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ABSTRACT

A BER is analyzed for the FH-MFSK system employing jammer state information(JSI) against combined tone
and noise jammers. The channel is assumed to be a Rayleigh fading channel, and both information signal and
combined jammers are also affected by fading environmnet respectively. In Rayleigh fading channel, the system
with JSI makes more positive effect on overall system performance than ome without ISI, regardless of the
variation of the noise jamming ratio. In Rayleigh fading channel with E/J,=10[4B], system performance
without JSI is the poorest when the tone jamming ratio is 0.1. Thus, the proper combination of noise and tone

jamming may be used to get better jamming performance.

I.MB =03 DSe} Ejlele W, MRS ol s

vl Complex Arithmetic Processor(CAP)E o]&

T8 H49E5] Aaddeld AR okE AR 4 FFoAe dskele W 2 HE e Bl
o frad 2 fxA Al HAsk] HE, 2% whte] et gy, Fak mefele FA}
2] FH(frequency hopping) Hbile] da] o]z g) gloem, TS wWel I3 Au|ge] Holxle 1
o gaAy Ase AATE wies Faus Aol gich 2 wlgFueld Apie] ARE o

* ZRoistid Hal3esecomm@cbucc.chungbuk.ac.kr)
E=EH 5 00189-0601, A=t 2000 6% 1<

1183



FPFEA =] "01-8 Vol26 No.8B

B3l Aol B R diMshs AR 24
AA7E ashl Dl o] Aol 2L $ sle
ArE A3 3HEe] Yot € AlHe =] 2
Ay Feolck H|E olEg FMIAE AlEs
AL AR, oF EAY Bel slod, of=dt Al
2] gz w2 FH-MFSK A|~e]of gt 45dH
3 dely Adg TEF A FYA o FeiA
2 o g, oF E A9l A$ Rician
fading 3F3< g ¥4 4 FFH/ BFSK A|2gle]
A] self-normalizing 3=417]¢] A% 7|4 o] giuk
PO o1s} e =R 5o Alvel Al AUE ofg
3] ke 7Afe kel Aladeld Aot
Ade] o3kl 23 Heg AT bl o
g drelnt A A ARe} co|wAlE 7HE
o)g3le] Alzdle] Mg AT dFE glevd
2843 g EA4o] oo}l Aelrjl,

1) B2 Rayleigh sejwd Adelx 324 A
I} E A HEe] EE FF3 AW AL
Teise] AR BISDE o] 83ld  AlAEY
Aes BMsch 4407] el hard  decision
(HD)yaPH & o]&3ld, ISIZ} ¢l A-$2) o]&sis
4 #$-% 323l

0. AMAE 7Y 3 2Y

Deabs

En:cﬂe:Hh‘.erIeawr WESK Moyl Frag, HWW

Channel Model
§ita ‘nlomaton | Jac e Stde -Fafng

Geraraler - Corsned Janming
(Tene & Hoise jazrng)

DEat’s J
—[acoder HBe-lmr!eawl MFSK DecpdutalorFieg, Dakopper

a7 1. Axd TR

AMe M 354 & AR 3l ddckz 7}
Al A Fae g W, AA AW A1Y g,
7z} &2 d9E B=1/T), % AA el
AL A 8&E (3 0<e<1)olth B A
AH[LE (1-gyelck A thge] dijt Ao =~
Hed] Ao AW HHe] Fd EEEScn
7HEE f(Lh=J Woolth Fe Awe ~HE
3 AsE otk AL AW HHL N=c/ T,

1184

(& e 323 7)ot Se AE Mary 4l
ZAE, E(=ST)e AY oA, a2z m=
log ,MO| B2, A5l AgAdRe] HAE SNR
2 vehid,

e

__ S _1E
SNJR= i T € (0

=]

ofch

A FHEp SFF Na( Np= W.T)0lH, E A
o] A MEFEFIA dR] & AN &3t gt
2 RElgernz, £ A"e B AgE
Nurl= Wof MR)°1 2, EA79] fractional ratio o
M- Nyr INgolth o]2igt & Aul2] fractional ratio
o FE o & A9] fractional ratio
(J W) 2k FAkslel RelE AH 1 (=(1- )/ Nyp)
< 2 AEe) £ A9y syrE ¥k oy
o]ch

S _ VE
A=) Ner = (=W Ty @

SI/R=

=3, £ AU ey ANAEY $A RS
7% 2 ek

N pE
Falr zopgl 413 (HE s
() =V2a.cos (22l fo+ (m— D) Af+ £, (D]+ KD} (@)

7], 4dfe MFSKe] AaAE fAshed ¥
83 Fa A =1TE 7F), fie T
7] G AL oo 0} Tl dEElE
Folp a3 WAgh lsmsM, 0<=T, ¥ HHE
MFSK®] 945hE bl A5 WpE vehid,
Rayleigh sjo|=d Adstd& clgelrt.

