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optimizer and particle swarm optimization (PSO) was proposed. First, based on the combat ef-
fectiveness evaluation model of the non—cooperative identification of friend or foe (NC-IFF) sys-
tem using a deep belief network (DBN), three models were constructed, namely PSO-DBN,
Adam-DBN and Adam-PSO-DBN. Comparative experiments were conducted among DBN, PSO-
DBN, Adam-DBN, and Adam-PSO-DBN, with the loss value set to 0.01, the number of train—
ing rounds set to 100, and the running time of program for 5 min. Finally, an example verifica-
tion was carried out on the fact that each model had completed sufficient training. The experi—
mental results show that the root mean square errors of the evaluation results for the four mod-
els, DBN, PSO-DBN, Adam-DBN and Adam-PSO-DBN are 0.184 2, 0.177 2, 0.182 9 and
0.1726, respectively. The computing efficiency and training effect of DBN can be improved by in-
troducing the PSO and Adam optimizers. Adam can achieve significant improvements in a short
time, whereas PSO requires more time for optimization. However, by using the optimized param-
eters, PSO can surpass other methods in performance. After a long period of continuous training,
the improvement made by the new round of training is no longer evident, and the advantage of
PSO is weakened. The best optimization effect is achieved when Adam and PSO are used in
combination.
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Table 3 Comparison of the training effects of different
models post 100 rounds of training

fi Y UEZ S TR KA
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Adam-DBN 0.001 41 0.001 24
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Fig. 5 Loss value variations of different models during 100 times of training
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Table 4 Comparison of the training effects of different
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Fig. 6 Comparison of training loss values of different models
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Table 5 Comparison of the evaluation results of different models and the real values

HAE DBN Adam-DBN PSO-DBN Adam-PSO-DBN

s

1.038 315 058
1.106 612 090
1.139 923 334
1.008 897 543
1.035 158 515
1.011 506 319

1.054 933 310
1.032 384 427
1.148 831 606
1.016 641 140
1.044 335 604
1.010 909 071

1.068 384 409
0.995 852 071
1.165 289 998
1.026 162 744
1.062 299 252
1.030 343 652

1.000 000 477

1.004 967 142

1.000 384 569
1

1.000 000 358
1

2 1.742 817 163 1.762 180 328 1.777 927 876 1.813 866 615
2 1.629 051 208 1.617 727 518 1.624 538 302 1.682 894 230
2 2.026 298 861 1.942 450 321 2.003 327 678 1.994 556 173
2 2.129 659 473 1.969 914 669 1.991 249 188 1.993 993 613
2 1.914 540 945 2.041 127 246 1.968 268 672 1.999 865 028
4 4.094 058 990 4.030 474 873 4.089 888 573 4.031 983 376
4 4.036 499 023 4.039 972 305 4.018 407 822 3.994 979 143
4 4.160 504 341 4.166 239 738 4.134 543 419 4.126 098 156
4 3.978 922 741 3.994 217 586 4.005 141 048 4.007 384 666
5 5.339933 872 5.330011 368 5.286 962 509 5.285274 982
5 5.008 100 510 5.008 460 999 5.032 769 680 4.965 394 974
5 5.147 965 908 5.128 252 983 5.114 280 224 5.072 575 569
5 4.916 265 536 4.944 683 251 4.994 430 231 4.995 208 258
5 5.093 932 152 5.107 533 455 5.079 336 166 5.057 306 767
7 7.215 735912 7.198 287 964 7.260 794 163 7.119 069 099
7 7.344 385 147 7.337 741 127 7.338 935 852 7.308 728 695
7 6.963 721 085 7.073 894 702 7.010 713 377 6.997 803 281
7 7.023 012 578 7.045 770 106 6.984 947 289 6.991 915 064
7 7.067 805 149 7.004 853 877 7.015 398 023 6.994 702 398
8 8.243 714 333 8.240 754 814 8.213 690 758 8.082 456 589
8 8.327 877 045 8.324 090 958 8.264 469 147 8.170 621 872
8 8.129 270 554 8.154 338 837 8.097 982 407 8.050 594 330
8 8.247 231 483 8.259 410 858 8.221 451 759 8.095 494 270

7.943 840 591

7.982 864 274

7.987 380 640

7.985 846 293




55 39 BH 4 1)

