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Review on Evaluation and Theoretical Methods of Unmanned Swarm Test
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Abstract:Unmanned swarm test evaluation is an important bridge that promotes unmanned swarm technology
from theory to practice. Compared with traditional combat systems, unmanned swarm systems have the
characteristics of autonomous coordination, emergence of capabilities, and intelligent countermeasures.
These have greatly exceeded the scope of traditional combat system test evaluation. In response to the above-
mentioned practical needs, this paper summarizes the groundbreaking work of advancing swarm test
evaluation in the United States and China, and discusses the concept and development status of unmanned
swarm test evaluation. Based on our previous research on aviation swarm operations, we also explore the
main content and feasible technical route of unmanned swarm test evaluation, which will lay the foundation
for the information upgrade and intelligent transformation of military equipment.
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Fig.3 Diagram of demonstration and verification platform

for swarm algorithm confrontation evaluation

3.3 BAmAEITEES T %

BT A I 45 1 RE 0 I LR B E N AR
RETH BL Al 424k n] P O B 2Rl . X TR R
ARG  HAE I B i AN R AF B R D fE
A R 2R A 45 4 00 A KA [ £ 3 A5 94 1Y
PRI R 307 A ey Horb, S RERS & R FR
S PR ™ A TN AR T BE 0 0 B B S, s [ g 2
RO E T HERE S B BRI U LAk, TEN
S TR E T 7 A 2 T I AR BT 55 19 R Y L BE
I B R — A E S A R .
JON SRR RE 7 B9 X0 PP Al 0 00 T B A B A X
P17 07 XA REPEAR Y, BRI TP 65 1K R 3L
REVEAL 7 F5 22 1] 114 25 1] K9 2020007 Ay A K3 3
S S HIEAL 342 25 BEATITAL

To N5 1 2228 RE VAl 5 15 58 1 50 2% 2 45 2k
REPEAG e RGN TR Z A B AE TAR R A T/, b
IR AR L BEAT IEAL T BE SR SE UF R 38 F
ST AT AL o TR, R 2R A RE B0 A 1 AR
(£ LN o £ N A A B BUR £
VERRZE 5 B RE M SR R AR FRIA A . T3 4h A
PEAG AR A R R B, TR Sl A A, A AN 2
— BT, WO PAE AL A . b e S SRR (1]
Pt AR R 7 O R B B o A R E
oA S o s DA TR ) 245 A 200 2 98 TE N SR T 1 AL
BRI /N A R 4% A 22 [ 7 S 1 s ] 2 R,
VAR AT 4 BT 5 —RE D — R AL R A ST e
DEHEAE BCRE T 5 25 (6] A 1Y 22 [ B e S O 2, AT 7%

FIPEAG AR . i, AR P A AEATF 5 A0 2 2 A 3 I e
W B 68 3 9 B BE B, i A b F bR eR R, S R
Fe B BE 1 48 b 5 A B ML -2 Wl P 22 1] ) R R R
7 B 1 R S OC 28 R B <l 2 S LA IR 22 1]
(1% 2 1] ¥ )0 P T LK i B2 i 1 B o B 400 i
KRR — W, 5 2Z PR E A SR oL R A
Jr BR A, — M1 S 4 W AT LR A B i P R R B
B RIMBOR™ 8 — E R T RS
()R 28 B4 A 25 o, AL T AN TR T A 2 ) A 2R
g o Bl AR AR 25 BT AL | R 37 B 50 BOR
2% AL G ORI RE PP A T 35 © J0 1 T AL S i
P TR TR RO PP A R OR o DI, B DL R B 2
8T AR T B i Sk A1 o IRBHE 70 A7 9 2 1,
FHTR BE 27 J S b BRI B3 14 {3032 KB , 8 7042 40 K
Bt 9 B S B AT R R O T 2 R A
A R R A B AT Bl S BRI R
718 5 AT 52 B0 % 3 A 85 25 3 B B S SRR AR 1 A7
RS I 0 — 2B TR A Hr 28 BRe Ak 22 18] (19 G G
E i S NS CIING N G i D QT DN &
i S FFAE R R KRR OE & o FEILFE Al L, )
FHIT A 53 B7 435 SRR Ay 3 B T R B2 7 ) ) 3% B 355
SHPEAEEEIL, DL A R A 4518

