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Air-targets threat assessment using grey neural network optimized by
chaotic dolphin swarm algorithm
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Abstract: Based on analyzing the factors that affect air-targets threat assessment, an air-targets threat assessment model
is established based on the target threat value, target threat capability, and target threat level. To solve the problem that
the dolphin swarm algorithm is easily trapped into local optimal solution and appears premature convergence, the chaotic
dolphin swarm algorithm(CDSA) is proposed on the basis of the basic dolphin swarm algorithm, by making use of chaos
to improve the initialization, dynamic clustering and premature optimization. The method employing the chaotic dolphin
swarm algorithm to seek the global excellent result to simultaneously optimize the initial weights and thresholds of the
grey neural network(GNNM) is presented. And on the basis of it, an air-targets threat assessment model is established.
Compared with the GNNM and DSA-GNNM, the simulation results show that the CDSA-GNNM not only improves the
global optimization performance, but also obtains robust result with good quality. Through simulation and analysis of
experimental data, the effectiveness of the proposed algorithm in the application of air-targets threat assessment is verified.
Keywords: target threat assessment; grey neural network; dolphin swarm algorithm; chaotic map; dynamic clustering;

premature convergence

5 5 F A 1) 5 A SRR TR R0 %
TR SR AR MR IR, 2ok B Hir BRI SRIEN SCRE I EHL(SVM)P, 2 [ 4167)

S5 HE 7 0558, 1977 240 35 T T Ifs 1140 A A om0 . 2% DA SAROR B 12180 25 LI S8y o) 2% 55 7 VA 2 AR T &
EEEAERSA KW E R, & R RO e b KL, v A AN, X B 48 b 8] 1 A P25 BN

SEETAS R, JE0t BAREE . AFL A A SVMBTAME B — ORI, & A TN

RO PPAG AR, R B 22 A MR 2 P R SR AR SR B A

A5 AR, 7 KRB A rb ot LA SE i o 0 ) 2% L AT

RArEHI R I E B AR Y 0 B, Hix BORMARLEG G, (A IR BRI T KA A

Wim B EA: 2017-06-24; 1£[E HER: 2017-12-04.

EEWHE: HEBRREEESTUHE (61503407).

FERE: X5

EBEA: 2T (1968—), J, BIZUZ, NHERE S . REEBEHT Y, 2EM 1993-), 9, Wik, NFHEE T
T 5 PSSR A 5T

VA IFA/EH. E-mail: lizhipeng0888 @yeah.net



1998 # % 5

*x R %33%

A, IR AR ZE X 4% (Grey neural network, GNNM) 5 K
IR AWK G, ITHRAEAR RN, % 26
o, 75 R R TIOM SAs N FH TZ  AH BT 2 EOR B AL
P K55 ) R, AR A i 22 P 8 AR AE WSRO A L B BN
Jr AL TR A FEE AN v A RS 1tk 22 &5 ik s 10). g
JAK B 7% (Dolphin swarm algorithm, DSA) f& — Fh
A Re S, BT R A A F 1, 70 e
e g6 h R IBLEF, A ST H TR i 2 M 2% 2
AL, B0 DSA B G BN R 0 s AL 1 ) 782, A%
SCHE S — PP IRV I B 592 (Chaotic dolphin swarm
algorithm, CDSA), i iz J& i 3¢ e 128 47 ek, I FH e
IR 22 N 28 R G 2 H0 A B OE, [R5 7 2 A
i bR BB VAl R A B H i E BR P UTAl AE 2,
FaE ST VR VRV T A o 22 I 2% 1) ) s B Pl
A,

1 R R AL

1.1 BBEEE

Y IR SRV B A I AR, K e A ) R
A oM i 23 Ta) 9 0 4 J 4 R ), AR A S E
Y, FEs2 NG 4 B BOU. 52 D 4R 25 TR, K
PR E N N IBIE MR i RR N X, = (21,22,
zp)t i (j = 1,2, -+, D) NAMEGAEES j 4L HUE.
111 # F

MiiEdE AR S w{V;36 = 1,2, , M)
A BENLAE M AT K B |V =
speed, speed A 5 & B KA ST (RN T 04
RV R =T - speed. 7 V; LEIN 8] ¢ 48 5 1B i
WA X W X = X + V- ¢ 4518 F B S B
FEAH fitness(Xiqp) = ;:jrr;m Aj;[ fitness(X;;,), WA N
Xiap A1 1 F AR, 21 L.

