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ABSTRACT 

An analysis of the probability of error for an SCA 

based digital communication system is .developed. QPSK 

modulation and the signal to noise ratio 

to the SCA transmission are analyzed 

performance of the system in terms of 

error . The design and analysis of a 

degradation due 

to predict the 

probability of 

QPSK moder. i, a 

pseudorandorn generator, and a pseudorando~ correlator are 

also presented in this thesis . 
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I. INTRODUCTION 

The Subsidiary Communications Authorization of ten 

called SCA, permits a commercial FM station to add another 

broadcasting channel in addition to the monophonic and 

stereo channels [1]. The SCA transmissions carry no 

commercial messages and are intended for private 

subscribers who pay a fee for background music in stores, 

physicians ' offices, etc. I n contrast, the other F M 

transmissions are for general publi c use and are supported 

by commercial advertisements . SCA is the only Federal 

Communications Commission (FCC) approved channel for 

broadcasting digital data. Therefo re, with the sharp 

increase in the number of computers for the home and small 

office, the use of the SCA channel for broadcasting 

digital data is becoming increasingly important. This 

thesis presents a design for an SCA based digital 

communication system, and an examination of important 

parameters, such as the probability of error, and the 

signal to noise ratio. 

The broadcast of digital data in a commercial 

environment must also comply to the rules and regulations 

imposed by the FCC. The commercial FM band illustrated in 

figure 1, shows the broadcast baseband spectrum including 
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the SCA port ion , which e x tends from 59 to 75 Kilohertz. 

The preliminary b lock diagr am of a commercial system for 

broadcasting over the SCA c hannel i s shown in figure 2. 

0 

Sp~L· trum used for staeo mult1plc:-.111g 
before tran m1ss1011 'JJ frequen('y modul tion . 

A ud1ol mon I 
DSB SC . 

r 
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·_, 
L l) l1l Jl1 Li Jl IL' :1 l 1()11 ~ 
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I K L- K ~ - ii m l' r lll l I . r - .... 

1JI..' J l1 JI -.. 1dl.'i1J J1 J I 

I .- I t / "'~ 

Figure 1 . Spectru of a stereo- mu l t i p lex s y stem [l]. 
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'""" 
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Figure 2 . Commercial system for SCA broadcasting. 

The information source typically provides analog 

signa ls (eg., voice, music), which are frequency modulated 
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(FM), and transmitted via the air channel. The FM signals 

are demodulated and presented to an information receiver, 

which is also an analog device. 

In order for digital data to be transmitted over t he 

SCA channel, a digital information source, a digital 

receiver, and a digital modulator/demodul~tor (ie, modem) 

are added , as illustrated in figure 3. 

DIGITAL 
SOURCE 

DIGITAL 
RECEIVER 

~ 
DIGITAL 

MODULATOR 

DIGITAL 
EMODULATOR 

~ 
SCA 

MODULATOR 

SCA 
EMODULATOR 

~ 
FM 

TRANSMITTEF 

AIR 
CHANNEL ~ 

FM 
RECEIVER 

Figure 3. SCA based digital communication system. 

There are many digital modulation techniques. The 

choice of a technique for a particular system is critical 

in the performance of the entire system. The quadrature 

phase shift keying ( ie, QPSK) modulation scheme is 

investigated in this report. The advantages that a QPSK 

scheme offers, with respect to other modulation schemes, 
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are also addressed in this report. The most important 

para me ters in the design of a digital communication system 

a r e informat ion capacity, and probability of error. 

The emphasis of t h is re p ort is on probability of 

error c omputation of the overall system. The design and 

probability of error c haracteristics of a QPSK system are 

discussed in c hap t e r II. Ch apter III introduces the SCA 

components , analyze s t he entire SCA based digital 

communication s ystem , a nd evaluates the corresponding 

probability of error . 
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II. MODEM DESIGN 

In this chapter the de s ign o f a mo d ulator and 

demodulator for the SCA based digital commu nication system 

is presented . The choice of a QPSK mo dem is disc u ssed , 

The design process is outlined, and the detuiled design is 

included in the append ix . The theore t ical and 

experimental probability of error f o r a QP S K mode m is 

presented . 

