLOAT(I)
CALL LINE(DATA3,DATA2,J4,1,0,0)

4  CONTINUE
CALL PLOT(0.0,0.0,999)
RETURN

END
c.“.-'.‘..“‘.--‘--.-."'“““.'....""""“‘.‘l.‘..l‘.‘a‘.-.!“‘.
g SUBROUTINE: ATT .
L]

c THIS SUBROUTINE PERFORMS THE ATTENUATION OF A COMPLEX .
¢ SIGNAL (AT IS THE ATTENUATION FACTOR IN DB) .
c*l‘.t.“l.....t‘.“‘..““““-“'..‘l‘.‘.t!.t""""..l....tt.‘-"'

SUBROUTINE ATT(DATA,AT)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL , SBANOW

COMPLEX DATA(1)

ATTTm10.%(-AT/20.)

DO 10 Iwt,LDIM

10 DATA(I1)=mDATA{1)*ATTT
RETURN

o O 000 O 0

END
oLE LD LT T T e E L R e e e T T T LI
g SUBROUTINE: OFFSET .
»
c THIS SUBROUTINE SHIFTS THE DATA SEQUENCE BY ICOF b

cutﬂott-.t‘ttt-ttt-ttttt-tttttttttt‘tltttt'tt“t‘ttt.t.‘ttt‘.ttttt-tt!
SUBROUTINE OFFSET({DATA, IOF)
COMPLEX DATA(1),BUFF( 1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL , SBANDY
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
J=LDIM-1ABS(IOF)
KmJ+1

IF Elor.sn.o GOTO 9

IF (IOF.LT.0) GOTO 4

00 1 I=1,4
1 BUFF(I)®DATA(I)
DO 2 I=K,LDIM

DATA(I-J)=DATA(I)

DO 3 I=1,J

DATA(1+10F )=BUFF (1)

GOt 9

1OF=—]OF

L=IOF+1

DO 5 IslL,LDIM

S BUFF(I-10F)=DATA(I)

> W N

51506490
51508500
51508510
51506520
51506330
51508340
51506550
51506560
51506570
51506380
S1508550
S$1506600
51506610
51506620
51508630
S1508640
31508630
51508680
51506870
51506680
51506690
51508700
51506710
51508720
51508230
51506740
51506750
51506760
51508770
51508780
51506790
51506800
51506810
51506820
51508830
51506840
31508850
51508860
51506870
51506880
51506890
51506800
51508910
31508920
51506930
51508940
S1508950
51508980
51506970
S1508980
$1506990
51507000
51507010
81507020
51507030
51507040
51507050
$1507060
51507070
51507080
51507090
$1507100
51507110
51507120
S1S07130
51507140
51507150
51507160
31807170
51507180
51507190
51507200
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DO 8 Imt, IOF

8 DATA(I+J)wDATA(I)

DO 7 I=t,J

7 DATA(1)=BUFF(I)

9 RETURN
CUOOQOEEEQQ““CQU“‘.!l'l-'.t‘tt'.“l‘.‘-‘t.‘.“*““‘Ctttt.‘ltttttlt
c SUBROUTINE: PHASE :
c
o THIS SUBROUTINE PERFORMS THE PHASE SHIFT .
c OF A COMPLEX DATA SEQUENCE *

CrIes sttt sisue s tANaNERANREERORO R IR RO RN RS ERAR RSN SRR R RSR R RRARRASEES

SUBROUT INE PHASEEDATA,PHI)
COMPLEX EPS,DATA(1
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF,LSAMPL , SBANDW
EPSaCMHLX (COS(PHI) ,—SIN(PHI))
DO 10 Im1,LDIM

10 DATA(I)-DATA(I)‘EPS

RETURN
c*l--aEfE.-ltt“ll-.“..!ttt...t!at!tttt"tll.tt‘tttt“‘tt-t‘ltctltttt
c SUBROUTINE: RAND :
C
c THIS SUBROUTINE GENERATES RANDOM SYMBOLS »

CHIRISI IS NS R RPN SIS RARIAR SIS INEN IS SN NEE R RIS A NSRS E RN NS AR EESUR

SUBROUTINE RAND(IR,N,DSEED)
INTEGER IR(1)
DOUBLE PRECISION DSEED
DG 3000 I=1,N
R-GGUBFS(DSEED)
lR I)=IFIX(R)

R.LE.0.041 IR(I)-—23

[F R.GT.0.041) .AND R.LE.0.082)) IR(I)==21
IF{(R.GT.0.082) .AND . (R.LE.0.123))IR(I)==19
IF{(R.GT.0.123).AND . (R.LE.0.164))IR(I)=—17
IF({R.GT.0.164) .AND . (R.LE.0.205))IR{I)=—15
IF({R.GY.0.205) .AND . (R.LE.0.245))IR(I1)=—13
IF({R.G7.0.248) .AND . (R.LE.0.287))IR{I)=—11
IF({R.GT.0.287) .AND . (R.LE.0.328))IR(1)=—9

IF({R.GT.0.328) .AND . (R.LE.0.369))IR(])m~?

IF({R.GT.0.369).AND . (R.LE.0.41)) IR(I)=5

IF({R.GT.0.41) .AND . (R.LE.0.451))IR(I)=»3

IF((R.GT.0.451) .AND . (R.LE.0.492))IR(]}m—1

IF((R.GT.0.492) .AND . (R.LE.0.533))IR(I)= 1

IF({R.GT.0.533) .AND . (R.LE.0.574))IR(I)= 3

IF((R.GT.0.574).AND . (R.LE.0.615}}IR(])= %

IF({R.GT.0.615) .AND . (R.LE.0.6%6})IR(I)= 7

IF((R.GT.0.656) .AND . (R.LE.0.697))IR(I)= 9

IF({R.GT.0.897) .AND . (R.LE.0.738))IR(I)m11

IF{((R.GT.0.738) .AND . (R.LE.D.779))IR{I)=13

IF({R.GT.0.779) .AND ., (R.LE.0.82)) IR{I)=15%

IF({R.GT.0.82) .AND . (R.LE.0.861))IR(I)=17

IF({R.GT.0.861) .AND . (R.LE.0.902))IR(I)=19

[F{((R.GT.0.902) .AND . (R.LE.0.943))IR(I)=21

IF((R.GT.0.943) .AND R.LE.0.984))IR(I)=23

IF (R.GT.0.984 IR(I)-23

3000 CONTINUE
RETURN
END

$1507210
51507220
51507230
51507240
51507250
51507260
51507270
1507280
51507280
51507300
31507310
51507320
51507330
51507340
51507350
1507360
31507370
51507380
$1507390
51507400
51507410
51507420
51507430
51507440
51507450
51507460
51507470
51507480
51507490
51507500
51507510
51507520
51507530
51507540
51507550
51507560
51507570
513507580
51507590
51507600
51507610
51507620
51507630
51507640
51507650
51507660
51507670
51507680
51507690
51507700
51507710
51507720
51507730
$1507740
51507750
51507760
51507770
51507780
51507790

PAGE 00011
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FILE: 51CCI FORTRAN *  UNIV D’/OF OTTAWA CMS

CrPER2 3000500000000 RSt AR RACRRIERRR AR NI NONSRS RO RN NG RRER NS AEARERON O

C*

»

]

c* FILE NAME: 51CCI .
ce .
Cce »
C* »
Cs THIS PROGRAM EVALUATES THE PERORMANCE OF 512-QAM »
Ce SYSTEMS IN THE PRESENCE OF MCDULATED CO-CHANNEL .
Cc* OF THE SAME TYPE, I.E. 512-QAM .
c* .
[ ]

(o R AR LT ETER LTS LIE AT RS L LIS R LS I I R TR I I T I T YT I YY

COMPLEX DATA(524288) ,CCI(524288) , TF (524288)

COMPLEX XSIGNL(524288), XCCI(524288), BUFF (524288)

DIMENSION PEI{50),EBNO(50),NI(8192),NQ(53192) ,NNI(8192) ,NNQ(B192)
DIMENSION XARRAY(150),YARRAY(150),NIC(8192),Nac(8192)

INTEGER IR(8192)

REAL IBAUD, IMAX,OMAX

INITIALIZE PROGRAM.

Qo0

COMMON /NUMB1/ FBW,ALPHA LDIM, IOFF ,LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYME,BAUD,NO1,NO2
COMMON IMAX, GMAX , EBNO1 ,RK,CN1

a0

FOR 512-QAM, NBPSYM= 9, EBNO1=18., CNi=24., COIM=40.0

NBPSYM= 9

EBNO1=18.

CN1m24,

CDIM=40,0

ATM=45.0

NLEVL=24

IMAX=FLOAT (NLEVL)~1.
OMAX= IMAX
RKwFLOAT(NBPSYM)
KGAM=S 12

O

ALPHA=(Q . 2

IND=1 FOR PLOTTING THE EYE-DIAGRAM
IND=2 FOR PLOTTING THE P(E)

INDw2

NRUNS=2

10FF=0

LSAMPL=54
NSNR=45
NSYMB=B192

LD IM=LSAMPL *NSYMB

THE BAUD RATE BAUD IS GIVEN IN KBAUD/S

BAUD=177.8
SBANDW=BAUD*L SAMPL
NO1=LDIM/2+1
NO2=NO1+1
FBW=BAUD/2.
Pl=3.14159

Q000

OO0

END OF INITIALIZATION,
START OF COMPUTATIONS.

PHI= 0.20*P]
I0F= 32
WRITE(S,14) PHI, IOF
14 FORMAT{1X, 'PHI=’ ,F10.4,2X, *RADS* ,5X, ' 1OF=",18///)
92 WRITE(6,245) KQAM
245 FORMAT(SX, I5,’-QamM’,/)
WRITE(6,45) ALPHA
45 FORMAT(////.2X, ' *ssssassesspA{ PHAm' F§ . 2)

QOO00

51C00010
$1C00020
51C00030
51C00040
$1C00050
51C00060
31C00070
51C00080
51C00090
$1C00100
$1C00110
51C00120
51C00130
S$1C00140
$1C00150
$1C00160
51C00170
$1C00180
$1C00190
51C00200
51C00210
51C00220
31C00230
S51C00240
5100250
51C00260
51C00270
51C00280
$1C00290
S$1C00300
51C00310
51C00320
51C00330
51C00340
51C003%0
51C00360
51C00370
51C00380
51C00390
$1C00400
51C00410
51C00420
S$1C00430
51C00440
51C00450
S1C00480
51C00470
S1C00480
51C00490
51C00500
51C00310
51C00520
$1C00530
51C00540
51C00550
51C00S60
51C00570
51C00580
$1C00590
S$1C00600
51C00610
51C00620
$1C00630
51C00640
51C00650
51C0066G
51C00670
$1C00680
51C00690
51C007C0
$1C00710
51C00720

PAGE 00001




FILE: StcCl FORTRAN *  UNIV D'/OF OTTAWA CMS

DSEED = 135791.D0
CALL RAND (NI, NSYMB, DSEED)
DSEED = 780958.D0
CALL RAND (N@, NSYMB, DSEED
CALL SIGNAL (XSIGNL, NI, NQ

DSEED = 1483%7.D0

CALL RAND (NIC, NSYMB, DSEED)
DSEED = 123338.00

CALL RAND (NQC, NSYMS, DSEED)
CALL SIGNAL (XCCI, NIC, NQC)

CALL RCOSTX(TF)

CALL FILTER (XSIGNL, TF)
CALL FILTER (xccl, TF)

70 DO 101 M=, 1

WRITE(S8,102) IOF, PHI
102 FORMAT(1X, " IOF=" ,16,5X, 'PHI=" ,F10.4///)

c
c DO 100 NRw1,NRUNS

g—-—-—-—-MAIN CHANNEL

DO 40 I=1,LDIM
40 DATA(1)=XSIGNL(I)
CALL ENERGY(DATA,C,EB)
IF(NR.EQ.1) GO TO 88
ATm=ATM—(NR=2) 2.5
o 0--CHANNE L

DO 140 K=t LDIM

140 CCI(K)mXCCI(K)
CALL ATT(CCI,AT)
CALL PHASE{CCI,PHI)
CALL OFFSETECCI.IOF)
CALL ENERGY{CCI,CI,EBC)
CDI=10.*ALOG10{C/CI)
WRITE(S,199) CDI

199 FORMAT(5X,*C/I=',F5.1,'08")
DO 77 I=1,LDIM

77 DATA({1)=DATA(I)+CCI(1)

END OF THE TRANSMITTER

[pReRsNoly

88 CONTINUE

82 CALL RCOSRX(TF)

83 CALL HHGG(TF,PNOISE
CALL FILTER(DATA,TF

GO To (26,27), IND
27 CALL SYNCRO({DATA,PNOISE,NI,NG,MI,MQ,EB)
CALL DECCDE

1F(NERROR.NE.0) GO TO 100
DO 99 I=1,NSNR
XARRAYEI;-EBNO(I)
99 I:RRAY 1)=PEI(I)
1.
CALL DRAHCNEXARRAY.YARRAY.NR.NRUNS,A)
c CALL DRAWEB(XARRAY,YARRAY, JCURV, JLAST)
GO TO 100
26 CALL EYEQ(DATA)
100 CONTINUE
PHI=PHI+0.01*P]
101 CONTINUE
STOP
END

Cressste sttt ien st it aassts s sttt sttt et e N e e e RRE i NEESERRREARESEOdRnd

c SUBROUTINE:  SIGNAL

NERROR, DATA, PNO1SE ,MI ,MQ,NT ,NQ, EBNO, PET ,EB)
cce IFE(NERROR.NE.O).AND.(NR.EQ.NRUNS)) CALL PLOT(0.0,0.0,999)

51C00730
51C00740
51C00750
51C00760
51C00770
51C00780
51C00730
S1C00800
51C00810
51C00820
51C00830
51C00840
51C00850
51C00860
5100870
S1C€00880
51C00890
51C009500
5tCoo8i10
51C00920
51C00930
S1C00940
51C00550
51C00960
$1C00970
S51C00980
51C00990
51C01000
51C01010
$1C01020
S51C01030
51C01040
51C01050
S1C01080
51C01070
51€01080
51C01090
51C01100
S1Cot1110
51C01120
S1C01130
$1C01140
51C01150
51C01160
51C01170
S1C01180
S1C01190
51C01200
$1C01210
51C01220
51C01230
51001240
51C01250
51C01260
51C01270
51001280
51C01290
51C01300
S$1C01310
$1C01320
S1C01330
51C01340
$51C01350
S1C01360
51C01370
51C01380
S1C01390
51C01400
S1C01410
51C01420
51C01430
51C01440
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FILE: 51CCI FORTRAN * UNIV D'/OF OTTAWA CMS

c
c

CHrISesieRA Rt SRR RI S ¢ n A AR USSR RN NRSAR RS RN RN AN RNt andidd

CHESS3BAC AR SRR AR NS PR A SR SN NNRE TR BB ARORENAORR NS ENIARBEE RN INEN RS

c
c
c
c
c
¢

oao anag

Qoo

S SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL

SUBROUTINE SIGNAL (DATA,NI ,NQ)

COMPLEX DATA 1}

DIMENSION NI(1}.NQ(1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL , SBANDW
M /N!JB2/ NSNR,NSYMB, BAUD ,NO1 ,NQ2

D0 2 I=1,NSTYME

LOAD INTO SAMPLE ARRAY, 16 SAMPLES PER SYMEOL
J1-(I—1)‘LSAMFL+1

J2=] *LSAMPL

DO 3 J3=Jt,d2

3 DATA(JS)-CHPLX(FLOAT(NI(I)) FLOAT(NQ(I)))
2 CONTINUE

10

RETURN
END

SUBROUTINE: RCOSTX

THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A

RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A
X/SINX APERTURE EQUALIZER

JENERRNEREESSIRNINABES LR IR RERE RN RN S SR N ARENNRRR NP AS RS A REA N DR NSO I N

SUBROUTINE RCOSTX(TF)

COMPLEX TF( 1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, 1OFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SEANDWe=BAUD*1. SAMPL
NO=LDIM/2
NO1=NO+1

IF (ALPHA.EQ.0) ALPHA=0.0001
FN=LDIM* (FEN/SBANDW)
F1-i1.-ALFHA *FN
F2=(1.+ALPHA) *FN

IFN=IF IX(FN

IF1=IFIX{F1
IF2=1FIX({F2

THE AMPLITUDE CHARACTERISTICS

Al=3.1415926/(2. *FLOAT(IFN))
DO 8 Iw2,IF1
15(}}-cu=|.x(1 .0,0.0)

[ ] —

+1
+1

X/SIN(X) EQUALIZATION

A2= . .
méwr(.z) mgsm(n.om(a) A1)
CONTINUE

JKmIF 141
DO 9 JmJK,1F2
imd=1

ROOT OF RAISED COSINE

A3=(FLOAT(1)*A1)/(SIN(FLOAT(1)*A1))
Am(3,1415926/(2.0%ALPHA) ) * ({FLOAT(1) /FLOAT(IFN))-1.)
TF {J)=CMPLX (SORT (0. 5% (1.0-SIN(A))),0.0)

TF (J)=TF {J) *CMPLX(A3,0.0)

CONTINUE

JH=IF24+1

0O 10 I=mJH,NO1

TF (1)=CMPLX(0.0,0.0)

CONTINUE
NO2=NO1+1

DO 5 I=NO2,LDIM

50 1
I ﬁ:% ; Eg: { ;; “AND. :{H; Ea 2‘33 5?53:?3
CONTINUE

51C01430
51C01450
51C01470
51C01480
51C01490
51C013%500
51C01510
S51C01520
S1C01830
51C01540
51C01550
S1C01560
51C01570
31€013580
$1C01380
51C01800
51C01610
51C01820
51C01630
S1C01840
51C01650
51C016860
51C01670
51C01880
$1C01890
$1C01700
51C01710
51C01720
51C01730
51C01740
51C01750
»iC017680
$1C01770
51C01780
51C01750
51C01800
51C013810
S1Co1820
31001830
51C01840
51C01850
51C01860
51C01870
51C01880
51C01890
51C01900
$1C01910
51C01920
S1C01930
51C01940
$1C01950
$1C01960
51C01970
51C01980
51C01990
51C02000
51C02010
51C02020
51C02030
51C02040
51C02050
51C020680
$1C02070
$1C02080
31C02090
$1€02100
$1C02110
51C02120
51C02130
51C021490
$1C02150
$1C02160

PAGE 00003



FILE:

31CC] FORTRAN

TF(1)=CONJG(TF(LDIM+2-1) )
TINVE

UNIY D’/OF OTTAWA CMS

L L LTI TR YT TR LR LRI EL L S E s I T et P P Y L R TIIoIr,

3 CON
RETURN
END
g SUBROUTINE:
c
c

RCOSRX
THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION GF A

RAISED COSINE FILTER WITH ARBITRARY ALPHA

Crrsensseen st s s raeansist sl ssSbset s s s A e s N s N ER RN R e SIS aSgRnsRins s

SUBROUTINE RCOSR?;TF)

COMPLEX TF(

COMMON /NUMB1/ FBW,ALPHA ,LDIM, IOFF, LSAMPL

COMMON /NUMB2/ NSNR,NSYMB,BAUD
SBANDW=BAUD *L SAMPL.

NO=LDIM/2
NO1=NO+1

IF (ALPHA.EQ.0) ALPHA=0.0001
FNewl,D [M* (FEW/SBANDW)

F1~Ei.-ALPHA
F2u(1.+ALPHA
IFN=IFIX(FN
IF1=IFIX(F1

IF2=IFIX(F2

AMPLITUDE CHARACTERISTIC
Alm3, 141592/ (2. *FLOAT(IFN) )

DO B [=2,]IF1

TF (1) =CMPLX(1.0,0.0)

Jm]=y

CON

JKmIF 141

0O 9 J=JK, IF2
I=y-1

ROOT OF RAISED COSINE

A-i:s. 141592/(2.0%ALPHA) ) * ( (FLOAT
TF(J)=CMPLX(SQRT(0.537(1.0-5IN(A)

CONTINUE
JH=IF2+1
DO 10 I[=JH,NO

TF(1)=CMPLX(0.0,0.0)

CONTINUE
NQ2=NOQ1+1
DO 5 I=NO2,LD

TF (1)=CONJG(TF (LDIMH2~1))

CONTINUE
RETURN
END

sFN
*FN

+1
+1

TF(1)=CMPLX(1,,0.0)
TINUE

1

IM

(1) /FLOAT(IFN))=1.)

J).0.0)

*
*

]

c...‘t“‘-l.‘t.i-.t....."1.."‘O‘.‘..".‘-.““‘..ttt.tt’..t‘.‘.-““

c
c
c
-]
>
c
c
9
10
5
c
c
c
c

SUBROUTINE ;

FILTER

THIS SUBROUTINE PERFORMS THE FILTERING

PROCESS ON A DATA SEQUENCE

c“"..l‘-“t““--.l.QO-C‘."O"l‘."l‘O."..--.-‘“‘lttll“‘.l"““

SUBROUTINE FILTER(DATA,TF)
COMPLEX DATA(1),TF(1)

DIMENSION IWK(20)

COMMON /NUMB1/
CALL FFT2C(DATA, 19, IWK)

0O 1 I=i,LDIM

DATA(1)=CONJG(DATA(I)*TF (1))
CALL FFT2C(DATA, 19, INK)

0O 2 I=1,LDIM
DATA( I )=CONJG(DATA( 1)) /FLOAT (LDIM)
N

RETUR
END

FBW,ALPHA ,LDIM, IOFF , LSAMPL

c‘o‘0tltCtt-‘---ll.c.‘Dta.t.03l-l-‘tt‘-.tttltaat.t‘-s-...‘a“aggg'.t:t

c

SUBROUTINE:

HHGG

51C02170
51C02180
$1C02190
$1C02200
51C02210
51002220
51C02230
$1C02240
51C02250
51C02260
51C02270
$1C02280
$1C02290
$1C02300
51C02310
51C02320
$1C02330
51C02340
51C02350
£1C€02360
51€02370
51C02380
51C02390
51C02400
51002410
51C02420
51C02430
51C02440
51C02450
51C02460
$1C02470
S51C02480
51C02450
51C02%00
51C02510
$1C02520
S1C02530
S1C02540
5102550
51C02560
$1C02570
51C02380
$1C02%90
51C02600
51C02610
51C02620
S1C02830
S51C02640
$1C02650
51C02660
51C02670
51C02680
5102690
51C02700
51002710
$1C02720
51002730
51002740
$1C02750
51002780
$1C02770
5102780
$1C027%0
51C02800
51C02810
S1C02820
51C02830
51002840
$1C02850Q
51C02860
51002870
51co2s880
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FILE: 31CCI FORTRAN * UNIV D'/OF OTTAWA CMS

[ ]
THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER .
AT THE OUTPUT OF THE RECEIVE FILTER *
SRR NN RLASNESINANERNSEI NSRRI NP EN NN SRR I SRR G I AN SRS RN R RS R RN R RS
SUBROUTINE HHGG{TF ,PNOISE)
COMPLEX TF(1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON /NUMBZ2/ NSNR,NSYMB,BAUD
SUN=0 .
SBANDW=BAUD *LSAMPL
DO 1 L=1,LDIM
HHe=(CABS(TF(L)))**2
SUM=SUM+HH

PNOISE=SUM*SBANDW/FLOAT(LDIM) /2.
WRITE 3.2) PNOISE
2 FORMAT(SX, 'PNOISE=’,F7.3,/)

OO0

RETURN
L T T P T T T T T R R L T L R L L P P PPy
g SUBROUTINE: ENERGY .
-
c THIS SUBROUTINE COMPUTES THE CARRIER POWER .
c AND THE AVERAGE BIT ENERGY .

CH*ER 2200 AS 2R R NP NRSANANNENIENEN R RN M NESERSS NSRS AEE SRR SRR INE RO AERRBURED

SUBROUTINE ENERGY(DATA,C,EB)
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON TMAX ,QMAX , EBNO1 ,RK,CN1
COMPLEX DATA(1)
WATTS=0.
DO 1 I=1,LDIM
WATTSeWATTS+CABS (DATA(1))**2

1 CONTINUE
C=WATTS/FLOAT(LDIM)/2.
RRK=RK/2.
EB=C/(RRK*BAUD)
WRITE 23.40) c.EB

40 FORMAT (10X, "C=" F15.8,5X, *EB=’ ,E15,8)

RETURN

e T T T L Ly E L TT T T Ty LT T P PP
g SUBROUTINE: SYNCRO .

L ]
c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA .

CrELSS SRR AN SRS N RN RN ORISR SRR ARE SR RS ERASSSSRNAN OISO N ANRORBAREN

SUBROUTINE SYNCRO{DATA,PNOISE,NI,NQ@,MI,MQ,EBE)

INTEGER QMAXF
COMPLEX DATA§1;.ANP
DIMENSION NI(1),NG(1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYME,BAUD
COMMON TMAX, GMAX , EBNO1,RK,CN1
NERROR=0
IF (IOFF.EQ.0) GO TO 111
DO & K=1,I0FF
XX»AIMAG{DATA(LDIM))
DO 7 KKw2,LDIM
7 DATAEKK)-CMPLX(REAL(DAIA(KK)).AIMAG(DATA(KK-1)))
6  DATA(1)=CMPLX(REAL(DATA(1)),XX)

SYNCHRONIZE THE RECEIVED DATA

111 NOLD=Q
NOF=0Q
K1

300 CONTINUE

NEW=0
DQ 200 Jm=1,NSYMB
THR1I=FLOAT(NI(J))-1.
THR2I=FLOAT(NI{J))+1.
THR1Q=FLOAT(NQ{J) )~1.
THR2Q=FLOAT(NQ(J) )+1.

oo

51002890
51C02900
51C02910
51C02920
51C02530
$1C02940
51C02950
51C02960
51C02970
51C02980
51002990
31003000
51C03010
51C03020
51C03030
$1C03040
51C03030
51C030860
51C03070
51C03080
5$1C03090
$1C03100
31C03110
51C03120
51C03130
51C03140
51C031%50
31C03180
51C03170
51C03180
$1C03190
51C03200
51C03210
$1C03220
51C03230
531C03240

. 31003250

51C03260
51C03270
51C03280
51C03290
51C03300
51C03310
51003320
51C03330
81C03340
81C03350
51C03360
51C03370
51CQ3380
51C03390
51C03400
51C03410
51003420
51C03430
51003440
51C03450
51C03480
51003470
51C03480
£1C03490
51C03500
51003510
51C03520
51C03530
51C03540
51€03550
51C03560
51C03570
51003580
51C03590
51€03600
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FILE: S1CCI FORTRAN *  UNIV D'/OF OTTAWA CMS

[eXeXoRe]

200

399

J Tmik (J=1) *LSAMPL

IF(J1.GT.LDIM) J1mJ1-LDIM

AXBARw REAL(DATA(JI);+REAL(DATA(J1+1)); 2.
AYBAR={AIMAG(DATA(J1) )+AIMAG(DATA{J1+1))} /2.

IF( (AXBAR.GT.THR1I .AND.{AXBAR.LT.THRZI NEW=NEW+1
IF({AYBAR.GT.THR1Q) .AND. (AYDAR.LT.THR2Q) ) NEW=NEW+1
COMT INUE

IF (NOLD.GE .NEW) GO TO 399

NOLD=NEW

NOF =K
Kk +1
LFU=2*NSYMB

SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP

NSF T=LSAMPL *6

IF (NOLD.LT.LFU.AND.K.LE.NSFT) GO TO 300

NOF =NOF 1

KTmK—2

WRITE(S,56) NOLD,NOF KT

FORMAT(1X, *NO OF MAX. CORRECT SYMBOLS = °,14,//,1X,

*'NO OF SHIFT IN SAMPLES FOR MAX. CORRECT SYMBOLS= ',14,//,

*1X, *"TOTAL NO OF SHIFT FOR SEARCHING = ’,14)

o0

240
250

230

30
40

IF (NOF.EQ.0) GO TO 230
LOWLDIM-1

DO 250 Im1,NOF
AMP=DATA(1)

00 240 Jm1,LO
DATA(J)=DATA(J+1)
CONTINUE

DATA (LDIM)mAMP

CONTIMUE

OPTIMIZE THE SAMPLING INSTANT

MIw{
MQu |

EOI-FLOATENSYIB + 1.

EOQ=FLOAT(NSYMB) + 1.

M=22
VARIAN=PNOISE*EB* (10.**({—0. 1*FLOAT{M}})
SIGMA=SGRT (VARIAN)

MOSaL SAMPL /4

DO B0 Jm1,MOS

Elw0.

EQ=D.

IERX=0

IERY=0

DO 70 K=1, NSTYMB

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR
J1m(K=1) *LSAMPL+J
AXBAR-§REAL(DATA(J1);+RE:AL(DATA(J1+1)) 2,
AYBARw= (AIMAG(DATA(J1) }+AIMAG(DATA(J1+1 {)/z.
INDEX 1m0

ANPX-ABSEAXBAR)

AMPI=ABS{FLOAT{NI(K}})

THR1 I=AMP] — 1.0

THR2I=AMPI + 1.0

IMAXF =0

IF EMI.EQ.IW\X) 60 TO 30

IF {{ AMPX.GE.THR21).OR.(AMPX.LE.THRI1I)) INDEXIm{
GO TO 40

IF(AMPX.LE.THR1I) INDEXIm1

IMAXF=1
CONTINUE
INDEXQm0
m-aassmm)
AMPQ=ABS (FLOAT (NQ(K)))
THR1Q=AMPQ - 1.0

THR2QwAMPQ + 1.0

51C03810
5103620
51C03630
51C03640
51C03630
51C03660
$1C03670
5103680
51C03690
51C03700
$1C03710
51C03720
51003730
51CQ3740
51C03750
51C03760
51003770
51C03780
51C03790
$1C03800
51C03810
51C03820
51C03830
51C03840
51C03850
51C03860
51C03870
$1C033880
51C038380
5$1€03900
$1C03910
5103920
51C03930
51C03940
51C03950
S1C03960
51C03970
S31C03980
51C03950
51C04000
51C04010
51004020
51C04030
$1C04040
$51C04080
51C04060
$1C04070
51C04080
51C04090
51C04100
51C04110
51C04120
S1C04130
51C04140
51C04150
51C04160
51C04170
51C04180
$1C04190
51C04200
51C04210
51004220
51C04230
51C04240
51C04230
51004280
51C04270
51C04280
51C04290
51C04300
51C04310
51C04320
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FILE: 51CCI FORTRAN *  UNIV D'/CF OTTAWA CMS

oo

QMAXF=0

IF im.ao.w) GO 7O 50

ég Ts AMPY .GE . THR2Q) .OR. (AMPY .LE . THR1Q)} INDEXQm1
80

S50 IF{AMPY.LE.THR1G) INDEXQ=1

QMAXF w1

50 CONTINUVE

IF(INDEXQ.EQ. 1) EQm £Q + 1.
COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NOw=22dB

D1=ABS (AMPX-THR11)
ARG=D1/(SIGMA*SGRT(2.))
CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARGm=12.
EI=EI + ERFC{ARG)/2.

IF (IMAXF .EQ. 1) GO TO 65
D2=ABS ( THR2 [-AMPX)
ARGmD2/(SIGMA®SGRT (2. ))

IF (ARG.GT.12.) ARG=12.
El=El + ERFC(ARG)/2.

IF lNDEXI.E0.1; EI=E] 4 1.

85 D1=ABS(AMPY~THR1G

ARG=D1/(SIGMA®SGRT(2.))

IF (ARG.GT.12.) ARG=12,
EQeEQ + ERFC(ARG)/2.

IF (QMAXF .EG. 1) GO TO 70
D2=ADS( THR2G-AMPY)

ARG=D2/ (SICMA*SORT(2.))

IF (ARG.GT.12.) ARG=12.
EQeEQ + ERFC(ARG)/2.
IERX=IERX+INDEX]
IERY=IERY+INDEXQ

70 CONTINUE

81

WRITE(S,81) IERX, IERY

FORMAT (5X, * IERX=’ , I5,5X, * [ERY=", I5)
IF(EO1.LE.E]) GO TO 75

EOImE]

MI=J

75 CONTINUE

IF (EOGQ.LE.EQ) GO TO 80
EOQ=EQ

M
80 MOFF=I1ABS({MI-MQ)

91

g0

WRITE(6,91) MI,MQ

FORMAT(5X, 'MIm ', 13,5X, "MQ= ',13)

IF(MOFF.NE.0) WRITE(6,90) MOFF

OFF=(FLOAT(MI) + FLOAT(NOF}) /FLOAT(LSAMPL)

FORMAT(5X, "SAMPLING POINTS FOR I AND Q CHANNELS DIFFER BY’,
#12,* SIXTEENTHS OF THE SYMBOL INTERVAL’,/)

WRITE(6,95) OFF

95 FORMAT(SX, 'RECEIVED DATA IS DELAYED BY *,F7.3,*' SYMSOLS’,/)

RETURN
END

Cresssss st s 20t SRR RN R RN AN ERRRR R RS R AN GO RN AR N EER SO NER N RN URNNRERl

c
c
c

SUBROUTINE: DECODES
THIS SUBROUTIKE DECODES THE SYNCHRONIZED DATA

.
]
*

CrOPS RS RE RN SRR SRR SRR EERASUNSISRRNNAERSIANNNNIRASRRRAUREERERADD

SUBROUTINE DECODE{NERROR,DATA,PNOISE ,M1,MQ@,NI,NQ,EBNO,PE,EB)
INTEGER QMAXF

COMPLEX DATA{1) ,AMP

DIMENSION ESNO(1),PE(1),NI(1) ,Na(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL

COMMON /NUMB2/ NSNR,NSYMB,BAUD

NERROR=0

DO 1 Im1,NSNR

PE(I)=0.

COMMON [MAX ,GMAX ,EBNOT ,RK,CN1

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, ONLY THOSE
ERRORS IN ADJACENT LEVELS ARE CONSIDERED

51C04330
S$1C04340
51C04350
51C04380
51C04370
51C04380
51C€04390
51C04400
51C04410
51C04420
31004430
51C04440
51C04450
51C04480
51C04470
$1C04480
51C04490
51C04500
51C04510
S1C04520
51C04330
51C04540
S51C0455C
$1C04580
351C04570
51C04580
51C04580
51C04800
5104810
$1C04820
51C04630
51C04840
51C04830
51C04860
S1C04870
$1C04680
51C04890
51C04700
51C04710
51C04720
51C0473C
S51C04740
S51C04750
51C04780
51C04770
51C04780
S1C04790
51C04800
51C04810
51C04820
51C04830
51C04840
51C04850
51C04880
51C04870
51C04880
51C04890
51C04500
51C04910
51C04820
51C04930
51C04940
$1C04950
S51C04980
51C04970
51C04980
51C04890
$1C0%5000
§1C05010
51C05020
S$1C05030
51C05040
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FILE: 31CCl FORTRAN *  UNIV D’/OF QTTAWA CMS

aQO0OO0O0O0O0

o0oo0n

30
40

50
&0

100

110

4
2

5

DG 2 Kmi,NSYMB
J1m(K~1) *LSAMPL+MI

J2=(K~-1)*LSAMPL + MQ
AXBAR-(REAL(DATA(J‘!);+REAL(DATA(J1+1)) 2.
AYBAR=(AIMAG(DATA(J2) }4+AIMAG(DATA(J2+1))) /2
INDEX 1w0

MFX-ABSiAXBAR)

AMPI=ABS(FLOAT(NI(K})}

THR1 I=mAMPL = 1.0

THR2I=AMPI + 1.0

IMAXF =0

IF Eml.za.tmx) GO TO 30

1F (( AMPX.GE.THR2I) .OR.(AMPX.LE.THR11)) INDEXIs1
GO TO 40

IF(AMPX.LE.THR1I) INDEXI=}

IMAXFm1

CONTINUE

INDEX Q=0

MT-ABS{AYBAR)

AMPQuABS (FLOAT (NQ(K)))

THR1G=AMPQ = 1.0

THR2G=AMPQ + 1.0

QMAXF =0

IF sm.so.m) GO TO 30

c1;(1-; TC(> :f?.cz.mzo).on.(m.m.rmm)) INDEXQu1
IF (AMPY .LE. THR1Q) INDEXQu{

QMAXF=1

CONTINUE

IF( (INDEXI.EG.1).OR. (INDEXG.EQ.1)) NERROR=NERROR+1

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL.

THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN dB8; PNOISE IS
1/2%INTERGAL (O H(F)**2" DF); AND VAR{ANS = NO*PNOISE,

FOR THE END POINTS (7FLAG=1) THE PEwi/2°ERFC(D1/{SIGMA*SGSRT(2)))
AND FOR THE INNER POINTS THE PE=1/2%ERFC(D1/(SIGMA®SGRT(2))) +

1/2*ERFC(D2/{SIGMA*SQRT(2))).

DO 4 Mwi ,NSNR

EBNO (M)=EBNO1+1 .D‘F’LOATSM%)
VARIAN=PNOISE®EB* (10. **(~0. 1 *EBNO(M) ))
SIGMA=SGRT (VARIAN

D1=ABS (Al X~THR11
ARGeD1/(STGMA®SGRT(2.))

CHECK IF ARG IS LARGE IN WHICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBOL IS IN ERROR. IF IT IS TERMINATE RUN

NERI=K
13 Emor:xl.ea.n GO TO 153
IF {ARG.GT.12.) ARG=12.

PE I=ERFC(ARG) /2.

IF (IMAXF .EQ. 1) GO TO 100
D2=ABS ( THR21-AMPX)
ARG=D2/(SICMA*SGRT(2.))

IF (ARG.GT.12.) ARG=12,
PEI=PEI + ERFC(ARG)/2.
D1=ABS (AMPY~THR10)
ARG=D1/(SIGMA*SGRT(2.))

IF Smosxo.ze.n GO TO 153
IF {ARG.GT.12.) ARG=12,
PEG=ERFC(ARG) /2.

IF (QMAXF .EQ@. 1) GO TO 110
D2wABS { THR2Q-AMFY)

ARG=D2/ (SIGMA*SGRT(2.))

IF (ARG.GT.12.) ARG=12.
PEQwPEG + ERFC{ARG)/2.
IF(PEI.LT.1.E-15) PEI=0,
IF(PEQ.LT.1.E~15) PEQmD,
PE (M)=PE (M) +(PEI+PEQ) /2.
CONTINVE

DO 5 =1 ,NSNR
PE(1)=PE(I)/FLOAT(NSYME)

51C05050
51C05060
51C05070
51C05080
51C05090
51C05100
51C0%110
51C05120
51C05130
51C05140
51C05130
51C05160
51C05170
31C05180
51C05190
51C05200
51C05210
51C05220
51C0%5230
51C05240
S51C05250
51C05260
51C05270
51C05280
51C05290
31C05300
51C05310
51C05320
51C08330
S1C05340
51C08350
51C05360
51C05370
51C05380
51C05390
51005400
51005410
S1C05420
S1C05430
51C05440
51C054%50
S1C05480
51C05470
51C05480
51C05490
$1C05500
S$1C05510
51C05520
51C05530
S1C05540
S1C0O5550
51C05560
51C05S570
51C05580Q
51C05590
51C05600
51C05610
51005620
$1C05630
51C05640

-51C05650

51C05660
$1C0%670
S1C05680
51C05690
51C057Q0
51C05710
51C05720
51C05730
51C05740
S1C0%750
51C05760
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FI

c
C1
c
ct

1

COSIRANERAN NN IS PRNEEN S ER RN LRI RARIRNARIRNSAR PN ANN SO E IR RPN RS

c
c
c
c

o000 OG0 0ooo

anon

o000

cc

LE: 51CCI FORTRAN *  UNIV D'/OF OTTANA CMS

PRINT 150
50 FORMAT(5X, "EB/NO’, 10X, 'PROB. OF ERROR’,/)
WRITE (8,151) (EBNO(1).PE(I),I=1 ,NSNR)
51 FORMAT(5X,F5.1,10X,E10.2)
WRITE (6,152) NERROR
52 FORMAT(/5X, 'ERRORS=’,15,/)
GO TO 158
153 PRINT 154

154 FORMAT (10X, ’SYMBOL WAS IN ERROR, RUN WAS TERMINATED',/)

WRITE(6,157) NERI
157 FORMAT(5X, 'NERI=',5)
155 CONTINUE

RETURN

SUBROUTINE: DRAWCN

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P(E) AS LOW AS 1.0E-10 AND A C/N RATIO AS HIGH AS 42 DB

c‘"‘l.OO..Il--.“""-‘.‘..‘.“‘-..‘.....‘.-‘“.‘l't.l.“l'.“‘l#'t“

SUBROUTINE DRAWCN(XARRAY,YARRAY , JCURY, JLAST,A

DIMENSION XARRAY(1),YARRAY(1),XA(150), XX{150),YY{150)

COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMMON TMAX , GMAX , EBNO1 , RK, CN1
MaNSNR
BR=RK*BAUD
NEW=EAUD /A
CFuBR/NBW
DO 1 K= 1 , NSNR
XAEK)-XARRAT( K ) + 10*(ALOG10(CF})
IF (YARRAY{ K).LE.1.0E~10) GOTO 3
GOTO 1

3 Mem K-t
GOTO 4

1 CONTINUE

4 CONTINUE
Tnbdt1
ImI+1
XA(1)=3.0
XA(I1)=1.0
YARRAY(1)=1.E-10
YARRAY{11)=0.4
GO T0 2
IF (JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(57.0,27.5)
CALL FACTOR(0.85)

ESTABLISH THE ORIGIN.
CALL PLOT(3.0,1.5,~3)
DRAW THE LOGARITHMIC Y-AXIS.

CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,25.,

+90.,1.0E-10,.4)
DRAW THE LINEAR X-AXIS.

CALL AX15(0.0,0.0,9HC/N IN dB,-9,
+48.0,0.0,9.0,1.0)

PLOT THE DATA IN LOG-LINEAR MODE.

2 CONTINUE
PRINT 150

150 FORMAT(SX, 'EB/NO’, 10X, ’PROB. OF ERROR',7X,'C/N’./)

£
WRITE(S,151) (XARRAY(I),YARRAY(1),XA(I},I=1,M)
151 E%T(gx.rs.o.1ox.z1o.2.1ox.r5.1)
4

51C05770
$1C05780
51C05790
31C05800
$1€05810
51C05820
$1C0%830
31005840
5105850
51C05880
51003870
31C03880

51005890 .

51C0%900
51C05910
31C05920
51C0%930
$1C05940
S1C059%0
51C05980
$1C05970
51C0%980
51C05990
31C08000
51C08010
51C08020
$1C08030
S1C0e040
51C08030
51C06080
51C08070
$1C08080
$1C08080
$1C06100
51C06110
$1C068120
51C08130
51C06140
51C08150
31Co8180
$1C08170
51C06180
51C068190
51C06200
51C06210
31C08220
51C08230
51C08240
51C082%0
$1C06260
51C08270
51C06280
51C068290
$1C068300
S51C06310
51C06320
51C08330
51C08340
51C06330
$1C08360
$1C06370
S1C06380
51C08390
51C08400
S$1C06410
31C06420
51C06430
51C06440
51C08450
S1C08480
51C06470
$1C06480
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FILE: s1CCl FORTRAN *  UNIV D'/OF OTTAWA CMS

CALL LGLIN(XA,YARRAY M,1,4,JCURV,1)
IF (JCURV .EQ.JLAST) CALL PLOT(0.0,0.0,989)

45 RETURN
END
L L T T L L L T Ty L L LT T T Prppuurpnrupeppy
g SUBROUTINE: EYEQ .
*
c THIS SUBROUTINE DRAWS THE EYE DIAGRAM .
c FOR A TWO SYMBOL DURATION .

