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Abstract: In modern electronic warfare, the jamming environment of radar is more complex than ever. The
airborne jammer adapts its jamming method based on diverse raid missions and stages. Recently, the
reinforcement learning—based radar anti-jamming method has made some progress in the confrontation scenario

of single jamming; however, the gap with respect to actual complex multi-jamming scenarios is large. To
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address this issue, this paper proposes a multi-jamming scenario radar anti-jamming method based on deep
reinforcement learning in the complex domain to optimize the anti-jamming strategy of frequency agile radar.
First, according to the stage characteristics of the raid mission, noise spot jamming, range deception jamming ,
and dense false target forwarding jamming models are established. The three jamming sequence strategies were
designed to simulate actual jamming scenarios. Second, a reinforcement learning reward function that integrates
the signal-to-noise ratio and target trajectory integrity is constructed for the multi-jamming scenario model.
Thus, a multi-jamming scenario radar anti-jamming method based on deep reinforcement learning in a complex
domain is proposed, which is based on the complex domain characteristics of the jamming signal. Finally, radar
anti-jamming simulation experiments are performed based on the three jamming sequence strategies. The
results show that the proposed method can effectively deal with the main-lobe jamming problem of complex
multi-jamming scenarios under time-sequence conditions. Moreover, the average decision-making accuracy was
improved, and the average decision-making time was reduced to 405.3 ms compared with the two classical

reinforcement learning algorithms.

Key words: Complex domain; Deep Reinforcement Learning (DRL); Main-lobe jamming; Sequential jamming;

Frequency agile radar

1 3|5

WA TR A I PR AT H AR AR A 0 1 R L
TR ST SRmE, SCHLLLAL S B A B TR
H AT A f & e ) EZE N EWTP. B+
P i e s TR X, B RE R
REFIERGEVERE. AATHt LR TR N H
JEXT BT TE PRI o TOR D 0 i A T
PAB SRHAEA LR 5, BT IE S FHHLR HIR
PR R IE M AR 2 AN S,
I HFPHRA RG220, A TR
L DIRFNE k7R a7/ R Et N 1 N S R DU K7l s 22N
BRI BB SR T I ng, MRA AR
TIEH TR E . AP A FENT L B
B RAGSEAE RS R AT R S R, IR B
&N JEREE S T B BT TR B . WdE
I 3s b A 2 T R 4 BN B ST R Y 1
A3 AR Pk b i e A AR Ty 0L e AR A 38 A
B Al RS A R A AR A R BT 7R 238 R A
— R 2SR 3T 2T 22 3l Y SR Bl B v
25 G I AR AIE B T K TR - Jik P9 438 A8 400 7 R T
PTTEOEE o XA T 022 (Rl 2 IR
MFHFEATF, S —AHEE B AR 78,
PRI H A 2738 K2 I R et e s 4007
o WIRFER (Frequency Agile, FA) B 1k 1 5
Fn] IR K R LR S, X A4S T AL LA
TR T I8 BN, Tk A R

Ak, NLERHAR, Rl IR o
TR B 5 A 25 ] U2 IS AH DG B IR R R AR, HlK
e VERIASBERA. AES¥]. AFRMEEER
KR )1, IRIEELE ) (Deep Reinforcement

Learning, DRL)F A 2 7 2 ge R SR H
B, AR S REREGEE, IRaHAT TR
FHBRM, HDRLE|NF AT, 8K
EHRIESTFHNMZEEL, RAFEEPTIAT A
FEWG, SEILTE IR PUTHUAT A R RE T AR T
{8 FHDRLfE Y f5 B P T8 ] B 7 e s 17—
Begk R . SCER[16])38H 7 — M T omib % S R e
LT, ERT SRR AN g R, R R
HI R AR 5 krh e 4 20 5 BT RS RETE A
BTN, 43 3R Q-learning 5.7 5 Sarsa vk %
R B R B AT T 5 IEA,  SEIPT PR
()8 Re SR, AR R B A e B LT P SR
SCHR[17)48 H Q-learning HV5 %) 5 18 & 4 D Z b 4T
A EL s, (HA R T BRI ik KSR
SCHR[18) AR Ik K ST ARl AR 5 1S T EAE N
REHN, HHQ-learning MR QM %% (Deep Q-
Network, DQN) P FhH 26K & AP Pk A i
W& AT A . SCHR[19]) LAk 25 5 21 (1) B 08 B AT
TERREAN, Bt 7 —FETDQNMFATR A
T-HEHRG . SCHR[18] 5 SCHR[19] TH F A TR I % ) 52
F—Fh TR R, W S5EhRER T
AR, HICHER[16-19) A B ERE SR E Y,
) A SEIIL A G 46 [0 45 5 BIBTE 5 IR IR R R 3 —
(N