QPSK Modulation Scheme 

The choice of a modulation technique for digital 

data transmission is heavily dependent o n the app lication. 

M-ary phase shift keying (PSK) sc h e me s are optimum for 

high speed data transmission and bandwi d t h conservation at 

the expense of transmitter power [ 2]. Information rate 

and bandwidth limitations are imp o r tant factors in t h e 

design of an SCA based digita l c omm unication syste m. 

Therefore, an M-ary PSK scheme has been selected to obtain 

a considerable informati o n rate , with the appropriate 

v alue of M selected f o r a n optimum power/bandwidth 

tradeoff. 
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Table 1 provides a comparison of bandwidth and power 

ratios between M-ary PSK schemes for a fixed probability 

of error (2). 

Table 1 
Comparison of Power Bandwidth Requirements 

for M- ary PSK Scheme. Pe = .0001 

Value (Bandwidth)M (S,,..) M 

of M (-Bandwidth)~· (s,~·:-y~ 

4 0.5 0.34 dB 
8 0.333 3.91 dB 

16 0.25 8.52 dB 
32 0.2 13.52 dB 

It is obvious from table 1, that the QPSK scheme 

(ie, M = 4 ) offers the best tradeoff between power (Sav) 

and bandwidth requirements. For this reason, QPSK 

modulation is used in this particular design. In 

addition, it is widely used in practice. For M greater 

than 4, power requirements become excessive, and the 

complexity of the equipment becomes impractical. The QPSK 

modulation scheme is illustrated in figure 4, where m; (t) 

provided by the digital source, represents the input to 

the QPSK modulator. 



7 

QPSK Modulator Design 

The block diagram of a parallel realization for a 

QPSK modulator is shown in figure 4, along with typical 

signal waveforms . 

:;1 __ o___, 

:-::;.,.....Fl-1-+--~-0_-_'-~-0~-+F=-1 _...__ t {
+1 m, 1 (t} = _

1 

m (t) = {+l 
I -1 

Serial to 
parallel 

converter Am;1 (t) sin w 0 t + 
Am;1 (t) cos w 0 t 

Figure 4. Modulator and typical waveforms for QPSK. 

Given a serial digital input as illustrated in figure 4, 

the serial to parallel converter (SPC) stores and presents 

two bits at a time, each bit on a separate channel. 

Shottky TTL gates are used for the design of the SPC in 
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order to achieve high speed da ta manipulation. A clock 

generated from the lo c al oscillator is used to ensure 

correct synchronization . I n this p articular design, t h e 

clock rate is arbitrarily c ho se n to b e s maller than t h e 

local oscillator f r equency by a f a ctor of eight. 

Once the two bits are p r e s ented to t h e two separate 

channels, modulation is pe rfor me d by t wo separate 

carriers. The carriers are 90 d e g rees out of phase in 

order to achieve QPSK . After modulat ion , t h e two channels 

a re s um med and tr a n s ril i t t e d a s o n e Q P S K s i g n a 1 . T h e 

complete design of a QPSK modulato r is p resented in the 

appendix (figure 12) . The modulato r desig n presented in 

the appendix uses a PJFET along wit h an operational 

amplifier to perform the multip l i ca ti o n necessary for 

modulation between the local c a rri e r, and the data bit 

transmitted on one of the c hannel s. 

PSK and QPSK wavefo r ms are included respectively in 

figure 13 and 14 of the a pp end i x. For a PSK signal, a 

phase shift of 180 degree s occurs at every bit transition 

( ie , from a " 1 " to a "O" or vis-versa). As for a QPSK 

signa l, the phase c hang e is only 90 de9rees, and it occurs 

at e v ery s ymbo l tr a n si tion . Each symbol is represented by 

a dibit ( ie , 0 0 , 01, 10, or 11). The power spectrum of 

the QPSK signal is also shown in the appendix (figure 15 

and 16). 
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QPSK De mo d ulato r De s ign 

The QPSK demodulato r is shown in figure 5. The QPS K 

input signal is 

A m . 
1 

( t) sin ( w t) + A m . 
2 

( t) cos ( w t) . 
1 0 1 0 

QPSK 

COS("'1 t ) 
0 

sin(w t) 
0 

Figur e 5. 

