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A Review of Game Theory Analysis in Cognitive Radar Anti-jamming
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Abstract: The core research contents of radar countermeasures are the games of countermeasures between
jamming strategies and anti-jamming strategies. As a hotspot in the field of electronic warfare, radar
countermeasures have been paid much attention by scholars. This paper summarizes that the scholars employ
the cooperative and non-cooperative game methods to analyze the radar against jamming while probing targets.
Different radar systems make use of cognitive techniques perceive and learn the complex electromagnetic
environment, and reasonably allocate transmitting power, control coding sequence, design waveform, investigate
detection and tracking methods and allocate resources of radar communication etc. In this way, radar can not
only reduce power consumption, but also search and track the target without being detected by the enemy.
Thus, radar can achieve its optimal performance in the complex and changeable modern battlefield
environment. Finally, game theory in cognitive radar anti-jamming is summarized and prospected, and it also

points out some potential problems and challenges of game theory in cognitive radar anti-jamming.
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T B HrIX AP FRHAEENE

(3) M H br- oo F 3548 i Z kGl (False Tar-
gets Cell-Averaging Constant False Alarm Rate
Games, FT-CACFAR)I#7%. 182521 H x4
FCACFARALHE % 2 ) (¥ 7 BT 2%, HBUH s 8

u(j¢7F, M) = (PD(j¢7F, M)ho(k — j)
—hi(J — k) = Pea(Jg, F, M) (16)

HorhJg T haeseng, NFaR(13) M= (15) 1
TIRIERT ;s PN TIALR . 38 E 5
M, PR TR A TSRS ENEM
(73, Fe, 7).

(4) FEHLE E-TFHHLEZE (stochastic radar-
jammer games). Hi [ LR S ZREA #9020 W TR
IEFITF AL ZRAY, X 2 P SO A B A R A
IR TEAE S1 423 . RGNILGAL M A B br i
LN BN o 17 Bl AL AR 2 ) 22 5 3 S 1 ]
FEPLSLL R, R aefE i A 1 F - Monte Carlo
L, FF B AT CF ARAS I 75 4% B8 R 1
X JUAP SRS SRS, A H AR Prr, [ B Dra,
PE S 1] PR M 5 Ora AR H A@rr. 7EAR E — NI A
TS ReERA L “HnIE 7 & — IR R T — ok
BERAE DL T, AR R B 1A B 2 A e BB LI
Z () 35 FH pR £

u = $pp + min(Pry, 1) — Prr — Pra (17)

AR 2 R R T R £ e R AL 8 o i B i
AT T, IF Bz AT B H AR AN SE bR B BR
AR, Bz R R k- L (Al AE
MSTATEN

(5) FEFIRGNF4L1#3E (stochastic RGN jam-
ming games). FAEHLRGN TP I FHEAFEZRE
M. (a) % REEHIRGN-CACFARIZE: (b) [13&
B REEHLRGN-CACFARTEZE; (¢) [l RBEML

RGN-A 74t i e i B A (Order Statistic Constant
False Alarm Rate, OSCFAR)HZE; (d) Hi&EM
RBEHIRGN-OSCFARIHZE,

TEREHNIRGN-CACFARIEZE S, WHR AR B
BRI IAT— BN EBE B, AN Be AR LA FH 1)
B L R R HE T AR IENE I AFE M . T 2R
RO R B A N IBENLIE S, WAL S ek 2
] (A HAE AR E . BRI A EAE AT
FESCSH B IPBRSE, HS 55Tk
PURI > BC B B SRms 4, 2R H R VR & 3R
SRR, TP AE VR A SRISNE. X F &2 R
BEHLRGN-CACFARH 251 H & N RFEHLRGN-
CACFARMZEHA & AL, HIER R E
RFTZH/ARPPEIThER, 106 RAGIIFT R R 5D

HR[32] I BEHLRGN-OSCFARZES| N T
Stirling @ 1T s AL, JH H B E T A IR 2 R
MR FRER. £ € REHRGN-OSCFAR f# 2%
H, BN MO/ ] LS B A R RE, B
KT IALHIAF M 17 F &S REEHLRGN-OSC-
FARIEZEA LT H3&E M REEHLIRGN-CACFAR f#2%
TEE MR E bR TR 5 P 5L~ R I
(B 155 2B

(6) BEMLIE H R THE1# 3% (stochastic FT jamming
games). FENLETEZEHT 7R H A5 Rk AT
] AR 0 P RN o BEALF T 25 A5 7 i i
ZEKA (a) BENLFT-CACFARIEZE; (b) BEHLFT-
OSCFARI#ZE. FEHLFT-CACFARIHZEETHHL
FINF—MBEE B TR, AT
FEEENERIS I &, X2 RN BA T ZR e
FIGIIR /N 55 M = 16, 126, 251, 376 H[ A5 Xf M. 1)
JRhE AR, B MNP AR OO K
B R Bk, BRI B A SR A5 )
TREE T M =~ 3760 (14 R s {1 SR W, 15 A% 18
P — AT ENEI R« H S B I B
HRER WIBEHLF T-CACFARIZEAE X (], F, M) €
([30, 42], 4, 375" VG NEHIK .

