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SUMMARY

I. Purposes

The FH spread-spectrum communications generate
the interference in the fixed radio channels using VHF
30-88 MHz., If this interference is not excluded, the
conventional radio communication systems are influen-
ced intensely.

This report surveys the interference effects of
the audio, the image and the data signals on the radio
channels and proposes the method for frequency compa-
tibility of the FH spread-spectrum communications in

the radio channels.

II. Contents and Researches

The field strength of the transmitted signal on
the fixed radio channels decrease as being far from
the transmission antenna. To calculate the interferen-
ce, we derived the field strength of the radio signals
as a function of the distance between the radio trans-
mitter and receiver. And then we developed an interfe-
rence model in that field strength, and proposed the
difference of the power level between the interference

signals and the radio signals.



This paper investigates the interference effects
of the audio, the image and the data signals anc ana-
lyzes the bit error probability vs. SNR by the simula-
tions, and finally proposes the method to exclude the
interference of the FH spread-spectrum communications

in the radio channels.
III. Results

1. The frequency of the FH spread-spectrum commu-
nications have the interference effect only hitting
the frequency of the conventional radio communications.
When the hop rate is 100, the hitting time is 10 msec.
Hence the FH spread-spectrum communications don't have

the interference effect on the audio signals.

2. We made the experiments by using the TV image
signals with the frequency band 6MHz. The TV image si-
gnals were had the effect when the FH signals hitted
the conventional frequency band. But 1f the FH signal
power is 23.5 dB smaller than that of the conventional
signals, the image signals are not had the effect.
Hence we can minimize the interference by adjusting

the FH transmitting power and the distance.



3. We could remove the interference maintaining

SNR of 10 dB at the audio signals.

4., The digital data signals were not had the ef-
fect although the FH signals hitted the conventional

signals.

5. To exclude the interference of the conventional
radio channel must develope the software technique of
the FH system avoiding the band. We could exclude the
interference adjusting the FH transmitting power and
the interference distance. Therefore we get the resu-
lts to be compatible of the FH spread—spectrum.commu—

nications in the conventional radio channels.
IV. Requirements

We suggest some requirements to achieve better
results in performing the research and develope-

ment between our team and your laboratory

1. Problems to Cooperation between University and
Laboratory :
-need to establish database about the related
data ;

-need to interuse applied devices between two



teams ;
-need to investigate the theoretical basis and

analysis about the developed devices.

The requirements in the policy direction of the
frequency management The Spread-spectrum commu-
nitions using the frequency hopping, the direct
sequence method and the hybrid method must be

applied not only the VHF band but also HF, UHF,

MTS(Mobile Telephone System).

The problems of the project management
As the database of the project is made, we can
remove the disefficiency of the duplicate inve-

stment.
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g (t)s, (t)+
74 —= N(t) S (t)g, (t)s, (t)+ —— -

g, (t)s, (t) \ 91 (t)ga (t)ss (£)+
gn(t)g(t)+

> X 9, (£)N(T) +{ CORRELATOR e
@ to de.-
1 , modulator

spreading

function

g,(t)

(b) receiver

[&ﬂ/\/\ /\ﬂﬁ(‘{\ﬂ/\ﬁ/\ﬂf\ﬂ
O T TwW vy VU TU D M/\,\A

e \ y /\M

<2¥ 24> A&
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FH diqd& SA9yde Jaxs 2A7] (Pseudo Noise Gene -
rator) o WHPEA BAsE Zso] s T FArld TA
¥ FHsE F5HoE zIAPoEN 99 Fo4 gds 98
T HHeR FAAJE Pl

FH tje&84a FA%AoEs slow FHW 2zl fast FHW Aol glo
¥, slow FH @& ztzte] F54 =9 (Frequency Hop) o 2 7j
o]’de]l el A$H:, fast FH L4 e ABue 3w o
e Fag Egel QU B =For 1Y FHAAYE slow
FER X g Ag3an o

