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APPENDIX A

Operation of the modulo two addition is that the result of
addszion of two varibles is the remainder of this addition divided
by 2. This operation is shown in Table A.71, It is seen that the
operation of modulo two addition has some properties of both addi-
tion and subtraction and denoted by the symbol & .

If the gemerator can not produce a signal of value O and 1,
but it produces other values above and below zero level. So we will
replace 1 and O in Table A,1(a) by +a and -a in Table A.1(b) res-
pectively, where +a and =-a are the amplitude of levels produced
from the generator.

Properties of modulo two addition are listed below;

(2) X@XDID ... BX =0
where there are even numbers of varible X.

(b) XBXBEXD ... X =X
where there are odd numbers of varible X.

(c) XBYBZBH ... =0 8
where there are even numbles of the varible X,Y,Z,...to have the
value 1.

(DD XPYDZID ..o = 1
if an odd number of the varibles X,Y,Z,...have the value 1.

(e) commutative property of modulo two addition

Xed¥ = Y X L

(f) associative property of modulo two addition



lo) 1 —a -a +a
1 (@) +a +*a | ~4
<a) Cb)
Table AA

The operation of wo dolo ~Two addition
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XeY)oz2=X®(Y®Z) =Xo6Yez

(g) distributive property of modulo two addition
XY @ XZ = (Y @ 2)

(h) if X & Y = 2, then it implies

X@®2=7%

]
E

and Y2

H
o

and XY@z
Note
(X @ V)+(X ©2) 4 X ® (Y+2)
(£+Y) ® (X+2) ¢ X+(Y & 2)
X@D*X®2) #X(¥Y® 2)



APPENDIX B

The delta function is defined by equationj;

6(“"""-‘39) =0
oo
J:ﬁ (w-wpdw =1
-

where w is not egqual to W Its some properties are

(a) Jﬁ(m—mo)f(w)dw = Adwy
- 00

(b) Slw)
o0

() f&™tdt
-
(a) F{CO‘Swo't}

Teak | ~jwgt
e1%+ei (
2

SC-w)
S (w)

%Cé(w-wo} + 8 w+w,))

where Cos mc;L

(B.1)
(B.2)
(Ba3)
(B.b)

and the Fourier Transform of function f(t) is expressed by

o0 -
F{{ft)} = f{cﬂéﬁ"tdt
-0
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APPENDIX C .

The power density spectrum of any signal x(t) will relate

to the autocorrelation function of signal x(t) by using the Fourier

Transform,
o JwWT
(1)9::): Jgﬁﬂ(t) = dt (Ca1)
S
= zjgzi(t)cm wtdT (C.2)
ﬂTAA
= 2 j @ () cos wtdt (C.3)
o 4

Equation (C.1) can be changed into equation (C.2), since the auto-
correlation function is an even function of and is the periodic

function of period Te

Substituting for ﬁx)g‘z.‘), when x(t) is m-sequence signal, it gives

at For (z"-2)at
2 z
{ - 7 oy 1= - :é'l o
@_J}:o) z( _La. C cz'lﬂat) CoswtdT + Lu?-—-——“ﬂ)tas mzd'r)
2 nt2
az 2 "
= — sin wbt sm wZ2-1) At (Colt)
- atw? 2 (22w
[T Y21 21t
Because the fundamental frequency 18 = = 3 ¢ 50 the rth
e I (2=t
harmonic is . Hence the second term of equation (C.k4) is
¢at)at

always zero,then

. wsC 2

a22'at [ s )
@{m = —
K% CZl1) ’J_)_gt

=
72N vik , 2
3 atZ'at s\ Wy ) (C.5)
2> 1) e

v
where r is positive integer, 192959000 =
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APPENDIX D

From property of m-sequence x(t), the sequence X and X are

defined by
Xky = (xctr+a) (D.1)
x‘ctys (1@ D) Rct) (D.2)
= Dks'id:)
. X ch-koat) (D.3)

/
The sequence x(t) has only positive non zero parts and their posi-

tion is corresponded to all positive non zero parts of w(t)e Then

’
w(t) is related to x(t) by

¥-2
wd) = jt x'ct) (Do)
_ 32 Rcek-kat
- Lzast s (D.5)
— _.____....v—?' 'I:!- == 1‘, D.
YA L4 (et sty v a) (D.6)

The crosscorrelation between input x(t) and error w(t) is
i i
¢ ) = i’-_[x(-t)w('tﬁ‘c) dt (D.7)
X wi