Cresscsssi s st s st st S et ds sl bat et i gt d st s s s SRt gNdd BRI SReRRRnE

SUBROUTINE EYEQ(DATA)
DIMENSION DATA2(68),DATA3(66)
COMPLEX DATA(1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
ESTABLISH THE SURFACE AREA.
CALL PLOTS(37.0,27.5)
ESTABLISH THE ORIGIN.
CALL PLOT(3.0,13.0,-3)
WRITE THE TITLE OF THE GRAPH,
CALL SYMBOL(10.0,12.0,0.49,16HQPSK EYE DIAGRAM,0.0,16)
DRAW THE TIME AXIS.
CALL AXISs{¢.0,0.0,1H ,-1,24.,0.0,1.0,2.8)
DRAW THE AMPLITUDE AXIS.
CALL AX1S(0.0,-8.00,1H ,1,16.0,90.0,~24.,3.0)
PLOT THE DATA.
JJm2* L SAMPL
DATA2{JJ+1)=0.0
DATA2(JJ+2)=3.0
DATA3(JJ+1)=1.0
DATA3(JJ+2)=2.8
M2=NSYMB/8
M3w3*M241
Ma=4oM2-1
DO 4 Kkmi M2
DO 2 l=t,Jd
I Im(KK=1) *LSAMPL+1
1F(11.GT.LDIM) IIm[I=(I1/LDIM)*LDIM
DATA2£I;-REAL(DATA(II))
2 DATA3(I)=FLOAT(I)
CALL LINE(DATA3,DATA2,JJ,1,0,0)
4  CONTINUE
CALL PLOT(0.0,0.0,399)
RETURN
END
c'.'.‘."-...‘...........‘-“‘““"..“‘..‘...‘.t"".““‘..“---.-'
g SUBROUTINE: ATT ”
[ ]
¢ THIS SUBROUTINE PERFORMS THE ATTENUATION OF A COMPLEX .
c SIGNAL (AT IS THE ATTEMUATION FACTOR IN DB) .
AR AL PRI IZELTLI LTSI 2222 EL LT Ll L o ey
SUBROUTINE ATT(DATA,AT)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SBANDW
COMPLEX DATA(1)
ATTT=10. % (-AT/20.)
DC 10 I=1,LDIM
10 DATA(I)=DATA(I)*ATTT

g 0O o000 o o0

RETURN
END
c“l‘l!‘..“““...“‘..‘““"-..‘“‘..t"ll‘tt..‘..t“.tt.“‘.‘.““
g SUBROUTINE: OFFSET *
3
c THIS SUBROUTINE SHIFTS THE DATA SEQUENCE BY IOF .

c.“"‘-......““O‘i.‘t...-‘"."-“‘t‘...-“‘t'tt‘.“'“tit“'.‘.t.l

SUBROUTINE OFFSET(DATA, IOF)

COMPLEX DATA(1) ,BUFF( 1)

COMMON /NUMB1/ FEW,ALPHA, LDIM, IOFF , LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
JulDIM-IABS( IOF)

KmJ+1

IF (IOF.EG.0) GOTO ¢

IF (I0F.LT.0) GOTO 4

-

51C06450
51C06500
51C06510
$1C06520
S$1C06530
S1C06540
31006550
S1C06560
51C06570
51C08580
51C08580
51C06800
S1Ccoes10
$1C06820
51C08630
51C068640
31C06650
51C06860
S$1C06870
S$1C068680
51C06690
51C06700
51C06710
51C06720
51C08730
S1C08740
51C08750
S1C08780
51C08770
51C06780
$1C06790
51C08800
51C08810
51C06820
S$1C06330
$1C08840
51C068850
51C08860
S1C06870
31C06880
51C06890
51C08900
S51C06910
S1C06920
51008930
$1C06940
S1C089%50
51C06960
510068970
51C06980
$1C06990
S51€07000
$1C07010
51C07020
$1C07030
5107040
$1C07050
51C07060
$1C07070
51C07080
$1C07090
$1C07100
s1C07110
51C07120
51007130
S1C07140
S1C07150
51C07160
51C07170
51C07180
S1C07190
$1C07200
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FILE: S1CCI FORTRAN * UNIV D'/OF OTTAWA CMS

D0 1 Im1,d

1 BUFF(I)=DATA{I)

DO 2 I=K,LDIM
DATA( I-J)=DATA(I)
DO 3 Iwi,J

DATA( I+10F )=BUFF (1)
GOTO 9

10F=—10F

L=1OF+1

DO 5 Iml,LDIM

S BUFF (T-10F )mDATA(1)
DO 8 Im1,I0F

6 DATA(I+J)=DATA(I)
7

~ N

00 7 I=1,J
DATA(1)=BUFF (1)
9 RETURN
CHEIsSEs R Rs RN ES LI SN0 EERERERERAREINCINRRRIRNRRANSERSAIOSNENSENIREERR
g SUBROUTINE: PHASE *
.
c THIS SUBROUTINE PERFORMS THE PHASE SHIFT .
c OF A COMPLEX DATA SEQUENCE )
CHEIS 0NN IR SRR RSO NN R0 R N SRR ORISR RN O AN SR o s sasndRd
SUBROUTINE PHASE{DATA.PHI)
COMPLEX EPS,DATA(1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF, LSAMPL , SBANDW
EPS=CMPLX (COS{PHI) ,~SIN(PHI})
DO 10 Iw1,LDIM
10 DATA(1)=DATA{1)*EPS
RETURN

(ol LA T LR ET TR LE R LI L2222 ER ezt sy T P P P e T T I m

g SUBROUTINE: RAND .
[ ]
c THIS SUBROUTINE GENERATES RANDOM SYMBOLS .

o L T T T R L T L e B e PP
SUBROUTINE RAND(IR,N,DSEED)
INTEGER IR{1)
DOUBLE PRECISION DSEED
DO 3000 I=1,N
R=GGUBFS(DSEED)
IR{1)=IFIX{R)
F({ R.LE.0.041) IR(1)=-23

IF((R.GT.0.041). . R.LE.0.0BZ) IR(I)==21
IF((R.GT.0.082) .AND . (R.LE.0,123;)}IR(I)==19
IF((R.GT.0.123) .AND . (R.LE.0.164))IR{I)m~17
IF((R.GT.C.164).AND . (R.LE.0.205))IR{I)m=15%
IF((R.GT.0.20%) .AND R.LE.0.246))IR(I)m=13
IF((R.GT.0.246) .AND . (R.LE.0.287))IR(I)=—11
IF({R.GT.0.287) .AND . (R.LE.0.328))IR(I)=9
IF{(R.GT.0.328) .AND . (R.LE.0.369))IR(I)=7
IF((R.GT.0.369) .AND . (R.LE.0.41)) IR(I)m-5%
IF({R.GT.0.41) .AND . (R.LE.0.451))IR(I)=3
IF((R.GT.0.451) .AND . (R.LE.O.492))IR(I)m=1
IF((R.GT.0.492) .AND . {(R.LE.O.533))IR(I)m= 1
IF((R.GT.0.533) .AND . {R.LE.C.574))IR(1)= 3
IF((R.GT.0.574) .AND . (R.LE.Q.815))IR(I)= 5
IF((R.GT.0.815).AND . (R.LE.Q.856))IR(1)=m 7
IF((R.GT.0.856).AND . {R.LE.0.897))IR(I1)= 9
IF((R.GT.0.687).AN0 . (R.LE.0.738))IR(I)=11
IF((R.GT.0.738) .AND . (R.LE.0.779))IR(I)mi13
IF((R.GT.0.779) .AND . (R.LE.Q0.B2)) IR(I)m1%
IF{(R.GT.0.82) .ANO . (R.LE.D.861))IR(I)=17
IF((R.GT.0.861) .AND . (R.LE.0.902))IR(1)=19
JIF({R.GT.0.902) .AND . (R.LE.0.943))IR(1)=21
IF({R.GT.0.943) .AND . (R.LE.0.984))IR(1)=23
IF {R.GT.0.984) IR(I)=23

3000 CONTINUE
RE
ENO

$1C07210
51C07220
51C07230
S1C07240
31007250
51C07260
31C07270
51C07280
$1C07290
51C07300
51C07310
81C07320
51C07330
S1C07340
51C07330
S1C073¢80
51C07370
51C07380
$1C07390
51C07400
$1C07410
51C07420
S1C07430
S1C07440
S1C07430
31007480
S1C07470
51C07480
51C07490
51C07500
51C07510
31C07320
S1C07330
S1C07540
51C075%50
51007580
31C07%70
51C07580
51C07%90
51C07800
51C07810
$51C07620
$1C07630
S1C07840
S1C07650Q
S1C076880
$1C07670
S1C07680
51C07890
$1C077Q0
51C07710
51C07720
51C07730
S1C07740
S1C07750
31C07760
S1C07770
51C07780
51C07790
$1C07800
51C07810
51C07820
51007830
S1C07840
$1C07850
51C07860
$1C07870
51C07880
51C07880
$1C07900
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FILE: 1051 FORTRAN *  UNIV D'/OF OTTAWA CMS

CHIIBISIS RIS IS EINNOA NS NN NRERORNSISIN NSNS S EEC B RSN RNEERNRERER RS 10500010

FILE NAME: 10sI

* 10500020
10500030
10500040

THIS PROGRAM EVALUATES THE PERORMANCE OF 1024-QAM
SYSTEMS IN THE PRESENCE OF A CONSTANT ENVELOPE
CO-CHANNEL INTERFERER (SINUSOIDAL INTERFERER)

LI 3 I

10500050
10500060
*10500070
* 10500080
* 10500090
* 10500100

COPrsraaadss sttt stn i s sssatnnas s s s st Erisdansunudd s S sdAgNERsRgnRNn 10800110

(2o N o]

COMPLEX DATA({524288),CCI (524288) , TF{524288)
COMPLEX XSIGNL (524288) ,BUFF (524288

DIMENSION PEI{50),EBNO{50),NI(8192),NQ(8192) ,NNI(8192) ,NNQ(B192)

DIMENSION XARRAY(150),YARRAY(150)
INTEGER IR(8192)
REAL IBAUD, IMAX , QMAX

INITIALIZE PROGRAM.
COMMON /NuMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL , SBANDW

COMMON /NUMBZ/ NSNR,NSYMB,BAUD,NO1,NO2
COMMON IMAX, QMAX ,EBNO1 ,RK,CN1

000

FOR 1024QAM, NBPSYM= 10 EBNO1m18., CN1m24,, CDIM=40.0

[«

NBPSYM=10

EBNO1=18,

CN1=24.

COIMm47.5

NLEVL=2%% (NBPSYM/2)
IMAX=FLOAT (NLEVL)-1.
QMAX= I MAX

RKwFLOAT {NBPSYM)
KQAM=NLEVL**2

QOO oO0no0

QOO0 0

14
92
245

45

ALPHA=Q , 2

INDm1 FOR PLOTTING THE EYE-DIAGRAM
IND=2 FOR PLOTTING THE P(E)

IND=2

NRUNS=1

[OFF=0

LSAMPL=G4

NSNR=45
NSYMB=B8192

LD 1M=L SAMPL *NSTMB

THE BAUD RATE BAUD IS GIVEN IN KBAUD/S

BAUD=160.0
SHANDW=BAUD*L SAMPL
NO1mLDIM/2+1
NO2=NQ1+1
FEW=BAUD/2,
Pl=3.14159

END OF INITIALIZATION.
START OF COMPUTATIONS.

THETA = 0.150*P]

WRITE(S,14) THETA

FORMAT (1X, " THETA=" ,F10.4,2X, "RADS " ///)
WRITE(5.245) KQAM
FORMAT (5X, IS, *—QAM" , /)

WRITE(S,45) ALPHA

FORMAT(////,2X, '#eseansensnpl pHAR' FE.2)

DSEED = 135791.D0
CALL RAND (NI, NSYMB, DSEED)

10500120
10500130
10500140
10500130
10500160
10500170
10500180
10500190
10500200
10500210
10500220
10500230
10500240
10500250
10500260
10500270
10500280
10500290
10500300
10500310
10500320
10500330
10500340
10500350
10500360
10500370
10500380
10500390
10500400
10500410
10500420
10500430
10500440
10500450
10500460
10500470
10500480
10500430
10500500
10500510
10800520
10500530
10500540
10500550
10500560
10500570
10500380
10500590
10500600
10500610
10500620
10500530
10500640
10500650
10500660
10500670
10500680
10500690
10500700
10500710
10500720
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DSEED = 780958.D0 10500730

CALL RAND (NQ, NSTMB, DSZED 10500740

CALL SIGNAL (XSIGNL, NI, NQ 10500750

¢ 105007580
CALL RCOSTX(TF) 10800770

c 10500780
CALL FILTER (XSIGNL, TF) 10500790

c 10500800
c 10500810
70 DO 101 Mumi, 10500820

c 10500830
WRITE(S,102) THETA 10500840

102 FORMAT(1X, *THETAm’ ,F11.4,2X, "RADS* ///) 10500850

c 10500860
DO 100 WR=1,NRUNS 10500870
10500880

CommesmmmefiA TN CHANNEL 10500890
c 10500900
DO 40 I=t,LDIM 10500910

40 DATA(T)=XSIGNL{I) 10500920
CALL ENERGY(DATA,C,EB) 10500930
IF(NR.EQ.1) GO TO B8 10500940

CDI =CDIM-(NR-2)*2.5 10500950

MANNE L. 10500980
AM=SORT(2.*C*10*% (-0, 1*CDI)) 10500970

DO 177 K=1,LDIM 10S00980

177 DATA(K)=DATA(K)+AM*CMPLX (COS{THETA} ,~SIN(THETA)) 10500990
WRITE(6,199) CDI 10501000

199 FORMAT(SX,’'C/I=",F5.1,'DB") 1050101Q

c 10501020
c 10501029
c END OF THE TRANSMITTER 10501040
c 10501050
c 10501060
88 CONTINUE 10501070
82 CALL RCOSRX(TF) 10501080
83 CALL HHGG(TF,PNOISE 10501090
CALL FILTER(DATA,TF 10501100

c 10501110
GO TO (28,27), IND 10501120

27 CALL smcnosmm.mo:se.m,m.m.m,za) 10501130
CALL DECODE(NERROR,DATA,PNOISE ,MI,M@,NI,NQ,EENO,PEI,EB) 10501140

cce IF(ENERROR.NE.O; -AND. (NR.EQ.NRUNS)) CALL PLOT(0.0,0.0,999) 10501150
IF (NERROR.NE.0) GO TO 100 10501150

DO 99 I=1,NSNR 10501170
XARRAYEI;-EBNO(I) 10501180

99 YARRAY(I)=PEI{I) 10501190
A=1, 10501200

CALL DRAWCN({XARRAY,YARRAY ,NR,NRUNS,A) 10501210

c CALL DRAWEB(XARRAY,YARRAY, JCURV, JLAST) 10501220
GO TO 100 10501230

26 CALL EYEQ(DATA) 10501240
100 CONTINUE 10501250
THETA = THETA + 0.02*PI 10501280

101 CONTINUE 10501270
STOP 10501280

END 10501290
c‘tttl.t-‘lttl!--ttttttttiiii.ttiitttttttt!l.ttttt‘rtt-.gtt.t"‘-tttta 10501300
c SUBROUTINE:  SIGNAL * 10501310
c * 10501320
c THIS SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL * 10501330
ct‘tlt!‘.ltttl.--ll‘-‘.‘l“‘.“--“.lt‘..-‘-!ll.!ttlttttl!ltll!"!#tli 10501340
SUBROUTINE SIGNAL (DATA,NI,NG) 10501350
COMPLEX oATAm 10501360
DIMENSION NI(1).NQ(1) 10501370
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SEANDW 10501380
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2 10501390

DO 1 T=1, NSYMB 10S01400

IF NI%I .EQ. msx;; LAND. NIEI; LEQ. 23)) NI(1)=iS 10501410

IF ({NI{I) .EQ. NQ(I)) .AND. (NI{I) .£@. 21)) NI{D)=13 10501420

1 CONTINUE 10501430

BO 2 I=1,NSYMB 10501440



FILE: 10S1 FORTRAN *  UNIV D’ /OF OTTAWA CMS

c LOAD INTO SAMPLE ARRAY, 18 SAMPLES PER SYMBOL

J1m(I-1)*LSAMPL+1
J2m]*LSAMPL
DO 3 J3ey1,42

3 DATA(JS)sCMPLX(FLOAT{NI (1)) ,FLOAT{NG{I}))

2 CONTINUE
RETURN
END

(ol ELZ A2 LR L RIS LRI 22 2R RIS RE R 212 1l Rt Rldstid et iely)

SUBROUTINE: RCOSTX

C
c &*
c THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A *
¢ RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A .
c X/SINX APERTURE EQUALIZER *
c..“‘.l...l"‘.."....-‘“".‘“"‘t""l‘.t‘t."...ﬁﬂ.“.‘..‘*l..‘l‘

SUBROUTINE RCOSTX(TF)

COMPLEX TF( 1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL

COMMON /NUMB2/ NSNR,NSYMB,BAUD

SSANDWeBAUN*L SAMPL

NG=LDIM/2

NOT=NO+1

IF (ALPHA.EQ.0) ALPHA=0.0001

FN=LD IM* (FBW/SBANDN)
F1-§1.-ALPHA *FN
F2m(1.+ALPHA} *FN
IFN=IF TX(FN
IF 1=IFIX(F1
IF2=IFIX{F2

+1
+1

THE AMPLITUDE CHARACTERISTICS

Al=3,1415926/(2.*FLOAT{IFN))
DO 8 Im2,IF1
TF{1)=CMPLX(1.0,0.0)

JmI-1

aaoo

OO0

X/SIN(X) EQUALIZATION

A2=(FLOAT(J)*A1) /(SIN(FLOAT(J) *A1))
TF(1)=CMPLX (A2,0.0)
B CONTINUE
JKIF 141
DO 9 J=JK,IF2
[=J-1

o0

ROOT OF RAISED COSINE

A3« (FLOAT(1)*A1) /(SIN(FLOAT(1)*A1))
A-iJ. 1415926/(2.0*ALPHA) ) * ((FLOAT(1) /FLOAT(IFN))-1.)
TF (J )=CMPLX (SGRT (0.5 (1.0~-SIN(A))),0.0)
TF (J)=TF (J) *CMPLX (A3,0.0)
9 CONTINUE
JHmIF2+1
DO 10 [mJH,NO1
TF(1)=CMPLX(0.0,0.0)
10 CONTINUE
NOZ=NO1+1
DO S 1=NO02,LDIM
TF (1)=CONJG{TF (LD IM+2-1)})
5 CONTINUE
RETURN
END
c‘...-““...‘..‘-'.“..‘.C“...-l‘..‘.t."“".“‘l--“-“."‘-‘.lll‘
¢ SUBROUTINE: RCOSRX *
c -
c THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A *
c RAISED COSINE FILTER WITH ARBITRARY ALPHA .
c.‘..‘.#l.“-‘Dl-“.ia.l.-‘"'-‘-.t..lt“‘t*‘.““l.l.l....‘l......‘.t
SUBROUTINE RCOSRX(TF)
COMPLEX TF{ 1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, [OFF , LSAMPL

10501450
10501460
10501470
10501480
10501480
10501500
10501510
10501320
10501530
10501540
10501550
10501560
10501570
10501580
10501590
10501600
10501610
10801620
10501630
10501640
10501650
10501660
10501670
10501680
10S0169¢
10501700
10501710
10501720
10501730
10501740
10501750
10501760
10501770
10801780
10501790
10501800
10501810
10501820
10501830
10501840
10501850
10S01860
10501870
10501880
10501890
10501900
10501910
10501920
10501930
10501540
10501950
10501960
10501970
10501980
10501590
10502000
10502010
10502020
10502030
10502040
10502050
10502080
10502070
10502080
10502050
10502100
10502110
10502120
10502130
10502140
10502150
10502160
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COMMON /NUMB2/ NSNR,NSYMB,BAUD
SBANDW=BAUD* L SAMPL
NO=LDIM/2
NO1=NO+1
IF (ALPHA.EQ.0) ALPHA=O.0001
FN=LDIM®* {FEW/SBANDW)
l-'1- 1.=ALPHA) *FN
F2- 1. +ALPHA *FN
IFN=IFIX(F
IF1=IFIX(F
IF2«IFIX(F

AMPLITUDE CHARACTERISTIC

At=3,141592/(2.*FLOAT(IFN))
DO 8 Im2,IF1
TF(1)=CMPLX(1.0,0.0)
Jm]=1
TF(I)=CMPLX(1. ,0.0)
CONTINUE

JK=IF §+1
DO 9 J=JK,IF2
I=y=1

ROOT OF RAISED COSINE

Ea .141592/(2. O'ALPHA))‘((FLOAT(I)/FLOAT(IFN))-1 )
TF (J)=CMPLX (SGRT(0.5*{1.0-SIN(A))),0.0)
9 CONTINUE

JH=IF2+1

DO 10 I=JH,NO1

TF(1)=CMPLX(0.0,0.0)
10 GONTINUE

NO2=NO1+1
DO 5 I=NO2,LDIM
TF (1)=CONJG{TF (LDIM+2-1))

aco

0DOO

S CONTINUVE
RETURN
END

L T Ty T L T T L LTt LT
g SUBROUTINE: FILTER .
[ ]
c THIS SUBROUTINE PERFORMS THE FILTERING .
c PROCESS ON A DATA SEQUENCE s

(oI L PR ARSI I RS EE RSS2 R AL LRSI T I T2 S Y PR RETY PR YEY

SUBROUTINE FILTER(DATA,TF)
COMPLEX DATA(1),TF(1)
DIMENSION Iwk(20)
COMMON /NUMB1/ FBW,ALPHA,LDIM, I0FF ,LSAMPL
CALL FFT2C(DATA, 19, IWK)
DO 1 Iwd,LDIM
1 DATA(I)=CONJG(DATA{I)*TF (1))
CALL FFT2C(DATA, 19, INK)
DO 2 Imt,LDIM

2 DATA(I)=CONJG(DATA(I))/FLOAT(LDIM)

RETURN
c“"t“.-““.-t“‘..“‘.“t“..".“.‘“tll““’.“ﬂ"“'.““‘t‘tt‘
g SUBROUTINE: HHGG .

*
c THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER .
c AT THE OUTPUT OF THE RECEIVE FILTER .

c‘"l."‘.‘...““.".‘.‘..""C....-‘..".““'ll"ﬂ..."‘......‘““
SUBROUTINE HHGG(TF ,PNOISE)
COMPLEX TF (1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SUM=0

.0
SBANDN=BAUD*L SAMPL
DO 1 L=1,LDIM
HH=(CABS(TF(L)))**2

1 SUMmSUMEHH

10502170
10502180
10502180
10502200
10502210
10502220
10502230
10502240
10502230
10502280
10502270
10502280
10502250
10502300
10502310
10502320
10502330
10502340
10502350
10502360
10502370
10502380
10502380
10502400
10502410
10502420
10502430
10502440
10502450
10502460
10502470
10502480
10502480
10502500
10802510
10502520
10502530
10502540
10502550
1002360
10502570
10502580
10502580
10502600
10502610
10502620
10502030
10502640
10502630
10502660
10502670
10502680
10502690
10502700
10502710
10802720
10502730
10502740
10502750
10S02760
10502770
10502780
10502750
10502800
10502810
10502820
10502830
10502840
105028%0
10502860
10502870
10502880
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FILE: 10SI FORTRAN * UNIV D’/OF OTTAWA CMS

PNOISE=SUM®*SBANDW/FLOAT (LDIM) /2.
WRITE (6,2) PNOISE
2 FORMAT(5X,'PNOISE=’,F7.3,/)

RETURN
ct..tt‘tt.‘-lt.l..tl..lll‘l‘.““t‘t!.tt‘t'“‘titt.'.t‘t‘ttttt“‘.!!‘t
g SUBROUTINE: ENERGY :
c THIS SUBROUTINE COMPUTES THE CARRIER POWER .
c AND THE AVERAGE BIT ENERGY *

(ol I2AZ R ETTTTTIIITI T LRI ERILIRSERRL LTINS AL LELLITTELLELELY )

SUBROUTINE ENERGY (DATA,C,EB)
COMMON /NUMB2/ NSNR,NSYME, BAUD
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON TMAX , GMAX , EBNO1 ,RK, CN1
COMPLEX DATA(1)
WATTS=0,
DO 1 I=1,LDIM
WATTS=WATTS+CABS (DATA( 1)) **2

1 CONTINUE
CoWATTS/FLOAT(LDIM) /2.
RRK=RK/2.
EB=C/ (RRK*BAUD)
WRITE {s.w) C.EB

40 FORMAT (10X, 'C=’,F15.8,5X, "EB=',E15.8)

RETURN
END
END

(ol AL L LI LTI 2RI IS IR LA L R IR RIET LT N

g SUBROUTINE: SYNCRO *

c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA *

Crestt st ot nas s 02 S 0003 RN EEARRSSERRNNANNENANNENRANRNNRREERAERARERS

SUBROUTINE SYNCRO(DATA,PNOISE,NI,NQ,MI,MQ,EB)

INTEGER QMAXF
COMPLEX DATAE 1 ; +AMP
DIMENSION NI(1},Na(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL

COMMON /NUMB2/ NSNR,NSYMS,BAUD

COMMON TMAX , QMAX , EBNOT ,RK,CN1

NERROR=0

IF (IOFF.EQ.0) GO TO 111

DO 6 K=1,IOFF

XX=AIMAG(DATA(LDIM))

DO 7 KKm2,LDIM
7 DATAEKK)-CM’LX(REAL(DATA(KK)).AIMAG(DATA(KK—1)))
8 DATA(1)=CMPLX (REAL (DATA(1)),XX)

SYNCHRONIZE THE RECEIVED DATA

111 NOLD=0
NOF =0
Ke1
300 CONTINUE
NEWe0
DO 200 Jmi,NSYMB
THR1 I=FLOAT (NI (J))~1.
THR2I=FLOAT(NI(J})+1.
THR1G=FLOAT(NG(J} )1,
THR2Q=FLOAT (NG{J§ ) +1.
J1mK+(J~1) *LSAMPL
IF(J1.GT.LDIM) J1=J1-LDIM
AXBARw RE.AL(DATA(M);+REAL(DATA(J1+1)) 2.
AYBAR=(AIMAG(DATA(J1) ) +AIMAG(DATA(J1%+1))) /2.
IF“AXBAR.GT.THRu;.AND.EAxaAR.LT.mnzl NEWNEW+1
1F ( (AYBAR.GT . THR1Q) .AND. (AYBAR.LT.THR2Q) ) NEW=NEW+1
200 CONTINUE
1F (NOLD.GE .NEW) GO TO 399
NOLD=NEW
NOFmK
399 KmK+1
LFU=2*NSYMB

ano

16502890
10502900
10502910
10502920
10502830
10502940
10502950
10502960
10502970
10502980
10502990
10503000
10503010
10503020
10503030
10503040
10503050
10503080
10503070
10503080
10503080
10503100
10503110
1€57-3120
w130
10503140
10503150
10503160
10503170
10503180
10503130
10503200
10803210
10503220
10503230
10503240
10S03250
10303260
10503270
10503280
10503290
10803300
10503310
10503320
10503330
10503340
10503350
10503360
10503370
10503380
10303390
10503400
10503410
10503420
10503430
10503440
10503450
10503460
10503470
10503480
10503490
10503500
10503510
10503520
10503530
10503540
10803550
10503560
10503572
10503580
10503530
105036800
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QO0O0

SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP

NSF T=LSAMPL*6

IF (NOLD.LT.LFU.AND.K.LE.NSFT) GO TO 300
NOF=NOF—1

KTmwK-2

WRITE(6,56) NOLD,NOF KT

S& FORMAT(1X,’NO OF MAX. CORRECT SYMBOLS = ',16,//,1X,

**NO OF SHIFT IN SAMPLES FOR MAX. CORRECT SYMBOLS= *,14,//,
*1X, "TOTAL NO OF SHIFT FOR SEARCHING = ', 14)

o000

o0

240
250

230

30

50
60

IF (NOF.EQ.0) GO TO 230
LO=LDIM~1

DO 250 Im1,NOF
AMP=DATA (1)

DO 240 J=1,L0
DATA(J)=DATA (J+1)
CONTINUE

DATA{LDIM)wAMP

CONTINVE

OPTIMIZE THE SAMPLING INSTANT

MI=1

MO=1

EQI=FLOAT(NSYMB) + 1.

EOQuFLOAT(NSYMB} + 1.

M=22

VARIANPNOISE*EB* (10.**(~0.1*FLOAT(M)))
SIGMA=SQRT (VARIAN)

MOS=LSAMPL /4

DO 80 Jm1,MOS

EIm0.

EQuO.

1ERX=0

IERY=0

DO 70 Kw1,NSYMB

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR
J1m(K=1) *LSAMPL+J
AXBAR-EREAL(DA?A(N);mEAL(DATA(uM)) 2.
AYBAR=(AIMAG (DATA(J1))+AIMAG(DATA(J13+1))) /2.
INDEXI=0

AH’X-ABSEAXBAR)

AMP I=ABS (FLOAT{NI (K)))

THR1I=AMPL = 1.0

THR2I=AMP] + 1.0

IMAXFm0

IF (AMPI.EQ.IMAX) GO TO 30

IF ({ AMPX.GE.THR21).OR. (AMPX.LE.THR1I)) INDEXIm1
GO TO 40

IF (AMPX.LE. THRI) INDEXIm1

IMAXF=1

CONT INVE

INDEX G0

Am-aasimrm)

AMPQ=ABS (FLOAT (NQ(X) })

THR1Q=AMPQ = 1.0

THR2Q=AMPQ + 1.0

QMAXFmGO

IF EALPQ.EQ.MX) GO TO 50

éﬁ T(() mso .GE.THR2Q) .OR. (AMPY.LE.THR1Q)) INDEXGw1
IF (AMPY .LE. THR1Q) INDEXGw1

QMAXF 1

CONTINVE

IF (INDEXI.EQ.1) EI=EI + 1.

IF (INDEXQ.EQ.1) EG= EQ + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NO=22dB

10503610
10503620
10503630
10503840
10503630
10503680
103503670
10503680
10503690
10503700
10503710
10503720
10503730
10503740
10503750
10503780
10503770
10503780
10503790
10503800
10503810
10503820
10503830
10503840
10503830¢
10503860
10503870
10503380
105038390
10503800
10503910
10503920
10503930
10503940
10503950
10503960
10503970
10503980
10503990
10504000
10504010
10504020
10504030
10504040
10504050
10504080
10504070
10504080
10504080
10504100
10504110
10504120
10504130
10804140
103504150
10504180
10504170
10504180
10504190
10504200
10504210
10504220
10504230
10504240
10504250
10504260
10504270
10504280
10504290
10504300
10504310
10504320
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c..."..B."B'.".'...ll.“‘!t““‘.‘"l...tll'."““.lll...‘l

c
c
c

70
81

75

B0
81

90 FORMAT(SX, 'SAMPLING POINTS FOR I AND Q CHANNELS DIFFER BY',

95 FORMAT(5X, RECEIVED DATA IS5 DELAYED BY *,F7.3," SYMBOLS',/)

D1=ABS (AMPX~THR1 ! )
ARG=D1/{SIGMAYSGRT(2.))
CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARG=12.
EI=E] + ERFC(ARG)/2.

IF (IMAXF' ,EQ, 1) GO TO 65
D2=ABS (THR2I-AMPX)
ARG=02/(SIGMA*SORT(2.))

IF (ARG.GT.12.) ARG=12.
EI=EI + ERFC{ARG)/2.
D1=ABS(AMPY-THR1Q
ARG=D1/(SIGMA®SGRT(2. ))

IF (ARG.GT.12.) ARG=12,
EQwEQ + snrc(mc;/z.
IF (QMAXF .EQ. 1} GO TO 70

D2=ABS( THR20-AMPY)

ARGm02/ (SIGMA®SORT (2.))

IF (ARG.GT.12.) ARG=12.

EQ=EQ + ERFC(ARG)/2.
IERX=]ERX+INDEX]

1ERY=1ERY+INDEXQ

CONTINUE

WRITE(8,81) IERX, IERY
FORMAT(5X, ' IERX=", I5,5X, * IERY=", I5)
IF(EOI.LE.EI) GO TO 75

EOT=E]

MImy

CONTINUE

IF {E0Q.LE.EQ) GO TO 80

EOQmEQR

MQw)

MOFF=IABS (MI-MQ)

WRITE(S,91) MI,MQ

FORMAT (5X, *MI= *,13,5X, 'MO= ', 13)

IF(MOFF .NE.O) WRITE(S,90) MOFF
OFF=(FLOAT{MI) + FLOAT(NOF))/FLOAT(LSAMPL)

#12," SIXTEENTHS OF THE SYMSOL INTERVAL®,/)
WRITE(S,95) OFF

RETURN
END

SUBROUTINE: DECODE
THIS SUBRQUTINE DECODES THE SYNCHROMIZED DATA

Cres s das st oss st s st st ss s sttt A AR A RN RASYSRER NN NREE NS RERRERRAREd

SUBROUTINE DECODE(NERROR,DATA,PNOISE,MI,M@,NI,NQ,EBNO,PE,EB)

INTEGER QMAXF

COMPLEX DATA(1) ,AMP

DIMENSION EBNO(1),PE(1),NI{1),.Na(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL

COMMON /NUMBZ/ NSNR,NSYMB, BAUD

NERROR=0

DO 1 Im1,NSNR

PE(I)=0.

COMMON IMAX , QMAY, , EBNO1 , RK,CN1

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, ONLY THOSE
ERRORS IN ADJACENT LEVELS ARE CONSIDERED
DO 2 K=t ,NSYMB

J1m(K—1) *LSAMPLHMI

J2m(K=1) *LSAMPL + MQ

AxaAn-snsAL(nATA(u) +REAL (DATA(J1+1))) /2.
AYBAR=(AIMAG (DATA(J2) ) +AIMAG(DATA(J2+1))) /2.
INDEX I=0

AMPX=ABS ( AXBAR)

AMPI=ABS (FLOAT(NI(K)))

THRT[=AMPI = 1.0

THR2J=AMP] + 1.0

IMAXF =0

IF (AMPI.EQ.IMAX) GO TO 30

10504330
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10504640
10504650
10504660
10504670
10504680
10504690
10504700
10504710
10504720
10504730
10504740
10504750
10504760
10504770
10504780
10504790
10504800
10504810
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10504830
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10504880
10504890
10504900
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30

50
60

OO0 00n

ana

100

C150
c
C151

152

153
154

157
155

10s1 FORTRAN * UNIY D'/OF OTTARA CMS

IF {{ AMPX.GE.THR2I).GR.(AMPX.LE.THR1I)) INDEXI=1
GO TO 40 -

IF (AMPX.LE. THR11) INDEXI=1

IMAXF=1

CONTINVE

INDEXQm0

AMPY=ABS (AYBAR)

AMPQ=ABS (FLOAT (NO(K)))

THR1Q=AMPQ ~ 1.0

IF im.so.m) GO TO 50

IF {( AMPY.GE.THR2Q).OR.(AMPY.LE.THR1Q)) INDEXQu1
GO TO 60

1F (AMPY .LE. THR1Q) INDEXQ=1

QMAXF=1

CONTINUE

IF (( INOEXI .EQ. 1) .OR. (INDEXQ.EQ. 1)) NERROR=NERROR+

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL.
THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN dB; PNOISE IS
1/2*INTERGAL (O H(F)**2" DF); AND VARIAN = NO*PNOISE.

FOR THE END POINTS (7FLAG=1) THE PE-1/2‘ERFCED1/(SIGMA'SQSRT(2)))
SIGMA*SORT(2))) +

AND FOR THE INNER POINTS THE PE=1/2*ERFC(D1/
1/2ERFC(D2/(SIGMA*SGRT(2))) .

DO 4 Mm1,NSNR
EBNO(M)=EBNO1+1 .o*noariu—n
VARIAN=PNOISE*EB* (10, #* (-0, 1*EBNO(M)))

STGMA=SORT (VARIAN

D1=ABS (AMPX~THR 1]

ARG=D1/(SIGMA*SQRT(2.))

CHECK IF ARG IS LARGE IN WHICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBOL 1S IN ERROR. IF IT IS TERMINATE RUN

NER =i
IF Emozx:.m.n GO TO 153
IF (ARG.CT.12.) ARG=12.
PEI=ERFC(ARG) /2.
IF (IMAXF .EQ. 1) GO TO 100
D2=ABS( THR21-AMPX)
ARG=D2/(SIGMA*SQRT(2.))
IF (ARG.GT.12.) ARG=12.
PEI=PE]l + ERFC(ARG)/2.
D1wABS (AMPY-THR10)
ARG=D1/(SIGMA*SERT(2.))
IF (INDEXQ.EQ.1) GO TO 153
IF (ARG.GT.12.) ARGm12,
PEQ=ERFC(ARG) /2.
IF (QMAXF .EQ. 1) GO TO 110
D2=ABS ( THR20~AMPY)
ARG=D2/(STGMA®*SGRT(2.))
IF {ARG.GT.12.) ARG=12,
PEQ=PEQ + ERFC(ARG)/2.
IF(PE].LT.1.E-15) PEI=0.
IF(PEQ.LT.1.E-15) PEQ=O.
PE(M)=PE (M)+(PEI+PEQ) /2.
CONT INUE
PE(1)=PE(1)/FLOAT(NSTHE)

1) /FLOAT(NSYMB
PRINT 1%0
FORMAT(5X, "EB/NO’ , 10X, "PROB. OF ERROR’,/)
WRITE (8,151) (EBNO(I),PE(I),I=1,NSNR)}
FORMAT (5X,F5.1,10X,E10.2)
WRITE (6,152) NERROR
FORMAT {/5X, *ERRORS=",15,/)
60 TO 155
PRINT 154
FORMAT (10X,’'SYMBOL WAS IN ERROR, RUN WAS TERMINATED’,/)
WRITE(S,157) NERI
FORMAT (38X, "NERI=* , I5)
CONT INUE

10503050
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RETURN
L L T T L L L L T L T T runrpepapppppe
c SUBROUTINE: DRAWCN .
c .
c THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR .
c P(E) AS LOW AS 1.0E-10 AND A C/N RATIO AS HIGH AS 42 D3 i

Crestsdsduntssasis s it i s Nl st e oI OO RS I BNERIR NN I RNASARARNAREERRRARAARD

SUBROUTINE DRAWCN(XARRAY , YARRAY, JCURY, JLAST, A
DIMENSION XARRAY(1),YARRAY{1),XA(150), XX(150),YY(150)
COMMON /NUMB2/ NSNR,NSYMB,BAUD

COMMON TMAX , QMAX , EBNO1 ,RK,CN1

M=NSNR

BRwRK*BAUD

NEW=BAUD/A

CF=BR/NEW

DO1Kw=1, NSNR -

XASK)-XARRAY( K) + 10*(ALOGIO(CF))

IF(YARRAY( K).LE.1.0E-10) GOTO 3
GOTO 1
3 M K-
GOTO 4
1 CONTINUE .
4  CONTINUE
Tkt 1
LI=I+1
XA(1)=3.0
XA(11)=1.0
YARRAY([)=1,£-10
YARRAY (11)=0.4
€ G0 TO32
o [FUCURV.GT.1) Goto 2
C  ESTABLISH THE SURFACE AREA.
CALL PLOTS(57.0,27.5)
o CALL FACTOR(0.8%)
¢ ESTABLISH THE ORIGIN.
o CALPLOT(3.0,1.5,-3)
C  ORAW THE LOGARITHMIC Y-AXIS.
CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,25.,
o 190, 1.06-10,.4) 2
C  DRAW THE LINEAR X-AXIS.
CALL AXIS(0.0,0.0,9HC/N IN dB,-9,
o, 148:0,0.0,9.0,i.0)
G PLOT THE DATA IN LOG-LINEAR MODE.
2 CONTINUE
PRINT 150

150 FORMAT (X, "EB/NO’, 10X, "PROB. OF ERROR®,7X,'C/N’
WRITE(S,151) (XARRAY(I).YARRAY(I).XA(IS.I;1.6? /)
151 FORMAT(3X,F5.0, 10X,E10.2, 10X,F5. 1}
cC GO TO 45
CALL LGLIN(XA,YARRAY M, 1,4, JCURV, 1)
IF (JCURV.EQ.JLAST) CALL PLOT(0.0.0.0,999)

45 RETURN
el LA LI L LTI LRI R L L L L T L P,
g SUBROUTINE: EYEQ .
*
c THIS SUBROUTINE DRAWS THE EYE DIAGRAM he
c FOR A TWO SYMBOL DURATION .

c.t."O““"Ct‘l..i‘.l....C“"‘...‘.“'.tl.‘....t‘.‘““.O“‘..“.‘.

SUBROUTINE EYEQ(DATA)
DIMENSION DATA2(66),DATA3(66)

10505770
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" 10505930
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10508130
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10506200
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10508230
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10506250
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COMPLEX DATA(1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB, BAUD

ESTABLISH THE SURFACE AREA.

CALL PLOTS(37.0,27.5)

ESTABLISH THE ORIGIN.

CALL PLOT(300113.°’-3)

WRITE THE TITLE OF THE GRAPH.

CALL SYMBOL(10.0,12.0,0.49,16HQPSK EYE DIAGRAM,0.0,16)
ORAW THE TIME AXIS.

CALL AXIS(0.0,0.0,1H ,-1,24,.,0.0,1.0,2.8)
DRAW THE AMPLITUDE AXIS.

CALL AXI1Ss(0.0,-8.00,1H ,1,16.0,90.0,-24.,3.0)
PLOT THE DATA.

JJm29 L SAMPL,

DATA2(JJ+1)=0.0

DATA2(JJ+2)=3.0

DATA3(JJ+1)=1.0Q

DATA3(JJ+2)m2.8

M2=HSTYMB/8

M3m3*M2+1

Mdeeq *p2—1

DO 4 KiK=mt,M2

DO 2 Imi,JdJ

I 1e=(KK=1) *LSAMPL+1

IF(I1.GT.LDIM) II=II—(II/LDIM)*LDIM

DATAZEI =REAL (DATA(IT))
2 DATA3(I)=FLOAT(I)

CALL LINE(DATA3,DATA2,J4J,1,0,0)
CONTINUE

CALL PLOT(0.0,0.0,999)
RETURN

QO 0O o0 o O

o AL LI L LT TR P LT R IIIIIETI L Iy R P P T T LI

g SUBROUTINE: ATT .

L ]
c THIS SUBROUTINE PERFORMS THE ATTENUATION OF A COMPLEX .
c SIGNAL (AT IS THE ATTENUATION FACTOR IN DB) *

c..“.‘..“‘I.“'.-t.l"‘.*“*t““‘.‘U.‘t‘t‘t“.‘.'.‘O"""..‘.tt‘ll
SUBROUTINE ATT(DATA,AT)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL , SBANDW
COMPLEX DATA(1)
ATTT=10.4#(-AT/20.)
DO 10 Im1,LDIM
10 DATA(I)wDATA(I)*ATTT
RETURN

CHES 2RSSt SRR i NS R RN SRR NI R RN S0 AN A0 SESERANEEUER AR ReNRERAnS

g SUBRCUTINE: OFFSET *
»
c THIS SUBROUTINE SHIFTS THE DATA SEQUENCE BY IOF *

c“l“--““..“.'.".l-'.-.".“.-‘.‘!.-..‘.‘.““"-““.‘--“.‘-.“
SUBROUTINE OFFSET(DATA, I0F)
COMPLEX DATA(1) ,BUFF ( 1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, [OFF , LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
Ju=LDIM-TASS ( 10F)
KeJ+1

IF 2IOF.EG.0 GOTO 9

IF (I10F.LT.0) GOTO 4

DO 1 Imi,J

1 BUFF(1)=DATA(I)

DO 2 I=K,LDIM

DATA(I-J)=DATA(I)

DO 3 Imi,d

DATA(I+10F)mBUFF (1)

GOTO 9

10F==10F

LelOF+1

DO 5 ImL,LDIM

5 BUFF (I-10F)=DATA(I)
DO & I=1,I0F

> N

10508490
10508500
10508510
10508520
10508530
10508540
10508550
105083580
10508570
10506580
10508590
10508600
10506610
10508820
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10508640
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10506680
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10508880
10508590
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10508710
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10506730
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10504780
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10508800
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& DATA{I+J)=DATA(I)

00 7 Im=t1,J

7 DATA(I)=BUFF(I)

9 RETURN
c..‘“‘.'.‘.""O-“".".‘..“‘.‘“.."‘l.‘.“‘ﬁ‘--.-"‘.“t“t..t“‘
c SUBROUTINE: PHASE .

*
¢ THIS SUBROUTINE PERFORMS THE PHASE SHIFT .
c OF A COMPLEX DATA SEQUENCE N

CHe222080 00000t saddSss O RRRistt R sttt eno RN Es TR ENRR RN NRANRNSEUN

SUBROUT INE PHASEéDATA,PHI)
COMPLEX EPS,DATA(1)
COMMON /NUMB1,/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SBANDW
EPS=CMPLX(COS (PHI) ,~SIN(PHI )}
DO 10 I~1,LDIM

10 DATA(1)=DATA(1)*EPS
RETURN

CUEPE SRRt s R0 A SRR SRR R AR R NN R RN AP R EROR R AR RN RN NN ER Y RIREREEER

g SUBROUTINE: RAND g
.
c THIS SUBROUTINE GENERATES RANDOM SYMBOLS .

CrEras it e s st Rttt n e Nkl AP AERRER OO RN SRR ONSR RS AR SRR RERINSERY

SUBROUTINE RAND(IR,N,DSEED)
INTEGER IR(1)

DOUBLE PRECISION DSEED

DO 3000 I=1,N

ReGGUEF'S (DSEED)

1R(1)=1F IX(R)

IF{ R.LE.0.031) IR(I)==31

IF((R.GT.0.031) .AND . (R.LE.0.082))IR(I)==29
IF((R.GT.0.062) .AND . (R.LE.0.093))IR(1}m-27
IF({R.CT.0.093) .AND . (R.LE.0.124))IR(I)=-25
IF({R.GT.0.124} .AND . (R.LE.0.158))IR(I)=—23
1F{(R.GT.0.155) .AND . (R.LE.0.186)}IR(1)==21
iF((R.GT.0.186) .AND . (R.LE.0.217)}IR{I)=-19
IF({R.GT.0.217) .AND . (R.LE.0.248))IR{1)=-17
IF((R.GT.0.248) .AND . (R.LE.0.279})IR{I)==15
IF{(R.GT.0.279) .AND . {R.LE.0.31}} IR(I)m-13
IF((R.GT.0.31) .AND . (R.LE.0.341)}IR(I)==11
IF((R.GT.0.341) .AND . {R.LE.0.372)}IR(I)=9
1F((R.GT.0.372) .AND . {R.LE.0.403)}IR(1)=~7
IF({R.CT.0.403) .AND . (R.LE.0.434)}IR(I)==5
IF({R.GT.0.434) .AND . (R.LE.0.485)}IR(I)=-3
IF{(R.CT.0.465) .AND . (R.LE.0.496)}IR(}=~1
IF{(R.GT.0.498) .AND . (R.LE.0.527)}IR(I}m1
IF{(R.CT.0.527) .AND . (R.LE.0.558})IR(I)=3
IF((R.GT.0.558) .AND . (R.LE.0.589})IR(1)=5
IF((R.GT.0.589) .AND . (R.LE.0.62)} IR(I)=7
IF((R.GT.0.62) .AND . (R.LE.0.651})IR(1}=9
IF((R.GT.0.651) .AND . (R.LE.0.682))IR(Ijm11
IF((R.GT.0.882) .AND . (R.LE.0.713)}IR(1)=13
IF{(R.GT.0.713) .AND . (R.LE.0.744))IR(I}=15
IF{(R.GT.0.744) .AND . (R.LE.Q.775))IR(I}=17
IF({(R.GT.0.775) .AND . (R.LE.0.808))IR(I}=19
IF{(R.GT.0.806} .AND . (R.LE.0.837)) IR(I)m21
IF(({R.GT.0.837).AND . (R.LE.0.868))IR(1)=23
IF((R.GT.0.868) .AND . (R.LE.0.899))IR(I)m=25
IF({R.GT.0.899) .AND . (R.LE.0.930))IR(I)m27
IF({R.GT.0.930) .AND . (R.LE.0.981)}IR(I)=29
IF((R.GT.0.961) .AND . {R.LE.0.996)}IR(1)=31
IF (R.GT.0.996) IR(I)m=31

3000 CONTINUE
RETURN

END
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L L L T T L T T Y T T TP T T T P YT
Ce

g: FILE NAME: S1CC1

c-

]

.

L ]

.

c* L]
L ]

]

.

L

L ]

c* THIS PROGRAM EVALUATES THE PERORMANCE OF 1024-QAM
c* SYSTEMS IN THE PRESENCE OF MODULATED CO-CHANNEL
g: OF THE SAME TYPE, I.E. 1024-QAM
c“".‘.."".-.‘.‘.3.'.‘.‘#“.'.‘..‘........-..ll‘...“‘.".-..l'*“.
COMPLEX DATA{524288),CCI(524288) ,7F (524288)
COMPLEX XSIGNL(524288), XCCI(524288)
DIMENSION PEI{S0),EBNO(50),NI(8192),Na(B192), NNI(8192) NNG(B192)
DIMENSION XARRAY (150) ,YARRAY(150),NIC(8192),NaC(8192)
INTEGER IR(8192)
REAL IBAUD, TMAX, QMAX

INITIALIZE PROGRAM.

COMMON /NuUwBt/ FBW,ALPHA,LDIM, IOFF,LSAMPL , SBANDW
COMMON /NUMB2/ NSNR, NSYMB BAUD,NO1,NO2
COMMON  TMAX , QMAX , EBNO1 +RK,CN1

FOR 1024-QAM, NBPSYM=10, EENO1=20,, CN1=28,, CDIM=42.5

NBPSYM=10

EBNO1m20.

CN1=28,

COIMm42.5

ATh=47 .5

NLEVL=2%# (NEPSYM/2)
IMAX=FLOAT (NLEVL)=1.
QMAXm IMAX

RK=FLOAT (NBPSYM)
KQAM=NLEVL *#2

ALPHA=Q .2

oo

o009

[}

IND=1 FOR PLOTTING THE EYE—DIAGRAM
IND=2 FOR PLOTTING THE P(E)

IND=2

NRUNS=2

10FF=0Q

LSAMPL=84

NSNR=43
NSYME=8192

LD IM=LSAMPL *NSYME

aaonon

o0

THE BAUD RATE BAUD IS GIVEN IN KBAUD/S

BAUD=160.0
SEANDW=BAUD*LSAMPL
NO1=LDIM/2+1
NO2=NO1+1
FEW=BAUD/2.
Plm3.14159

END OF INITIALIZATION.
START OF COMPUTATIONS.

PHIsm 0.20*PI
IOF= 32
WRITE(6,14) PHI, I1OF
14 FORMAT(1X, *PHI=’ ,F10.4,2X, "RADS’ ,5X, * [OF=", 18///)
92 WRITE(E,245) KQAM
245 FORMAT(5X, 15, '—QAM’ , /)
WRITE(E, 45) ALPHA
45 FORMAT(////.2X, " $sessssssssal PHAn’ F6.2)

0000

10C00010
10000020
10000030
10C00040
10C00050
10C00080
10C00070
10C00080
10C00090
10C00100
10C00110
10C00120
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10C00380
10C00370
10C00380
10C00390
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10C00470
10C00480
10C00490
10C00300
10C00510
10000520
10C00530
10C00540
10C00550
10C00560
10C00570
10C00580
10C00550
10C00600
10C00610
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10C00640
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DSEED = 133791.00
CALL RAND (NI, NSYMB, DSEED)
DSEED = 7809%8.D0
CALL RAND (NQ, NSYMB, DSEED
CALL SIGNAL (XSIGNL, NI, NG

DSEED = 148357.D0
CALL RAND (NIC, NSYMB, DSEED)
DSEED = 123338.00

CALL RAND (NGC, NSYMB, DSEED)
CALL SIGNAL (XCCI, NIC, NQC)

CALL RCOSTX(TF)

CALL FILTER (XSIGNL, TF)
CALL FILTER (XcCI, TF)

70 DO 101 MM=1, 1

WRITE(8,102) IOF, PHI
102 FORMAT(1X, * [OF=",16,5X, *PHI=’ ,F10.4///)

DO 100 NR=1,NRUNS

a 000

c
g—-—-n--HAIN CHANNEL.