LOWPASS 
FILTER 

LOWPASS 
FILTER 

THRESHOLD 
DETECTOR 

THRESHOLD 
DETECTOR 

PARALLEL 
TO SERIAL 
CONVERTER 

Block diagram for a QPSK demodulator. 
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The signal at point Xl in the lower channel is 

or 

X1 = A [ (1 /2) mil ( t) - (1 /2) mil ( t) cos (2w
0 
t) 

+ (1/2) mi2(t) cos(2w
0
t)J. 

At the output of the lowpass filter, the signal becomes 

x
2 

= (A/2) mil (t) . 

Similarly , the signal X4 in the upper c hanne l is 

The zero threshold detectors detect the presence of 

a +l or a -1 depending on whether the input signal is 

above or below the 0 volt level. The outputs of the 

threshold detectors (mil (t) and mi 2 (t)) are two digital 

signals which are presented to a parallel to serial 

converter in order to retrieve m (t), the original serial 

digital data. A detailed design of the QPSK demodulator 

is presented in figure 17 of the appendix. Important 

aspects of the demodulator design presented in the 

appendix are as follows: 

1. Synchronization: Under normal conditions, the 
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local carriers at the r eceiver mus t b e retrieved fro m t he 

QPSK signal in order to achieve s yn c h ronization with t he 

transmitter . The Phase locked l oop is widely used for 

carrier extraction purposes . In thi s particular desi gn 

however, the carriers are ext r acted di rectly fro m t h e 

transmitter to avoid an increased co mp lexity of t h e 

design. 

2. Filtering: The design of the l o wp ass filter is 

~ependent on the data rate of the tran s mi tti n g digital 

data source. For a given experimental da t a rat e of 66 0 

bits/sec, a cut- off frequency of 1 kil ohe r t z was require d 

to perform the filtering on each sepa r ate c h a nn e l . 

3. Parallel to serial conversion : Th e parallel to 

serial converter circuit shown in the a ppen d ix is the 

result of an original design, whose primary fu nction is to 

convert a parallel loading of two b i t s, to a single serial 

output bit which represents the d a t a trans mitted. Note 

that a timing extraction circ uit i s a g ain necessary to 

achieve synchronization . Ho wever, to avoid complex 

circuitry, the clock at the t r ans mitter is also used at 

the receiver therefore s yn chronizing the system. The 

steps for designing the PS C are shown in detail in t h e 

appendix (page 37 and 38 ). 
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Theoret ical Pr obabili ty of Error 

The relationship between t h e probability of error of 

a n i d ea l QPSK system, and the signa l t o no i se ratio at the 

r eceiv e r inp ut [3] is ex p ressed a s 

l ere 

and 

P = er f c ·( jE I ( 2N ) ) e o o o 

N = nB • 
0 

Each term is def ined as follows : 

Eo= average energy pe r c h aracter at the receiver 

A = a mp l itude of t h e QPSK signal 

Rs = baud r ate 

B = no i s e bandwidth 

~ = power spectral density o f the nois e . 

( 1) 

A grap h of the probab il ity of error versus the 

signal to noise ratio i s s hown i n figure 8. The test 

set - up for the experimenta l p robability of error of the 

QPSK modem d esigned a n d i mp lemented in this report, is 

presen ted in the next s e ction. The measured probability 

o f e rror is al s o plotted in figure 8. 
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Test Set-up for Experimental Probability of Error 

___ P_RB_sc _ __,H MO~~TOR ~cP-{EM~~~TOR H __ PRB_s_c _ _, 

Figure 6. QPSK digital transmission. 

