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A COMPUTER ATDED DESIGN OF PSEUDO RANDOM BIT SEQUENCE
GENERATOR AND ITS APPLICATIONS IN TELEMBIRY.

D. V. SUBHEDAR

ABSTRACT

In this note the author describes the principle of
operation and applications of a pseudorandom bit sequence
(PRBS) generator. & system using the PRBS generator has
been designed at PRL for the %esting of the telemetry
downlink for Solrad 11 satellites. A general computer
program has been developed to compute maximal and actual
lengths of the PRBS obtained from the simulated circuit
specified by a user. A sample output using the above

computer program is also shown.



 INTRODUGTION s

-Teéhnique.of using PRES is picking up in the

, tesﬁing of‘equipmﬁnts used in digital COmmunication

and satellite tone ranglng Englneprs had been wait-

ing for a noise source which is random as far as
evaluation of a particularvsystem performance is
concerned butmstill predictable to get same set of
measurements on a routine baéiS'or the same source

can be used as a test set for the evaluation of

similar systems in day to day testing. The testing,

morever, should be quick and should also be free

from subjective errors as far as practicable. PRES
satisfies all these conditions. It has numerous use-
ful properties for the testing of a Variety of" equip~-
ments, large flex1b111ty in controlllng output patterns

and is stlll very simple in Constructlon.

PRINCIPLE OF OPERATION

An N-stage closed loop shift register with feed-
back tappings is the heart of a PRES geﬁératof'(fig.1).
The exclusive - OR output from two of the stages of
the shift register (mod 2 addition) is fed back into
the input of the first stage and a PRBS is available
at the outpuf. By proper selection of two stages -
ﬁhe last one and an intermediate - a maximal length
PRBS can berbtainéd. A maximal length sequence is
the one where all possible combinations of N 1's and
0's (except all 0's) is generated without repeating

any combination, N being the number of stages in the
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ghift register. The'séquence length in this case is

ZN—1 bits. Different bit-rates can be realized by.jusf

- changing the rate of clock pulses to the shift regis-

ter. An interesting property of the maximal length
PRBS is that each of the half-rate bit sequences -~
the two sequences formed by taking alternate bits -
follows the same orgiﬁal”fuli réte sequence. By in-
terlacing two such sequences a maximal 1ehgth seqguence
f double the fate can be generated economically, as
the cost of the logic circuits incfeases with inérea;

sing speed requirements.

In the maximal length sequence of Compleﬁe'iength
the number of ones is one more than the number of
zeros. If a run of length n means, n consecutive out-
puts of same type, the maximal length PRBES has .appro-
ximately half the runs of length 1, one fourth of |

length 2, one éighth of length 3 and so forth.

APPLICLATIONS -

In a typical set up1 for test and evaluation of
digital systeus a 'daté generator! produces pseudo-
random pattern of selecﬁod length as a stimulus for
the system under test. The 'errcr detector' gencrates
an indeﬁtical pattefn’internally,vcompares it bit by
bit wiﬁh the output of the system undor test and de-

termives the rate a2t which errors occur. The
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statistical nature of a pscudorandom blnary sequence
-‘1s very 31mllar to that of a Lruly random pulse train
normally found in any PCM systbm. The digital system
under test con be checkeg for bit error rate, block
eriror rate and skewsymmetry2 directly. The amount
and rete of jitter in_the data can be simulated by
using a VGO in the 'data generator' as a source of
clock pulses. Similarly the dc‘shift and carrier

loss conditions can also be simulated.

By using the technique of PRBS, the-PCM'signals
were simulated in Phy31cal Rescecarch Laborwtcry (PhL)
Ahmedabad, for testing the PCM decoding equipment
indigincusly developed and built to decipher the
signals.from SOLRAD 11A and B Satellites. These
gatellites were launchod by Naval Research Labora-
tory, Washington D.C., U.S.L., in March 1976. Thmy
are nearly 180 degrees apart in the circular orbit
at about 119,000.km. height above the surface of
the earth. The signals are convolutionally encoded
with constraint longbth 7 and rate 1/2..The data
rate is 102.4 bits/sec., and there are 32 words of
12 bits each in ohe PCM frame with sync pattefn'of
1101 0111 0101. The simulated PCM signal has the
same bit rate and uses the PRBES bptWCbn two succe-
ssive frﬁme sync patterns before 1t is Convolutlonally

encoded. The complete test set-up is shown in fig.2.
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By controlllng thb RF transmlttor output tho perfor-
mﬂnce of the Gﬂtlrb receiving tolemetry 11nk is teg-
ted a few minutes before each 'satellite pass' last-~
ing about twelve hours. For the same anteuna gain,
and samc L01sc Elgure of the receiving chaln of
equlpmants, an uuurator, before the pass, can moni;
tor the RF power required'tu be transmitted to keep
the POM decommutator at the 1ock1ug thrcshlaold
which is indicated by the LOCK lamp on its front

panel.