DO 40 I=1,LDIM
40 DATA(I)=XSIGNL(1)
CALL ENERGY(DATA,C,EB)
IF(NR.EQ.1) GO TO B8
AT=ATM-(NR=2)*2.5
ComemmmmrmanCO—~CHANNEL.

DO 140 K=1,LDIM

140 CCI(K)mXCCI (K)
CALL ATT(CCI,AT)
CALL PHASE (CCI,PHI)
CALL OFFSET(CCI, IOF)
CALL ENERGY{CCI,CI,EBC)
CDI=10,*ALOG10(C/CI)
WRITE(S,199) CDI

199 FORMAT(5X,'C/I=’,F5.1,°DB")
DO 77 I=1,LDIM

77 DATA(I)=DATA(I)+CCI(I)

END OF THE TRANSMITTER

(2R eleReNe]

88 CONTINUE

B2 CALL RCOSRX(TF)

83 CALL HHGG(TF ,PNOISE
CALL FILTER(DATA,TF

GO To (26,27), IND
27 CALL SYNCRO(DATA,PNOISE,NI,NQ,MI,MQ,EB)

CALL DECODE(NERROR,DATA,PNOISE,MI,M2,NT,NQ,EBNO,PET ,EB
cce IFs(NERROR.NE.O).AND.(NR.EQ.NRUNS)) CALL PLOT(0.0.0.0.%QQ)

cc 1F(NERROR.NE.Q) GO TO 100
DO 99 I=1,NSNR
XARRAYEI =EBNO{1)
99 I:?RAY 1)=PEI(I)

CALL DRANCNEXARRAY.YARRAY.NR.NRUNS.A)
c CALL DRAWEB{XARRAY,YARRAY, JCURV, JLAST)
GO TO 100
26 CALL EYEQ({DATA)
100 CONTINUE
PHI=PHI40,1 *P]
101 CONTINUE
STop
END

10C00730
10C0Q740
10C00750
10C00760
10C0Q0770
10C00780
10C00790
10C00800
10C00810
1000820
10€00830
10C00840
10C00850
10C00860
10C0087¢
10C00880
10CC0890
10C00900
10C00910
10000920
10C00930
10C00940
10C00950
10C00960
10C00970
10C00580
10C00990
10C01000
10C01010
10C01020
10C01030
10C01040
10C01050
10C01060
10C01070
10C01080
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10C01100
10C01110
16C01120
10C01130
10C01140
10C01150
10C01160
10C01170
10C01180
10C01190
10C01200
10C01210
10C01220
10C01230
10C01240
10C01250
10C01260
10C01270
10C01280
10C01290
10C01300
10C01310
10C01320
10C01330
10C01340
10C01350
10C01360
10C01370
10C01380
10C01390
10C01400
10C01410
10C01420
10C01430
10C01440
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CRASSL00000 520N INRERIRERUNERSREEERIENETRINNIEERIREEFINNBARINERNENIES

g SUBROUTINE: SIGNAL .
-
c THIS SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL .

CHESRESatINAS SNSRI NERISN SIS RS RS IO RN N ABAB PN REIIR ISR ONRNRER D
SUBROUTINE SIGNAL(DATA,NI,NG)
COMPLEX DATA(1
DIMENSION NI{1),NG(1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SEANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
DO 2 I=1,NSYMB
c LOAD INTO SAMPLE ARRAY, 16 SAMPLES PER SYMSOL
Jim(1=1)*L SAMPL+1

J2=1*LSAMPL
3 ggri(ﬁ)’%fx(nmr(m(t)) FLOAT{NG(1)))
2 CONTINUE '
RETURN
c“.“““‘.“.‘....-..“.vvv SEEERANRRN AN ERPBNEINBRARISEERERO N

SUBROUTINE: RCOSTX

X/SINX APERTURE EQUALIZER
RSB EORSP NN RNASSEVNSE RSN N NN N AN RN S VNN IR RNESRERSINNNS SRR ERIOE S
SUBROUTINE RCOSTX(TF)
COMPLEX TF( 1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SEANDW=BAUD*LSAMPL

[ o] L]
[»4 L]
c THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A .
g RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A .

[ ]
c *

IF (ALPMA.EQ.0Q) ALPHA=0.0001
FNeLD IM* (FEW/SBANDW)
Fiw(1.~ALPHA) *FN
F2u(1.+ALPHA) *FN
IFN=IFIX(FN
IF1=IF IX(F1
IF2=IFIX{F2

THE AMPLITUDE CHARACTERISTICS

Atn3,1415926/(2. FLOAT(IFN))
00 8 Im2, IF1
th(}):apu.xn.o.o.m

X/SIN(X) EQUALIZATION

A2u(FLOAT(J)*A1)/(SIN(FLOAT(J)*A1))
TF (1)=CMPLX (A2, 0.0)
8 CONTINUE
JKmIF1+1
DO 9 JmJK, IF2
Imd=1

ROCT OF RAISED COSINE

A3=(FLOAT(1)*A1)/{SIN(FLOAT(1)*A1))
A=(3.1415926/(2.0%ALPHA) ) * ((FLOAT(1) /FLOAT (IFN)}=1.)
TF (J)=CMPLX (SQRT(0.5*(1.0=-SIN(A))),0.0)

TF (J)=TF (J) *CMPLX (A3,0.0)
CONTINVE

JH=TF2+1
DO 10 I=JH,NOt
TF{I)=CMPLX(0.0,0.0)
10 CONTINUE
NO2=NO1+1
DO 5 I=NO2,LDIM
TF(1)=CONJG(TF (LDIM+2-1))
5 CONTINUE

+1
+1

o000 000

o000

10C01450
10C01480
10C01470
10C01480
10C01490
10C01300
10C01510
10C01520
10C01530
10C01540
10C01%30
10C01580
10C01370
10C01580
10C01590
10C01800
10C01810
10C01620
10C01830
10C01840
10C01850
10C01660
10C01870
10C01880
10C01890
10C01700
16C01710
10C01720
10C01730
10C01740
10C01750
10C01780
10C01770
10C01780
10C01790
{10C01800
10C01810
10C01820
16C01830
10C01840
10C0t8s50
10CQ1880
10C01870
10€01880
10C01890
10C01900
10C01910
10C01920
10C01930
10C01940
10C01950
10C01960
10C01970
10C01980
10C01990
10C02000
10C02010
10C02020
10C02030
10002040
10C020%50
10C02060
10C02070
10C02080
10C02090
10C02100
10C02110
10802120
10C02130
10C02140
10C02150
10C02180
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RETURN
c‘..tOE§E“30'I!.-CQCS--‘.-.-t..t.t‘.ttt‘t.'lltl.ttt‘ttitttt-‘!‘ttli‘t
g SUBROUTINE: RCOSRX :
c THIS SUBRQUTINE SIMULATES THE TRANSFER FUNCTION OF A .
c RAISED COSINE FILTER WITH ARBITRARY ALPHA .

ctttl0.0tt..t.tt‘!l‘tt‘t‘t-t.noocOa‘..t.tt‘ttt‘g“.“t..‘3....,..-.;;-
SUBROUTINE RCOSRX(TF)
COMPLEX TF( 1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB, BAUD
SBANDWeBAUD *L SAMPL
NO=LDIM/2
NO1=NO+1
IF (ALPHA.EQ.0) ALPHA=0.0001
FN=LDIM* {FEW/SBANOW)
Flm(1.=ALPHA)*FN
F2m(1,+ALPHA)*FN
IFN=IFIX{FN
IF1=IFIX(F1)+1
IF2=IFIX(F2)+1

c
c AMPLITUDE CHARACTERISTIC
c
Al=3, 141592/(2. *FLOAT (IFN))
DO 8 [=2,IF1
TF(})-cm.xu.o.o.o)
Jul=
TF (1)=CMPLX(1.,0.0)
8 CONTINUE
JK=IF1+1
DO 9 JmJK,IF2
[=d=1
e
g ROOT OF RAISED COSINE

A=(3.141392/(2.0*ALPHA) ) * ((FLOAT(1) /FLOAT{IFN)}-1.
TFEJ)-MLX(SQRT(O.S'U.o—er(A))).o.o) =12
9 CONTINVE

JH=IF2+41

DO 10 I=JH,NO1

TF(1)=CMPLX(0.0,0.0)
10 CONTINUE

NO2=NO1+1
DO 5 I=NO2,LDIM
TF(1)mCONJG(TF (LD IM+2=1))

5 CONTINUE
RETURN
c““!I.lt‘.“.‘-......l.tt..t"C.“"""‘.O.-““‘."tt“'l““.“‘-
C  SUBROUTINE: FILTER .
]
C  THIS SUBROUTINE PERFORMS THE FILTERING .
C  PROCESS ON A DATA SEQUENCE .

CO.‘-“.“‘UOCCCO“!‘.“"""‘...“.“l..-"“ttt‘l‘!'.‘#'tt-‘it.‘t"

SUBROUTINE FILTER(DATA,TF)
COMPLEX DATA(1).TF(1)
DIMENSION 1WK(20)
COMMON /NUMB1,/ FEW,ALPHA,LDIM, [OFF , LSAMPL
CALL FFT2C(DATA,19, IWK)
DO 1 I=1,LDIM
1 DATA(I)=CONJG(DATA(1)*TF(I))
CALL FFT2C(DATA,19, INK)
DO 2 Iwi,LDIM
2 DATA(!)=CONJG({DATA(I))/FLOAT(LDIM)
N

RETUR!

END
L L LI LTI I AR L L PR LT LT T T L R T LT T P P P
c SUBROUTINE: HHGG *
c .

c THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER *

10C02170
10C02180
10C02190
10C02200
10002210
10C02220
10C02230
10C02240
10C02250
10C02260C
10C02270
10C02280
10C02290
10C02300
10002310
10C02320
10C02330
10C02340
10C02350
10C02360
10C02370
10C023890
10C02350
10C02400
10C02410
10C02420
10C02430
10C02440
10C02450
10C024580
10C02470
10C02480
10C02490
10C02500
10C02510
10C02%20
10C02530
10C02540
10C02550
10C02560
10C02570
10€02580Q
10C02590
10C02600
10C02610
10C02620
10C02630
10C02840
10C02650
10C02660
10C02670
10C02680
10C02690
10C02700
10C02710
10C02720
10C02730
10C02740
10002750
10C02760
10C02770
10C02780
10C02790
10C02800
10C02810
10C02820
10C02830
10C02840
10C02a50
10C02860
10C02870
10002880
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C AT THE OUTPUT OF THE RECEIVE FILTER .
cl...-....“““*“.“.‘tt‘“...‘.‘.“‘.'..‘“‘t.‘.."‘.“““‘*‘.l.‘.

SUBROUTINE HHGG(TF ,PNOISE)

COMPLEX TF(1)

COMMON /NUMB1/ FEW,ALFHA,LDIM, IOFF , LSAMPL

COMMON /NUMB2/ NSNR,NSTMB , BAUD

SEANDW=BAUD*L SAMPL

DO 1 L=1,LDIN

HH={CABS(TF(L)))**2
SUMsSUMHH

PNO1SE=SUM*SBANDW/FLOAT(LDIM) /2.
WRITE (8,2) PNOISE
2 FORMAT(3X,'PNCISE=',F7.3,/)

RETURN
oL L T T L T T L LT DR T T Y E Y T B AP pAPY
g SUBROUTINE: ENERGY .
[ ]
c THIS SUBROUTINE COMPUTES THE CARRIER POWER .
c AND THE AVERAGE BIT ENERGY .

L L T LT L T L T L T L T T Ty D ummppy
SUBROUTINE ENERGY(DATA,C,EB)

COMMON /NUMB2/ NSNR,NSYMB,BAUD

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL

COMMON IMAX , QMAX , EBNO1 ,RK,CN1

COMPLEX DATA(1)

WATTS=G,

00 1 I=1,LDIM

WATTSeWATTS+CABS (DATA(I))**2

INUE
CoWATTS/FLOAT{LDIM)/2.
RRKwRK /2.

EB=C/(RRK*BAUD)

WRITE (6,40) C.EB

40 FORMAT{10X, 'C=',F15.8,5X, *EB=" ,E15.8)
e

(LI T IR TR T T TRT R DR T T LT LT L L L e s pupuspupapgy
g SUBROUTINE: SYNCRO .

c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA *

CHPIEREPRR SO Rt R UANERCRPRES RN O RENE RSP IS R RN AR RN AR SR NN A RN RE NN E

SUBROUTINE SYNCRO(DATA,PNOISE,NI,NQ,MI,MQ,EB)

INTEGER QMAXF
COMPLEX DATAH.M
DIMENSION NI(1},Na(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
cNgémn IMAX , GMAX , EBI 01, RK, CN1

ROR=0 .

If {IOFF.EQ.0) GO TO 11%

DO € K=t, IOFF

XX=ATMAG (DATA(LDIM))

DO 7 KKw2,LDIM
7 DATAEKK)-CO.FLX(REAL(DATA(KK)) AIMAG(DATA(KK=1)}))
6  DATA(1)=sCMPLX{REAL(DATA(1)),XX)

SYNCHRONIZE THE RECEIVED DATA

111 NOLDwO
NOF=Q
K=1

300 CONTINUE
NEWe=0
DO 200 Jm1,NSYME
THRT I=FLOAT (NI (J)}-1.
THR2I=FLOAT{NI(J))+1.
THR1Q=FLOAT(NQ(dJ))~1.
THR20=FLOAT(NQ(J) ) +1.
J1miK+{J~1) *LSAMPL

oo

10C02890
10C02900
10C02910
10C02920
10C02930
10002940
10C029%0
10C02980
10C02970
10C02980
10C02890
10C03000
10C03010
10C03020
10C03030
10CC3040
10C03050
10C03060
10C03070
10C03080
10C03090
10C03100
10C03110
10C03120
10C03130
10C03140
10C03150
10C03180
10C03170
10C03180
10C03180
10C03200
10C03210
10003220
10003230
10C03240
10C032%50

- 10C03260

10C03270
10C03280
10C03290
10C03300
10C03310
10C03320
10C03330
10C03340
10C03330
10C03360
10C03370
10003380
10C03390
10C03400
10C03410
10C03420
10C03430
10C03440
10C03450
10C03460
10C03470
10C03480
10C03490
10C03%00
10C03510
10C03520
10C03530
10C03540
10C03550
10CQ3560
10C03570
10C03580
1003590
10C03800
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IF(J1.GT.LDIM) JimJ1~LDIM
Axam-fnm.(mm(u);+REAL(DATA(J1+1)); 2.
AYBAR=(AIMAG(DATA(J 1) ) +AIMAG (DATA(J1+1))) /2.
1F ( (AXBAR.GT.THR11) .AND . (AXBAR.LT.THR21)} NEW=NEW+1
1F { (AYBAR.GT.THR1Q) .AND . (AYBAR,LT.THR2Q)} NEW=NEW+1

200 CONTINUE
1F (NOLD . GE .NEW) GO TO 399
NOLD=NEW
NOF =K

399 KeK+1
LFUs2*NSYME

c

c SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP

c

c

[y XoXe]

NSFT=LSAMPL*8

IF (NOLD.LT.LFU.AND.K,.LE.NSFT) GO TO 300
NOFwNOF -1

KTmi~2

WRITE(6,56) NOLD,NOF ,XT

58 FORMAT(1X, 'NO OF MAX. CORRECT SYMBOLS = *,I4,//,1X,

**NO OF SHIFT IN SAMPLES FOR MAX. CORRECT SYMOOLS= *,14,//,
*1X, *"TOTAL NO OF SHIFT FOR SEARCHING = *,14)

240
250

230

30
40

IF (NOF.EQ.0) GO TO 230
LOwLD [M=1

DO 250 Im1,NOF
AMP=DATA( 1)

DO 240 Jm=1,LO
DATA(J)=DATA(J+1)
CONTINUE

DATA (LD IM) mAMP®

CONT INVE

OPTIMIZE THE SAMPLING INSTANT

MI=m1
MG 1

EOI-FLOATENS’YPB + 1.

EOQmFLOAT{NSYMB) + 1.

M=22

VARIANSPNOISE*EB*(10. %+ (~0. 1 *FLOAT(M)))
SIGMA=SQRT (VARIAN)

MOS=LSAMPL /4

DO 80 Jui,MOS

Eiw0.

EQ=0.

IERX=0

1IERY=0

DO 70 K=1,NSYMO

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR
J1m(K=1) *LSAMPL +J
AxaAR-EREAL(oATA(u);+REAL(DATA(41+1)); 2.
AYBAR=(AIMAG (DATA(J1))+AIMAG(DATA(J1+1))) /2.
INDEX T

MPXr-ABSEAXBAR)

AMPIABS {FLOAT (NI1(K)))

THR1T=AMPI - 1.0

THR2I=AMPI + 1.0

IMAXF=0

IF EMI.EQ.IMAX) GO TO 30

IF (( AMPX.GE.THR2I).OR.(AMPX.LE.THR1I)) INDEXI=1
GO TO 40

1F (AMPX.LE ., THR11) INDEXIm=1

IMAXF=1

CONT INUE

TNDEXQm0

m—aassmm)

AMPGWABS (FLOAT (NQ(K)))

THR1G=AMPQ - 1.0
THR2GmAMPQ + 1.0
QMAXF =0

10C03610
16C03620
10C03630
10C03640
10C03650
16C03660
10C03670
10C03680
10C03650
10C03700
10C03710
10C03720
10C03730
10C03740
10C03750
10C03760
16C03770
10C03780
10C03790
10C03800
10C03810
10036820
10003830
10C03840
10C03850
10C03860
10C03870
10C03880
10C03890
10C03500
10C02910
10C03920
100039320
10C03940
10C03950
10C03960
10C03970
10C03980
10C03990
10C04000
10C04010
10C04020
10C04030
10C04040
10C04050
10C04060
10C04070
10C04080
10C04090
10C04100
10C04110
10C04120
10C04130
10C04140
10C041S0
10C04 160
10CC4170
10C04180
10C04190
10C04200
10C04210
10C04220
10C04230
10C04240
10C04250
10C04260
10C04270
10C04280
10C042390
10C04300
10C04310
10004320
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000

10CCI FORTRAN *  UNIY D'/OF OTTAWA CMS

IF sm.zn.mx) GO TG 50
CI;S Té giaFT.GE.THRZQ).OR.(MFY.LE.THRW)) INDEX Q1

50 IF(AMPY.LE.THR1Q) INDEXQw?

QMAXF =1

60 CONTINUE

IF(INOEX1.EQ.1) EI=EIl + 1.
IF(INDEXQ.EQ.1) EQm EQ + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NOw22d8

D1wABS (AMPX-THR1I)
ARG=D1/(SIGMA*SGRT(2.))
CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARG=12.
EI=E] + ERFC(ARG)/2.
IF (IMAXF .EQ. 1) GO TO 65
D2wABS( THR2I-AMPX)
ARG=02/(SIGMA*SORT(2. )}

IF (ARG.GT.12.) ARG=12,
EI=El + ERFC(ARG)/2.

65 D1=ABS(AMPY~-THR1Q .

ARG=D1/(SIGMA*SORT(2.))
IF (ARG.GT.12.) ARG=12,
EQmEQ + Enrc(mcgfz.
IF (GMAXF .EQ. 1) GO TO 70
D2wABS ( THR2G—AMFY)

ARGwD2/ (SIGMA*SGRT(2.))

IF (ARG.GT.12.) ARGa12,
EQ-S@ + ERFC(ARG)/2.

17 #XmJERX+INDEXT

IEF YmIERY+INDEXQ

70 CONTINUE

81

WRITE(6,81) 1ERX,IERY

FORMAT{5X, * IERXw" , I5,5X, * IERY=",I5)
IF(EOI.LE.EI) GO TO 75

EOI=El

MI=y

75 CONTINUE

80
91

90

95

IF (E0Q.LE.EQ) GO TO 80
EOG=EQ

MQuJ

MOFF=1ABS (M[ -MQ)

WRITE(S,91) MI,MQ

FORMAT (5X, "MI=m *,13,5X, "Ma= *,[3)

IF (MOFF .NE.0) WRITE(S,90) MOFF

OFF=(FLOAT(MI) + FLOAT(NOF)) /FLOAT(LSAMPL)

FORMAT (5X, 'SAMPLING POINTS FOR I AND G CHANNELS DIFFER BY’,
#12,’ SIXTEENTHS OF THE SYMBOL INTERVAL’,/)

WRITE(E,95) OFF

FORMAT (5X, "RECEIVED DATA IS DELAYED BY ’,F7.3,’ SYMBOLS’,/)
o |

CHEFR AN AERENRERFARRINERNGENN RN NS NI R R AR R AU NSNS AR AR EENRRN RS RRN NS

c
c
c

SUBROUTINE: DECODES
THIS SUBROUTINE DECODES THE SYNCHRONIZED DATA

*
.
L

CEEIASEER RS RRANSEE R R EREANNAR RN NINEQER LR ANAD AR LRI LAV IS RANER AR UNIN D

SUBROUTINE DECODE(NERROR,DATA,PNOISE ,MI,M@,NI ,NQ,EBNO, PE ,EB)
INTEGER QMAXF

COMPLEX DATA(1) ,AMP

DIMENSION EBNO(1),PE(1) ,NI{1) ,Na{1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, [OFF, LSAMPL

COMMON /NUMB2/ NSNR,NSYMB, BAUD

NERRORmO

DC 1 I=1 NSNR

PE(I)=0.

COMMON  TMAX, QMAX , EBNO1 , R, CN1

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, ONLY THOSE
ERRORS IN ADJACENT LEVELS ARE CONSIDERED

DO 2 K=1,NSTMB

10C04330
10C04340
10C043%50
10C04360
10C04370
10C04380
10C04390
10C04400
10C04410
10C04420
10C04430
10C04440
10C04450
10C04480
10C04470
10C04480
10C04490
10C04500
10CO4510
10C04520
10C04530
10C04540
10C04550
10C04560
10C04370
10C04560
10C04390
10C04600
10C04610
10C04820
10C04830
10C04840
10C04650
10C048860
10C04670
10C04£80
10C04620
10C04700
10C04710
10C04720
10C04730
10C04740
10C047%0
10C04760
10C04770
10C04780
10C04790
10C04800
10C04810
10004820
10C04830
10C04340
10C04850
10C04860
10C04870
10C04880
10C04890
10C04900
10C04810
10004920
10C04230
10C04940
10C04950
10C04960
10C04870
10C04380
10C04890
10CQ5000
10€05010
10C0%5020
10C0S030
10C05040
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OO0 0

ana

39

S0
60

100

10CCI FORTRAN *  UN1V D'/OFVOTTAWA CMS

J1m(K~1) SLSAMPL+MI

J2=(K-1) *LSAMPL + MQ

AXBARm (REAL (DATA(J1) +REAL(DATA(J1+1))}§2.
AYBAR= {ATMAG (DATA (J2) ) +AIMAG (DATA(J2+1}) ) /2.
INDEXI=0

wa-aasgAxaAR)

AMPI=ABS{FLOAT (NI (X)))

THR1 [=AMPI — 1.0

THR2I=AMPI + 1.0

IMAXF=0

IF (AMP1.EQ.IMAX) GO TO 30

IF {( AMPX.GE.THR21).OR.(AMPX.LE.THR11)) INDEXIm1
GO TG 40

IF (AMPX.LE.THR11) INDEXIm{

IMAXFm1

CONTINUE

INDEX Qw0
AWY-ABSEAYBAR)
AMPQmABS (FLOAT (NG(K) ))
THR1O=AMPG — 1.0
THR2OwAMPQ + 1.0
QMAXF=0

IF (AMPQ.EQ.QMAX) GO TO 50

IF (( AMPY.GE.THR2G).OR. (AMPY.LE.THR1Q)) INDEXQm1
GO TO 80

IF (AMPY . LE. THR1Q) INDEXQw1

QMAXFm1

CONT INUE

IF ({ INDEXI.EQ.1) .OR. (INDEXG.EQ.1)) NERROR=NERROR+1

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMEBOL.

THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN dB; PNOISE IS

1/2*INTERGAL (0 H(F)**2" DF); AND VARIAN = NO*PNOISE, :

FOR THE END POINTS (7FLAG=1) THE PE-l/Z‘ERFCED1/(SIGMA‘SGSRT(Z)))
SIGMA*SQRT(2))) +

AND FOR THE INNER POINTS THE PE=1/2*ERFC(D1/
1/2°ERFC(D2/(SIGMA®SGRT(2)) ) .

DO 4 M=1,NSNR

EBNO(M)=EENO1+1. O'FLOATEM-‘I)
VARIAN=PNOISE*EB* (10.** (0. 1%EBNO(M)))
SIGMA=SORT (VARIAN

D1=ASS (AMPX~THR1 1
ARG=D1/(SIGMA®SQRT(2.))

CHECK IF ARG IS LARGE [N WHICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBOL IS IN ERROR. IF IT IS TERMINATE RUN

NERI=K

IF sxnoexr.so.ﬂ G0 TO 153
IF (ARG.GT,12.) ARG=12.
PET=ERFC(ARG) /2.

IF (IMAXF .EQ. 1) GO TO 100
D2=ABS ( THR2I-AMPX)
ARG=D2/(SIGWA*SORT(2.))

IF (ARG.GT.12.) ARG=12.
PEI=PE] + ERFC(ARG)/2.
D1=ABS (AMPY-THR1Q)
ARG=D1/(SIGMA*SQRT(2.))

IF imosxo.l-:o.t) G0 TO 153
IF {ARG.GT.12.) ARGm=12.
PEQ=ERFC(ARG) /2.

IF (QWAXF .EQ. 1) GO TO 110
D2=ABS{ THR2Q-AMPY )
ARG=D2/{SIGMA*SGRT(2.))

IF (ARG.GT.12.) ARG=12.
PEQwPEQ + ERFC{ARG)/2.
1F(PEI.LT.1.E-15) PEI=0.
1F(PEQ.LT.1.E-15) PEQuD.
PE (M) =PE (M) +(PEI+PEQ) /2.
CONT INUE

DO 5 I=1,NSNR
PE(1)=PE(I)/FLOAT(NSYMB)
PRINT 150

10C05050
10€05060
10C05070
10C05080
10C05090
10C0%5100
10C05110
10C05120
10C05130
10C05140
10C05150
10C05160
10C05170
10C05180
10C05150
10C05200
10C05210
10C05220
10C05230
10C05240
10C05250
10C0%5260
10C05270
10C05280
10C05290
10C05300
10C05310
10C05320
10C05330
10C05340
10C05350
10C05360
10C05370
10C05380
10C0%5390
10C05400
10C05410
10C05420
10005430
1005440
10C05450
10C05460
10C05470
10C05480
10C05490
10C05500
10C05510
10C03320
10C05530
10C05540
10C05550
10C05560
10C05570
10C05580
10C0S590
10C0SE600
10C05610
10C05620
10C05630
10C05540
10C05650
10C05660
10C05870
10C05680
10C05690
10C05700
10C0%710
10C05720
10C05730
10C05740
10C05750
10C05760
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FILE: 10CCI FORTRAN *  UNIV D'/OF OTTAWA CMS

€150 FORMAT(5X,'EB/NO*,10X, "PROB. OF ERROR’,/)
¢ WRITE (6,151) (EBNO(I),PE(I), Is=t,NSNR)
C151 FORMAT(5X,F5%.1,10X,E10.2)
WRITE (6,152) NERROR
152 FORMAT(/5X, 'ERRORS=',15,/)
G0 TO 155
153 PRINT 154
154 FORMAT (10X, "SYMBOL WAS IN ERROR, RUN WAS TERMINATED',/)
WRITE(S,157) NER!
157 FORMAT(5X, *NERI=",15)

155 CONTINUE

RETURN

END
CHASESIRS P RER RN AN AN AR RAR R NN RN IR ONRE IR NORPR PRI RS AR EAREANNERARER IS
€ SUBROUTINE: DRAWCN .

[ ]

C  THIS SUBROUTINE DRAWS PROBABILITY GF ERROR CURVES FOR .
C  P(E) AS LON AS 1.0E~10 AND A C/N RATIO AS HIGH AS 42 DB .

CreEanssSae s ittt s e s s iRl U g NS I EES AR AR ARG RR SRS USRS RO HRSR AN ES

SUBROUTINE DRAWCN(XARRAY,YARRAY , JCURV, JLAST A
DIMENSION XARRAY(1),YARRAY(1),XA(150), XX(150},YY(150)
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMMON IMAX , GMAX , EBNO1 , RK, CN1
MeNSNR
BReRK*BAUD
NBW=BAUD/A
CFwBR/NEW
DO 1 K= 1 , NSNR
XA{K)-XARRAY( K) + 10*(ALOG10(CF))
IF{YARRAY( K).LE.1.0E-10) GOTO 3
, GOTO 1
3 M K-
GOTO 4
1 CONTINUE
4 CONTINUE
Tmbb1
11=I+1
XA{I){IQ.O
XA(I11)=1.0
YARRAY (I =1 .E=10
YARRAY(11)=0.4
cC GO TO 2
IF (JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(%%.0,27.5)
CALL FACTOR(0.85)

ESTABLISH THE ORIGIN.
CALL PLOT(3.0,1.5,-3)

a0o0

DRAW THE LOGARITHMIC Y-AXIS.

o000 OO0

CALL LGAXS({0.0,0.0,204HPROBABILITY OF ERROR,20,25.,
+80.,1.0E-10, .4)

DRAW THE LINEAR X~AXIS.

CALL AXIS(0.0,0.0,9HC/N IN dB,-9,
+48.0,0.0,9.0,1.0)

Qoa

PLOT THE DATA IN LOG-LINEAR MODE,

2 CONTINVE
PRINT 150
150 FORMAT(5X, *EB/NO*, 10X, "PROB. OF ERROR’,7X,°'C/N’,/)
WRITE(S, 151) (XARRAY(I),YARRAT(1),XA(I),I=1,M)
151 FORMAT(SX,F5.0,10X,E10.2,10X,F5.1)
CC GO TO 45
CALL LGLIN(XA,YARRAY,M,1,4,JCURV,1)

Qo000

10C05770
10C0%780
10C05790
10C0%800
10C05810
10€05820
10C05830
10C05840
10C05850
10C05860
10C05870
10C05880
10C05890
10C035900
10C05810
10C05920
10C05930
10C05940
10C03930
10C05980
10C05970
10C03980
10C05990
10C08000
10006010
10C06020
10C08030C
10C08040
10C08050
10CQ8080
10C08070
10C06080
10C08080
10C08100
10C08110
10C08120
10C08130
10C06140
10C08150
10C068169
10C08170
10C08180
10C08190
10C06200
10C08210
10008220
10C08230
10C086240
10C06250
10C06260
10C06270
10C06280
10C082350
10C08300
10C08310
10C08320
10C08330
10C06340
10C0B350
10C08360
10C08370
10C08380
10C08390
10C06400
10C08410
10C08420
10C08430
10C06440
10C08450
10C06480
10C06470
10C06480
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FILE: 10CCI FORTRAN * UNIV D'/OF OTTAWA CMS

IF{JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,999)

45 RETURN
END
CEEPIPNSRAB R RN R LRSS RN O P NERNESERRED PRI ENBNEIER RN INN RGNS EEREECEERE LR RN
C  SUBROUTINE: EYEQ .
*
C  THIS SUBROUTINE DRAWS THE EYE DIAGRAM *
C  FOR A TWO SYMBOL DURATION .

Crest S IRttt s Aot SaA 0NN IRNNEES RN RS RANER NN SR EERS N ERRRNERRERS

SUBROUTINE EYEQ{DATA)
DIMENSION DATA2(66),DATA3(66)
COMPLEX DATA(1)
COMMON /NUMB1/ FBW,ALPHA ,LDIM, IOFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
ESTABLISH THE SURFACE AREA.
CALL PLOTS(37.0,27.5)
ESTABLISH THE ORIGIN.
CALL PLOT(3.0,13.0,~3)
WRITE THE TITLE OF THE GRAPH.
CALL SYMBOL(10.0,12.0,0.49,16HAPSK EYE DIAGRAM,0.0,16)
DRAW THE TIME AXIS.
CALL AXI1S5{0.0,0.0,1H ,—-1,24.,0.0,1.0,2.8)
DRAW THE AMPLITUDE AXIS.
CALL AXI5(0.0,-8.00,1H ,1,18.0,90.0,-24.,3.0)
PLOT THE DATA,
JJm20 L SAMPL
DATA2(JJ+1)}=0.0
DATA2(JJ4+2)=3,0
DATA3(JJ+1)=1.0
DATA3I(JJ+2)=2.8
M2=NSYMB/8
M3m3op2+1
M= )21
DO 4 KKm1, M2
DO 2 Im1,JJ
[ I=(KK=1)2LSAMPL+I
IF(11.GT.LDIM) IIwII-(II/LDIM)*LDIM
DATAzil;-REAL(DATA(Il))
2 DATAZ{I)=FLOAT(I)
CALL LINE{DATA3,DATA2,JJ,1,0,0)
4  CONTINUE
CALL PLOT(0.0,0.0,999)
RETURN
END
c-U#.#tt..ttttDtaa0.‘l-ltl..‘......‘t“tt"l..ttttttt.tttttt"!t‘t‘#l‘
g SUBROUTINE: ATT »
.
c THIS SUBROUTINE PERFORMS THE ATTENUATION OF A COMPLEX *
c SIGNAL (AT IS THE ATTENUATION FACTOR IN DB) .
c&.ttt‘.'.“..ttOl‘lt.O‘-t-tt"t.t‘tt"ttlttttti‘t‘t“#!i!'-tattitttt‘
SUBROUT INE ATT(DATA,AT)
COMMON /NUMB1/ FBW,ALPHA ,LDIM, IOFF, LSAMPL , SBANDW
COMPLEX DATA(1)
ATTT=10,%%(-AT/20.)
DO 10 I=1,LDIM
10 DATA(I)=DATA(I)*ATTT
RETURN

0 O o000 O O

ENC
ol L L L L L T L Lt L T T T O rnpupmymp
g SUBROUTINE: OFFSET .
E ]
c THIS SUBROUTINE SHIFTS THE DATA SEQUENCE BY IOF e

Cttttl‘t.l"‘....‘-tttt““‘.‘.‘.“Cll..tt..‘-“‘lllcltttt“““li“‘t

SUBROUTINE OFFSET(DATA, 10F)

COMPLEX DATA(1),BUFF(262144)

COMMON /NUMB1/ FEW,ALPHA,LDIM, 10FF , LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
J=LDIM-1ABS ( 10F )

Ked+1

IF Exoe‘.so.o GOTO 9

IF {(I0F.LT.0) GOTO 4

DO 1 Imi,J

10C06430
1006500
10C06510
10C06520
10C05530
10C068540
10C063550
10C06560
10C06570
10C06580
10C06590
10C06600
10C06610
10C06620
10C06630
10C06640
10C06650
106C088860
10C08670
10C06680
10C06630
10C06700
10C06710
10C086720
10C08730
10C06740
10C087%50
10C06760
10C08770
10C06780
10C06750
10C08800
10C06810
10006820
10C06830
10C06840
10C06850
10C06860
10C06870
10C06880
10C06890
10C05900
10C06910
10C06520
10C06930
10C06340
10C08950
10C06960
10C06970
10C06980
10C08930
10C07000
10C07010
10C07020
10C07030
10C07040
10C07050
10C07060
10C07070
10C07080
10C07090
10C07100
10C07110
10C07120
10C07130
10C07140
10C07150
106C07160
10C07170
10C07180
10C07190
10C07200
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FILE: 10CCI FORTRAN *  UNIV D'/OF OTTAWA CMS

1 BUFF(1)=DATA(I)

PO 2 I=K,LDIM
DATA( I-J }=DATA(1)
DO 3 Im1,d
DATA( I+10F )=BUFF (1)
GOTO 9
10F=—[OF
L=[OF+1
00 5 I[=L,LDIM
S BUFF{I-IOF)=DATA(I}

DO 6 I=1,IOF
6 DATA(I+J)=DATA(I)

DO 7 Im1,J
7 DATA(1)=BUFF (1)
RETURN

E U 7 I

CHEBI AR N RSN ESI NN R AN N R R RS R NSRS RN RIS R AP U NIRRT AOEOE S
C  SUBROUTINE: PHASE .
*
C  THIS SUBROUTINE PERFORMS THE PHASE SHIFT .
C  OF A COMPLEX DATA SEQUENCE .
C"."..‘.‘."““‘-“‘.‘..‘.“".‘..“.-‘.‘l‘.i.tt...‘.““.‘..‘.““
SUBROUTINE msasmn.m)
COMPLEX EPS,DATA(1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SEANDW
EPS=CMPLX(COS (PHI) ,~SIN(PHI)) |
DO 10 I=1,LDIN
10 DATA(I)=DATA(1)*EPS
RETURN

CreEs s sttt A dd st biad b AR S 00 e SN NS0 O N SN NN A RSSO RS E R

g SUBROUTINE: RAND .
. L
c THIS SUBROUTINE GENERATES RANDOM SYMBOLS .

ctl“I.l---."-‘-“-‘t.‘.t.t.'"“.!“""i.‘C‘“‘..I.ttttti“ttt‘ttti
SUBROUTINE RAND(IR,N,DSEED)
INTEGER IR(1)
DOUBLE PRECISION DSEED
00 3000 I=1,N
ReGGUBF'S (DSEED)
IR(1)=IF IX(R)
1F( R.LE.0.031 IRSI)-—31

IF((R.GT.0.031).AND . (R.LE.Q.082))IR(])=-29
IF((R.GT.0.062) .AND . (R.LE.0.093))IR({I)=~27
IF((R.GT.0.093).AND . (R.LE.0.124))IR({1)==25
IF{(R.GT.0.124) .AND . (R.LE.O0.155))IR(1)=-23
IF((R.GT.0.15%5).AND . (R.LE.0.188) }IR(1)}m=21
IF((R.GT.0.186) .AND . (R.LE.0.217))}IR(I)==19
IF({R.GT.0.217) .AND . (R.LE.0.248))IR(I)=17
IF((R.GT.0.248) .AND . (R.LE.0.279})IR(I)=15
IF{{R.GT.0.279) .AND . (R.LE.0.31}) IR(I)==13
IF{{R.GT.0.31) .AND . (R.LE.0.341))IR(1)==11
IF({R.GT.0.341) .AND R.LE.0.372)) IR(I)=—9
IF((R.GT.0.372) .AND . {R.LE.0.403))IR{1)m7
IF((R.GT.0.403) .AND . (R.LE.0.434))IR(])}=5
IF((R.GT.0.434) .AND . (R.LE.Q.465))IR(I)==3
IF(({R.GT.0.485).AND . (R.LE.0.496))IR(I)=1
IF((R.GT.0.496).AND . (R.LE.0.527))IR(I)=1
IF((R.GT.0.527) .AND . (R.LE.0.558))IR(I)=3
IF{(R.GT.0.558) .AND . (R.LE.0.%89))IR(I)=S
IF({R.GT.0.589).AND . (R.LE.0.62)) IR(I)=7
IF{(R.GT.0.62) .AND . (R.LE.0.6%1))IR(I)=9
IF((R.GT.0.651).AND . (R.LE.Q.682))IR(I}m11
IF((R.GT.0.682).AND . (R.LE.0.713))IR(I)=13
IF((R.GT.0.713) .AND . {R.LE.D.744)}IR(I)=w1S
IF((R.GT.0.744) .AND . (R.LE.0.775))IR(I)=17
IF((R.GT.0.775).AND . (R.LE.Q.B08))}IR(I)m19
IF((R.GT.0.806).AND . (R.LE.0.837))IR(I)=21
IF((R.GT.0.837).AND . (R.LE.0.B868))IR(I)=23
IF((R.GT.0.863) .AND . (R.LE.0.899})IR(I)=25
IF((R.GT.0.899).AND . (R.LE.0.930))IR(1)=27
IF{{R.GT.0.930) .AND . (R.LE.0.951))IR(I)=29

10C07210
10C07220
10C07230
10C07240
10007250
10C07260
10C07270
10C07280
10C07290
10C07300
10C07310
10C07320
10C07330
10C07340
10C0735¢C
10C07380
10C07370
10C07380
10C07380
10C07400
10C07410
10C07420
10C07430
10C07440
10C07430
10C07480
10C07470
10C07480
10C07490
10C07300
10C07510
10C07520
10C073530
10C07540
10C07550
10C07560
10C07%70
10C07580
10C07590
10007600
10C07810
10C07620
10C07830
10C07640
10C07850
10C0O7660
10C07870
10C07880
10C07890
10C07700
10C07710
10C07720
10C07730
10C07740
10C07750
10C07760
10C07770
10C07780
10C07790
10CQ7800
10C07810
10C07820
10C07830
10C07840
10C07850
10C07860
10C07870
10C07880
10C078%0
10C07900C
10C07910
10C07920
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FILE: 10CCI FORTRAM *  UNLIV D'/OF OTTAWA CMS

IF((R.GT.0.961) .AND . (R.LE.0.996))IR(I)=31
IF (R.GT.0.998) IR(I)=31
3000 CONTINUE
RETURN
END

10C07930
10C07940
10C07950
10C07960
10C07870
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FILE: 10ACI FORTRAN *  UNIV D'/OF OTTAWA CMS

(oA LT 2T I TTLEE I IEEA LSRR LTty I T T T T T YT L)

Ce FILE NAME: 10ACI

c* SYSTEMS IN THE PRESENCE OF TWO AJACENT CHANNEL
c* INTERFERERS OF THE SAME MODULATION FORMAT (1024—QAM)

c‘t‘!....t*"‘l.‘.‘i““-‘.i---‘.‘-.....t't‘t““"'......“.“t"!t‘l
COMPLEX DATA(S524288) ,CCI(524288) , TF(524288)
COMPLEX XSIGNL (524288)
COMPLEX ACI1(524288), ACI2(524288)
DIMENSION NIA1(8192), NQA1(B192), NIA2(8192), NQA2(8192)
DIMENSION PEI(50),EBNO(50),NI(8192),NQ(8192) ,NNI(8192) ,NNQ(8192)
DIMENSION XARRAY(150),YARRAY(150),NIC(4056) ,NQC(E192)
INTEGER IR(B192)
REAL IBAUD, TMAX, QMAX

INITIALIZE PROGRAM.

COMMON /NUMB1/ FBW,ALPHA,LDIM, I0FF , LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMS,BAUD,NO1,NO2
COMMON  TMAX , GMAX , EBNO1,RK,CN1

FOR 1024-QAM, NBPSYM=10, EBNO1=20., CN1m26,, COIM=42.5

NBPSYM=10

EBNO1m=20.

CN1=26,

CDIMa42.5

ATM=42,5

NLEVL=2** (NBPSYM/2)
IMAX=FLOAT (NLEVL }=1.
QMAXmIMAX
RK=FLOAT(NBPSYM)
KQAM=NLEVL *#2

ALPHA=Q .5

IND=1  FOR PLOTTING THE EYE-DIAGRAM
IND=2 FOR PLOTTING THE P(E)

IND=2

NRUNS=2

1GFF=0

LSAMPL=64

NSNR=3%
NSYMB=8192

LD IM=LSAMPL *NSYMB

THE BAUD RATE BAUD IS GIVEN IN KBAUD/S

BAUD=100.0
SBANDW=BAUD*LSAMPL
NO1wLDIM/2:+1
NO2=NO1+1
FEW=BAUD/2.
PI=3,14159

INITIALIZE THE DATA FOR THE TWO INTERFERERS
DATA AT1, AT2 / 20.0, 20.0/
FOF = 0.
FOF1 = 134.
FOF2 = — 134,
OF = 2. _
START THE COMPUTATIONS

DO 101 IKKK =1, 7

L]
[ ]

[ ]

]

c* THIS PROGRAM EVALUATES THE PERORMANCE OF 1024-QAM *
' .

.

.

