o556 % 4 11 1) t oE xR B K F F R Vol. 56 No. 11
2022 4F 11 H JOURNAL OF SHANGHATI JIAO TONG UNIVERSITY Nov. 2022

TEHS.1006-2467(2022)11-1479-12 DOI. 10.16183/j. cnki. jsjtu. 2021. 400

T 2T IS A = S R JC AL HPEAE

Aghigebc, HipEe, [ e, &I
(F AR RS ao BERFBE: b TR HLRR 5 HOR 2B /N TR B~ Be /827 B 5
c. FHUA RGBT K 5 o ilE B AR T W S0 % B R 210016)

W OE: AAORANESH -G T HEAFIE LRI AT R K F W F e, F Ll F R4 3
FEHHESER AR FER LA A ART R FRILBRARB LT EFT o8, 4z 4. 48
F—HATERTREZLN L ARER. A4 BT AXENBLE TERMAEGHSF FRLRE 4R
EAME, FEASHFHER A TERIAFTEASRANGKIG AL LM S H 13 83 AT
FH AR BN RRATRE DR A S R BRI RMEL; &G A T ERAT T ML R KLey R,
BFEHOZLRENN  TERFRFLERBFTZINN S SO EAR  ZF EAREE T B4R
BHE A B3 B AR R R AT B K R M AR AR P H R R R AR TR FA Rk
REFROBFBRBIFEER ALR S T T ERRBBE—FEEZG R LH.

KR RAM; = LR BRATTE®; SHF4E; AR M

RESES. V279 MERARER: A

Unmanned Aerial Vehicle Situation Assessment Based on
Cumulative Prospect Theory and Three-Way Decision

LI Weiwei***, GAO Peizue*, CHEN Jin*, LU Yuqging®
(a. College of Astronautics; b. College of Computer Science and Technology/College of
Artificial Intelligence/College of Software; c. Key Laboratory for Safety-Critical Software
Development and Verification of the Ministry of Industry and Information Technology,

Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: General uninhabited aerial vehicle (UAV) situation assessment methods do not consider the
influence of complex external environment on the decision-maker, and usually only get the ranking results
of the evaluation. Since the decision-maker needs to make decisions in a short period of time, misjudgments
or missing strike windows often occur. To address this problem, a three-way decision model based on the
cumulative prospect theory is proposed. First, the method the utilizes intuitionistic fuzzy technique for
order preference by similarity to an ideal solution to estimate the conditional probability of each target and
obtains the situation assessment result. Next, the method calculates the intuitionistic fuzzy situation
information obtained by the UAV based on the cumulative prospect theory, and obtains the corresponding
cumulative prospect value when each target performs different actions. Finally, based on the principle of

maximizing the cumulative prospect value, a new three-way decision rule is derived to divide the situational
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assessment results into three regions. The experimental analysis shows that the method not only obtains

the target threat ranking, but also classifies the target threat level objectively. At the same time, it

considers the psychology of the decision-maker in the assessment process., and obtains the target threat

assessment results that meet the traits of the decision-maker, providing a reasonable decision support for

the complex and changing air combat.

Key words: uninhabited aerial vehicle (UAV); three-way decision; cumulative prospect theory; situation

assessment; intuitionistic
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195 JE N AR BUAR AR L A O R A SR AR A — 2 R
PE B (5 B Z 3k 2 K.
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Tab.2 Normalized multi-attribute intuitionistic fuzzy evaluation information matrix

H#r T, T, T; T, T;
XM 0.7, 0.2) 0.7, 0.0) 0.5, 0.1 (0.5, 0.3) (0.1, 0.6)
il (0. 235, 0.702) (0. 281, 0.662) (0.194, 0.747) (0.203, 0.759) (0. 726, 0.232)
il s (0. 446, 0.272) (0.279, 0.515) (0.223, 0.511) (0. 248, 0.584) (0. 446, 0.272)
e (0.546, 0.193) (0.136, 0.718) (0.579, 0.274) (0.239, 0.637) (0.568, 0.903)
=S (0.517, 0.167) (0.346, 0.501) (0. 041, 0.917) (0. 172, 0. 824) (0.517, 0.286)
THeae (0.5, 0.1) 0.7, 0.0) (0.8, 0.1) (0.2, 0.5) (0.0, 0.6)
B RE T 0.8, 0.1) (0.3, 0.4) (0.8, 0.0) (0.3, 0.1) (0.3, 0.5)
B 41 6ig (0.6, 0.3) (0.6, 0. 1) (0.8, 0.1 (0.6, 0.3) 0.2, 0.7)

H:(0.7,0.2) 0.7 AFRJE 0.2 FAEREE.

i AT AT B A A FHAR B 25 AR A TH]
AT SR bR R 25 R A L 3R 3~5 FTR.