FH qigga AR 4 AFZE2E 2.5>d el 34
47149 &8 h(t)s AFHE s(t)e "ed go 2
AT

+

h(t) = 3 2p(t-nTc) cos (Wat+g,) (2~-17)

s(t) = cos({fc+d(t)Af} (L)+6(t)] (2 -8)

P(t)e t=09dA AZFds IYXZ YA (unit amplitude pul.-
se)olm, Tcx chip duration, f= % 354 tonilo] Ag e
1/2, Wa st ¢ne& nA o x4 Fo$s gagoltt oy
Wo & 2-1709 F35FdA surt dds ke gAgegs 2

47)9] shift registers] Zololth HEAZu(t):

u(t) = s(t) 3 2p(t=n-Tc)cos(Wa t+¢) (2-9)
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olty FH tjd&4 EMoie Zzeo 2By olyg coherent
& Fa4 FANE TEY] o2l phasey coherencest §3 5
71 oAyl wFEo HAAM HA4¢,. & 1BEx] €= noncoher.

ent HEEY A YA ALY

si (t) = 2cos (f.+qf: )t it,<t(i+1)t, (2-10)

of de 19 BF A¥e =T AFARY E¥e: HE A
THoA e F$EL Aolst  noncoherent dr] wE o) Al
¥e #F energy spectrumg& 2zt T eE g energy spectragsl &
o] #@9 single hop4l39 energy spectrum& 4 (2 — 10)L Fo.

urier 2 W8 7|y AFozT JdojAt

|Fe (£)] = —
2

2 t {{sin t: (f-f. —qgf, )

]+ (2-11)
t) (f‘fo —qfl )

sin t, (f+f.+qf: )]}
[ ty (E+f.4qgfi )

{28 2.7>9 (a) = 49 Fogsd st gy s zo en.
ergy spectrum & JYelin <a¥g 2.7>9 (b)dye <o

6> 2e 4709 =% Fo4o Wy energy spectrumg U
EhA,



h(t)

F 3 +8 474 SYNCHRONI ZATION\
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© Q =1
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5 m i
o 2 ul
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£ 5 N
. mﬁﬂ !
oy o N ~
ee i O -
a1 © aw
= j oln
@ LS | wn
. R (E]
T oo Tl < <
o F i ! N : Qu
P + ~
Jo E Y ¢
kg = 8 ) |
Hr
T 5 % i 3
< » 5
o Mm ] °
p ®D ) =
o ° g o
oo © "
= op - T ,
X T s e
e ? A
ol

<% 2.5> FHUEEA



2 5l 2 |
T-T-va— __________
b = oo o o o -
Br 'i }, ‘ A
£l - 287 ?wQ%Bl
=% - T
fib---— _J
L A7
tl tZ t3 td t5

<aP2.6> A-Fod5 fFHolMe FHAUZTY &9

N /\

f,+af,

|F(£) ]2 o~
h,\A/ LW\ |
]

(a) el Zoso] Bg v FisEet (b) ¢4 FI35E9

<28 2.7> FHAZ9 energy spectrum
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Bm:l/Tm ::],/"k Ty (2__10)

i Tm = k. To: ABe bobit duration

Bs = M. f

;. M:hoppingsld <, f : FH bit rate (2 -11)
et Tm = To Adf,
PG = Bs /Bm = M-k-f-Tsv = M (2 -12)

2 FHAE@ £7b AHYol5e H& ¢ # Ut

(1) F35+ F47)

F 3 47 (Frequency Synthesizer)y FH g8 E Ao
A N7} (PN codeZo] )zt Adg ArARS 247 (Pseudo No-
ise Generator)od w2} =38 Fosg dEHoz FAs A

Fas F4 wHd =@ ZF FoAsERYH dde FoasE o9
571 98 W43 I wEAN g Ys: PP (Direct Sy
nthesize), PLL(Phase Lock Loop) & o|&3d Fulgg A4
Jle 7PAEA (Lndirect Synthesize), 28]l GRS @4 $9o)
9l t} 23)