]

o000

Qoo

OO0 o

o000 ann

Qa0

10A00010
10A00020
10A00030
10AQ0040
10A00030
10A00080
10A00070
10A00080
10A00090
10A00100
10A00110
10A00120
10A00130
10A00140
10A00150
10A00180
10A00170
10A00180
10A00190
10A00200
10A00210
10A00220
10A00230
10A00240
10A00230
10A002680
10A00270
10A00230
10A00290
10A00300
10A00310
10A00320
10A00330
10A00340
10A00350
10A00360
10A00370
10A00380
10A00390
1QA00400
10A00410
10A00420
10A00430
10A00440
10A00430
10A00480
1CA00470
10A00480
10A00490
10A00500
10A00510
10A00520
10A00530
10A00540
10A00550
10AQ0560Q
10A00570
10A00580
10A00590
10A006C0
10A0081Q
10A00620
10A00630
10A00640
10A00650
10A00880
10A00670
10A00680
10A00690
10A00700
10A0071Q
10A00720
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FILE: 10ACl FORTRAN * UNIV D'/OF OTTAWA CMS

WRITE(S,83) FOF, FOFt, FOF2

83 FORMAT(1X, 'FOF=’ ,E11.4,3X, 'FOF 1w’ ,E11.4,3X, 'FOF2=' ,E11.4///)
WRITE(S,84) BAUD

84 FORMAT(1X, 'BAUDRATE=",E14.5///)
PHI= 0.25%P]
10F= 32
WRITE(8,14) PHI, I1OF

14 FORMAT(1X, *PHI=",F10.4,2X, "RADS’,5X, ' 10F=',18///)

92 WRITE(6,245) KQAM

245 FORMAT(SX, I5, '~QAM’ ,/)
WRITE(S,45) ALPHA

45 FORMAT(////,2X, *#*#ssesensspl PHAn' F6.2)

C
g MAIN CHANNEL
DSEED = 135791.D0
CALL RAND (NI, NSYMB, DSEED)
DSEED = 7809568 .00
CALL RAND (NG, NSYMB, DSEED
CALL SIGNAL (XSIGNL, NI, NG
CALL RCOSTX (TF)
CALL FILTER (XSIONL, TF, FOF)
. CALL ENERGY (XSIGNL,CC, EB)
c ADJACENT CHANNEL 1
C
DSEED = 958439.D0
CALL RAND {(NIA1, NSYMB, DSEED)
DSEED = %43895.00
CALL RAND (NQA1, NSYMB, DSEED
CALL SIGNAL (ACI1, NIA1, NQA1
CALL ATT (ACIt, AT1)
CALL PHASE (ACI1, PHI)
CALL OFFSET (ACI1, IOF)
CALL ENERGY (ACI1, C1, EB%
CALL FILTER (ACI1, TF, fOF
CALL FRESHI (ACI1, FOF1)
DO 10 I=t, LDIM
L XSIGNL(I) = XSIGNL(I) + ACI1(I)
g ADJACENT CHANNEL 2
DSEED = 145871.D0
CALL RAND (NIA2, NSYMB , DSEED)
DSEED = 43155400
CALL RAND (NQA2, NSYMB , DSEED)
CALL SIGNAL (ACI2, NIA2, NQA2)
CALL ATT (ACI2, AT2)
CALL PHASE (ACI2, PHI)
CALL OFFSET (ACI2, IOF)
CALL ENERGY (ACI2, €2, EB2
CALL FILTER (ACI2, TF, FOF
CALL FRESHI (ACI2, FOF2)
DO 11 1 =1, LDIM
L XSIGNL(1) = XSIGNL(I)} + ACI2(I)
g CALCULATION OF THE CARRIER-TO-INTERFERENCE RATIO
Al = 10.‘ALOG1OECC/01
A2 = 10.*ALOG10{CC/C2
WRITE(S,12) A1, A2
o 12 FORMAT (1X, "C/11=",F10.3,3X, 'C/12=" ,£10.3///)
c WRITE THE PHASE SHIFT AND THE OFFSET OF THE INTERFERERS
WRITE(6,102) IOF, PHI
. 102 FORMAT(1X, *10F=",16,5X, 'PHI=" ,F10.4///)
¢ END OF THE TRANSMITTER

DO 19 I=1, LDIM
19 DATA(1) = XSIGNL (I)

10A00730
10A00740
10A00750
10A00760
10A00770
10A00780
10AQ0790
10A00800
10A00810
10A00820
10A00830
10A00E40
10A00850
10A00880

10A00870

10AQ0880
10A00890
10A00900
10A00910
10A00920
10A00930
10A00940
10A00950
10A00560
10A00970
10A00380
10A00990
10A01000
10A01010
10A01020
10A01030
10A01040
10A01050
10A01060
10AQ1070
10A01080
10A01090
10A01100
10A01110
10A01120
10A01130
10A01140
10A01150
10A01160
10A01170
10A01180
10A01190
10A01200
10A01210
10A01220
10A01230
10A01240
10A01250
10A01260
10A01270
10A01280
10A01280
10A01300
10A01310
10A01320
10A01330
10A01340
10A01350
10A01360
10A01370
10A01380
10A01390
10AQ1400
10A01410
10A01420
10A01430
10A01440
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FILE: 10ACI FORTRAN *  UNIV D"/OF OTTAWA CMS

CALL RCOSRX(TF)
CALL HHGG(TF ,PNOISE)
CALL FILTER(DATA,TF, FOF)

GO 10 (26,27), IND
27 CALL SYNCRO(DATA,PNOISE,NI,NQ,MI,MQ,EB)
CALL DECODE(NERROR,DATA,PNOISE,MI,Ma,NI,NQ,EBNO,PEL,EB)
cce lF{(NERROR.NE.D) .AND. {NR.EQ.NRUNS)) CALL PLOT(0.0,0.0,399)
IF(NERROR.NE.O) GO TO 100
DO 99 [=1,NSNR
XARRAYEI;-EBNO(I)
99 m&w 1)=PEI(I)
CALL DRAWCN%XARRAY.YARRAY.NR.NRUNS.A)
c CALL DRAWEB(XARRAY,YARRAY,JCURY,JLAST)
GO TO 100
26 CALL EYEQ(DATA)
CONTINUE

100
FOF1 = FOF1 - DF
FOF2 = FOF2 + DF

101 CONTINUE
STOP
END
(el 2 LR RS E TSI L AR AL R R Y2 222 i i it T 2 sy e yyyyy s
C  SUBROUTINE:  SIGNAL .
€
C  THIS SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL .

ct!“.--"88‘-““---"-..".““".‘.l'-#3‘tt“tt""“"i‘-“.“i“‘
SUBROUTINE SIGNAL(DATA,NI,NQ)
COMPLEX DATA( 1
DIMENSION NI(1},NQ(1)
COMMON /NUMB1/ FEW,ALPHA, LDIM, IOFF ,LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2
DO 2 [=1,NSYMB
¢ LOAD INTO SAMPLE ARRAY, 16 SAMPLES PER SYMSOL
J1=(1=1)*LSAMPL+1
J2=]*LSAMPL
DO 3 J3=J1,42 .
3 DATA(J3)=CMPLX(FLOAT(NI(I}),FLOAT(NA(I)))
2 CONTINUE
RETURN

CHIMSSRRAREEE SRS NNRN S AR EESNNES AP IHND R PEE R RSB AR ERARERRRIRI TN DAL HE RS

SUBROUTINE: RCOSTX

c .
c .
C  THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A .
C  RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A *
C  X/SINX APERTURE EQUALIZER .
CHICRNINRIZAISNISSIESASANBETOESENERE AR ERIRETIASSLINER DALV ANENE B S SN N

SUBROUTINE RCOSTX(TF)

COMPLEX TF{ 1) ,

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL .

COMMON /NUMB2,/ NSNR,NSYMB,BAUD

SBANDWeEAUD*L SAMPL

NOwLDIM/2

NOT=NO+1

IF (ALPHA.EQ.0) ALPHA=0.0001

FNeLDIM® (FBW/SBANOW)
F1-i1.-ALPHA *FN
F2u{1.+ALPHA) *FN
IFN=IFIX(FN
IF1=IFIX{F1
IF2=IF IX{F2

THE AMPLITUDE CHARACTERISTICS

Al=3. 1415926/ (2. *FLOAT(IFN))
DO 8 I=2,IF1
75(})-1-cml.x(1.o.o.o)

+1
+1

oo0on

c X/SIN(X) EQUALIZATION

10A01450
10A01460
10A01470
10A01480
10A01490
10AQ1500
10A01510
10A01520
10A01530
10AQ1540
10A01550
10A01560
10A01570
10A01580
10A01590
10AD1800
10A01810
10A01820
10A01630
10A01640
10A01650
10A01660
10A01870
10A01680
10A01690
10A01700
10AC1710
10A01720
10A01730
10A01740
10AQ1750
10A01760
10A01770
10A01780
10A01750
10A01800
10A01810
10A01820
10A01830
10A01840
10AQ018350
10A01860
10A01870
10A01880
10A01890
10A01900
10A01810
10A01920
10A01930
10A01940
10A01950
10A01960
10A01970
10A01980
10A01990
10A02000
10A02010
10A02020
10A02030
10A02040
10A02050
10A02060
10A02070
10402080
10A02090
10A02100
10A02110
10A02120
10A02130
10A02140
10A02150
10A02180
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FILE:

aoon

c.#‘.tCO-"“...‘-.—“""t..‘.l‘!...."“‘.‘.t.‘.*..‘i‘.“““tt..‘t.

C
c
o]
c
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aooon

aQaoon

10AC1 FORTRAN * UNIV D’/OF OTTAWA CMS

A2a(FLOAT(J)*A1) /(SIN(FLOAT(J)*At))
TF(1)=CMPLX{A2,0.0)
CONTINUE

JKmIF 141
DO © Jw)K, K IF2
JmJ~-1

ROOT OF RAISED COSINE

A3=(FLOAT(1)*A1)/(SIN(FLOAT(1)*A1

A :(s 141532%/(2!5&9&(%) ) -({FLOATH)/FLOAT(IFN}M )
TF (J)wCMPLX (SGRT (0.5 (1.0-SIN(A))),0.0)

TF (J)=TF (J) *CMPLX(A3,0.0)

CONT INUE

JH=IF241

DO 10 I=JH,NOt

TF(1)=CMPLX(0.0,0.0)
TINUE

10 CON

‘5

10

NO2=NO1+1
DO 5 I«NO2,LDIM
TF (1 )=CONJG( TF (LD IM+2~1))
CONTINUE

RETURN
END

SUBROUTINE: RCOSRX

THIS SUBROUTINE SIMULATES THE TRANSFER FUNGTION OF A
RAISED COSINE FILTER WITH ARBITRARY ALPHA

SUBROUTINE RCOSRX(TF)

COMPLEX TF( 1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SBANDW=BAUD*L SAMPL
NO=LDIM/2
NO1=NO+1

IF (ALPHA.EQ.0) ALPHA=0.0001
FN=LDIM® (FEW/SBANDW)
F1=(1.-ALPHA) *FN
F2=(1.4+ALPHA) *FN

IFN=IFIX(FN
IF1=IFIX{F1
IF2=IFIX{F2

AMPLITUDE CHARACTERISTIC

Al=3.141892/(2. *FLOAT (IFN))
00 8 I=2,IF1

TF (1)=CMPLX(1.0,0.0)
Jml=1

TF(1)=CMPLX(1.,0.0)
CONT INUE
JK=]F 141
DO 9 J=JK,IF2
ImJ—1

+1
+1

ROOT OF RAISED COSINE

A-is. 141592/(2. 0°ALPHA) ) * ( (FLOAT (1) /FLOAT(IFN))=1.)
TF (J)=CMPLX (SQRT (0.5* (1.0-SIN(A))),0.0)
CONTINUE
JHmIF2+1
DO 10 ImJH,NO1
TF(1)=CMPLX(0.0,0.0)
CONTINUE
NO2=NO1+1
DO 5 1=NOZ,LDIM
TF (1)=CONJG(TF (LDIM+2-1))
CONTINUE
RETURN

10A02170
10A02180
10A02190
10A02200
10A02210
10A02220
10A02230
10A02240
10A02250
10A02280
10A02270
10AQ2280
10A02290
10A02300
10A02310
10A02320
10A02330
10A02340
10A02350
10A02360
10A02370
10A02380
10A02390
10A02400
10A02410
10A02420
10A02430
10A02440
10A02450
10A02460
10A02470
10A02480
10A02480
10A02500
10A02510
10A02520
10A02530
10A02540
10A02550
10A02560
10A02570
10A02580
10A02%90
10A02600
10A02610
10A02620
10A02630
10A02840
10A026850
10A02660
10A02670
10A02680
10A02690
10A02700
10A02710
10A02720
10A02730
10A02740
10A02750
10A02760
10A02770
10A02780
10A02790
10A02800
10A02810
10A02820
10A02830
10A02840
10A02850
10A02860
10A02870
10A02880
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FILE: 10ACI FORTRAN * UNIV D'/OF OTTAWA CMS

(ol LI LTI RIS R L ISR L2221 222 T2 I T2 2T 39T 22T eYy

€ SUBROUTINE: FILTER .

*
C  THIS SUBROUTINE PERFORMS THE FILTERING .
C  PROCESS ON A DATA SEQUENCE .

[ A ELL LI EIE I TR EL LT AL LTSI T IR IEER YR LYY Y]

SUBROUTINE FILTER(DATA,TF ,FFFF)
COMPLEX DATA(1),TF(1)
DIMENSION IWK(20)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL , SBANDW
CALL FFT2C(DATA,19, INK)
IFOFmIF IX{FFFF*FLOAT (LDIM) /SBANDW)
CALL OFFSET(DATA, IFOF)
DO 1 I=t,LDIM
1 DATA(I)=CONJG(DATA(1)*TF(1))
CALL FFT2C({DATA, 19, INK)
0O 2 Im1,LDIM
2 DATA(I)=CONJG(DATA(1))/FLOAT(LDIM)
RETURN

CEIPERRNREREEI SRR EL RSN RERUP NGNS AR RN N ER AN E NN NN SRR

g SUBROUTINE: HHGG .

L ]
c THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER *
c AT THE OUTPUT OF THE RECEIVE FILTER .

ct.""l..“"‘--.““'...“.l‘I“ll.‘l‘--‘“‘.“..ttt“‘--.‘-".t'“.
SUBROUTINE HHGG(TF,PNOISE)
COMPLEX TF(1)
COMMON /NUMB1/ FBW,ALFHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SUk=0 , 0
SBANDW=BAUD*L SAMPL
00 1 L=1,LDIM
!-l-l-(GABS(TF(L)))"z
SUM=SUM+HH

PNOTSE=SUM*SBANDW/FLOAT (LDIM) /2.

WRITE ES 2) PNOISE
2 FORMAT 5X, 'PNOISE=’ ,F7.3,/)

CEES2 020N RIN RN e NN RS RA AR R SR d NN RS R NSNS RS OO N AN SRR RN NN E R AR d

C  SUBROUTINE: ENERGY .

: .
C  THIS SUBROUTINE COMPUTES THE CARRIER POWER *
C  AND THE AVERAGE BIT ENERGY .
Coronsnsn EONENERRERNNERNNRERERSRAINNER OSSN AN IR SNSRI RABANRNAO O

SUBROUTINE ENERGY(DATA,C,EB)

comou /mz/ NSNR, NSYM8 , BAUD
1/ FBW,ALPHA, LDIM, IOFF ,LSAMPL
cowon TMAX , QMAX , EBNO1 ,RK , CN1
COMPLEX DATA(1)
WATTS=0.
DO 1 I=1,LDIM
WATTS=WATTS+CABS(DATA(I))**2
1 connmEF Lone/

CoNATTS/FLOAT(LDIM) /2.
RRK=RK/2.
EBeC/ (RRK*BAUD)
WRITE 28 ,40) C,EB

40 FORMAT{10X,*C=",F15.6,5X, 'EB=",E15.8)
RETURN

ct‘!tttil‘i‘.it“l‘"‘.-..-.‘lll-“..'.."-.“.‘.l.ttttt'tt‘t"tt.t“.
g SUBROUTINE: SYNCRO .
»

c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA .
ctt“‘!‘!.ttt-‘l‘.ttt‘t-ll!!l“"‘t‘tttli‘ltt‘ttt‘tl!ttt“ttt.ttttt‘.-

SUBROUTINE SYNCRO(DATA,PNOISE,NI,NQ,MI MG EB)

INTEGER QMAXF

COMPLEX DATA(1),AMP

DIMENSION NI(1),.NG(1)

10A02890
10A02800
10A02910
10A02920
10A02930
10A02940
10A02950
10A02060
10A02970
10A02980
10A029%0
10AQ3000
10A03010
10A03020
10A03030
10A03040
10A03050
10A03060
10A03070
10A03080
10A03090
10A03100
10A03110
10A03120
10A03130
10A03140
10A03150
10A03180
10A03170
10A03180
10A03190
10A03200
10A03210
10A03220
10AQ03230
10A03240
10A03250
10A03280
10A03270
10A03280
10A03290
10A03300
10A03310
10A03320
10A03330
10A03340
10A03350
10A03360
10AQ3370
10A03380
10A03390
10A03400
10A03410
10A03420
10A03430
10A03440
10A03450
10A03460
10A03470
10A03480
10A03420
10A03500
10A03310
10A03520
10A03530
10A03540
10AQ3550
10A03560
10A03570
10A03580
10A03390
10A03600
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200

399
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10ACI FORTRAN *  UNIV D’/OF OTTAWA CMS

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMBZ2/ NSNR,NSYME,BAUD

COMMON TMAX , GMAX , EBNO1 , RK, CN1

NERROR=0

IF (1OFF.EQ.0) GO TO 111

DO 6 K=1, IOFF

XXmAIMAG(DATA(LDIM) )

DO 7 KK=2,LDIM

DATAiKKJ-Q.PLx(REAL(DATA(KK) ) AIMAG(DATA(KK=1)})
DATA( 1)=CMPLX (REAL (DATA{1) ), XX)

SYNCHRONIZE THE RECEIVED DATA

DO 200 J=1,NSYMB

THR1 [wFLOAT(NI(J))~1.

THR2I=FLOAT(NE (J))+1.

THR1G=FLOAT{NQ(J})-1.

THR2Q=FLOAT{NQ{J})+1.

JimK+(J~1) *LSAMPL

IF(J1.GT.LDIM) J1mJ1-LDIM
AXBAR-sREAL(DATA(H);+REAL(DATA(J1+1)); 2,
AYBAR=(AIMAG (DATA(J1) ) +AIMAG(DATA(J14+1)9) /2.

IF EAXBAR.GT.THRﬂ;.AND.SAXBAR.LT.THRZ! NEW=NEW+1
IF{ (AYBAR.GT.THR1@) .AND. (AYBAR.LT.THR2G}} NEW=NEW+1
CONTINUE

IF(NOLD.GE.NEW) GO TO 399

NOLD=NEW

NOF =i

Kemi+1

LFU=2*NSYMB

SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP

NSFT=LSAMPL *8

IF (NOLD.LT.LFU.AND.K.LE.NSFT) GO TO 300

NOF=NOF-1

KTmK~2

WRITE(S,56) NOLD,NOF KT

FORMAT(1X, 'NO OF MAX. CORRECT SYMBOLS = *,14,//,1X,

*'NO OF SHIFT IN SAMPLES FOR MAX. CORRECT SYMBOLS= *,14,//,
*1X, *TOTAL NO OF SHIFT FOR SEARCHING = ', 14)

oo

240
250

230

IF (NOF.E@.0) GO TO 230
LO=LDIM-1

DO 250 I=1,NOF
AMP=DATA( 1)

DO 240 Jm=1,L0
DATA(J)=DATA(J+1)
CONTINUE
DATA (LD IM)mAMP
CONTINUE

OPTIMIZE THE SAMPLING INSTANT

MIm1
MG |

EOI=FLOAT(NSYME) + 1.
EOQ=FLOAT{NSYMB) + 1.

M=22

VARIAN=PNOISE®EB*(10.%*(~0. 1°FLOAT(M)))
SIGMAwSQRT (VARIAN)

MOS=LSAMPL /4

DO 80 Jm1,MOS

El=0.

EQm).

IERX=0

10A03810
10A03620
10A03630
10A03640
10A03650
10A03660
10A03870
10A03680
10A036590
10AQ3700
10A03710
10A03720
10A03730
10A03740
10A03750
10A03760
10A03770
10A03780
10A03790
10A03800
10AQ3810
10AQ03820
10AQ3830Q
10A03840
10A03850
10A03860
10A03870
10A03880
10A03890
10A03%00
10A03810
10A03520
10A03930
10A03940
10A03950
10A03960
10A03970
10A03980
10A03990
10A04000
10A04010
10A04020
10A04030
10A04040
10A04050
10A04060
10A04070
10A04080
10A04080
10AQ04100
10A04110
10A04120
10A04130
10A04140
10A04150
10A04160
10A04170
10A04180
10A04190
10A04200
10A04210
10A04220
10A04230
10A04240
10A04250
10A04260
10AQ4270
10A04280
10A04290
10A04.300
10A04310
10A04320
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FILE: 10ACI FORTRAN *  UNIV D'/OF OTTAWA CMS

000

30
40

50
60

%

70
81

IERY=0Q

DO 70 K=1,NSYNB

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR
J1m(K=1) *LSAMPL+J
Axam-iml.(mm(n);+REAL(DATA(J1+1)) 2.
AYBARm({AIMAG{DATA{J1) ) +AIMAG(DATA(J1+1))) /2.
INDEX {w0

AM’J(-ABS{AXBAR)

AMPI=ABS{FLOAT(NI(K)))

THR1]=AMPI = 1.0

THR2I=AMPT + 1.0

IMAXF=0

IF fmr.zo.lmx) 6O TO 30

IF ({ AMPX.GE,THR21).OR.(AMPX.LE.THR1I)) INDEXIm1
GO TO 40

IF (AMPX.LE. THR1T) INDEXI=1

IMAXFm1

CONTINUE

INDEXGm0

Amr-ABssAvaAR)

AMPQ=ABS (FLOAT (NQ(K)))

THR1G=AMPR ~ 1.0

THRZQ=AMPQ + 1.0

CMAXF =0

IF im.sa.wx) GO TO 50

tI;cF: T((J Mso .GE.THR2Q) .OR. (AMPY.LE. THR1G)) INDEXQ=1
IF(AMPY .LE. THR1Q) INDEXQm1

QMAXF=1

CONTINUE
IF%INDEXI.EQ.1 El=El + 1.
IF(INDEXQ.EQ.1) EQm EG + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NO=22dB

D1=ABS (AMPX-THR11)
ARG=D1/{SIGMA*SORT(2.))
CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARGm=12.
EleE] + ERFC(ARG;/L
IF (IMAXF .EQ. 1) GO TO 65

D2=ABS{ THR21-AMPX)
ARG=D2/(SIGMA®SGRT (2.))

IF (ARG.GT.12.) ARG=12.

EI=E] + ERFC(ARG)/2.

D1=ABS (AMPY-THR1Q
ARG=D1/(SIGMA*SART(2.))

IF (ARG.GT.12.) ARGm12.

EQeEQ + ERFGC(ARG)/2.

IF (QMAXF .EQ. 1) GO TO 70

D2wABS{ THR2Q~AMPY)
ARG=D2/(SIGMA®SORT(2.))

IF (ARG.GT.12.) ARGm12.

EQeEQ + ERFC(ARG)/2.
YERX=IERX+INDEX]

IERY=IERY+INDEXQ

CONTINUE

WRITE(S,81) IERX,IERY

FORMAT (53X, " IERX=", IS, 5X, * IERY=", I5)
IF(EOI.LE.EI} GO TO 75

EOI=E]I

MImy

75 CONTINUVE

80
91

1
IF (EOQ.LE.EQ) GO TO 80
ECO=EQ

MQe=)

MOFF=IABS (MI-WQ)

WRITE(6,91) MI.MQ

FORMAT (5X, *Ml= *,13,5X, "MQw *,13)

IF{MOFF .NE.0) WRITE(G,90) MOFF
OFF=(FLOAT(MI) + FLOAT(NOF))/FLOAT(LSAMPL)

10A04330
10A04 340
10AQ4350
10A04380
10A04370
10A04380
10A04390
10A04400
10A04410
10A04420
10A04430
10A04440
10A04450
10A04480
10A04470
10A04480
10A04450
10A04500
10A04510
10A04520
10A04330
10A04540
10A04550
10AQ4560
10A04570
10AQ4580
10A04590
10A04600
10A04810
10A04620
10A04830
10A04640
10AQ4850
10A04660
10A04670
10A04880
10A048£50
10A04700
10A04710
10A04720
10A04730
10A04740
10A04750
10A04780
10A04770
10A04780
10A04750
10A04800
10A04810
10A04820
10A04830
10A04840
10AQ4850
10A04880
10A04870
10A04880
10AC4890
10A04900
10A04910
10A04920
10A04830
10A04940
10A04950
10A04980
10A04970
10A04980
10A04990
10AQS000
10A05010
10A05020
10A05030
10A05040
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FILE: 10ACI FORTRAN * UNIV D"/OF OTTAWA CMS

90 FORMAT(5X, *SAMPLING POINTS FOR I AMD @ CHANNELS DIFFER BY',

95 FORMAT(SX,'RECEIVED DATA IS DELAYED BY *,F7.3,' SYMEOLS',/)

#12,' SIXTEENTHS OF THE SYMBOL INTERVAL',/)
WRITE(6,98) OFF

RETURN
END

Creesssssssts sttt ad s st nae s st it s usinas st st s asassss i s adsssnissssn

c
c
C

SUBROUTINE: DECCDE
THIS SUBROUTINE DECODES THE SYNCHRONIZED DATA

]
 J
*

Cressssner et tisdnustas s st ts s ottt s st tddsssss e s sisnn e s e st vbesseassria

ooagaooaoon

[¢NeXe]

30
40

50
60

SUBROUTINE DECODE(NERROR,DATA,PNOISE,MI,MQ,NI,N@,EBNO,PE,EB)

INTEGER QMAXF

COMPLEX DATA(1),AMP

DIMENSION EBNO(1),PE(1),NI{1),Na(1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF, LSAMPL
COMMON /NUMB2/ NSNR,NSYMB, BAUD

NERROR=O

DO 1 Im1,NSNR

PE(I)=0.

COMMON  IMAX , GMAX , EBNO1 , RK ,CN1

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, ONLY THOSE

ERRORS IN ADJACENT LEVELS ARE CONSIDERED
DO 2 K=t ,NSTMS

.11-?(-1 *LSAMPL4MI

J2=(K-1} SLSAMPL + MQ
AXBAR-&REAL(DATA(M)3+REAL(DATA(J1+1));{2.
AYBAR=(AIMAG(DATA(J2) }+AIMAG(DATA(J2+1))) /2.
INDEX1=0

AMPX=ABS (AXBAR)

AMP 1=ABS (FLOAT (NI (K)))

THR1I=AMPI — 1,0

THR2[=AMPI + 1.0

IMAXFm0

IF (AMP1.EQ.IMAX) GO TO 30

IF (( AMPX.GE.THR2I).OR.(AMPX.LE.THR1I)) INDEXI=1
GO TO 40

IF (AMPX.LE.THR11) INDEXI=1

IMAXFm1

CONTINUE

INDEXQ=0

AMPY=ABS (AYBAR)

AMPQ=ABS (FLOAT (NQ(K) ) )

THR1GmAMPQ — 1.0

THR2Q=AMPQ + 1.0

OMAXF=0

IF Em.so.m} G0 TO 50

IF (( AMPY.GE.THR2Q) .OR. (AMPY.LE.THR1Q)) INDEXQ=1
GO TO 60

IF (AMPY .LE.THR1Q) INDEXGm1

QMAXFa1

CONT INUE

IF((INDEXI.EQ.1).OR. (INDEX@.EQ.1)) NERROR=NERROR+1

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL.

THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN dB: PNOISE IS
1/2% INTERGAL (O H(F)®s2" nr;; AND VARIAN = NO*PNOISE.
THE PE-1/2'ERFCEDU(SIGMA‘SQSRT(Z)))
SIGMA®SQRT(2))) +

FOR THE END POINTS (7FLAGa{
AND FOR THE INNER POINTS THE PEm1/2*ERFC(D1/
1/2*ERFC(D2/(SIGMA®SQRT(2))).

DO 4 M=1,NSNR
EBNO(M)-EBN01+1.D‘FLOATgM—1)
YARIAN=PNOISE*EB® (10.**(—0.1*EBNO(M)))
SIGAA=SQRT (VARIAN

D1=ABS (AMPX~THR1 ]
ARG=D1/(SIGMA*SGRT(2.))

CHECK IF ARG IS LARGE IN WHICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBOL IS IN ERROR. IF IT IS TERMINATE RUN

NERI=K
IF (INDEXI.EQ.1) GO TO 153

10A0S050

10A05Q60

10A05070
10A05080
10A05090
10A05100
10A05110
10A05120
10A05130
10A05140
10A05150
10A05160
10A05170
10A05180
10A05180
10A05200
10A05210
10A05220
10A05230
10A05240
10AQ5250
10A05260
10A05270
10A05280
10A05280
10A05300
10A05310
10A05320
10A05330
10A05340
10A05350
10AQ5360
10AQ5370
10A05380
10A05390
10A05400
10A05410
10A05420

" 10A05430

10A05440
10AQ5450
10A05460
10A05470
10A05480
10A05490
10A05500
10A05510
10A0%5520
10A05S530
10A05540
10A05550
10A05560
10A05570
10A05580
10A05590
10A05600
10A05610Q
10A05620
10AQS630
10A05640
10A05650
10A05660
10A05670
10A05680
10AQ5690
10AQ5700
10A05710
10A05720
10A05730
10A05740
10AQ5750
10A05760
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FILE: 10ACI FORTRAN * UNIV D'/OF OTTAWA CMS

c
c
c
c

IF (ARG.GT.12.) ARGw=12,
PE1=ERFC(ARG) /2.

IF (IMAXF .EQ. 1) GO TO 100
D2=ABS ( THR2 I-AMPX )
ARG=D2/(SIGMA*SORT(2.))

IF (ARG.GT.12.) ARG=12.
PEI=PE] + ERFC(ARG)/2.

100 DI=ABS{AMPY~-THR1Q)

110

4
2

5
150
151
152

153
154

157
155

ARG=D1/(SIGMA*SQRT(2.))
IF (INDEXQ.EQ.1) GO TO 153
IF (ARG.GT.12.) ARG=12.
PEQWERFC(ARG) /2.

IF (QMAXF .EQ. 1) 60 TO 110
D2=ABS ( THR2G-AMFY)
ARG=D2/(SIGMA®SGRT(2.))

IF (ARG.GT.12.) ARGw12.
PEQ=PEQ + ERFC(ARG)/2.
IF(PEI.LT.1.E=15) PEI=0.
IF(PEQ.LT.1.E=15) PEQ=0.
PE (M)=PE (M) +(PEI4PEQ) /2.
CONTINVE

DO 5 Im1,NSNR
PE(1)=PE(1) /FLOAT (NSYME)
PRINT 150

FORMAT (35X, "EB/NO’ , 10X, "PROB. OF ERROR'’,/)
WRITE (6,151) (EBNO(I),PE(I), I=1,NSNR)
FORMAT(5X,F5. 1, 10X,E10.2)

WRITE (8,152) NERROR

FORMAT{ /5X , *ERRORS=", 15, /)

60 TO 155

PRINT 154

FORMAT (10X, "SYMEOL WAS IN ERROR, RUN WAS TERMINATED',/)

WRITE(8,157) NERI
FORMAT (5X, *NERI=", I5)
CONTINUE

RETURN

ENO

(o AL T LI L L LI TI S22 2 2 ALl R L2 I T ISR EETT TR Y]

c
c
c
c

SUBROUTINE: DRAWCN

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P{E) AS LOW AS 1.0E-10 AND A C/N RATIO rs HIGH AS 42 DB

CHE2AS PP EF AN EXEE NP AINEAESEERD RS RN AP IR R XL ARSI ABNERNORER ARSI AS AN ARY

c
c

SUBROUTINE DRAWCN(XARRAY,YARRAY, JCURY, JLAST,A
DIMENSION XARPAY(1).TARRAY(12’6XA(150). xXX{150),YY(150)

COMMON /NUMB: ! NSN3, NSYMB, BA
COMMON IMAX, (2™, cBNO1 ,RK,CN1
M=NSNR

BR=RK*BAUD.

NEW=BAUD/A

CF=BR/NBEW

PO 1T K= 1 , NSNR
XAEK)-XARRAY( K) -+ 10%(ALOG10{CF))
IF{YARRAY({ K).LE.1.0E~-10} GOTO 3
GOTO 1

Mm K-1

GOTO 4

CONT INUE

CONTINUE

Tmhbt-1

IImI+

XA(1)=8.0

XA(II)=1.0

YARRAYSI)-I.E—1O
YARRAY(I1)=0.4

GO TO 2

IF(JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(30.0,37.5)
CALL FACTOR(0.85)

10A05770
10AQ5780
10A05790
10A05800
10A05810
10A05820
10AQ5830
10A05840
10A03850
10A05860
10A05870
10A05880
10A05880
10A05900
10A05810
10A0%920
10A05930
10A05940
10A05950
10A05960
10A03870
10A0%5980
10A05990
10A06000
10A06010
10A08020
10A06030
10A06040
10A06050
10A080680
10A06070
10A06080
10AQ0090
10AQ8100
10A08110
10A08120
10A08130
10A08140
10A06150
10A06180
10AQ817C
10A08180
10A08190
10A08200
10A06210
10A08220
10A08230
10A06240
10A08250
10A06280
10A06270
10A086280
10A06290
10AQ6300
10A08310
10A06320
10A06330
10A08340
10A06350
10AQ6360
10AQ8570
10A08380
10A08390
10A06400
10A05410
10A08420
10A08430
10A08440
10A08430
10A06480
10A06470
10A06480
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FILE: 10ACI FORTRAN * UNIV D'/OF OTTAWA CMS

o0 oo 000

Qa0

c..#.l‘t“...‘..‘.t.tt-lt““‘.‘l"“‘l‘.‘."‘.‘“"“"'.tt‘t“.-'t.l

c
c
c
c

C".tl.t"-l“.t---‘--“““."U“‘.l.t.“.“"..ll..ttt‘..“"‘l."t‘

O o 0O 0O 0

c‘.‘-““..l“‘-.‘#‘.‘t.“."“““..t-tt““‘-...-‘.‘“‘.“."it.lt“

c
c
c
c

c"-!‘....l....-“.‘t..‘tt.“.“..".‘..."““.-“““-“.ll.t‘.it-“

ESTABLISH THE ORIGIN.
CALL PLOT(3.0,t1.5,-3)
DRAW THE LOGARITHMIC Y-AXIS.

CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,25.,
+90.,1.0E-10,.4)

DRAW THE LINEAR X-AXIS.
CALL AXIS(0.0,0.0,8HC/N IN dB,~9,

+32.0,0.0,9.0,1.0)

PLOT THE DATA IN LOG-LINEAR MCODE.

2 CONTINUE

PRINT 150

150 FORMAT(5X, *EB/NO*, 10X, "PROB. OF ERROR’",7X,"C/N',/)

WRITE(S,151) (XARRAY(I),YARRAY(I) ,XA(1),l=1,M)

151 FORMAT(5X,F5.0,10X,E10.2,10X,F5.1)

GO TO 45
CALL LGLIN(XA,YARRAY,M,1,4,JCURV,1)
IF (JCURV . EQ. JLAST) CALL PLOT(0.0.0.0,999)

45 RETURN

SUBRCUTINE: EYEQ

THIS SUBROUTINE DRAWS THE EYE DIAGRAM
FOR A TWO SYMBOL DURATION

SUBROUT INE EYEQfDATA)

DIMENSION DATA2(66),DATA3(66)
COMPLEX DATA(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYME, BAUD
ESTABLISH THE SURFACE AREA.

CALL PLOTS(37.0,27.%)

ESTABLISH THE ORIGIN.

CALL PLOT(3.0,13.0,-3)

DRAW THE TIME AXIS.

CALL AX[S(0.0,0.0,1H ,-1,24.,0.0,1.0,2.8)
DRAW THE AMPLITUDE AXIS.

CALL AX1S({0.0,-8.00,1H ,1,16.0,50.0,~24.,3.0)
PLOT THE DATA.

JJm29LSAMPL

DATA2(JJ+1)=0.0

DATA2(JJ+2)=3.0

DATA3(JJ41)=1.0

DATA3(JJ+2)=2.8

M2=NSYMB /8

M3=3 #4241

Mdmd $42—1

DO 4 KKmi,M2

DO 2 Im1,Jd

I I=(KK=1) SLSAMPL+]

IF(I1.GT.LDIM) II=II-(1I/LDIM)*LDIM
DATA2 Ig-REAL(DATA(II))
DATA3(1)=wFLOAT(1)

CALL LINE(DATA3,DATA2,44,1,0,0)
CONT INVE

CALL PLOT(0.0,0.0,999)

RETURN

END
SUBROUTINE: ATT

THIS SUBROUTINE PERFORMS THE ATTENUATION OF A COMPLEX

SIGNAL (AT IS THE ATTENUATION FACTOR IN DB)

10A06490
10A06500
10A06510
10A06520
10A08530
10A06540
10A0B550
10A06560
10A06570
10A06560
10A06580
10A06680Q0
10A06510
10A06620
10A06630
10A08640
10A06650
10A08660
10A06670
10A06680
10A08690
10A06700
10A06710
10A06720
10A08730
10A06740
10A06750
10A08760
10A08770
10A06780
10A06790
10A06800
1CA0€810
10A06820
10A06830
10A06840
10A06850
10A06860
10A06870
10A08880
10A06890
10A06900
10A06910
10A08920
10A06930
10A06940
10A08950
10A06960
10A06970
10A06980
10A06990
10A07000
10A07010
10A07020
10A07030
10A07040
10A07050
10A07060
10A07070
10A07080
10A07090
10407100
10A07110
10407120
10A07130
10A07140
10A07150
10A07160
10A07170Q
10A07180
10A07190
10A07200
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FILE: 10AcCI FORTRAN * UNIV D'/OF OTTAWA CMS

SUBROUTINE ATT(DATA,AT)
COMMON /NUMB1/ FBW,ALFHA,LDIM, TOFF , LSAMPL , SBANDW
COMPLEX DATA(1)
ATTT=10,**(-AT/20.)
DO 10 I=1,LDIM
10 DATA(I)=DATA{I)*ATTT
RETURN

CHESEIBILISNBRR RN RN RAL SRR AN EAN R AR RN SR RS SNNER SR AN RIR A BSOS ENS IR RS SRS

g SUBROUTINE: OFFSET .
[ ]
c THIS SUBROUTINE SHIFTS THE DATA SEQUENCE BY IOF .

c“".lt‘...-..-'..".l.O...“..I..t".‘..“‘...-..‘..‘3...‘.'.‘.‘.“‘
SUBROUTINE OFFSET(DATA, I0F)
COMPLEX DATA(1),BUFF (262144)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,N02
::JLD%M—IABS(IOF)
+

IF {IOF .EQ.D) GOTO 9
IF (I0OF.LT.0) GOTO 4
DG 1 Imt1,d
1 BUFF(1)=DATA(I)
DO 2 I=K,LDIM
DATA(I-J)=DATA(I)
‘DO 3 Im1,J
DATA(1+10F )=BUFF (1)
GOTO 9
10F==—10F
L=IOF +1
DO 5 I=L,LDIM
BUFF { I-IOF )mDATA{ 1)
DO 6 Im1,IOF
DATA(I+J)=DATA{I)
PO 7 1

5
6
=t,J
7 DATA(I)=BUFF(I)
9 RETURN

~ WN

CHERIBANS LRS00 RSt Rt A RO SRR AR SO S AN RS A RN R AR NN AR SRR AN S

g SUBROUTINE: PHASE .

L
c THIS SUBROUTINE PERFORMS THE PHASE SHIFT .
c OF A COMPLEX DATA SEQUENCE .

c.".-t".“..‘It“-‘.‘..‘.-“..“.‘-.““.".t...tt“‘t‘l"“t“‘l“‘

SUBROUT INE PHASEEDATA.PHI)
COMPLEX EPS,DATA{1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL , SBANDW
EPS=CMPLX(COS(PHL ) ,=SIN(PHI))
DO 10 Im=1,LDIM

10 DATA(1)wDATA(1)*EPS
RETURN

CrE22 8088200200 R NN RS RURRRARERS SRR SRR LIS ARSARRIAEENRRRSNNURENND

c SUBROUTINE: RAND .
[ .
c THIS SUBROUTINE GENERATES RANDOM SYMEOLS .

c‘““.“‘-.t‘l-‘t‘-‘t'.“..“‘..‘“““....“t‘ttt““““.“'!.'.‘..
SUBROUTINE RAND(IR,N,DSEED)
INTEGER IR(1)
DOUBLE PRECISION DSEED
DO 3000 I=1,N
R=GGUBF S (DSEED)
IR(I)=IFIX(R)

IF( R.LE.0.031) IR(I)=—31

IF((R.GT.0.031).AND . (R.LE.0.062))IR(I)=—29
IF((R.GT.0.062) .AND . (R.LE.0.093))IR(I)}=27
IF((R.GT.0.093).AND . (R.LE.0.124))IR(I)}==25
IF((R.GT.0.124) .AND . (R.LE.0.155)}IR(I)=—23
IF((R.GT.0.15%).AND . (R.LE.0.186))IR(1)=—21
IF((R.GT.0.186).AND . (R.LE.0.217))IR(I)=™19
IF{(R.GT.0.217).AND . (R.LE.C.248))IR(1)==17
IF({R.GT.0.248) .AND . (R.LE.0.279)})IR(I)=15

10A0721C
10A07220
10A07230
10A07240
10A07250
10A07260
10A07270
1CA07280
10A07290
10A07300
10A07310
10A07320
10A07330
10A07340
10A07350
10A07360
10A07370
10A07.380
10AQ7390
10A07400
10A07410
10A07420
10A07430
10A07440
10A07450
10A07480
10A07470
10A07480
10A07490
10A07500
10A07510
10A07%520
10AQ7530
10A07540
10A07550
10A075680
10AQ7%70
10A07580
10A07590
10A07800
10A07610
10A07620
10A07830
10A07640
10A076850
10AQ7680
10A07870
10AQ07880
10A07690
10AQ07700
10A07710
10A07720
10A07730
10A07740
10AQ7750
10A077680
10A07770
10AQ7780
10AQ7790
10A07800
10AQ7810
10A07820
10A07830
10A07840
10A07850
10A07880
10A07870
10A07880
10A07880
10AQ7800
10A07910
10A07920
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FILE:

10AC1 FORTRAN *

IF{(R.GT.0.279) .AND . (R.LE.0.31)
IF{(R.GT.0.31) .AND . (R.LE.0.341
IF{(R.GT.0.341) .AND . (R.LE.0.372
IF{{R.GT.0.372) .AND . (R.LE.O0.403
IF({R.GT.0.403) .AND . (R.LE.O.434
IF{{R.GT.0.434) .AND , (R.LE.0.485
IF({R.GT.0.465) .AND . (R.LE.0.438
IF((R.GT.0.496) .AND . (R.LE.0.527
IF((R.GT.0.527).AND ., (R.LE.Q.558
IF{{R.GT.0.5%8).AND . (R.LE.O.589
IF{{R.GT.0.589).AND , (R.LE.0.82)
IF({R.GT.0.82) .AND ., (R.LE.0.651
IF({R.GT.0.651).AND , (R.LE.0.882
IF({R.GT.0.682).AND . (R.LE.Q.713
IF((R.GT.0.713).AND . (R.LE.Q.744
IF((R.GT.0.744) .AND ., (R.LE.0.77%
IF({R.GT.0.775).AND . (R.LE.Q.806
IF({R.GT.0.806) .AND . (R.LE.0.837
IF{{R.GT.0.837).AND . (R.LE.O.B68
IF({R.GT.0.868) .AND . (R.LE.O.89%
IF({R.GT.0.899).AND . (R.LE.0.930
IF((R.GT.0.930) .AND . (R.LE.0.961
IF((R.GT.0.961) .AND ., (R.LE.Q.9986
IF (R.GT.0.9968) IR(I)=31

3000 CONTINVE

RETURN

ol i G pod pund Bl e ey ey g g e v Jumg pumg pund gy b ey ey by

UNIV D’ /OF OTTAWA CMS

L ]
=-—11
—
=7
b
-3
-1
=1
=3
=y
=7
]
wmlq
=3
=15
=17
=19
=21
=23
=25
=27
=29
=31

Creestansniindts AR s b P ES AR ANOERANSENSINN RN R URSSEI RN RS RERANRRESNRRD

c
c
c
c

SUBROUTINE: FRESHI

THIS SUBROUTINE SHIFTS A COMPLEX SIGNAL

IN THE FREQUENCY DOMAIN

CrE0at st it it sad e s ad RS SRERE RS R XN RS AR AN RS AR R RN ER RO N RS S LSO S ERAN NN

SUBROUTINE FRESHI (DATA,FFFF)
COMPLEX DATA(1)
DIMENSION IWK(20)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF, LSAMPL , SBANDW

CALL FFT2C{DATA, 19, IWK)

IFOF=IF IX{FFFF*FLOAT (LD IM) /SEANDW)
CALL OFFSET(DATA, IFQF)

DO 1 Imi,LDIM

DATA( I )=CONJG{DATA{1))

CALL FFT2C(DATA,19,IWK)

DO 2 Imi,LDIM

DATA{ I )mCONJG(DATA( 1)) /FLOAT(LDIM)
RETURN

END

10A07930
10A07940
10A07950
10A07960
10AQ7970
10A07980
10A07990
10A08000
10A08010
10A0B020
10A08030
10A08040
10A08050
10A08060
10A0807C
10A08080
10A08090
10A08100
10A08110
10A08120
10A08130
10A08140
10A08150
10A08160
10A08170
10A08180
10A08190
10A08200
10A08210
10A08220
10A08230
10A08240
10A0B250
10A0B260
10A0B270
10A08280
10A08290
10A08300
10A08310
10A08320
10A08330
10A08340
10A08350
10A08360
10A08370
10A08380
10A08390
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FILE: 51ACI FORTRAN * UNIV D’/OF OTTAWA CMS

CHEIRRNN NS NNS S NN EARIRERRAN NSRS NRRAER SRS EERRRANEAR SISO AR R AN AND

E ]

C* FILE NAME: S1ACL .
C* .
C* .
C* »
Ce THIS PROGRAM EVALUATES THE PERORMANCE OF 512-QAM .
C* SYSTEMS IN THE PRESENCE OF TWO AJACENT CHANNEL .
g: INTERFERERS OF THE SAME MODULATION FORMAT (512-0AM) hd
»

e R T T L L T T T T

COMPLEX DATA(524288),CCI (524288) , TF (524288)
COMPLEX XSIGNL (524288) ,BUFF (524288)

COMPLEX ACI1(524288), ACI2(524288)

DIMENSION NIA1(8192), NGA1(8192), NIA2(8192), NQA2(8192)
DIMENSION PEI(50),EBNO(S0),NI(8192),NQ(8192),NNI{8192),NNa{B192)
DIMENSION XARRAY(150),YARRAY(150) ,NIC(8192) ,NOC(8192)

INTEGER IR(8192)

REAL IBAUD, IMAX, GMAX

INITIALIZE PROGRAM,

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ; LSAMPL , SEANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO1,NO2

COMMON  TMAX , QMAX , EBNO1,RK,CN1

FOR 512-QAM, NBPSYM= 9, EBNO1=18., CNim24,, CDIM=40.0

Qoo

a0

NBPSYM= 9

EBNO1=18.

CNim24,

CDIM=40.0

ATN=4S.0

NLEVEL=24

IMAX=FLOAT (NLEVL)~1.
QMAX=TMAX

RKnFLOAT (NBPSYM)
KQAM=512

ALPHA=0 .5

IND=1 FOR PLOTTING THE EYE-DIAGRAM
IND=2 FOR PLOTTING THE P(E)

TND=2

NRUNS=8

10FF=0

LSAMPL=64
NSNR=3%
NSTMB=B1952

LD IMs=LSAMPL*NSTMB

THE BAUD RATE BAUD IS GIVEN IN KBAUD/S

BAUD=100.0
SBANDW=BAUD*LSAMPL
NO1=LDIM/2+1
NO2=NO1+1
FEW=BAUD/2.
Ple3.14159

aoaonn 9

aoa

INITIALIZE THE DATA FOR THE TWQO INTERFERERS

DATA AT1, AT2 /20.0, 20.0/
FOF = 0.