{7 IC 70 R RSCH 008 AR £ SR B e 4 o — i
B R A K545 8] 9= (0. 365,0. 135,0.5) ,

®3 SAHERHEHEHE
Tab.3 Conditional probability of each target

£S5 SITEWHNERER

Tab.5 Outcome matrix of each target

H #x P.(C| T (6=0.35)
T, 0.743 1
T 0.5411
Ts 0.620 8
T, 0.3409
Ts 0.3070

x4 BIMERHNERHY
Tab.4 Weight function of each target

AN T, T, T; T, T

w (P, (C|T;) 0.5633 0.4420 0.4856 0.3399 0.3221

w™ (P.(C|T) 0.6209 0.4799 0.5320 0.3542 0.3322
wh (P.(—=C[T;) 0.2947 0.3997 0.3595 0.5081 0.5293

w (P.(—~C|T;) 0.2983 0.4283 0.3786 0.5583 0.5826

6=0.35
Hz Ik
( —C
T, ap 0.2610 —0.4570
ap, —0.2610 —0.1600
ax —0.7548 0.1600
T, ap 0.2233 —0.5823
ag —0.2233 —0.2038
an —0.6380 0.2038
T, ap 0.2297 —0.5079
ap —0.2297 —0.1778
ax —0.656 4 0.177 8
T, ap 0.174 8 —0.6923
ap —0.174 8 —0.2423
an —0.499 5 0.2423
Ts ap 0.1709 —0.7054
ag —0.1709 —0. 2469
ax —0.488 4 0.246 9

A Ao A B R AR T 2 4R L T HAE SR B AR L
e LK I 64 fi Sf A B AT A B AR SO A 275 1
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HARE AN TE A4 Fh 7k WAL &5 SR rh AR SO I S = ST

Z = 0.040 4 X 0. 3654 0.5339 X 0. 135 —
0.518 8 X0.5 =—0.172 6
FIHI S 2% mi L 45 2R S B 5345 2 AH I 9 A0 (5 bR
K0, 9 oh A (L R BORIAS T pR RO 59 45 210 A 1 9 3R AR
RTSEHHE W3 6 Fro. b, Ve Vi 1 Vi 20 5008
FbR R U 32 L HE— 45 0F 50 R 268 30 415 16 1)) 3R BT

S E.

k6 BTERHWEBERITSEMNE

Tab. 6 Cumulative prospect value of each target

BT R
‘ T T T, T
MR
Vp 0.0480 —0.2439 —0.1077 —0.5721 —0.6275
Vg —0.1589 —0.1336 —0.1067 —0.1251 —0.1319
Vn —0.7560 —0.3817 —0.4889 —0.0637 —0.0246

B 3 AT, R T LR G B MM R R A
PSR T, > T, > T, >T,>T,. h#%
6 AT A1, KL T e SRR ) Y v AR 5 S AR B Y % 0
ARG R POS(CO)={T,} ,BND(C) ={T,, T,}.
NEG(O)={T,, Ts}. XEWKH 7 6N L& M
Yo T AT A T A0 T 75 B8 22 09 1 80 B
RREYE T, 1 T,.

3.2 LSS

3.2.1 LRSS AT LA
J5 W5 A R R P L AR SO SClk(7-8, 16 S
ST AT R L T A 4 A7 R4 45 R AT
3. Horb, SCERLC7 R A B SRR VIKOR J53k , 3C
Hik (8 1R FH = S He 3 Y 7 12, SCik[16 1R FH B2 A5 1)
AL B B 4 AR 80 (TIFSMIRMD J7 k. 4 Fh e 55 7 vk
5 4 B 1A R ] — 20 85080 e SR 45 SRk e an 3% 7
iR,

