HTENMKRSEZR

2ot el Vol.26 No.6
2016 4F 6 H COMPUTER TECHNOLOGY AND DEVELOPMENT June 2016
== =
MFCMTA %= 5B TG AR
FhAK D FRYE S IRIRAE | ek AR
(1.91206 3RFA b & H 5 266108 ;
HEBMEFR LA FH 266199)
# E AT ZPEE 2 B RS (MFCMTA ) 25 AR, SCrP 4 B T 3L FRO8 D-S IEHEBEIE 1) MFCMTA 25 [RAFHIEAG 5
%o B ARYESUIAE BRIS AN DS SEHE RIS v LUAH BBCK AME MR S, 40T T ROBIAE BRIS A DS ISR IS AlA ik I
X} mass BREGHAT T BT i3, FLR % MECMTA 25 S0 A S PAL F AR E T 2L i, X & AR F RS T = AL, £

Xﬁ*é@ﬁﬁ?%ﬂ‘]fﬁ%m‘ﬁlrﬂuﬁ PRS2 480 F AR REATAGI , 257 T S PG A BB SRS | SRS 5 1A D-S TESR B
& RO D-S IESRBEIE R T T MFCMTA 535014, #1305 238 S B Z WA ¥ e O 2R, IR AR B AR BT b 7 53k 1%

*/F%zlzﬁfr,\ RS T TR D-S IEEFIS A9 MFCMTA ZSH AL AR

EFNAIREIR DT G H, i S iR R

G T BB BB R R A

BEATRL, i — AT RO R A ST A ] A S PR

KR ZHLE L A bRZds s BFIEA B D-S IEHEEIE s mass BREL

FE 45 V271;0159 ERFRIRED A
doi:10.3969/j. issn. 1673-629X. 2016. 06. 042

XEHS:1673-629X(2016)06-0186-05

Study on Situation Assessment in MFCMTA Air Combat
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Abstract ; Aiming at characteristics of MFCMTA air combat,a new Situation Assessment (SA) method for MFCMTA air combat is pro-

posed based on fuzzy D-S evidence theory. Firstly , fuzzy theory and D-S evidence theory are complementary , so their fusion methods are

analyzed. At the same time,mass function is analyzed and calculated. Secondly,events of SA in MFCMTA air combat are classified and

extracted ,and the status of happened events are quantified. Aiming at the uncertainty in SA,events are tested by fuzzy logic, and fuzzy

logic models of events test are constructed. Then,D-S evidence theory is introduced,and fuzzy D-S evidence theory is used to SA in

MFCMTA air combat. The potential relationship between SA and events is found out,and their intentions are gradually deduced according

to behavior sequences of the target. What’ s more, the SA model for MEFCMTA air combat is constructed based on fuzzy D-S evidence

theory. Finally, the example analysis is given. The numerical example results show that reasoning algorithm and knowledge expression is

reasonable, and the established model is reasonable and effective,, which is an effective application model.

Key words : Multi-Fighter Cooperation and Multi—Target Attack (MFCMTA ) ; situation assessment; fuzzy D-S evidence theory ; mass

function
0 51 &

Z LR £ B 5 I 7 ( Multi —Fighter Cooperation
and Multi—Target Attack, MECMTA ) 55 i & Z Ll . £
BURE L L 28 255 1A 3R 2Z 8] B X, 25 RO 05 S

AR, A ARME R AR KIG N, IBATEXFER T

ﬂf“EPXﬁﬁl?iZ** PEAT PR AT R B PG B 3 U 2
it , J& MFCMTA I 9 SOR BE$% | H AR 23T L K 1 73 ]

Y FE B H#A:2015-05-12 & E B #A:2015-08-13

(LA 22 iR DG, B B AR A
1 BIFHEER
F1 20 it 22 70 4R AC LK, ¥ 2 [ 58 00 25 35T Al
( Situation Assessment,SA) #4T T WA A&, S T
AR ST, K LS E AR, B &A1 R
A FVEAG RS, b 36 [F 9 B 4273 B R 48 (TCAC) |