M= 3 it cdexp(id) ®)

Aq7[A, By Dérd A AR o|F, Ad A
ZF g 54 A9e Jehfied, Aa A2 Lo
k. o] e A% EfPAe)gn 7. 241 A
%2} 7o) Al ARx T3 Rayleigh sje[sd g
7ol e Wedhz FPPELE, AWGNS T
A AA A U A5 e et



=T/ A8 dold AdaAeA Ao 4 AT o) 43 Hihdlloio] Mg FHMFSKS 4% #4

O ={s(D+JBr*h(H+ () (6)

AW, fok B AU Y e APl &
AR AY Azoleh (0% € AWt e A
A B2 F3i)

f;(t)=\/§a;,cos{211{fc+(m— ].)Af"‘fkl(f)]f‘}‘ 6}(f)}
-1

T =1)coswi—J{Hsinwt {7-2)

0:]71/‘;'9 01,1‘? 'E ZHD‘]‘Q} ZJ-%! wi% I(‘;‘_]’,
1<i<Ng) A &3228 T, 1009 10
< W] 02 FRAH sEAt W] LEaArel
c} &, a,( k= ¢, /)= Rayleigh density & 2k
] o)z,

2
f(ak)=%% exp(—%)lf(ak) ®

olch. o)A, AE8 HF AHL: 25 W -)E
unit step FhFolch

A B A2 A A AR ek
thx 71k, ol AW A ARE g g
(& 1=ty 71} 98 2= 9 7Y
FHE = 5 sladl, dE B 48 A3 A
o] k2 Falr 2Rel g AMdlE vehid,
H 1ol Hzr] e xRl i) &gt
(RI-RZ-"'yRM)Oﬂ o3t =78 pdf= gt 2

o,
M)

p(Rllzl)=%exp(— N Iu(a—ﬁl) ©

N
2
HRiz) =R oo -G Nk=2o00 (1)

qg7|1H, 1= AFE 4 Bessel oy,
at=325+2MH+ V25V 2cos (L, = AlEet E A9
2] AR 71ElIE, [0,24]9) WHE Zde 9l
Hapo|o)) AWGN 9 A" 24 Hdg= g
& < 9l data raeE cutoff rate( R)E =l
olel¥t cutoff rate R,= Fejwe] bel gz
viebd 4= gl em, Chemoff bound sElole] 1S o)
A5,

De,p,A)= Elexp(A- (Y, X=m'.2)

—w Y, X=m, ODNX=m,m +m} (1

olek  plyx=mav AFHe Aol m(wh
l<m<Myels & g E e A e} 2
d o 4l7|e] FFEAE il o]’ #hEl
g Chernoff boundE wejwe] D2 £ 4 glcth
€ Ay 27 A ey Do @ o
oy, e el HxE 7 488 o
e Aot gk

e, p, )= Pl2))Xe, 0,42))
+ Pf2;) e, p, A 20) + (M—2) P,(2;) X e, 0, 25)
+ Plzy) e, 0,4 2) (12)

o714, glelee] Dol 3ds e HlE ol
ghge] gubEel WAL papeld. & )
mlell o)l hard decisions} JSIE ©]8% ¢, 4]
(12)5 b4 2"

Die.p.d =5l 1= (M-1A) +e*A+(M-2)A)

(M—=1lo[ _-ic w 1—8B M-21—h8)
+- M [e B4+ AL ]

+(1—ple (1~ (M-DO+e'C+(M-2C]  (13)

o714, A,B " Cell H§E 42 2(8)¢] A4
3 Alzeh AnAdEo] 747t Rayleigh so|mjgi]el
FEE wherha R, § ARe] deld A
= B o9 AR A 9 o 2%
HES TR otk

@ Y Alef WE| 20 Chst =29 HE
Az} & A7 4Ro] 7}z Rayleigh wo]dg A

A F, E A9 5] Fulr) Az el A%

olmE, $4l7] ZFEAlse] AYe chew) o,

at = @+ a4 +2a.a ;0050 (14)

od7lat, ev AlEel £ AW fHakelct
a,, a0l Ak Y oll=ighgS Tk

A=PIR,>R; (all j¥m m +1)z]
= P hop jammedsignal branch jammed, a., a;,2))

=’£ll(_1)k+l( M;l ) . Tei_1

a%-l-az_,r, k
e~ ) (1)