134 KA LR R A2 AR
9
. .
gl{ = DBN L] IR
v Adam-DBN
- PSO-DBN g "
711« Adam-PSO-DBN [~ DA S
6 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
2
e o8 g
&
] R E R B B @
3 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
B e EEL e ,,,,:, B R et e
&
1 S - P S S S
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

B7 XHBIESER

Fig. 7 Results of example verification

M5 B 7RI LUE H, DBN PEAG 45 5 8k
B E S it , Adam-PSO-DBN 145 45 5#
R LS T, oAt 2 AR PR AL 45 SR A T
Bz, Ak LRGSR, TR 2E T,
I3 0 K 4 A AT AL 45 RO E R T R 22
DBN. Adam-DBN., PSO-DBN. Adam-PSO-
DBN 4 4~ f5 7 [ 2 77 #1322 43 5l R 0.170 5.
0.1656., 0.154 5, 0.1156, Z5HFEW, 5] APSO
B Adam fE AL 28 36 i DBN B — & ek
W R R, U SOR o B

4

R 3L H T NC-IFF & 40 4 % &% fe P 15 77 v
51 A Adam 1L 7% F1 PSO % DBN #4711k
1RO IR 1 B 87 N (N1 | 2o [ < T s 1|
% DBN. PSO-DBN. Adam-DBN., Adam-PSO-
DBN#EAT 7 XF e Sedmss 1R W], 51 A Adam
AL A1 PSO AT DL o DBN 75 22\ T/ 2 1 1]
A, R AR R MR T T U GRRIOR B A I i [
AN E K An, PSO S48 1Y 2 8000 #4008 55
BT R AN [ 3 555 oK, IR AN W] A DAk SRS
W TEME IEA] (3 min) PN BER 52 AU R 2519
HEIA Adam AL 2R 3CR et FER KA | (3~
8 min), [AAF5I A Adam 1L 25 F1 PSO RCR e A1 5
A R TC SR I, 2 RO R ARG W SR
GBRORFE SR ARG, A5 Adam AL e AT 363 B
Mo FESEBR N S ser, a5 AR 0 AL e BT

VSETERCE/ SRR T -E A N D i Sl oY TS g
P oK 55 0 FHERE

& & ik

(1] ZF. ZE BRIV R LB AR D] K
B P E R B R O R LR S 4 B 5 T
2015: 1-2.
LI P. Research on the key technologies of multi-
spectral IFF  system[DJ]. Changchun: Changchun

Institute of Optics,

Chinese Academy of Sciences, 2015: 1-2.

TR E . B RETHEAE IFF b i) SCHE B AR W 5% B

[(D]. Jo#h: TLHIRY:, 2023: 5-6.

ZHANG Y H. Research and application of key

technologies of intelligent computing in IFF[D].

Fine Mechanics and Physics,

Wuxi: Jiangnan University, 2023: 5-6.

KR, Sk, R TIRAG DU 0 45 i 4E B e g
PUNRGE ], KO S548EER, 2010, 35(6): 179-
182.

SUN Y Q, ZHANG A. Study on hybrid bayesian
networks in non - cooperative IFF system[J]. Fire
Control & Command Control, 2010, 35(6): 179-
182.

A, BRWI. BE T EOIR R R g8 S R BB 5
J]l. FiAFEE5HE AR, 2023, 21(3): 298-302,
313.

FANG M J, CHEN Z. Research on specific emit—
for IFF system[J]. Radar Science
and Technology, 2023, 21(3): 298-302, 313.
MW, FRAEE, WEAC, 4F. TH RAE S MR R AE
PG IM] . dbat: BT Tk REE, 20202 127-176

ter identification



2025 4F X, 4. Adam, PSO flifk DBN [®AE bE 2R3 R 50 2R G A Sk BE P67 v 135
[6] X, Bz, Hihs, . WREAMGEITANEA L R 2023, 48(7): 110-114.
PR AT W ). IEFEERESH A, 2024, YANG P, CHEN H, LIU J, et al. Research on

(7]

—
—_
—

[—

[12]

[13]

[14]

15(1): 1-8.
LIU F, LU L Y, SU H J, et al. Analysis of
development status and suggestions on effectiveness
evaluation techniques for SoS[J]. Command Infor-
mation System and Technology, 2024, 15(1): 1-8.
2oy, E4, whil, AF. REAREIEAN Iy ik 5 6
(MI. dbst: [ER7 Tl e, 2022: 154-225.
&, HLans2d IMD. dbat: AR WA,
2020: 1-10.