[ 2& H kg B 18] :2016-05-25

E&WE . HEARPIAEES W H (61305136) ; 1 [E # 1 5 5545 (2014M562558 )
YEB R IV (1979-) , Lo kI, 235 , DR 5 o RS R — IR b E AR ORI A
P £& HH R LE : hitp ://www. enki. net/kems/detail /61. 1450. TP. 20160525. 1700. 008. html



%6 1]

MK  MFCMTA 23 582 BATAE TS <187 -

§3%FF % 5 B bR IR EU( BETA) 45, S 4h, i 4 iy
WA Smith (A FPPAL 2K TT F S/ N PSR SR i A
F4:"" Cohen 6 74 B ASFAIEAL AN JHEZR 2 |
Kirillov F3E TR L R R GRS LR EEH T
TR BRI A9 Multi — Agent #7254
= AR S APHAE BT SR T 1990 4FHT S , 2R 5 ik
FAE A Akt S T — g R A
HE T E S/ MU TSRS ARG X )R
BhAS VLT I 4 J vk RN BRI AR DS ik 4

MFCMTA 75 i, B F i3 A 855 2 2%, RALURT 3k
TR (5 BATAE BT & B A AN S 1, A T 4 3 Y
TEFARMAFAEFE A E N, R SCHk [ 13 ], e
PR AT LA A AR i R R 2 R SR, e, H ARG
AR R RO AN T E AR ] AR — R PUE ML T
Pebl, Wi 2R, I S RITAh R REAL
FRSCFOR A 1, HEAT A RO S R AT A A A
SV AEAEAH I — Bl R IR AN B EER Y, 2520
Ve Z RO R A, IS BT ik L Rl A RUR
FH RIS 2 RN I 5 | S ) AN Bff o P, D-S TE 4R 22
AR AT LA RO 3 A SRR Al ST, R AR AL FEA
WIE B . ADHIENE iy AT REPE L B RR AL BN K
W ORISR . FTLL, BlG D-S UE 4 B8 RSO 22
W0 HE U AN, O B AE SR 4b D-S JEHE FE S Y
A, JEFLREIRAMIE 5 2 <7 F0 A fil Ak BEASOR A5 23X
AR B, SO ST BRI R D-S TEHE I
P —FE 11T MECMTA 25 5% 1Y 25 3P4k ik

2 LIS D-SIERERHE
2.1 EMEIELES D-SIEREBIEMERZE

A R B — F U 8 FE I FSOR A FEE L 18 P
AR AT DA D-S IR 48 B FSOR A2 HIR Al & k2 ok
VPZ B LRI Y )7 A8 D-S UEHE BISHE ) 2 HOM
AT S ARG Lo DB BE Sy SRl &
FER RO IE 4 B8 45 . SCHR[ 15 ) 38 ok ASOR AF
AR, SR HH A R AR AR A, 456 2R R B B30 10 B g
ATHE) B

Bel(4) = X, m(B) minu, () (1)

RSO 14 ) 4000 2 B BRI 5 5B B 4
WisE L ED,

Bel(4) = X, m(B) Y, (a —a, ) inf,_, p, ()
B a;

(2)
Pls(1) = 2, m(B) Y, (a, —a,_,) sup, ., py (x)
B a,

(3)
I HE T AR A A 5K

m, @ m,(C) =

2 maxit, ., (x,) m; (A) m, (B)
B (4)
1 - ; - maxtt, o, Gx,) m, A m, (B 1
T B VE A S, SCRR [ 16 ] AOASER 4% 14 UF % #2L 38
(FCDS) , 7R Ab T SCHk [ 14 ] B 6 78 526 77 1 19 A 2
SCHR[ 17 454 rTREE 23 A, $108 5 1% pR B 24 o 31 3% 22
BRSO BEALAS B 1 A5 H B — R

Bel (4) =fNecc(A) dP(w) (5)

Pl(A) = fPoccm) dP () (6)

H | Pocc(A) =supm(w) , Nece(A) =infr(w) ,

SCHRL 18 ] H X A 2452 X R4 #E e 4 i T
—MRGF RGN WF AR KA (B LA - A SR
J& PRES R mass PREL, FEDEIERE b, SCHER[ 19 ] SEPR
I FH B4 A BE 0 R A R D-S iR B SO
LS T B RS TER AT

