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Abstract: UAV (Unmanned Aerial Vehicle) swarm, with its application advantages and development prospects,
has become one of the current hot spots of interest for researchers in the field of artificial intelligence. The UAV
swarm confrontation technology under incomplete information has become one of the research directions with
the highest requirements for swarm cooperativeness and intelligence due to the high dynamics of swarm
structure changes and the complex and variable environmental information that cannot be fully perceived. Its
research achievements can promote the rapid development and wide application of intelligent unmanned
systems. This paper comprehensively reviews of the recent progress in the research of UAV swarm

confrontation under incomplete information environments. According to the Observe-Orient-Decide-Act
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(OODA) loop theory, the UAV swarm confrontation process is divided into four interlocking key components of

situation assessment, intention inference, mission planning, and maneuver decision, and is further subdivided

into eight sub-research objectives. By analyzing and comparing the relevant research works in recent years, the

research focuses and difficulties of various tasks in the field of UAV swarm confrontation and the achieved

research results are highlighted, and the challenges faced by UAV swarm confrontation technology are

discussed, including the cooperative control of large-scale heterogeneous swarms, the handling of incomplete

information, the modeling of complex decision-making processes, and the tackling of practical application tasks.

Key words: Unmanned Aerial Vehicle(UAV)swarm; Incomplete information; Situation assessment; Intention

inference; Task planning; Maneuver decision
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288 AR S AR 06 [ TS B R i S A SRR 55
Iy BCHIRER s T SO [44] 51N BSOEE P B B BE AL AR
RIBER AT ZE B TRMES Hax, FATEAN
Ml A AR, BT YR L0 R AN 18] 29 3R 22 57 H b
Ko — LA R R PR BT BN Y B
SEVEVEA, W RSO BOR R R S8O7 H AR B L
191 41 SCHR [45) 1) FH 06 2 B9 X BOB H b bR HOEEAT
ML AL T, RN A T AR A VR RO R R A
I3 Hh — i 502t 4 22 SRS R B b AL S okoR
AT P 1T s SCHR[46]) R FBSORA AT (5 PR e A 2
PN 20 AR, R T AN E A 3R i ) Ak
IS 1) T 20 ARORI P 2R R, IR T 2 SRmg R &
FIRARMEAL (Multi-Strategy Integrated Grey Wolf
Optimization, IMSGWO) B LR R . 5 4b,
WA 2 ol a2 ST R R e 2 r) L, 51 ST
BR[47)K H 2 & e /R 3840 % ) (Multi-Agent Rein-
forcement Learning, MARL) /%, fk TAE%2%
AT AR A [ i 7 ]

MEL oMol A, BUAE ORI 70 M 55 32 B
TR A H AR BOR R B8 B SRR . 7E SR 2% 0
FEEafE BRI T, BT EBEE KT AN
FAT, RIS BARBIB I 5, H bR BT RERR 255

FE BB S5 A 45 AR« BEVRZIOR L B 1A 295
S gtab, FRTRZEOPSOE A BE DU E F BRI
RGBTSR b, S04 B AR E IR T
AR FR 8 H bR A A HEAT WA S, vk 35 LR B 5 b
ST AN 7 PO R B RME 55, T3 — 7 1 O ST
RF N5 .
4.2 AR

AR 3R TE ANLSERE N 1 5 (X s
WX B3k FBR A, W3R PR OE 55 F R TN
BUMRIR AR CATR G, HOME SR 2R O 20T 5k
1 T AE IR R S R . To AL BN R 45
BT R4 N (3) TR 10 % B BRI AL I . 45 58
m BN, S AL BIH H b5 2 176 R
B D, LUR/MERTEEE BEAY Dy H AR
B, HAREIEAE: FASEBXo e (1,2, n}
2 V6] {4 B 5 440 SRR 30 TR B PR R o 22 T AL
B X 0 BB, o AR 3 B [X o 110 B 75
s 6 NI BRI 24 ORI 6 AL IR 55 9 2%
e dg REFAN G TANLGZ R EIIER, du
REFATANLZ AL ATER: 5t HFRR
T WL 5T NN ENE BRI A, HE 4t 2 %
FTRAE 3 I )5 FEl P B3 FL R 2509 6 1) 7 24
T A I TR R 2 B LS N TE A HLE ) 4

WA

m
minZDi
i=1
dio 2 ol € {1727 7m} 0 € {1527 7774}
dij > dmin,i;j c {1,27 7777‘}
|t; — t;] < Cii,j € {1,2,+,m}

(3)

s.t.