<29 28> (@& FE AAs dddd 2y A&HE THF
S TAVIE GEUAY T HAA

= i
o %A HY =F wysdN 24F £,7F PROGRAMMABLE DI-

A

+

= A &
& FogF & =X FHs

VIDER(1/N2)E AZ % A v mr] (Phase Detector) oA £,

del fgxtel s Agel BN wAYY FAsrE 23



by " 1 £,
| /N1 PD LPF L——A/» VCO t+——
A IS B
i
@NZ |
oot
| A
PNG Jle—CLocKJ
(a) 3 FId5 FA4$4A
£ / \f-‘*—“— f,
172 BPF +——>
T
., —>{ switch
k bits
—} 2 to 1
£1)  |f2

spectrum generator

(b) =4

Foe gL

<I2® 28> FHF FAVY AFEE

-16—-



g} 20

<39 28> (b): AW Fu4+ gHszH 9y Fga

i
12

(power) 22 YF$ spectrum generatord] o3l uhSolx| =
2 Fg45F UE F¥Y Mede FaH4=  shift regi-
ster generator oA e K binary digite] 9ojsto Ao
mixer & YrHo T FAE W Ssd U gos
dedd om 2z stagede 2¢709 Fo$Eo led n sta-
ge g2 TAHEYUYE F FoHEE M= (2) =2m0] =tk Ho ho.
pping rate & PN code rate ®Brti: switching speedo] o
st AP IYelM £ & reference Fasoly f, = £
FHF7t @

AL & WA 7] (Pseudo Noise Generator) & I EAd
FFHo2 Agse #7149 ¥Y == PA47I2A DS pogas

Ao code rated] wat wdol FAHD WP Fusw

4oz wMYE £Y 4 Utk FH gABY E4olHE PNGe =
Eol meE FR+E FHs Y4V H4E¥ 5 AR @9

PNGE Al $Eo wg Hddzdoz 88 + Yoo gEHQ
PN code 2 autocorrelationo] £ 43 MLS(Maximal Leng-
th Sequence)code, crosscorrelationo] £%3% GOLD code |,
code 9] 3&4o] ojzyE nonlinear code Fo|] 3tk E 3 GOLD
code= SSMA(Spread Spectrum Multiple Access) o] & £3}c}
<2¥g 2.9>9y MLS codeg AEZe 8, 181 autoco.

rrelation & uEhYYTE

-17 —-



MODULO 2k

1
e |
| E
| |
l | LINEAR CODE
1 21 e N F,__.__ﬁ-”_é
LENGTH=2"~1
(a) MLS 24719 AS®
1 ——One (o - —— —_—
chip
i S
2t 3t Nt
-1}——_ one pegi_od _ . {
N=2"r~1]
(b) MLS 9] ¥
|
1
e R N L 1
J — /Nt1 \ .
-t ta N

(c) MLS@¢ autocorrelation

<AV 2.9>MLSEA7o &4

_18_



<¥E 2.10>& PN codeg] o]aHc]

[N 4

rosscorrelation & uUENHQTE 24)°25) o7 4

gau

tocorrelation o] Pda=

At
1= 1l

% olmp 2l

o4

>

¢ + 9

autocorrelation =

]

C.

MLS code ¢ au-

ol
=2

A7 &

autocorrelationg 7}

o

autocorrelation (b) o]A4H

/\01-

Jim
oX

rJ

M 3XH 7] (Synchronization)

SR
AR

g ol
AR

)
2

code st MA code( £ AlA

LA AR RE A

S
o 8

BHE
o 217 9]
o] W of] A

.y

.

g 43= codeod

o] code& 1chip

-19-—

code o

crossoorrelation

code o) 9] 3

=
=
$ 3

S

fa8 A

o

ofy

=
code &t F4d)

=

i

gt

chipeg FA45

A



(Acquisition) 2t 31 1chipoluid] F7|7} o]FojHolr A& 3
A dAHZA X3P B ol59 HIFE %A Hed oE Adst
71 98l 1chip eludA wA AdgaA Fr dHRAINE AL E