-2

= ) (xct+T k«_,,zst) -.-a) dt

. T 3 ’
5= (_‘. jxd.) x (t+ t—kﬁ&f.)d‘t +-1_5x(-t‘1dt]
4ast\T | ‘ T%o

=]
s
[xetr(
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_ -2 (g (e-lkat) +_-)
@.Eut) 43at N X » Wi
where T = (2%-1)at, and
T
jx(t)dt = aat

When the nonreversible transition error is considered. It is
seen that, from Figure %,8, each non zero part of w1(t) leads non

’
zero part of sequence x(t) one unit timen t. Then

w by = 6‘2’;:;“ <t +at) (D.9)
2 EE_Z%"‘%B X Ct-lat +at) (D.10)
= &C:‘;ﬁ&‘ [xc{-—dcs-n &) +a) (D.11)
S0, Qﬁ,‘) B .‘_}LTx({; WLt R T) at (D.12)
. . '-Lr-L g_c%_g:__gc_l(x (k2-clzist) +2) dt

i

_._/“L (QS('::-(LL ~-)at) + -—-§ ) (D.13)

4aAst -
But each non zero part of wz(t) is still in phase with non zero
part of x(t), then

(F=€)) (At

wit) = Sait X Ct) (D.14)
L= et)) ~ (?\_/“C't'))
L= ect)) - (A— k)
t-kat)+ a3
o (x k Y+ 38) T (p.16)

and ?i&z): —\_ELxctm w,(t+T) dt (D.17)
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|-

T - ] :
Gs-ect)) — A=ty / ~$ ity

= “ t+T-kpt)+a
qs};) Jox ’ 4ant Lx. S )

_(3-e)) (Ao &)
4ant

a® D.18
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APPENDIX E

From eqne (1+ 5), we have

2".9 d:*-t) = b+ L—,qd.*tB

1=0

+ L+ bteeY CE.1D

= (loo-r 'C'o,"f‘ tzb,_+-- ; tmbm‘)

™ -1
+(b‘+2t'a2+3tzb3+. R 9

vin (ma) 2
+(b.1+3rb3+é??'l=4*‘-- ‘-k 2--l-l o of bwn-t

-+

2

- -i g 3¢+ 1) ]"_2*_
= Z lo ‘C —F{'—Z J +t‘J2=i JT 'OJ{

Y9/

l "D | Vil Jl- y j"l
Z.J B\ +TZ—"‘T‘1E’J'C+--
:ct}-oﬂo! J SRR b

> 1-1

\

1=06 J = 1

From eqne (4411), we have

Wy v bl '_)":1_ "]_

LR R &
iy 1131

5

+ 1
T
T
+.1 R
T o

*

b, T
Z -t Z LJ"T3| 1_\

-1

ztzlc lo'c (£.2)

glc’c)c\t (bo+ b+l 2% )
g xytdt (_\0.1+ 2 b:_t +3 b3t’2+ = -)

htat {bgz bt+obek. . 3
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m m s i T T :
ZMiZ_bj-]ci i = "[Q‘i'_bc?fn(hdt +|g'_1r__Lx-:tstdt +_Hj
120 3=} 2 T _
+
+ 7| b, L xebrdt e b L nctotdte.
OT ; w
3 L L ( xctrtdt ]
+’C[ir>z,r Lxcudt +5L,JTSOX< ytdt., ..
teuse
T i
o o )= 3 2 dt
. T 2 \9_] T S@X(‘t
J=C &
i 1 3
(4 2 —\xdHtdt
T2 b 70
3% )
Y Al 3
Vs b, s Soxc-t)‘h dt
jez Jg-at2t T
+I.l.
S R 1 (odas @)
= Z'C ij '(;}W 7 j.x(t.)t at (E.3
.ll-'-‘O J:l o
where Je = j-i.!:i.!
T -
M, == Jx(t)tadt
=) T
o
thus eqne(k.3) becomnes
badl = w o,
=> T Z7¢ b, (E.4)
i=o %
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APPENDIX F

From eqne(4.16), we have

2 1 7% %
_{ L[ xctynct+THd '
BalT) = { 5] xcerny t] i
e
_ '-]F?- L S:(_.t“) X(tz}“;_d: *TY V\-L({,;_{—’i:.) thHZZ (F.2)

Let t,= t =7 , we obtain

Z l 5
Bl = 32 SXCEDxckTmy b tin eyt di(E3)

<

3 T
4 T_\Dxc{ pr_%r'z:ick-t:l %gﬂlcﬁﬂq)mi{{i) d{:' (Fok)

= DL Byn () (F.5)
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APPENDIX G

