CHAPTER 2

PSEUDORANDOM BINARY SIGNAL

2«1 Intrecduction

Thepe are several types of pseudorandom binary signal, sush as
maximum-length sequence, guadratic residue, and twin prime signale.
It is known that their auto correlation function are similar to
those of white noisc. In this chapter the maximum-length sequence
binary signal, or m=sequence binary signal will be discusseds The
m-scquence binary signal is a periodic function signal with a
period of discrete 221 intervals, where n is the positive integer.
fhe reason of using this signal is that it is easier-generated

than the other types of pseudorandom signal.

2.2 _Properties of the M<sequence Binary Signal

P44 sinply

The m~sequence binary signal can be generated
by a set of shift registers and the modulo-two adders with proper
fecdbacke. Thid generator is controled by a clock unit with period
7+18,9

of length at .« Its properties are summarized here for easy

referrence.

(a) TFor an n-stage shift register, the length of period of

m-sequence produced from these shift register is equal to T =2%.1

digits or (2%=1)at.



P n
{b)The m=-sequence must contain all 2°-1 non zero sub=sequence
;G n-"T n-1
of n digits once and once only, and has 2 ones and 2 -1 zeros,.
The number of all ones cannot exceed the numberwf 211 zeros more

than ones

(¢)The m-sequence has the''shift and add" property. If an m-
sequence is added by modulo-two addition to the same n-sequence
but delayed by r digits from the former. The resulting sequence
is again the same as orig.nal m-sequence but delayed now be q
digits, where both r and q are positive integers in the range 1€r,

q S’- 21:'-2 ¢

(d)Succesive ovcecurences of one of the states in the binary
sequence are called runse If these runs are tabulated, it is
found that there are En-1 runs in the m-sequence, of which one
half are of length 1 digit, one quarter of length 2 digits, one
eigth of length 3 digits, and so on, provided that the number of
runs of a given lemgth so indicated is greater than onees There
are equal number of rmme of either state, except that there is a
run of n cones but no true run of n zeros and that there is also
2 run of n=1 zeros but no true run of m=1 gnes.

(e)If m-sequence X is any binary sequence of ones and zeros

state and X is defined by .
x" = (I®DIX = D °x
where I is the identily operatore.

D is a delay unit



@ is the symbol of module-two adder
ks is the wvalue of q when r=1
The sequence X will have a one in each position corresponding

to the start of a run of ones or zeres in X, and zeroc other wherc.

(f)For an m-scquence ¥, the value of kB-Z is equal to the
number of digits between the stort of a run of n-1 zeros and the
start of the run of n ones. These are not included the start

digits of both runs.

(£)It will be assumed that the two states of the m-sequence
previously defined as states of one and zero, will be chosen to
cerrespond to the amplitude levels of +a and -a respectively.

; . ; n=1
Then the number of zZero ecrossing in now sequence is 2 .

(h)The m-sequence X of state +a and -a there is the auto

correlation function shown in figure 2.17'8 where
2 = ,
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(i)The power density spectrum of an m-Sequence is a line

Lf—in e )2. The

2T
first value of zero is at the frequency of the clock pulse E%:.

spectrum, and has an envelonpe tc the shape of (

Its shape is shown in figure 2.27 and see the proof in Appendix C,
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Fidove 2.4 The Acto-comelatioy fouction of m-sequeue X with states +4 aud -3
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Figure 2.2 The Power Dens’n‘y Spectrum of m-sequence x with states +a and -a
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(j)The erpss correlation of an m-sequence X whose two states
are +a and -~a, and a similar sequence X whose two states are +a
and O corresponded tq sequence X respectively has the form shown
imfigure 2.3?’8

Redy = ﬁé(xctn a)

a2
@ () = %(C’-sx“(t} e )

2¢3 _Summary

Some advant.ges snd disadvantages of pseudorandom binary sig-
nal17 ares

(a) simple to apply

(b) inaccurate

(c) dinsensitive for disturbances

(d) eomplicated data processing

This signal is suitable to use for determination of correla-

tien function.
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Figuve 2.3 The cyoss-covve [ation fouckion of xcb and }?d), Xy = %(xc‘ma)
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