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Abstract:  As new-generation wireless networks evolve toward complex networks integrating communication, sens-
ing, and computing, the number of communication devices is experiencing explosive growth. The concurrent access of mas-
sive devices triggers intense spectrum conflicts, which, compounded by complex and dynamic electromagnetic interference
threats in open channels, leads to difficulties in collaborative communication within large-scale networks. Although existing
multi-agent-based anti-jamming algorithms can alleviate these conflicts, their optimization parameters often increase linear-
ly or exponentially with the number of agents, and the resulting massive training overhead and memory consumption make
large-scale expansion difficult. To address the challenges of collaboration and limited scalability, this paper proposes an em-
bodied intelligent anti-jamming communication strategy generation method co-driven by general knowledge and specific in-
formation. This method constructs a unified shared neural network architecture through a parameter-sharing strategy, decou-
pling the growth of optimization parameters from the number of agents, thereby significantly reducing the scale of model pa-
rameters while enhancing system scalability. On this basis, a shared convolutional neural network (CNN) is utilized to ex-
tract features from the electromagnetic environment, learning general knowledge representations from raw spectrum obser-
vations that are available to all agents. Meanwhile, to distinguish individuals, the method introduces learnable identity em-
bedding vectors as specific information and performs joint modeling with general knowledge, thereby achieving differentiat-

ed decision-making for homogeneous agents and generating efficient collaborative anti-jamming communication strategies.
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Simulation results demonstrate that this method offers significant advantages in fixed jamming, sweep jamming, and intelli-

gent jamming scenarios, effectively alleviating collaborative conflicts in large-scale anti-jamming communication; particu-

larly in the sweep jamming scenario, the self-adaptive communication efficiency (SACE) of this method improves by ap-

proximately 22% and 38% compared to the multi-agent proximal policy optimization (MAPPO) method and the indepen-

dent deep Q-network (IDQN) method, respectively, verifying the efficiency of the collaborative mechanism. Furthermore,

simulation experiments on multi-channel multi-user scenarios of varying scales, conducted without altering the network ar-

chitecture, show that the method achieves stable convergence and excellent performance, demonstrating good scalability.
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3.1 XNgE

AW A LS5 A 5 8 — 6 LA Intel (R)
Core (TM) i7 Ab 34 28 F1 NVIDIA RTX 5070TI GPU # T.
Vel . #3055 R Python 3.9 5 PyTorch 1.13.1, #:4E
RYH 64 i Linux, i sk & 34T APLEE
B AR P Bom o8 3, T S5 1B 50 10, 4%
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TR 44, AT E 28 R R e
BN YR, T AMLERREAE (1 500 m x 1 500 m)
X 3 P B AIL 20 A, 48 #7835 U] 43 i 5 F DX A
TR B E 5T ANUERE L S E I . (LS
I AH & 2 50 BT UL 3. AR SCAE 20 MHz 19 T AE S
B Lk = 2Rl g 5
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TEAS EL A b i AR B = 20 B AN [R5 R AiF 1 i S T
Yoo A W, B0 S A B[R] 25 A B R = 4 ik 43 A7 2 1]
HATIE R D) . T HE IR A S A i, e — A 2 &
g3, AR A P R AL B T, A S AT
T 24 20% 5 o = Ry B fi AR 4 5, DL 6 MHz oy [ 22
8123 () o A A 3 L B R T, AR o3 = ) i
AEASE BE LA A2 o

(2)FASi+ 4 (Sweep Jamming, SJ) . T4 I & &
A7 9 4 MHz /) T HRA5 5, I ioe 4 38 LU A A~ s ] 25
2 MHz i 5 20K 7R 3 0 B N AR R 491 807 fih St B
SUE JEERE WA )R o

(3) & g & i T 3 (Intelligent Reactive Jam-
ming, [RJ) o TP IR FULEL 48 “ Tl - 801 2 - i ) 7 g
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B A R SR R AT AU B AL RE 1 1 [R) s 3 it 1)
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Forp, SINR o M 3R GE N AT A BRAR P 3 215 T
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SACE = (20)

¥R 2026 4
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Table 3 Simulation parameter settings
SRR 1H
AR AT Dy s L 32
A5 P B p 3
TR 4
PrdnH -y 0.99
BT S50 0.95
BT EIE 0.2
Actor 4525 3] % 3x107*—1x10"
Critic 242 2] 5 1x107°—5x107°
L 0.01—0.001
AT BRI 7 60
AN TRIET A 300
A3 R AR AT Aoy 250
YIAET A, 10
PIE SIS @ 1
o N, —90 dBm/Hz
H P ESTI%P, 2W
FAFIET IR AT IR P, 40 W
R EEN T B 2

Switching Rate , f.,,) A& 30, R V)4 485 R AL 1%
bR ok 5 AR S0, 255 7% 18 T 00R G e i
SE I ) K% [R) 20 OF 9 45 0 BEARAY o SACE BB K, 32 W
T5 AR A 280A% i 1% 1) I e A A3 i 4t B U046, S
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TESGE— 1 25 18 T4 07 B PR 55 Rl 5 20 H0
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D TARARIE , AN AT ), RO ek 2k
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IDQN)PY . BRI {5 F P 36T B A 000 <7 )1 25—
B DON ML, LI I A A i > i B
IR, % P Z R BE AL SR A S e 240