112 Bt %

A SO I Y R 2 52 FR YT A FR O BR 48 B B, g K
T PR IR 5 SR RS B 1) S i, FL A I 0
WP B UG B S B S LR, IR B
o3 e N AR R R 1A K @ L— N x N
I % I [A] F B (transmission time matrix, TM), TM,;
F o 7N K 5 309 K 0 1K 3R R AL I TA), H
{E BE I 18] v (9342 AT 38 8 9k /. 2 fitness(K;) >

) dij
fitness(K;) H T™;; > [A : s;eed-‘ i, 4 TM;; =
-

o dyy = 11X = X1l A e
- speed

TS A BOE . 2 TM,; = 0,2k B K 5 1A K
B ¢ ERS, BRI HE TML ; BB AR 0 9 S R I 25 I [
T'. % fitness(K;) > fitness(K;), M4 K; = K;, 56

i
113 # %

2 1 A% 58 BUa, MR KR K 3047 A B SR,
f7 %% 0 B B OB PR RO E, B ||lnew X; — X =
R . Wdgu = | Xi — K|, dxr@y = ||Li — K|, AR ¥E
RAAMIK/ANEAL: Xiv Liv Ky =3 AL E G R, HAk
T FE S 3B B 8.

1) dgy < R, B 10 K 7244 T
JEFE W, Ky = L, K 1 AR,

Bl1 1FR1) THAESES
BB, X, 5RO
, 2
- (1 B

Xi— Kip,

newX; = K; +
dxc (i)

Horbe > 2 NI A KL W H 3 54,
2) di(y > RHdgqy > dicpg), BB AF K
FE4 IV 240, H L b X, B3 K, a0 B 2 .

E2 1BER) THMNEEH

BRI, X ST

dr () dx )y — drre)
[ fitness(K;) fitness(L;) ]dK(i)a
. )
fitness(K;)
newX; = I, 4+ endom
|lrandom]|

3) di) > RH.dk@) < dire), SBIEAMME K, 1E



%113

ETE F RAERBRAK EAYZE M &G T T B ARBRMIEE 1999

3 R TR EEHH
LR, X, BEHT AR

dr@y  droe) —dig
R [1 _ fitness(K;) fitness(L;) }dK(i)a
.. d ()
fitness(K;)
IleWXZ' = Kz + w /.
[[random)||

Ve F A BB SR i, R U B R P R B AR
H B, #7 fitness(new X;) < fitness(K;), M4 K; =
newX,. ZJ&, WEIRHEE B — R4, B 2R &b
FAF.
12 BAMi#

DSA BIEAEIEAR A T HIAMA R T R il A
T 38 B 28 M 1 A L AR S5 N TRV 3R
W%, 38 3 Logistic Y yifi W 51121 2 1E g IX AL &, ff DSA
kB B RREAG R RE /0, R R TR B e R i
2], 14 DR S I 3
121 JRMAIEGIL

FEEEAA I RE b, PR UG AL B 0 A 5 B AR
T2 P2 A% R S T Fof A B 48 2 72 ) 1) 9 L 2 A 7 73 35
59, AT 5% M B35 () AR A8 R

T ARAE [0, 1) X TA] AR s D AN B AL E 9 VR
FIIRTLEAE X, (0), 28 J5 MR Logistic 77 F2IEA =4 45
TR 5. EATTRE R

Xi(n+1) = pX;(n)[1 — Xi(n)],
X,(0) # {0, 0.25, 0.5, 0.75,1}.

Horpn NIERIREL X (n) REEn G AL E; 4
R SH, 1 = AW, RGAET B2 TRMRE,
B o KA HRIE R R A il A R
7% [A].

TRV E A AR s, T B B AL, 1% AL N
ANFF BT ORI N (A6 R R
1.2.2 BN BEREE

I R VR ek Bl S S AR AR B DR T IR AL B
BUIE RO 22 R, A6 R S A8 2 300t i 2 1] 1) 4

7 o, (HIX it o AT R Bt R R A
SCHEH — Pl A BESEE, FE B AR 4 T R R
FE TR 1k AR 2 S VA K 3 B, 6P AS [
FEAACRBUAS [ [ 5.