Horb, ANEREAEAT 55 v (0 BEFRERT T2 A% 0 i
. 2(3) LABE BN LA R Gt fets, i PR
LI R PEAS AL BT 0 AP R 2 V5 o0 HL At e o
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Bo Hb, NTHAIERR S S8 H ko 4y
R CHERN T ANLAERE B SR SR v 02
B RAR G N T3 37 10 AE A R A B 470 ) et 3
FAEJR BRIt o BRI Ak, HE A8 5 A A G s o
B N Ve S A N =/ v AT SRR e e
T2 A0
RONTRYERE . ERERMME. AfrsE. 3%
SRR I Tl A 24 SRR IS [7] A [ £ TR 48 A FEE o AH G
WEFCHEAT 1 xbEE, HrARER I ERI PR T i R
To NHLEE AL 17 R 4 7 22 H AR AL 1]
B, KR Z BARAG IR, SRR [57) R 3T
PRPPAG AZ XS K 2 H AR LA 18 4% 7% (Non-dom-
inated Sorting Genetic Algorithm III-Individual
Crossover, NSGAIII-ICO) ¥ 2 H kx 2 [a] 1]
R, Wk 7 mdEL HARUAL EE R RS E I S S
P T SCHER B8] e hi k-1 B R 5 (General-
ized Cramer-Rao Lower Bound, GCRLB)# &1k
N B AR R BOHEAT WA o A I R ) B 75 2
T NHLSE I BEAT B AR AR, SCHR[59] R 1 2 H AR
76 PR B2 € 1tk HE 0 B T 5 Ak % 2] (Method
Name Deep Deterministic Policy Gradient, MN-
DDPG)KSEBUR LS H AR B8 B B AE R o
N2 FAR s R IR, SCHR[60]
FRHE T il Y R ST TS AU R e e,
RIHEE R, RTHIERIAR . ERERES
KIEEFE, 2 Hirric s 2 Bl i i1
B ETRE KRR, £ HisailEN EZER AR
DECLETNNG, TR ER BRI AR R o
Forr, SCHR[40)4E H br 7 B SE 6l _E L AT B [RDRE
F# (Particle Swarm Optimization, PSO)& %k
WrFE] R E i R AR B T VE D A T AHLAR R IR
B EEATIE s T SCHR[61] R AR SO S0 s B 1 %%
TR RREBUEF AR, O EE BRIk k=
AR AR AT 2
M ER TR, H AT SREE T B L H bR
B R A 2 H AR, e AR R

7] F () AR T2 7 1R 7 T S S A S A, JEHL
BRI N B Rt AR SE 45 BRI RE )T, ReE B
SR K13 S POE N B AN LR T, DA
L SEBR N G . eAh,  BE RIS A A A AR A
J97 FH 37 55 S B 75 SR I8 75 25 RE IR 58 g B il 4 24
O RO A AP
5 HLEARER

HLBh PSR TE N ML RN BT AR ) e AT
AT, BB ST RS RIS
R H SRR R G &M, e LN R
Wb o AT EARE AL DA R P
FXT PS8BS B, T AR AT R . X R
SIVFEE T HERARITE), BHbeRH8E T,
degr O S . R B E AR AN
T B P AR AR B TS A [ 1, SR R P 444
BRBLASOT R, BEEE BIAE T AN
SEFENT PUA B A YA F S N, 8 PRI RO 178
AR HOT R EH . BT EESBEEH TR S
WIS AT, 5k 58 B B i £ 4,
F BLSIN FH AR B 8 5 R B A S AR SE 415 B
2, AT SO SO R B S O SRS AR R
PEARSC AP [R5 38 i A B AR R AT I ik
5.1 WhEIxn

EAESE A5 BAEH, BT RN
B HERRIE R, ST R R A e R K
Pem. EANLTEEAEPSE RS R A T D RIS
X B A S AEAE A 7 DL RIS HLE P [
H. EVE U, R T AN RIS,
[ B I A SRR A, DA v B AR AR