ER AP HDRLEE S, & B2 5 ek 204
T DUA A2 s DRLEE SO FE 5 B T e
o 18 H LR B P AT 92 15 ) PR 1) A
[Fi) Vi AL 1 g 4 Jihy o 520V 5 DAAE 18 LU AR SR 22 Jh R
S, SCHR[L9) BT IR e A I 3] B AR AR BE R
Wit 1R AR 2R AR 2L il R E,  SCER[21] K A
D E AR AR BEAE N R ek 4, SRR [22) 4% B IS



1292 H

i

S

128

S I 2 P R T e BB
A2 1 S50 5

BRSCERED, AT LB DRLE A
MEPTFRAT N, HLDRLEHEAE T 5T H sk
REFISCHL T ik S TARML £ 42 AR sk,
R e DR B T S

T, R TR R R T T
W TR TSI T, RN
I 4 R 5 2 2 T S BT AT e i )
R TERBHES S, REBE T TGN T R
FrRARI, 352 K AR B o o e T e
W AR . BT L TR Se Fr e R i %
THG R E R TIAT R«

RSB T —Fh TAEFES TR FMHR T 0T
SOUREZY, 55X TR 5 F AR A b7
A TS B I ORI IE, SR T AT
MR TR 2 5110 % T4 B B B T 7 v
AL TR

(1) EDRLAESE F# S 73R T HAA, A
W FE AT, BRI AR T4 0 R
R, M T 3T s FF g,
JETE X A SE R L B T 38 T Mg 2
R B

(2) BRI £ TGS, BRI T METH
HORDRL A TR EE . A A SO
HoAHH % T SR R G AT R, H 3BT
R e S AL O B SUSEF o JB83  B PRR 2
DRLADEMBFHEERE, TEW T %5 T b
HRAT A L FLAT e HOME T P 5 e b ok

(3) FEFATE A S TR HUBA (60 b, it
TR A S TS S DRSS . %%
il B R A T A TR A 5 B b
W, SCIE T R R T A S T
R

2 REHRE

AL FUk R FATR IS B EAF AL 1A
I ZE ) B kb 0 F A TR IA BT DL — AN A Ak
P [A]B% (Coherent Processing Interval, CPI)F1 &A™
kb R S A SRRz ], B AL TR
WK oy I F AL e AT R IR TR S e R AR
(Linear Frequency Modulated, LEFM){E 5 FIFATR
B 5 3R PSR AL (5 SR L

2.1 FATIAER
FA TR A T8 5% A5 ik o 8 A0050 5 £ 1 5 3 1l Y

2 5 ol R bR A P — i o £ o) 7 K 20,
SV N
S1EE HPIEEEANR, FARKZEHER
FEART7 TR o K EAR A Lk [ S A ARORT ik 4 1]
RGBT, AT EHFAKEFATFIL . AR
FAR L —BCR S kb ], 7558 B A 45
AT UL 5 8 BB AL 1 [R) I S 3 2% Jhk b AH
fiARZ, XWMARIE T BARRE A RO S A S
A H
FATE LB ARE SRR ] IR A
st (E,tm) = u(t) exp (i2nfim (E+tm)) (1)
o, w(t) RRBETHEOL: t =+ tm, (Mt
I3 R R DRI [ AN I 1], 12 8] ¢, = T, T2
Jik v B8 &2 (] % (Pulse Repetition Interval, PRI);
Jn BTN A K I BIE, TN
fm :f(t+a(m)Afa m=1,2-M (2)
Horr, a (m) NBENUVEEL, IR m Kb AR £
H, o (m)BUEIEECN[0, N —1];  NAFE b
P C VR B A K, MO Rk AR R, R 2
N > M, AfRpa/NIEERE, @GN T AT
TRAERK M E ST IES Y, Af T2 2
Af =n/T, 3)
FATIE— B RAMLEME 5 E A RRN
u (t) = rect <£> exp (jmyt?) (4)
T,

T

1 i< =2 "
2% e

£
i t<)
rec Tp { O, ,E\:/ﬁij,

v = B/T, NRBRER, BNESH .