B 25 43 B U 36 5 3 O FE R s 1) SR H 24 i
VR AP 18 R L 5 2) AP A 5, o 3 O £
T F IR RIA R 5B, G B 55 F F MR
5 A 3) 43 BR AR BB T IE R f, 1S5
AR A & RLFE fy: 4) € SCERER T f, 1
AN RE DU IR, &L ST f, B O TR K,
RN T [, 5 [ Z B 8 K.

i DGR A 224 Tl R L B B 1 A, B Y
A e A AT, 1 L AR R AN AR, 4k SR8 1 5 BT 3R EL
15 B HEAT 8 5 R A A S5 1k

P R 10038 7 A 22, 6ot P AR A = 2 L 2
JOL. AL R T VR e 2R A R A, R R A
FE 50 5 37 e K, AR Bt Ak ER R T3 . T
Vg JPAC VR e TR T EL AR 5 4 S 1) Ak R VR L] 4 Ak 1
D75, BRI B 2) T 513 B FEAE, IR EIEAR
HH L SR T B103E LB A PR A 3) s A2 8 1 TR vl 4 S
UHUG, K15 B AL TR I P 1) 45 24 B R R A 5 A0 A
P, #5 VR 2R B (4 7 4 47 B T A, U0 FH 3B 45
PR 1) B A0 AR, 75 U L e 97 5 A — AN

S X A A B 3 7 A A T R S K 5 1 T TR
Z RN AR, FLAE % AR PR 22 2 B HE T S 1 BT
Ie, B AL A B A, o s 2R AN AR SR RO v 3K 3, B A S A
TR 0 A AT IR R, O R BUE K R
25 [H).

1.2.3  FERARAHLH]

T2 SRS AT 1, 2 Pl B HH B 01 3 78 At
AN IR, T 25 5 B0RRBE 22 BF M RO, H B2
RN A E N R BT B0t

R AT Tl T 2 A1 508 4 55 V13 7 85 00 3 1) T e 7
ST R, R B PR DRR, A

D= 1X; — X]|

[~

i=1

5]
N 4

2

1 N
Xi— 3y 2 X
i=1 i=1

TN AR I I ARG N T 22 0% KR,

=
e

N

62=§j<fi—f>2:§j(fi—}v§_vjfi)2,

=1 i=1
o f; FOR IR @ 1O 3E B FEAR.
NETAEEE 0 2 IMAH— A 7 f, A



xR ¥33%

2000 # % 5
N _
fi=Ty?
0= Z( [ ) ’
=1
f = max{1, 12225\, | fi fﬂ}

MR TE SCANHER Hi: D), IR 7 A AR
Hh; 0% BN, RIS S RE B . T T g PR B )
fefitE Bk, HIRENNHES oM, 4D < a

0 ARSI it S ek
2  CDSARALIK AR L X 2%

IR AL o 2 R 28 BE L R R R 2% 1 2 5T . AELR 1k
B R R €0 R TR b B N AR A A 3, A5 2k 5 TR
T AT [ LB IR, 8 0 T 4 i R e S 3
% 2%, SR 5 3 22 1 48 ()1 25 49 00 7 FR I 2R
i&[w]'

TR 2 1k 4y DT R R IR A

d
% +ay = byz +bayzs + - + bp_1Yn-
Hey,(0)(@ = 2,3,--- ,n) NRIANS L,y N

{8 K AL DI [ o 17 b R, 15

2(t) =
[100) = 2ya(t)  Zya®) — -+ = Ly (p)]e
Palt)  Zys(t) + -+ Ly o),
é\
a= "Lnlt) + Lslt) + o Ly (1),
)
A1) =
-0 w0 -
[(02(0) =) - 121120—)% "1 +25—at} (1+e7).

AN N PATERA G N R e S TR TN 2
1% S50 ol 2 W 2 H, a4 B, HoH LA
LB. LC. LD ERME D E, wii(i = 2,3; 5 = 1,2,
o, n) RN UA.