Wb EE, BTG XK. R IRRABEPEAG M S
AggJ]. KB, 2023, 6(3): 29-38.

SU H J, LUO Y C, LIU F. Review of equip—
ment effectiveness evaluation and supporting tech-
nologies[J]. Air &. Space Defense, 2023, 6(3):
29-38.

W, MR, MHRT, 4F. 2T DBNALREMLA Y
UL 2t AR B RE SRR PRS0 AT 0] =S 24, 2019,
40(12): 156-166.

LT B, LUO H R, TIAN L Y, et al. Sensitivity
analysis of ship formation operational ellectiveness
based on DBN effectivensee fitting[J]. Acta Aero—
nautica et Astronautica Sinica, 2019, 40(12): 156—
166.

Tk, BRI, ERA, AL BT RSB
BR AL TC AAE SR R ALRE VAN (], IR T2, 2024,
45(S1): 271-277.

WAN Z B, HU J G, LI JJ, et al.

evaluation of land-based intelligent unmanned com-

Effectiveness

bat systems based on graph convolutional networks
[J]. Acta Armamentarii, 2024, 45(S1): 271-277.
TN BB . R T DL S0 0 4 4 KRR A B SR
RS Jr s 0. =TT Asife, 2024,
43(3): 74-81, 91.

YU X L, XIONG W. Operational effectiveness
evaluation of space-based information support equip—
ment system based on Bayesian network[J]. Ord-
nance Industry Automation, 2024, 43(3): 74-81,
91.

FAE, GRAE, EAE, 4. JET RBF MM BDS
FWHUVE SRR AN [T, S fi 24k, 2023, 11
(6): 57-63.

LI K, ZHANG T, WANG H, et al. Operational
effectiveness evaluation of BDS receivers based on
RBF neural network[J]. Journal of Navigation and
Positioning, 2023, 11(6): 57-63.

e, BRit, XU, 4. BT UREE A ST AR R AR
PR A BOSCRE VPG 5 5T (). K1 SRS

[15]

[17]

(18]

[20]

the operational effectiveness assessment method of
mesh structure index system based on deep learning
[J]. Fire Control & Command Control, 2023, 48
(7): 110-114.

WD, R—Fv, Haikt, 4. 3T DBN RS
55 By VR ARBCRE T AL (D). AU 7 TR, 2023, 43
(12): 151-155.

YANG G Q, WU Y Q, ZHOU C X, et al. Op-
erational effectiveness evaluation of anti—ship mis—
sile penetration based on dynamic Bayesian network
[J]. Ship Electronic Engineering, 2023, 43(12) :
151-155.

FRfd, A5EM, BROR%E, 4. LT SCRRm LA
B SO REEAG [T]. REE TR SR 78R, 2011,
33(5): 1055-1058.

CHENG K, CHE X M, ZHANG H I,

Evaluation method of operational effectiveness based

et al.

on support vector machine[J]. Systems Engineer—
ing and Electronics, 2011, 33(5): 1055-1058.
AWAD M, KHANNA R. Efficient Learning Ma-
chines[M]. California: Apress, 2015: 67-80.
R, ET, WL, L LR bl I 2%
h g w5 8 0/0L]. R IR E,
(2024-12-30) [2025-04-01]. https: //link.cnki.net/
urlid/50. 1075. 1p.20241226. 1346. 013.

LI EJ, HU S'Y, TAN G M, The im-

pact and analysis of optimizers on the performance

et al.

of neural network force fields[J/ OL].
Science, (2024-12-30) [2025-04-01]. https: //link.
cnki.net/urlid/50. 1075. tp.20241226. 1346. 013.
CZEME, AROEW, fTREA, 4F. BT VMD-IKHA-
DBN 1 i 4 vl vl 28 =) A ke A U3 g (00
THREHHEAR, 2024, 43(8): 56-68.