4 & it

AR TR S IR A T, 5 0, e
TRNERXR GBS 5 N R, R
5 [l 5 v [ 7 T N AR U0 T A O T PT B R PR R
PETARBEAT T A SSEE, IR 82 00 1 40T T A BUIR
285 s I, A W BNTE T 25 4R REAE BT A T 5
SER, NI 4 R LA CRE 1 3 5 R W T BN
BRI PP AG A 2 2N DL SnT AT 1 7 1k AR
Ja 8 TAERE T 18] 44> 75 T 9k S IF 9, T — 22
STETT I 2 T I NG R A BEAT BT R
F TGN ARG PP Al LIS 1] 52 BR A AT AT 2 4%

SE Lk

(1] HF, Rk . £%ETNE RGN E P

% KA R [EB/OL]. (2017-04-08) [2020-01-08].
https://mp. weixin. qq. com/s/Lb7KlaiuHQdFgMSI-
JEfjew.
ZHOU Yu, YANG Junling. Challenges, practices
and enlightenment of test and identification of U.S. ar-
my unmanned autonomous system [EB/OL]. (2017-
04-08) [2020-01-08]. https://mp. weixin. qq. com/s/
Lb7KlaiuHQAFgMSIUEfjew.

(2] HFAms, 52 e, WS, 45 . B B0 =S SR TF 25 P AR A 3R
WFoE[T]. 28 4 LA R 2R (EF R ¥R , 2016, 16



% 6

B IE , % TN PP AL O 5 SR My S B8 T 1k

853

[3]

[4]

[5]

[7]

[9]

[10]

(2):1-4.

BAI Peng, LIANG Xiaolong, WANG Peng, et al.
Research on new air combat system of aircraft swarms
[J]. Journal of Air Force Engineering University (Mil-
itary Science Edition),2016,16(2) :1-4.

DARPA Public Affairs. OFFSET envisions swarm ca-
pabilities for small urban ground units [EB/OL].
(2016-12-07) [2019-10-17]. http://www. darpa. mil/
news-events/2016-12-07.

BRI, R0 e, AN, 55 R T R A S R
b g T[T ] MR, 2020,41(1) :57-62.
HU Liping, LIANG Xiaolong, BAI Peng, et al. Re-
search on algorithmic warfare and its application in air
combat [J]. National Defense Technology, 2020, 41
(1):57-62.

Bl DARPA“THE A EHE"H HA A 2 R5 %
4 F A [EB/OL]. (2020-02-07) [2020-02-19].
https : //mp.weixin.qq.com/s/VtzWsR-s1zL.2d2tKzJILHw.
FENG Yunhao. DARPA “Reliable Autonomy” proj-
ect tests the security assurance technology of autono-
mous systems [ EB/OL]. (2020-02-07) [ 2020-02-19].
https : //mp.weixin.qq.com/s/VtzWsR-s1zL.2d2tKzJILHw.
Office of the Secretary of Defense. Unmanned aircraft
system roadmap 2005—2030 [R]. Washington DC:
Office of the Secretary of Defense, 2005.

W1 b R R A AT R ) 58 R T AL AR B TR AT
W [T]. MLEs NBCR SR, 2017, 1(4) 2 11,

Y1 Ming. China electronics technology group success-
fully completed the UAV swarm flight test[J]. Robot
Technique and Application,2017,1(4) : 11.

JA S, Bt Y0 O EREAT S HLAT Y 2 T2 A
LR G A LT ] R R B, 2017,47(3) -
230-238.

ZHOU Ziwei, DUAN Haibin, FAN Yanming. Un-
manned aerial vehicle close formation control based on
the behavior mechanism in wild geese[J]. Scientia Si-
nica Technologica,2017,47(3) :230-238.

LUO Qinan, DUAN Haibin. Distributed UAV flock-
ing control based on homing pigeon hierarchical strate-
gies[ J]. Aerospace Science and Technology,2017,70:
257-264.

M IR, BB AR L N TR Rl A A R R TE
FSELT]. HLAR A, 2016,38(3) :265-275.

AN Meiyan, ZHAO Kui, ZHANG Yulin. Demonstra-
tion and verification system for artificial intelligent
swarm control[ J]. Robot,2016,38(3) :265-275.

IR BT TR B RAR R S A R ITAT IS 5
HERE G LT T AR ER 2018, 2(1) ¢
1-11.