®7 LWHERILE

Tab.7 Comparison of experimental results

ViRt HE 45 1 Iy LE IR

AT Ti>T:>T,>T,>Ts POS(C)={T,}
BND(C)={T;, T2}
NEG(O)={T., T5}

VIKORIT  T3>T,>T,>T,>T; X

=X RS Ty >Ty>T,>T>Ts POS(CO)={T:, T3}
BND(CO)={T:}

NEG(O)={T,, Ts}

IFSMRM ) T3 >T,>T,>T,>T; JC

SR AT B HE P 45 R — B0 o B A PR ]
HH e 5 3 1 0 B B 4 5 ) T VA 45 R TE R
2 SR O B SN B IE T AR SO i
(M IE # . A SC ik 5 IFSMRM ik T 459 45 SR 75
Hir T, M T, EA—50.5 T, fHE, T o8 & 5,
JETUAE AR I (B K R VR SRR 1 58 T 45 5 Kl
ik L Ty (8 5 9% 8 = s IFSMRM. Jy 2 il 5
W T 7 A AR Ty AT, 76 A R (0 38 5
Agprh T, BRI BN — A b T, 5 T, #
Fb o B A R B AR N AR T Y 2R A L )N
FoRHAERRE RS 22, N I — 3 00 B R A 22 R
KA T, 5 T, %402 — 4 X ] 2 4 2
(L O BB HARRI 433 3 AN X RAF A AN JE0 BIA
UE T AR 2 0 A B, AR S 5 VIKOR Jr ik
HENHFEERA -85 T, M. T, fH#EH
P, RSB T A, R AE SR BE ) SR, ER Y A
WIH L H Ty ST m; 5 T, M. T, 1)
RN BE B AR TR AR EIE R T T, . %
RHAERSRE TR T T AR KRB ER BT,
UE T BN % 9 W, AR AR SO A AU
ST

Sk 748 R VIKOR J5 ¥ A0 o A 37
A5 0 0 PP 45 R A A S RN HL BB HR AR
W53 2 5 5 L o 0 M oA DR O 3 B SR S . S Sk
8T ] = 37 pe 4 X HE o 19 3 4 1 )R 1) O 135
SRR R, R R A R
HE 2R K /I — B, TR I T O 1245 31 A HE 4
HATA] 3 [R) B AR 37 06 BRBLURT S BE R = 32 PSR A
SE4 B YR B 0 B B PR AL 25 R b AN TR PR
AT UARSE [ O RIS i G- 3 2% i 4 AR L A5 1)K
] (9 2 2% a5 TR — DR 55 3 T X AN [ B9 B 3 25 4, 45 3
R 05 AR TR S % 58 B R 1 4 2 45
RFEBEL ISR i 7 DS EITAG A% R
PR O LY n) L 5 Sk [16 ] 6 ) IFSMRM
B AR SCR = SR Oy i AU B TR
T e 5 S L i LA 3 T X H AR AR ERAE R [ 3
(4 B AR A R [ AR A R T /AT BT P PR
fiff TR T2 R P PR L ) 7 A R ) R 5 LG
P S0 S A5 R, T AR B ) = S ke SR R D) 2
b A SR 32 e BRI SE A R H .

A i)y 5 0 B AR U T AR E W 1 TR, 4 Ry
TRV A B b R (8 A 0 R HE Y 2 0 B R
7 v HE 4
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Fig. 1 Threat assessment results of 4 methods
3.2.2 AZEswEaH WS4 R EE HSHHG. k8 in. XS HFEH o« = 0.37,

VAR, AR [ 2 A ¥ OGnn) . BEHLEEAT 10
USL  J7 AR S R AN 2 PR, AE 4 FhJ7 kT
W BRSSO HA RN B (R S5 1 A At T vk
HA AR (] B 0 i 18] 52 2% B2 R8I 475 2R RE 68 3l 12
5 37 S I P K.

0.04r
0.03+
=
W 0.02f
gf# — VIKOR!!
— ATk
0.01F ES2 3
— IFSMRM!'®!
O 1 1 1 1 1 1 1 1 ]

ST I
B 2 4 Fpo ik FERT

Fig. 2 Time of 4 methods

3.3 REBHHW
T B8 UEAS [R) 2R A B AT B TG AR ] ) 5
WIER 2B AR RSB R AT 3 A it Ay

b=0.59, t=1, 0= 1.51 R T3CH17] gz
Bl 28 a=1.0=1,.¢0=1,0=2.25 I RZHK
a=1.21,b=1.21, t =1, 0 = 2. 25 R T Xk
(14 ] e iy S50 A8 5 AR oR B S 8034 ok 5 T SOk [ 14 ]
o R S S

