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Experiment on the CW Interference Rejection in
a Wide-band Communication System
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ABSTRACT  This paper presents theoretical analysis and experimental results on an improved interference rejec-
tion circuit in the presence of continuous wave interference at center frequency, particularly in a wide-band commu-
nication systems. This circuit is based upon a phase locked loop for estimating the CW interference phase and the
MSE technique to minimize the estimation error. Therefore, the introduced rejection circuit that minimized the es-
timated phase error outperforms the rejection circuit with phase estimation only. As a result of experiment, we con-
firm that this proposed rejection circuit gives a high degree of interference rejection performances when the input

J/S is large.
1. M e ek, 2oy o454 zhAlshdl] gt A2 A
S A7) Sl FohH o R Zhadnl A 2ot
2HE R b BAA LD 18] 1§ 2 e 2 g5kl 197543 B. Widrow 52 A 2448
o] S ol] AAjH o g F2 A AFTHE 7t £A7|PE HFEH o™ ol combinerE o] &
stol AHeS 48R0 BAFAE o] 85
2109 ¢ B‘ L:i : %
o wTASH BT TEE 2| 0%0}11 } - 1977 OﬂoA M. Kowalski .
Dept. of Electronics Engineering, Dong A University, 1;1’6"(3 o3} 71 & ’{]‘%‘6]’ ks 'H A 3“ comblner
Pusan, 608 Korea. E wrEslgdion 1978),;}0“ 22 A array = =S
OBEABR ETIEH _ g 7b4R) A3 29 & B. Widrow 7} ZHAHE Alel
Dept. of Electronics Engineering, Yeung Nam University,
Kyung San, 632 Korea. Zj}‘g‘é}’%‘:}‘. 751'10:' 3“ F.M. HSUQ}- Giordano +
# LB 186 22 (1% 1986. 5. 29) Wiener & 2| 5oll 2|8 AlF7h A= oA F

21

www.dbpia.co.kr



REHEPERLIL86- 6 Vol. 11 No. 3

ol s} 71 & o] gate] EabgAlel A 2HA
A A3 2ol 0] L3t 1 =3 Bouvier® &= -2
o2 AF A E AFEEe zhAlste] kst Al
£9 #2439t 22 Bouvier | v ¢

=2
45 HE ol g3kl S4T ARG 94
e}

dlg] & #4347 F god7] diEoll A4 $)
Aol e 7F Easled o] ekt MG AZTE o]
S 4ok 2T 94 037 Edshed 2
T FATopol A9 A st 2
Hehalx) ool HAA AT HA = FAAH] AR
o}, =%-2 Bouvier 2| w4 o] &3 9|4t
%37 28d B. Widrow'? 7} &l ekgt 2742 9|
4} combiner & A {417l ¥ MSE(Mean Square

Error) & o| &3t ¢latelelE 3L A| Z o
RTAE AdA R Ajatsld AYEE SN/
S vlol] wpE ZHA A A E L Bhalslodeh

2. MSE £ O|28t ZMINIHE 2

2] Ak & A nk-S 3§k Bouvier 2| 3| 26 = 94k
FA 712 gl Bl & FA3FAIZIR] &kl o F
o o] & o] &3k 24

dabo] FHoll= of 2] 7} Ay
she] Ago| vl el Aol E FH 43HA
717] 1k 2702 ¢4 combiner & A}-&-3F 7HA]
AR 1913 2ef®
AFA I e AE4 bzl e FA
91gr Rolw 29 FE7] of
Erodstrle 54 2kAlst

o
S1% Rolcks 914347

X (e)

1811 914k combiner & A}£8F 7HAIA A3 2
Interference rejection circuit using phase combiner.