M BENLFT-OSCFARIHZERS, R A TE
FEARART IS DL T 5 BEPLFT-CACF AR ZE/E XS
tb. USHEFEHRILM < 1258), FEHLFT-OSC-
FARGFEHLFT-CACFARA MU B 458, 2
EAERI 51 24 3 H OSCFAR ELCACFARA B 41 1 14
ft. HTCACFARARBICHKICFARSIZR, AL
F R B KA & flm— 2, 24125 < M < 375 |,
e R H AR B IR A I, WOSC-
FARS5CACFARMMHAWEAR, X2HN
OSCFARK M2 % 2 H A5 T A 5 = 1 &8 1
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M > 3750, R BRI RS N 22 52 250 FE X I
PRS2 . T HOHL I B S B R £ 7E 15 B 302
42dBZ (A FF 82 5 s T Ik B A 15 R sE i,
FLa e BN R BUAE M€ [375, Miax) 2 18] 5K [51 9 5
H B AW E Myax o 55, ARYE AR [ B o A
2T HEN, EIX (T, F, M) e ([30, 42],4,
480, Myax] 7 (EBEHLFT-OSCFARZEINEHH .
T4, SCHER[60)RI 2810 T3 v 78 17 o0 A X
MIMO 5 ik B ARl (il 4b s ms il . 5556, MR
ASTF] H ARG A IR RE R N 7 — PP 2 A S SR 1)
BZRRHES ., WP AN SEE, S25F1(FXY
J7)&NANATRE Hbrh B —4, 2 5F22Q 1M
T RT3 . T RISRBSEE 3 R m NS =
{51,582, sN} FIR = {r1,72,-,7q} » HRHELHR[60]
X TR WS (PR e, WU B2 i 2 4 3R I 1 T S
R T7 B R SR F — P Sl SR oo ) 77 B Bk o 6T
Ky R IR BR LAY ) gunfilug, F HARYE ZFF0
RGO, A7 B RO R R ok &
up +ug =0, KT EMEHZE, W7 RGEFEE
R, TR — A NRMCE . WA SR R
MESE, $RH 7 — Pl tb PR R R . X HE
AT B R B0 il e 0 AR A B T i — 25 B G
ot B R0 B B AR AL A B G e W 1 R
4.6 INFAFEEM TP BEFRIREFIETE
TR T ZRE 1k B AR ER BRI 7R
Chavali PE5 A0S0 R 2800 75745 & HAThL 78
e AN S LB H AR ) is sh P 4T 1 #F 5T .
TEBEE RN AT H IR HEZRFINE R 2 X,
FE51 1 T AR (Correlated Equilibrium, CE) )
> w9l s—) —wi(s)] <0 (18)
s€S:si=n
Hrh, HAERNZ 5% € INTA KN, €S
W (18) MG, NIEZR 73 A1 m il e SUNAH R
fif. MIENEMCEME LA LLE I, BIPNEH#Z
—FERRINCE. H4h, CERIEZN. MMES,
JF HeeREM AR E AT . Bk, E
FRE TR R ZR R AN 53 U R 2L
di(si) — p1gi(si, 5—i), s #0
ui(8iy8-i) = {M(, )~ il ) s; i 0 (19)
Forp, dilse) 52 0 AR 25 P00 ml 5 2 18] i M-
halonobisff B5; p1 > 0fllue > 02 [H M SH, R
gk (sk, s—1) B E LA

I
1
9i(si,5-3) = 37— > lisi = sl (20)
iz

Horf, Vsi, fgisis—i) <l 8RR, {EEIEM T
JIT ey 32 1) B R IR 2R A CE R A7 AE I . JFAE 19
FEHESL IR T — RS H 2 B () AT R T DB S
%, ZSENEL G TR ARFERL T SE B AL 7 DORE
TR EERI, 1EIRERS) H GO Rl T
— A BB R P E AU PR RE -

A4, SCER6TIRM AR S E SR E i T 2 2h
AE H A MBS 2 H An 1) HAREFE . 2R
S H5ENIAETIL, RO ETE H bz
A, BN — A EIER) B AR EREREN . FZRE
HiNS 5HEIEHBN R EN

T
u(s;, s—;) = Zwi»j - gain; (mf(i)) (21)
j=1

J
FORFPEMEIZE s Pje—1 NI HER B AR 1)
kB INRZE W J7 2 PR T 58k — LB A S04
s w2 TR IRI TR H AR R H . AR
RO, 345 1 Rk e OB R A
BR;(s-:) = arggggu(si, S—i) (22)

