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Design, simulation and evaluation method for unmanned swarm

system-of-system

YANG Song, WANG Weiping, LI Xiaobo™, ZHOU Xin, JING Tian
( College of Systems Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: Unmanned swarm operation is becoming a new operation style that changes the shape of warfare. In response to the current problem

that unmanned equipment experiments are relatively independent and lack of integrated closed-loop design and integrated verification means, a SoS

('system-of-system) design, simulation and evaluation method was proposed. The method contains five stages: operational concept modeling and

requirement analysis, SoS design concept and SoS design, infield simulation experiment and scheme exploration, SoS prototype development and

evaluation optimization, and outfield integrated test and comprehensive decision. It innovates and develops theoretical methods, tool chains, and

integrated environment for SoS design, simulation test, and evaluation optimization, which provides certain theoretical and technical support for the

systematization intellectualization and actual combat of unmanned swarm.
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Fig. 1 The “V-V” overall research framework

TR AR AR AR 0 R BRSO AR AR
BE, BT T AR SRR TR T 2
Wit W = BB, AR R BRI
B UE AL 5 AR BAE 7 S YL | T K A = A
Bro BIEEICANERRREUTNT-5 0 F 2
BT 2R BUA VR SO Z e LLAR (i T 17
J7 % N 208 2% TR AR SR BT B B

SR A7 5 1R, 40 R AT 5 R AT
FIE A & B R T % TE A BERE IR 2R i
A AT 20T, 43y 5 9 9 4 5T R 55 6 %
B BB RGIT R AR B R AaE L B
WS HAR I E X 4 BB 77 5 AT R 5
GUFF L LVC™ S AR 5 )7 2 B0 iE S 155
SR R T B XA BLRT LVC 4R B Sk 5 3iF 72



<128 - B BE K 2= 2 i

55 46 &

BRIV A 1 A 18 5 SR IR X i SR B
st FRVRE IR , 375 A 28 e 15 0 BE A 1 3R A1 37 4R
JARIRITE" o Forh, R FR P TR B B X
ARG S, o RELTR M Aor RG]
RELH M BETT 2 > R GE I 2173 R G il it
SRR B BT RUEAGE S KR S RS
FZE A I 3, 58 B N SRR R BT 5 05 &
P
1.1 ERBSEESFRSN

VRS S AR TSR AT ) AR 2 IE R &
FIARIEIE AT B Befd R a2 3 st i A F R
ALk DN O Y (S S R 2 TN L LU TR AN
KT SR T TR . T NEERER R
R A HEERE I ANE A& RE I 22 IR TARRL A 2%
REAGE, HAE e O 2w i R I
-6 AR BEFT 325 267 5 2R @R T iR
BEAXT AL I> R GLLR B AR LU B4 L5
@ LA ZR 58 1 185 - 15 LI F B S by [] 1 A R A 5
QLA Z T U 5 g AT i, L AR S RE T 1Y
SETBG@BA YR A5 A ARRA TR
AL SRR BERF AL AR R AT . i T
SHRBEE AL, N TN SR NS A
R, MR R BT A AT MR AR O B A 55 0
FE R IR, RZ AL BEIE AL TN EAHA R,
AL AT 5538 AL R PR R A S AR AT oy e
PUBRFPE T R B n] TG S 21 AR 1 R MR PR oK
W= A SR 55 BE
1.2 FRETESSEREIT

TEAE SRS AT SR 22 51T, 58 R &R
BB, IR 585 ), EEAAR IR R BT
DS R R F B S AR S T
MURE T RE I AOPR B IR Ty SRk 0 S A2 AL
i AR R A BB 25 B B o

DR R B0 BEE . N  GUE  F 5
BUPORE (R R BB Al 0o = A J7 - — R
RS IR AR BT, R R AL
HR S ARAE R ZR A B, =R R AR
REPLES I AR MBI BT EAMA R BB
FILAIT TR RRE : O RFR 2 5], LIRS &
RGN MR R AL K s Q%45 515 iR
B, R A AR A D REE 2R BT R LA &R
iz P B @t s S i ARG, SO T G hik
T b 1 B RE ) AL s RSB I N 25 H
L AR ARV B O A R BT B B BT
YA E N AR BO T R AR i

I, %) X8 B A A e R
T HAEE REAL TE AR U B = = H s
WhE.

)RR MBS . TR R
RS, R I BF & T 14 45 10 6 A MR R 2
B . RFEZ AT T 2 LR A
Ry TE T AR o SIS A IS o B U STk U iy
7 250 54 AT LIRS JE A T % 4
IRE MERUE S FEHE S S ER 4 Mg TR
T IRZR BB FA 3 N2 14 ANSEAS I,
2

3) IR RSV UL, Bk R B4y
R G MRS PR A SR R = AN A
IR 4505 3l B s T BE 2T IR AT
S50 % KRB 20T 55 R LA DML SR
T A3 HE AR T SR O AN B BE, 10080 B3+ MR (B3
PIRRR) , XA B B 1 40 0 45 8 % HL A
By AR BT R R IS 5B A (i
17T G

4) H T RE 1 1 I 2 5 ) R SR B R
ZIT S A BT S AT 4 R
MNZEZE G 1 ) B BT VR AR 2R 10 25 W TE
A AT IR AR . BRSO 584 B
S I N i S0 ST E )i R Lt A g W (B
TR S RIS AR TR . TS AR AR O
] KR ELACAT: 55 0 75 2, 20 46 WS DRI A R4
WA 7 T 4 8 B % ) S Tt i LR g B
(BIVERR R SE) ot O M R 2R B R e . I
JIEICR  H AT 5 s h RE— 2 U s Y
AT LEA IR, S FR B AT R LB f)
AR, S phy A2 A R R I 1) 2 AR R A
ESVSINIES