HU Xiaofeng, YANG Jingyu, ZHANG Yu. Explora-

tion and practice to the theory and method of evaluat-

[13]

[15]

[17]

[18]

[19]

ing weapon system of systems[J]. Astronautical Sys-
tems Engineering Technology,2018,2(1):1-11.
XIS R EA BN R, S —F RN R G L
- H BT R B s 5T B e i, 2017, 12
(5):506-512.
LIU Lihui, ZHAO Yanjie, ZHAO Xiaohu, et al. De-
sign of a simulation platform of unmanned swarm sys-
tem[J]. Journal of CAEIT,2017,12(5) :506-512.
A SCHE A AL/ TE AL 0 [ AR R IR0 6% 4 I A B 1
WA [CL//h E L = 22 2 2017 8 (5% = Jm ) v [ i &5
B R RS 3 C R . dbat s 2 2,
2017:392-397.
ZHOU Yijiao. Design of association algorithm for the
manned/unmanned air vehicle cooperative combat
[C1// Proceedings of the 3rd China Aeronautical Sci-
ence and Technology Conference. Beijing: Chinese
Society of Aeronautics and Astronautics, 2017:
392-397.
EOCUR, INE, B, A5 B TAL 55 O IR A A A HL/
TE NALX i Tl /SO RE VAL 9T [T ], B = T
P2 BEF 4, 2017, 32(5) : 491-495.
WANG Guangyuan, SUN Tao, MAO Shichao, et
al. Research on effectiveness assessment for attack
against maritime targets of manned/unmanned vehi-
cles based on mission cooperative[ J]. Journal of Naval
Aeronautical and Astronautical University, 2017, 32
(5):491-495.
R, W R LT O 2% SR O BT R Y TE £k 1 4
AE AT Al 48 B8 OF 5% [T]. f& B R % 4, 2011 (1) -
115-119.
ZHAO Feng, GUO Aihuang. The research of wire-
less ad hoc networks evaluation index system based on
ANP [J]. Chinese Journal of Sensors and Actuators,
2011(1):115-119.
SIVAKUMAR R, DURAISAMY S. A novel im-
proved hybrid authenticated trust systems with fuzzy
logic for trust evaluation in military wireless sensor net-
works[J]. Middle-East Journal of Scientific Research,
2016,24(3):705-711.
WANG G, WEI J. Design and implementation of
wireless sensor network nodes based on BP neural net-
work[J]. Journal of Chemical and Pharmaceutical Re-
search,2014,6(6) :965-969.
AHMED M R, HUANG Xu, CUI Hongyan. Markov
chain monte carlo based internal attack evaluation for
wireless sensor network[J]. International Journal of
Computer Science and Network Security, 2013, 13
(3):23-31.
YIN Rongrong, LIU Bin, LIU Haoran, et al. A quan-
titative fault tolerance evaluation model for topology in

wireless sensor networks based on the semi-Markov



854 Mow o o= M

EE N %5246

process[ J]. Neurocomputing, 2015,149:1014-1020.
SO, PR NI A ORE TR A T Y I 2% 22 A
PPRAL 7 1k (7] b i 50 R A 5 4, 2016, 50(9)
1407-1414.

WEN Zhicheng, CHEN Zhigang, TANG Jun. Net-
work security assessment method based on cluster
analysis[J]. Journal of Shanghai Jiao Tong University,
2016,50(9):1407-1414.

A E B L TR 2 I 26 1Y TC 2k A% e 2 )
2T SEVEREA [T]. THAL L 2016,36(2) :69-72.
LT Jianping, WANG Xiaokai. WSN reliability evalua-
tion based on fuzzy neural network[J]. Journal of Com-
puter Applications,2016,36(2) :69-72.

hE T EARERTT . AN TR RERE T E
VA B : T/CESA 1026—2018[ S]. db 5t : th [
Tl bR LB 22,2018,

China Electronics Standardization Institute. Artificial

intelligence: Assessment specification for deep learn-

ing algorithms: T/CESA 1026—2018 [S]. Beijing:
China Electronics Standardization Association, 2018.
HIWAR . BEAE RE R AT 5007 [D]. Lif: B
2 KA, 2011,

GAN Xudong. Evaluation and analysis of swarm intel-
ligence algorithms[D]. Shanghai: Shanghai Jiao Tong
University,2011.

0 AN IS A 3 & U R R Y (ORI o DN EEN
WAL O [T]. o B B2 BORFBE % 2019, 49 (3) -
277-287.

LIANG Xiaolong, HE Lyulong, ZHANG Jiagiang,
et al. Configuration control and evolutionary mecha-
nism of aircraft swarm[J]. Scientia Sinica Technologi-
ca,2019,49(3) :277-287.

HU Liping, BAI Peng, LIANG Xiaolong, et al. Solu-
tion and optimization of aircraft swarm cooperating an-
ti-stealth formation configuration[J]. IEEE Access,
2018,6(1):71485-71496.

(%% .7k FE)