1185



LTI 8352 °01-8 Vol.26 No.8B

2. a;° 5l Rayleigh slo|edajds wejsl,
A7 sle &Rl € A9 9] g A9
A ollE] 2hERS ool

A= [ Rap [, RaPhop jammedisignal
branch jammed, a., a ;,, 2))da da;

“Een () ks

L (16)
| EG5)

@ MY e e 2ol oit TS HE

Azsh B A Aol 2 Rayleigh oA
98 R F A8 E ] Az g Fot
F Rl Qe e sk Aow, BT T
chgst o

B=P[R>R; (all lz]
= Pl hop jammedsignal branch not jammed, ;)
— __ 1+SNIR M 2
—1- 5 SN S D
. .—l_{l —
1+ &1+ SN/R)

Q4+ NEA 4+ 1+ SNIR)) } an
2+ SNJR+ INJR+ K1 + SNJRY1 + INJR)

@ M2 Mef #E 20l CiEl =S &HE

A Al ez 2 AR @l gle A
Solug Ho|gAds ol Alsat gloh Al
AWGN Adehelx] MFSK 4ls2] A el %
2 vt Ak

C=PIR,>R; (all j¥m' m ¥ 1)z (18)
= P (hop not jammeda., z)
_ A ff M1\ 1 &k
= E0 (M, )1+ke"P(_ 27 1+k)

4] (18)% Rayleigh slo] Ad ¥3< weldt
A A oflz] e kst 2Pl

C= fowP,(kop not jammeda,, 2p)Rada,

Zﬁ(‘l)m(M;l)ylrk —=

+9%% N,

= e ©

1186

0. 85 2423 =9

09

oo el

07 __- '-"‘--, :.e;i.ﬁ‘

. Tl as -

504 L e;@‘_;- -

W e oo
0z ‘e;d.l - )

B} -

0 BZ 03 04 05 45 07 98 09 §

a3 2. 4FSKellA ISIZ o|45}A] ¢F= Hard decision
ol A EJJy=100dB]).

I3 2e EJRpRel 10dB1Y &, B A
fraction ratio pst A Fopg fdFollx] FH5 2|
o) ARk vlge ¢ IAE 2 Aotk £/
9] gho] S7Ir% stdie] Dyle] 7=, =9

pol Wl ulz} velee] Dfe] o L ZAl
ot ISIE o83k v A29E el 23
3¢} ujwshd, ISIE oj&ghoms 2 wlko) =
Agle]l AAH LR e s 2& 5 Uk

3
§

a8ty
d.
art =16 _
(., -
fasf @ e=0.8
g IR .
5.55 1 - e=0,6

@
-
o
il
=
-

o3 -7

02 _ -7 i,._fz"-l __._' -

0=

a8l 3. 4-FSK¢|H Hard decision®} JSIE o}f4h 2%
( EfJy=100dB))

whe}a], 9394t JSI2) hard decisiond}HE- 483
% oA Auzl E oA A v)ge] Ax



wF A o)) Apdatgels Avl el HrF o143 RilAluiel hT FHMPSKE] A5 ¥4

glo] AgAsld HdE d3ks 73 & dgE ¢
& glek
T e e
- ) R
63 R
. . “e=lg .
08 - ._.s=ﬂ.ﬁ' -
a=0.4~ ‘
_art + .. - -
s . s
ga.s =02 ™.
s e=g1
05}
04 .. E
03 T
u% v 2 3 4 5 8 7 8 3 1
Esfdo {dB}

8 4. 4-FSKoll ISIS ol4abA] eb Hard decision®)
e AN p=0.1)

09 S -9 FEl R .

D paramater

5
Esil 98]

32l 5. 4FSKIA SISk B9sk ol 98 Hul

w3 23] 3elA A AR e A F
e=1.0, E/Jy=10[dBI TAeH £ AH7e] frac-
tional matiogte] 1¢l 787} 18-} e ke 71
dech of & Adee vehlisd, ode 718
Azl e AP veolu YSL FHUF
% qJt}. 27 4+ Rayleigh ®lo]d ld 2744
ISIE o]&&}x] 2% hard decisionibile weigt
A2zwolld] Ejpe} slepe] D] #AlE Helfa
ark 9] Wl #Agle] sfetele] Do gro] F
sEe] ol A=m Ay g HE ¢ U
EJL=100dBl, o=0.1 ¥ e=0.1% 7|F0=% 2

d 27 18 4E w|msle] & o, ISIE o]8E A
2rle] of A% el 3eE o & st

I 5% 4FSKelld &3} E/NS i3l a2
IS17} gl Alzdlish IS17F gl AlAElE B asta
ek 2fellA ok 5 glRe] ISIE o] 83t A~
o] ISIE o|431] ¢ Alxdlnrt o AFdds
de 5 9lrk