TEAE G (I 70 A TE N ML R W3 (R0 078 F 16 7
PO, B, AL, W
AR, REESRM: ) T Ho F a5
HRSSWRERE RN, (5% 7Tz B2 %
Ho RONERAE. PhRISHITAE. = EHEW &
I [0 10 35 5y P S5k 0 340 P B Sk e L VAT T

&5 T ANEEATAXI 5 AR

EE BTN Jii: FHEAEE  mWER EEAEE HEREE MEEEM BiREEZER R EZR
EEEHEANPT  NSGAII-ICO 3D X X LONER J J v
k= Y NG GCRLB 2D X X ENER X J X
Li%g AP MN-DDPG 2D X v BHb X J X
B NG SCP 3D X X 2 Bir J J J
R YN HAPSO 2D J X Z Hir X X J
ZhangZ \ 6] TR IS 2D X X EACE X x x

Vi HRE; x: AERE
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XFEL T o

ETANUERE R A, RS2
O 8 S B i AR R SR S SRS A A ) T AR 4,
filan, SCER[63)HF 2 AN A B B A 58 4215 B
BAHZEEA, fEHEWEOT SR B, FIH 2
RE 1A IR 5 1 o M SRS A5 B (Multi- Agent Deep De-
terministic Policy Gradient, MADDPG)K fif 56 5%
DU H-gh A I i s T, SCHR[64)7E B bR 4yBio i
TIAF AR B, —BULER R S METTA
HLH %%, FIFH Actor-CriticH LS T W [7) SR HE ;
SCHR[65] FIFE ST Actor-CriticH 3%, 405l NT14%
PEH 570 5 1 B IALEEAT 20 AT 54 TRl 45,
XFITVE S W RIS HPEAE A AU, (H ST X
X SCER[66]E— IR T AT IFATIRR- 2
B HE AR L T 72 VE SRS B (Parallel Decoupling-
MADDPG, PD-MADDPG) &K H E 0 [H] 5w,
2% T MADDP GHEE B A b 1] /B, 42y 1
S

bR T IRB AL SE S Tk A, — B T AR S
F LK (1) 7 VR TC ANHLY [ ot 7 b i S 118
R B, SCHR[67]HEH T —Fhsa g5 2118
FJa R (Competitive Learning Pigeon-In-
spired Optimization, CLPIO) 5%, SZELTC AMLEE
FEAE SRR M BERAT A S B AR B . xR
25 BB, SCER[68]iE A4 A UAE 55 7 Bl A 2
PR ENLA], AR T T AT AR 55 0 R IORS .

W PL B e A, AR PSR AR i b

TSR 25
v I v
b el egaE e
. : |
[ setmpite ] [ sstmemtt || Ao

i s 2 |
= | i e

4 TEANUEREX TSI SR AU HESE

Az Wp [R] SRS W 2R 2 Mg, Bl H AR e
RIS HBIEAL . s ST I gk SN OT =
I HERT SR S [FIAT 9 o AHR I BE AN T
SRS a2 E B R FE 5i b, A
Redt— A
5.2 BEREH

o NAVIEREAE B A [ 2N 1005 € H AR
PREZANE LS, & —FH WA F 0 DU sng . AEILH
SHAET, 2R RARET SI = BE [A) 5 PRk
SRR DA E T A2 4 8 I A B 6 H AR
MTTAAL LI H AR B85 AT 0, s KAk s R i 4
RERIIR AR RE . T 120 7 AN IE ER DR SRAN & [ O S M
ANTTHF DA
5.2.1 BEOREK

To NHUERHE A i R 38 B 2 58 A 55 1) = 2E e
o TANLEL A RE, HHrbER Hire®
FERFIVERP, 8704 B B AT H AR A I 3R
&, AWHERMIREE H AR, AL H AR SE AL E,
TIGE R H AR sl 75 18, HolE e TR AHLE D
IrMTIBEE HAREIE B IR, RN 4R & I G R
PREY, R MU ORUEIE ERTE A B H ARECR .