Throughout communications theory , performance is 

calculated based on a random channel. When testing 

communication systems , there must be a convenient way to 

simulate a true random channel, and yet still be able to 

have prior knowledge of the data being transmitted so that 

individual errors can be detected. One simpl e way to 

achieve this is to use a pseudorandom bit sequence 

generator (PRBSG) as a random digital data source. This 

is shown in figure 6. The schemat ic of a generator which 

was designed and implemented is illustrated in the 

appendix (figure 18), along with a photograph of the data 

generated from the generator (figure 19). Note that while 

a pseudorandom sequence is generated at the transmitting 

end, another identical pattern is generated for comparison 

and error count at the receiving end. This is easily done 

by using an identical generator provided with a 

synchronizing circuit. The schematic of a pseudorandom 

bit sequence correlator (PRBSC) which was designed and 

impl emented is shown in figure 20 of the appendix. An 
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error insertion circuit is also provided as part of the 

PRBSG for testing purposes, and the errors are detected by 

the PRBSC at the receiver end. 

One way to simulate t he effects of a random channel 

upon the performance of a digital communication system, is 

to introduce random noise at the receiving end of the 

system . This technique can easily be i mp lemented as shown 

in figure 7 . 

NOISELESS 
CHANNEL 

PRBSG H Mo~ii!ToR .._1--cP-fl'T'----

WHITE NOISE 
GENERATOR 

QPSK 
DEMODULATOR 

Figure7. Experimental QPSK transmission. 

PRBSC 

Given the noise power (No) induced by the noise 

generator, and the amplitude of the QPSK signal, along 

with the sampling rate, the experimental probability of 

error can be determined. 
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The probabi l ity of error of the experimental set-u p 

is defined as 

Pe = (Bit Er ror Rate ] / (Baud Rate] 

The bit error rate (BER) i s de ter min e d by counting th e 

number of errors for a given t i me in terval. Many sa mples 

must be taken in order to obtain a statisticall y 

acceptable average . As for the baud r ate , it is eas i l y 

determined from the data rate of th e pseudora nd o m 

generator. The relationship is given by [2] 

R s = (l/2)Rb 

where Rb is defined as the data rate in bits per second, 

a d Rs the Baud rate in symbols per s eco nd. Note that b y 

varying the noise power from the g ene rator, and keeping 

the QPSK signal at a fixed va lue , different values of 

signal to noise ratio c an be ge nerated , and t h erefore the 

experimental error probabi l i t y function can be plotted, as 

illustrated in figure 8 . The experimental results were 

obtained using a 200 mv QP S K s i gnal, and a baud rate of 

330. 

In figure 8 , the ide a l and experimental QPSK systems 

are compared on t h e bas e s o f probability of error. The 

e x perime nt a l results were limited to error probabilities 

l es s th a n 0.001 in order for the measurements to be 
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statistically accurate, and to focus attention on systems 

which operate at a relatively low probability of error. 

10- l 

10 - 2 

.... 
0 .,_ .... 
~ -0 

~ 

:.0 10 - J 
~---------------~-ft) 

.Ll 
0 .,_ 

a. 

(a) 

10-s--_...__.____._~L-..i_-1...--1..~L--'--L---1__J 

0 2 3 4 5 6 7 8 9 10 11 

EINO (dB) .... 

Figure 8. Probability of error for 
(a) ideal QPSK [3] 
(b) experimental QPSK. 

It is obvious from figure 8, that for a given SNR 

the probability of error of the experimental QPSK system 

is slightly larger than the probability of error of the 

ideal QPSK system. This is mainly due to the presence of 

non-ideal elements in the design of the QPSK. 
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III. PROBABILITY OF ERROR FOR SCA 

Thi s cha p t e r presents an analysis of the prooability 

of e rro r for an SCA based digital communication syste m, 

which u se s QPSK as a modulation scheme. The SCA 

transmission sc h e me mod e l uses narrowband frequency 

mod lation ( BF£'1 }. The s i gnal to noise ratio degradation 

due to trans missi o n v i a the SCA channel is exa ~ ined, and 

t . e impact of t he degradation upon the performance of the 

system , in te r ms o f the probabi lity of error, is 

presented . 