212

od%54 zHAske] AT FAG i)
B AT A4 AR Ao s dal
Sol 4wk 29 1ol4 d5A st

54 =

AE w) AjLeo] FARbelA 4SS T skA
Gt e A £As e Xe(OE A1) 2,
Xr(t) =Sss(t) +icw(t) (1)

icW(t) = A, cos (w,it +86,) (2)

o 71 4 Sss(t)= A HSk, FAFbrf,, HY
'%_ BWSS% 772.-“2‘ :'L—/(\. é'Egl‘-E-Et‘I‘ V]-Al_./{\_——?,——o]l

i) AFA, AFsIFw, 46,5 e
Rl =AI/29) F4 A54 4Tl 2
YeHAEu(I/S) 7k F A FAATE BAF
4% A0 & A B4ABL WL
Fopaol A HAlso] 2l G AA9 ~al
4 HAAEE F45] Utk Tein2 74
% et YAt H45HE 2o
M AR S B Aole, ol FHL

MooX
>

FAL 7ol A AR Rleho) Mol 2 AiskE A

7l A4 4 Uk 28 1A AFA 7]
7} lock H9E W 247 FHATE ohgah 2
1;],(6)»
¢i1(t)=cos (@t +8,) (3)
EF A2 AS X, (t), Xq(t)= &7
X.(t)=A,cos (w,t+6,) (4)
Xy(t)=A, sin( @it + 6,) (5)

o] ¥lc}, & A& ZAls}t iw(t)S FAF
;cw(t)=wlxx+wzxz

=A X(W.cos(wit +8,) +W,sin (@it +8,))
(6)

www.dbpia.co.kr



@ 30/ AN Bl d454 AT A AN B AY

Z(t) =X(t)— lcw( )
=Sss(t)+icw(t)_;cw(t) (7

HAL W3k W, gt Fab7) 9l 23 3
skl

E(Z*)=E(SLt)+E((icw—icw )

+2E(Sss(t) (icw— icw) ] (8)
£A#EH A7 Se(t)+ 7hAlsh dew(t) el 19
223 jowl(t)oll AaaA7b geba skw 27 9
A= 497t =),

E(Z*)=E(Sss() J+E((iew—icw) )
=E(Sss(t)J+E(€'(1)) (9)

E(t)=icw—;cw=2(t)“Sss(t) (1o

>

2AY E(Sss(t)])& HAAIAsI 27 E(Z°)

H4ot HEE 2YFeta geg ubx o4&
o}, 2828 MSE E(€(t)) & F4lo 3
2 Aolvh zhAlste) FA3L icw(t)E o =
A

v

°|
7}

_“Lrﬂ.}-}~>i£

AAIAs 2 Y Z(t) = F¥AY E
Z'(t))E AR & o 25 ERAT Se(t) 9
Hdabs FAko] Heh FHAA L] A5
a7l dEoll F 2HAHE 4R s AL
£4S/N¥E HHR aAl"deh E(¥ ()9
43t Ex 7o E(e'(v))9] 4stol o
T3 FARW W, = obg3) 2ro] A4 il

ZEAA AB R FHAS Z(t) &

Z(t) =X(t) —icw(t) =Xe(t) — (W, X, + W,X,)
o™ o] A& gt

~—

E(Z*(t))=E(XD+WIEXH+WIE(X])
+2W,W,E (X,X,)

‘Zle [XrXJ"ZWzE [XerJ
1

ZE A} dcw(t) 2 }l*ZP* FA ko] =t

F E(Z%(t))= W,3lW,98 2 a3t =lel,
W3t Wpell s ol gto2 4 E(Z°)S 3

4315t X, X, =0, Xi=X;7 2 EAlstd W,
3 W, 9| # Az cpSa o},

Wi = X: X)) / X7

Woom= (X:X,;) /X7 (12)

Zia=X7— (1/X) (XX, +%: %, ) 1

oleh, o3714 XT=A1/2, XZ=Sl+itw=S
+A%/2 0|t}

x,x,:—%AA sin (6,—8,) (14
Xer_%A A;cos( _at) (15)
ol FE AU

Zhn=SL+ (A1/2)
—(1/ (A}/2)) <~A A =S8S& 16

5 W3k W, 7b 314328 744 wH dg4 74
si= MSE7F 0¢] 28 & +

Wior 2t Waop & 73171 9] H
XX: & A4 Bast e} s 2
A7) FH A5} sl %a /2914 Aol3A
% puk 3 o] W X, Xo, fet)E £hs
.