RINEREE . B AW EiEs), BT
T S22 R B 5 i B P AR SR T EAT T R AT . B
SAHOL T HREE R AHE BB, a0 SCHR[69]
FERAERERBIT, HETEMED HARERM R
A HL (smoothing Linear Multi-target based on
Integrated Probabilistic Data Association, sLM-
IPDA)E%, MRAER Z R IR R 2 AN E
HARE )RR s SCER([70] 8k — 25 8 T ANLA R 1 2 Fif
IBEEHENE TESCER([71], BEAE N B & N 2
#t 4t (Adaptive Differential Evolution, ADE)%& %
590t (Nash) LA AH S &R AL EE H ARPZ A A0 ) R
BRI R BRIEZ AL, sRAG S 2 BATEIR R R A 2R
e ST, B SRR [72]) 5 o B iR B
B IMARLE LA SE o AW UAE P [F) 36 B
fE; T SCHER[73) R D3QN (Double Deep Q-Learn-
ing network with dueling architecture)k2% > &1E

*® 6 T ANEEME G AR

SR Jii: FREGEE  RHER EReER Hirgi  WESHIHE SEHEE R
Ren%s A6 MADDPG 3D X J x J v J
Zhang%: \ 01 Actor-Critic 3D X X J J X J
Li%5E A\ 169 Actor-Critic 3D X X X ~~ X N
WangZs A\ 50 PD-MADDPG 2D X X X ~ X J
YuZs A6 CLPIO 3D X J x J
Deng@E AN 4045 s 5543 i 2D J J x v

Vi ERE x: AEE; ~ RAT S5RGBTk
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WG, RGN G LR 2 51 o NERTFF I 3L
RS s SCHR[74]) W 7E 2 RERE R TR SR 1 B il
B BRHT P 5 R ERG R SN ) e AL
1B FR R .

I DB AT AN HER DT Tk = i R
BRI B FORR . b4, B A 7T 32 B
XS 2 HAniBER. HisAWEizs). Bk
T 1) B B P Sk DA e ST R A BRI S M 4, B X i
26 ] FEAT SRR AR DY, R HESh T AV REIE
BERORTEIE B 215 B A T R R IR
5.2.2 BEIRR

FETC NHVEERE R IR b, Siang 16 3%
H s 1R - Bl 428 1) SR W R 0% D VE Al 1 3 S 255 0
Ho MEN—FH WRSARTER, & S &R H
P SR 1) 7E 2R 58 B XA HEAT F Pl ety . AR T
R & 4 /AT 8, FIH I ANUEREEAT
PrIF) & BT DR ZE Y KRER VO, IR o e =
() RAEE SRI, FEANHAE I s s X U EE R
Bn ey i DR L R B AS E E DA KON S A AR 1R A 2K
PN 3 PR

RMNE I L, IR, HREES Bix
RAEE T HRAH B FEEAT 7R EE A Fodr, 3
WR[75] AT 7T 7 F R T 5 R RO, T X R RN 52 PR A
F 0 AR A (Y BR A), E SEEAR AR AR A % (R 52 HL
BURIEESE T —MORBES BB /)8 . fE RIS R
& BRI AT T, STRR[76)% ) @ R O T AR
FEREZE, $2H T —F45 & Double-Oracle(DO) &%

4RI % % (Neighborhood Search, NS)H % DO-
NST7i, DAACERRHAS I Z AR . SCHR[77, 78]
¥ HARKE BARESINFE G, He T IREERA E 1 SR
Ff % (Deep Deterministic Policy Gradient,
DDPG)# 8 SR fift el A w11 SCHR [79] 75 PRI
FIRTERE T, Wit 7 — M T — B il 2 L AL
WFELEER S G RPN, ST BN B AR B SN .

MEL B3 ik E,  HETHTE ANLEREE B0 5T
HHFEYYE. B, WA R SRR T IR
WIEANE . HIR, ZHEAEA %S S
BARMS T ANURAGE AR &5, BRSNS
Fl B Al B A s vl A Sk I = B, A BT
BE BRI HART SR N AL . R, A
BELER R B 7 b A HE 2% PRI G i 730 ) 0 SIS
PAE— 4T JC AHLERRE & BRI A Rt A F A

6 5

AU B OODAMEM L L HE KR, HE
A& B TC N Uit R0 B 73 i 94> 2 B B 3t
WEFAESS, BESHIPM . BN, SRS
PLEN R FE AN AT L SRR AL AR 7y, It — 2
B H A0 73 84T T HAR, A3 PLA PP Al
B R 2R VRS L AT O TN, RO H AR
BRSSP R T S R A E . A SCERE PR G
W FORCRIN A B, I 2536 T AL AR BT 17 i )
T TR £ E B SRR, XA 5
B BEIHERT BAT BRI F A, IF BALRER I