Mode l o f an SCA Based Communication Syste~ 

For the system sh own in figure 9 the signal to noise ratio 

(S R) o at the receiver input , can be written 

DIGITAL 
SOURCE 

H 

(SNR) = (E /N ) = (A
2

/N R ) 
0 0 0 0 s 

QPSK 
MODULATOR 

.NOISY 
CHANNEL 

- QPSK 
EMODULATOR 

ERROR 
DETECTOR 

Figure 9. QPSK system . 

( 2) 
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where A is the amplitude of the QPSK signal, Rs is the 

baud rate, and No is the noise power at the receiver. 

Data transrr.ission is accomplished via the SCA 

channe l, as illustrated in figure 10. 

DIGITAL .. QPSK -SOURCE MODULATOR 

ERROR - QPSK -DETECTOR DEMODULATOR 

.. -

~ ,_ 

SCA 
MODULATOR 

SCA 

N OISY 
CHANNEL ~ 

~ -
DEMODULATOR 

Figure 10 . SCA based communication system . 

As noted previously , the Federal Communications 

Commission (FCC) reserves a portion of the broadcast 

baseband spectrum, uniquely for SCA transmission. This 

particular portion extends from 59 to 75 kilohertz, and 

uses an SCA subcarrier typically placed at 67 kilohertz 

(1,5). FCC rules and regulations require that the SCA 

signal must be frequency modulated, and that the maximum 

symmetrical deviation does not exceed plus or minus 8 

kilohertz, in order for the information to be entirely 

contained within the allowed SCA spectrum (6,7]. 
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FCC also requires that no interference must be 

caused to the baseband spectrum, by SCA signals. 

Therefore , any signal cause d by the SCA transmission in 

the 0 to 59 kilohertz range, must be 60 dB below the main 

channel audio signal at its maximum amplitude. Also, the 

maximum allowed a mp litude of the SCA carrier must be 20 dB 

belo this maximum , therefore setting a 40 dB difference 

between the SCA carrier level , and the SCA signals in the 

0 to 59 kilohertz range. 

Since the SCA signal must be frequency modulated, it 

can be represented by an FM signal. For the case of a 

sinusoidal message , such a signal [3] can be written 

co 

X(t) = A '°' J ( 8) cos (w + nw ) t c.i..J n c m 
n=-c:o 

where 

Ac= amplitude of the SCA carrier 

\c= carrier frequency 

w = message frequency m 

~ = modulation index. 

However, SCA signals must be entirely contained 

within the SCA channel allocated by the FCC. Therefore, 

narrowband frequency modulation (NBFM) must be used to 

confirm the bandwidth limitations imposed. This task can 

easily be accomplished by choosing a modulation index much 



smaller than on e , w ich i t he cas e of a s i s i 1 

message will lead us to a reduced versio of X(t) ri t 

as [ 3) 

X(t) =A cos(w t) + (A B/2A) [cos(w + w )t - cos(w - w )t] . 
c c c c m c m 

As t e equation of X( ) sho~s , the band idth of the 

F: sig a l · as been reduced using the BF l approximation. 

Als o , t e ~odulution index can be written 

~ , e r e 

A = am p l i tud e of the me ssage 

f d = fr e quency d e viation constant (HZ/V). 

o a th e modulation index , ~ , is defined only or 

sinusoidal modulation . 

S R Degradation 

The signal to noise ratio relationship for a F~ 

sig a l at the input of the QPSK demodulator , is (3 ] 

( 3 ) 
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where the deviation ratio, D, is defined as 

D = [peak frequency deviation]/[bandwidth of the message] 

which is 

where 

A = amplitude of the QPSK signal 

= bun .. t. iath of the QPSK signal. 

Pt represents the power transmitted, and is defined as 

where Ac is the amplitude of the SCA subcarrier. 

m~{ t) is the mean square value of the normalized QPSK 

message . 

As presented previously a QPSK signal can also be 

·written as 

from which the normalized version is 



and the mean square value is 

2 m (t) 
n 

-T/2 

ith simplification t he above reduces to 

2 
m (t) = 1 . 

n 

22 

ith substitution of all of the terms previously defined 

from equation 3 , the S1~R can be expressed as 

( 4} 

Note that the presence of NBF M will introduce a 

signal to noise ratio degradation into the QPSK system. 