& 4

LR L5

CDSA 4k 7K o 1ih 28 WX 4% 5 B2 AL §5 3 /> 20 3R
1) FEL 0 N A i 2 B B30 5 Kt 4 28 I 246 S5 1)
FAIUE WX 28 2550, 3R DAY 285 S A B0 4 Font
BEAT 4 tS; 2) R FH CDSA B AR A4 R 48 AU AR A s 4
Y TN 158 22 A A 3 I FEE o 30, 7E I R4 Hh xS BT R 3 (1
W28 3T VI 25, I F 0045 20 B AN A1 o X 2 2
#, 3) F N R AR, T - 1 H AR BPME. SRR
WK s frR.

CDSA H iAo

K TR A 3
VR AL

S N
Y R
iy

SRS

Y
ﬂ AL AR

5 HERRE

Step 1: F 4 FUAL L. 0f H14A B 12E 4T 15 B FEHL
VAR AT, N S AT e 5

Step 2: B 5 W 45 S50 S 45 J2 49 RSB F I R 45
TR, Y 58 AR  IEARIR B AR R RS AL

Step 3: MIARALARE. oF 54 0f G R ) et A7
G B, 38 RS K g B 14 7 3, e X% AT 4R 2 K]
Jl A S, BEAS SRR AR IR A A, SR
5 A2 3B 0 25 2 A0 R R R 2R AR AT AR
HE.

Step 4: R4 DSA FLik, KK 58 AP (042 T, W
IENVEZ A IE iR 2NN

Step 5: THSEAMAIE RN EEAE, X FPHE S HE.

Step 6: TR N AN SR AR L, AT e 2 15



%113

ETE F RAERBRAK EAYZE M &G T T B ARBRMIEE 2001

SR 2 LA UKo g I AR A T VR LA 3 P R A
T 5 R 2 R ) 28 e B Fy = 4 — .

Step 7: FI W 53202 0 AR B AR L R SR A, AN
S, WG N Step 4, 4k 213047 FhHE -0 75 00, i HH A AR
AR, FEAR A 2 P 2% S5

IR X 4 P 283580y 1 B T8 1Bk
ZE R, (EAE 2 B 40 I S 8], 78 SEBR . F AT s
T P 2 N 28 1 R T 4 RS, e D kAR B DA
PRI R R
3 = BARBU PP ALY R SR T A B

H bR 8P VAL 2 RF € MR I 2 R 2 NP A )
8, TRV R AT AR« 9 A S5 5 o, 11 S 2614
X 2 G S I P SR, T A B U TR AR e SR
AT R VR Ak AR AR U411 5 - B 43 4 i H A R
il AR 25, AR SC BB B i 70 R B AR FE 3
AN T3 TR ST AN 6 s 1R H FR B PFAik A B2, T 8
FabriE AT B BT

A5 H bR A

P

6 BFrEmITEIESR
31 EHinE
5 B 1R it (1 B AR AN TR, [R]— H A s BN
[F1) DX 35l BT T2 18 ) 52 Fo A B AR AN 5, e 2% ) b 2 3
a1, 52 T R 5, AR B P R K. 2 M R
FIVEAN 15, 27 52 Fil i R K

ln(ﬁ@j) +1

Jj=1

ZlnC’ij +1
C, = ==

In(10%) + 1 In(10%) +1 ’

Forp Cy; s i 8 377 Wt o 10 32 AN AE 1 5 5 A B
R AE. SERRES, A H H_ B SR A I
FVEM R B SRR G
32 BiRhdE

JEPRE S 5248 H FR ST 68 70 S H R B Ja w377
H br Bt g 70, 520 H AR Buh se 71 R R E2A H
PRSRALANESATT BE 77, 11 22 Bl e 77 0 5 T-HL e 1 LA
x.

D HFRFHURE ). iR 45 H AR 281 e 7 F P4
AFBL A AR TR /170 s By 55, B4t

S K IREAL90.8.0.6.0.4.0.1.