(3) Z & fig i 3 v L A6 77 % (Multi-Agent Proximal
Policy Optimization, MAPPO) "', % CTDE %24y , 4%
FH P AE I 2k B Be R 42 Jm 47 258 B 2805 0 1 ek 4
TEPAT B Bt , 4 F P AR 38 A B FAA WL, 58 33 PPO
DA Y SR s 10 4 i AR T PR . A AE
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Figure 3 SACE under different interference modes
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Figure 4 SSR under different interference modes
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SRR-2 5 SRR-3 8 bR £ A5 L /m T 4% ik x4 SHEMBETFEFELRE 437 : Mbps
RS AE A S A BT T 255 . 4% )7 M SRR-2 Table 4 Algorithm performance under multiple scenario configurations
F| SRR-3 M fit 75 9 ™ & , MAPPO 7& 1 45 455 =X F A unit: Mbps
fie L SRR-2 [ 25% 1 % SRR-3 (1] 8% , ki 4 i 67% , 136 L FPJ SJ IRJ
AL 5 e = TP A R 0 30000 , T8 PR B B 3J-1017 18.71 18.30 16.88
AT PSS . M F . GKSI-EIAJ (O PERE 2808 F- 28 76 5H-12 (538 18.69 17.61 16.77
IR TR AR [ B2 R 900 T4 7 12, 9 8FF-20fe 8 1844 17.63 1674
FUAE S PR B S SRS S R 1030 it 18.65 18.14 1686

% 4 % GKSL-EIAJ 75 {5 15 15 2% 50 kg /< A5 [ 15 0 20 H /1 -301% 38 18.08 17.60 16.71

T, TFZH P 2HES T FP).SIIR] =R T4 8y
SACE flj FL&5 53 . Hi# 4 W0, BT $¢ GKSI-EIAJ 7F ¥ £%
ZRH T E B AT BB R I & BE 2 P 215 1E 5
S, IR T OGS R AR P RE .

[l IDQN Hh 4 S REAR 2 75 4 47— B 2 1Y Q
W 2% , MAPPO 45 B RE IR K 2 47 — B0 57 Y Actor
W0 2% 1 — > I 52 Critie R92%, 3 AT I 25 2 80 T 3k
N ﬂ‘j PIDQN(N)ZNPQ ﬂ] PMAPPO(N)ZNPA+PCO ﬁﬁ
GKSI-ETAJ e JH 22 [0 28 25 4, AL 4 47— B 3L 52 Actor
1 Critic M 4 , LB S EUR N P, I 280 AT KR
ﬂ‘jPGKSl—ElAJ(N):PACO

i R R AT LA 1, IDON 5 MAPPO 192 500
B4 25 BB B AAR B0 a i DL S M, LG 01 4 i)k
N 5E & 1) Q I 45 B Actor W 4% T ARy 9k FEAE B BUE
BSER A AEYE (S B SER B O ik A AL BB S
BRI (1) 38 K 5 580 BRI A, IR PR AR T A6 TT
S EERE BT A AT R KA L
BRER RGP E KT .

R T A AT AR 2 F AT A0 R T 4 SO0 IS
BB, AT T BURAE TS0 80, K S i, %S
R, T A TE B A SACE WS ME s AR AL AN 1 2.87%
UERH T GKSI-EIAJ i 1 S8R fd bk

£5 BSBHEBMSN

Table 5 Hyperparameter sensitivity analysis

SRR DA SACE #1/%
PranFE 1y [0.95,0.995] <1.71
S50 [0.90,0.98] <0.48
ROT I [0.10,0.30] <1.82
Actor [ 452 3] 3 [1x107,5%107] <2.87
Critic X524 2] 5 [1x107,5%107%] <1.44

3.3 iHEhXILEXIE

Sk B UE GKSI-EIAJ 9 26 2204 1) BTk, AR SCi T T
I A3 AR A1E 12 B 00 246 91 il S ) | 2 U 5 B 0y AR
3.3.1 BISR4FAEIREN M 45 8 R SCoe

TE AR S 56 ol 5 DL P A AR AR T e R AT T Al
oSG . AR MR — SR FH 3L F 11 #8906 26 59T ( Gated Re-
current Unit, GRU ) F{) 11F 25 #f 2 ) 2% 1% #: JFL A 1Y CNN
A A E 12 B 2%, oA GKSI-EIAJ (GRU) . 28K — K
FEBR CNN B A3 4R A1 12 BRI 2% ) GKSI-ETAJ (MLP) .

&1 5 J7n T A SCHE ) GKSI-EIAT 5 28 fAre =Fh
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NIEAT, T r 4 7 e MR A 4 T v AR R, H
SACE X} H 5 143 B3R TH240 14% F1 18% . WIS
ZREEM Y KR E R R A IEH T 51 A
CNN FRAE S I 28 X T3 7+ Z 8RB iA R G fE B 44/
T P35 v A A B CERE A .
3.3.2 SYHEHHEEEMIE
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AR A = Sk 2R JH B AL 75 1 AR R B ) ik A Y GKSI-
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Figure 5 Ablation results of the time-frequency backbone network for
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