Therefore , equations 2 and 3 can be correlated as follows: 

( 5) 

where Xd (which is smaller than one) represents the signal 

to noise ratio degradation factor. 

The substitution of equations 2 and 4 into equation 

5, results in 
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w ich can be simplified to 

( 6) 

Probability of Error for the System 

Equation 1 (page 12), which presents the 

relationship between the probability of error of an ideal 

QPS mo e~ , and the signal to noise ratio at t h e receiver 

input , is expressed as 

Pee = erfc ( jo /2)(SNR) 0 ) • ( 7) 

Transmission via the SCA channel induces a s~ R 

degradation at the receiving end of t h e QPSK syste m. 

Therefore , from equation 5, the probability of error for 

the SCA based digital communication system is expressed as 

Pel = erfc ( j(l/2)(SNR)1 ) ( 8) 

where 
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and 

The substitution of {SNR) into equation 8, results in 

Pel = erfc ( jo/2) Xd (SNR) 0 ) 

where (S~R)0 for the QPSK modem is: 

( SNR) = A 
2 / (N R ) • 

0 0 s ( 9 ) 

Tl e probability of error for the SCA based digital 

communication system can also be expressed in terQs of the 

parameters associated with the SNR degradation factor. 

T e substitution of Xd (from equation 6) into equation 9, 

results in 

For a given digital communication system based on a 

QPSK modem, and an SCA transmission scheme, the total 

probability of error of the system can be determined from 

equation 10. The procedure involves the computation of 

the signal to noise ratio for the QPSK modem (ie, SNR
0

), 
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and the signal to noise deg r adat ion factor due to the SCA 

transmission s cheme ( ie ' xd) • Th e designer's choice of 

the parameters associated with t he sys tem must take into 

consideration the const r aints i~posed by FCC regulations. 

These constraints involve po~er a nd ba nd~ idth limitations. 

The probability of error v e rsus th e SNR is plotted 

in figure 11 for different Vlllues of t he signal to noise 

degradation factor . These values a r e c ho s e n arbitraril J 

to illustrate the impact of an SC A tr an s mission sche ~ e 

upon the performance of a digital c ommunication syste m in 

terms of the probabi l ity of error . 
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IV. SUMMARY, CONCLUS IONS , AND FUTURE STUDY 

The probability of error relationship developed in 

this thesis , and the graphs generated in .figure 11, offer 

a suitable guideline for SCA based digital communication 

system designers . The results obtained can be used to 

predict the performance of a one-way information 

trans ission system using the SCA channel. 

The analysis presented in this t hesis also offers a 

potential base for future study, such as digital data 

transmission for home computers , weathe r map transmission, 

and teletex- type service . Regardless of the application, 

the reception must be accomplished by a suitable FM 

receiver and an SCA demodulator . 

Digital data transmission via the SCA channel is 

very sensitive to signal to noise ratio degradation, as 

seen fro~ figure 11. Ho\rever, the SCA channel offers many 

advantages with respect to the conventional telephone line 

channel. Some of these advantages include the ability to 

reach several destinations with a single transmission, the 

possibility of increasing the transmission rate, and a 

reduced transmission cost. 
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APPENDIX 
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QPSK modulator. The basic parts list is as follows: 

Ul 74LS74 D-f lip-f.lop 

U2 2N 3909 P-JFET 

U3 TL084 Bi quad 

U4 LF351 Op-amp 

us 74LS06 Hex-inverter 

U6 74LS161 4-bit counter 

QPSK modulator . Each block is defined as follows: 

A = sync ronizer 

B = carrier phase shifter 

c = serial to parallel converter 

D = PSK modulator 

E = analog summe r. 
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Figure 14. QPSK waveform. 
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2kh1 / div 

Figure 15 . QPSK t wo sided power spectral density (PSD). 
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SOOhz / div 

Figure 1 6 . PSD at the carrier frequency. 
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QPSK demodulator . The basic par ts list is as follows: 

Ul TL084 L '->4 -i. ad -°f d.v-t~ · 

U2 74LS95 4- bit s hift reg i ster 

U3 74LSOO NAND gate 

U4 74LS06 o Hex - inverte r 

us 2 J 3909 P- JFET 

QPSK demodulator. Each bJoc.K is defined as follows: 