2) BFRZEA. B bR R B LA 3 A
KK WA ESENL TR PN B AP, il
ML DUEENLEE SCHR 2R RAHLH A T B 24k &R BT X
b, B BEB/N, AN T 25 &L i 5 A AL ) 5 MR
(Precision guided bomb, PGB)- [ A 54 1& 5 5 (Tactical
ballistic missile, TBM). i F 5% (Cruise missile, CM)+
J 5 55 3 (Anti-radiation missile, ARM) %%, %25 H
PR SR8 FE AR 1 .

x1 BFBBREE

Hbres B SR SR B Hbrez JE S TR
HHENL 0.80 ~0.85 i) T e 0.55 ~0.70
FrE AL 0.60 ~ 0.70 TBM 0.85 ~ 1.00
REHIAN  030~035 PESHIRS 0.50 ~ 0.65
FHM 0.10 ~ 0.20 SAEEST S 0.75~0.85

3) B i Re /1. B A0 Re 1 RAE T HAREA 24K &
X H0 IS BT R 3R 7 3 R ) S8 R R ) T e B
ke 71 £ 85 | 5 Bk 71 5%, 1 B A% fig 77 HL
YT LB A RS B8 S e 1. AR SCHEVE
W 8% 1 e JT I, 38 2% B8 T 3R T 32 W it 1K AR AE )
(Survivability), Bl AJ 7k 52 #1 o B B8 /7. 47 & < i H
P BRI Pi5% fE 25 R 2R HE R H FR S50 % (Kl
probability), JE %3 2 s (2 8038, #HRAE Bis i
TRl ST 7V IR

x2 EBFHERGESY

HAF ST 1 B
2Py Bt

PGB TBM CM ARM

1 1 1 1 1 1 1 1
Tl sI’GB /kP(‘,B s'l‘BM /k'rm\z SCM /kcm SARM /kAHM

2 2 2 2 2 2 2 2
T2 SPCB /kPCB STBM /kTBM SCM /ch SAR,I\I /kARM
T" S:ZGB /k:GH S:BM /k:m\i S:M /k:m sznm /k:mw

SBE4% B 7 S8 2R 5 TR T it A A7 1 R RALE,
H b 5t 37 B0 T iS85 6 R i
T, k7
&ngxgemu
33 HEE
bR IE B WU BEAR L L A0 5 BB S H b
{1 T80 T P A B A A 5 I LB R A DG P B S
55 H bR EE AN TR R G, AR SR A H BRI
e Bsf ) R A4 B bR B FE b
1) BAREEE. B bR 8T R, M R, (H
PR, H AR 0BT 25 2 G005 I8 1 A0 BR s p i
M, D] b g 3o 3 P SR o P e A



xR ¥33%

1— 00051 4 > 100;
1 —e0:2101=205 190 < o < 100,

2) G 0. I 9D 2 56 B 50 2 K A

2 97 5 2 601, 39 min, 5 S K 1 32

K(v)

K(t) _ 672x10—6t2

3) Wik . B bR AR A 2 48 B bR AR K
[ ) #5525 TR IE B IR e A1 08 SO A SR & P iR
T
5;

K(6) {e"e', arcsin% <0 <

0, Else.

4 SEESHT
4.1 KWt

MRS B A5 B AT HESE, B A5 B FE H 7 448 05
YRTE, i N B 4EHN 7, DR K 840 22 I 265 9 1-1-8-
14589, LCJ2 7N B A BN SZ (i E bs
B FHeRe S Seine 1. BAREEE . RIE RS E] S
P A HE, S R E bR B TG, S E0 B R
M = 40, 5 RIERRE 100, T = 3,77 = 1000,
speed = 3,e = 4, GNNM i K& 47 XM 200. 5L
FII FH Matlab 8 44 gm F2 52 0. SR U6 5088 N R &R0 H
P JB 5 B LR X, 4% H AR AL 43 il i B H bR
HH 200 ZHAE NN ZRER, T3 gk B 24 2H K4 4 R ik

Horh: g FARKFRE B, 9 H AR BB K42, S IR A LR 3.
#3 MiRE
75 H bR Sffeds /(i) RIERTE/min iR /C) TR ZMMME BUME
1 SIENL 0.921 450 15.4 9 i 0.64 0.679
2 F G 0.797 360 225 16 Ly 0.35 0.596
3 FrdiHl 0.524 760 16.2 14 th 0.36 0.495
4 Frdifl 0.675 580 10.4 17 95 0.24 0.583
5 A E AL 0.647 180 222 11 h 0.22 0.742
6 R ETH 0.581 220 18.6 17 i 0.26 0.657
7 T 0.456 360 19.2 12 Gl 0.23 0.503
8 T 0.384 420 14.4 3 G 0.21 0.624
9 il T X 0.526 300 0.6 11 X 0.14 0.315
10 i) 5 0.746 240 1.0 15 x 0.16 0.286
11 TBM 0.874 880 1.6 12 & 0.22 0.456
12 TBM 0.924 940 2.8 20 7 0.16 0.628
13 7S S 0.885 740 1.4 10 T 0.26 0.549
14 2 S 0.745 690 0.9 8 T 0.16 0.548
15 ARM 0.627 740 1.8 15 T 0.12 0.626
16 ARM 0.568 760 1.6 24 T 0.08 0.352