PRES can bevéasily adapted to test communica-
tion circuits 2s 1its power spectrum can be e131ly |
controWch by either changing th* number of stagcs
(W) of the shift register or the clock frequency

(fc) or both. The spehtrum3 is of sinx typc with
X

nulls et fc and its harmonics and the quCural line
width of fc/2 ~1 Hz. Its probability density dis-
trlbutlon almost matches with that of true gaussian
noise if the output is properly filtered. In modern
satellite tone ranging equipments also, usc of PRES
is becoming bopular. By using active transponder on
board the satéllite, delay between the transmitted
and received PRES is measured to computg the rangec
of the satellite. This technique is very useful for
satellites in near synchronous orbits, as the con-

ventional radar techniques demand vory narrow pulscs
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and hence large bandwidth for the required resolution.

SEQUENCE THESTING PROCEDURES -

Though simple in construction, the testing of
PRBS for its output pattern is really a task The
mnx1mﬁl length increases exponentially w1th number
of stages used in the shift register. For small
seqﬁenco 1ength9 it is possible to monitor it on en
oscilloscepe or a logic state analyser. This mebthod
starts becoming impracticrl if the number of st-ges
exceeds 5 (maximum length = 31 bits). It is very
interesting to note that there is no standard iteraia
tive formula to select the feedback stoges for obtai-
ning maximal length pattern. The circuit has to be
built by trial and error method as intuition proves
to be of 1ittle help. Morever, for the same number
of steges in the shift register,; a number of maximal
length sequences are possible. The sequence. can be
worked out on paper for a perticuler Ffeedback con-
figuration but‘this,mothod also becomes quite cum-
bersome for moreanumber of stnges. Altefnatcly, an
Arbitrary selection of feedbeck stages can be made,
a circult can be hooked up and the output can be
recorded on digital tape for successive clock pulses
numbering minimum three times the maxiﬁal lecngth
expected.‘Th@ trpe is read into computer and a print--

out of 1's and 0's is obtained by suitable software
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program.-The length of actual scquence, after which
theléﬁtire scquence repeats; can also be found out
by software. This method was successfully tested in
PRL for upto 12 stagcs in the shiftFregistér; This
finally led. to the software simulﬂtioh of the cir-

cuits for obtaining PRBS.

CIRCUIT SIMULATION THROUGH SOFTWARE

& new computer progrom (fig.3) has been deve-
loped to find the meximal and actual lengths of the
seqﬁenées for user sclected number of stzgos and
the feedback configuration. The software is written
in FORTHAN IV language and hes been‘successfully
implemented on PDP11VO3‘microcomputef. The progrnm haé
been developad ih an interacting mode i.e. @he uscr :
can select the number of stages in the shif%»regism
ter as well aé the feédbaCk stages during Vité
execution phase. The program.was converted into the
machine language by using softwave Fortran cumpiler
availéblo for the PDP11V03 system in PRL. The com-
piled output has been stored on a floppy disk. Usecr
can cail the compiled program into the computor
memory by issuing a command through thé consblev
typewriter (DEC writer, Li36). User types the numbecr
of shift rcgister stages desired and the feedback
stages to be selected in response to the programmed

querries from the computir. Lrter tho computation
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of the maximal and actual lcngthé, the result is
_'printed'on the Console'typéwriter and the Cbmputer
Asks for'thé next set of values the user may wish
to try. Selccticn of the last stage in the shift
register for feedback is necessary cven if the

- user wants to simulate.a pseudofandom pattern
which is not the maximal 1ength onc. &g an eXample?
in a2 particular PCM system if the number of bits in
the freme sync pattern is N, the PCM frame length
may be much lzss than the maximum Iehgth Sunanéé
formed by an N - stage shift-register. If T4 and
IB arc the two feedback sﬁages such that IA&{IB(]ﬂ,i
the bit.sequence available at the output of the

Nth stage will heve meximum length of 2IB-1 biﬁs
only, delaycd by (N-IB) bits. In thig case computer
prints out on the console that cifcuit has cntred
in a subecycle and the ussr can type now seb of

desired paramcters. v

The starting stﬂte%for'all the shift reglstar
stages is assumed to be 'set'! but can be easily
modified if uscr raquires it for a specific appl;—
cation. A sample output (fig.hk) shows tﬁé'Vérsﬁfi¥
1ity of the program developod. £ user can seloct
upto 30 stages in the shift register. This limitam
tion arises because of the limited usor arca avain

lable from the computer memory and hence its number
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h@ndllng C“paﬁlty; A few bt“tonbnts can be added into
‘the program to obtﬂln th<wp“1ntout in 1'5 and 0's of
the actual SLQUbﬂCG for thm selected circuit configu-
ration. In a differont type of fe.dback configuraﬁion
the output of the lwst stage can be fegd dircetly to
thc, input. The input of an 11».1t(.;1~m3d13tb stage -1

thstage - is controlled by the (i-1)th'stagerand the

feedback from last stage through an exclusive OR gate.