A == sguare wave carrier generator 

B == multiplication of QPSK and local c a rri e r 

c = lowpass filter 

D = threshold detector 

E = parallel to serial converter . 
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Parallel to Serial Converter (PSC) 

Th e state table is as follows: 

mil (t) mi2(t) Output 

States 00 01 10 11 z 

a e e e e 0 

b e e e e 1 

c d d d d 0 

d d d d d 1 

e a b c d 0 

f a b c d 1 

The state tran s ition tab l e is as follows: 

present 

state m { t) m ( t) output 
il i2 

states QA QB QC 00 01 10 11 z 

a 000 100 100 100 100 0 

b 001 100 100 100 100 1 

c 010 101 101 101 101 0 

d 011 101 101 101 101 1 

e 100 000 001 010 011 0 

f 101 000 001 010 011 1 



The input equations to the PSC are 

T e output equation for the PSC is 

z = Q . c 

38 
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PRBSG. The basic parts list is a3 follows: 

Ul 74LS164 8-bit shift register 

U2 74LS27 NOR gate 

U3 74LSO O NAr~o gate 

U4 74LS8 6 Exclusive-OR gate 

us 74LS74 D-f lip-flop 

U6 74LS74 D-f lip-flop 

U7 74LS221 Monostable multivibrator. 
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Figure 19. random data generated by the PRBSG. 
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PRBSC. The basic parts list is as follows: 

Ul 74LSOO NANO gate 

U2 74LS164 8-bit shift register 

U3 74LS86 Exclusive-OR gate 

U4 74LS74 D-f lip-flop 

us 74LS161 4-bit counter 

U6 74LS221 Monostable multivibrator 

U7 74LS06 Hex -inverter. 



1 . 

REFERENCES 

Stremler , Ferrel G. Introduction 
Systems . Reading, Mass. 
Publishing Company, 1977. 

to Communication 
Addison-Wesley 

2 . Shanmugam , K. Sa m. Digital and Analog Communication 
Systems . New YorK: John Wiley and Sons, 1979. 

3 • Ziemer , R . E ., and Tranter, 
Communications . Boston: 
Company, 1976 . 

W. H. Principles of 
Houghton Mifflin-

4 . Lane , B . "Digital Communication s System Evaluation: 
Design Developments in Pseudorandom Sequence 
Usage , Signal Conditioning and Timing 
Regeneration . "Master's thesis, University of 
Central Florida, 1983 . 

5 . Bott , A. H. "Analysis of Certain System 
Characteristics of Stereo and SCA Operation." 
IEEE Transactions on Broadca sting 13 (January 
1967): 15-16. 

6 . Anderson , Harry R., and Crane, Ronald C. "A Technique 
for Digital Information Broadcasting Using SCA 
Channels ." IEEE Transactions on Broadcasting 27 
{December 1981): 65-66. 

7. Federal Communications Commission. Rules and 
Regulations 3 (1976): 73-319. 


	The Design of a QPSK Modem and the Probability of Error Analysis for an SCA Based Digital Communication System
	STARS Citation

	TITLE PAGE 
	i

	ABSTRACT
	ii

	ACKNOWLEDGMENTS
	iii

	TABLE OF CONTENTS
	iv

	LIST OF FIGURES
	v

	I. INTRODUCTION
	01
	02
	03
	04

	II. MODEM DESIGN
	QPSK Modulation Scheme
	05
	06

	QPSK Modulator Design
	07
	08

	QPSK Demodulator Design
	09
	10
	11

	Theoretical Probability of Error
	12

	Test Set-up for Experimental Probability of Error
	13
	14
	15
	16


	III. PROBABILITY OF ERROR FOR SCA
	Model of an SCA Based Communication System
	17
	18
	19

	SNR Degradation
	20
	21
	22

	Probability of Error for the System
	23
	24
	25
	26


	IV. SUMMARY, CONCLUSIONS, AND FUTURE STUDY
	27

	APPENDIX
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44