H T Pl 46 4 2 B AL Y, SE 58 Hoks IS AT
10 K LA 56 CDSA AL K €8 40 28 WX 25 76 H A Jai iy V7
il Hp IR AR OB PR BRI AT PR AR 24 MR
L, 38 3 O % 2 A6 S VA A MR RE. 53 4h, SEEG IR
TR A28 W 4% . DSA AL K €4 25 ) 2% Fil CDSA
A TR o 480 48 W 2% 43 S A6 I 2 T iR AT I 45, 3547 10
R, FEF TR R A AR b g P55 1D T PP A, o i
6 45 AT 0 LG 23 b, DT SAIE AR SCRT Rt ik
AR
42 HERAH

B 7 DR SIZ5 15 380 1R 1 35 F00II 42 22, 8 B W A s Pt
HH A [] J 925 22 T) T kS 2 %) 22 5. 0T LA Hi: DSA-
GNNM [ B 44 75 90 25 S e GNNM A 1 B 2 5 3%
1M AH Et DSA-GNNM, [ # 4 1 M1 FE 4% 7 4F, CDSA-
GNNM X FABFE A [ VAl #1521 1 04k, AT B 45
R F, CDSA-GNNM 14 fie Lo e Aa E , FE IR FiE f

75, T GNNM 7090 250 R f 2=, s AR 5, 3 Fh o5 ik
B T K FE N 8 B AR Y CDSA-GNNM > DSA-
GNNM > GNNM.

0.006 _ - CDSA-GNNM,
0.005 MRV S
#0004 . I A
2 o003t /N O LA AL
-’D'? ’ {7 .’0_..‘ iV “"A
§ 0.002f.
0.001F°"
ob o o
1 4 8 12 16 20 24
MRS WESN

E7 BfEmEHRE
] 8 N DSA-GNNM F1 CDSA-GNNM K 3% 4K #h
2 [¥. CDSA-GNNM 7EIEAUE FE FAh 518, 5 5 Ik
S, A HIRA B RAS B T G, U A SCRT IR H )
TR AR BRI FH AR A ).



%113

ETE F RAERBRAK EAYZE M &G T T B ARBRMIEE

2003

0.007 —
0.006 | L\ TENEE L 2k ARE=100
w 00 L e
s 0.004F
w  0.003
0.002
0.001
0 . . . .
0 20 40 60 80 100
IEARAREL
B8 kR
5 & #

ARSCEE B AR L R E A e X 28 1
Hh bR UM VT Al 8 Y T v RRE SR AT AL,
SRS T R IE R A ot 22 1 2% 1 25 o H A
PRGSO S0, SR T — AR A R
oAt SRS, S VR AT AR AL B A 20 A SR AT L 2
PCACHLE], BE— D3R T HIR IS RE T AR, R
P2 ok H ke, 7800 25 18 H AR U L F M L
B3R G DR R A RE I, S T FhER G U O L
JEU BE 71 A U R FEE 1 22 rh A B A HE 2. R VR
TR IR SR 5 IR A 2 28 25, R T B AR R
SE RN 28 TG IR 3010, MTID 3 7 5 TR T g R A 55
AR G psh 22 P 5 A5 TR SEEL 50 2 v e
JERAT ZCTIN PP Aty AT S DP A A5 7R 55 4 4 45 )
ARG A2 5 BT TR E AL

S E 3k (References)

(1] RECE, 3200E, & THE, 55 S KN T ZHp =

P8R HFR B PEAG (7], BT R K 22244k, 2016,
42(7): 1432-1440.
(Liu J S, Jiang W Z, Lei Y Y, et al. Threat evaluation
of air-targets for key positions air-defense under dynamic
fireaccess[J]. J of Beijing University of Aeronautics and
Astronautics, 2016, 42(7): 1432-1440.)