7]1% 3 (Tracking) ojg}t 3t}

correlation A&

<2¥ 2.11>%7] AdHd ©WEg Bz AF

<IE 2.11>& F7] Ao wEg ERANFZ correlation 3
& JYEd ez 1chipoluld F7|7 o] R A FUALT AS
3
2§ o]&3l9 correlationo] Hurt Hxz & zAsA =g R

correlationg 09o] =8 I1chipojlor olRojxm =3

et

AL H=2s Fags R delay A g dF3l9 adaptive AlZ o
2] optimum synchronizeds&td olw} synchronizers] op-

timum® hardware ¢] complexityote] HAE= M=z Aurgc

(1) 271%7) (Acquisition)
WA SAA2deAs spreading waveforme Frl7t 2 m

bandwidth7} #HAAM F7]A7]7] oj¥r7] wEo 1chipelulzg ux

A7l 2718717 8% 9nE& z2A =t

- 20—



h(t)

|
*(t) natched [x(t) envelopefl(t)ithresholdi«hit»
r(t) bandpass » -
filter detector etector |
a(t)
reference threshold Vv
waveform
generator

<AE 212> A¥EEH wUHe z271%7] Azxd 24

271871 A2 Afgze <I¥ 2.12 >9 o olge FAMZT

L

4 (2-13) % Zon,

r(t) = +2p c(t-Ty) cos(wot)+n(t) (2 -13)

a(t) = c(t-1,) (2 -14)

h(t) = b-R(K:t-T) cos(svﬂt) (2 -15)

$AlAF o reference waveform generated AlZ<l 4 (2-1)

=X
=

bl

o

Fes 4 (2-15) 9 EAg 712 matched filter of E34A]7)
2] (2—-16) o] ®o

X(t) = /2 b-COS(Wottf4aw,Te /K)J:VRC (Ke—Te) 2 — 16 )

‘Re (T¢—Tp—K-t+ke) da

-21~-



2l (2 -~ 16) & envelope detectoro E 34zl 5 threshold

.

Ve dimste VED HA O HW AL ATE ovinsd mHnp

)

OoE T FAH dHE dEEA "€o

(2) $7]1%% (Tracking)

57128 AL s)|E2azee Apas 1chip oWz #3324
Bl M ANz Fade FA47Ie AZE FTE OH a2 Zae Y
3 delay Alzte =As A "®©o

F71 AL delay Alzts FH3e Wyd wetM delay-lock
loop (DLL), dithering loop,early-late loop %o} glon &

A gEsr EANAAFME early-late loop ®ale]l 713 =

o] &Y FI|FAHAA Hols 7IEARY JEE LAY 2.13>
Fag=
o] FAAMNSTE A (2-17)% Zon o F£AAFTY vEH C

/

odeAls s(t)E Fsleg lowpass filterE EFHAIH esti-
r(t) = s(t-Ta+n(t) (2 -17)

A
mated delay time T & F& %7} 9 i controllerable de.-
A
lay lineo] o8 $(t-T )7t wEAAA 2 (2-18)0] Hed,
X(t) = s(t-Ts)S (t~Ts) (2 —18)
A
2 (z2-18)9 ZAE BW T>T, Y ZA$ positiveg s 27

negative g & 74 H

[e]
<
A
of T,& F7HAFEez2M To=Te F H&F F7]7F ol FoixA &

- 22 -~



r{t) =s(t=T¢) +n(t)

lowpass
{g} > delay error
filter estlmate
’ A (Tq—Tq)
S(t=T, )
controllable
delay line
with gain
1
- — second/volt ]
a s(t)
s(t)
differentiator

rl

2
o
tot
U

<2y 213> F71FHe 7

_23_



Y

ok

<0

B

=

<J
Ho

b

ol

.