Jo Jo Jo
Bk
TEE BRIk

o , ho h
B | ' :
BoE
T 5
B 1 AT

Fig. 1 Frequency agile radar model



6 1

i RS T ORI I 2 T I R AT 1293

2.2 FHHRE

AT EAR BT H DA TIURE, ASCRB
AR B P F AR IE LR S AT H bnfe 2 8] b
IEXFIRAR, PRI I ) P8 2 2 AR Ik 2
BEN, WEFASRIEEEZB) M. R¥E UTE
FEWBUOATE,  FEZEIA ST L ZR N
SR TPLRA, HpRAT IR T IS4
HR A AL o

(1) THRARAL: MR

FEME A IAE T PR, TNl E e
CPIR RIS TEIENK A, 3 iz ket 80, e
B 98 L PN (0T R AR TR S . ik
fHOLT, AT IUE S B 98 = 478 e F IR PRI
T, AE AR T IR IR L ICIE A 200> 18 Bk [l 5
GOSRHE, SEEERGIVER ™ E T, B
TP EL S FE TR SR W E 2R

1.00

0.75
0.50

i3

0.25
0 -
-0.25

=4
]

A1k

-0.50
-0.75

-1.00

0 20 40 60 80 100
I TE] (ps)

(S

(a) FIE/ TN

(a) Radar/jammer time domain

(2) T2 FEES R B bR IR T4k

FEFE B AR H AR TN, L E e
W —/ACPIN LA TEIE Bk, 3k 88, 2R
JE FECPIFR A I 18] P 22 e M TR 28 ) %
G R E AR LG A 2 4LH
BG5S WA, 1k IV B9 [ 1) PR SRR AR
EFEEMBER. BEAERRR TR RS+
PGS R R AN EIBFT R o

AR B B AR 40 o IS A N 8] ¢, 1)
o, LR LEM{E 5 T RIE A

Sm(t) = rect (;) exp {jQﬁ <fmt + %tQ)] (5)

T IR FRSAT L AR 2 1) FUSE B AR R AT RN N
sﬂwzwﬂwﬂﬁﬁbﬂﬁwm+%@fmﬂ}
(6)

o, u(t)ZARrect<t_TTR> . AnfRFE S H A

P

-40

-60

)

-80

W EE (

-100

-120

-140

0 10 20 30 40 50
i (MHz)

— HikfE5

(b) ik /FIHIRIR

(b) Radar/jammer frequency domain

P 2 g s T P07

Fig. 2 Simulation diagram of noise spot jamming

1.00
0.75
0.50
0.25

i3

=
H

-0.25
-0.50
-0.75
-1.00

A1k

0 25 50 75 100 125150175 200
INFTE] (ps)

— W

(a) ik TARHLIT S

(a) Radar/jammer time domain

0 10 20 30 40 50
i (MHz)

(b) &k /TIPSR

(b) Radar/jammer frequency domain

3 BB H AR T i ]

Fig. 3 Simulation diagram of distance false-target deception jamming



1294 H o

S

128

[ AE 5 HIMEE ;s = = 2Ro (t) /c Rm TR AIH
RIHE; Ry (1) FRERFSE H b5 R I B SONL AR X
P

PRSI A AR I T ILE S RE T, Hep
TN T BB IRE I S5

s3(t) = u(t) exp {j27r {fm (t—7) + %(t B TJ)Q] }
(7)

ﬁ¢,um=Amat;”) Ay f0E T R
(ESHOIRRE: = 2R (1) /o ARZET-HR I B it
2 R R AER Ry (6) R FA AT 5L I
FHXT PR .

(3) THHMS: B AR T o

(e AR R TR T, TR
S R 5 TR AN B, 7E DU B
BORREGE i, 10T AR B e T, ik
L A [0S 2 LA R #052 ARG
KEGE, TR S 5 L e 0 e 7 2 ) R
A IR TR

BV TE B A b U T Tk 3
B sy (O HIEER N

sﬂﬂmd(;)emﬁﬁﬁﬁ (®)

p

Horr, A BN QBB AN [ (9 358 H b el
Bl 5 RIEA N

Q
sr(t) = Z Afrect (
qg=1

q
R

t ;p ) exp [j2ﬁfm (t — Tf{)}
(9)
Hrp, AFRERFB NS EHR R IR
55 ¢ LS H bR B B AE
T-HulE H bR EAE 5 1 FRIE N

P
si(t) = Z Alrect <
p=1

p
T3

t ;p ) exp {j27rfm (t— ’7'5;7)}
(10)

Hop, PREFEEBE BT HE A
AVIRER R p DN TR E bR ;s ) RS p T
P H AR A RIS SE . B AR AR H AR R T R iE
5T 5 88 R 4R .