FOF1 = 122.0

FOF2 =~122.0

OF = 2,

o000

START THE COMPUTATIONS
0O 101 IKKK =1, 2

oo0n

51A00010
$1A00020
S1A00030
S1A00040
51A00050
51A00080
S1A00070
51A00080
S51A00090
S$1A00100
S51A00110
$1A00120
31A00130
31A00140
S$1AQ0150
51A00180
51A00170
51A00180
51A00190
S1AC0200
S51A00210
51A00220
S1A00230
S1AQ0240
51A00230
51A00260
51A00270
51A00280
S1A00290
S1A00300
51A00310
S1A00320
51A00330
$1A00340
S1AQ00350
51A00360Q
S1A00370
S51A00380
S$1A00390
$1AQ0400
S1A00410
51A00420
51A00430
51A00440
S1A004%0
S51A00450
S1A00470
31A00480
51A00490
S1A00500
S1AQ0510
51A00%520
51A00530
51A00540Q
51A00%550
S1AQ0580
51A00570
S1A00580
51A00590
S1A00600
S$1A00810
51A00620
S1A00630
S1A00640
S1AQ0650
$1A00880
51A00670
51A00680
51A00690
S1A00700
S1A00710
$1A00720
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FILE: S1ACI FORTRAN *  UNIV D’/OF OTTAWA CMS

83 FORMAT(1X, ‘FOF=",E11.4,3X, 'FOFt=",E11.4,3X, 'FOF2=" E11,4/)

WRITE(S,83) FOF, FOF1, FOF2
WRITE(S,84) BAUD

84 FORMAT(1X, 'BAUDRATE=",E14.5///)

14 FORMAT(1X, 'PHI=",F10.4,2X, "RADS®,5X, * IOF=",18///)

92
245

43 FORMAT(////,2X, ' vaeensnades) PHAm' FG.2)

PHI= 0.17#P]
10F= 32
WRITE(S,14) PHI, IOF

WRITE(S,245) KQAM
FORMAT (%X, I5, *~QAM’, /)
WRITE(G,45) ALPHA

OO0

MAIN CHANNEL

DSEED w 133791.0D0

CALL RAND (NI, NSYMB, DSEED)
DSEED = 7809%56.D0

CALL RAND (NG, NSYMB, DSEED;
CALL SIGNAL (XSIGNL, NI, NG

CALL RCOSTX (TF)

CALL FILTER (XSIGNL, TF, FOF)
CALL ENERGY (XSIGNL,CC, EB)

[+ XeRe]

ADJACENT CHANNEL 1

10

DSEED = 9%58439.00

CALL RAND (NIA1, NSYMB, DSEED)
DSEED = 543883%,.D0

CALL RAND (NG@A1, NSYMB, DSEED
CALL SIGNAL (ACI1, NIA1, NQA1
CALL ATT (ACI1, AT1)

CALL PHASE (ACI1, PHI)

CALL OFFSET (ACI1, IOF)

CALL ENERGY (ACIt1, C1, EB1
CALL FILTER (ACI1, TF, FOF
CALL FRESHI (ACI1, FOF1)

00 10 Iw1, LDIM

XSIGNL(I) = XSIGNL(I) + ACI1(1)

[e Xl ]

ADJACENT CHANNEL 2

aoo0n

ao0

1

12

102

OSEED = 145871.D0

CALL RAND (NIA2, NSYMB , DSEED)
DSEED = 431554.D0

CALL RAND (NQA2, NSYMB , DSEED)
CALL SIGNAL (ACI2, NIAZ, NQA2)
CALL ATT (ACI2, AT2)

CALL PHASE (ACI2, PHI)

CALL OFFSET (ACl2, 1OF)

CALL ENERGY (ACI2, C2, EB2
CALL FILTER (ACI2, TF, FOF
CALL FRESHI (ACI2, FOF2)

PO 11 1 =t, LDIM

XSIGNL(I) = XSIGNL(I) + ACI2(I)

CALCULATION OF THE CARRIER-TO-INTERFERENCE RAT1O0

A1 = 10.°ALOG10 cc/c1;
A2 = 10, %ALOG10(CC/C2
WRITE(S,12) A1, A2

FORMAT(1X, *C/I1=" ,F10.3,3X, 'C/12=*,F10.3///)
WRITE THE PHASE SHIFT AND THE OFFSET OF THE INTERFERERS

WRITE(6,102) IOF, PHI

FORMAT (1X, * 1OF=",16,5X, 'PHI=’ ,F10.4///)

XeNy)

END OF THE TRANSMITTER

19

DO 19 I=1, LDIM
DATA(I) = XSIGNL (I)

S1A00730
S1A00740
51A00750
51AQ00780
51A00770
S1A00780
51A00790
51A00800
S1A00810
51A00820
51A00830
S$1A00840
51A00850
51A00860
51A00870
51A00880
51A00890
51A00900
S$1A00810
51A00920
51A00930
$1A00940
51A009%0
51A00960
S1A00970
51A00980
S1AC0990
S1AC1000
S1AC1010
S1A01020
51A01030
S1A01040
S1AC1050
$1A01060
51A01070
S1A01080
S51A01090
51A01100
51A01110
51A01120
$1A01130
S1A01140
S1A011%50
51A01160
51A01170
51A01180
51A01190
51A01200
51A01210
51A01220
51A01230
51A01240
51A012%0
51A01260
51A01270
51A01280
S1A01290
S51A01300
S$1A01310
$1A01320
S1A01330
S1A01340
S51A01350
51A01380
51A01370
51A01380
$1A01330
S1AG01400
S1AC1410
S1A01420
S1A01430
S1A01440
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FILE: S1ACI FORTRAN * UNIV D*/OF OTTAWA CMS

CALL RCOSRX{TF)
CALL HHGG(TF,PNOISE)
CALL FILTER{DATA,TF, FOF)

GO TO (26,27), IND
27 CALL smcno{oam.mrse.m.m.m.m.za)
CALL DECODE(NERROR,DATA,PNOISE ,MI,Ma,NI,NQ,EBNO,PEI,EB)
cce IFE(NERROR.!E.O) .AND. (NR.EQ.NRUNS)) CALL PLOT(0.0,0.0,599)
IF(NERROR.NE.0) GO TO 100
DO 99 I=1,NSNR

XARRAYEI;-EBNO(I)
99 Iﬁl;tam 1)=PEI(1)

CALL DRAWCN(XARRAY ,YARRAY ,NR,NRUNS,A)
C  CALL DRAWEB(XARRAY,YARRAY,JCURV,JLAST)
GO TO 100
26 CALL EYEQ(DATA)
CONTINUE

10
FOF1 = FOF{ - DF
FOF2 = FOF2 4 DF

101 CONTINUE
STOP
ENO
CrRESSEESR AR NNNNORIR IS PNSESVNE NN ARR AN P RRASESREARINORRANRPREHSSE BN
€ SUBROUTINE:  SIGNAL .
.
C  THIS SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL .

CHEPIRIPRASNSEN R R SRS RS R VRSN N EE NN NN NSNS SR TEE B NSNS EES R ORI ENS SR RNARD
SUEROUTINE SIGNAL (DATA,NI,NQ)
COMPLEX DATA 1;
DIMENSION NI(1),NQ(1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SBANDW
COMMON /NUMB2/ NSNR,NSYMB,BAUD,NO% ,NO2
DO 2 I=1,NSTMB
c LOAD INTO SAMPLE ARRAY, 16 SAMPLES PER SYMBOL
Jim({I~1) *LSAMPL+1
J2=1 oL SAMPL
00 3 J3=J1,42
3 DATA(J3)=CMPLX(FLOAT(NI{I)) ,FLOAT{NG(I)))
2 CONTINUE
RETURN

CHIREIRRSRNRRARSLRES SRR NARINB NN RSEEINNBRRRS RN S SERARUDNNARRESRARS

SUBROUTINE: RCOSTX

[+ [}
(o] .
C  THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A .
C  RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A .
C  X/SINX APERTURE EQUALIZER .
c"“‘.'l.‘! BAEAREBNER SR EEE DR EEEERAN NN RN NAV N AR AN EN A RNR

SUBROUTINE RCOSTX(TF)

COMPLEX TF( 1)

COMMON /NUMBT/ FEW,ALPHA,LDIM, I0FF , LSAMPL

COMMON /NUMB2/ NSNR,NSYMB,BAUD

SBANDW=BAUD *L SAMPL

NO=LDIM/2

NO1=NO+1

IF (ALPHA.EQ.0) ALPHA=0.0001

FNwLOIM* (FEW/SBANOW)

Fla(1,-ALPHA) *FN

F2m(1.+ALPHA} *FN

lrn-xrxxgrni

IF1={FIX(F1
IF2=IFIX(F2

THE AMPLITUDE CHARACTERISTICS

Al=3, 1415926/ (2. *FLOAT(IFN))
DO 8 I=2,IF1
T!-;(})Tapr.xu.o.o.o)

+1
+1

0o00

c X/SIN(X) EQUALIZATION

S1AC1450
S1A01480
51A01470
S1A01480
$1A01430
51A01500
S1A01510
S1A01520
S51A01530
51A01340
S1A01550
S1A01580
S1A01570
31A01580
S1A01390
S1AC1600
51A01610
S51A01620
$1A01630
51A01640
S1A01850
51A01660
31A01670
51A01680
51A01680
S1A01700
S1A01710
S1A01720
S1A01730
51A01740
$1A017%0
S1A01780
51A01770
$1A01780
S1A01790
S1A01800
51A01810
51A01820
51A01830
51A01840
S1A01830
$1A01860
$1A01870
51A01880
51A01890
S1A01900
S1A01910
S51A01920
51A01930
51A01940
S1A01950
51A015960
51A01970
S1A01980
51A01990
51A02000
51A02010
$1A02020
S51A02030
S1A02040
51A02050
51A02060
51A02070
S1A02080
$1A02090
51A02100
51A02110
$1A02120
51A02130
S1A02140
51402150
S1A02160
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FILE: S1ACI FORTRAN * UNIV D'/OF OTTAWA CMS

c

[z RoNe)

Crotnssssit sttt b e s s st R0t d iRt s S S0 S R PRI SSANNN SRRSO RS RAuED

c
c
c
c

COSIRNOIBINN s st E NN 0PSRN R NN RN PR OO R RIS NS SRR IO NN S SO N SR ARSI RS

[z ReXe]

aoon

A2=(FLOAT(J)*A1)}/(SIN(FLOAT(J)*A1
(DA 010y oA
CONTINUE
JK=IF 141
0O 9 JmiX,IF2

ImJ-1

ROOT OF RAISED COSINE

AJ-(FLOAT(I)'M)/(SIN(FLOAT 1)y*A1))

A- 3.1415926/(2.0%ALPHA)) FLOAT(I)/FLOAT(IFN)) -1.)
TF {J y=CMPLX (SQRT(0.5* (1. o—sm(A)) ,0.0)

TF(J)-TF(J)'C&PLX(A.‘! 0.0)

JH-IFZ-H

DO 10 ImJH,NO1

TF({1)=CMPLX(0.0,0.0)
NUE

10 CONTI

10

NO2=NO1+1
DO 5 I=NO2,LDIM
TF (1)=CONJG{TF (LDIM+2-1))
CONTINUE

RETURN
END

SUBROUTINE: RCOSRX

THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A

RAISED COSINE FILTER WITH ARBITRARY ALPHA

SUBROUTINE RCOSRX(TF)

COMPLEX TF{ 1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SBANDW=BAUD®LSAMPL
NO=LDIM/2
NO1wNO+1

IF (ALPHA.EQ.0) ALPHAm0.00C1
FN=LDIM* (FEW/SBANDW)
F1- 1.~ALPHA) *FN
F2- 1. +ALPHA *FN

IFN=IF IX(F

IF1=IF IX(F

IF2=IF IX(F

AWMPLITUDE CHARACTERISTIC

Al=3.141592/(2.*FLOAT(IFN))
DO 8 [=2,IF1
TIj(})Tc&PLX(l.O,O.O)
TF(1)=CMPLX(1.,0.0)
CONTINUE

JK=[F1+1

DO 9 JmJK, IF2

I=d—1

ROOT OF RAISED COSINE

3,141%92/(2.0%ALPHA) ) * ( (FLOAT( 1) /FLOAT(IFN))-1.
TFEJ)-C?PLX(SQRT(O 5e(1. O—SIN(A)))?I. (IFN))=1.)
CONT INUE
JHuIF2+1
DO 10 ImJH,NO1
TF (1)=CMPLX{0.0,0.0)
CONTINVE
NO2=NO1+1
DO 5 I=NO2,LDIM
TF (1)=CONJG(TF (LDIM+2-1))
CONT INUE
RETURN

51A02170
S51A02180
51A02190
51A02200
$51A02210
$1A02220
51A02230
51A02240
S51A02250
51A02260
51A02270
31A02280
$51A02290
S1A02300
51A02310
S51A02320
S51A02330
51402340
51A02350
51A02380
51A02370
51A02380
51A02330
51A02400
S51A02410
S1A02420
S51A02430
S1A02440
S1A02450
S1A02460
51A02470
S1A02480
S51A02430
51A02500
51A02510
51A02520
ST1A02530
S1AQ02540
S1A02550
S1A02580
S1A02570
S1A02580
5102390
S1A02600
51A02610
51A02620
51A02630
51A02640
51A02650
51A02660
S1A02670
51A02680
S51A02690
51A02700
51A02710
51A02720
S1A02730
51A02740
51A02750
51A02760
51A02770
S1A02780
S1A02790
S1A02800
S51A02810
51A02820
51A02830
51202840
S51A02850
STAQ2B860
51A02870
S1AaQ2g80
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FILE: 51ACI FORTRAN *  UNIV D’/OF OTTAWA CMS

COHREIRNIRERSEEINNANAR NI R R ER RN AR NP H R H SRS ER IR AR SN IR RN R P RSN RE RN R RO RO Y

g .SUBROUTINE: FILTER *

‘ .
c THIS SUBROUTINE PERFORMS THE FILTERING .
c PROCESS ON A DATA SEQUENCE *

ct"‘l.l‘t..l“‘....'.l‘...‘ttt..‘.“t‘“""".-.“.t.ti“-‘.““lll‘
SUBROUTINE FILTER(DATA,TF,FFFF)
COMPLEX DATA(1),TF(1)
DIMENSION IWK(20)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL , SEANOW
CALL FFT2C(DATA, 19, IWK)
IFOF=1F IX{FFFF*FLOAT{LDIM) /SBANDW)
CALL OFFSET{DATA, IFOF)
DO 1 I=1,LDIM
1 DATA(1)=CONJG(DATA(I)*TF(I))

CALL FFT2C{DATA, 19, I#K)
DO 2 Im1,LDIM

2 DATA(I)=CONJG(DATA(1))/FLOAT(LDIM)
RETURN

END
L S R L T T T T LTl T I e,
g SUBROUTINE: HHGG .
.
c THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER .
c AT THE OUTPUT OF THE RECEIVE FILTER .

c“‘.“....t.“‘ttt‘.."....".'0.0.ti.".-.‘“““‘.l‘..t‘t“‘it‘.l“
SUBROUTINE HHGG(TF ,PNOISE)
COMPLEX TF{1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, 10FF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD

.0
SBANDW=BAUD*L SAVPL,
00 1 L=i,LDIM
HH=(CABS(TF(L)))**2
SUM=SUMHHH

PNOISE=SUM*SBANDW/FLOAT (LDIM) /2.
WRITE (8,2) PNOISE

2 FORMAT(5X, *PNOISE=’,F7.3,/)
RETURN

Cessnnnns senes SHERINREISEISEN SIS RN IRNR NI IRSSEEES
g SUBROUTINE: ENERGY *

[ ]
c THIS SUBROUTINE COMPUTES THE CARRIER POWER .
c AND THE AVERAGE BIT ENERGY .

c.““".‘"“#"“‘.'.Il'..t--..‘.“..“‘-"..“.....‘.“““““....

SUBROUTINE ENERGY(DATA,C,EB)
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF, LSAMPL
COMMON TMAX , QMAX ,EBNO1 ,RK, CN1
COMPLEX DATA(1)
WATTS=0.
DO 1 I=mt,LDIM
WATTS=WATTS+CABS(DATA(1))**2

1 CONTINUE
C=MATTS/FLOAT(LDIM)/2.
RRK=RK/2

EB=C/(RRK*BAUD)
WRITE (6,40) C,EB

40 FORMAT(1QX,'C=’,F15.8,5X, 'EB="',E15.8)
RETURN

END
L R R LTI T I YL R PP T T T e T T T L L e P PP T TP
g SUBROUTINE: SYNCRO *
[
c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA .

c.ttit.-a‘lttatttttt-tItt"t‘t"t'“O.tttttttta.ttt‘t‘t"‘-'..ll-.tt‘.
SUBROUTINE SYNCRO(DATA,PNOISE,NI,NQ,MI,MQ,EB)
INTEGER QMAXF
COMPLEX DATA 1;.m=
DIMENSION NI{1),NQ(1)

51A02830
51A02900
51A02910
$1A02820
51402930
51A02940
$1A02830
51A029680
51A02970
S$1A02980
51A02990
S1AQ3000
51A03010
S1A03020
S1A03030
51A03040
51A03050
S1AQ3060
S1A03070
S1A03080
$1A03090
S1A03100
S1A03110
S1A03120
S51A03130
S1A03140
S1A03150
S51A03160
S1A03170
S1A03180
S1A03100
31A03200
S1A03210
S51A03220
S1A03230
$1A03240
S1A03250
S1AC3280
31A03270
$1A03280
S1A03290
S1A03300
51A03310
S1A03320
S1A03330
S1A03340
S1AQ3350
S1A03380
S1A03370
S1A03280
S1A03390
S1A03400
$1A03410
S1A03420
S1A03430
S1A03440
S1A03450
S51A03460
S1A03470
51A03480
S1A03490
S1A03500
51A03510
51A03520
51A03530
S1A03540
S51A03550
51A03560
S1A03570
51A03580
51A03590
S1A03800
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FILE: S1ACI FORTRAN *  UNIV D'/OF OTTAWA CMS

[2XeXe)

o000

11

300

200

39¢

COMMON /NUMB1/ FBW,ALPHA, LDIM, 1OFF , LSAMPL
COMMON /NMMB2/ NSNR,NSYMB,BAUD
COMMON TMAX , GMAX , EBNOT , RK , CN1

NERROR=0
IF (IOFF.EQ.0) GO TO 119

DO 6 K=i, IOFF

XX=AIMAG (DATA(LDIM)}

DO 7 KK=2,LDIM

DATA(KK) wCMPLX (REAL (DATA(KK) ) ,AIMAG(DATA(KK=1)})
DATA(1)=CMPLX (REAL (DATA{1) ) , XX)

SYNCHRONIZE THE RECEIVED DATA

NEW=0
DO 200 J=i,NSYMB
THR1 I=FLOAT(NI (J))~1.
THR21=FLOAT(NI{J))+1.
THR1QwFLOAT(NG(J))=1.

THR2Q=FLOAT(NG(J) ) +1.

J1miCH(J—-1) *LSAMPL

IF (J1.GT.LDIM) J1=J1-LDIM
AXBAR-:EREAL(DATA(M);+REAL(DATA(J1+1)) 2.
AYBAR=(AIMAG(DATA(J1) ) +AIMAG(DATA(J141})) /2.

IF smm.cf.mmlg.mo. AXBAR.LT.THR21}) NEWNEW+
1F { (AYBAR.GT. THR1Q) .AND., (AYBAR.LT.THR2Q)} NEW=NEW+1
CONTINUE

IF (NOLD.GE .NEW) GO TO 399

NOL D=NEW

NOF =K

K1

LFUm2*NSYMB

SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP

NSFT=LSAMPL*6

IF (NOLD.LT.LFU.AND.K.LE.NSFT) GO TO 300
NOF=NOF -~

KTmi-2

WRITE(G,56) NOLD,NOF,KT

56 FORMAT(1X,’NO OF MAX. CORRECT SYMBOLS = ’,14,//,1X

*'NO OF SHIFT IN SAMPLES FOR MAX. CORRECT SYMSOLS= °,14,//.
*1X, 'TOTAL NO OF SHIFT FOR SEARCHING = °*,14)

OO0

240
250

230

IF (NOF.EQ.0) GO TO 230
LO=LD IM-1

DO 250 I=1,NOF
AMP=DATA(1)

DO 240 Jam1,L0
DATA(J)=DATA{J+1)
CONTINUE
DATA (LD IM) mAMP
CONTINUE

OPTIMIZE THE SAMPLING INSTANT

MI=1

Q= 1

on-FLoATinsm + 1.
EOQ=FLOAT (NSYMB) + 1,
M=22
VARIAN=PNOISE*EB*(10.%*(~0.1*FLOAT(M)))
SIGMA=SQRT {VARIAN)
MOS=L SAMPL /4

DO 80 J=t,MOS

El=0,

EQu0.

1IERX=0

S1A03610
51A03620
S1A03630
S1A03840
51A03650
S51A03660
51A03670
S$1A03680
51A03690
51A03700
S1A03710
S1A03720
51A03730
S1A03740
S1A03750
S1A03760
$1A03770
S1A03780
S1A03790
51A03800
S1A03810
S1A03820
S1AQ3830
51A03840
S1A03850
S51A03880
51A03870
S1A03880
S1A03890
S1A03500
S1A03910
S1A03920
S1A03930
S1A03940
St1A03950
S1A03960
S1A03970
S1A03980
51A03990
S1A04000
51A04010
S1A04020
51A04030
S1A04040
S1A04050
S1A04060
51A04070
S1A04080
S1AC4080
S1A04100
51A04110
51A04120
S1A04130
S1A04140
S1A04150
S51A04180
51A04170
S1A04180
S1A04190
51A04200
51A04210
S1A04220
S1A04230
51A04240
S1A04250
S1A04260
S1A04270
S1AG4280
51A042390
S1A04300
S1A04310
51A04320
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FILE: St1ACI FORTRAN * UNIV D’/OF OTTAWA CMS

0o0on

o0

30

50
60

70
81

75

80
a

IERY=0

DO 70 K=1,NSYMB

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR
J1=(K=1) SLSAMPL+

AXBARw REAL(DATA(.H);+R£AL(DATA(J1+1)) 2,
AYBAR=(AIMAG (DATA(J1) ) +AIMAG (DATA(J14+1))) /2.
INDEXI=0

ALFX-ABSEAXBAR)

AMPI=ABS(FLOAT(NI(K)))

THR1 I=AMPI ~ 1.0

THR2IeAMPT + 1.0

IMAXF=0

IF imx.so.:m) GO TO 30

IF ({ AMPX.GE.THR2I).OR.(AMPX.LE.THR11)) INDEXImt
GO TO 40

IF (AMPX.LE.THR11) INDEXIwm1

IMAXFm1

CONTINUE

INDEXQmO

AlFY-ABSiA’(BAR)

AMPQ=ABS (FLOAT (NQ(K)))

THR1Q=AMPQ - 1.0

THR2O=AMPQ + 1.0
QVAXF=0

IF (AMPQ.EQ.GMAX) GO TO 50

Cli: Té :l(fY.GE.THRZQ).OR.(AWY.LE.THMQ)) INDEXQm1
IF (AMPY .LE . THR1Q) INDEXQ=1

QMAXFm1

CONTINUE
lFiINDEXl.EQ.1 EI=tl + t.
IF{ INDEXQ.EQ.1) EQ= EQ + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NOw22dB

D1=ABS (AMPX-~THR11)
ARG=D1/{SIGMASSCRT(2.))
CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARG=12,
EI=E] + ERFC(ARG)/2.
IF (IMAXF .EQ. 1) GO TO 85

D2=ABS ( THR21=-AMFX)
ARG=D2/(S1GMA®*SGRT(2.))

IF (ARG.GT.12.) ARG=12.

EI=EI + ERFC(ARG)/2.

D1=ABS (AMPY=THR1Q
ARG=D1/(SIGMA*SORT(2.))

IF (ARG.GT.12.) ARGm=12,

EQ=EQ + ERFC{ARG)/2.

IF (GMAXF .EQ. 1) GO TO 70

D2=ABS (THR2Q-AMPY)
ARG=D2/(SIGMA®SORT(2.))

IF (ARG.GT.12.) ARG=12,

EQ=EQ + ERFC(ARG)/2.
IERX=IERX+]NDEX!

IERY=1ERY+INDEXQ

CONTINUE

WRITE(6,81) IERX,IERY
FORMAT(5X, * IERX=’ , I5,5X, ' IERY=", I5)
IF(EOI.LE.EI) GO TO 75

EOI=E]

Ml=y

CONTINUE

IF (EOQ.LE.EQ) GO TO 80

EOQ=EQ

MG

MOFF=IABS (MI-MQ)

WRITE(S,91) MI.M@ -

FORMAT (5X, "MI= *,13,5X, 'Ma= * 13)
IF(MOFF .NE.0) WRITE{6,90) MOFF
OFF=(FLOAT(MI) + FLOAT(NOF})/FLOAT (LSAMPL)

51A04330

S1A04340

51A04330

S51A04360

S51A04370

51A04380

S1A04390

S$1A04400

31A04410

$1A04420

51A04430

S1AQ4440

S1A04430

S1A04460

S1A04470

S51A04480

S1A04490

S1A04300

S1A04510

S51A04520
S1A04530
S1A04540
S51A04530
S1A04580
S1A048570
31A04580
91A04580
51A04800
S1A04810
S1A04520
S1A04830
S1A04840
S1A04850
S1A04880
S1A04870
S1A04880
$1A04890
S1A04700
S1A04710
$1A04720
S1A04730
51A04740
51A04750
51A04780
S51A04770
51A04780
S1A04780
51A04800
S1A04810
51A04820
S51A04820
S1A04840
S51A04850
S1AQ4880
S1A04870
51A04880
S1A04890
51A04900
51A04910
S1A04920
51404930
S1A04940
S1A04950
S1A04960
S1A04970
S51A04980
S51A04990
51A05000
51A05010
$1A05020

51A05030
S1AQ5040
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FILE: 31ACI FORTRAN * UNIV D'/CF OTTAWA CMS

90 FORMAT(SX, *SAMPLING POINTS FOR I AND Q CHANNELS DIFFER BY’,

#12,'  SIXTEENTHS OF THE SYMBOL INTERVAL’,/)

95 FORMAT(5X, "RECEIVED DATA IS DELAYED BY *,F7.3,* SYMBOLS',/)

WRITE(6,95) OFF

RETURN
END

(BRI LTI L TS L T LIS TT]E ST 2 T P Y P apaupupppappupapupaepepepapapappopy

c
c
c

SUBROUTINE: DECODE
THIS SUBROUTINE DECODES THE SYNCHRONIZED DATA

%
[ ]
»

CEIEeInt et st s iS008 200 ANSNRRERNRERR IR RRNRNNISENRINARERIRNNRNNES

QOO0 000O0

o0

30
40

S0
80

SUBROUT INE DECODE(NERROR.DATA.PNOISE.MI.MQ.NI.NG.EBNO.FE.EB)

INTEGER GQMAXF
COMPLEX DATA(1) ,AMP -

DIMENSION EBNO(1),PE(1) ,NI{1),Na(1)
COMMON /NUMB1/ FBW,ALPHA,LDIM, ICFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD

NERROR=Q

DO 1 Imi,NSNR

PE(1)m0,

COMMON  TMAX , GMAX , EBNO1 , RK, CN1

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, ONLY THOSE

ERRORS IN ADJACENT LEVELS ARE CONSIDERED
DO 2 K=1,NSYMB
ne K-1;*LSML+MI
J2=(K=1)*LSAMPL + MQ
AXBAR-EREAL(DATA(J‘!);-!REAL(DATA(MH)) 2.
AYBAR= (AIMAG({DATA(J2) ) +AIMAG(DATA(J2+1))) /2.
INDEXT=0 ‘
m—msfmm)
AMP1=ABS{FLOAT(NI(K)))
THRY I=AMPT — 1.0
THR2I=AMPI + 1.0
IMAXF=0
}F ?wx.saééu?x}zclx)) T0 :-(m
AWPX .GE, THR2I) .OR. (AMPX.LE. THR11 -
ar i§ au )) INDEXImt
IF (AMPX.LE. THR11) INDEXI=1
IMAXF =t
CONTINUE
TNDEXQw0
AMPY=ABS (AYBAR)
AMPQ=ABS (FLOAT(NQ(K)))
THR1 - 1.0

IF Em.ea.mx) GO TO 50

Ir TC() g’aFY.GE.THRZQ).OR.(AM"Y.LE.THR‘IQ)) INDEXGQm1
IF (AMPY LE. THR1Q) INDEXQu1

QMAXF=1

CONT INUE ,
IF((INDEXI.EQ.1) .OR. (INDEXQ.EQ.1)) NERROR=NERROR+1

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMSOL.

THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN dB; PNOISE IS
1/2* INTERGAL (O H{F)®s2" DF;: AND VAR{AN - NO‘PNOISé.E !
THE PE-1/2‘ERFCiD1/(SIGMA‘SQSRT(2)))

FOR THE END PCINTS (7FLAGw{
AND FOR THE INNER POINTS THE PE=1/2%ERFC(D1
1/2*ERFC(D2/(SIGMA*SQRT(2))). / o1/

DO 4 M=1,NSNR
EBNQ(M)=EBNO1+1. 0*FLOAT ?H)
VARIAN=PNOISE*EB*(10.%%(~0. 1 *EENO(M)))
SICMA=SORT (VARTAN

D1=ABS (AMPX-THR1 I
ARG=D1/(SIGMASORT(2.))

CHECK IF ARG IS LARGE IN WHICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBOL IS IN ERROR. IF IT IS TERMINATE RUN

NERImK
IF (INDEXI.EQ.1) GO TO 153

SIGMA*SQGRT(2))) +

51A05050
S51A0S060
S1A0%070
S1A05080
S$1A05090
51A05100
S51A05110
51A05120
S1A05130
51A05140
51A05150
51A05180
S1A03170
S1A05180
$1A03190
S1A05200
51A05210
51A05220
51405230
51A05240
51A05250
S1A05260
S51A0%5270
S1A05280
51A05290
S1A05300
S1A05310
S1A05320
S1A05330
31A05340
S51A05350
S1A05360
51A05370
S1A05380
S1A053390
S1A05400
S1A05410
S1A05420
S1A05430
51A05440
S1A05450
S1A05480
51A05470
S51A05480
S1A05490
S1A05500
S1A05510
51A05520
S1A03530
S1A05540
S1A05550
S1AQ05560
S1A05570
S1A05580
S1ACS590
51A05600
S1A05610
S1A05620
S1A05630
S1A05640
S1A05650
S1A05660
S1AC5670
S1A05680
51A05690
S1A05700
51A05710
S1A05720
S$1A05730
S1A05740
51A05750
51A05760

PAGE 00008
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IF (ARG.GT.12.) ARG=12, 51A05770
PEI=ERFC(ARG) /2. . S1A05780

IF (IMAXF .EQ. 1) GO TO 100 51AQ5790
D2=ABS ( THR2I-AMPX) S1A05800
ARG=D2/(SIGMA®*SORT{2.)) 51A0%810

IF (ARG.GT.12.) ARG={2, 51A05620
PEI=PE] + ERFC(ARG)/2. S1ADS830

100 Di=ABS(AMPY-THR1Q) $1A05540
ARG=D1/(SIGMA*SORT(2.)) 51A05850

IF (INDEXQ.EQ.1) GO TO 153 51A05860

IF (ARG.GT.12.) ARG=12, 51A05870
PEQ=ERFC(ARG)/2. 51A05880

IF (QMAXF .EQ. 1) GO TO 110 51A05890
D2=ASS { THR2G=AMPY ) $1A05900
ARG=D2/(SIGMA*SQRT(2.}) 51A05910

IF (ARG.GT.12.) ARG=12. 51A08920
PEQ=PEQ + ERFC{ARG)/2. 51A05930

110 IF(PEI.LT.1.E-15) PEl=(), 51A05940
IF{PEQ.LT.1.E~15) PEGeQ, S1A0%950

4 PE(M)=PE(M)+(PEI+PEQ)/2. S$1A05960

2 CONTINVE 51A05970
DO 5 I=1,NSNR 51A05980

S PE(1)=PE{1)/FLOAT(NSYMB) 51A05990
PRINT 150 S1A08000

C150 FORMAT(SX,'EB/NO’,10X, PROB. OF ERROR’,/) 51A06010
c WRITE (8,151) (EBNO(1),PE(I),I=1,NSNR) %51A06020
Ci51 FORMAT(SX,F5,.1,10X,E10.2) 51A08030
WRITE (6,152) NERROR 51A08040

152 FORMAT(/5X, 'ERRORS=',15%,/) 51A080%0
GO TO 15% S1A06060

153 PRINT 154 $1A08070
154 FORMAT (10X, 'SYMBOL WAS IN ERROR, RUN WAS TERMINATED',/) 51A08080
WRITE(S,157) NERI 51A08090

157 FORMAT(5X, ’NER[=",1%) 51A08100
155 CONTINVE : %51A08110
RETURN S1A08120

END S1A08130
c.tt“--tt.ii---tlll‘t-“--'-tatt-ttt-IO!--tt--tttttlt.t"sttt-tltt.it 51A°5|40
c SUBROUTINE: DRAWCN ’ * S1A06150
c * E1A06160
c THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR * E1A06170
c P{E) AS LOW AS 1.0E-10 AND A C/N RATIO AS HIGH AS 42 DB * 51A08180
ctl‘..‘.ttt..‘t‘ltt"‘l“..tt‘.t!-tt."‘II.i‘..tl‘-t‘.ttlttttt!lttttttl' 51A0619°
SUBROUTINE DRAWCN{XARRAY,YARRAY,JCURY, JLAST.A 51A08200
DIMENSION XARRAY(1).YARRAY(1),XA(150), XX{150),YY(150) 51A08210
COMMON /NUMB2/ NSNR,NSYMB,BAUD 51A08220
COMMON TMAX, GMAX , EBNO1 ,RK,CN1 51A08230
M=NSNR 51A06240
BR=RK*BAUD 51A06250
NEW=BAUD/A 51A06260
CFm=ER/NBW 51A06270

DO 1 K=1, NSNR . 51A06280
XASK)-xARRAY( K) + 10*(ALOG1O(CF)) 51A06290

IF (YARRAY( K).LE.1.0E-10) GOTO 3 51A06300

GOTO 1 51A06310

3 M= K-{ 51A08320
GOTO 4 51AQ06330

1 CONTINUE 51A06340
4  CONTINUE S1A06350
T=+1 51A06360
II=I+1 51A08370
XAEI)-Q.O 51A06380
XA(II)=1.0 51A06380
YARRA’(?I)M .E=10 51A06400
YARRAY(11)=0.4 51A06410

GO TO 2 51A06420
1F(JCURV.GT.1) GOTO 2 51A06430

c 51A06440
c ESTABLISH THE SURFACE AREA. 51A0E450
¢ 51A06480
CALL PLOTS(30.0,37.5) 51A06470

CALL FACTOR(0.8S) 51A08480
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ESTABLISH THE ORIGIN,
CALL PLOT(3.0,1.5,-3)
DRAW THE LOGARITHMIC T~AXIS.

OO oon

CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,25.,

+90.,1.0E-10, .4)
DRAW THE LINEAR X-AXIS.

CALL AXIS(0.0,0.0,9HC/N IN dB,-9,
+32.0,0.0,9.0,1.0)

PLOT THE DATA IN LOG-LINEAR MODE.

2 CONTINUE
PRINT 1%0

oo

aQaon

150 FORMAT(5X, *EB/NO", 10X, *PROB. OF ERROR’,7X,’C/N’,/)
WRITE(S,151) (XARRAY(I),YARRAY(I),XA(I),I=1,M)

151 FORMAT(5X,F5.0,10X,E10.2,10X,F5.1)
. GO TO 45 .
CALL LGLIN(XA,YARRAY ,M,1,4,JCURV, 1)
IF (JCURV.EQ. JLAST) CALL PLOT(0.0,0.0,999)
45 RETURN _
END

Crettittna ittt sustas st sEntss st st iR s ERs s st e N ORNAsEe s s N NN ARRRR RN ORE

c SUBROUTINE: EYEQ

Cc

c THIS SUBROUTINE DRAWS THE EYE DIAGRAM
c FOR A TWO SYMBOL DURATION

c..!.l.!‘-‘-....t“l-.l.l.t“t“-.“..‘8..‘.l‘..t"""l..“.““‘.“‘

SUBROUTINE EYEGEDATA)

DIMENSION DATA2(66) ,DATA3({66)

COMPLEX DATA(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, [OFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB, BAUD

*ESTABLISH THE SURFACE AREA.

CALL PLOTS(37.0,27.5)

ESTABLISH THE ORIGIN.

CALL PLOT(3.0,13.0,-3)

DRAW THE TIME AXIS.

CALL AX15(0.0,0.0,1H ,-1,24.,0.0,1.0,2.8)

DRAW THE AMPLITUDE AXI‘S.

aoao 000 Q00 OO0 ooa

PLCT THE DATA.

JJm2oL SAMPL
DATAZ(JJ+1)=0.0
DATAZ2(JJ+2)=3.0
DATA3(JJ+1)=1,0
DATAZ(JJ+2)w2.8
M2=NSYME /8
M3=3oM241
Mdemd # M2
DO 4 KKmi,M2
DO 2 Imi,JJ
I I=(KK=1)*LSAMPL+1
IF(I1.GT.LOIM) Il=II-(II/LOIM)*LDIM
DATAZEI;-REAL(DATA(II))

2 DATAZ(I)=wFLOAT(I)
CALL LINE(DATA3,DATA2,J4,1,0,0)

CALL AX15(0.0,-8.00,1l4 ,1,16.0,90.0,-24.,3.0)

51A06490
S1A06500
51A06510
S1A06520
S1A06530
S1A06540
51A06550
51A06560
S1A06570
S1A06580
S1A063590
31AQ6600
S1A06610
51A06620
S1AQ6630
S1AQ6640
S1AQ6830
S1A06660
S1AQ6870
S1A06680
S1ACE690
S1AQ06700
S1AQ6710
S1A08720
S1A06730
S1A06740
51A06750
S1A06760
S51A06770
S1AQ6780
S1A087390
S1A08800
$1A06810
S1A06820
S$1A06830
S1A06840
51A08330
S1A08160
S1A06370
S1A06880
51A038390
S51A06800
51A06810
£1A06920
51A06930
S1A06940
51A069%0
S1A06960
51A08970
51A06980
S1A0E990
51A07000
S1A07010
51A07020
51A07030
S1AC7040
51A07050
S1A07060
51A07070
51A07080
51A07090
91A07100
S1A07110
51A07120
S1A07130
51407140
51A07150
$1A07160
S51A07170
S51A07180
51A07190
S1A07200
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4 CONTINUE

CALL PLOT(0.0,0.0,999)

RETURN

END
c"“.'t““““"i‘l‘.‘....t't“.“‘""i‘tl‘“.““‘..l“““..““.
€ SUBROUTINE: ATT .

[ ]

C  THIS SUBROUTINE PERFORMS THE ATTENUATION OF A COMPLEX .
c SIGNAL (AT IS THE ATTENUATION FACTOR IN DB) .

Cresases 200330003500 3RS R RSt tO VRNt O s R0 S aU SRR R tRiNIRR RNt e R it s nEny

SUBROUTINE ATT{DATA,AT)
COMMON 1/ FEW,ALPHA,LDIM, IOFF,LSALEL , SBANDW
COMPLEX DATA(1)
ATTT=10,*%{-AT/20.)
DO 10 I=1,LDIM
10 DATA(I)=DATA(I)*ATTT
RETURN

(ol I LTI ETIIETI IR ISR EEERITERESIEEEEI L EIS IS IS FEYTTIIT YY)

g SUBROUTINE: OFFSET .
[ ]

¢ THIS SUBROUTINE SHIFTS THE DATA SEQUENCE BY 10F »

L T T L I L T T T T T T T T T LTI I

SUBROUTINE OFFSET(DATA, IOF)

COHPLEX DATA(1) BUFF(1)

1/ FBH.ALPHA LDIM, ICFF ,LSAMPL , SBANDW

comou /NUMB2/ NSNR,NSYMB, BAUD NO1,NO2

J=LDIM-IABS{IOF)

KeJ41

IF {IOF.EQ.O GOTO 9

IF (IOF.LT.0) GOTO 4

DO 1 Imi,J

BUFF {1)wDATA(I)

DO 2 I=K,LDIM

DATA(I-J)-DATA(I)

DO 3 Im1,J

DATA(I+IOF)-BUFF(I)

GOTO

IOF-—IOF

L=]OF+1

DO S I=L,LDIM

5 BUFF(I-10F)=DATA(I)

DO 6 I=1,I0F

6 DATA(I+J)-DATA(I)

00 7 Im,)

7 CATA(I)=BUFF(I)

9 RETURN

END
ct“‘“"‘..".'t.‘.‘O.‘."""""‘.““‘t‘t“t“"“.l.l"'l‘l‘.'.-‘
C  SUBROUTINE: PHASE .
c .
C  THIS SUBROUTINE PERFORMS THE PHASE SHIFT .
€ OF A COMPLEX DATA SEQUENCE .
c“‘C"-“.i‘."0.‘“'C.t‘.‘.“"-"."‘..tt‘t.t..l“"#.“-“l.-l-l.-

SUBROUTINE PHASEEDATA.PHI)

COMPLEX EPS,DATA(1

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL , SBANDW

EPS=CMPLX(COS(PHI) ,~SIN(PHI))

DO 10 I=1,LDIM

10 DATA(I}wDATA{I)*EPS
RETURN

END

-

= N

L LT T e T T Y T T Ly T PP
g SUBROUTINE: RAND *

»
c THIS SUBROUTINE GENERATES RANDOM STMBOLS .

L T T L L T T T L T I T T T
SUBROUTINE RAND(IR,N,DSEED)
INTEGER IR(1)
DOUBLE PRECISION DSEED
DO 3000 I=1,N
R=GGUBFS(DSEED)

S$1A07210
S51A07220
51A07230
S1A07240
51A07250
S1A07280
S51A07270
51A07280
51A07290
51A07300
51A07310
S1A07320
S1A07330
S1A07340
S1A073%0
51A07360
$1A07370
51A07380
S51A07390
S1A07400
S1A07410
51A07420
S1A07430
S51A07440
S1AQ7450
S1A07480
51A07470
51A07480
S1A07490
S51A07500
S1A07%10
51A07520
51A07530
51A07540
S1A07530
S51AQ7360
51AG7570
S1AQ7580
S1A07500
S1A07600
51A07610
51A07620
S31A07630
S1A07640
51A076%50
31A07860
31AQ7670
S1AQ7680
51A07690
S1AQ07700
$1A07710
51A07720
$1A07730
S1A07740
S1A07750
51A07780
51A07770
51A07780
51A07790
51A07800
51A07810
S51A07820
S1A07830
51A07840
51A07850
51A07860
51A07870
S51A07880
51A07890
51A07900
S1A07910
51A07920
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IR{1)=IF IX{R) S1A07930
IF{ R.LE.0.04t) IR(]l)w=23 51A07940
IF{(R.GT.0.041).AND . (R.LE.0.082))IR(I)}==21 51A07950
IF((R.GT.0.082) .AND . (R.LE.0.123))IR(I)=—19 51A07960
IF((R.GT.0.123) .AND . (R.LE.O.164))IR(])=17 51A07970
IF((R.GT.0.164) .AND . {R.LE.0.205))IR(I)==15 51A07980
IF{{(R.GT.Q.205) .AND . {R.LE.Q.246))IR(I)=-13 51A07990
IF((R.GT.0.248) .AND . {R.LE.0.287))IR(I)=11 S1A08000
IF((R.GT.0.287).AND . (R.LE.0.328))IR(I)==9 $1A08010
IF((R.GT.0,328) .AND . (R.LE.0.369))IR(I)m=7 51A08020
IF((R.GT.0.369) .AND . (R.LE.0.41)) IR(I)=-5 51A08030
IF((R.GT.0.41) .AND . (R.LE.0.451))IR(])w=3 51A08040
IF({R.GT.0.451).AND . (R.LE.O0.492))IR(])w=1 51A08050
IF{{R.GT.0.492) .AND . (R.LE.0.533))IR(I)= 1 51A08060
IF{(R.GT.0.533).AND . (R.LE.O,574)}IR(I)= 3 51A08070
IF((R.GT.0.574) .AND . (R.LE.0.615))IR(I)= & S1A08080
IF((R.GT.0.615) .AND ., (R.LE.0.656))IR(I)= 7 51A08090
IF((R.GT.0.856) .AND . (R.LE.0.697))IR(I)= 9 S1A08100
IF((R.GT.0.697).AND , (R.LE.Q,738))IR(I)=11 51A08110
IF((R.GT.0.738) .AND ., (R.LE.0.779))IR(I)=13 51A08120
IF({R.GT.0,779).AND . (R.LE.0.82)) IR{I)=15 51A08130
IF({R.GT.0.82) ,AND . (R.LE.0.861))IR(I)=17 51A08140
IF({R.GT.0.861) .AND . (R.LE.0.902))IR(I)=19 51A08150
IF({R.GT.0,902) .AND . (R.LE.Q.943))IR([)=21 51A08160
IF{{R.GT.0.943) .AND R.LE.O0.584) ) IR(I)=23 51A08170
IF (R.GT.0,984 lR(I)-23 51A08180
3000 CONTINUE S1A08190
RETURN $1A08200
END S1A08210
CoPasssnistes s et ssd i F it i s RAS NSt ddIINREsssanssnsnnssnsssunnans K{ANEI20
c SUBROUTINE: FRESHI * 51A08230
c « 51A08240
c THIS SUBROUTINE SHIFTS A COMPLEX SIGNAL * S51A08250
c IN THE FREQUENCY DOMAIN = 51A08260
(AL AL A EL IR LS EE L ER AL LRI L ER LRSI IR L T E ISR PRI IR YTYYTY] 51A08270
SUBROUTINE FRESHI(DATA,FFFF) 51A08280
COMPLEX DATA(1) 51A08290
DIMENSION IWK(20) ‘ 51A08300
COMMON /NUMB1/ FBW,ALPHA ,LDIM, IOFF , LSAMPL , SBANDW S1A08310
CALL FFTZC(DATA,19, I¥K) 51A08320
IFOFw]F IX{FFFF*FLOAT{LDIM) /SBANDW) S1AQ08330
CALL OFFSET(DATA, IFOF) 51A08340
DO 1 I=1,LDIM 51A08350
1 DATA(1)=CONJG{DATA(I)) 51A08360
CALL FFT2C{DATA,19, IWK) S1A08370
DO 2 1=1,1LDIM 51A08380
2 DATA(I)=CONJG(DATA(I))/FLOAT(LDIM) 51A08390
RETURN 51A08400

END S1A08410 .
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CHES200800200008 000N RRAASRNARRANERNER IR0 RN RNOERRCEESURRNRRTRUNERE

PJ 00010

c * PJ 00020
c THIS PROGRAM CALCULATES THE DEGRADATION OF AN * PJ 00030
c 16QAM SYSTEM * PJ 00040
g IN THE PRESENCE OF SINUSOIDAL SYSTEM CAUSED PHASE JITTER . E‘j ggggg
€ PARAMETERS: BETA = THE AMPLITUDE OF S.J. IN RADS * PJ 00070
c FM = THE FREQUENCY OF THE S.J. IN HZ * PJ 00080
c FB = THE BIT RATE IN BITS/SEC * PJ 00090
c NSNR = EB/NO IN DB * PJ 00100
CQ..tttott‘t..O“.tt‘!ttc.tt‘tt.l.ttttt“ttltt.t.t‘#.t“‘tltl!!..tttta pJ 00110
DIMENSION THETA(10000 ), PE{10000 ), PROB(50) PJ 00120
DIMENSION PEA(10000 ), PEB{1000C ), PEC(10000 ), FED{10000 ) PJ 00130
DIMENSION PEPAM(50), PEQAM(S50) PJ 00140
DIMENSION XARRAY(%0), YARRAT{50) PJ 00150

NSNR = 23 PJ 00180

BETA = 0.000 PJ 00170

FM = 120.0 PJ 00180

FB = 200000.0 PJ 00180

c PJ 00200
c PJ 00210
c PJ 00220
NRUNS = 1 PJ 00230

c PJ 00240
c PJ 00250
¢ CALCULATION OF THE THEORETICAL SYMBOL ERROR PROBASILITY FOR PJ 002680
c A-QAM PJ 00270
c WITH € BITS/SYMBOL PJ 00280
c PJ 00290
c PJ 00300
c INITIALIZATION PJ 00310
A =18, PJ 00320
Cma4. PJ 00330

c PJ 00340
c START THE CALCULATIONS PJ 00350
c PJ 00380
DO 124 I= t , NSNR PJ 00570
BB=10**(FLOAT(1)/10.) PJ 00380

Al = SORT (A) PJ 00390

B = SGRT (3.*C* EB / (2.%(A-1.))) PJ 00400

IF (B.GT.12.) B=i2, PJ 00410
PEPAM (1) =(1.-(1./A1))*ERFC (B) PJ 00420

IF (PEPAM(I) .LT.1.E-35) PEPAM 1;-0.0 PJ 00430
PEQAM (1) = 2,*PEPAM(1)~(PEPAM(I)**2) PJ 00440

124 CONTINUE PJ 00450
WRITE (6,121) A PJ 00460

121 FORWMAT (10X, ’THEORETICAL STMBOL ERROR PROBABILITY OF’,F6.0,2X, PJ 00470
$7QAM’) PJ 00480
WRITE (6,125) C PJ 00490

125 FORMAT (1X,'WITH THEORETICAL EFFICIENCY OF',F5.0,2X, 'BITS/S/HZ’//)PJ 00500
WRITE (6,122) pPJ 00510

122 FORMAT(17X, 'EB/NO*, 10X, *THEORETICAL PROB. OF SYMBOL ERROR') PJ 00520
WRITE (6,123) (I, PEQAM(1), I=t ,NSNR) PJ 00530

123 FORMAT (15X, IS ,18X,E13.8) PJ 00540
WRITE(S,56) PJ 00550

58 FQMT(*]X".ttll.....“.ttttt.'///) PJ 00560

c PJ 00570
c PJ 00580
c PJ 00590
MALL = IFIX(FB/FM) PJ 00600

c PJ 00810
DO 100 NR = 1, NRUNS PJ 00620
WRITE(G,12) FM, FB PJ 00630

12 FORMAT(1X,'SIN. PHASE JITTER FREQ.=’,F6.2,1X,*HZ’,3X, 'BIT RATE=', PJ 00640
&E10.4,1X, 'BIT/SEC’ /) PJ 00850

c PJ 00660
c DO 10C NR= 1, NRUNS PJ 00670
c PEAK-TO-PEAK PHASE JITTER OP (IN DEGREES) PJ 00680
DP = 2%BETA*(360./(2.%3.14159)) PJ 00690
WRITE(6,44) BETA, DP PJ 00700

44 FORMAT(1X,’BETA=’,F10.3, 1X, "RADS’ ,4X, 'EQUIV. PEAXK-TO-PEAK PHASE PJ 00710
&JITTER=', F10.4,1X,'IN DEGREES'///) PJ 00720

PAGE 00001
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31

a7
30

O 000 0O O

cti
cc
200

PJ FORTRAN *  UNIV D'/OF OTTAWA CMS

DO 20 K = 1, NSNR
VARIAN = 10.**( 0,14FLOAT(K))

SIGMA = SORT(VARIAN)

TOT = 0.0

WRITE(6,31) SIGMA

FORMAT{1X, *SIGMA=* ,E10.5)

0O 21 [ = 1, MALL

THETA(I) = BETA®COS(2.*3.14159%FM*I*(1./FB))
WRITE(6,87) I, THETA(I)

FORMAT(1X, *1=*,15,3X, ' THETA(1)=" ,E14.6)
WRITE (6,30) SIGMA

FORMAT(1X, *SIGMA=" ,E10.5)

GG = SIGMA/SQRT(39./16.)
g:; 3.‘$COS£THETA£I; - SINETHETAEI;;; - 2.