TG FE UL SR S B0 H AR A FOPE Al 1 8
i, S8 BT B B T 3 MR Y H AR AS BT
e &R, 3R 9 MK 10 AIH1L 78 3 Fi B SR04 &
LT o BB PP Al 45 R SR L BRRE ER B AR 36
SERANTA].L DR Ay il 37 A P 25 R 5 2% 1 M 3 0
JP AR AE — B0 BT LUAS [F] 28 B 9 R AT B3 H S 43 2K 45
ROE Sk BB E N BHAR T, 1 Ts B

x8 IHMARNNSHAS

Tab.8 3 typical parameter combinations

IRETR &l BENF

M a=0.37, 6=0.59, ¢=1, 6=1.51
] 2
BpHl a=1.21. b=1.21. ¢=1. =2.25

©=0.61, 6=0. 66
a=1, b=1, =1, §=2.25 ©=0.58, 6=0. 58

¢=0.55, 6=0.49
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Tab. 9  Cumulative prospect value of 3 types of decision
makers
B¢
o
RES i 5% T T T T T
AR 1 2 3 1 5
CIR(Es
il
FA

A Ve 0.1991 —0.0600 0.0513 —0.3253 —0.3706
Vi —0.1584 —0.2255 —0.1767 —0.1884 —0.1533
VN —0.4633 —0.1707 —0.2638 0.0936 0.1317
R Ve o 0.0474 —0.1876 —0.0765 —0.4531 —0.4980
Vi —0.1034 —0.0888 —0.0660 —0.0788 —0.0840

VN —0.6082 —0.2993 —0.3837 —0.0422 —0.0119

%
&
=

| Vp 0.0546 —0.1220 —0.0371 —0.3254 —0.3599
Vg —0.0522 —0.0437 —0.0299 —0.0373 —0.0408

VN —0.4500 —0.2079 —0.2703 —0.0121 0.009 6

F10 3FMEBRFENER
Tab. 10 Results of 3 types of decision makers

HEFr 4521
Hlﬁﬂ ThW>Ts>T, >T.>Ts

POS(O) ={Ty, Ty, Ty}
NEG(O)={Ty, Ts}

i 2 T\ >Ty;>T,>T,>T; POS(O={T}
BND(C)={Ts, Ty}
NEG(C)={T,, Ts}

TRF A T\ >Ts>Ty>T>Ts  POS(O={T}

BND(C)={T;, Ty}
NEG(O)={Ty, Ts}

s R AN SF B HAR T, M1 Ty f =2
SR AW A e s B A R 2R R TR AT B
PR A5 RN R] L 32 B T TRAT B W0 BN ER A .
FLUK s o [R) B FIGR ST B 1) o3 SR 45 R A [R] o {H 2R T 5t
WA ARSY BU 0 Fobs T, A0 T fg BB 56 1
BN i AN AR ) S R SR L i R SR A R AT
AN B ARSI TR S bR s O E e
JETRAT B A0 B TRAT BRI R A A DR L DT e 2
ST AL 25 R AT S PR A AR DL
3.4 SHHBRESN

R BIEFEAN () 2 BOBUEL S 25 PP Ak 45 58 00532 W) 15
Bl 3BT AN T) 2 B0 RBEE L A0 45 2R L sl 2R R 0L X
RS R R a Ao Al e R BBUAT R M Vi =
max{Vp. Vi, Vi) B ST Al 45 R 51 Lk &
B0 Xt AN [8] H A 9 Fe K SR AET S Ve B 5 00 40
K 3 iR,

F P 3 A1 B 2635 B R 0 0 AR BT
H T0 T T T A T Bk BB 2 A
T WA (L 10 5 A e S 7
WR AL LRI #0098 K. AR T, 34 FiE
BRI R ) FOBLT S R W/ B
T BV £ 45 B 0 095 K WL/ BT 0 69
S ERR T BT MAE St 0503 0 R HOR 2
AR ST 0 (LR WA B9 AR T A
T, (45 B 0 693K T BT 0 03
JeoBER T A T 940 T SO SRR Tt ) 2
LT SR WD B bR T, T R
{45245 L 0 BRI K. 45 0T Bk L3
S0 B AT F AR 0 M D A 45 4 52 90
AR

P 4 BB S 3 @ R R TRD LA 0 K B
A Ve (0B, P 0T 0 B o A W
- EER T AT 0 SRR 0 A 24 52
S F MR 18 LT 0 FLB T TR T 9 2
5 5 AP 52 A0 W95 B @ I
P TR R RS R 7 T 43

T

_025 1 1 1 1 1 1

B3 L 2 B 0 45

Fig. 3 Perturbation of loss avoidance coefficient 6
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Fig. 4 Perturbation of risk-return attitude coefficient a
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Fig.5 Perturbation of risk-return attitude coefficient &
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