EASF TP A (1 B AR B hr B 15 ] 2
HpesE. AR TIMIEERET, THHRE
e AT SRR s AN BRI T AT 8. |
TR 2 A T PRI 5 ] S HGE AN
SE M, P ARS8 08 T I AR 30 25 T PU A 5 Y

TR

3 BTESTHNBHFEIERRIT

AIACFAFHBEEDRLE R T E AEA, 0
TIRE NS RRAERAL . AR RE T 2
P PURM T IR e T IUHmS,  HARR T-PSR AL AL
HAFBIESEITRE . T EAREDRLAE S
P& TTR T,

3.1 MRS

WEEOLT, FARSELLTHRIPRE, 1
IR A R, SR B s Rk THAL
TE I Z0 et 2 F BRI, MR S S
LG WS I AR N T A T, R FA
THIE SRS RIEBFEXN NPT N AT
MR = TN S FA T I & U8 — IR I
AR E SCNAT T — R &12E, BRI EARE R
G, MRS SE W EER.

ASOKG2. 271 B 3Fh TP B 4 e — o WS kAT
GitE, WESHTR.

1.00
0.75
0.50
0.25

i3

JEH— bR

-0.25
-0.50
-0.75
-1.00

0 25 50 75 100 125 150 175 200
IF(A] (ps)
(a) BEIL/THHLET I

(a) Radar/jammer time domain

40

-60

(dB)

= -gp
Elg

-100

-120

0 10 20 30 40 50
(b) i/ HRHL

(b) Radar/jammer frequency domain
—HREE WG
4 G B R T U A

Fig. 4 Simulation diagram of dense false-target repeater jamming



6 1

i RS T ORI I 2 T I R AT 1295

FHEwl gL b kg d

o~
&~
S~

FHeEIEL g L
. t
|

FAR AT g 5 Lk ! J 0,

5 SIS
Fig. 5 Order of three jamming strategies

TR J RRG AT, LR R
HFR Y T30, LERERBRH K TI. T
Fmg 1 FRoR 3T T P RIF BEAT U, A
CPIVI e —FhFHRIAL . Hemg 1T Lo 3Fh T 4% B
B ST AT DI, SRR T R 3T LB ALk AT
Vi, #—ACPIGFENL VIR T — M0,

BN, BR3P R A B A J ST B O
ZEHIZH.

FEME AT, o 2R DIR A AT BAR
N st = [se,p, s8] FH, s RO TFIHKEHE
SHTHIRR, s p RoETH .

FERE SR A AR b, e 2 F IR
y‘JSt = [St,fast,Bast,tla ---aSt,tN] ’ ﬁ EPSt,faSt,B 55’3
RULeh 5 UM sy, 32705 585 57 18 LA 10 e 14
o NFRIRAE I 20774 5 JR AR R BCR AR [F] 0 4F H
PR

FEFRBR A bR T, o ZIF IR
ﬂu%%ﬂ?y‘jst = [St,fvst,Bast,tlvst,tg] ’ ;H\:E'jst,ﬁst,B
2RGSO, sy, R T PUTEE E A 45 B2
&, st,bﬁ%q‘%ﬁﬁ’ﬁﬁfﬁllﬂo BB AE B 8] Y
BEH HIERRNBIE, T PR 2 AE 15 18] 9
KE R R B BTG, 13T LB AL
TRBSBAVRES,  Toidr PFE s HARKIRAESS &
3.2 FMITHIEI

F AT A HHL TP % o A DRL o 8
URRSIR S U 17 0. PATE T BASE A — I %)
A B ) BB 3 MR 2 I [R) S5 2 3R

TERE P I AE T30, AT I8 & {3 FH A 4
BPCFIRBIYE AR %0 75 38 1 A BT T BLER
A= lag s,y anm|» e, ay g, RN
RIEE TR Em MK BEIIE, a, LRI Z]
HIAE SRR, a5, Ros 0 2] A5 55
BEAN Ik B0 K e 6 B o T R 3 T R K E— A E
¢ 2 RS B R IR KR, HAth S 80 E v e
18, 20 H Al S BOME T A B 520