— e, XU LY m DR (B S) A4,
o AL n RIS (B SRR B ST )
Moo WIXTAE RGNS Vo e Lon MG
M TER TANMREANREE: u, @,
AR CD RN I A €D I T AR €D I TSN €' IV VA €D N
e O i ), G o IR xR T A
B BEAME AR T3 a0 T

()
mi(Ai) :,Iluh&ix,i = 152,“'5n;j = 1’29“.’m
ZI'LL‘,A,(x)
j=1
(7)
HE(7) AT, m, (4D & D-S iEdE B Y — 4
mass PREL,

BITER LA = Ho—  BEWiE D-S iEd #ig
MY mass PRES; HE T B B R PR AR B8 A% A (Bl
L 50 gy YA A WU SR AN 5 = Lt
N NG RG2S BUE BRI 07 bkl G 7
T KA
2.2 mass BETE

—H IR mass BRELAYHAS S D-S IEIE LIS I 5T
AR PRI A, — Bk U, 7 A TSR 1 5 il iR Ui
AT B UEAE . X AL AT A R A 58 SCBILSR m 2% —
[0,1] AEEAMRIRERE . D =td, d,,,d} &
AERRIRZSTL, ¢ = G = (g, g, .0} FEIFRIERE,

SEX T ABREBST w,:D—[0,1],d —p, (> N
wp WHE D ER— DB T2E F w9 F SRR R
B,ow, () Rd X FRRIERE, 2K D S F4E4
WEIERSICHN F(D) JFRA D AR 4R



- 188 - HEMBARS R R

06 &

FEX 2 B o, RAEAZS ] EAEE 4, A,
BRI 1F F A BERIAE AN .

P(F) = X pu(d) o, (8)
i=1

N3 R F L F, € F(D) g SGa5T,

FiUF, iy op (D) = () V iy (D) (9)

EM BOEWMS Y:F(D) —2°, % Y6 e 27,

AF, € Fosct Y(F)=G(i=1,2,-,n5=1,2,-,m),
BT 2 SR . Y(P) 229 — [0,1] T 2

Y[plce) =
: P FeF Fi) C/' # ()
eFCD>
(‘%wp(ﬁ]eﬁ'L(Jo) F;) YCED =6, (10)
Gen YO =6
0 G =0

nmyrpl ) & G FHY— mass FREL,
W 46 =0,88 YIpl (» =0, 1

1
EY[]J] (Gl) ) (§¢ WP(F,EI«L(JD) F‘) -
c=0 =0 Gooe FeF<Dd YCFD =6,
e VF2 =6
%ZP(FFU F)=1 (11)
. eFCD>
(E‘p(ﬁe}}g[)) F‘)E:é YCFD =G,
cen  VCF2 =6

B LA, B —> mass BREL, IEER,
) D-S WEHE A A A LI E T .
M = I, @my, @ - ®m,1 U =
0 A=Q

D m, (A) my(B) my(C,) -+

ANBNC,+ =A

- ¥

ANBNC =®

A # 0

m, (A) my(B) my(C,) -

(12)

N E AT BEARAS 45 4 P8 A mass PR, 7T LLIE

TR 4 51 A SR PE K 25 8] v SR A AR 5 =X

(12) LA IR =S 8] T A RS X 22 ot R Y
SCRERE E A B e A ITAG 2

3 f&E# D-SIEEIEISE MFCMTA &

BEE SE M A
3.1 MFCMTA ZEEHSBTEEERENER
3.1.1 Efeisk

MFCMTA 75 i o, S0 % 837 745 4 i AR b A R ik
BRI BRsZm T F TR 2R A, B R H AR IR
FEEARFERN 5o R T8 F IEAT AR R, SCHeke g5
oy R =28 HRGHIR S L B AL ik | 5 HARRESS
AR R A, HARGNE 1 PR,