FF1 = GG*DA1

FF2 = GG*DA2

IF 5FF1 GT. 12.; FFi=m12,
IF (FF2 .GT. 12.) FF2=12,
PEA1 = 0.5 * ERFC( FF1 ;
PEA2 = 0.5 * ERFC( FF2

PEA(I) = PEA1 + PEA2

IF (PEA(I) .LT. 1.E~3%5) PEA(1)=0.0
PEA(1) = PEAt + PEA2 — PEA1*PEA2
WRITE(S,200) PEA(I)

FORMAT(1X, *HI 1°,11X, "PEA(I)m* ,E14.5)

3.*(COS(THETA(I)) + SIN(THETA(1 - 2.

ctt

DBt = SORT&lO.; . 50.95'005 THETASI;; = 0.31*SIN(THETA
+ 0.95*SIN(THETA

DB2 = SQRT(10.
DB3 = 2, -~ DB1

FF3 = GG*DB1
FF4 = GG*DB2
FF5 = GG*DB3
1F gFF3 .GT. 12.; FF3=12,

0.31*COS(THETA(I

IF (FF4 .GT. 12.) FF4=12,
IF (FF5 .GT. 12.) FF5=12,
PEB1 = 0.5 * ERFC( FF3
PEB2 = 0.5 * ERFC( FF4
PEB3 = 0.5 * ERFC( FF5

PEB(1) = PEB1+PEB2+PEB3
éia PEB(1) .LT. 1.E-3S) PEB(I)=0.0

Cll % +PEB1*PEB2*PEB3

cc
201
c

WRITE(6,201) PEB(I)
FORMAT {1X, *HI 2’ ,8X,'PEB(1)=" ,E14.5)

I) = PEB14PEB2+PEB3 - PEB1*PEB2-PEB1*PEB3-PEB2*FPER3

cc
203

cc
204

DCt1 = SQRTS10.§ . EO.SZ‘COSETHETA&I;; - 0.95*SIN
+ 0.32+C0S

DC2 = SQRT * (0.35*COS
DC3 = 2, -
WRITE(6,203) DC1, DC2, DC3

FORMAT (1X, 'HI 3',2X,'DC1,DC2,DC3’ ,3E15.5)

FF8 = GG*DCH
FF7 = GG*DC2
FF8 = GG*DC3
1F gFFS -GT. 12.E FFEm12,

10. THETA(I
DC1

IF (FF7 .GT. 12.) FF=12,

IF (FF8 .GT. 12.) FFBm=12,

PEC1 = 0.5 *ERFC( FFS§

PEC2 = 0.5 * ERFC( FF7

PEC3 = 0.5 * ERFC{ FF8

WRITE(6,204) PEC1, PEC2, PEC3

FORMAT(1X, "I 4’,2X, *PEC1,PEC2,PEC3*,3E15.5)

00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
Q860
00870
Q0880
00890
00800
00810
00920
00930
00940
00950
00860
00370
00980
00990
01000
01010
01020
01030
01040
01050
01060
01070
01080
010590
01100
01110
01120
01130
01140
01150
01160
01170
01180
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
Q01380
01390
01400
01410
01420
01430
01440
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1) = PEC14+PEC2+PEC3

PEC
IF ZPEC(I) .LT. 1.E-35) PEC(I)=0.0
C!t  PEC(I) = PECI+PEC2+PEC3 ~ PEC1*PEC2~PEC1®PEC3-PEC2*PECS

gél x +PEC1*PEC2*PEC3

WRITE(S,202)
¢

PEC(I)
202 FORMAT{1X, *HI %°,14X, PEC(I)=’,E15.5)

0Dl = COSéTHETA

1)) ~ SIN
DD2 = COS(THETA(I)) + SIN
D03 1

=2, - 0D
DD4 = 2, - DD2

FF9 = GG*DD1
FF10= GG*DD2
FF11= GG*DD3
FF12= GG*DD4
IF (FF® .GT.
IF (FF10.GT,
IF (FF11.GT.
IF (FF12.GT.

PEDt = 0.5 »
PED2 = 0.5 *
PED3 = 0.5 *
PED4 = 0.5 =

Q

PED(I) = PED1+PED2+PED3+PED4

IF (PED(1) .LT. 1.E-35) PED(I)=0.0

PED(I) = PED1+PED2+PEDI+PED4
¥ -PED1*PED2~PED1*PED3-PED2*PED3-PED1*PED4-PED2*PED4--PED3I*PED4
&  +PED1*PED2*PED3+PED1*PED2*PED4+PED 1 *PED3 *PED4+PED2*PED3I*PED4S
& ~PED1*PED2*PED3*PED4

8 ooaOoO0O00

12.
12,
12.
12.

ERFC
ERFC
ERFC
ERFC

FFO=12.

FF1Q0m12,
FF11m12,
FF12=12,

FF9

FF10
FF11
FF12

TOTAL SYMBOL ERROR PROBABILITY PE
FOR THE PARTICULAR PHASE ERROR

PE(1) = PEA(I)+PEB 1;+P£c(1)4pzo(1)
WRITE(6,77) 1, PEA(I

&£9.3,3X, ‘PED=" ,E9.3)

c

I

, PEB(1), PEC(I), PED(I)
77 FORMAT(1X, I=’,14,3X, 'PEA(I)=",ES.3,3X, *'PEB=",£9.3,3X, 'PEC=’,

21 CONTINUE
T = 0.0

DO 1 MM=1, MALL

PPP = PE(MM)

1 7T =TT + PPP
TOT = TT/FLOAT(4*MALL)
XARRAY(K) = FLOAT(K)
YARRAY(K) = TOT

WRITE (6,2) XARRAY(K), YARRAY(K)
2 FORMAT(1X, 'EB/NO=’,F6,2,3X, 'SYMBOL ERROR PROB.=*,E18.9)

20 CONTINUE

CALL DRAWEB{XARRAY,YARRAY ,NSNR,NR,NRUNS)
BETA = BETA + 0.10

CCC FM = FM + 120

100 CONTINUE
STOP

Crosstsssssss s ettt es s it sttt it s s N e s O NS s oo e Rs e e ea st no o nee

c THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
c P(E) AS LOW AS 1.0E-B AND AN EB/NO RATIO AS HIGH AS 16 DB.
L e e T T T T T L LT T I
SUBROUTINE DRAWEB(XARRAY , YARRAY ,NSNR, JCURY, JLAST)
DIMENSION XARRAY( 1),YARRAY(

M=NSNR
DO 1 K=1,NSNR

IF (YARRAY () .LE.1.0E-8) GOTO 3

GOTO 1
3 M-t
GOTO 4

.

01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01530
01560
01570
01380
01390
01600
01810
01820
01830
01640
01850
01880
016870
01680
01690
01700
01710
01720
01730
01740
01750
01780
01770
01780
01730
01800
01810
01820
01830
01840
01850
01860
01870
01880
01890
01500
01910
01920
01830
01940
01950
01960
01870
Q01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02080
02100
02110
02120
02130
02140
02150
02180
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1 CONTINUE
4 CONTINUE
Tt
11lm[+1
XARRAY (1)=0.0

Qoo o000 o0 O0o0

oon

2

XARRAY(11)=1.0

YARRAY (1)=1.E~8
YARRAY(11)=0. 4
IF(JCURV.GT.1) GOTO 2
ESTABLISH THE SURFACE AREA.

CALL PLOTS(31.0,27.5)
CALL FACTOR(.85)

ESTABLISH THE ORIGIN.
CALL PLOT(2.0,1.5,-3)
CALL SYMBOL(S.,23.,0.35,
k45H16—QAM IN THE PRESENCE OF SINUSOIDAL PHASE JITTER,O.,49)

DRAW THE LOGARITHMIC Y-AXIS,

CALL LGAXS(0.0,0.0,27HPROBABILITY OF SYMBOL ERROR,27,20.5,
+90.,1.0E-8, .4)

DRAW THE LINEAR X-AXIS.

CALL AX15(0.0,0.0,11HEB/NO IN dB,-11,
420.0,9.0,0.0,1.0)
CONT [NUE

PLOT THE DATA IN LOG-LINEAR MODE.

CALL LGLIN(XARRAY,YARRAY ,M,1,2,JCURV,1)
IF (JCURY.EQ.JLAST) CALL PLOT(0.0,0.0,999)
RETURN

END

02170
02180
02190
02200
02210
02220
02230
02240
02250
02280
02270
02280
02290
02300
02310
02320
02330
02340
02350
Q2380
02370
02380
02390
02400
02410
02420
02430
02440
02450
02480
02470
02480
02490
02500
02510
02520
02530
02540
02550
02560
02570
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LT T T T T r P T T T D T pumapes
THIS PROGRAM CALCULATES THE DEGRADATION OF AN
$SQAM SYSTEM
IN THE PRESENCE OF SINUSOIDAL SYSTEM CAUSED PHASE JITTER

-
[ ]
.
THREE FREQUENCIES ARE USED ( 40, J1, (-1} ) .
WITH CONSTANT GROUP DELAYS OF TAUPLS, TAUMIN. .
.
E ]
]

ADDITIONALLY AMPLITUDE IMPERFECTIONS OF ERRPLS, ERRMIN ARE USED.
PARAMETERS: BETA = THE AMPLITUDE OF S.J. IN RADS
FM = THE FREQUENCY OF THE S.J. IN HZ
FB = THE BIT RATE IN BITS/SEC
NSNR = EB/NO IN DB
DELAY "DISTORTIONS™:

sTAUPLS/FB;- TPLS = THE CONST. GROUP DELAY (+
TAUMIN/FB)= TMIN = THE CONST. GROUP DELAY i ;

AMPLITUDE DISTORTIONS:

ERRMIN = FLUCTUATIONS OF AMPLITUDE OF FBFF
NOTICE THAT BOTH ERRPLS, ERRMIN SHOULD BE > THAN 0.0t!!]

PHASE DISTORTIONS:

ERRPLS = FILUCTUATIONS OF AMPLITUDE OfF PBPF§+g

DPIPLS = PHASE DISTORTION OF PBPF(+) AT F1
IN RADS)

DP2PLS = PHASE DISTORTION OF PBPF(+) AT F(~1)
IN RADS)

DPIMIN = PHASE DISTORTION OF PBPF(-) AT F1
(IN RADS)

DP2MIN = PHASE DISTORTION OF PBPF(~) AT F(=1)
IN RADS)

U‘.‘l‘llt‘t.t.tttt'.“.‘...-..‘...“‘O""l.‘.-ttttltl'.!i."l‘.t‘tt
PARAMETER (NPm10000,NS=50)
DIMENSION THETA(NP), PE(NP), SPJ(NP), SPUPLS(NP), SPUMIN(NP)
DIMENSION PEA(NP), PEB(NP), PEC(NP), PED(NP)
DIMENSION PEPAM(NS), PEGAM(NS)
DIMENSION XARRAY(NS), YARRAY(NS)
NSNR = 23
FM = 120.0
FB = 200000.0
NRUNS = 1

0000000000000 00000000000000000Q000

INITIALIZATION OF GROUP DELAY PARAMETERS:

TAUPLS = 000.0000
TAUMIN = 000.0000

INITIALIZATION OF AMPLITUDE FLUCTUATION PARAMETERS:

ERRPLS= 0.00000
ERRMIN= 0,00000

o000

QOO0 OO0

WRITE(E,12) FM, FB
12 FORMAT(1X,’SIN, PHASE JITTER FREQ.~’,F6.2,1X, 'HZ’.3X, 'BIT RATE='
&E10.4,1X, *BIT/SEC'/)

0oaon

TPLS = TAUPLS/FB
TMIN = TAUMIN/FB
WRITE(8,13) TPLS, TMIN
13 FORMAT(1X, 'TPLS=',E 9.4,2X,"'IN SEC’,5X, *TMIN=’ E12.5,
&2X,'IN SEC'/)

WRITE (6,14) ERRPLS, ERRMIN
14 FORMAT(1X, 'ERRPLS=',E12.6,3X, "ERRMIN=" .E12.5/)

*

PJ400010
PJ400020
PJ400030
PJ400040
FJ400030
PJ400080
PJ400070
PJ400080
PJ400080
PJ400100
PJ400110
PJ400120
PJ400130
PJ400140
PJ400130
PJ400180
PJ400170
PJ400180
PJ400190
PJ400200
PJ400210
PJ400220
PJ400230
PJ400240
PJ400250
PJ400280
PJ4400270
P.J400280
PJ400290
PJ400300
PJ400310
PJ400320
PJ400330
PJ400340
PJ400350
PJ400380
PJ400370
PJ400380
PJ400390
PJ400400
PJ400410
PJ400420
PJ400430
PJ400440
PJ400450
PJ400480
PJ400470
P.J400480
PJ400430
PJ4003500
PJ400510
PJ400520
PJ400530
PJ400540
PJ400550
PJ400560
PJ400570
PJ400580
PJ400590
PJ400600
PJ400810
PJ400620
PJ400630
PJ400640
PJ400650
PJ400660
PJ400670
PJ400680
PJ400680
PJ400700
PJ400710
PJ400720
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c PJ400730

C  CALCULATION OF THE THEORETICAL SYMBOL ERROR PROBABILITY FOR PJ400740

c A=QAM . PJ4007S0

C W™ C BITS/SYMBOL PJ400760

c PJ400770

c PJ400780

c INITIALIZATION PJ400790

c PJ400800

A =16. PJ400810

C=4. PJ400820

¢ PJ400830

c START THE CALCULATIONS PJ400B40

c PJ400B50

DO 124 I=1,NSNR PJ400860

BB =10%**(FLOAT(1)/10.) PJ400870

AA1 = SORT (A) PJ400B80

8 = SORT (3.°C* BB ] (2.%(A=1.))) PJ400880

IF (B.GT.12.) Bm=i12. PJ400900

PEPAM (1) -(1.-{1./AA1);‘ERFC B PJ400910

IF (PEPAM(I) .LT.1.E-35) PEPAM(I1)m0.0 PJ400920

PEGAM (1) = 2.°PEPAM(1)=(PEPAM(1)**2) PJ400930

124 CONT INUE PJ400940
WRITE (8,121) A PJ400950 -

121 FORMAT (10X, THEORETICAL SYMBOL ERROR PROBABILITY OF’,F6.0,2X,  PJ400960

$°QAM") PJ400970

WRITE (6,125) C PJ400980

125 FORMAT (1X,'WITH THEORETICAL EFFICIENCY 0F'.F5.D,2X.'BITS/S/HZ'//);::%?QSO

WRITE (8,122) 000

122 FORMAT(17X, 'EB/NG’,10X, ' THEORETICAL PROB. OF SYMBOL ERROR’) PJ401010
WRITE (6,123) (I, PEGAM(I), Is1,NSNR) PJ401020

123 FORMAT (13X, IS ,18X,E13.8) PJ401030
WRITE(S,56) PJ401040

56 FOMT(‘lX."“""“”"“““'///) PJ401050

C PJ401060
c PJ401070
C INITIALIZATION OF PHASE DISTORTION PARAMETERS PJ40108Q
c PJ401090
DP1PLS = 4.00000 . PJ401100

DP2PLS = 4.00000 PJ401110

DPIMIN = 4.00000 PJ401120

DP2MIN = 4,00000 PJ401130

c PJ401140
c PJ401150
DO $99 MMMM=1, 10 PJ401160

c PJ401170
WRITE(S,155) DP1PLS, DP2PLS, DP1MIN, OP2MIN PJ401180

155 FORMAT(1X, OP1PLS=",E10.4,1X, 'DP2PLS=",E10.4,1X, 'DP1MIN=", PJ401190
&E10.4,1X, 'DP2MIN=" ,E10.4,4X, "ALL IN RADS' ////} PJ401200

c PJ401210
C PJ401220
c PJ401230
DO 100 NR= 1, NRUNS PJ401240

GO TO (1, 2, 3, 4, 5, 6,7, 8) NR PJ401250

1 RJO = (.997501562000 PJ401260
RJ1 = 0.048937526D0 PJ401270

RJ2 = 0.0012489587D0 PJ401280

BETA = 0.1 PJ401290

GO TO 99 PJ401300

c PJ401310
2 RJO = 0.990024972200 PJ401320
RJ1 = 0.0995008326D0 PJ401330

RJ2 = (.004983354200 PJ401340

BETA = 0.2 PJ401350

GO To 99 PJ401360

c PJ401370
3 RJO = 0.9776262483D0 PJ401380
RJ1 = 0.148318816300 PJ401390

RJ2 = 0.0111858619D0 PJ401400

BETA = 0.3 PJ401410

GO 1O 99 PJ401420

c PJ401430

4 RJO = 0.9503982266D0 PJ401440
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o000

99

RJ1 = 0.1960265780D0
RJ2 = 0.0197348631D0
BETA = Q.4

GO TO 99

RJO = 0.938459807200
RI1 = 0.242268457700
RJ2 = 0,0306040235D0
BETA = 0.5

GO TO 99

RJO = 0.9120048634D0
RJ1 = 0,2867009881D0
RJ2 = Q,0438850967D0
BETA = 0.8

GO TO 99

RJO = 0.8812008886D00
RJ1 = 0,328995741500
RJ2 = ,0587869444D0
BETA = 0.7

GO TO 99

RJQ = 0.8462873527D0
RJ1 = 0.3688420481D0
RJ2 = 0.075817762500
BETA = Q.8

CONTINVE

AAA = RJO

8BB = RJ1

CCC = RJ2

WRITE (6,19) AAA, BBB, CCC, BETA

15 FORMAT ("JO=", E14. 8, 2! dim ,E14.8,2X,7J2=" E14,8,2%, "BETA=",

&€ 9.4/)

00 0000

L]

o000

44

k)|

MALL = IFIX(FB/FM)
PEAK~TO-PEAK PHASE JITTER DP (IN DEGREES)

DP = 2*BETA*(350./(2.%3.14159))

WRITE(6,44) BETA, DP

FORMAT(1X, “BETA=",F 5.2,1X, "RADS",3X, 'EQUIV. PEAK-TO-PEAK PHASE
&JITTER=', F 8.4,1X,'IN DEGREES’/ )

DO 20 K = 1, NSNR

VARIAN = 10.*%( 0.1FLOAT(K))
SIGMA = SGRT (VARIAN)

70T = 0.0

WRITE(S,31) TIGMA

FORMAT (1X, 'STGMAw’ ,E10,5)

DO 21 I = 1, MALL

HERE WE DEFINE THE PHASE FUNCTION DENOTED AS
THETA(I), WHICH IS EQUIVALENT TO GAMMA(T) OF THE THEORY

SPJ (l) = BETA®COS(2.*3. 14159*FM*1*(1./F
SPJPLSE ; = BETA * COSEZ +%3.14159°F* FLOAT 1)-TAUPLS)*(1./FB
SPJMIN(I) = BETA * COS(2.%3.14159*FM* (FLOAT(I)~-TAUMIN)*(1./FB

PP = 2.*3,14159%FM*FLOAT(1) /FB
D1 = 2.3, 14159*FM*TAUPLS/FB + DFIPLS
D2 = 2.%3,14159*FM*TAUPLS/FB + DP2PLS

E1 = 2,3, 14159°FM*TAUMIN/FB + DPIMIN
E2 = 2,%3, 14159*FM*TAUIN/FB + DP2MIN

PJ401430
PJ401480
PJ401470
PJ401480
PJ401490
PJ401500
PJ401510
PJ401520
PJ401530
PJ401540
PJ401550
PJ401360
PJ401570
PJ4C1580
PJ401390
PJ401800
PJ401610
PJ401620
PJ401830
PJ401640
PJ401630
PJ401680
PJ401870
PJ461630
PJ401680
PJ401700
PJ401710
PJ401720
PJ401730
PJ401740
PJ401750
PJ4017680
PJ401770
PJ401780
PJ401790
PJ401800
PJ401810
PJ401820
PJ401830
PJ401840
PJ4018350
PJ401860
PJ401870
PJ401380
PJ401890
PJ401900
PJ401910
PJ401920
PJ401930
PJ401940
PJ401950
PJ401960
PJ401970
PJ401980
PJ401990
PJ402000
PJ402010
PJ402020
PJ402030
PJ402040
PJ4020%0
PJ402080
PJ402070
PJ402080
PJ402090
PJ402100
PJ402110
PJ402120
PJ402130
PJ402140
PJ402150
PJ402160
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G1 = RJO + RJ1*(ERRPLS*SIN{PP=02} + 2.%COS(PP-(D1+D2)/2.)* PJ402170
& SIN({D1-D2}/2.) ) PJ402180
H1 = RJ1 *(ERRPLS*COS(PP-D2) + 2.°*COS(PP=(D1+D2)/2.)* PJ402190
P cos((p1-D2)/2.) ) PJ402200
¢ PJ402210
G2 = RJO +RJ1*(ERRMIN®SIN(PP-E2) + 2.*COS(PP-(E1+E2)/2.)* FJ402220
X SIN((E1-£2)/2.) ) PJ402230
H2 = RJ1 *(ERRMIN®COS(PP-E2) + 2.*COS(PP~(E14£2)/2.)* PJ402240
& CcOs((E1-E2)/2.) ) PJ402250
c PJ402260
c PJ402270
c WRITE (8,18) PP, Di, D2, E1, E2 PJ402280
18 FORMAT('PP=",E9.3,1X, 'D1="',E9.3,1X, 'D2="',E9.3,1X,'E1=" ,E9.3, PJ402290
&‘E2w’ E9.3) PJ402300
c WRITE (6,119)G1, Ht, G2, H2 PJ402310
119 FORMAT('Gim’ ,E11.4,1X, 'Hi=’ ,[E11.4,1X, "G2="’ ,E11.4,1X, 'H2=’ ,E11.4) PJ402320
THETA(I) = SPJ(I) — 0.5%ATAN((G1*H24H1*G2) / (G1*G2-H1*H2)) PJ402330
CC  WRITE (8,120) I, THETA(1) PJ402340
120 FORMAT('I=’,15,3X, "THETA(1)=", E11.4) PJ402350
C+H+"H+++++H4+H4+HH4+H++H+++H+#H+++++H++FH+FH+FH4++++++ PJ402360
CC A1 = RJO + RJ1*ERRPLS*SIN(2.°3,14159%FM* (FLOAT(1)-TAUPLS)/FB) PJ402370
CC Bt = RJ1 *(ERRPLS+2.) * SPJPLS(I) PJ402380
c PJ402390
CC A2 = RJO + RJI*ERRMIN*SIN(2.*3.14153%FM* (FLOAT (I1)=-TAUMIN) /FB) PJ402400
cc B2 = RJ1 * (ERRMIN 42.) * SPUMIN(I) PJ402410
¢ PJ402420
cc THETA(1) = SPJ(I) = O.5*ATAN{(A1°B2+B1*A2)/(A1*°A2-B1*B2)) PJ402430
c PJ402440
CCC  WRITE(6,87) I, THETA(I) PJ402450
87 FORMAT(1X,'Im’,I5,3X, ‘THETA(I)=",E14.6) PJ402450
c WRITE (6,30) SIGMA PJ402470
30 FORMAT(1X,'SIGMA=',E10.5%) PJ402480
c PJ402480
c PJ402500
c PJ402510
GG = SIGMA/SQORT(39./16.) PJ402520
c PJ402530
DAl = 3'.ECOSETHETAEIB - smimsmsrm - 2. PJ402540
DA2 = 3.+(COS(THETA(1)) + SIN{THETA(I - 2. PJ402550
c PJ402560
FF1 = GG*DA{ PJ402570
FF2 = GG*DA2 PJ402580
IF fFﬁ .GT. 12.; FFimi2. PJ402590
IF (FF2 ,GT. 12.) FF2=12. PJ402600
PEA1 = 0,% * ERFC( FF1 PJ402610
PEA2 = 0.5 * ERFC({ FF2 PJ402620
c FJ402630
PEA{I; = PEA1 + PEA2 PJ402640

Cll  PEA(I) = PEA1 + PEA2 — PEA1*PEA2 PJ402850 ’
c PJ402660
DB1 = sonriw.; » o.ss-cosimsm I ; - 0.31‘SIN§THETAEIB; - 2. PJ402670
D82 = SQRT(10.) * (0.31*COS{THETA(I}) + 0.9%*SIN(THETA(1 PJ402680
DB3 = 2, - DB1 PJ402680
c PJ402700
FF3 = GG*DB1 PJ402710
FF4 = GG*0DB2 PJ402720
FFS = GG*DB3 PJ402730
IF (FF3 .GT. 12.) FF3=12. PJ402740
IF (FF4 ,GT. 12.) FF4m12. PJ402750
IF (FF5 .GT. 12.) FF5=12. PJ402760
PEB1 = 0.5 * ERFC( FF3 PJ402770
PEB2 = 0.5 * ERFC{ FF4 PJ402780
PEB3 = 0.5 * ERFC{ FFS PJ402790
c PJ402800
PEBEI; = PEB1+PEDZ+PEBR3 PJ402810
C!l  PEB(I) = PEB1+PEB2+PEB3 - PEB1*PEB2-PEB1*PEB3-PEB2*PERS PJ402820
c!l & +PEB1*PEB2*PEB3 PJ402830
c PJ402840
OC1 = som'iw.; . Eo.sz*cosimenilg} - O.BS'SIN{THETA I;;; PJ4028%50
DC2 = SOERT(10.) * (0.95*COS{THETA(1}) + 0.32*COS(THETA(l - 2. PJ402860
DC3 = 2. - DCY PJ402870

c PJ402880
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PEC
&

FORTRAN * UNIV D'/OF OTTAWA CMS
FF8 = GG*DC1
FF7 = GG*DC2
FFB = GG*DC3
IF (FF8 .GT. 12.) FF&=12.
IF (FF7 .GT. 12.) FF7=12,
IF (FF8 .GT. 12,) FFBwm12,

PEC1 = 0.5 *ERFC( FFS )

PEC2 = 0.5 * ERFC
PEC3 = 0.5 * ERFC

PECEI; = PEC1+PEC2+PECS
= PEC1+PEC2+PEC3 - PEC1*PEC2~PECT*PEC3-PEC2*FEC3
+PEC1*PEC2*PEC3

1

FF7 g
FF8

c

ctl

Cit
Cl!}

4
k

DDt = COSSTHETA 1
THETA(I

DD2 = COS

DD3 = 2, - DD1
D04 = 2. - DD2

FF9 = GG*DD1
FF10m GG*DD2
FF11= GG*DD3
FF12= GG*DD4
IF (FF9 .GT.
IF {(FF10 .GT.
IF {(FF11 .GT.
IF (FF12 .GT.

PEDt = 0.5 * ERFC
PED2 = 0.5 * ERFC
PED3 = 0.5 * ERFC
PED4 = 0.5 » ERFC

12

33 3 SINCHETALL)S

FF9=12,
FF10m12,
FF11m12,
FF12=12,
FF9
FF10
FF11
FFi2

PEDSI; = PED14PED24+PEDIHPED4
PED(I) = PED1+PED2+PED3+PED4

~PED1 *PED2—PED1 *PED3—PED2*PEDI-PED 1 *PED4=PED2*PED4-PED3*FED4
+PED1 *PED2*PED3+PED 1 *PED2*PED4+PED 1 *PED3*PED4+PED2*PED3*FED4

gl! & ~PED1*PED2*PED3*PED4

TOTAL SYMBOL ERROR PROBABILITY PE
FOR THE PARTICULAR PHASE ERROR ]

c
c

C

PE(1) = PEA(1)4PEB
CCC  WRITE(S,77) 1, PEA
77 FORMAT(1X, " I=*,14,3X, 'PEA(I)=",£9.3,3X, 'PEB=" ,E9.3,3X, "PEC=",

EI +PEC(1)+PED(1)
1), PEB(I), PEC(I), PED(I)

&£9.3,3X, 'PED=" ,E9.3)

o0

c

21

23

25
20

100

939

CONTINVE
T = 0.0

DO 23 MM=1, MALL

PPP = PE(MM)

TT =TT + PPP
TOT = TTiFLOAT(4‘MALL)

XARRAY (K
YARRAY (X

= FLOAT(K)
= TOT

WRITE (6,25)XARRAY(K), YARRAY(K)

FORMAT(1X, *EB/NO=" ,F§.2,3X, 'SYMBOL ERROR PROB.=',E14.5)

CONTINUE

CALL DRAWEB(XARRAY , YARRAY ,NSNR,NR,NRUNS)

CONTINUE

DP1PLS = DP1PLS + 0.50
DP2PLS = DP2PLS + 0.%0
DPi1MIN = DP1MIN + 0.50
DP2MIN = DP2MIN + 0.50

CONTINUE
STOP

CrROSERRNIIN NSRS O e NP RSSO RS S 0SSR NSRRI RNt inat st ng

c
c

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P(E) AS LOW AS 1.0E-B AND AN EB/NO RATIO AS HIGH AS 16 DB.

Creassas eS8 830040 R0 NSRS RERARRAR NN RS A NSNS R NSNS RN SISO RRNNS

PJ402890
PJ402900
PJ402910
PJ402920
PJ402830
PJ402940
PJ4029%50
PJ402960
PJ402970
PJ402980
PJ402980
PJ403000
PJ403010
PJ403020
PJ403030
PJ403040
PJ403050
PJ403060
PJ403070
PJ403080
PJ4Q3080
PJ403100
PJ403110
PJ403120
PJ403130
PJ403140
PJ403130
PJ403180
PJ403170
PJ403180
PJ403180
PJ403200
PJ403210
PJ403220
PJ403230
PJ403240
PJ403250
PJ403260
PJ403270
PJ403280
PJ403230
PJ403300
PJ403310
PJ403320
PJ403330
PJ403340
PJ403350
PJ403360
PJ403370
PJ403380
PJ403390
PJ403400
PJ403410
PJ403420
PJ403430
PJ403440
PJ403430
PJ403460
PJ403470
PJ403480
PJ403430
PJ403500
PJ403510
PJ403520
PJ403530
PJ403540
PJ403550
PJ403580
PJ403570
PJ403580
PJ403590
PJ403600
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o000 O000 ooon

Qoo aagonon

oon

2

SUBROUTINE DRAWEB ( XARRAY , YARRAY ,NSNR, JCURV, JLAST)
DIMENSION XARRAY( 1),YARRAY( 1)

MeNSNR

DO 1 K=1,NSNR

IF (YARRAY (K) . LE.1.0E-8) GOTO 3

GOTO 1

Mok =1
GOTO 4

CONTINUE
CONTINUE

Tmbi+1

I Tsl41

XARRAY (1)=0.0
XARRAY(11)m=1.0
YARRAY (1)=1.E-8
YARRAY(11)=0. 4
IF{JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(31.0,27.5)
CALL FACTOR(.7)

ESTABLISH THE ORIGIN.
CALL PLOT(2.0,1.5,-3)

CALL srmeol(s.,23.,0.35,

&49H16~QAM IN THE PRESENCE OF SINUSOIDAL PHASE JITTER,O.,49)

DRAW THE LOGARITHMIC Y-AXIS.

CALL LGAXS(0.0,0.0,27HPROBABILITY OF SYMBOL ERROR,27,20.5,

+90.,1.0E-8, .4)
DRAW THE LINEAR X-AXIS.

CALL AX1S(0.0,0.0,11HEB/NO IN dB,-1%,
+20.0,0.0,0.0,1.0)
CONTINUE

PLOT THE DATA IN LOG-LINEAR MODE.

CALL LGLIN(XARRAY,TARRAY ,M,1,2,JCURV,1)
IF (JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,999)
RETURN

END

PJ403610
PJ4036820
PJ403630
PJ403640
PJ403650
PJ403660
PJ403670
PJ403630
PJ403650
PJ403700
PJ403710
PJ403720
PJ403730
PJ403740
PJ403750
PJ403760
PJ4Q3770
PJ403780
PJ403730
PJ403800
PJ403810
PJ403820
PJ403830
PJ403840
PJ403850
PJ40Q3880
PJ403870
PJ403880
PJ403830
PJ403500
FJ403910
P.J403920
PJ4Q3930
PJ403940
PJ403950
PJ403960
PJ403970
PJ403980
PJ403950
PJ 404000
PJ404010
PJ404020
PJ404030
PJ404040
PJ404030
PJ404060
PJ404070
PJ404080
PJ404090
PJ404100
PJ404110
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og LR LI T RIS LES RIS LIS LR IR IR ITII ISR Y

ct
Cs .
Ce

CI

FILE NAME: P11

c*
ce
Ce
C*
C*

CHESFENANARRNNNREN S RIS AR RAORAE IR SRR NAAR RN AR R RN DAL EDERAAINNEASI R A RER

Qo000

000

6686
667
669

o000

33

o000

[sNeXe]

99
c
c

THIS PROGRAM EVALUATES THE PERFORMANCE OF
16—QAM SYSTEM
WHICH EMPLOYS AN IN-BAND PILOT INSERTION SCHEME

COMPLEX oATAEsssss). TF(65536), TONE(65536)
DIMENSION NI{4096), NQ(4096)

INTEGER IR(4096

DIMENSION PE(36), PO(32768), OUTPOW(32768)
DIMENSION XARRAY(36), YARRAY(36)

DIMENSION OUT1{513),EBNO(36)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYM8,BAUD

INITIALIZE PROGRAM

ALPHA =1.0

NSYMB = 2048

LSAMPL = 18

LDIM = LSAMPL*NSYMB
BAUD = 15,

FBW = BAUD /2.

IOFF =« 0

SIMBW =BAUD*FLOAT (LSAMPL)
NSNR = 32

ISIN = 1

NRUNS= 1

END OF INITIALIZATIONS

WRITE (6,6866) ALFHA

FORMAT (10X, *ALPHA=’, F8.4//)

WRITE (6,667) NSYMB, LSAMPL, BAUD

FORMAT (1X, 'NSYMB=",18,3X, *LSAMPL=" 13, 3X, "BAUD=" ,F8.3///)
WRITE 26.659) SIMEW

FORMAT(1X, 'THE SIMULATION BANDWIDTH IS = *,F9.3///)

START OF COMPUTATIONS

DO 100 NRw1,NRUNS
DSEED=135791.D0

CALL RAND (NI, NSYMB, DSEED)
DSEED=780956 , DG

CALL RAND (NQ@, NSYMB, DSEED)
CALL SIGNAL (DATA, Ni, NQ)
CALL RCOSTX (TF)

CALL FILTER (DATA,TF)

CALL INSERT (NR,. DATA, TONE)
CALL ENERGY (DATA,EB)

END OF THE TRANSMITTER AND START OF THE RECEIVER

CALL RCOSRX(TF)

CALL HHGG (TF.PNOISE;

CALL FILTER (DATA,TF

CALL EYEQ (DATA)

CALL SYNCRO (DATA,PNOISE,NI,NQ@,MI,MQ,EB)

CALL DECODE (DATA,PNOISE,MI,MQ,NI,NQ,EBNO,PE ,EB,NR)

CALL THE DRAWNING SUBROUTINE
DO 99 I=1,NSNR

XARRAY ( 1)=EBNO(1)
YARRAY(1)=PE(I)

CALL DRAWCN (ID,XARRAY,YARRAY,NR,NRUNS)

P1100010
P1100020
P1100030
P1100040
P1100050
P11000680
P1100070
P1100080
P1100090
P1100100
P1100110
P1100120
P1100130
P1100140
P1100150
P1100160
P1100170
P1100180
P1100190
P1100200
P1100210Q
P1100220
1100230
P1100240
P11002%0
P1100260
P1100270¢
P1100280
P1100290
P1100300
P1100310
P1100320
P1100330
F1100340
P1100350
P1100380
P1100370
P1100380
P1100390
P1100400
P1100410
P1100420
P1100430
P1100440
P1100450
P1100460
P1100470
P1100480
P1100490
P1100500
P1100510
P1100520
P11Q00530
P1100540
P1100550
P1100560
P1100570
P1100580
P1100590
P1100600
P1100610
P1100620
P1100630
P1100640
P1100650
P1100680
P11Q0670
P11Q0680
P1100690
P1100700
P1100710
P1100720
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c
c
c

100

c
c
c
c
c
c
c
c
c

17
3
31

26
19

15
97

45

Q00

10

33

23

1
99

c
c
c
c
c
c

P11 FORTRAN *  UNIV D’'/OF OTTAWA CMS

CALL DRAWEB (XARRAY,TARRAY,NR,NRUNS) P1100730
CALL THE EYE DIAGRAM SUBROUTINE P1100740
P1100750

CALL EYEQ {DATA) P1100760
CONTINUE P1100770
STOP P1100780
END P1100790
CO...‘.O&...tt.l.ttttttt..'.‘ttltta"t‘s“!‘!tttt"a““tt‘.ltt!ti‘ltt P110°BO°
SUBROLTINE:  PILOT * P1100810
* P1100820

TH1S SUBROUTINE GENERATES AND INSERTS A PILOT SIGNAL *  P1100830
INTO THE 16-QAM SIGNAL *  P1100840

* P1100850

NOTE: THE FREQUENCY OF THE PILOT IS GIVEN BY: *  P1100860
(1/C) » (SYMBOL RATE) ; € IS THE VARIABLE * P1100870

* P1100880

LAY L L T N Y I P N T R R R R R I R P R R I T RV PRSI P1100890
SUBROUTINE PILOT (DATA,TONE,C,AA) P1100900
COMMON /NUMB1/ FEW,ALPHA,LDIM, 10FF , LSAMPL P1100310
COMPLEX DATA(1),TONE(1) P1100920
GO TO 97 P1100830
WRITE EB'B) P1100940
FORMAT( "HI*) P1100950
00 17 I=1,LDIM P1100960
IF {I.LT.300) WRITE (5§,8) P1100970
TONE(1)={0.0,0.0) P1100980
D=1./C P1100990
WRITE ss.s) 0,C P1101000
FORMAT(1X,"THE PILOT IS INESERTED AT *,F8.4,2X,'TIMES THE SYMSOL RP1101010
$ATE’,3X,'(OR C=',F5.2," )'//) P1101020
WRITE (6,31) AA P1101030
FORMAT (1X,’AMPLITUDE OF THE INSERTED PILOT IS =°,F7.2,3X,°ZEROC - P1101040
$ PEAK'//) P1101050
WRITE(6,26) {I,DATA(I),I=1,100) P1101060
FORMAT(1X, *I=",[7,5X, 'DATA(1)=",2E10.3) P1101070
WRITE (6,19) (I.TONE(I),I=1,100) P1101080
FORMAT(1X,’Im’ 15,5, "TONE(1) BEFORE DO-LOOPs=’',2£13.6) P1101090
WRITE(8,15) (I1,TONE(1),I=1,100) P1101100
FORMAT(1X, ' I=*,16,5X, "TONE(I)=",2£12.3) P1101110
CtmFLOAT(LSAMPL) *C P1101120
M1 = IF1X(C1) P1101130
0O 10 K=1, LDIM , M1 P1101140
WRI YT $5.45) K P1101150
FORMAT {1X, ‘K=", 18) P1101160
DO 10 I=1, M1 P1101170
P1101180

NOTICE THAT THE BEST SAMPLING INSTANT IS AT: . 5 ;1101190
1101200

Alm  AA ¢ COS(( FLOAT(I) —.5)*2.0%3.141592 / FLOAT(M1)) P1101210
MMl = K+[=1 P1101220
IF (MM1_.GT.LDIM) GO TO 33 P1101230
TONE(K+I-1) = CMPLX( A1,0.0) P1101240
DO 22 = 1,LDIM P1101250
TONE(1}=(0.0,0.0) P1101260
M2Z=2*M} P1101270
M3 = LDIM ~ 100 P1101280
Mé = LDIM P1101290
WRITE(6,23) (I,TONE(L),I= 1,100 ) P1101300
FORMAT(4X, " I=",16,5X, "TONE(I) AT PILOT SUBROUTINE =*,2E12.3) P1101310
DO 11 [ = 1, LDIM P1101320
DATA( I )=DATA(I)+TONE(I) P1101330
RETURN P1101340
END P1101350
ct“a“.'0‘.O...tattl““t‘titt“n‘itl“‘tttt‘ttttt't.lttlllittlttlttt P1101360
SUBROUTINE: RCOSTX * P1101370
* P1101380

THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION CF A * P11013%0
RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A * P1101400
X/SINX APERTURE EQUALIZER * P1101410
AR AL AL A L L L L IR L L LR E L R P Y PP P P Y LY P ST Y P11°1420
SUBROUTINE RCOSTX(TF) P1101430
COMPLEX TF(1) P1101440
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(2 Xele] aoon

oan

[od 2L LD LT EELSIT L LTI EI RIS EL RS SRR R Y I I E R P Y P Y Y EER T

c
c
c
c

CHEL2 S0 0NRUNIRRRER RN RARNR SRR NRER R R SRS REO NN RSN NRANOONRAREsRENRRN

Qo0

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SBANDW=BAUD *L SAMPL
NO=LD IM/2
NO1=NO+1

IF (ALPHA.EQ.0) ALPHA=G.0001
FN=LD IM® (FBW/SBANDY)
F1-E1.—ALPHA *FN
F2=(1.4ALPHA) *FN

IFN=IF IX{FN
IF1=IF IX({F1
IF2=IFIX{F2

THE AMPLITUDE CHARACTERISTICS

Al=3,1415926/(2.*FLOAT(IF))
DO 8 I=2, IF%
le(}):am.x(no.o.o)

#
+1

X/SIN(X) EQUALIZATION

A2=(FLIAT(J)*A1)/(SIN(FLOAT (J)*A1))
TF (1)=CMPLX (A2, 0.0)

8 CONTINUE

JK=]F1+1
DO 9§ J=JK,IF2
Imj—1

ROOT OF RAISED COSINE

A3=(FLOAT(1)*A1)/(SIN(FLOAT(1)*A1))

A=(3,1415926/(2.0°ALPHA) ) *(

TF {J)=CMPLX (SGRT(0.5*(1.0-SIN(A)}) ,0.0)
TF{J)=TF (J) *CMPLX (A3,0.0)

9 CONTINUE

JHeIF 241
DO 10 I=JH,NO1
TF(1)=CMPLX(0.0,0.0)

10 CONTINUE

NO2=NQ 141
DO 5 I=NO2,LDIM
TF{1)=CONJG(TF (LDIM+2-1))

5 CONTINVE

RETURN
END

SUBROUTINE: RCOSRX

THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A

RAISED COSINE FILTER WITH ARBITRARY ALPHA

SUBROUTINE RCOSRX(TF)

COMPLEX TF(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, [OFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SBANDW=BAUD*L SAMPL,

NO=LDIM/2
NO1=NO+1

IF (ALPHA.EQ.0) ALPHAm=G.0001%
FN=LD IM* {FEW/SBANDW)
F1-Et.-ALPHA *FN
F2=(1.+ALPHA) *FN

IFN=IFIX(FN
IF1=IFIX(F1
IF2=IFIX(F2

AMPLITUDE CHARACTERISTIC
A1=3,141592/(2. *FLOAT(IFN))

DO 8 I=2,IF1
TF (1)=CMPLX(1.0,0.0)

+1
+1

FLOAT(1) /FLOAT(IFN))=1.)

P1101450
P11014580
P1101470
P1101480
P1101450
P1101500
P1101510
P1101320
P1101530
P1101540
P1101550
P1101560
P1101570
P1101380
P11015590
P1101600
P1101810
P1101620
P11016830
P1101640
P1101830
P11018860
P1101670
P1101680
P1101690
P1101700
P1101710
P1101720
P1101730
P1101740
P1101730
P1101760
P1101770
P1101780
P1101780
P1101800
P1101810
P1101820
P1101830
P1101840
P1101850
P1101860
P1101870
P1101880
P1101890
P1101900
P1101910
P1101920
P1101930
P1101940
P1101950
P1101980
P1101970
P1101980
P1101990
P1102000
P1102010
P1102020
P1102030
P1102040
P1102050
P1102060
P1102070
P1102080
P1102090
P1102100
P1102110
P1102120
P1102130
P1102140
P1102150
P1102160
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Jml-1
TF(1)=CMPLX(1.,0.0)
8 CONTINUE
JKeIF 141
00 9 JmJK,IF2
lmJ-1

ROOT OF RAISED COSINE

A-ES .141592/(2.0%ALPHA)) * ((FLOAT(I)/FLOAT(IFN))—1 )
TF { J)=CMPLX (SQRT(0.5%(1.0~-SIN(A)}),0.0)
9 CONTINUE

JHmIF24+1

DO 10 ImJH,NO1

TF(1)=CMPLX(0.0,0.0)
10 CONTINUE

NO2=NO1+1
DO 5 I1=NO2,LDIM
TF(1)=CONJG{TF (LDIM+2-1))

aoon

5 CONTINUVE

RETURN

END
CorPte ittt dt sl s sRs st b Re Rttt At s at e R st iR e Rt SRR ARAREErise
€ SUBROUTINE: FILTER .

]

C  THIS SUBROUTINE PERFORMS THE FILTERING .
C  PROCESS ON A DATA SEQUENCE .

Crera st st o220t st 0 AN SR NN SARSSEEO SR RREONER SRR RR0 RSN RPN NERNRRNRER

SUEBROUTINE FILTER(DATA,TF)
COMPLEX DATA(1) ,TF(1)
DIMENSION 1WK(17)
COMMON /NIMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
CALL FFT2C(DATA,16, IWK)
DO 1 I=1,LDIM
t DATA(1)=CONJG(DATA(I1)*TF (1))
CALL FFT2C({DATA,18,IWK)
DO 2 I={,LDIM
2 DATA(I)=CONJG(DATA(1))/FLOAT(LDIM)

RETURN
END
o L L T T T T T T LTI,
g SUBROUTINE: HHGG .
[
c THIS SUBROUTINE COMPUTES THE EFFECTIVE NOISE POWER .
c AT THE OUTPUT OF THE RECEIVE FILTER .