® T RANEHBIRAKR S EMRIL

ZH LR Tk 17 FYEJE SERIBETE H bR H AR AT 183) b T HIARIIE
Memon%s A [0 sLM-IPDA 3D %Z Bz v x v
Cybulski%s A ZHA 2D % Hix v x v
YuZe A H i W 72 43 i {k-Nash 3D B H pr J X J
Zhou%s A\ [ K H AL HMARL 2D %Z Hir v X J
ATEYNG D3QN 2D EA=E D X X
Hua%§ A FMRBLRE - VER T 2D HHAR x N
ViR x: ANHE
* 8 TANEREERKEXMARIEL
SR Tk P4 SR SAMENERME AR H brdiE HbRRS
ISRl = YN WRTERE T3 Sy A8 A 3D N v % Hix #3)
MaZs A7 DO-NS 2D X X HH bR #%zh
Murat OzbekZ A7) it DDPG 2D X X HUH bR #%3)
Li%E N[ MEEDDPG 3D v HHbR 3l
ok YN — BN 2D X Z Hir 225

VB x: AEE
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WEE R BATAT AR o 8 X I 24 SR 73
Br, BRI AR DA AR SN A 5 5
ARAL IR SEIE BIXS o AR A PP Al 5 TR I HE T T T
t, TAHUERERS T —E AR E 4G B A A
A DA RO AT B AT A IR FEAE S5 R S LEh
R, BANERERS T 0N A S
RS TR B I BE ST SR, B R A5 1% 5
TNV SE RS PUA B LA I T faf k., 7T
(Xt I AL R AR RE TR b g5, A A 7e 7 F IR
BRI IERCR I H R 2RO R A B e f 4k
AR (BRI A RS . AT, ELLR
JUANTT A st — B W

(1) KIURLZ BEAR IR R TT: KR 2 B4R
TAHUR St Fe iR 2 ek H %6, BRIt &
BN R AR RS SH, X RERI R E
PEF AR . Hxk, A T ANLECE RIS,
Hirth 2R ER2A, X BRI A ROt A
B H BRI BCMSERARSS AR, UG AN WA L 1) i
Wik, B, ZRHREYE BAEEE YRR
Wk as(a], R B GO AP, TR AT RE SN
ZHITEFRR, XWEFEABRM DR . 2
IR, KM AN S0 7T, JeH 2 A
SRR NS SO P AR SE PR T T Rp itk — B IR AL o

(2) SR G RFTERL: DA KT AL
SEREXS PR T K 2 20T FU 0 R PARIAG Te AHLEEAE
NE. AT ANERZ B R R BAHE
(I Je e sh A BRI JE A LA SR, T3 e
% 58 AR ST R LURE i — . T A e AHLER AR L
HIAN RIS T LA, HLAAT ok e B AR SR
A IS 0. SR ANLEL & /FSEL g
HAN,  BENE I R BT BOBF AT ZFESS, Hid e
T B AR R, WRSHEL, S
RER O E 2%, PRI R PSS o AHLERRE V) ] ok
i QU PN E? 3 P i N 8 | SO AT 5 4 G
RS I ER T K il = [ D (S 82 T Ok
TAHLEGG NP FRS U0 AR SR T p ik 32
T - - 2 LS S R I 7 o, B AL
SN G BUK EEAMAE TS, BRIEE
FHEHRG, § KT HMIENRGRIB ST .
PRIk, SR TEN ARG R SRR TR RO AR R
— KK

(3) X AN T 42 SR AR A 5 R M A
BEZT: TC AL S B A8 Eh H i K 2 Hoik 7t
RIS A ST INR 2. B, AR PR
T RNNUE SN BAT R 58 4 B R A, H
KL TR BORRE LR e 215, AN

RIXT R FAFHIRE AL o FIXH HT R 2 Ht 7i s
B AE B AR T RSB R, SR X TSP
XX FNNEZ MR TF I AN A5 B
SEFAT AT R B RO i, PR R R %
INSEBE T ANURERIRS EVE, HE— DR S R

H: &S
HHe /Jo

(4) T [ B2 SEPME S R 2 AR AL: B
AT NHUEERE BT FE R 2410 — 4 (£ 553 5%,
1713 S e 8 P 3 55 A A 75 BRI R AT BT $h
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