3.1.2 A TR 464 Fe W ik
MFCMTA 75 fi% W & A B A A A AN e P A7

—{ A s o A |
— AP/ /ARt
JifF

{5 HAwBESs b i H— ot |

AR

BLah gt

B 1 MFCMTA =¥ F 469 £ A %) 5

FEAKS 0 A UM 8075 B A0 38 T AR 32 B TE G 1 T
XA EL, B LUK R BRI B 6 vp (8 B0 32 48 7 T =R
PEBEATREI

TESFIEAG o, — Rl G Z )5 , Xk R i
FEPRARZS 0 BRSO 5 S AT ROR 10 b 3L, 52 I X 5
RE WA, W, REMNPEARES E =
{low, fast} , low TR HFRMBCE-Z2 0 o, fast o Hir
80 AR phaz 2l o X TR b R RO 4R TRl 2
Frw o B, w BRI [R] NS & A8 AR e B 225 6
SRR TRR 5w, () 2w KT B A SRR L
ky k, S5 8 FE BRI S H8, MR A R 0 3 HRUAN [ )
8 B EH BRI UG I8 o B o B2 DR v O o 285 R o 2
ry R B T] ] B Ry Ae DU

r, =T,

At (13)

FEC(13) ATAL, w RoR 178 Ae B[] P H AR50 o

1B BT X i BE AR AR A UL A A R e g 47 04 SR S B kR
BRI

u=-

Hicion> (W) =
1 d<u<k,
Gy —uw) /ey - kD) Kk <usk (14)
0 u >k,
Moacp> (u) =
0 u<k
w—-k) /Gy — kD) k <usk, (15)
1 u >k,

X R, F AR S (P2 R AR s
W (% JEIR ) az Bl Rl TR X T A AN [
A, AT LAE HOAS (] B 28 2 g ot AR S A SR
J RE pREC, A, bR e BE AT LA SZ AR AT 3 T 7 4
RS iz s A O AR T F AR B R bR
R E AT LR = f I8 SR eR K, 2 Bl Sl v
AR i OB 74



% 6 1]

MK HESE . MFCMTA 25 A I BFSE - 189 -

(1)

e
&
E
&

0 > U
S ki ke

B2 e/ F e BT

a(u) A

I fc

H
palig

0 > !
d] dz d3 d4

B3 JAEFHFOBEHTE
M— RS AR BB 2ad IR AR S S T
XPEFARRE R AL, AL S B S5 2R AT LA T — 20 4f

3.2 HET## D-S iFiRHEISH MFCMTA = AH
WG

FERM 3.1 WA 5E B MFCMTA %5 i
PERE R SR, AR A WU BOE B, 2
FAGRE B TR, R R,
Al 2 SR S it — A0 B % i A B | 3 o
AT — kR 53, AT S BA 2 HT MFCMTA %5 2
Py — AN

SRR D 7R 2 O A ) 4 AT R
AT RERY AR X SR R A A i, &
TE RGN A ERS | A5 AL TR X S R 1 2 A A T, %
IR BN R ARG o SRJE I FH X SR, 308 3+ 3 A 1 1Y
mass PREOM A K T B AR . A4 — 1 mass pRACHI
AR R )R AEZLFR S — TR A ) % 26 1 B — A
FFAT g — D UESE A, BT LA | S ST 2
FEY A AT S SER T T A B AN [F]IE
P8, FIH D-S IEHE PRI AY Dempster & BHL I & A — 4>
TR, LA, AN (R UE 48 4K 1) AR ME 48 03 T, AR 3
Dempster 5 B 5 B0 21—~ SUARRE A5

25 BT, S AR 22 R Ak B 0 O A Y
ANTHENE IR D-S TEHE #e A FRECE AR B S
HENT MFCMTA 75 % B3 A5 550 43 A e BRI F0 00 (14 5K
fifp SRy BETRIN] DS TEHE FLIS 1 MFCMTA 25 %4 3F
AL 4 7R

BRI
.y 3171 ‘
RN Pk [ &R
N Hifk W |
A e

S E ) D-SF L i 5281

B4 T4 D-S EEE B4 MECMTA & #RiE 424

B, E E,, - E, £mGat 3.1 TR 2 87
TR BN A KA S B PR RE I kA
B m (4D ymy (A e mp(A) yio= 1,2,k N f
DR F XA A, BIFEABEREL, m(A,) MK
P Dempster 5 BCHLI 75 21 (4 SR HER 73 HL