i

X‘=A¢¢1 X2=A¢¢z 1

lcw(t)— t?lwnopt+At¢zwzon (18

Wiorr, Weom T ol 3l8}aL Al4ksle

N

ow(t) =@ Wiop+ ©2Wiop 19

www.dbpia.co.kr



BRI BIS#SERLL'86— 6 Vol. 11 No. 3

o 71 A WlxopezAtwlop:gzxr?’l (20—a)
Wzopz:Athomz 2Xr ¢ (20—b)

JpER 1yg1e 1y 2® dAsich

Z(e)
CORRELATOR

%2 Ads pgRAs R TR
Block diagram of improvdd interference rejection
circuit.

3. AE ¥ 1H

MSE & o] 83+ 2+ 4 A3 29 °J'v’4ﬂ§_sss(t)
= 4@ A8 SCPDM & o] &3 A
7|\ Me) FH g o] &abgleh. A& 2
A 7]= SN7495 6 &t shift registerol™ o]2|
M Ed o 18 33 2hr), AR A 7
2] Clock4Al3+ 1MHz X-tal & 2F3ke] 4}
L3519 o ofvb2 1 9] ¥4l s+ HP3310A Fu-
nction Genol] A A1z o o]2] o] ALA-E-L-
MC4016 ob}2 1 ~9|49F LM318% 743t
Buffer Amp 2 #3fsled 743l 184 &

r:.h‘_

).
FF
__):

b

-

BY

do of
AL
=3

213 PNG2| ~#HEdH
Spectrum of PNG.

214

Zhalo] ol =i o] zhAlAl A3l 2 qjHAlse] A
o 2 E glojut,

LR 4ol A 0 Fobg LA 9| peak = FALV
ZhA A A sl gl Hell o gl Abeyel] 4 2 4}9-
ool A4 AL sha] dgket.
-2 MIXER MC14962] &F482] A Az
Zelol] 0 A2 2ATE ofAsly. MC1496 94
o] offset x 8} A shod Al A4 Z et
RE ~# e de] 33k TEKTRONIX 4F2] MO-
DEL 7704A A»"s%i ofvpelol M & kgt
ALl 4 2] zhAlA AS| B 1R 2 o] &3}
9o ,34 o) Ak /] = 9l 5| = 1x1}4.’;:o{|x19]
od &4 7HAabE Jock 417] 7] 2l NES65E 4
£319 07 o] NE565+= VCOs¢} PD7} 25
of ¢l7] @ltell VCOF g} 2[f-Hoe by
AlH PDe} A4}, n/20]4 7]+ LM 318
S o|&dtged, AE7l= WAVETEK 44
MODEL 442 % e} BANK & o] 83495 7H4k7] o}
7F4Ev1 4= LM318 2 A #tsiodel, =38t 54k7l+
MC 14962 o]-& Aj2tstal o= Al Az 2] £3)
5| = ZAl Fapgd 4 2] A4 74 8b+= Fune-
tion Genol] s WAl 285+ Aal 4

ox

T,_B—j— -5 2] 71

44 %

g Alzdolw 1862 J/S=50dBoli T4
Fapgoll 4 2] A4 7“44P7F FALS-o] 4] =
9 o AAS L 43S vtk 4Fe
Getshael ol 5 At 2 2Ashh A9

214 iR As e qiHalg
Input signal of rejection circuit.

www.dbpia.co.kr



& T/ Fed gAY A&4 A AA e 4 Y

T8l 6 zHAiAI s ] 46
Performance of interference rejection circuit.

