CHAPTER 4
THE EFFECT OF EXTERNAL NOISE

Le1 Introduction

When an external noise ni(t) is added to the input signal

x(t), then the input of the linear system is
xi(t) = wlE&E £ ni(t) (4e1)

The output response yi(t) of this system can be written as

o0

y, (8) = jh(u)xict_u)du (4e2)

"

The crosscorrelation between the input x(t) and the output response

yi(t) becomes
—
e 1’
ﬁxyit)— = ’x(t)yi(t--l-f)dt (4e3)
Q
From egqnse (4s2) and (4¢3), we obtain
T"W
g (T)= &1 | BO0x(e)x, (b Tow)auat (o)
5 T i
1 )
From eqnse (L4e1) and (444), we have
na o
Sy | 2 L [ : = .
ﬁxy(Jt)— }h(u)ﬂ&x(.. u)du + ‘}h(u)ﬁan'l uw)dw (4e5)
i 3 P i
It can be seen that the first integral term on the right=-
hand side of eqne (4,5) is the same as eqn. (1.3), therefore the
second integral term must be evaluated, and for this case the

crosscorrelation function ﬁtn(Zj) is required. However there are
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two interested forms of the external noise to be considered, they

are the time polynomial function and the white noise signalse.

4,2 Determination of ﬁxnﬂﬂc) Effccted by the Time Polynomial
=

Tunction Noise Signal

The time polynomial function signal ni( t) may be written

in the form

b.+b

1}

3
ni(t) 7 PN SO
m

1 2

o

I
§Ns
(o8
H
e+
H

(4e6)

(4e7)

where bO’ b1, bZ’ ees bm arce coefficients of time varible t of

the order 041424000, respectively, and m is the positive integere.

Since the input signal x(t) is periodic with period T, the

crosscorrelation functiecn ﬁxn(TL) will be determined over the same

L
period. Hence, we have
=
vy CHiY ,
gltl = § x(t)ng (t+ r)at
i o
From eqnse (4¢7) and (4.8), we obtain
JT m
g (1) = &) x6) 2 b ere)tar
xni < l.-o i

Rearrange the eqne (4e9), (see Appendix L), we have

( T w L4

, o il = o j-i

g (T) = 7 )xt) Z ¢ Z "6b, T dt
B (¢ k=0 J‘-'ll.

where Ci = Joi) 111

(4e8)

(4s9)

(4e10)
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yr " .
g_(T) = E%j x(t)ttay > 3cib.-7_~3‘i
A i el J=i J
2, D3 j-1 y
= ‘M, > JYC,b i (4411
‘-‘E‘é i,zf 1°3T
J=i T

where M, is the time moment of the input signal x(t)=g ‘Jx(t)t at
Since the eqne €4.711) is not convenient to determlne the
crosscorrelation function ﬁxn('t). Hence, it may be rearranged as

i
(see also Appendix E)

o iy . . @R 2 m
ﬁxnj(li,) — ILO [ .l"..i { + hz‘r + see + R-m 't (4.12)
=
where ni = ;2 Cibjmj-i
s
M, . = = |xe)tihae
j=i T3,

[s]
In practice, it is simpler to delay the input signal x(t)

rather than the external noise ni(t). The crosscorrelation between

the input signal and the external noise can be expressed as

21

e = ”
ﬁxnit) = 5 x(t=T)n, (t)at (4e13)

By renlacing t = t+ T , it can be shown that eqne. (4e13) is

reduced to egne (4,6).

From eqnse (4e¢7) and (4,13), we obtain

;an(T)= ;Hx(t ?)3 btdt
i ° Tuo
Al 2 1
ﬁxnf M) o= é_{,bi[ J #(t= T )54
1 =0 Q
= bor-aoc T )+b M, (T)+ae .+mem( ) (be1l)

i
%r[x(t-’?)tldt , is the new time moment of x(t).

]

where Mi( T)

s}
It is seen that the result of an(T“) in eqne (4.14) which
i
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is the modified form of ﬁxn(qf) in eqn.(4.8), will give the same
i
result as obtained by eqne(4.12)e

4,3 Determination of ﬁxn(TT) Effected by the White Noise Signal

L

Normally, it is difficult to predict the waveform of the
white noise, but its properties are well-known. Thus the crosscor-
relation function ﬂxn(T:) may be determined as follow:

i
From eqne(4.8), it can be rewritten as

3
1
Peal®) = T goxm o+ Ty dt (4.15)
The square value of an(’b) is
2 1 2
g_(T) = {Ll__r \ chcmLCJC-t-"c)cltz( (4.16)
i [

and see Appendix F, we have

2.
ﬁxnit) = ﬁxx(’t) Qr n('t) (4o17)

i
Since the autocorrelation function of the white noise ni(t)

is known to be KaS(O), the eqne(4,17) becomes
22y = k8 g_(T) (4.18)
gxni - < @ gxxt h3w

Substituting for the value of @__( ) from property h, we have
pos P

gfp(’m Ko~ , for T =0
e (4.19)
s Toxr P #£ 0O

i
]



Thus the value of ﬁxn(t‘) is
i

ﬁxng?'\)z aJK y for =0
- (4.20)
= 0 s Sor £ O
or it can be rewritten in the form
g ()£ a-JK , for all range of T (4,21)
Xni

The approximation value of ﬁxn("l‘) will be assumed constant

for all range of T as its peak value at T = O, thus

ﬁxni(?) aaf K s for all range of T (4.22)

alle

In this case, the error due to the above assumption, for
T # 0, is neglected when the signal-to-noise ratio is large. The
modified form of Efxn('t) for the white noise will have the same

-
result as shown in eqne(4.22)



	Chapter 4 The Effect of External Noise