FEBEES R A AR O T30, BB AR AT
LA IR B 5 P DA RO LT MR IR AR L
R 5 A AR YA SRS 5 ) IS X ket s
2615 5 BE 2 X BT H AR TP FIEHLT
TjE/BZﬁZﬂ Ué%%?'ﬂat = [at,fm,at,»y,at,Tp] ’ é‘)‘('ﬁ
R

FEE R E b R TId,  HIE A kb
5 S PR LA RO L. HLR PR A E T AL
PR B I ) P B SR kv, A AT IR
KGR FRE S, JRERBETI
(R)FPIU B I 8] A BN SRS 5, 2, TS HE
e B SR H AR B AR 5 5 TR B K &
B BMRIE S, (55 BB HAR I P Fh 5 5 RHAE
AN [ 305 T 70 125 HH S F A [ A5 5 29 R e ety
ZITEIEPUTIBIE AT LRI N ar = ar, 1,1, b, frns
Ty 01,1y FeHar, g, RN I K B FO
By, g, RN KK R L, ayr, KB
FEYRK R RS 8], ay 7, 7R FUSKBK O (1 57 2
IS Al

3.3 KRR BULIT

FEF AT R, S B2 R B T
DAA R s A 5 ) SR iU SO 2 5 S AR 1 e
Blo ASTRE NP M BEPEATF AT IS B P TP 5R
PERE: RN AT VR IS VR

AR SCAE ) FR AR 3R AR B AR IS T8 LB (Signal-
to-Interference-plus-Noise Ratio, SINR) 5 T4iHl/
T IBAE T [AAFAE R 2 A FR FR R AL RN AT PN A
%o SINREFHERG T —NEEMERER, €
Fon ARG 5 5 TR B EE, BIFERIL
s BB 1) B ARE SRS T IR S TR .
AT RS —MEIL S —E LT
Bl WEI6HTR

BB IE AN 32 21 H AR 0 5 P53
BaoRim s, . H bR ) A EOR AR (Radar
Cross Section, RCS){E No, MFARZXE|HIFHL
BUREEIE 5 A b, MR A DI RN P, . R

6 FATIE S THiHL
Fig. 6 FA radar and target jammer



1296 H

i

S

128

B fo NFATE IR n AN KR EBR, f 8 TN
s, LN FA TR IS FISINRAE AT &R
P.h2o

P, + PJhsI(fJ = fn)
Hrp, PRFARXRBIFR, PREFAFIEZIGH
BRI, P A LATIWIER, Wk fr = fa,
WI(f; = fu) N1, BNIN0. SINRERK, Fom Hx
5T R S U ], s RGP RSt
/3

FEFEIAT NI AR R, BRI 3R PR 3 5
BOHREE R A X TSI AE T, FR IR
WARFERGTTINBI,  FOLHZRR AR B s
R =

SINR = (11)

20 if signalpign < jamiow
’ or signalioy, > jampigh

SINR. if si.gnahow < jfunlow < sig'nalhigh
or signaljoy < jamyg, < signalpigy

—100, if jamyew < signaliew < signalpien < jamupign

(12)
R(12) S METHIR, 2 kA TR,
LIME N30, TRISHI RS S 5T, FSINR
FORBIME, AFXEWMEAN, H-100FR%
Jihg R .

BE X EE B AR H AR IR 10, TR SR AR AR
PLEIBIE, WESH R, #hfE7s a5 M S+
PUAHIE , AH TR B AR H ARt T R8I R S AR
A& RS, MORHE STHR [26] BTt B A 22 il bR £
40N s

e { P =
Hr, nNIERBEL  fagma NI RIE, Af
R INRZE o

IR FEAR Y Ja R R M, AR S
Ab TR I LR B AR A AE D3RI 1 Xl o 4 A AR
RS 5 8] BB ZE G R, ELAH 5K R S 2 0
E T A N A2 . (HA 22 I 1S K 3 30 7R i S A
PRI, IR T CAESCIMERE, Bk E FIAK
Ip TSI EARIlER  IN

jamy,, signal,,, Signalhigh jamhigh
TS
7 i A A A A P

Fig. 7 Frequency domain of noise spot jamming

i |

— A

X R A AR R T, RIS I R R

i QUIE7 e I FI L % g L RN E S ISR @ I

307 if Leheat >t0bserve
SINR, else

= (14)

K1) HF S WEIFTR . HH e KK TR
RS KT IS 18], opserve R T HEHL UL S B
(PIRFTE],  — M A A 3 ok o 2 A 1) 6 4 78 6 T
PO I, B A 56 1) B S kb o DAAS g
P, XIS IR B K