__Q_.
ar

FH

H 3 &t

o

a

TH L

A%R A g

4o

o
TO

X
Ar

it

o

oe

71ekel At

i3

3|

2z oz

A o

ol €A

3} gl %

2.
L]

=1

<Y 3.1 >EHH

k=N
«

e Yo
=g

—

o

)? 9rgr |DetRi exp(JB)+R. exp(34,)

A
47d

P:Pt(

exp (Jjf)

+ (1-R:) A,

exp(Jfs) + -

+ R,

+{induction

+ (1=R,) A, exp(J6, )+ -

fields and secondary effects of the

ground} |2

(3-1)
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SHE

yir wlr

<0

oF
o
©
—_
~

Btmﬂc
T
7
o

== (3

! H
THT
2 g
=)

|

}
SR

direct wave &}

2} o]

Ri
A;
61

direct wave 9

D,

ANTENNA

TRANSMITTER

ER
ANTENNA

RECEIV

A
A

(3 =1)A

sin(¢;) —Z

(3 ~-2)

R]—:

sin(¢:i) +Z;



olnl, g7 A Z; &

e —Cos(dy)
Z; = ;vertical polarization
€

= /5—cos(q>,) ;horizontal polarizati-
on

(3-3)

2 ugg 4+ dg o = iwA WAEBANA B YalzolH,

€
=¢ — j6ooAoltt olf & A

old

Zh ol

==

Ne #7&, o Awe E

A& (mhos/m) ol 233 EAR AE AT,

1

1+ 3J (2rd/A) (sind;+Z;)
o, A (3-1) oA HFEs7 ©& wWapge] Hs FFE AW
e Hez & & U4
A
P = P (——=)*gcgqr (3=5)
4md

_26_



h=)
N

60 &0 90 (MHZ )

|
—
o

i

T

1
—
oo

i

1

!

e

(@) <HY Zol 1 ndd™

g 40 60 80 90 (MHZ )

_—

+

®) <G Ho] 3mAdH

<ag 32> YHU o F
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ol

ARELAA HARE

fir

Eo :vf-gt-P:/d (3 “6)

°]x EGLI 9 HAZZo g 4

he+h-f
E = —— JERP (uv/m) (3-17)
95-&
hehe 0 &4 AEHY Fo] (ft)
d : $£54 <gHY A (mile)
ERP : & WA} A (watt)
£f .44 94 (MHZ)

4 (3-5)% (3-6)o2 ¥e 4043 AID AAAY BAA
& #E¥ 4 U9

P = (—E'i—)zg/mo (Watt) (3-8)
27
E:&4d AAZZ(V /m)
g:FA UgHY o=
A:HA (m) =300 /F

<E 3.1>2 293 AdHY Zolst FoFE 9 B FgsoM A
2o ME ZFEEAdE Y

<HE3.1> Z=2¢&4 (dB)

A g 30MHz| 50MHz | 80MHZ

£38 5W, UHY Zol 1m 8 im 124 129 133
28 5W, UHY Aol 34 8 im 124 129 133
£d 50 W, GHUY Zo] 3, 35 km 144 150 155

- 28—



CHM2E BSdME UM &M

71Ee B4 FMadel FH 9%y 549 Azsh uHs o4
FEE 1Y dsted WA AP mwe T 4z g4
4AE E4sigon], Bgez 4 LARWE 8oz Fus

Ao

-~ ~ _\-‘
1.

/ / BTa ad FMAYge 4a7)

i A-f'""lz B’ s A’:31% FMAde 4 A7
1 . B IFHAQe $547)

. BT | B :IFHiQe $547|

L / R 3R FHALY $44 Ag
._\_-._'-‘_—.. _F"F'_'_>"d-.