T B O R A (22), SCER[67] R T —
PR 2% B e A [ Y 3l 74 (Best Response Dynam-
ics, BRD) ) H bridh #5702 SRm& S00%, A B020)
EC At ) s v B S AR FE R O TV EAT S A PR RE
4.7 ANHBEMTF RPN ERBEHEFEE

I, BRI ARy TR . T
FEREILAF GO, RIANGE(E 2 H#HEAE S
WOR TARIRES, WM RGA R 20T 55 —Fh R G
AEABERFI IR TEEH . i, 1
AR AR RIEOL S, SRR S AT IR AH
B, WA B R STCAE B T b WA R G B
TP IR T EA B AR R

Shi% N7 SRR 58 7 4% 3 A7 1) 22 B b B A K
FEMIMOIEAE 2R Gt £ W18 1 2 4772 AN E TR 1 L
N E TSRS 0 . SR RS, XU
M BREA T AR, i iE 1 X057 RO ok
AR, RIEEMIMOE(E AR B A

max Ueom (0, D)

Hep, gaing (mf(i)) = Tr {Pj7k|k_1 - P%jlil) }; Tr{-}

I (23)
st Y pilgd —eh) < Ty
i=1
/H\: EF‘ ’ '&com(07p) = Zilil oipvl(gid - 5?)
Ir d A T BT ¥
(T = S0 ol = <) o 2
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G EIA Y s p = [p1,p2, s o[RS TR AR R
i g p() Bt A Tu R PUA R T
B, IrRR-ZHTEIEEE.

Ak, ZEEHEIE— 7T R

max Urad,i (Pis P—i, 0i)
¥i 2 Ymins W} (24)
st. 0 <p; <pi™ Vi
Hod, traai(pi p—i0:) = Vi — Ymin — Oipi(g — )
RNEIBI S R 3 R B IR BISINR S Yain
s /NSINR B H «

MR B 15 O B A5 21 T R R s R R R
RLpR £, FEIRAG T —ANE 1 R D) FRIEAR A
%A T R FR AL R 3T, FFUR S B — A [
JE Mo PRI, I DhE fp e S A T T — ik
RV E BRI, ZEEBEUT S B NE. &
o, IR EEEN RS R, FHIATEE R
LA B — MR E IR .

AT EEHE TR AE A T A T %
AT AR REF AN . EEAREE AR
o, HES5 HAE TIPSk gmiERaix
Ty HIABIEAAL B TE BIA B AR IR ER ER DL K
RIRIEEAASE. HEl, W8N AR ERE
TR LA T BB LR By, 7 2t — 2D g 5
RNV FEA3 M, FFINRAE S 0 52 S

5 BHRRAEANEERTMMARPIEE

W52in) &t

FAT EEN G TS E NS SRR N T
WHIHIBPTT- PRI TR, [HER 00 T 2w
MINFFEE . FHE] . isIr . Bt B
A AT R 7 AR B TR TR A5 A7 S5 T AT 0 Hr
(1. ARIE SRS TRIAFT RO, 75 ZEXHgE
T I T R TE DU A A ) REAACEE — 25 [
B, NJRERKIE T — P RsR SR . N E T
TR AR AR B IA LT PU0E 7T b RT AE I I A AT 7T
WA (1) MERRAENME B R AT A
FR O AR T BN HA A IR B (N A] L A
Bk ) f 20 BE ) R AR BIE TS AR R B b o AR S
) AU 3l bS5 A T A I AR T 5 11 2
IR, MR TR RE T A R AR AL, 7 st
AT T, (2) TSR eR B £ EL T
2o X FRERE B A BT O 27 B A7 3
0 B B B R SN A R E . (3)
[ 2R AL T BT FT i EE L, XTI — SR
S AN AR O R o BT 80 5 Wl 2 07 P 7
SR T2 5 I eI X 7 (1 SR S8 B — AN B LY

BEFCI . (4) EFRRSCIRY, B FONM A ST
PP REZRIR 74 2 AR rh T AR ELR 1 AT
s T 22 RS T (I 4LE SRR T AR AR
Do HTSEPRESIAS T, HUE 2 RRISEATA S
RLFHIR, 30 2 AR ISR (R 5 0 220 H AR AT i 3R
ZRT IR T AR E AR IR is8 . R,
TERRZ AR M LR A M 5 v 7 BRI F A £ i g
WRAMAF MRS, DT 7 1E SRR
o (5) £ H ARSI R B L AR, AR
AT (E SRR, O E bRAA
Bifs KAT 1 2 iRt e 2 A0 nl DR A [ 175
o ZE S X B AREAT SE I AR I 5 B . (6) X
TR o W B T SR 3 ST G R S A Wt T
TAE, BRI 2 5, LRI Tk
B 1 BB B SRR
6 SESRE
AL B TS (] B, B
A — B BB 2 3 B SRR R .
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