CHeNtosnsss e st At it s ottt l St svo Rttt iSE N as sttt ElsRElstE s EsisRannEns

SUBROUTINE HHGG(TF ,PNOISE)

COMPLEX TF(1)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYME,BAUD

SUM=0.0

SBANDW=BAUD*L. SAMPL

DO 1 L=m1,LDIM

HH=(CABS(TF(L))}**2

SUM=SUMHHH

PNOISE-SLM‘SBANDN/FLOAT(LDIM)/Z.
WRITE Es ,2) PNOIS

2 FORMAT(SX.*PNOISES’,F7.3, /)
RETURN
END
Crest st e s sttt s s sttt st NSt ARt e N SRR U RSN RRERA RO RN RN RSN NENERaER
G SUBROUTINE: ENERGY *
L
C  THIS SUBROUTINE COMPUTES THE CARRIER POWER »
C  AND THE AVERAGE BIT ENERGY .

of I3 A R R T T I R I P P R R L I IT T Yo"
SUBROUTINE ENERGY(DATA,EB)
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL.
COMPLEX DATA(‘I)
WATTS=0.
DO 1 [=1,LDIM

P1102170
P1102180
P1102180
P1102200
P1102210
P1102220
P1102230
P1102240
P1102250
P110226C
P1102270
P1102280
P1102290
P1102300
P1102310
P1102320
P1102330
P1102340
P1102350
P1102360
P1102370
P1102380
P1102350
P1102400
P1102410
P1102420
P1102430
P1102440
P1102450
P11024560
P1102470
P1102480
P1102490
P1102500
P1102510
P1102320
P1102530
P1102540
P1102550
P1102560
P1102570
P1102580
P1102590
P1102600
P1102610
P1102620
P1102630
P1102840
P11026%50
P1102660
P1102670
P1102680
P1102690
P1102700
P1102710
P1102720
P1102730
P1102740
P1102750
P1102780
P1102770
P1102780
P1102790
P1102800
P1102810
P1102820
P1102830
P1102840
P1102850
P1102860
P1102870
P1102880
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WATTSSWATTS+( (CABS(DATA(1)))**2.) £1102890

1 CONTINUE : P1102900
WATTS=WATTS/ (FLOAT(LDIM)) P1102910
EB<WATTS/(4.*BAUD) P1102920

WRITE (6,40) WATTS,EB P1102930

40 FORMAT(SX, 'POWER=’ ,F15.6,3X, 'BIT ENERGY=",E15.8) P1102940
RETURN P11029%0

END P1102980
ctt‘t.c.ttttttt“tts.-ttsttttttt‘ttt“t‘t...ll.ctttstt“‘ttm‘lllttt‘.0 P1 ]02970
c SUBROUTINE: SYNCRO * P1102980
c * P11029%0
¢ THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA * P1103000
cttatlt.tt“!-..!..t‘tllltau."ttl‘tt.lt‘itttt“‘-ttttt‘liittlttltit.ltt‘ P1103010
SUBROUTINE SYNCRO(DATA,PNQISE,NI,NQ,MI,MQ,EB) P1103020
INTEGER Q7FLAG P1103030
COMPLEX DATAE1;.M P1103040
DIMENSION NI(1),.NQ(1) P1103050
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL P1103060
COMMON /NUMB2/ NSNR,NSYMB,BAUD P1103070
NERRORwO 1103080

IF (I1OFF.EQ.0) GO TO 111 P1103080

DO & Km=1, IOFF P1103100
XXwAIMAG (DATA(LDIM)) _ P1103110

DO 7 KKm2,LDIM P1103120

7 DATA (KK)=CMPLX (REAL (DATA(XK) ) , AIMAG (DATA(KK=1)) £1103130
6 DATA( 1)=CMPLX (REAL (DATA(1)) , XX) P1103140
c P1103150
c SYNCHRONIZE THE RECEIVED DATA P1103160
c P1103170
111 NOLD=O P1103180
NOF =0 P1103190

K1 P1103200

300 CONTINUVE F1103210
NEW=0 P1103220

DO 200 J=1,NSTYMB P1103230
J1miK4(J=1) SLSAMPL P1103240
IF(J1.GT.LOIM) J1=mJ1-LDIM P1103250
AXBAR=REAL (DATA(J1 ); ‘ P1103260
AYBAR=AIMAG (DATACJ1)) P1103270
SS=AXBAR*NI (J) P1103280

IF (SS .GT. 0.) NEW=NEW+1 P1103290
SSeAYBAR*NQ(J) P1103300

IF (55 .GT. 0.) NEW=NEW+1 P1103310

200 CONTINUE F1103320
IF(NOLD.GE.NEW) GO TO 399 P1103330
NOLD=NEW F1103340
NOF=K P1103350

399 KwK+1 P1103360
LFU=2*NSYMB P1103370

o] P1103380
c SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP P1103390
c P1103400
NSFT=LSAMPL*3 P1103410

IF (NOLD.LT.LFU.AND.X.LE.NSFT) GO TO 300 F1103420
NOF=NOF=1 P1103430
WRITE(6,56) NOLD,X P1103440

56 FORMAT(1X, "NO OF CORRECT SYMBOLS = *,I18,5X,'NO OF SHIFT IN SAMPLESP1103450
*m’,16,/) P1103460

IF {NOF.EQ.0) GO TO 230 P1103470
LO=LDIM~-1 P1103430

DO 250 I=1,NOF P1103490
AMP=DATA{ 1) P1103500

DO 240 J=m1,LO P1103510
DATA(J)=DATA(J+1) P1103%20

240 CONTINUE P1103%30
DATA(LDIM)=AMP P1103%40

250 CONTINUE P1103550
c P1103%60
c OPTIMIZE THE SAMPLING INSTANT P1103570
c P1103580
230 MI=1 P1103590

Q=1 P1103600
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anon

Qo0

Qoo

30
40

50
§0

65

70

EOI-FLOATENSTMB + 1.

EOQ=FLOAT(NSYMB) + 1.

N=13
VARIAN=PNOISE*ER*(10. %% (~0. 1°FLOAT{M)))
SIGMA=SQRT (VARIAN)

DO 80 J=t,LSAMPL

El=Q.

EQm=Q,

DO 70 K=1,NSYMB

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR

J1=(K=1) SLSAMPL+J
AXBARnEREAL(DATA(J1);+REAL(DATA(J1+1));{2.
AYBAR=(AIMAG (DATA(J1) ) +AIMAG(DATA(J1+1})) /2.
INDEX1=0 .
SS=FLOAT (N1 (K) ) *AXBAR

IF (SS .LT. 0.) INDEXI=}
AMPX=ABS (AXBAR

AMPT=ASS (FLOAT(NI(K)))
THR1I=AMP] = 1.0
THR2I=AMPI + 1.0

17FLAG=0

IF (AMP1.€Q. 3.) GO TO 30
iIF {( AMPX.GE.THRZI).OR. (AMPX.LE.THR1I)) INDEXIm=1
GO TO 40 :

IF (AMPX .LE.THR11) INDEXI=1

[7FLAG=1

CONT INUE

INDEXQ=0

SS-FLOAT(NQ(Kg)'AYBAR

IF(SS .LT. 0.) INDEXGe1

m—aessxrsm)

AMPQ=ABS { FLOAT (NQ(K) ))

THR1G=AMPQ — 1.0

THR20=AMPQ + 1.0

Q7FLAG=0

IF (AMPQ.EQ. 3.) GO TO S0

IF ({ AMPY.GE.THR2G) .OR.(AMPY.LE.THR1Q)) INDEXQu1
GO TO 80

IF (AMPY.LE. THR1G) INDEXQm=1

Q7FLAG=1

CONTINUE

lFéINDEXI.E0.1 EI=El + 1.

1F ( INDEXQ.EQ.1) EQ= EQ + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NO=22d8

D1=ABS{AMPX=THR11)
ARG=D1/(SIGMA*SART(2.))

CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARG=12.
EI=E] +ERFC(ARG)/2.

IF (17FLAG .EQ. 1) GO TO 65
D2=ABS ( THR2I-AMPY

ARG=D2/(S IGMA*SQRT(2.))

IF (ARG.GT.12.) ARGm=12.
EI=E! + ERFC(ARG)/2.

D1mABS (AMPY~THR1Q
ARG=D1/(SIGMA*SORT(2.))

IF (ARG.GT.12.) ARGm=12.
EQmEQ + ERFC(ARG)/2.

IF (Q7FLAG .EQ. 1) GO TO 70
D2=ABS (THR2Q-AMPY
ARG=D2/(SIGMA*SORT(2.))

IF (ARG.GT.12.) ARG=12.
EQwEQ + ERFC(ARG)/2.
CONTINUE

IF(EOI.LE.E1) GO TO 7%
EOI=E]

P1103610
P1103620
P1103630
P1103640
P11036%0
P1103660
P1103670
P1103680
P1103690
P1103700
P1103710
P1103720
P1103730
P1103740
P1103750
P1103760
P1103770
P1103780
P1103790
P1103800
P1103810
P1103820
P1103830
P1103840
P1103850
P1103860
P1103870
P1103880
P1103830
P1103900
P1103910
P1103920
P1103930
P11039540
P1103950
P1103560
P1103970
P1103980
P1103990
P1104000
P1104010
P1104020
P1104030
P1104040
P1104050
P1104060
P1104Q70
P1104080
P1104090
P1104100
P1104110
P1104120
P1104130
P1104140
P1104150
P1104160
P1104170
P1104180
P1104190
P1104200
P1104210
P1104220
P1104230
P1104240

P1104250 .

P1104260
P1104270
P1104280
P1104230
P1104300
P1104310
P1104320
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ooOoOaO0o00

000

M=y

75 CONTINUE

IF "E0Q.LE.EQ) GO TO 80
EOL-EQ

MQm=J)
80 MOFF=IABS(MI-MQ)

IF(MOFF .NE,0) WRITE(6,90) MOFF
OFF=(FLOAT(MI) + FLOAT(NOF)) /FLOAT{LSAMPL)

90 FORMAT(5X, "SAMPLING POINTS FOR I AND & CHANNELS DIFFER BY*,

#12,* SIXTEENTHS OF THE SYMBOL INTERVAL',/)

WRITE(6,95} OFF

95 FORMAT (35X, "RECEIVED DATA 1S DELAYED BY ',F7.3,* SYMBOLS',/)

RETURN

SUBROUTINE: OECODE
THIS SUBROUTINE DECODES THE SYNCHRONIZED DATA

SUBROUTINE DECODE (DATA,PNOISE,MI ,MQ,NI,NQ@,EBNO,PE,EB,NR)
INTEGER Q7FLAG

COMPLEX DATA(1) ,AMP

DIMENSION EBNO(1),PE(1) ,NI(1),Na(1)

COMMON /NUMB1/ FEW,ALFHA,LDIM, 10FF, LSAMPL

COMMON /NUMB2/ NSNR,NSYMB, BAUD

DIMENSION PEPAM(32) ,PEGAM(32),DIFF (32) ,PPEQAM(32)

IFf (NR.NE.1 ) GO TO 51

CALCULATION OF IHE THEORETICAL SYMBOL ERROR FROBABILITY FOR
WITH C BITS/SYMBOL

INITIALIZATION

A =18,

Cm= 4,

START THE CALCULATIONS

DO 124 I=1,NSNR

BB=10%*(FLOAT(1)/10.)
Al = SQRT (A)
B = SGRT (3.*C* B8 7/ (2.%(A~1.)))

iF (B.GT.12,) B=i2,

PEPAM (1) =(1.-(1./A1))*ERFC (B)
IF (PEPAM(I) .LT.1.E-35) PEPAM(I)=0.0
PEQAM (1) = 2, *PEPAM(I)~(PEPAM(1)**2)

124 CONTINUE

mszT (10X, *THEORETICAL SYMBOL ERROR PROBABILITY OF',F6.0,2X,

WRITE (6,121} A

WRITE (5,125) C

P1104330
P1104340
P11043350
P1104380
P1104370
P1104380
P11043%0
P1104400
P1104410
P1104420
P1104430
P1104440
P1104450
P1104480
P1104470
P1104480
P1104430
P1104500
P1104510
P1104520
P1104530
P1104340
P1104350
P1104580
P1104570
P1104580
P1104590
P1104600
P1104810
P1104820
P1104830
P1104840
P1104850
P1104880
P1104670
P1104680
F1104630
P1104700
P1104710
P1104720
P1104730
P1104740
P1104750
P1104760
P1104770
P1104780
P1104790
P1104800
P1104810
P1104820
P1104830
P1104840

125 FORMAT (1X, 'WITH THEORETICAL EFFICIENCY OF',F5.0,2X,’BITS/S/HZ'//)P1104850Q

WRITE (6,122)

122 FORMAT (17X, "EB/NC"*, 10X, *THEORETICAL PROB. OF SYMBOL ERROR’)

WRITE (6,123) (I, PEQAM(I), I=1,NSNR)

123 FORMAT (15X, I5 ,18X,E13.6)

aQaonn

51 CONTINUE

1

NERROR=0
DO 1 I=1, NSNR
PE(I)w»0.

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, OSLY THOSE
ERRORS IN ADJACENT LEVELS ARE CONSIDERED

DO 2 Ks={,NSTMB

Jim{K-1)*LSAMPL +MI

J2m{K-1 ) *LSAMPL +iQ

AXBARw REAL(DATA(J1);+REAL(DATA(J1+1)) 2.
?YBART-SIHAG(DATA(JZ YHAIMAG(DATA(J241))) /2.

P1104860
P1104870
P1104880
P1104890
P1104900
P1104910
P1104920
P1104330
P1104940
P1104950
P1104960
P1104970
P1104380
P1104990
P1105000
P1105010
P1105020
P11G5030
P1105040
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OOOO0OO0O0

[2RsReNy]

30

30
80

37

100

110

SS=F LOAT (NI (K) ) *AXBAR

IF (SS .LT. 0.) INDEXI=1
AM’X-ABSiAXBAR

AMP1=ABS {FLOAT (NI{K)))
THR1 1=AMPT ~ 1.0
THR2I=AMPT + 1.0

17FLAG=0

IF (AWPI.EQ. 3.) GO TO 30
IF {( AMPX.GE.THR2I).OR.(AMPX.LE.THR1[)) INDEXI=1
GG TO 40

IF (AMPX.LE.THR11) INDEXI=1
[7FLAG=1

CONTINVE

INDEXG=0

SSeFLOAT (NG(K) ) *AYBAR
IF(SS .LT. 0.) INDEXQw1
AMPYwABS (AYBAR)

AMPQ=ABS (FLOAT (N@(K)))
THR1G=AMPQ - 1.0

THR2QwAMPQ + 1.0

Q7FLAG=0

IF (APQ.£EQ. 3.) GO TO 50

IF ({ AMPY.GE.THR2Q) .OR. (AMPY.LE.THR1Q)) INDEXGw]
GO TO 89

IF (AMPY.LE . THR1Q) INDEXQw1{

Q7F LAGw1

CONT INUE

IF((INDEXI.EQ.1).0R. (INDEXQ.EQ.1)) NERROR=NERROR+1

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL.

THE VARIABLES ARE AS FOLLOWS: M IS EB/NO IN dB: PNOISE IS
1/2¢ INTERGAL (O H(F)®*2" DF;: AND VARIAN = NO*PNOISE.
THE PE-1/2‘ERFC§D1/(SIGMA‘SQSRT(Z)))
SIGMA*SGRT(2))) +

FOR THE END POINTS (7FLAGm!
AND FOR THE INNER POINTS THE PE=1/2*ERFC(D1/
1/2%ERFC(D2/(SIGMA*SART(2))) .

DO 4 M1, NSNR
VARIAN=PNOISE*EB*(10.%*(-0. 1*FLOAT{M))}
SIGMA=SORT (VARIAN

D1wABS(AMPX=THR1 I
ARG=D1/(SIGMA*SORT(2.))

CHECK [F ARG 15 LARGE INWHICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBoL IS IN ERROR. IF IT 1S TERMINATE RUN

IF srmsxx.sq.n GO TO 153

IF (ARG.GT.12.) ARG=12,

PE I=ERFC(ARG) /2.

If (17FLAG .E@. 1) GO TO 100

D2=ABS( THR2 I -AMPX

ARG=D2/(SIGMA*SQRT(2.))

IF (ARG.GT.12.) ARG={2.

PEI=PE] + ERFC{ARG)/2.

D1=ABS(AMPY-THR1Q}

ARG=D1/{SIGMA*SGRT(2.))

IF EINDEXO.EQJ) GO TO 153

IF (ARG.GT.12.) ARG={2.

PEQ=ERFC({ARG) /2.

IF (Q7FLAG .EQ. 1) GO TO 110

D2=ABS ( THR2Q-AMPY .

ARG=D2/(SIGMA*SQRT(2.))

IF (ARG.GT.12.) ARG=12,

PEO=PEG + ERFC(ARG)/2.

IF(PEI.LT.1.E~15) PEI=D.

IF(PEQ.LT.1.E=15) PEQm=D.

PE(M)=PE (M}+(PEI+PEQ) /1. =(FEI*PEQ)

CONTINUE

PECD)PE(L ) /FLOAT (NSTHE)
)=PE(1 LOAT(NSYMB

EBNO{ [ )=FLOAT(I )

PRINT 1%0

150 FORMAT(SX, 'EB/NO*, 10X, 'PROB. OF ERROR’,/)

P110%050
P1105060
P1105070
P110%080
P1105090
P1105100
P1105110
P11035120
P1105130
P1105140
P1105130
P1105160
P1105170
P1105180
P1105190
P1105200
P1105210
P11035220
P1105230
P1105240
P1105250
P1105260
P1105270
P1105280
P1105290
P1105300
P1105310
P1105320
P1105330
P1105340
P1105350
P1105360
P1105370
P1105380
P1105390
P1105400
P1105410
P1105420
P1105430
P1105440
P1103450
P110%5480
P1105470
P1105480
P1105490
P1105500
P1105510
P1105520
P1105530
P1105540
P1105550
P1105560
P1105570
P1105580
P1105580
P1105600
P1105510
P1105620
P1105630
P1105640
P1105650
P110%660
F1105670
P1105680
P1105690
P1105700
P1105710
P1105720
P1105730
P1105740
P1105750
P1105760
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WRITE (8,151) (EBNO(I),PE(I),I=1,NSNR)
151 FORMAT{5X,F5.1,10%,E13.6)
WRITE (6,152) NERROR
152 FORMAT(/5X, 'ERRORS=*,15,/)
c IF (NR.NE.1) GO TC 155
DO 129 I=1,NSNR
M1 = [
IF ( PEQAM(I)}.EQ.0.0) GO TO 160
129 DIFF(1)= Aas(iPEaAM(I)-PE(I))/PEQAH(I))
160 WRITE is.iza) I,DIFF(I), I=1,MM1 )
128 FORMAT{5X, 'EB/NO=",15,5X, *"THEOR. MINUS SIMUL. VALUES =',E13.8,
’NORMAL IZED*)
GO TO 155
153 PRINT 154
154 FORMAT (10X, 'SYMBOL WAS IN ERROR, RUN WAS TERMINATED',/)
155 CONTINUE

RETURN
o L T T T L L LT DU pppppppap,
g SUBROUYINE: DRAWEB .
L]
c THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURYES FOR .
€ P(E) AS LOW AS 1.0E~B AND A EB/NC RATIO AS HIGH AS 33 DB *

c‘".‘.tttttt"!-“‘.‘l“"“‘“-‘l‘“‘l.t-t‘t.tt"'l!lll..-.tttttt..‘
SUBROUTINE ORAWEB(XARRAY,YARRAY, JCURV, JLAST)
DIMENSION XARRAY( 1) ,YARRAY( 1),X(22).Y(22)
COMMON /NUMB2/ NSNR,NSYMB,BAUD

DO 1 K1, NSNR
IF (YARRAY(K) .LE.1.0E-8) GOTO 3
GOT0 1

3 MeK—1
GOTO 4

1 CONTINUE

4  CONTINUE
Tt 1
II=I+1
XARRAY (1)=0.0
XARRAY (11)=2.0
YARRAY(I)=1.E-8
YARRAY(11)=0.4
1F (JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(31.0,27.5)
CALL FACTOR(.7)

ESTABLISH THE ORIGIN.
CALL PLOT(2.0,1.5,-3)

DRAN THE LOGARITHMIC Y-AXIS,

CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,20.5,
+90.,1.0E~8, .4)

DRAW THE LINEAR X-AXIS.

CALL AXIS(0.0,0.0,11HEB/NO. IN dB,-11,
+20.¢,0.0,0.0,2.0)

2 CONTINUE

0O OO00 000

ano

PLOT THE DATA IN LOG-LINEAR MODE.

CALL LGLIN(XARRAY,YARRAY,M,1,2,JCURV,1)
IF (JCURV,EQ.JLAST) CALL PLOT(0.0,0.0,9°3)
e

Croesst ittt a0 n st s st NS st st s s s RS S 0 RN R RN RSN SRR ARNANEERS

QOO0 O

P1105770
P1105780
P1105790
P1105800
P1105810
P1105820
P1103830
P1103840
P1105850
P1105860
P1105870
P1105880
P1105890
P1105900
P110%5910
P1105920
P1105930
P11035940
P1105950
P1105960
P1105970
P11035980
P11059980
P1108000
P11068010
P1108020
P11068030
P1108040
P11060350
P1108080
P1108070
P1106080
P11060390
P1106100
P1106110
P1108120
P1106130
P1108140
P1106150
P1108180
P1108170
P1106180
P1106190
P1108200
P11068210
P1106220
P1108230
P1108240
P1108250
P1108260
P1106270
P1108280
P1166290
P1108300
P1106310
P1108320
P1106330
P1106340
P1106350
P1108360
P1106370
P1106380
P1106330
P1106400
P1106410
P1106420
P1106430
P1108440
P1108450
P1106460
F1106470
P1106480
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c
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SUBROUTINE: DRAWCN

THIS SUBROCUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P(E) AS LOW AS 1,0E=8 AND A C/N RATIO AS HIGH AS 35 DB

LERLEEEI I IR IR 4l sl Il id b idEtESSTILEL LY L]

a0 000 o000 O0oaG

aon

oaQ0

SUBROUTINE DRAWCN(ID,XARRAY,YARRAY, JCURV, JLAST)
DIMENSION XARRAY{34),YARRAY(34),X(29),Y(29)
COMMON /NUMB1/ FEW,ALPHA,LDIM, [OFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD

M=NSNR

[

DO 1 Kwi,NSNR

XARRAY (K)=XARRAY (K) + 10%(ALOG10(CF))

IF YARRAYEK .GE.1.0) YARRAY(K)=1.0

IF (YARRAY(K) .LE.1.0E~11)GOTO 3

GOTO 1

M=K =1

GOTO 4

CONTINUE

CONTINUVE

[=it1

[Im]+1

XARRAY (1)= 1.0

XARRAY ([ [)=2.0

YARRAY ([)m1,E=11

YARRAY (I 1)=0,5

IF (JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA,

CALL PLOTS(30.0,27.5)
CALL FACTOR(.8)

ESTABLISH THE ORIGIN.
CALL PLOT(3.0,1.5,-3)

WRITE THE FOLLOWING SYMBOL:

CALL SYMBOL(S., 23.,0.35,2B8HSYMEOL ERROR PROB. FOR 16GAM,0.,32)
DRAW THE LOGARITHMIC Y-AXIS. ‘

CALL LGAXS(0.0,0.0,29HPROBARILITY OF A SYMBOL ERROR,29,22.,
+90.,1.0E-11,0.5)

DRAW THE LINEAR X-AXIS.

CALL AX1s5(0.0,0.0,9HC/N IN dB,-9,
+18.0,0.0, 1.0,2.0)

PLOT THE DATA IN LOG-LINEAR MODE.

CALL LGLIN(XARRAY ,YARRAY,M,1,1,JCURV,1)
IF (JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,939)
RETURN

END

L ]
L ]
]
»
]

CHPeasst sttt sss st st sdtitas sttt sttt s e e Rs s a R RN n et SR uRage ke

c
c
c
c

SUBROUTINE: EYEQ

THIS SUBROUTINE DRAWS THE EYE DIAGRAM
FOR A TWO SYMBOL DURATION

L
&
]
*

Creesessssisss it it sneRasnssi st a it et ROt R RSO RA RN RN s AR Nt SRR Eens

33

SUBRQUTINE EYEQ(DATA)

DIMENSION DATA2(34) ,DATA3(34)

COMPLEX DATA(1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL

COMMON /NUMB2/ NSNR,NSYMB,BAUD

WRITE (8,33)

FORMAT (1X,'THE SUBROUTINE EYEQ IS CALLED'///)
ESTABLISH THE SURFACE AREA.

CALL PLOTS(35.0,27.5)

P1108490
P1106500
P1106510
P1106520
P1108530
P1108540
P1106550
P1106560
£1106570
P1106580
P1106590
P1106600
P1106610
P1108620
P1108630
P1108640
P1108650
P1108660
P1108670
P1106680
P1106690
P1106700
P1106710
P1108720
P1106730
P1106740
P1106750
P1108760
P1108770
P1106780
P1106790
P1106800
P1108810
P1106820
P1106830
P1106840
P1108850
P1106850
P1106870
P1106880
P1106890
P1106900
P1106910
P1108920
P1106930
P1106940
P1108950
P1106960
P1106970
P1106980
P1106990
P1107600
P1107010
P1107020
P1107030
P1107040
P1107050
P1107060
P1107070
P1107080
P1107090
P1107100
P1107110
P1107120
P1107130
P1107140
P1107150
P11C7160
P1107170
P1107180
P1107190
P1107200
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ESTABLISH THE ORIGIN.

CALL PLOT(3.0,12.0,-3)

CALL AX15(0.0,0.0,1H ,-1, 25.5,0.0,1.0, 1.25)
DRAW THE AMPLITUDE AXIS.

CALL AX1s(0.0,~ §.0,1H ,1,12.0,50.0,-6.00,1.00)

PLOT THE DATA.

JJm2SL SAMPL

DATA2(JJ+1)=0.0

DATA2(JJ+2)=1.00

DATAS(JJ+1)=1.0

DATAS(JJ+2)mi .26

M2=NSTMB,/8

DO 4 KK=10, M2

DO 2 I=1,Jd

Il-(KK—1 *2+LSAMPL+]

DATAZ{ g-REAL(DATA(II))
2 DATA3(I)=FLOAT(I

CALL LINE(DATA3,DATA2,JJ,1,0,0)

4 CONTINUE

CALL PLOT(0.0,0.0,999)
RETURN
END

SUBROUTINE: INSERT.

THIS SUBROUTINE INSERTS A PILOT TONE INTO THE 16-QAM SIGNAL

CrIoesssisausis s s sttt it s sa Rt e doasAaun Rt kL OO0 R NSRRI ARSI RERARNS

SUBROUTINE INSERT (NR,DATA,TONE)
COMPLEX DATA(1) TONE( 1)

Go 10 ( 1,1,2,3,4, 5,6, 7, 8,9, 10,11,12,13), NR

1 C=2.5
M = 2.0
GO TO 22

2 Cmt .1
A = 1.0
GO TO 22

3 C=t.2
A = 1.0
GO TO 22

4 Cmi,3
AA = 1.0
GO TO 22

5 Cmi .4
AA = 1,0
GO TO 22

8§ C=1.5%
AA = 1.0
GC TQO 22

7 AA =1.0
C=1.8
GO TO 22

8 AA= 1.0
C=1.7
GO TO 22

9 AA = 1,0
C=1.8
GO TO 22

10 AA = 1.0
C=1.9
GO TO 22

11 AA = 1,0
C=2.0
GO TO 22

12 AA= 1.0
C=2,1
GO TO 22

13 AA = 1.0
C= 2,2

22 WRITE(S, 19)
18 FORMAT(1X 'SUBROUTINE PILOT IS CALLED'///)
CALL PILOT (DATA,TONE,C,AA)

P1107210
P1107220
P1107230
P1107240
P1107250
P1107280
P1107270
P1107280
P1107280
P1107300
P1107310
P1107320
P1107330
P1107340
P11073%0
P1107380
P11C7370
P1107380
P1107390
P1107400
P1107410
P1107420
P1107430
P1107440

P1107450

P1107480
P1107470
P1107480
P1107490
P1107500
P1107510
P1107520
P1107530
P1107540
P1107%30
P1107580
P11Q73570
P1107580
P1107580
P1107600
P1107610
P1107820
P1107830
P1107840
P1107850
P1107860
P1107870
P1107680
P11076890
P1107700
P1107710
P1107720
P1107730
P1107740
P1107750
P11077680
P1107770
P11Q07780
P1107790
P1107800
P1107810
P1107820
P1107330
P1107840
P1107850
P1107860
P110¢7870
P1107880
P1107830
P1107800
P1107910
P1107920

PAGE Q0011
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74 RETURN

END

UNIV D*/OF OTTAWA CMS

COrSS 00N A0 eRs RN n st d st d et d Rt sN e E Sl R Rt NN s Rttt S NN RRENRAsNRenS

SUBROUTINE: RAND
THIS SUBROUTINE GENERATES RANDOM SYMBOLS

c.l.“"ll.‘.‘tl“"...‘tl'l'“‘“"..‘.‘.-t‘-l.“!i‘l“‘.‘....‘.‘-."

SUBROUTINE RAND(IR,N,DSEED)

c
c
c

INTEGER IR(1)
DOUBLE PRECISION DSEED
DO 3000 I=1,N
a-ccuars(usesn)
IR(1)=IFIX(R)
IF{ R.LE.0.031) IR(I)=— 3
IF((R.GT.0.0313.AND . (R.LE.0.062
IF((R.GT.0.082) .AND . (R.LE.0.093
1F((R.GT.0.093) .AND . (R.LE.O.124
IF((R.GT.0.124) .AND . (R.LE.0.155
1F((R.GT.0.155).AND . (R.LE.0.188
IF((R.GT.0.185) .AND . (R.LE.0.217
IF((R.GT.0.217) .AND . (R.LE.0.248
IF({R.GT.0.248) .AND . (R.LE.0.279
iIF{(R.GT.0.279) .AND . (R.LE.0.31)
IF((R.GT.0.31) .AND . (R.LE.0.341
IF{(R.GT.0.341) .AND . (R.LE.0.372
IF((R.GT.0.372} .AND . (R.LE.0.403
1F((R.GT.0.403) .AND . (R.LE.0.434
IF((R.GT.0.434) .AND . (R.LE.0.485
IF((R.GT.0.485) .AND . (R.LE.0.4398
IF((R.GT.0.496) .AND . (R.LE.0.527
1F({R.GT.0.527) .AND . (R.LE.0.5%58
1F{(R.GT.0.558) .ANG . (R.LE.0.589
IF{(R.CT.0.589) .AND . (R.LE.0.82)
IF((R.GT.0.62) .AND . (R.LE.0.651
1F((R.GT.0.851) .AND . (R.LE.0.682
IF((R.GT.0.882) .AND . (R.LE.0.713
IF{(R.GT.0.713) .AND . (R.LE.0.744
IF((R.GT.0.744) .AND . (R.LE.0.775
IF((R.GT.0.775) .AND . (R.LE.0.806
1F((R.GT.0.806) .AND . (R.LE.0.837
IF((R.GT.0.837) .AND . (R.LE.0.868
IF((R.GT.0.868) .AND . (R.LE.0.899
1F((R.GT.0.899) .AND . (R.LE.0.930
IF({R.GT.0.930) .AND . (R.LE.0.981
1F{{R.GT.0.961) .AND . (R.LE.0.995
iF (R.GT.0.996) IR(I)=— 3

3000 CONTINUE
RETURN
END

et et fml e Bt bt bt bt et Pl B G Bt Bf Pl P B b Gt e el P el bl g g et Bk Bt B B

Illlll&&

Ll Ll Lt

»
L]
L]

CO..‘t.l"‘.t.‘tltt'tl"O'U‘.‘“..--“‘..i‘..'.‘.t!‘tt'.‘.‘ltt.ttti“‘

c
c
c

SUBROUTINE:
THIS SUBROUTINE FORMS A COMPLEX BASEBAND SIGNAL

SIGNAL

LA L R L ey L L T T T T T T T T T T T T T Ty e,
SUBROUTINE SIGNAL (DATA,NI,NQ)

c

COMPLEX DATA(1
DIMENSION NI

1;- Na(1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
DO 2 =1 ,NSYME
LOAD INTO SAMPLE ARRAY + LSAMPLES PER SYMBOL
Ji=m(1=1) *LSAMPL+1

J2m]

*LSAMPL

DO 3 J3=J1,J2
3 DATA(J3)=CMPLX(FLOAT(NI(I)) ,FLOAT(NG(I)))
2 CONTINUE
RETURN

END

P1107930
P1107940
P1107950
P1107960
P1107970
P1107980
P1107930
P1108000
P1108010
P1108020
P1108030
P1108040
P1106050
P1108060
P1108070
P1108080
P1108090
P1108100
P1108110
P1108120
P1108130
P1108140
P1108150
P1108160
P1108170
P1108180
P1103190
P1108200
P1108210
P1108220
P1108230
P1108240
P1108250
P1108260
P1108270
P1108280
P1108290
P1108300
P1108310
P1108320
P1108330
P1108340
P1108350
P1108360
P1108370
P1108380
P1108390
P1108400
P1108410
P1108420
P1108430
P1108440
P1108450
P1108450
P1108470
F1108480
P1108490
P1108500
P1108510
P1108520
P1108530
P1108540
P1108550
P1108560
P1108570
P1108580
P1108%590
P1108600
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512CD FORTRAN *  UNIV D’/OF OTTAWA CMS
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c*
(L)
C*
c.

FILE NAME: $12CD

(o1 ]
(ol ]
ce
c*

o000

o0

THIS PROGRAM EVALUATES THE PERORMANCE OF 512-QAM
SYSTEMS IN THE PRESENCE OF LINEAR CHANNEL DISTORTIONS

CHEs20 000000 ER NSRS LSRR NS ERRANS N RRN NN RN NP RS NS R EUIBANEE SR IR AR S

COMPLEX DATA2524268),TF(524288)

DIMENSION NI(8192),NQ(8192),PE(36) ,EBNO(38)
DIMENSION XARRAY(36),YARRAY(38) ,AEB(38) ,APE (36)
COMMON /NUMB1/ FBW,ALPHA,LOIM, IOFF , L SAMPL
COMMON/NUMB2/ NSNR, NSYMB, BAUD

INITIALIZE PROGRAM
ALPHA=(,2

- FEWw?7.3

666

[y JoReRorRely]

NSYME=2048
LSAMPL=64
LDIM=LSAMPL *NSTMB
BAUD=15,
10FF=0
NSNR=32
IS INe=1
NFILTR=2
NRUNSm1
ID=1 FOR AMPLITUDE DISTORTIONS
ID=2 FOR GD DISTORTIONS
1D=2
WRITE(6,566) ALPHA
FORMAT (10X, 'ALPHA=’ ,F8.4)

END OF INITIALIZATION

START OF COMPUTATIONS

DO 100 NR=t,NRUNS
CALL LD512 (DATA,NI,NG)
CALL RCOSTX (TF)

CALL LAD(NR,TF
CALL PAD(NR,TF
CALL SAD(NR,TF, ISIN)
CALL LGD(NR,TF
CALL PGD{NR,TF
CALL SAGD{NR,TF,ISIN)

o000 000000000 0O

aoon

O
O

99

CALL FILTER DATA.TF;
CALL ENERGY (DATA,EB

END OF THE TPANSMITTER AND START OF THE RECEIVER

CALL RCOSRX(TF)

CALL HHGG (TF,PNOISE
CALL FILTER (DATA,TF
CALL SYNCRO (DATA,PNOISE,NI,NQ,MI,M,EB)

CALL DECODE (DATA,PNOISE,MI,MQ,NI,NQ,EBNG,PE ,EB)

CALL THE DRAWNING SUBROUTINE

DO 99 I=1,NSNR

XARRAY I;-EBNO( I)

YARRAY (1 )=PE(I)

CALL DRAWCN (ID,XARRAY,YARRAY,NR,NRUNS)
CALL DRAWEB (XARRAY,YARRAY,NR,NRUNS)

LI BE BN B BE BE BN N

51200010
31200020
51200030
51200040
51200050
51200080
51200070
51200080
51200090
51200100
51200110
51200120
51200130
51200140
51200130
51200160
51200170
$1200180
51200190
51200200
51200210
51200220
51200230
51200240
31200250
51200260
51200270
51200280
51200290
51200300
51200310
31200320
51200330
51200340
51200350
51200380
51200370
51200380
51200390
51200400
51200410
51200420
51200430
51200440
51200450
51200450
51200470
51200480
51200490
51200500
51200510
51200520
51200530
51200540
51200550
51200560
51200570
51200580
51200580
51200600
51200810
51200620
51200630
51200640
51200850
51200660
51200870
$12c0880
51200890
$1200700
51200710
51200720

PAGE 00001
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¢ 51200730
¢ . 51200740
c CALL THE EYE DIAGRAM SUBROUTINE 51200750
c 51200760
c CALL EYEQ (DATA) 51200770
100 CONTINUE 51200780
STOR 51200790
51200800

(ol LA LA L LI S R TTEREEL LSRRI et it TR 2 bR LRI a2 22 Rt 33 PP Iys) 51200810
c SUBROUTINE: DLYD * 51200820
c . * 51200830
¢ THIS SUBROUTINE SIMULATES GROUP DELAY DISTORTIONS s 51200840
c.-‘l..‘tt‘l‘----‘tt.'.tttt‘-‘U-tttttitt‘l!B".l‘lt#tt!t‘-t‘t""t.tttt 51200850
SUBROUTINE DLYD(NR,TF, ISIN) 51200880
COMPLEX TF{1) 51200870

GO TO (84,2,3,4,5,6,7),NR 51200880

2 Bw,095 51200890

G0 TO 10 51200900

3 P, 19 « 51200910

10 WRITE (6,11) B 51200920

11 FORMAT (10X, 'LINEAR GROUP DELAY IN NS/MHZ=',F8.5) 51200930
CALL LINGD(B,TF) 51200940

GO TO 84 51200950

4 S=0.27 51200960

GO TO 20 . 51200970

5 S=0,30 51200980

20 WRITE (6,12) S 51200990
12 FORMAT (10X, "PARASOLIC GROUP DELAY IN NS/MHZ**2=’,F8.5) 51201000
CALL PARGD(S,TF) 51201010

GO TO 84 51201020

8 C= 8.0 : 51201030

GO TO 30 51201040

7 C=10.0 51201050

30 K4 51201060
WRITE (6,17) K,C 51201070

17 FORMAT (5X,‘'# OF RIPPLES=’,13,’SINE AMPLITUDE GROUP DELAY=", 51201080
#F8.5./) 51201090
CALL SINCGD(ISIN,G.K,TF) . 51201100

84 RETURN 51201110
END 51201120
ct-‘l‘.tt‘.t-t-..l:ttt-tttt-"t"t-...llttttttt‘t‘t!ll!‘ttittnttt“t#tt 51201 130
€  SUBROUTINE: AMPD * 51201140
¢ * 51201150
C  THIS SUBROUTINE SIMULATES AMPLITUDE DISTORTIONS * 51201160
Ct-Ut!-l.t-ttt‘-t.lt.ttttttttttt‘tttl‘O0Otttltt-ttttttttl“tttatt!‘t#. 51201 170
SUBROUTINE AMPD(NR,TF,ISIN) 51201180
COMPLEX TF(1) 51201190

GO TO (74,2,3,4,5,8,7) .NR 51201200

2 7m,038 51201210

GO TO 10 51201220

3 I=0,055 51201230

10 WRITE (6,8) 2 : 51201240

8 FORMAT (10X, 'LINEAR AMPLITUDE SLOPE IN DB/MGZ=’,F8.5,/) 51201250
CALL LINAMP(Z,TF) 51201260

GO TO 74 51201270

4 Pw, 00400 51201280

GO TO 20 51201290

5 Pw0,0063 51201300

20 WRITE(6,9) P 51201310

9 FORMAT(10X, 'PARABOLIC AMPLITUDE DIST. IN DB/MHX**2=’,F8.5,/) 51201320
CALL PARAMP(P,TF) 51201330

GO TO 74 51201340

8 D=0.20 51201350

GO TO 30 51201360

7 Dw.32 51201370

30 Kmé 51201380
WRITE{6,77) K,D 51201390

77 FORMAT(SX,'# OF RIPPLES=’,13,'SINE AMPLITUDE DIST. IN DB=’, 51201400
#a.s.n 51201410
CALL "SINAMP(ISIN,D,K,TF) 51201420

74 RETURN 51201430

END 51201440
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ct“..‘...““““.-‘.-t.-li*t‘t"‘l..i“"‘.‘t't“‘.‘.tt“'."“‘.ttt

c
c
c
c
c
c

c
c

o0

aon

10

c.“‘.-“ﬂ‘ltt‘.““‘t'l‘t"“‘t‘B““.ltt“.“"‘l‘l“‘.ls.‘t.‘t..‘l‘

c
c
c
c

c“!-...-‘.'..l-tt.t‘t.‘..CC‘.'.l.."-".l't‘lt‘#!..t‘l-“'.ltttt..‘tt

SUBROUTINE: RCOSTX

THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A

RAISED COSINE FILTER WITH ARBITRARY ALPHA WITH A
X/SINX APERTURE EQUALIZER

"l.‘t.“1.“".“3ll#‘i!‘.."‘-t“‘.l-----.‘tttt“‘...ttt‘lt““.tt

SUBROUTINE RCOSTX(TF)

COMPLEX TF (1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, [OFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB, BAUD
SBANDW=BAUD L SAMPL ‘

IF (ALPHA.EQ.D) ALPHA=D.0001
FN=LDIM®* (FBW/SBANDW)
F1-E1.-ALPHA SEN -
F2={1.+ALPHA) *FN
IFN=IFIX(FN
IF1=IFIX(F1
IF2=1FIX(F2

THE AMPLITUDE CHARACTERISTICS .

Al=3,1415926/(2. *FLOAT(IFN))
0O 8 I=2, IF1 )
TE(})-WLX(L0.0.0)

e

X/SIN(X) EQUALIZATION

A2n(FLOAT(J)*A1)/(SIN(FLOAT(J)*A1))
TF(I)=CMPLX(A2,0.0)
CONT INUE
JKu]F141
00 9 J=JK,IF2
fmg—1

ROOT OF RAISED COSINE

AZ=(FLOAT(I)*A1)/{SIN(FLOAT(1)*A1))
Am(3,1415926/(2.0%ALPHA) ) * ((FLOAT (1) /FLOAT(IFN))~1.)
TF (J)=CMPLX (SQRT(0.5*(1.0-SIN(A))),0.0)
TF{J}=TF (J) *CMPLX{A3,0.0)

CONTINUE

JH=IF2+1
DO 10 [mJH,NO1
TF (1)=CMPLX(0.0,0.0)
CONTINUE
NO2=NO 1+1
DO 5 [=NO2,LDIM
TF (1)=CONJG(TF (LDIM+2=1))
CONTINUE :

RETURN

+1
+1

SUBROUTINE: RCOSRX

THIS SUBROUTINE SIMULATES THE TRANSFER FUNCTION OF A
RAISED COSINE FILTER WITH ARBITRARY ALPHA

SUBROUTINE RCOSRX(TF)

COMPLEX TF(1)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
SEANDW=BAUD*L SAMPL
NO=LDIM/2
NO1=NO+1

IF (ALPHA.EQ.0) ALPHAWD.CO0O1
FNeLDIM* (FEW/SBANDW)
F1-§1.-ALPHA *FN
F2m(1,+ALPHA) *FN

51201450
51201460
51201470
51201480
51201490
51201500
51201510
51201520
51201530
51201540
51201550
51201580
51201570
51201580
51201580
51201800
$1201610
51201820
51201630
51201640
51201850
51201660
51201670
51201680
31201690
51201700
51201710
51201720
51201730
51201740
51201750
51201760
51201770
51201780
51201790
912018C0Q
51201810
51201820
51201830
51201840
51201850
51201860
51201870
51201880
51201830
31201900
51201910
51201920
51201930
31201940
51201950
51201960
51201970
51201980
51201990
51202000
51202010
51202020
51202030
51202040
$1202050
51202080
51202070
$120:080Q
51202090
31202100
$1202110
51202120
51202130
51202140
51202150
51202180
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IFN=IF IX{FN 51202170
IFt=IF IX(F1)+1 51202180

IF2=IF IX(F2}+1 $1202190

c 51202200

c AMPLITUDE CHARACTERISTIC 51202210

c 51202220
Alm3.141592/(2.FLOAT(IFN)) 51202230
DO 8 I=2,IF1 51202240
TF(1)=CMPLX (1.0,0.0) 51202250
Jmi—1 . $1202260
= TF(1)=CMPLX(1.,0.0) 81202270
8 CONTINUE 51202280
JK=IF1+1 51202290

DO 9 JmJK,IF2 51202300

ImJ—1 51202310

c 51202320

c ROQOT OF RAISED COSINE 51202330

c 51202340

A-is. 141592/(2.0*ALPHA) ) * ( (FLOAT (I) /FLOAT(IFN))-1.) 51202350
TF(J)=CMPLX (SORT (0. 5% (1.0-5IN(A))) ,0.0) 51202360

9 CONTINUE 51202370

JH=]F241 51202380

DO 10 ImJH,NO1 51202390
" TF (1)=CMPLX(0.0,0.0) 51202400
h 10 CONTINUE 51202410
NO2=NO1+1 51202420

DO 5 I=NO2,LDIM 51202430
: TF(1)=CONJG(TF (LDIM+2-1)) £1202440
: 5 CONTINUE ) 51202450
RETURN 51202480
END £1202470
ctt‘ttt“t‘t.t-tt""t‘!"ttt‘t.‘i.‘.tt""tt‘-t“-.‘tllltlt".i‘t!.tl 512024,30
c SUBROUTINE: FILTER * 51202490

c * 51202500

c THIS SUBROUTINE PERFORMS THE FILTERING * 51202510

c PROCESS ON A DATA SEQUENCE » %1202%20
cttt“t'-t"!ltl‘.t!!t-tﬂt.ll'.tt“t.ttl.“.ttttt‘.tl‘ttt.‘t.ttttt!t-t 5‘202530

_ SUBROUTINE FILTER(DATA,TF) 51202540
: COMPLEX DATA(1),TF(1) 51202550
., DIMENSION IWK(20) 51202560

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF ,LSAMPL 51202570

CALL FFT2C(DATA,19,IWK) 51202580
5 DO 1 I=t,LDIM 51202590
f 1 DATA(I)=CONJG(DATA(I)*TF (1)) 51202600
CALL FFT2C{DATA,19,I¥K) 51202610

: DO 2 I=1,LDIM £1202620
2 DATA(1)=CONJG(DATA{I))/FLOAT(LDIM) 51202630
4 RETURN 51202640
END 51202650
c.“.-‘..tl‘.t..‘.‘ttttt‘.--‘“."t"‘#C'l"‘.t"l“ttt‘l‘i"'t..“t“ 51202560

c SUBROUTINE: HHGG * 51202670

c * 51202680

c THIS SUBROUTINE- COMPUTES THE EFFECTIVE NOISE POWER * 51202690

] c AT THE OQUTPUT OF THE RECEIVE FILTER * 51202700
;- c..!t‘“!li‘!I-‘i‘t"-t.'l.!tﬂttttttttt!’t‘llt'-‘l'tt..‘tt.tltl.ati!tt‘l 51202710
X SUBROUTINE HHGG(TF ,PNOISE) 51202720
COMPLEX TF(1) 51202730
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL 51202740

: COMMON /NUMB2/ NSNR,NSYMB,BAUD 512027%0
‘ SUMmQ . 0 51202760
SBANDWeBAUD*LSAMPL 51202770
DO 1 L=1,LDIM £1202780
o HH=(CABS(TF(L)))**2 51202790
3 1 SUM=SUMHHH 51202800
3 PNOISE=SUM*SBANDW/FLOAT (LDIM) /2. 51202810
WRITE (6,2) PNOISE 51202820
' 2 FORMAT(SX, 'PNOISE=',F7.3,/) 51202830
3 RETURN 51202840
& END 51202850
c.t..C.‘tlt‘O‘tt‘t.‘t‘-‘l‘...““-#tt.t‘t“'l““'tttittlatt.tti!tt‘ll 51202860

g SUBROUTINE: ENERGY * 51202870

* 51202880
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C THIS SUBROUTINE COMPUTES THE CARRIER POWER *+ 51202890
c AND THE AVERAGE BIT ENERGY * 51202900
c-tvta‘tt'tllt.O'tt‘tbtt#l‘O‘!"tttttt!ttttttttt.ttttittt.tt‘tt"tl!tl‘ 51202910
SUBROUTINE ENERGY (DATA,EB) 531202920

COMPLEX DATA(1) 51202930

WATTS=0, 51202940

COMMON /NUMB2/ NSNR,NSYMB,BAUD 51202950
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF ,LSAMPL 51202950

CO 1 I=1,LDIM 51202970
WATTS=WATTS+{ (CABS(DATA(I)))**2.) 51202980

1 CONTINUE 51202990
WATTS=WATTS/{FLOAT{LDIM)) 51203000
ED=WATTS/(9. *BAUD) 51203010

WRITE (8,40) WATTS,EB 51203020

40 FORMAT(5X, 'POWER="’ ,715.8, "BIT ENERGY~’ ,E15.8) 51203030
RETURN 51203040
51203050

ct‘t.t‘..‘t.ttttttttt“t“l-tt‘tttttnl."“‘--tt‘tttt‘tt-ittttt.tttttt 51203050
c SUBROUTINE: SYNCRO * 51203070
¢ * 51203080
c THIS SUBROUTINE SYNCHRONIZES THE RECEIVED DATA * 51203080
c-O!"l‘.!"..-ll!tll'!t‘l.!t#-“Il.tltttlt‘.‘Q--"‘.!t.lll.ttit!l.‘ll 51203100
SUDROUTINE SYNCRO(DAT?,,PNOISE NI ,NG,KI MG, EB) 51203110
INTEGER G7FLAG 51203120
COMPLEX DATA?;.AM’ 51203130
DIMENSION NI(1),Na{1) 51203140
COMMON /NUMBY/ FBW,ALPHA,LDIM, IOFF ,LSAMPL 51203150
COMMON /NUMB2/ NSNR,NSYMB,BAUD 51203160
NERROR=0 51203170

IF (10FF.EQ.0) GO TO 111 51203180

DO 6 Kmt, [OFF 51203190
XX=AIMAG (DATA(LDIM) ) 51203200

DO 7 KK=2,LDIM 51203210

7 DATA(KK)}=CMPLX (REAL (DATA(KK) ) ,AIMAG(DATA(KK~1))) 51203220
6 DATA( 1)}=CMPLX (REAL (DATA(1)) ,XX) 51203230
c 51203240
c SYNCHRONIZE THE RECEIVED DATA 51203250
c 51203260
1 NOLDw0 51203270
NOF =0 51203280

K=1 51203290

300 CONTINUE 51203300
NEW=0 5120331C

DO 200 Jmt ,NSTYME 51203320

J T (=1 ) *LSAMPL 51203330
IF{J1.GT.LDIM) Ji=mJ1=LDIM 51203340
AXBAR=REAL (DATA(J1 )g 51203350
AYBAR=AIMAG(DATA(J1)) 51203360
SSmAXBAR*NI {J) . 51203370

IF {SS .GT. 0,) NEWs=NEW+1 51203380
SS=ATYBAR*NQ(J) 51203390

IF {SS .GT. 0.) NEW=NEWH1 51203400

200 CONTINUE 51203410
IF(NOLD.GE.NEW) GO TO 399 51203420
NOLD=NEW 51203430

NOF i 51203440

399  KmK+1 51203450
LFU=2*NSYMB 51203460

c 51203470
c SHIFT RECEIVED DATA LEFT UNTIL ALL SYMBOLS ARE LINED UP 51203480
c 51203490
NSF T=LSAMPL *3 51203500

IF (NOLD.LT.LFU.AND.K.LE.NSFT) GO TO 300 1203510

NOF =NOF —1 51203520
WRITE{S,56) NOLD,K 51203530

56 FORMAT(1X,'NO OF CORRECT SYMBOLS = ',I6,5X,*NC OF SHIFT IN SAMPLES51203540
*m' 18,/) 51203%%0

IF (NOF.EQ.0) GO TO 230 51203560
LO=LDIM-1 51203570

DO 250 Im=1,NOF 51203580
AMP=DATA(1) £1203590

DO 240 J=1,L0 51203600
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FILE: %12C0 FORTRAN * UNIV D’/OF OTTAWA CMS

Q00

0oaO0n

o000

ano

240
250

230

30

=0
60

DATA(JJwDATA(J+1)
CONTINUE
DATA{LDIM)=AMP
CONTINUE

OPTIMIZE THE SAMPLING INSTANT

MIm1

MQe1

EQI=FLOAT(NSYMB) + 1.
EOQeFLOAT (NSYMB) + 1.
Mm25
VARTAN=PNOISE*EB*(10.%*(-0.1*FLOAT(M)))
SIGMA=SQORT (VARIAN)

DO 80 J=1,LSAMPL
El=Q.