5) A HLHI R R A B B, AR AR GE
FHEAGBEHRTE R 2 22 7 20 JL A (Y ST 1, A
FLRA T 45 55K %, WZE R Sy s F i #h
PR R R 2 AT 55 8 8 A7 SR AN A HLA
TE 7 i WAL BE T2 T 00 ik R e s
%, W8 TR R A4 R (H A A T
1] ELAAT: 451 28 26 2 D BV G0 3 JE 44 2 AR 0 3
S v R LA i A 457 SR, A B By AR g 4R
) £ B AR B RR AT HARAT: 55 1932 T 5 22 268 1) it , 1
I TR R LA i B 3 5 SR AT A 55 i B I
TUHLHI

OIEAHLEN B AR AE 58 B P He 5 5
PERL SHBETC ML . A 458 A WL 2 4 %)



3 M b, 45 NS RE O R UL 5 07 20187 2 S129 -
W h
I
%*ZJ L.
% Wi EHT P
TN - | HHE ARSI
= | s miein |\ o,
< | it it
@gg% 5 = a1 g
* b
ﬁjz Y
TR w | B
me )i
—/ B %i
i Wit
N | itumgrg [ |
RS M| b |HTE R
M WE l i
ik BEGE || 4%
B | AL RPN Y
it | o 4
—
HAIL
it

K2 RRBBO R S
Fig.2 Processes and products of SoS design
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Fig.3 Design of evaluation index system
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Fig.4 Comprehensive integrated environment for the overall design of unmanned swarm system
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Fig.5 Concept of unmanned swarm SoS operation
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Fig.6  Concept of force architecture
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Tab. 1 Experimental results of manned and unmanned forces deployment scale
gy TOUEAIEE OMBCGIES PSRIE IV O
PSS e PG A AL WaRBUE Ak (1/To0) Bk (1/7100)
S_AL_WJG_1_1 0.5 17.0 35.7 3.570 0 0.1050
S_AL_WJG_1_2 0.2 24.6 37.2 9.300 0 0.075 6
S_AL_WJG_1_3 0.2 33.2 33.8 8.450 0 0.050 9
S_AL_WIG_2_1 0.6 16.8 31.0 2.5833 0.092 3
S_AL_WJG_2_2 0.4 26.4 35.4 4.4250 0.067 0
S_AL_WJG_2_3 0.6 35.2 36.6 3.050 0 0.0520
S_AL_WJG_3_1 1.0 17.6 34.4 1.720 0 0.097 7
S_AL_WJG_3_2 0.8 25.4 36.0 2.2500 0.070 9
S_AL_WJG_3_3 1.8 34.6 37.2 1.0333 0.053 8
R2 ESERASREIRER
Tab.2 Experimental results of task chain closure process
SATRNE /PALKRER WY BTN ST RAE MLK NKTR
SLE T TR TR PFEH A LRUSA A/ L LY & 4
IS8 L] IS8 5 B e (I7750)  &RHEe (1/7770)
S_AL_YWP_ 2_1 4.00 28.40 40.40 1.00 60. 600 1.00 8.535 211
S_AL_ZFY_1_1 20.00 16. 80 35.80 0.89 10.740 0.92  12.785710
S_AL_ZFY_1_2 12.00 16.40 34.00 0.98 17.000 0.96  12.439 020
S_AL_ZFY_2_1 28.00 4.00 27.00 0.96 5.786 0.97  40.500 000
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R3 KEFZRAMEIRER
Tab.3 Experimental results of the contribution rate of equipment
G RE BN SN G I T B G REB O LB O IS P INALIK
S G V- FE V- FE PiFER R WHAR paLigid AR RHTTNLL
AU SR ME siEkE (B 100 5oT)  BimkE (4100 J5I0)
S_AL_GZG_0_1 0 0 18.0
S_AL_GZG_1_1 5.0 16.8 31.0 0 0 0 0
S_AL_GZG_1_2 6.8 26.4 35.4 0 0 0.142 0.007
S_AL_GZG_1_3 6.2 32.8 36.2 0 0 0. 168 0.008
S_AL_GZG_2_1 10.4 16.2 34.4 0.110 1.306 0 0
S_AL_GZG 2.2 11.6 24.0 37.0 0.064 0. 689 0.129 0.006
S_AL_GZG_2_3 12.0 32.0 38.6 0.049 0.506 0. 196 0.009
S_AL_GZG_3_1 16.2 16.0 35.0 0.129 0.658 0 0
S_AL_GZG 32 17.4 24.6 36.0 0.081 0.383 0.081 0.004
S_AL_GZG 33 18.0 32.0 38.2 0.084 0.385 0. 169 0.008
R4 ARAESRULEHERIETEIRER
Tab.4 Experimental results of system effectiveness evaluation after scheme combination optimization

PPALKCRE NAELKCRE R BRI W REEITTANL PALKR R PR
R E S S b T S PLOPY SRR AR, ORI WORIL SER
5S¢ AU wEE R BiERER B¥vf (ion) (5n) (I/08)  (1/590)

4.54 38. 67 15.6 0.6 44.26 3.688 33 0.097 49 0.354 65 0.057 23
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Fig.7 External field integration test prototype composition of some unmanned combat systems
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Fig.8 Information flow scheme of the reverse-bevel-target strike chain in the integrated test
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