D-S FHEFIE ZANIE R Y A 5 45 A KPR OE,
FIRLL, Z2 U0 B B S A P A UE 8 A 1 153 338
M2 SER0Y , BRI TEDE & 0 S5 A a5 F 1 LIRS

Bel, —>| ]]):-ﬂsﬁ
Bel;— Bel,—>{ &
Be—>| D> © | 4& ]| [Ds
W i |

Bel,—>| iRy > Bels > IV E 53

L Bl P I > Bel

(5 >
Bel ! W

B5 EHEASRGFHEHE

FEAFVVEAG T A 2 B v, B Se X SE A R 4y
BCHEATRIMRA . ARG, B — S AR R Sl 3] 7y
FER A MBS B AT — IR E AR B, AR
#i Dempster & B & BB Y FEAME 220 Be . 4R 1T
TEDR R IB 553 43 X b B2, SRAM 1 R T, O B B o
KEF LAy 28 il H SRR W A | it
SRR TIC R R B A T A R S L T
TS W BE , A iz A o 1k, AR LS i
7 B TR G AERO T A B e B SE s, BT AR D-
S UEFEHIE KL & T A EIPAT R 0 S, B
B S A

4 EBITUE S A

BB AR T G BA A T 5 25 AR R AT 55, 1 415 B 2
N AT BAREAEIEEATT AR T BRI TS A5 1B
HEMZ ST B bn 420 AR 7 i B AR 40 42 = S0
PZHOT HER BT RES ST Boidica) | Bl
) kA o MBHRHEZR N ¢ = (4, 4,43 &

8% ¢, BF %0, F0F B, RA BV RBUECT B, HLEE
75 HFREEARTIT B v = 1.8 Ma |, W FEAME R 3L 68
BOXEHN:m, = A, A,,A,,6 =€0.4,0.3,0.1,0.2) -
Hop, € BRANREMf A I,

MBI ¢, B2, & BZEOT B RIS SR I | 3 B 35 ]
v=2.2 Ma, HSCHATEBRIATAL, E, J& AR S
RS E, = (0,0.3,0.7) 00 H A5 i s s
8, HAAM R BLeRECSE N e my = (A, A4, A, =
0.6,0.1,0.2,0.1) o

MR SCh T e B R Fi 4 B, R E, 195 BCINER 1
BN o

M2 1 B nT S, vh R A28k, =0. 18+0. 06+0. 04+



190 - HEMBARS R R

06 &

0.01+0.08+0.06=0. 43, fl &/ E, 1 E, (FEAE
O RN m4) = 0.702, m(4,) = 0. 140,
m(A) =0.123, m(g) =0.035, WA.m =m, ®m, =
(0.702,0. 140,0. 123,0. 035) -

k1 FHE ME, HRASRESLL
ml
m
A, (0.4) 4, (0.3) 45 (0.1) £(0.2)
A, (0.6) A, (0.24) 4 (0.18) ¥ (0.06) A (0.12)
A, (0.1) ¢ (0.04) A, (0.03) ¢ (0.01) A, (0.02)
A3 (0.2) ¢ (0.08) W (0.06) A3 (0.02) A5 (0.04)
£(0.1) A, (0.04) A, (0.03) A (0.01)  £(0.02)

% o, W2, R B, RO KRR TR, )
WA RSB R BT N my = (4, ,4,,4,,0 =
0.7,0.1,0.1,0. 1> , FFRRXF m Fl m, $ds b 47 Rl A
HAGR IR 2 FR,

A2 mAem, BRREBESR &

m
ms

A, (0.702) A, (0.140) A4, (0.123) £ (0.035)

A, (0.025)

A; (0.7) A, (0.491) 4 (0.098)

A, (0.014)

W (0.086)
A, (0.1) ¢ (0.070) ¥ (0.012)

A, (0.012)

A, (0.004)
A5 (0.1) 4 (0.070)
£(0.1) A, (0.070)

¥ (0.014)
A, (0.014)

A, (0.004)

A; (0.012)  £(0.004)

MAE: m =m @ m, = (0.902,0.049,0. 043,
0.006) .