At 2N EW SA6A AR flR 2

bz AEEE FAF A dE4 24
- al A A EE A=l gle] MSEE o] &3t
GAARE E Lo ey A RALE FaEed S4e FAsE o
E A Aeke] HeS o 4 vk J/S=50dB  HAFAHIE AREEeR Aakg A S
o|4o & #la] 2}-82% Function Gen HP 3310A Baksick HIAFHIE 4%"{}—0«1’(1 ZEA A A
ol 2] A4 sl o FE spxAl slo] L b 2R 6A AL & 5 UKol AEE T4
o]4bo Agslza| Xalgl e EE J/ Szt W 39S w Abuleke] A Av} o] Ee] AL ok £ o)
T o) 945 locksiA thob ¥ H2E ek e J/Susb g A 145717 lock
J/S 7k £ ank Ak Aol wWAs 57] ofed 9 Abgholl ol Fvhe S-S FA e
oAch, £ Aol ek, ol AL SOE AT 3 o]
S Ao B8l Tkt g el 1274
E1 J/Selol mhe 74 A 5 oA zg FAoleh = oleld AW & kT
Rejection performance VS J/8 ratio. 4422 o) 2] channel 7+ Aol 2)FF ~3°b%.
dHI/Swl | zhAdA AR} ]I/ Sel ) 2k A gk o] v] o375 ook & shAlzl Az}
"(dB) (dB) (dB) (dB) ! ¥
10 32 19
12 7.5 34 20 2 E XM
15 9 36 22
18 11 38 24 (1) Dixon, “Spread spectrum systems’, John Willey & Son,
NewYork, 1984, chapter 1
20 12 40 26 (2) B. Widrow, J. R.Glover et al, “Adaptive noise cancelling
22 14 42 28 principle and application, IEEE proc. vol. 63, no. 12,
Dec., 1975.
24 17 4 30 (3) A.M. Kowalski, “Adaptive filter for interference suppr-
26 18 46 31 ession”, NTC, 1977, pp. 04-5-1 to 04-5-6
28 18 48 32 {4) R.T.Comton, “an adaptive array in the spread spectrum
30 18 50 32 communication systems”, IEEE proc. vol. 66, no. 3,

March 78, pp 289298

215
www.dbpia.co.kr



WEHIS BEHLiE86— 6 Vol. 11 No. 3

(5) F.M.Hsu and A.A. Giordano, “digital whitening techni-
que for improving spread spectrum communication per-
formance in the presence of narrowband jamming and
interference”, IEEE Trans. on Commu. vol. Com - 26,
pp 209-216, Feb, 1978.

(6) M. J. Bouvier, “the rejection of large CW interference
in spread spectrum systems”, IEEE Trans. Commu,
vol. Com —26, no. 2, 1978.

(7 ¥R, F44, "ML ER] A 2d o] golo 2gt
A" 19856 FAILFEEAS=EA, vol. 8, no. 2,
g 233} 3],

(8) George. R. Cooper, Clare. D. McGillem, “modern comm-

& 2 4 (Kun Sik BYON) i@y
1950%- 1 B 7 1Yk

19684 3 J1 ~19724 2 J1 | @B A B
& LR

E JUN-N
197843 H ~1980% 2 H @ didi KA A
A (]
AL
1980%F. 3 B ~Blé | B KAl - LA
B B4

19844 3 B~BLeE | BUHAB AR i

216

)

1

unication and spread spectrum’, 1986 by McGraw-Hill
INC.

Don. J. Torrieri, “principle of military communication
systems”, ARTECH HOUSE INC, 1976, chapter 2
John. W. Ketchen, John. G.Proakis, “adaptive algorithem
for estimating and suppressing narrowband interference
in PN spread spectrum systems’, IEEE Trans. on
Commu, vol. Com—25, no. 5, May, 1982

P. A.Kullstam, “spread spectrum performance analysis
in arbitrary interference”, IEEE Trans. on Commu,
vol. Com—25, no. 8, August, 1477

e ..

www.dbpia.co.kr