TERBN B PEAR R, 2B Tk RFat
PRI HFRIIRE ST, B H ARG 5 BT, FATRIA
TR, R SR R ORI
SINR, F2& AL E A ) H AR gE, dEm$e
A H AR e R

BB A X PRS00 ME 28 Bl &, REAME
FERIA RN —A T e (], W Ax i iZs ¢ B v ]
CLH B R Bl A 205 S R B A 2 g L Pd R
7w, PARIEAN:

NQII(‘CCC
Pd = —eeed

Ntotal

Hr, Noweceed RN 3F T YU AL A 18 55 S D 9 [2] &
o Niow Bon BRI S B PAEBR,
VL T IR H AR AT e B . AE 3R T
KA, SRALTBOSE SR AE TP R S0 BT »
SR 2B AE AR S Foe /NI [ 1 BB R i)
SRIU SHEF T I 1E) T i 5% T i ) ) o

o

—
|
|
|

(15)

.
|
|
|
-

- AT TS
P 8 B R T S0

Fig. 8 Time domain of distance false-target deception jamming

o

lepeat t

FHAL i

WU by FIRE
-k

P b

| | | |

| |

W TRE L
Tk

P O BB FL B T Y

Fig. 9 Time domain of dense false-target repeater jamming




iR RS

6 1

T R BURIR L AL I 2 TR R RIS BT P i

1297

AT EHIE S TN GRS SAr £ 2 &
AR RO A, BB 2 i eR A AE TR A
TR RN BT &R LT PR AME T
%, JrEiE T HIASINRYS H AR 58 #EVE A SLBR
P L

4 FERRTFRRRER AR
ASCHEH T — T R AURDRLIY 2 T 5t

HIEPLT M (Deep RL based radar Anti-jam-
ming Network under multi-jamming scenes in
Complex Domain, DRL-ANCD), K107,

BT R PR 85T A R R LEMASE 5 ik
S50 ps, FH100 MHzRAEZHAT KIS
F5000x 1 TEIE B EOBY « K B HOB T 1 52 80
RFAE 73 9 S AR B8 70 0 EATHR I, A I 2% Pl B
B

TR 8
[ ______________ ] A2 etk 2
- o 2% oM HHR .
syl LN NN | B l Tﬁg B l TQ%E
| | 128 %1 rTTTT T T T T T T T 1 ot
u : 1 1 ! :_I x (Srvrnsul): . . :-i-iﬁ;[ﬂ‘i i -i.i.i
| S, J A ER 10 oI > o
wn | SEHAHERIC b i i
o ; LJ | s N GAQME |
SRR I ) | |128x%1 e bt Bttt
Ak L =il B o @ Ercsl I SR
HEHD | | = W i
| U | I i
I oL I >l
[ : [z il
- — | BbRERRL HERQM%Z |
el D B B e e e e e |

IR

R

(Sma/,vrmsprl)

10 2T 2 BURR L AL T2 T B RS T TR 4%

Fig. 10 Deep RL based radar anti-jamming network under multi-jamming scenes in complex domain
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Tab. 1 Radar transmit signal simulation parameters
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TP mr DU et e 8, I HL A 240K 3 1) S 5 s
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Tab. 2 Posture prediction performance under 3 interference types

FHuRR R X ] i P ] (ms) ARG EE (%)
e 7 VT [3~4 GHz] 1 MHz 96 98.6
BE B AR H AR I T [3~4 GHz] 1 MHz 132 97.4
AR H AR R T [1~1000 ps] 1 ps 144 94.4
1.6 1.00
— gHR
14 LTEALS 0-95
4 12 3 0.90
K 10 =
= £ 085
0.8
— IR R
0.6 080 YoE YT
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Lig/3
13 BHPNLFE SR

Fig. 13 Loss value of situation awareness process
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Fig. 14 Accuracy value of situation awareness process
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Fig. 15 Decision performance of different RL algorithms under three types of interference
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Tab. 4 Performance of 3 RL algorithms for

a single jamming type
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Tab. 5 Online net parameters

TR LR PR PRSI E] (ms)
BE X 25 |2 A i N
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W 75 A T TD3 51 333 MLP1 State 256 ReLU
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Fig. 17 Decision performance of different RL algorithms under three interference strategies
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Tab. 6 Performance of 3 RL algorithms for a

multi-jamming strategies
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under interference strategy I
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