EQ=Q,

DG 70 Ke=i ,NSYMB

VERIFY THAT NO SAMPLED SYMBOL IS IN ERROR

J1m(K=1) *LSAMPL+S
AXBAR-&REAL(DATA(M);+REAL(DATA(J1+1));{2.
AYBAR= {AIMAG(DATA(J1) )+AIMAG (DATA(J141))) /2.
INDEXI=0

SS=FLOAT (NI (K) ) *AXBAR

IF (SS .LT. 0.) INDEXI=1

AMPX=ABS (AXBAR

AMPT=ABS(FLOAT(NI(X)))

THR1I=AMPI — 1.0

THR21=AMPT + 1.0

17FLAG=0

IF (AMP1.EQ. 23.) GO TO 30

IF {( AMPX.GE.THR2I).OR.(AMPX.LE.THR11)) INDEXI=1
GO TO 40

1F (AMPX .LE. THR11) INDEXI=1

[7FLAG=1

CONTINUE

INDEXGm0

SS=FLOAT(NQ(K) ) *AYBAR

IF(SS .LT. 0.) INDEXQw1

AMPY=ABS (AYBAR)

AMPQwABS (FLOAT (NQ(X)))

THR1Q=AMPQ — 1.0

THR2G=AMPQ + 1.0

Q7FLAG=0

IF (AMPQ.EQ, 23.) GO TO 50

'I;g Tc(: meo .GE. THR2Q) .OR. (AMPY .LE. THR1G)) INDEXGw1
IF (AMPY ,LE. THR1Q) INDEXQm1

Q7FLAGm?

CONTINUE

IF(INDEXI.EQ.1) EI=EI + 1.

IF{INDEXQ.EQ.1) EQw EQ + 1.

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMBOL AT EB/NO=22d4B

D1=ABS (AMPX~THR11)
ARG=01/(SIGMA*SQRT(2.))

CHECK IF ARG IS LARGE INWHICH CASE PE IS INSIGNIFICANT

IF (ARG.GT.12.) ARGm12.
El=E] +ERFC{ARG)/2.

IF (I7FLAG .EG. 1) GO TO 65
D2=ABS (THR2I—AMPX

ARG=D2/ (SIGMA®SART (2.))

IF (ARG.GT.12.) ARG=12.
El=El + ERFC(ARG)/2.

D1=mABS (AMPY-THR1Q
ARG=D1/(SIGMA®SQRT(2.))

IF (ARG.GT.12.) ARG=12.

51203810
51203620
51203830
51703640
51203850
51203860
%1203670
51203680
51203690
51203700
51203710
51203720
51203720
51203740
51203730
51203760
51203770
51203780
51203790
51203800
51203810
51203820
51203830
51203840
51203830
$1203860
51203870
51203880
51203880
51203800
51203910
51203920
51203930
51203940
51203950
512035960
51203970
51203980
51203990
51204000
£1204010
51204020
51204030
51204040
51204050
51204060
51204070
51204080
$1204090
51204100
51204110
51204120
51204130
51204140
51204150
51204160
51204170
51204180
51204180
51204200
51204210
51204220
51204230
51204240
51204250
51204260
51204270
51204280
51204290
51204300
51204310
51204320
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Cre2nas8 00ttt ad it dd AR IR NRR NS ARANNSEERNERINBRRRARINRREROANRRDEBENES

c
c
]

(v LI AL LI BELL T LIS EL LI LI LI T2 I Lty Rl L2l

[eXeRel?]

70

7%

80

90 FORMAT(SX, 'SAMPLING POINTS FOR I AND Q@ CHANNELS DIFFER BY',

EQeEQ + ERFC{ARG)/2.

IF {Q7FLAG .EQ. 1) GO TO 70
D2=A5S ( THR2G-AMPY

ARG=D2/ (SIGMA*SORT(2.))

IF (ARG.GT.12.) ARG=12.

EQmEQ + ERFC(ARG)/2.

CONTINVE

IF(EOI.LE.EI) GO TO 75

EOI=E[

Mimy

CONTINUE

IF (ECQ.LE.EQ) GO TO 80
EOQ=EQ

Ma=J

MOF FmIABS (MI-MQ)

IF (MOFF .NE.0) WRITE(6,90) MOFF
OFFw(FLOAT (M1) + FLOAT(NOF))/FLOAT(LSAMPL)

#12," SIXTEENTHS OF THE SYMBOL INTERVAL',/)

95 FORMAT(5X,*RECEIVED DATA IS DELAYED BY °,F7.3," SYMBOLS’,/)

30
40

WRITE(6,95) OFF
RETURN

SUBROUTINE: DECODE
THIS SUBROUTINE DECODES THE SYNCHRONIZED DATA

SUBROU''INE DECODE (DATA,PNOISE ,MI,MQ,NI ,NQ,EBNO, P, EB)
INTEGER Q7FLAG

COMPLEX DATA(1),AMP

DIMENSION EBNO(1) ,PE(1),NI{1),Na(1)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL

COMMON /NUMB2/ NSNR,NSYME,BAUD

NERRORw0

NNSNR=NSNR+3

DO 1 I=1,NNSNR

PE(1)m0.

CHECK FOR AN ERROR AT THE SAMPLING INSTANT, OSLY THOSE
ERRORS IN ADJACENT LEVELS ARE CONSIDERED

DO 2 Kmi,NSTMB

J1m(K—1)*LSAMPL +MI

J2m(K~1) *LSAMPL +MQ

AXBAR REAL(DATA(J1);HEAL(DATA(J‘IH))“2.
AYBARw= (AIMAG(DATA(J2) )+AIMAG(DATA{J2+1))) /2.
INDEX Im0

SS=FLOAT(NI{K)) *AXBAR

IF (55 .LT. 0.) INDEXImt

mnx-aasgaxm,

AMPI=ABS(FLOAT{NI{K)})

THR1 J=wAMPT - 1.0

THR2I=AMPI + 1.0

[7FLAG=0

IF 2»01.50. 23.) 60 TO 20

IF ({ AMPX.GE.THR2I).OR.(AMPX.LE.THR1I)) INDEXIm=1
GO TO 40

IF (AMPX.LE . THR11) INDEXIwt

[7F LAG=1

CONTINUE

INDEXQue0

SS-FLOAT(NQ(K; ) *AYBAR

IF{SS .LT. 0.) INDEXQw1

AIPY-ABSEAYBAR)

AMPQ=ABS (FLOAT (NQ(K)))

THR1G=AMPQ - 1.0

THR2G=AMPQ + 1.0

Q7FLAG=O

IF (AMPQ.EQ. 23.) GO TO %0

ég 'rc(a mao .GE.THR2Q) .OR. (AMPY .LE.THR1Q)) INDEXQm1

51204330
51204340
51204330
51204360
51204370
51204380
51204330
51204400
51204410
51204420
51204430
51204440
$1204450
51204460
51204470
51204480
51204480
51204500
51204510
51204520
51204530
51204540
51204550
$1204560
51204570
51204580
51204590
51204600
51204610
51204820
51204830
51204640
51204650
51204880
51204670
51204680
51204680
51204700
51204710
51204720
51204730
51204740
51204750
51204780
51204770
31204780
51204790
51204800
51204810
31204820
51204830
51204840
51204850
512043960
51204870
51204880
$1204890
51204900
51204910
51204920
51204930
51204940
31204930
51204960
51204970
51204580
51204890
51205000
51205010
51205020
51205030
51205040

PAGE 00007



FILE: $12CD

50 JF{AMPY.LE.THR1Q) INDEXQm1
f

oOoOOO0O000

oooo

0

7

100

11

0

4

-]
150
151
152

2 CON

Q7F LAGw
CONTINVE

IF({INDEXI.EQ. 1) .OR. { INDEXQ.EQ. 1)) NERROR=NERROR+1

COMPUTE THE PROBABILITY OF ERROR FOR THIS SYMEOL.

/NG IN dB; PNOISE IS
AND VARIAN = NO*PNO
THE PE=t/2*ERFC
AND FOR THE INNER POINTS THE PE=1/2*ERFC(D1/

THE VARIABLES ARE AS FOLLOWS:
1/2°INTERGAL (O H(F)**2" DF);
FOR THE END POINTS (7FLAGw1

1/2°ERFC(D2/(SIGMA*SORT(2))).

DO 4 M=4,NSNR

VARIAN=CNOISE*ES* (10, %% (~0. 1*FLOAT(M) ) )

SIGMA=SORT(VARIAN
D1mABS{AMPX=THR1
ARG=01/(SIGMA*SGRT(2.))

CHECK IF ARG IS LARGE INWMICH CASE PE IS INSIGNIFICANT
CHECK IF SYMBOL 1S IN ERROR. IF 1T IS TERMINATE RUN

IF (INDEXI.EQ@.1) GO TO 153

IF (ARG.GT.12.) ARGm=12.

PE I=ERFC(ARG) /2.

IF (I7FLAG .EQ. 1) GO TO 100

D2eABS( THR2T-AMPX

ARG=D2/ (SIGMA*SGRT(2.))

IF (ARG.GT.12.) ARG=12.

PEI=PEI + ERFC(ARG)/2.

D1=ABS (AMPY~THR1Q)

ARG=D1/(SIGMA*SORT(2.))

IF (INDEXQ.EQ.1) GO TO 153

IF (ARG.GT.12.) ARG=12.

PEQ=ERFC(ARG) /2.

IF (Q7FLAG .EQ. 1) GO TO 110

D2=ABS ( THR2Q-AMPY '

ARG=D2/(SIGMA*SORT(2.))

IF (ARG.GT.12.) ARG=12.

PEQ=PEQ + ERFC(ARG)/2.

IF(PEI.LT.1.E~15) PEI=0.

IF(PEQ.LT.1.E~15) PEQ=O.

PE (M)=PE (M) +(PEI+PEQ) /2.
TINUE

0O 5 I={,NSNR
PE(1)=PE (1+3) /FLOAT (NSYMB)
EBNO(1)=FLOAT(1+3)

PRINT 150

FORMAT (5X, 'EB/NG", 10X, "PROB. OF ERROR’,/)
WRITE (8,151) (EBNO(I),PE(I), I=1,NSNR)

FORMAT{5X ,F5.1, 10X,E13.6)
WRITE (5,152) NERROR
FORMAT(/5X, *ERRORS=", 15, /)
GO TO 155

153 PRINT 154

154 FORMAT (10X, *SYMBOL WAS IN ERROR, RUN WAS TERMINATED’,/)

155 CONTINUE

RETURN
END

FORTRAN * UNIV D'/OF OTTAWA CMS

D1/(SIGMA*SQSRT{2}) )
SIGMA®SORT(2))) +

ctt..tt.‘..‘-‘..l‘tttt.“‘..“‘.“.l-‘.‘----“tt‘tt“..tt.“tt‘ttt“‘.

c
c
c
c

SUBROUTINE: DRAWEB

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P(E) AS LOW AS 1.0E~B AND A C/N RATIO AS HIGH AS 33 DB

=
L]
»
E ]

CEISIARASRENEEPSRNERERIIBSESER RS SRV IENAN RIS NNERLNE RIS RBEE SIS0 S5 D 02

SUBROUTINE DRAWEB({XARRAY,YARRAY,JCURV,JLAST)
DIMENSION XARRAY( 1),YARRAY( 1),X(22),v(22)
cmoum /NUMB2/ NSNR,NSYMB,BAUD

M=NS

DO 1 K=1,NSNR

IF (YARRAY(K) .LE.1.0E-8) GOTO 3

GOTO 1
Wi 1

$12050%0
51205080
51203070
512035080
$1205090
51205100
51205110
51205120
51203130
51205140
$1205130
51205160
51205170
51203180
51205190
51205200
51205210
51205220
1205230
51205240
51205230
51205280
51205270
51205280
51205290
51205300
51205310
51205320
51205330
51205340
51208350
512033680
512035370
51203380
$1205380
51205400
51205410
51205420
51203430
31205440
51203430
51205460
5120%470
51205480
51205490
51205500
31205510
51205520
51205530
51205540
51208550
51205560
51205570
$120%5580
51205580
51205600
51205610
5120%620
51205630
51205640
51205650
51203660
51205670
51205680
51205690
1205700
51205710
51209720
31205730
51205740
512057%0
51205780
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FILE: 512CD FORTRAN *  UNIV D'/OF OTTAWA CMS

aa oo oonon

Q00 o000

[+ NeXe)

GOTO 4
CONTINUE

CONTINUE

Twbbt{

Tlml41

XARRAY (1)m0.0
XARRAY(11)=2.0
YARRAY(1)m1,E~8
YARRAY(11)=0. 4
IF(JCURV.GT.1) GOTO 2

ESTABLISH THE SURFACE AREA.

CALL PLOTS(31.0,27.%)
CALL FACTOR(.7)

ESTABLISH THE ORIGIN.
CALL PLOT(2.0,1.5,~3)

CALL SYmBoL(8.,23.,0.35,32HBIT ERROR PROBABILITY OF 512~QAM,O.

&32)

DRAW THE LOGARITHMIC Y-AXIS.

CALL LGAXS(0.0,0.0,20HPROBABILITY OF ERROR,20,20.5%,
+90.,1.0E-8, .4)

ORAW THE LINEAR X-AXIS.

CALL AX1S{0.0,0.0,11HEB/NO IN dB,-11,
+20.0,0.0,0.0,2.0)
CONTINUE

PLOT THE DATA IN LOG-LINEAR MODE.

CALL LGLIN(XARRAY,YARRAY.M,1,2,JCURV,1)
IF (JCURY.EQ.JLAST) CALL PLOT{0.0,0.0,999)
RETURN

END

CHEsIs sttt s s s st nns s stdtd vttt st RN e s s e nda R s o nu Rt E Rt dSNsaRugs

c
c
c
c
c
c
c
c

SUBROUTINE: DRAWCN

THIS SUBROUTINE DRAWS PROBABILITY OF ERROR CURVES FOR
P(E) AS LOW AS 1.0E-8 AND A C/N RATIO AS HIGH AS 35 DB

ID = 1 FOR AMPLITUDE DISTORTIONS
10 = 2 FOR GROUP DELAY DISTORTIONS

LALLLELELLE R ERIIL LA I I L e I I I I I P Y IR I1T)

SUBROUTINE DRAWCN(ID, XARRAY , YARRAY , JCURV , JLAST)
DIMENSION XARRAY(34),YARRAY(34),X(29),Y(29)
COMMON /NUMB1/ FEW,ALPHA,LDIM, TOFF , L.SAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD

M=NSNR

CF=9.

DO 1 K=1,NSNR

XARRAY (K)=XARRAY (K} + 10%(ALOG10{CF))
lrimnmr K; .GE.1.0) YARRAY(K)=1.0

1F (YARRAY (K) .LE.1.0E-8) GOTO 3

GOTO 1

Mask(e- 1

GOTO 4

CONTINUE

CONTINUE

Tubdt 1

Lle]+1

XARRAY (1)=12.0

XARRAY (11)=2.0

YARRAY(1)=1.E-8

YARRAY (11)m0. 4

L
[ ]
-
E
E ]
»
-
]

51205770
51205780
51205790
51205800
51205810
51205820
51205830
51205840
51205850
51205860
51205870
51205880
$1203890
51205900
51205910
51205920
51205930
51205940
51205950
51205960
51205970
$1205980
51205990
51206000
51206010
51208020
51206030
512068040
51208050
51208080
51208070
51208080
51206090
51208100
51208110
51206120
51206130
51206140
51206150
512061680
51206170
51206180
51206190
51206200
51206210
51208220
51208230
51206240
51206230
51208260
51206270
51206280
512068230
51208300
51206310
51206320
51208330
51208340
51206350
51206360
51206370
51208380
51208390
51206400
51206410
51206420
51208430
51206440
51206450
51206450
51206470
51206480
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; IF(JCURY.GT.1) GOTO 2 51206490
c 51206500
; C  ZSTABLISH THE SURFACE AREA. 51208510
: c 51208520
g CALL PLOTS(30.0,27.5) 51208530
; CALL FACTOR(.8) 51208540
i c 51208550
; c ESTABLISH THE ORIGIN. 51208560
| c 51208570
; CALL PLOT(3.0,1.5,-3) 51208580
! c 51208590
i c DRAW THE LOGARITHMIC Y-AXIS. 51208600
: c 51208810
; CALL LGAXS(0.0,0.0,29HPROBABILITY OF A SYMBOL ERROR,29,20., 51206820
i +90.,1.0E-8, . 4) 51208630
: c 51206640
! c DRAW THE LINEAR X-AXIS. 51208650
! c 51208860
: CALL AXIS(0.0,0.0,9HC/N IN d8,-9, 51206670
: " +18.0,0.0,12.0,2.0) 51208680
: ¢ 51208690
i c WRITE THE TITLE OF THE GRAPH. 51208700
: c 51208710
; c CALL SYMBOL{S.,23.,.35, PARABOLIC AMPLITUDE DISTORTION®,0.,30) 51208720
: c 1206730
: c PLOT LEGEND 51208740
T Cresusiiissso a0 i ot et s SANSs AR RN RERdn S 21208750
! c G0 To (11,22), ID : 51208760
; C 22 CALL SYMBOL(2.,13.,.35,°NO DISTORTION’,0.,13) 51208770
; c CALL SYMBOL(2.,12.,.35,'L = 0.095 NS/MHZ’,0.,16 51208780
: c CALL SYMBOL(2.,11.,.35,’L = 0.190 NS/MHZ’,0.,18 $1208790
: c CALL SYMBOL(2.,10.,.35,'P = 0,270 NS/MHZ**2’,0.,19) 51208800
: c CALL SYMBOL(2.,9.,.35,'F = 0.540 NS/MHZ**2’,0.,19) 51208810
: c CALL SymBoL{2.,8.,.35,'S = 6.00 NS°’,0.,12 51206820
c CALL SYMBOL{2.,7.,.35,'S = 12.0 NS’,0.,12 51206830
8 c CALL SYMBOL{2.,4.5,.35,22HGROUP DELAY DISTORTION,O.,22) 51208840
c G0 10 2 51208850
c“.l-‘!“.t".““-“tttt‘t..“““‘t"‘!l. . 51208860
C 11 CALL SYMeoL(2.,13.,.35, NO DISTORTION’,0.,13) 51206870
c CALL SYMBOL(2.,12.,.35,°'L = 0.038 DB/MHZ’,0.,18 51208880
{ ¢ CALL symBoL(2.,11.,.35,°'L = 0.076 DB/MHZ’,0.,16 51208890
c CALL SYmMBOL(2.,10.,.35,°P = 0,004 DB/WMHZ**2°,0.,19) 51208900
c CALL SYmMBOL(2.,9.,.35,'P = 0.008 DB/MHZ**2’,0.,19) 51208910
c CALL SymeoL(2.,8.,.35,’S = 0.2 DB’,0.,12 51208920
c CALL symeoL(2.,7.,.35,°'S = 0.4 DB*,0.,12 51206930
H c CALL SYMBOL(2.,4.5,.35,20HAMPLITUDE DISTORTION,O.,20) 51206940
i 2 CONTIME 51206950
: c YPAGE=S.5 - {JCURV-1) 51206960
5 c YPGE=YPAGE-. 1 51208970
¢ c CALL moLsz..YPAcs,.z.qunv.o..-w 51206980
c CALL SYMBoL(2.5,YPGE, .28,2Hz=,0.,2) 51206990
: c CALL SYMBOL (5.0,YPAGE,.28,°'IN dB/MHz**2’,0.,12) 51207000
¢ c 51207010
i c PLOT THE DATA IN LOG-LINEAR MODE. 51207020
; c 51207030
CALL LGLIN(XARRAY,YARRAY,M,1,0,0  ,1) 51207040
i IF(JCURV.EQ.JLAST) CALL PLOT(0.0,0.0,999) 51207050
/ RETURN 51207060
! END 51207070
i c.!.‘i-.tt‘-'t-t"-..‘““"‘9'#‘"""l.‘-..t.-..t.t‘ttt.tttt.'-"“! 51207030
\ c SUBROUTINE: EYEQ * 51207080
i c » §1207100
i c THIS SUBROUTINE DRAWS THE EYE DIAGRAM ¢ 51207110
- c FOR A TWO SYMBOL DURATION * 51207120
§ c‘l!.‘!.".t.tt‘..tt-’..‘-tt.""U‘t‘“"."‘.....i.tlttt‘tt‘-‘.‘tlttt 51207130
i SUBROUTINE EYEQ(DATA) 51207140
DIMENSION DATA2(66) ,DATA3(68) 51207150

COMPLEX DATA(1) £1207160

§ COMMON /NUME1/ FEBW,ALPHA,LDIM, IGFF,LSAMPL 51207170
E COMMON /NUMB2/ NSNR,NSYMB,BAUD 51207180
c ESTABLISH THE SURFACE AREA. 51207190

CALL PLOTS(35.0,27.5) 51207200




FILE: 312C0 FORTRAN * UNIV D’/OF OTTAWA CMS

ESTABLISH THE ORIGIN.
CALL PLOT(3.0,13.0,-3)

WRITE THE TITLE OF THE GRAPH.

CALL SYMBOL(10.0,12.0,0.49, 16HGPSK EYE DIAGRAM,C.0,16)
CALL SCALE (DATA3 1;.31.0.10.1

CALL SCALE (DATA2(1),26.0,18,1

DRAW THE TIME AXIS.

CALL AX1S(0.0,0.0,1H ,=1,31.,0.0,1.0,2.0)
DRAW THE AMPLITUDE AXIS.

CALL AXIS(0.0,-13.0,1H ,1,27.0,90.0,-25.0,2.5)
PLOT THE DATA.

JJm2°LSAMPL

DATA2(JJ+1}=0.0

DATA2(JJ+2)=2.5

DATA3(JJ+1)m=1.0

DATA3(JJ+2}=2.0

M2=NSYMB/2

DO 4 KKmi,M2

00 2 Im1,Jd

11m(KK=1}*2*LSAMPL+T

DATA2£I =REAL (DATA(11))

0 0O o000 O

2 DATA3(I}=FLOAT(I)
CALL LINE(DATA3,DATA2,JJ,1,0,0)
4 CONTINUE
CALL PLOT(0.0,0.0,999)
RETURN
END
Cre52 20000000 RS d s At a3 2R NSRAR R RASEERRRNN SRRSO NS AR RRR RS IR AN NINNRRISRER
g SUBROUTINE:  PARGD »
-
c THIS SUBROUTINE SIMULATES PARABOLIC GROUP DELAY DISTORTION »
c IN NANOSECONDS = S*F*F .
ct0t‘t.!‘I‘t..ll--.l‘.‘!‘.t"‘“O‘l.‘.ttt‘.t“lO‘t“.....tl‘ttttt"!t‘
SUBROUTINE PARGD(S,TF)
COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMPLEX TF(1)
SBANDW=FLOAT (LSAMPL ) *BAUD
NO1T=LDIM/2 + 1
NO2=NO1 + 1
DO 20 I=1,NO1
AI-FLOAT(I—1)‘SBANDN/FLOAT(LD[M;
PHI=2.%3,141592/3.%((S*(AI**3.))/(10.+*3.))
TF{1)=TF (1) *CMPLX(COS(PHI) ,~SIN(PHI))
20 CONTINUE
DO 21 1=NO2,LDIM
TF{1)=CONJG(TF{LDIM+2-1))
21 CONTINUE
RETURN
END
Crees ettt avsd sl s Ead e a s R 0N EP R SRR SRR RN N RN NNR SR O R NN RN EREN SRS e NNRON

SUBROUTINE: SINCGD

c

c

c THIS SUBROUTINE SIMULATES SINE OR COSINE GROUP DELAY

g DISTORTION WITH ARBITRARY AMPLITUDE AND NUMBER OF RIPPLES
c
c

& & & & 8

GROUP DELAY IN NANOSECONDS = C*COS(2°PIEK*F/FNYQ +ISINSPIE/2) *
.‘.‘“-‘.----‘...‘..t‘l‘..‘tt‘-‘..‘“..tt‘...'O--..-‘.-l‘-“.t‘tt.‘.’
SUBROUTINE SINCGD(ISIN,C,K,TF)
COMMON /NUMB1/ FEW,ALPHA,LOIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD
COMPLEX TF(1)
SBANDW=FLOAT (LSAMPL) *BAUD
NO1=LDIM/2 + 1
NO2=NO1 + 1
C1=BAUD/K
IF (ISIN.EQ.1) GO TO 50
DO 10 [=1,NO1
Al=FLOAT (I~1) *SBANOW/FLOAT (LDIM)
PHI=(C®C1/{10.993.))*SIN(2.3. 141592¢A1 /C1)
TF{1)=TF (1) *CMPLX(COS(PHI ) ,~SIN(PHI))
10 CONTINUE

51207210
51207220
51207230
$1207240
51207250
51207260
51207270
$1207280
51207290
51207300
51207310
51207320
51207330
51207340
$1207350
51207360
51207370
81207380
51207390
51207400
51207410
51207420
51207430
51207440
51207450
51207480
51207470
51207480
$1207490
531207300
51207510
51207520
51207530
51207540
51207550
51207560
51207%70
51207580
51207590
512076800
51207810
S1207820
51207830
51207840
51207550
51207860
51207670
512076880
$1207690
51207700
51207710
51207720
51267730
51207740
51207750
51207760
51207770
51207780
51207790
51207800
51207810
$1207820
51207830
51207840
51207830
51207860
51207370
51207380
$1207890
51207900
51207910
$1207920
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DO 11 I=NO2,LDIM
TF{1)wCONJG(TF (LOIM+2-1))
CONT INVE

GO TO 60
50 DO 12 Is=1,NOt
Al=FLOAT{I~1) *SBANDW/FLOAT (LD IM)
PHI=(C*C1/(10.%%3,)) *C0S(2. *3. 141592*A1 /C1)
TF(1)=TF (1) *CMPLX (COS{PHI ) , SIN(PHI) )
CONTINUE

11

12

DO 13 I=NOZ2,LDIM

TF(1)=TF (LDIM+2~1)
13 CONTINUE
80  RETURN

END
CEISHERINNSNRINB SRS EE R NNB DS HESSHNEANSESANSIPRASENUNSINEAEERRNR NI RO
g SUBROUTINE:  LINCGD .

i .

c THIS SUBROUTINE SIMULATES LINEAR GROUP DELAY .
c IN NANOSECONDS = B*F .

CHENINASARRRRSINNN ARG NP HARE IR SO S RERN RSO SAONONRCASSHOERUEsSARNRRS
SUBROUTINE LINGD(B,TF)

COMMON /NUMB1/ FEW,ALPHA,LDIM, 10FF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYMB , BAUD

COMPLEX TF(1)

SEANDW=FLOAT (LSAMPL } *BAUD

NO1=LDIM/2 + 1 .

NO2=NO1 + 1

DO 10 I=1,NO1

AleFLOAT(1-1) *SBANOW/FLOAT (LD IM)

PHI=3, 141592%(B/(10.%°3.)) *(AI**2.)
TF(1)=TF (1) *CMPLX (COS(PHI ) ,=SIN(PHI))
CONTINUE

10

DO 20 1=NO2,LDIM

TF(1)=TF (LDIM+2-1)
20 CONTINE

RETURN

ENO
c.“l‘-‘..-“‘-‘...'......I...."l...“.‘....‘.“‘-“."““‘...-..-.t
C  SUBROUTINE:  LINAW .

[

¢ THIS SUBROUTINE SIMULATES LINEAR AMPLITUDE DISTORTION .

C‘.‘tlt‘t‘l.l.t‘tttttt.Utttt‘ttt-t“tt‘tt.“ttttl“‘ttttttt‘ttt-ttt‘tt
SUBROUTINE LINAMP(Z,TF)

COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL
COMMON /NUMB2/ NSNR,NSYMB,BAUD

COMPLEX TF(1)

SBANDWeF LOAT ( LSAMPL ) *BALD

NOT=LDIM/2 + 1

NO2=NO1 + 1

Al=ZSSBANDW/FLOAT (LD IM)

DO 10 I=1,NO1

AJ={I-1)"A1 /20,

TF{I)=TF(1)*(10.%%AJ)

CONTINUE

DO 20 [wNO2,LDIM
AZ=(LDIM+2-1) *A1/20.
TF(1)=TF(1)/(10.**AZ)
CONTINUE

o
c.““““.'...“‘-.‘“‘...“.‘....-l.t"“..“’....““-..'..l..‘.--.
C  SUBROUTINE:  PARMMP .

E
C  THIS SUBROUTINE SIMULATES PARABOLIC AMPLITUDE DISTORTION .
c.t‘.‘.-""‘....‘."‘.'.-.t"‘.t‘t‘...".‘...“-.““'."‘O!‘.!l.t.tt

SUBROUTINE PARAMP(P,TF)

COMMON /NUMB1/ FBW,ALPHA,LDIM, IOFF , LSAMPL

COMMON /NUMB2/ NSNR,NSYMB ,BAUD

COMPLEX TF(1)

SBANDWeF LOAT (LSAMPL ) *BAUD

NO1=LDIM/2 + 1

NO2=NO1 4+ 1

10

20

51207930
51207940
$1207950
51207980
31207970
31207980
51207990
$1208000
51208010
51208020
51208030
51208040
51208030
531208080
31208070
51208080
51208090
$1208100
51208110
51208120
51208130
51208140
31208130
51208160
31208170
51208180
51208390
31208200
51208210
51208220
51208230
$1208240
51208230
91208280
51208270
51208280
51208290
51208300
51208310
31208320
51208330
51208340
51208350
51208360
51208370
51208380
512068390
51208400
51208410
51208420
531208430
51208440
51208450
51208480
51208470
51208480
51208420
51208500
1208510
51208520
51208330
51208540
51208530
51208%80
51208570
51208380
51208590
51208800
51208810
51208620
51208630
51203840
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10

1"

ol XTI ISR FIITL LSS LI L L LI LA LI E YRL RS Il T L ERT2 LTSS L)

c
c
c

10

20
50

30

40

Cresesas e s sage sttt d et Rsd it ettt RN AR RN RN SR USRNSSR RERNE NN R SRR S

c
c
c

aonOnon

oon

Al=P® ( (SBANDW/FLOAT (LDIM))**2.)
9 2?11-;"‘21)-1\1/20
- —1 (1] . .
TF(I)=TF(1)*{10.°°AJ)
CONTINUE
DO 11 1=NOZ,LDIM
TF(1)=TF (LDIM42-1)
CONTINUE
RETURN

SUBROUTINE:  SINAWP

THIS SUBROUTINE SIMULATES SINUSOIDAL AMPLITUDE DISTORTION

(ol AL LT IL IR ISP LI ISR L RS R RISl TTTZE L 12 02 L]

SUBROUTINE SINAMP(ISIN,D,K,TF)

COMMON /NUMB1,/ FBW,ALPHA,LDIM, [OFF ,LSAMPL
COMMON /NUMB2/ NSNR,NSYWB ,BAUD

COMPLEX TF (1)

SBANDW=FLOAT (LSAMPL ) *BAUD

NO1=LDIM/2 + 1

NO2=NO1 + 1

AJ=SEANDW/FLOAT (LDIM)

C1mBAUD/K

1F (ISIN.EQ.1) GO TO 50

DO 10 I=1,NO?

AZ=D*COS(2. *3. 141502%AJ* (FLOAT(1)-1.)/€1)/20.
TF(1)=TF (1) *(10.**AZ)

CONTINUE

DO 20 1=NO2,LDIM

TF(1)=TF (LDIM2-1)

CONTINUE

RETURN

DO 30 I=1,NO1

AZ=D*SIN(2.*3.141592%AJ% (FLOAT(I)~1.)/C1)/20.
TF(1)aTF(1)*(10.**AZ)

CONT INUE

DO 40 I=NO2,LDIM

AZ=DSSIN(2,*3.141592*AJ* (FLOAT(LDIM$2-1)=1.}/61} /20.

TF (1)=TF (1) /(10.%*AZ)
CONT INUE

RETURN
END

SUBROUTINE: LD512

THIS SUBROUTINE FORMS A BASEBAND 512-QAM SIGNAL

Crescnsstsidst st san s sttt ddssssi ot t e e Rt inn st ot e RSN s stenesaesany

SUBROUTINE LDS12 (DATA,NI,NQ)

COMPLEX DATAii).A 128)

DIMENSION NX(8192) ,NI(1),Na(1),Nr(8192)
COMMON /NUMB1/ FEW,ALPHA,LDIM, IOFF , LSAMPL

DATA » N 3 oNN 4 rNx 5 » [) ’ ] L]
R B o s o

DATA JLAST /13/
KKKm2%* JLAST
KK=KKK~{ 1+JLAST)

GENERATE (2**JLAST-1) LENGTH SEQUENCE USING GIVEN DATA

AND GENERATOR POLYNOMIAL
DO 1 Jmi KK
[=J+JLAST
inxg- NX(J ) *NX(J+9) *NX{J+10) *NX(J+12)
NX(TYm0-NX{ T)

CONTINUE

CHANGE THE NUMBER OF BITS TO 8190 (1.E.:910 SYMBOLS TIMES 9 BITS)

MMMKKK
MM=FLOAT (KKK/ 4)

51208850
51208680
$1208870
351206880
51208690
51208700
51208710
51208720
$1208730
51208740
51208730
$1208760
31208770
51208780
51208790
51208800
51208810
51208820
51208830
51208840
51208830
51208860
51208870
51208880
51208890
51208900
51208010
51208920
51208930
51208940
51208950
51208880
51208970
51208980
51208890
51209000
51209010
51209020
51209030
51209040
51209050
51209060
51209070
51205080
51209090
51209100
51209110
51209120
51209130
51209140
51209150
51209160
51209170
51209180
51209190
51208200
51209210
51209220
51208230
51209240
51209250
51209260
51209270
51209280
51209290
51208300
51200310
51209320
51209330
$1209340
51209330
51209360
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c
c
c

ao0n

nooa

oaon

ARANGE THE 8190 BITS INTO SYMBOLS OF 9 BITS EACH AND MAP EACH
SYMBOL INTO 1 STATE OF THE 3512 QAM SYSTEM

Km0

DO 3 J=1,8

DO 20 I=t,12

Kl +1

M1=2¢/-1

Nim2e 11

A(K)=CMPLX (FLOAT(M1) ,FLOAT(N1))
CONTINUE

CONTINUE

Me96

0O 4 J=9,12

00 5 I=1,8

Nebd -1

A(M)=CMPLX (FLOAT (2% 4=1) ,FLOAT(2¢1-1))

CONTINVE

CONTINUE

CHANGE THE VALUES OF =1 TO 0 FOR THE DATA OF NX( )
DO 12 Im1,KKK

NY(1
1F((m§f2:o. ~1) NY(I)=0

12 CONTINUE

10

&'5;‘:9)""*(“")‘2+NY(I+2)‘4+Nf(1+3)'B+NY(I+4)-13+NY(I+5)-32+NY(1+

11

13

DO 10 J=m1, MM

Na(15=0

CONTINVE

GET THE DECADE MUMBER FOR THE MATRIX A( )
DO 11 I=m1,MM

If (L.EQ.0) Lw=i

NI 1 =IFIX(REAL (A(L)
NQ(1)mIF IX(ATMAG(A(L) ))

IF (NY(1+47).EQ.0) NI(I)=-NI(1)
gﬂgm(lm) .EQ.0) Na(I)=—Na(I)

LOAD INTO SAMPLE ARRAY “LSAMPL" SAMPLES PER SYMBOL

DO 15 I=t,MM

J1=(1=1) *LSAMPL+1

J2=[ oL SAMPL

DO 15 J3=J1,J2

DATA(J3)= CMPLX(FLOAT(NI(I)),FLOAT(NQ(I)))
e

(AL I LI LIRS RI RIS ATTI R EIITRLER P ETT IS LI YT Y Y

c
c
c

SUBROUTINE: LAD
THIS SUBROUTINE SIMULATES LINEAR AMPLITUDE DISTORTION

[t LI AL L2 LR T TR I L2 A4 IR AL I I ZELI LTI TS ETLELT LY Y]

—h
-

SU-FHN

SUBROUTINE LAD(NR,TF)
COMPLEX TF (1)

GO TO (74.1,2,3,4,5).NR
Ze.01

GO TO 22

Z=.02

GO TO 22

Z=.03

GO0 TO 22

Z=.04

GO TO 22

Z=.05

WRITE (8,11) Z

FORMAT (10X, ’LINEAR AMPLITUDE SLOPE IN DB/MHZ=',FB.3/)
CALL LINAMP(Z,TF)

51200370
51209380
51209390
51209400
51209410
91209420
51209430
$1209440
51209450
51209480
51209470
91209480
51209490
51200500
51209510
51209520
51209330
31208340
312095350
51209560
51209570
51209980
51209380
31209600
31209610
51209620
51209830
51209640
51209850
51209680
51208870
51209880
51209690
51209700
51209710
51209720
51209730
1209740
51209750
51209760
51209770
31209730
91209790
51209800
51209810
51209820
51209830
51209840
31209850
51209860
$1209870
51208880
51209890
51209900
51209910
51209920
$1209930
51209940
51209950
51209560
51209970
51209980
51209990
51210000
51210010
S1210020
51210030
51210040
S1210050
512100680
51210070
51210080
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74 RETURN
END
CHsrenastnttsaas sttt sttt ettt ssitttssstuistensinntsssatnatsssseess
c SUBROUTINE:  PAD *
c .
c THIS SUBROUTINE SIMULATES PARABOLIC AMPLITUDE DISTORTION .

COHEsaasn st iss s it o sttt R RSN aRAR s It eSS ISR ISR SNt NNESRNN NI NRd RSN

SUBROUTINE  PAD(NR,TF)
COMPLEX TF(1)
GO TO (74,1,2,3,4,5), NR
1 Pw.002
GO TO 22
Pm,003
GO TO 22
P, 004
GO TO 22
Pw, 005
G0 TO 22
P, 008
WRITE(S,11) P
FORMAT (5X, "PARABOLIC DISTORTION IN DB/MHZ**2=’,F8.5/)
CALL PARAMP(P,TF)
74 RETURN

Cresnstsssid e s se it e Aot aRsEPRss RS0 0B RORER SRR ARERROSPORES

c SUBROUTINE: SAD .
C »
c THIS SUBROUTINE SIMULATES SINUSOIDAL AMPLITUDE DISTORTION *
ctt‘!".c‘"......t...t.l..t..ii-t.ttttt‘t..tlttt.t.l"t‘ﬂl‘t..tt‘.-!l

SUBROUTINE SAD(NR,TF,ISIN)

COMPLEX TF(1)

GO TO (74,1,2,3,4,5) ,NR

1 D=m.1

=RNA e W N

2
1

Km4.

WRITE(S,77) K,D

77 FORMAT(SX,'§ OF RIPPLES=’,13,'SINE AMPL. DIST. IN UB=',F8.5/)
CALL SINAMP(ISIN,D.X,TF)

74 RETURN
END
oo st Natn s s st sttt ettt sttt snss it ttautts bRttt se st sesassneuniusans
g SUBRCUTINE: PAD .
.
c THIS SUBROUTINE SIMULATES LINEAR GROUP DELAY DISTORTION e

(oAb AR R A IR RS R LR L L T I R T P T e T I I

SUBROUTINE LGO{NR, TF)
COMPLEX TF(1)
GO TO (74,1,2,3,4,5), NR
1 B=.05
GO TO 22
2 B=.09%
6o TO 22
3 Be.14
GO 70 22
4 B=.19
6o TO 22
5 Bw.23
22 WRITE (6,11) B
11 FORMAT (10X, °LINEAR GROUP DELAY IN NS/MHZ= *,F8.5/)
CALL LINGD(B,TF)

74 RETURN
ENO
C".-...“‘..“".'-..-‘..““‘...“‘.-‘..‘.‘.."..“‘.‘."‘..‘-.’.“‘
g SUBROUTINE: PGD *
L ]

51210080
31210100
51210110
51210120
51210130
51210140
51210150
51210160
21210170
51210180
$1210190
$1210200
31210210
51210220
31210230
51210240
31210250
51210280
531210270
St210280
51210290
51210300
51210310
51210320
51210330
51210340
51210350
51210360
51210370
51210380
51210390
51210400
51210410
51210420
51210430
51210440
51210450
51210450
51210470
51210480
51210490
51210500
51210510
51210520
51210530
51210540
51210850
51210560
51210570
51210580
51210590
51210600
51210610
$1210620
51210630
51210640
51210650
51210680
51210670
512106880
51210890
$1210700
51210710
51210720
51210730
51210740
51210750
51210760
51210770
51210730
31210790
s1210800
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FILE: 512€D FORTRAN * UNIV D'/OF OTTAWA CMS

c THIS SUBROUTINE SIMULATES PARABOLIC GROUP DELAY DISTORTION .
c"“‘"‘.‘.“-“‘.-‘-“‘t‘.lllﬂ.".“"-.“t.‘.t.‘t‘.".‘.“‘.t.t““
SUBROUTINE PGD(NR,TF)
COMPLEX TF(1)
GO TO (74,1,2,3,4,5), NR
1 Sw.05
GO TO 22
Se. 1
G0 T0 22
S=, 15
GO TO 22
Sm.,2
GO TO 22
Sm,25
WRITE(S,11) S
FORMAT (10X, *PARABOLIC GROUP DELAY IN NS/MHZ**2=’,F8.5/)
CALL PARGD(S,TF)
RETURN

& N

2
1

=N

74

c."..‘i“l“-"..OO‘C.“.‘.“".lt't..l..ct‘l.‘.l."“-““-‘..‘ﬂ““
C  SUBROUTINE:  SAGD .
€ THIS SUSROUTINE SIMULATES SINUSOIDAL GROUP DELAY DISTORTION ¢
Corss sttt s SaS RSt u ittt Nt s RO SRR AR SRR S S EAREREGRIRARESSSdabitan
SUBROUTINE SAGD(NR,TF, ISIN)
COMPLEX TF(1)
GO TO (74,1,2,3,4,5), MR
1 C=2.0
GO TO 22
2 C=4.0
GO TO 22
3 C=8.0
GO TO 22
4 C=8.0
GO TO 22
S C=10.0
GO TO 22
22 Ke4 :
WRITE(8,11) X,C
11 FORMAT(3X,'§ OF RIPPLES =’,I3,°SINE AMPL. GROUP DELAY =’,F8.5/)
CALL SINCGD(ISIN,C,K,TF)
74 RETURN
END

$1210810
51210820
91210830
51210840
$1210850
51210860
81210870
1210880
51210880
51210800
51210910
$1210920
51210830
$1210940
51210930
51210960
51210670
31210980
51210990
51211000
51211010
51211020
51211030
51211040
51211030
51211060
51211070
51211080
51211090
51211100
51211110
51211120
51211130
51211140
51211150
51211180
51211170
51211180
51211190
51211200
51211210
51211220
51211230
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