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Abstract: With the rapid development of hypersonic vehicle technology, the research on defense approach of the
hypersonic weapons is constantly deepening. A lot of guidance law researchers made their efforts to tackle with
the problem of high speed, active large scale maneuverability of the hypersonic targets. In this paper, this inter-
ception problem is defined as a typical differential game, and the adaptive dynamic programming method is used
to solve the Nash equilibrium solution of the nonlinear continuous time system. The numerical simulation of
Matlab is provided to validate the effectiveness of the proposed guidance law. The result shows that the differen-
tial game guidance law based on adaptive dynamic programming is more robust than the baseline method, and
can obtain higher interception accuracy.

Key words: anti-hypersonic weapon; interception guidance law; differential game; Nash equilibrium solution;

adaptive dynamic programming

Wo#E HE#9:2020-06-01; f&[E HH:2020-09-02

BE&TE : HK A KRR A E (6150330

BIE1EE APk, binfu@mail. nwpu. edu. cn

SIREK AN, k. 7 LI, 4. T A IS N 3 2 MR A9 B B AR SO X SR A (D). A TR, 2020, 11(6): 796-802.826.
SUN Lei., FU Bin, WAN Shizheng, et al. Differential game guidance law based on adaptive dynamic programming for the inter-

ception of hypersonic targets[J]. Advances in Aeronautical Science and Engineering, 2020, 11(6): 796-802,826. (in Chinese)



%6 #

NGRS < T 1 8l A ML 1) S v A A el o SR ) 3 A 797

0 3

Wit o 5 I e P AT R R 1Y R 45 A
ZANE TR IS W< vt v = N 1| N D NS A e )
“DE-177 AR W7 (1 Sfa i 7 S AR 1 e 8 P X
izt AR IR R A A178), ML T1ES
As . A R A B AT, A
BLZEE Ty AT L 2 A8 45 58t RR M AE X
P28t e e Bl 5 ik 2 BRE ) 58 (15 3k
BEAE R v i A PR DL X — R AT
PN 55 2% WeOXURS: 35 K, DA 22 % — 7 A7 2 48
I 255 1E SO BERAIG .

R TR v R P R A AR AR ) A SN
PR T2 BB S . 2 A B R
7 R A AR S ) B T T — Rl R A S bR
ity A T A o S A, I LB 0 7 R 1) B e 4 A
S e R P A AR B T A S, AR XS H bRt
AT FEIN 75 2 G 2 Rk = 5| Sk 0 23 X T H AR 1y 45
[] 5 DT S5 B 6E A G0 4R 00 5 il 4 i 2000 Bk 25
A9 B o JUART BRSO AR il v ) 5 H 3z Sl A R AT
T AU oA R B T B L LA
B IR TN E PR R S e PRE T R G B
I3 5 7 PR B AR B I e e A A
[E) R, BTt 1 — o 5 T 2 4 I e A PR A ] i 8
T v A A N W R A R A A AR
) BRI 45 G o e R R 1 A 1) T KT Y
TR WA, 45 TR R IR
WY T ] S 0 A FR B T] i SRR

R T B BK B bR Y 58 By R e 25 Sy — b [
SE AL, oK R g b, B AR A BL Sl 25 T
TN BE , AT RE 23 B X5 38 7 ML 3l i e B 5 0 A B X R
(9 5 B SR W o DAL AT 58 N B3O B 0 5 — ol 66 T 1l
FEAIA X R B TR R 07 vk . AL SCARSED S B T AR
S R A B AR M IS AT T S AR, O
o PRI 3 RS B X R AT TR A S T
B0 X SR T A 3K i B XA A B0k AR A R
T HEAT T 3000 X 5 0] R 46 A B i, JF 0 RS
BB, BT A AT X R R 2R i s T
X RRZN B/ REA AT/ AT 13000 X 5l
S, /SR A B G X 5K A5 (] 43 AT E
58, X R s 2 M HEAT T P4k Y. Oshman 86 3%
T X R B I T — R e X Rk mALsh o A