By Taylor series expansion, $he convolution integral ¢ (T)

in eqne (5.86) can be rewritten as

T T
fv(t) = h(T) Sﬁxngt -t)dt + n(T )j (t-t)ﬁxnf’t-t)dt
o 1 . 1
I (G.1)

ilhen the external noise signal is the time polynomial func-

tion. The crosscorrelation function ﬁxn(T:-t) is
i

gxnf't) = Ay +A(TAE) et Am(’.’:-t)m (G.2)

From eqne (G.1) and egn. (G.2), we obtain

0

TARAAX T
g (t) =n(T )EA Bdtﬂl,ig (T —t)dt+...+AmS(’C—t)mdt}
L 6

° b

+..‘....-..

% > 4

%
& (:C){A ‘(t—r)rdti-...-bﬁ ‘(t—’t)r('r-t)mdt
r! 0 . 2
G o
+tooe
= Boh(T )4—B1h(€) + sue (G.3)

T T
where B %!S-Aog(t-‘t)rdt E ane ¥ =T0K g(t_ D Rk dt}

e}

1 { & (8T ) A
) r+w44 A\ hiaiadl
L YA, Wl - -2y }}

r*m»1

-1 )11; r+i+1 r+i+1
—Zmﬂ iu 2Ry }

n

+\!-
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When the external noise signal is the white noise. The

crosscorrelation function @_ (7 -t) is
xn,

ijn(t—t) = aﬁ (Gal)
N .

From the egqne (G.1) and eqne (G.4), we have

T
h(’t)s ﬁdt B h(T )E(t t)a\l‘lz dt + eee

o

[

E‘(’C)

DOh('Z) + I};lh(’[?) - S— (G.5)
T

1 5 r
- ;!j aJ—K:(t-’C) dt

where D
(o]
a,JE(l, ) (=) % - 2 R (-7 )r”}

r+'i
'J—((;_’::‘; !) ('C-T)r+1-( z )r+1}
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APPENDIX H

For example, the binary m-sequence with period T= 7At is
shown in the figure H.1(a). This m-sequence starts with the run of

3 onese Its time moment can be determined by

W §
M = % ]x(t)tidt (Ho1)
ol
when i1 = 0
TS - (4-513 sit e
MO = §%¥'{J(+a)dt + j(-a)dt + J;+a)dt + (-a)dt}
o 3at aat sAL
= 01428572 '
when i = 1
- 24t %NS At 74t
M, = ag?{IHa)tdt - J(—a)tdt + (+a)tdt + J(—a)tdt}
o} At 45t Bat
= =0,928571aat
hen i =
when i 2 mi 4$: 5ﬁ ?ﬁ
M, = ?%Eé J(+a)t2dt+ J(-a)tzdt+ (+a)tZat+ |(-a)t2at
o |
= —7.952380apt2

and SO Ol ese

Let a = 1, and t = 0.1, we have

MO = 0,142857
M, = =0,092857 > (H.2)
1, = =04079524 ' ‘}/

and SO On ese
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+a _
o 7ak — @ The m-sequénce xct)
-a of pedied 7at
+a (b) The same m-sequence
o) RIS as n (@), but diffevent
-3 W stading point
2
t
ey The time poly nomial
function of external
no(se .
0 l*;r;‘sf:~‘_‘_

Figure H-1
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If this m=sequence has a new starting point as shown in the
figure He1(b) which advances the original m-sequence by Ate. Thus,

the time moments are

20t zat 4at oAt 24t
MO = ?;t [[(+a)dt + ‘[(-a)dt + _j(+a)dt + .J (-a)dt + ‘[(+a)af;
2at aM 4t ik
= 041428572
ok ozt aAt 6ot 5t
M, = a%;{jf+a)tdt +.[(-a)tdt + [(+a)tdt +'f(-a)tdt B J(+a)tdt}
o 25t 34t 4At CAt
= =0,071428a At
zﬁta pat 2%
ME = 7At {&+@Jt at+ jh—a)t dt+ J' a)t dt+ (-a)tadt+ J;+a)t2d%}
o 2At 3at ah ¢At
= -0.00476a5t2

and SO ON ses

Let a = 1, and At = 0.7, we have

ﬁ
My = Oe142857 !
My = -0,007143 (H.3)
M., = =0,000048

2

and SO0 ON eeas
It can be seen that the values of the time moment in the

eqne (He3) sge less than the values of the time moment in egqn, (H.1)
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