This configurrtion can also baisimulﬂted by modifying

the feedback stﬁtoment 1n the above computer program.

CONCLUSiONS H

.The software develcped here, for simlating the
PRBES gengrstor is shown to be very uscful in finding -
out the circuit configuration for any desired.
Sequance length nermally required in the telemctry
applicaticns. It was = vory hondy tool for testing
the PCM Dbit éynchronizﬁr and decommurtator indigi-
nously developed in PRL for SOLRLD 11 data processing.
It is now possibla_to dosign the PRBS generator within

a short tlmc moklng use of the abova softwavao.

LCKN OWLEDGEMENTS

Thg author since rbly acknowledgcs Prof D.Lal
and other mphbbrs of the faculty of PRL for their

ccatlnuous oncouragblpnt for this work. The nuthor

'appreolchgs valuable suggostlons rendered by Mr.h S.

Mazamdqr durlng the development phase of Lho work.



-9~

"Thanks are due to Mr.SaV.Kasture and Mr.N.K.Modi .
~ ror testing the different cunfigurﬁtions, both in
hardwave and sdftane; with utiuost patience.
'Appreciatibn is expresscd- to Dr.P.Sharma for
critically going through the manuscript and bring

it to a presentable form.

Financial‘support to this work was provided

by Deprtment of Space,'Govt. of India.



-10-

REFERENCES

1o

T .Crawford, J.Robertscn, J.5tinson and I.Young.
"A High Speed Pattern Generator and an Error
Detector for Testing Digital Systéusﬂ Hewlcett -
Packard Journal, Vol. 25/3, PP 16-24,

November 1973.

J.R.Duerr, "k Data Error Analyzer for Tracking
wan Problems in Data Communicstions" Howlett -
Packard Journal, Vol. 25/6, PP 11-20,

February 1974. |

R.G.Rolls, P.R.M. Webster, "Pscudorsndom noise

sources as stimuli for quantization distortion

measurcments on P.C.M. systems" Marconi Instru-
mentation, Volume 14/4, PP 89-96,

hpril 1974, |



*3TROITS TR0Tddy - zogmxeue¥ oguy

o8t

58U d€

Y P
H
%

L e L

T¥ B et vrmnn e ke b e b At s e
H

N W i WS NS ik et VAo, Rotenim metmain cambetrm o]

- LI8EMA [REEEE T FIER

£ # frA%] H*i i %
bl o B0 L

) w g0 r o r

vy S,

SR—
uwm.,\Q .




SB8d His
YiVO  #0d
GRS
!
L ety (TN EG 9L
,.mgwq,.%mﬁeowmw [ (437IN0MHINAS , nu,wi_‘.,@n,r HICOON3
| MRG0T IEMELA HIALIAY L
Wod | | | | U8 wod M_ Rd _ © | IYNOILAIOANOD

il mmoned

MO INGOW
43

WY 3Md Y )
HOLIMS Exmm %;\M.\\ j -
NOLITSY IO o .
Rhkuiidotd aidt SRR {drHk
FNRIINY ShAIIN3H VHMNILNY Shil L INSNYHL




-

i\ . READ Fé(‘,") ) :
ot eyt

WETIALIZE
N 8IT REGISTERS
A,B ‘

|

S, S~
( reap i 18P )
.

4
INMITIALIZE o

]

IHCREMENT

LB {IAL XORBLiB)

RIGHT SHIET B

/
Gltjag

-

o .\.‘,\
\*“\
- Bea e

MQ “"\ ‘,»"'I
-\"«,f’/ﬁf

[ ¥ES

< PRINT ugﬁ)d@ )

v

own

NUMBER OF STAGES IN THE
SHIFT REGISTER
FEED-BACK 3TAGE
FEED~BACK STAGE
MAXIMAL  LENGTH

ACTUAL  LENGTH

2O80 6

¥ig.3 3 Plow chart of progran for
computing FPRBS length.

""""



Fng%S; Sampi« @ﬁtpm: af!
pfﬁg”w‘ ‘