WU Y Y, ZHU G Y, XU Z L, et al
discharge pattern recognition method for high volt-
age transmission cables based on VMD-IKHA-DBN
[J]. Advanced Technology of Electrical Engineer—
ing and Energy, 2024, 43(8): 56-68.

Wk, e, sk, . R TR RO AL IR
17 R 288 10 MR 24 2 43 Ja B PR T OGB4 R o s 2R
Y. B EOR S TR, 2024, 24(29): 12604-
12613.

YANG W, NI P, ZHANG A A,

discharge pattern recognition in gas insulated metal-

Computer

Partial

et al. Partial
enclosed switchgear based on particle swarm opti—
mization deep beliel network[J]. Science Technolo-
gy and Engineering, 2024, 24(29): 12604-12613.



136 KGR TR 55 39 B 4 W)
[21] T, AEVGEEE. LTk Adam-DBN FIlIE T L2 Technology of China, 2020: 1-8.

[25]

[26]

Wirik [J]. B Tl R2E2#4, 2023, 45(3): 330-
335.
WANG T, XIONG T L.

on improved Adam-DBN for working conditions of

Diagnosis method based

oil well[J]. Journal of Shenyang University of Tech-
nology, 2023, 45(3): 330-335.

B, MAEN, Hfh. BRI R & ],
FOLAR R T XE BT, 2017, 40(3): 29-31.

XIA D, HAO J G, YANG W. Research into the
modeling of identification friend or foe system[J].
Shipboard Electronic Countermeasure, 2017, 40(3):
29-31.

Jam. BERIRA RG], s EFREAR, 2011, 42
(3): 55-56.

B, E¥ . RS e Rx A F AR E A B

e & MR R D], IR R, 2024, 6411 :
1895-1900.

JIAO 'Y, WANG B, LI K. Implications of the
Russia-Ukraine conflict on development of IFF[J].
Telecommunication Engineering, 2024, 64 (11) :
1895-1900.

W, JETIEAR A R OCHE R RS AR & RE I H

REVEM TS (D], KA. P EB B R EFOL AR L
RS P BRESERT, 2022 35-40.

ZHANG F. Research on intelligent evaluation of
equipment capability based on key elements sensitivi-
Changchun

hty of index system[D]. Changchun:

Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, 2022: 35-40.

ZEHE. Mark XITA -+ 3 28 2 U 5 30 1 2 AR #F 58
[D]. Je#B: HLFRHERSY, 20200 1-8.

LI J. Research on interference type recognition and
suppression technology in Mark XIIA system[D].
of Electronic Science and

Chengdu:  University

[27]

—
Do
(oe]

[

[29]

FRECR, O, . BT AHLR G AE SRRE
fwEsE (). kI 548 S, 2024, 49(5): 152-
157.

ZHANG X T, PENG W C, LIU R. Research
on the evaluation of the combat effectiveness of a
certain UAV system[J]. Fire Control & Command
Control, 2024, 49(5): 152-157.

DR ES, WHOR - HAEARRE. B DBN W
JEAR AR 2 SRR W vk (0. AT AR AR, 2022,
40(11): 1515-1522.

LIANG J Q, PAZILAI M. Photovoltaic inverter
fault diagnosis based on seagull optimization algo—
rithm to optimize DBN[J]. Renewable Energy Re-
sources, 2022, 40(11): 1515-1522.

XUAS, APEGE, #h%M. 2T PSO-DBN i X HLHL
L5 e AT I AR AT ], G R 24, 2023,
36(3): 434-440.

LIU J, FU X J, SUN X W. Operating state
identification of wind
PSO-DBN[J]. Journal
Actuators, 2023, 36(3): 434-440.
7T, EH. T Adam AL #Y B PSO-RBF %2
Sl ROz Wi AT oE ). R TR 24, 2023,
18(4): 209-216.

SHAO N N, WANG Y. Research on PSO-RBF

traction transformer fault diagnosis based on Adam

turbine gearbox based on

Chinese of Sensors and

optimization[J].
2023, 18(4): 209-216.
ZHOU X, LIU X M, ZHAI D M, et al. Asym-

metric loss functions for noise—tolerant learning:

Journal of Electrical Engineering,

IEEE Transactions on
2023,

theory and applications[J].
Pattern Analysis and Machine Intelligence,

45(7): 8094-8109.
(%#E: FT45%)