[2] Wang X X, Yu Y S. Efficiency evaluation of command
information system based on cloud model[C]. Int Conf
on Intelligent Human-machine Systems and Cybernetics.
Washington, 2014: 148-151.

[3] Tomas J, Tomas F, Wang W J, et al. Bayesian truthing as
experimental verification of C4ISR sensors[C]. Proc of
SPIE. Baltimore, 2015: 1-12.

[4] Seckin U, Tuncay G. Threat evaluation using analytic
network process[J]. IFAC Papers On Line, 2015, 48(3):
8-13.

(5] 2%, ¥OL 20 B BUik SR i B AL H bR B £

THIL J65A 3 LRE, 2014, 22(5): 1354-1362.
(Li J, Guo L H. Target threat assessment using improved
SVMIJ]. Optics and Precision Engineering, 2014, 22(5):
1354-1362.)

[6] XM, T F0F PLAL T, 5&F SAPSO ML K (i 2

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

2510 AR UM T (3], PEAL Tk K 22741, 2016,
34(1): 25-32.

(Liu H B, Wang H P, Shen L X. Target threat
assessment using SAPSO and grey neural network[J]. J
of Northwestern Polytechnical University, 2016, 34(1):
25-32.)

Lee H, Choi B J, Kim C O, et al. Threat evaluation
of enemy air fighters via neural network-based markov
chain modeling[J]. Knowledge-Based Systems, 2017,
116: 49-57.

B, TR 75 55 BT SCE RO R 5 1 5 22 H AR
JE I VAl T3 3 (9], $E S PSR, 2015, 30(8): 1462-
1468.

(Wu H, Su X Q. Threat assessment of aerial targets based
on group generalized intuitionistic fuzzy soft sets[J].
Control and Decision, 2015, 30(8): 1462-1468.)

Wi 22, £k 3%, 9 56 6. kT ABFCM 5 24 HiE 42 ) UCAV
HEBGHRE ] RE LRSS R THOR, 2017, 393):
549-556.

(Chen J, Xu J, Gao X G. Autonomous attack
decision-making of UCAV based on ABFCM model
framework[J]. Systems Engineering and Electronics,
2017, 39(3): 549-556.)

TR, B BN, 55 BTN - K i A X 4
FRIHL A Bl 2 G0l B T (0], v SE AL B 5
2014, 22(6): 1704-1707.

(Lei X B, Li S W, Yang J, et al. Fault prediction of
electromechanical actuating system based on wavelet
packet-gray neural network[J]. Computer Measurement
& Control, 2014, 22(6): 1704-1707.)

Wu T Q, Yao M, Yan J H. Dolphin swarm algorithm[J].
Frontiers of Information Technology & Electronic
Engineering, 2016, 17(8): 717-729.

Yang B, Liao X F. Period analysis of the Logistic map for
the finite field[J]. Science China Information Sciences,
2017, 60(2): 1-15.

Ty R X7, koA 98, S 3 T A0 Ak 10 A 4 T B K
FHAR AN BP 22 W 45 1) B 47 S 450 B T (0], S T2k,
2016, 37(12): 2220-2225.

(Yi H J, Liu N, Zhang X Y, et al. Prediction of gun
barrel wear based on improved non-equal interval grey
model and BP neural network[J]. Acta Armamentarii,
2016, 37(12): 2220-2225.)

s, BRAL, 75 R, 55 M EMVI5E E 8 B bR sl EE vF
IR AL ). S LR, 2015, 36(6): 1128-1135.
(Shi X B, Gu H, Su W M, et al. Study of target
threat assessment for ground surveillance radar[J]. Acta
Armamentarii, 2015, 36(6): 1128-1135.)

KW N, A, B 2R A AR S ORI B AR AR R
A H & LA T (D). S5 LA, 2016, 37(11):
2163-2169.

(Zhang H W, Xie J W, Sheng C. Adaptive Scheduling
Algorithm over Comprehensive Priority for Phased Array
Radar[J]. Acta Armamentarii, 2016, 37(11): 2163-2169.)

(FAEHE: F F)