<2¥ 3.3> FMRPHAfdnyg 4HEd

<2d¥ 3.3>0X A7 2ANEE olEdd FRE F$AHHA $£2
7l AdH HEE FAUHAY ol Be B tidFA FHo $
PEAHE A9 FAVE o2 A N4 & wE Aold ==z A
FA71qM e AHAFEE Jamming-to-Signal ratioz yEld 4
7b e, A7 Ae Jamming-to-Signal ratio: Al A

5¢ AsAs7le] Wey jamming power & signal power S} ¥
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2471 AolA FAE £08E HHE FoMY A (3-5)% 2
9

sedol @, QuHoz FMBL
X(t) = A cos(wet + kf [ £(t) at) (3-9)

2 BAEH A7 we s wEse F4 Fn$, kfs usne F
G@olF e HEFE gt oriM wzAs £(t)7 a cos

wetol®d A (3-9)&
X(t) = A cos (wet + (akf/wa) sin wat) (3 -10)

2 29208, akf/wa = S8 o o [ | oW,

X(t) = cos wct-f/2(Cos (wc—wn) t—COS(We4Wn) t)
(3 -11)

FMAlZo] FHOQEA 443 BY cosiwt+6(t) 7} 78a oy
i
MMEE W4ET A cos weto] AT HH Dew go] Ed

h=)
z(t) = A cos wet + BT cos{w t+6(t)) (3-12)

9 HozRH z(t)E TA 21,

N

‘—f-

~
i

R(t) cos[w t+p(t)) (3 ~-13)

2 OEANE F glem oAViA RS $(t) &,

._30_.



R(t) = [(A+Bcos wpt)+B sin wpt) (3 ~14)

B sin wt
¢(t) = tan- (3=-15)
A+B cos wpt

<2¥ 34>TAHEFY HoAE

AAAQ Ae r=B/AUZ FYggy H4e

R(t) = A(14r4+2r cos wt) (3 -16)
r sin wmt
¢ (t) = tan= (3 =17)
1 +1cCos wpt
24 rk19 A% R(t) =1+ rcos wpt,¢(t) = r sinwt

~31-



z(t) =A(14r cos wmt)cos (mt+r sin wpt) (3 -18)

X(t) Z(t) U(t) Y(t)
A’ &4 | BPF IF BPFf—>
Fr(t)
BEEY VCO

B(t) cos{wit+6(t))}

<Id 3.5> TAHLAAY FMASFE

°f Ho AL AVE JHAe TAHAFA g8 wEde A H4R
BE7E "o BxALst resHEE 9¥ ¢ wxA g4

<2¥ 3.5>A4 Fr(t)e & o uUag + Ut

Fr(t) = A cos(2(f;; + fc)t) (3-19)

283 £A7e g% BzaAs U(t) =

U(t) = 2(t) Fr(t)
= A cos[(wy+we) tIR(t) cos(wttop(t))
= {A R(t)/2}(cos{(wy +2wc) t+¢ (L) }+

cos{wy +¢(t)}) (3 -20)

_32_.



EOUEE £ A8 97N EGFREA w7 @¥e2H  R(L)
9 ¢(t)x W22 A (3-16)7 (3-17) 2HE jamming -
to-signal ratio r3 Eg¢Fa4 wi o & UAAEES AXNG

A
<aY 35>9 47 AN n¥sel ¢ Age gen 2o

>

(1) #4171 A9 Axe Near-far field oA

o
e
X

(2) we st wiel @A WE FAr A9 A
wesh wio @A R A% Be BAE RMH}DEH mAsys.
tems] HHE HHE + U YdHoE o BAE LAY

AdEx (Selectivity) ¢ Z 7% (Desensitization) o) ¢ ZH=X

FA71Y dYzd d3te JEzs BHNIZE Fogs ddodM o

Ir
o
H
e

ZA7IE dile AZE jamming oA Hog £ qgAH
A7F e AFH T powereg Holr7l o= HEolW jamming 9
AFE A ¥g + Yest e Aeln

% 3% FAAYY FA$EY sge] hittingsw <3y 3,
6 > o] Jamming-to-Signal ratioo] w& dojelx4e B
EPo] osl &4 4 SNRE 23Y £ Uew o ZIH: uW
HoE 10dB SNRo] =Hojo} e ZHold E <E 3.2 >9 oM
g Zol 1A FHAAEy FHAAH ALY FH$ Afole) o F44
BxoX AAgg Jamming-to-Signal ratio & {37 Y =
G5 olAg RYHAY Fns oFe WE AUE FATOEAH

dde Wg & Aun,
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FAddEE 41719 Tunerst IF BPF o o ZAHH oA