V.2 E

e Avla £ oA AgdRe] EE 554 A
glo] ZExl|Eli= Rayleigh dlo|d ad=iaddly ISIE
o]-43 FHMEFSK Alx~®le] A% kg #4jstsd
ok E/R9 gtel F718E smeele] Dite] ga
o, 8] Wigel wet sledele Dfe] ok
7FXA "ot w=bA, Rayleigh so]dd A #7)
A 2hgt JSI9) hard decisiondPHS AMRFEe 244,
apexd AR E AW Ase] 3% wEe A
ulo] HAHg z3|Eo] A8 AeA sl A
2 4% 713 ¢ 9lEE o ¢ ok e I8l
5 o83l Hv Aoy ISIE o449 AlaHR
o} AAHeR A% dsp) A, =3k ISIE &
25t Azl A, 3R ARt £ oapelel B
T #E SH= 011“— Hze] A el stk
wjeba], Rayleigh sfo]uds} zhe Ad#zela i)
A ANE olgdtoza Br} A4l%l FH/MFSK
Al2ele} Aisg AF 5 giA ok

]

MO

[11 Hyuck M.Kwon and Pil Joong Lee, “Combined
Tone and Noise Jamming Against Coded
FHMFSK ECCM Radios”, IEEE J. Select.
Areas in Comm. vol. 8, June, 1990

2] I.Scott Chuprun, Chad S. Bergstrom and Amy
M.Guzek, “Advanced Interference Rejection
and Antijam Methods for Low Power Mobile
Battlefield Communications”, JEEE Trans., on
Comm. 1997

[31 Klaus Dostert, “Automatic classification of
Jammers in Spread Spectrum Burst Transmi-
ssion Systems”, /EEE Trans., on Commun
1983

[4] Hyuck M.Kwon, “Capacity and Cutoff Rate of

1187



54188 =] "01-8 Vol.26 NoSB

(51

(6]

7

(8]

9

[10]

[11]

1188

Coded FH/MFSK  Communications with
Imperfect Side Information Generators,” [EEE
J. Select. Areas in Comm. vol. 8, June,1990

T.A.Gulliver, R.E.Ezers, E.B.Felstead and
J.8.Wight, “The Performance of Diversity
Combining for Fast Frequency Hopped
NCMESK in Rayleigh Fading”, IEEE Trans.,
1992

Kah C.Teh, Alez C.Kot and Kwok H.Li, “Error
Probabilities of an FFH/BFSK  Self-
Nommalizing Receiver in a Rician Fading
Channel with Multitone Jamming™, [EEE
J.8elect. Areas in Comm. vol. 48, Feb., 1990
Jhong S.Lee and Leonard E. Miller, “On the
Use of Side Information in Diversity Com-
bining in Frequency Hopping Communications
in partial-Band Jamming”, IEEE Proc., of
International symposium, 1991.

T.Aaron Gulliver and E.Barry Felstead,
“Anti-jam by FastFH NCFSK-Myths and
Realities™, IEEE Trans., 1993

Adel Ahmed Ali, “Worst-Case Partial Band
Noise Jamming of Rician Fading Channels”,
IEEE Trans. on Comm., June 1996

R.Clark Robertson and Joseph F.Sheltry,
“Multiple Tone Interference of Frequency
Hopped Noncoherent MFSK  Signals Trans-
mitted over Rician Fading Channels”, IEEE
Trans. on Comm. July, 1996

Marvin K.Simon, Jim K. Omura, Robert A.
Scholtz and Barry K. Levitt, Spread Spectrum
Communications Handbook, 1994

0| & #{(Dong-Hyung Lee) 23

19991 29 : FRoghn AxEElalZEAp

1999 320010 24 : SEdEa AHelzelsl
FapAR}

2001 349-%A) - SKHE AA

<FHA ol HRAE FAlL 454 Alad

& & ¢l(Jong-Won Son) A4
FEEa Azt sk E

A7 sdE 2

<F Hob dAgAxd, FalE =4

H & 2(Yong-Ro Kim) A3

19904 24 : 35vjekm WABY} (Zshap
2003 29 : FHAGT QAR @sHAD
Fuedetm AT w8

gAY AA 24

<G Fob CAREA, B EAA, YnFA

T & T{Heung-Gyoon Ryu) bl

1988 2% ~&A) : FH R AATE 2

<FEA Hop AR SAEL ol aAdEA A
&8, A5y B854 A2,
A=A L FA AEAe