[

VRS ®AT 28 1 ) 0 v, R BRSO SR T
X B AR AR B R S TR B AR AR
AL T AL Green S5 E K P T N & 3t T — Fl B
HE T L B8 5 Al A R i 3 OK, Uy B
fE € H 2 A ML Sh RE 11, JF AR IR 16 26 BT YW R 4%
TRG T SRR 5 5 W 5 V. Turetsky 5570 g1 X &
] R H By SR AL 2 RE ) 9HIE S s A A ), 43 B
TP 38 X R B S X S R R TR
AR BB 0 5 15 S 80T AE IR R AR
PEBETE b 10 i 5 4 T B i ) B0ty XA B RE IR
Yol S HA R Bt X, 53 Ah ik A 7 2 A5
R T B X R Il Y AR Tk R AT A R
T AB R TE SR e i 72 rp 280802 R T R AR 2
A TR i S ST R AR AR, SR RS A — R L
23 B,

R Y B b SR AR A X SR SR R 9 AT 2 A
fift HFFEH 51 A B 6 N 8 A& K (Adaptive Dynamic
Programming, fij # ADP) 583k 53X 25 i A5 4k ] 7 E
FEoRAEE A Sun JOAENS T AR LA S PR
3 I 3 A5 ) B vk fHL i R 3 T A e e E A
L& iy A5 I B S A /N o T AR ST SR T O v R
I 220 () A0 2 £ RS A /N AR 2 ) S e AR TR

ADP 553 B A R fife 12 DL B B AR AR
FU BERSAR L o 0 T SR B AR AR SR X
e 7 R H AR AL 3T R SR N B A R
f 77 1 EAT S AR S SR . e X R
HH R8RS AR 2 R) R AT o XoF
TR IR) RIS 5 SRS 5 ) 3T {0 2l 285 W R B30 9 0 3 2k
AELePE R Gk o3 X 5K ) A7 oK M s B Je . B T
R AT 977 %o B0 % T 4 £ 0 O 1 AT O B E

1 ARG EAEE

ORI YR A ol 0 T R TR RS BT AT A )
SR T ZAZ AR S HARDEAT 32 80 X iz 3l A9 fik
3% SR 1) R AR

1.1 #EMBEMNEZHXREE

T 7 A M A R R W 5 B B A i H AR 2 Bl
M &3 o 5 0 4 S 15 T 0 28 14 30 a2l O 7, AR
x5 H A Xz Bl 5 AR HE AT R 00 A R E L
N T AR s — BT URE A pi 5 A 0] i - T
RS 3 IT 25 . ARG TP AR B B 1)



798

811

S LR PSR P

y

(0]
B AR5y B e F- i 5 H s 8 06 R
Fig. 1 Relative motion in the vertical plane

K1, Ox Bl Oy Hlrks )it 1 3 B 1838 - 1
AR DL M Ron  HEE S Vo 3R A Ol
O s 76 LT JBE 0 5 1] b, 42 4 5L A n R
au ;B RATA AR DA S T O RoR ,
K Vo R 0 s 78 T BT B 7 1 L
TR R TR B N B a3 H AR BN R,
HEHMWL AN g,

S5 [ () K GF {37 5 422 BB A bR 6 3K 20 (R, )
M E 22k 0N

dR

n =Vycos(qg—0r) —Vycos(g—0y) (1)
dg . .

R O =—Vysin(qg—0p) +Vysin(g—0y) (2)

_R ] Vicos(q—0r) — Vycos(q— 0u)

[—Viysin(g—0p) 4+ Vysin(g — 0y)]/R

q |= — 2RG/R

O 0

o) L : -

1.2 #35X3R 8] — AR 4L i ikt

X () F B E LA L RGN
z=f(zx)+glx)u +hiz)w (€))

K.z € R" HIRE W &0 € R™ N4 ] &5
wER NP E; f(x) ER . g(x) ER™,
h(z ) € R Y20 6wl Bl ek B, o3 0l O &R G2 N Bl
AR RIS IR,

FE AR bR B ECH
J(zu.w)= JO (x"0x +u'Ru —w'R, w)dr=

J”U(z Juw)dr (10)

TEAE S i B v 2 S H AR iz S AR R m]
LU ALY R

) 761;\/[
N Vi
(3)
) _4ar
6 v

PR E Vy 5 HERREE Ve 75K S
B Bt m] LA B AN AR
X (2) RS, 15,
RG+Rj= —Vycos(qg—0:)(G—0r) +

Vrcos(Gy — @) Gy — ¢) (4)
B OMRAR AT
RG+ Rj = —VTcos<q—0T>(q'—“;—Tj+
S
VMcos<q—eM>[q—%) (5)
RS 1S,
Rj = — 2R — cos(q — Oy)ay + cos(q— Or)ar
(6)
H RGN N
x:[R q q (91\/[ 6T]T (7)
RERSTHTRATLUE K
_ . ) _ . )
0 0
+ | —cos(q—0uw)/R |ay + | cos(qg—0:)/R |ar
1/Vy 0
I 0 | vy
(8)