BEEFIFE, | E, ME, FIARWIEA, A, A5k
)7 0.902, BORTSCHE R BE R 0.9, W) HE 0] {5
BERAE T 0.9, 80T LI & HARAL Tz a8 #5285,
WZ B BT B bs 78 el e AT b A7 8h . B,
Wi T RO T 2 B IS4 J5 T B b A g o X o
M-, il 5 KL ) 5 s R

L5 TR, SO g is BRSO B AT D-S TESE
UL o R A RS S T AL R S S A
B Z R VR AE R IEARE H AR 1947 R 7 51 2k 5 20
W R R HEERR R AR Rk U A R, 2
— A AR A DR A AT [ R g FH AR AR

5 ZEFRIG

SCHUERXT MFCMTA %5 1%, 557 T B0 D-S TFE4E 3
WIASEIPATRIR, 15 AR EORI A2 388 F1 D-S JIE
PRS0 T RS Tk SRS BT D-S 1E
i BRIV N 25 R A FAVEA ) R AT T AR, AN TR R
RGN P ASEAN 12 SR AR R | ST SR R X E b R
ATREI 457 T 3B D-S TEHEFE IS 9 MFCMTA
BHPAG B 5, 4 T BN, B4R R
T d Sy AL T S 3 T AT,

S 3k

[1]

(3]

[4]

[5]

[6]

[7]

(11]

[12]

[13]

[18]

[19]

Smith P J,McCoy C E, Layton C. Brittleness in the design of
cooperative problem—-solving systems the effects on user per-
formance[ J]. IEEE Transactions on Systems,Man and Cyber-
netics, Part A ;Systems and Humans,1997,27(3) :360-371.
Hall D L, Llinas J. Handbook of multisensor data fusion[ M ].
Washington D C,NY:CRC Press,2001.

Kirillov V P. Constructive stochastic temporal reasoning in sit-
uation assessment[ J|. IEEE Transactions on System,Man and
Cybernetics, 1994 ,21(7) :1099-1113.

IRSERR, IR, B AR R TRDR R B o0 A 2 ) 2
FLI]. ARG AEHA ,2011,39(2) :99-103.
B/ Z AR, 2 ST R MU TRTE I 2 P12 i
FARMEEL )] SHEHLAR SR ,2013,22(10) :119-123.
W2, X P, S A FATAL AR S5 IX R AR 3 25
DR e[ J]. R TS H THK,2013,35(9) ;
1891-1897.

B A, TR I, BRI A B T i AR TR I (1) 2 A
WA (1], AL 5T ,2013,30 (4) 1011
-1014.

WA, XUE R, AR, 5. 3L T UEEH e 1 A 39T
L[] BN 2014 ,34(2) :491-495.
B, R EE AR ARG ST R B AR
RATTET]. RE TG FHOK,2011,33(5) : 1045~
1050.

WA . BT Bayes HIERYASFITAG[)]. AEARH
FHE,2012,32(5) :46-47.

T AR FIEZE BET RS RE B S BITAG Tk [ T].
TEHIinHS R% TR ,2012,26(3) :23-26.

Zhou S Y,Wu W H,Zhou S M. A new situation assessment
model for within—visual-range air combat[ J]. Procedia Engi-
neering,2012,29.339-343.

Jousselme A. Uncertainty in a situation analysis perspective
[ C]//Proceedings of the sixth international conference on in-
formation fusion. Cairns, Queensland, Australia; IEEE, 2003 ;
1207-1214.

Yen J. Generalizing the Dempster—Shafer theory to fuzzy sets
[J]. IEEE Transactions on Systems, Man and Cybernetics,
1990,20(3) :559-570.

Smets P. The degree of belief in a fuzzy set[ J]. Information
Science, 1981 (1) :1-19.

Mahler R P S. Combining ambiguous evidence with respect to
ambiguous a priori knowledge. Part I :fuzzy logic[ J]. Fuzzy
Sets & Systems,1995,75:319-354.

Romer C,Kandel A. Constraints on belief function imposed by
fuzzy random variables [ J]. IEEE Transactions on Systems,
Man and Cybernetics,1995,25(1) :86-99.

XIRA w0 ) SCIEE FIS AR [0, ISPl 4R,
1997,20(2) :158-164.

TEAAR, B 30 BORITE S 26 F HAE (R B Rl 4 rh iz
[1]. T9" A 3h1k,2006(5) :32-34.