2 BaAu sig S4o T2y

+ Fo ANz Y 47z #@doe o] (dB)
25 KHz .
50 KHz )
100 KHz "
200 KHz .
o 110
- 120
- 130
lr SNR
e “#'___.-——-‘-"-—'-_-—
10dB L ——-———-:v_-:_—_;_—_:‘:_-::—:_____—__«_‘
102 jgas
erl
TR AT
10-¢ 1‘ ‘r ~ |
— 10 —5 . 5 ,

JAMMING TO SIGNAL RATIO(dB)

<2 ¥ 3.6> noise Jjammingeo] wd BEP
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2A71e ZREE Q3E A 2o 2 wHAII E=AE g
A Aze FAPBEr AsPE e EAS Aoz o= ge
2742 29ld olstd AUk AME S4%  Tuner o Amp &z of
s AYH ESAE 2 A% A3 F34+ FAlY EEEeD

o4 IFAsE BAsE Agolth orjx VCOo o8 Mixer

(Ui

A% IF BPFE E#sd F3%+ fu &8 BARE F we =w,
A FdFe] g powerst EolgoEH THE WAANA B A
QEREDEREE:

g
gol ods BB

Hh

il
g
+
il
jn
2
2
2
R
rr
+
r>
)
A
Jm

HM3E FA As A sM

o
P4 AR EXE <3Y 3.6>9% 2

A

ET‘-_
ge Vel A% ted e 34A 4Ed AE7 AF 533
z

F,(t)=a,Sr(t)+a,S¢ (t)+a, Ss (t) (3-21)
FZ (t):a“Sr (t)"{—aESS (t)+azgsb (t) (3 - 22)
Fy(t)=ay,Sr(t)4a,5: (t)+Ha, Sy (t) (3 —-23)

47| F=(F, F,,F,)7, A=(ay), S= (5,5 ,5)2usd 5

1

e, TVe frame& two dimensional signalojm & Four-
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ler Series& A}&3 AEE #HEE £ Anp ©wA Tve Ze

o
Yre ted dez ygy &

Fi (t) = 0.60 Sr (£)=0.28 Se (t)=0.32 Su (t) (3 —24)

Fo (t) = 0.21 Se(t)=0.52 Se (t) + 0.31 Sv (t) (3-=25)

agn EWTVe gleiMe W AsE o § AdozRH FEs I

o9 g&3 Zol uedolnd

Fy (t) = 0.30 Sr (t) + 0,59 Sg (t) + 0.11Ss(t) (3 -26)

A71 TAEY &4

£

VSB 42

[*]
- o B g

Xi(t) = Fy (t) cos we + By (t) sin wet

= [F, (£)=Fn(t)]) cOS wect + Fin (t)cos

A
WCCt + Fih (t)Sln cht

(3 -27)
ojH, Xq(t) =
Xe (t) = Fo(t) sin wee t (3 -28)
ol wetq ZHATVE Y8 base bandAlz:
St (t) = F; (t) cos welt + Fq(t) sin wet
A
+ Fin(t)sin weet + Fy (t) + U(t) (3-29)
o| o,
Ve F2fxe A8 44 dHYS Fol, ¢HY oF



DSB modulator
—

s(t) ) > ——> output
A B L———J¢ % D E
VSB filter low pass

fot filter
cos ornf t cos 2mke
(a)
S(f)
Aol o] SPECTRUM
A ) f
—f W 0 W £
| Xpss (£) | BolAle] DSB SPECTRUM
i t f

—f W, —fc+w 0 fo-W £ f.4W

|H(f)| VSB tilters E4

1
N———I/Z /?
1 )| |- || f

—f.-b-f.—f +b 0 f.—b £, f,+b

IXysp(£)| CollAdel VSB SPECTRUM

—fe—b—fe—L+b 0 f.-bf, f. 4w
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