MBSO XTI — R E 2 (0, R E K
W& w(x ) SR M w () BF, 7] DL R 25 15 2R 51
= QD FER) X8 265 EA T IEA

Vl:x (t)su ,wJZJWU(x U aw)df (11)

XA ADRFE A5
Ulzsu.d)+[VViz)]" « [ f(z)+
gx)d)u +hiz)wl]=0
V() =0
K. VW=oV/oz .
AT LAE SO 7K 151 oK 45 R

(12



%6 #

NGRS < T 1 8l A ML 1) S v A A el o SR ) 3 A 799

H(z ,u ,w) =U(zx ,u . w) +
W) fx)+glx)u +hlz)w]
(13
A 33K A T3 Wb 58 i) A W — 9% e o LB
SR TR A S5 L s (L) iR
Vilz,) = muin max Viz ouw)=

max min V(z ,u .-w) (14)

AR P& Bellman F &M ERE, AW T
KR
min max H(z ,VV " ,u,w) =0 (15)

T w5 " IR R R s B AR

oH(z .u.w) _,
ou
(16)
aH(z U 9w) =0
ow
Al AS B AL e X an X 17D BoR .
u’ :—%RﬁgT(z YVV  (z)
(17

w” :%R;lhT(z)VV“ (z)

xQx +
%[VV’: (x)]"g(x)OR'g" () VW (=) +

%[w* () "h(z R,'VV" (z) +

(W (x) ] f(x)=0 (18)

KA C18) . AT LATH ) A A o8 L VL DA
KIGERIFM o 5w . HELA AR FZE—
AN A2 R B 2t 53 T B AR i b XK A A5 21
HrIe 200 S D01 bR B L7 Jo v SE 80, R, AR 305
SR AL 2l A HL A 7 s Xt e AR A pR B V) AT
I AL A 1 8 3T 5 DT SR AR50 o) 5 B L

2 EHFLEMERZMAIRK AT
AT AUk B 25 W K f %
2.1 BENDISHINEERRE
X EL PR B 2235 AT AR T A5 5
VIz(t)] :Ji”U(x v sw)de +Vz ¢+ T

HER16) F A7) 9 BB 0 15 0 AR o I

R e £ 5 1T LT 2300
V' [z (0] = min max {J”TUu u.w)dr -V [z (z—I—T)]}:
t+T
max min {J Ulx »u »w)dc +V ' [z (t—FT)]} 20)

R H IE N 3h &R B R E R A B AE LY, 38 I X R T 2 4 B P RR B AT (R
|| N 8 A S AW HL AL Y — A B A RO (E R A, R B E

(D XFFRE S Wikt w31 E ¢+ T & 2 s,
s Z21] F4 (L R85

(2) MR ¢+ T W28 pR K LK ¢ I 20 7 %
Jil BREL U S 5 2 T 220 (B ek R R Al T E bR A
(3) A4l H bR (B AE {8 eR W A T ok 4
(4) AR A pR B8 IE A5 A DL R WG (EL.
[EE R G R /N W
Vi ()= jﬁTU(.z: susw)de + V. x i ¢+ D]

t

2D
EHLE S N

Rz YV

Uit (I ) - 2

(22)

wi () :%R;vﬁ(z YUV, (z)

FEF LR i — Actor-Critic 2245 1)

AR e T S o

L LR e
i Actor-NN

REGHEIY
) tguthx)w | x

____________________

K2 HE NS R ER Actor-Critic 4244
Fig.2 Actor-Critic frame of the ADP method
2.2 HENHESAXNEETLH

A G (R PR RO A 22 T 246 3 U X R 0k
X



800 i s TR

811

Vilz) =Wio(x)
olx) =[at v 12, 25 2t 2ix, 272f 2 28 23 )"
Wy, =[Wi W, Wi Wi Wi Wi Wi Wi "
(23)
P o () P2 28 005 5 ok 8, LIRS Y 4 1k
TR O AT IR B AL G, 75 BB X N AL
6 Wy, .
1B BRI FIOC TR 25 1 i 52 500 7T 7R Sy
VV,.=Vs () OWy, 24)
P BEE B A A S, T DTS4 8 Y wg i 20 i H
VN (ENESR A SR R )
Vi (@) =1"TU(x i sw ) det
Wiolx ™ (t+T) ] (25)
U I 220 AR (L o ORI 25 5 UL (R
Vilz) =Wiolzx ()] (26)
WAL IR 25 0

dw(z) |2t 2 O

ax 0 X 2.1'2

3 KEISHE
HESHEE

T B IE B 2SR S AT o AT
BETHAU AR IAE. 05 B ARk 1
IR

3.1

£1 iAW FMN
Table 1  Simulation conditions
TiHZ R BofH
LTI L E/m (0,15 000)
i E A X B Ro/m 30 000
3 E MR LR A g0/ (D) 2
P e U A Ovo / () 1
o RAT ARSI LG E AR 00 / () 178
LI Vi /(m o+ s71) 1 800
AT SR AL Vg /(m e 5™ 1) 3000
PiELK h/s 0.000 1
18 PRI MY 22 90 4% 4 2 T A B m 8
{EL R B 22 I 2% A2 BRI W rand(1,8)

A3

e, =V.(x)—Vlx) =Wiolx ()] —
+T
J U(x 7ukawk)d‘[ +Wy],0'|:x R ([+T):|

27
N TSR R 25 ARR JT AR R 22 0 2% EAT 8 I AR
SCR FIBBBE T Bk, 7 DR 25 48 bR BRECH
Ei :%(ei,)Te{',
R A6 B8 T a1, 4 S {1 R S0P 28 TR 0% A ASLAEL
BIER %R
VI =Wy ay AW
_ OEy ey — . Jo(x)
deiy Wy ox
Koy B 2E 2R, RoR X T BB T FEW LR
HH

(28)

: (29)
AWy,

v e

Hrr,
3xix, 2x,x% x; 0 (30)
30
xs 2x%x, 3x,xi Axs

3.2 WHHSBFEEN

JEL K 0 i i R T R AR 5 R T 1k Y e O T
S (Optimal Sliding Mode Guidance, fij #%
OSMG) 78 fill 3 42 48 1) B2 SR B 1 DI 53 1y e
AL TR e g | Ak HOR T 22 IE H An L sl
R HAAR TN TR Y FIR S 5 I R T A OC R A 3
N 285 H AR R AMEDL S . OSMG il 5 F #4225
¥ BRAG E (1 BT L T H AR, OSMG Bk B
A B RO B L 0T B RO B L T L ]

FIRB RN E W/, HERIKAH
k ] max j
M OsSMG :%Jfﬂ'r | qq‘+€ (31

Xk MBI R R G ot B AL AL o N
ARG L 5 ¢ D T N B s ™ O H AR I BLBh
RETT L BR se S —A>/IvEE, R 3 5 46 R ek X oF-
M,

3.3 (FEZERESW
ZREH B 178°H 175° P AP s E M fE T,



5% 6 1 PN AT BT 1 A N 2l A W Rl 09 v A A A X SR ) 801

XF 5T ADP il 53 XF S il S R AL T OSMG
il S R AT X LG B R R 4 BRI N A R
R 3~ 6 s, 16 HAbsiE AR 178° 0,
BT ADP (18 5053 % ] S 5 AT OSMG 1Y
S AP RO Y e o B S ALHE Ak 3, B
PAEOR ERE . B Y0 H AR )46 5 i A 3
1750 BRI TR R E R

3.70
3.65
3.60
E3s5f
g
X350 K
3245 7| === OSMGF:#R (1787
’ -o- HARLZE(178°)
3.40 —— OSMGHAR S HLILE(175%)
—o— HARPLIE((175°)
335 1 1 1 J

0 1 2 3 4
x/(10" m)

K3 OSMG il S HE7E P A% 58 T (19 24P i

Fig. 3 OSMG guidance law missile trajectories

15
10F
5 /
0 [T e mmiiaas
® or
=
5+
—— OSMGH4 it #(1757)
10+ - - - OSMGH: it #(178°)
-15 L ; . : y
0 2 4 6 8 10
i [a)/s

P4 OSMG il T HE7E DI F% 58T (19 2480 2

Fig.4 OSMG guidance law overload trajectories

3.70
3.65
3.60
355+
= pommm O =m0 )
<350 - ,
™ ’
3.45 == = B SRR I (178°)
- o~ HbrfLiE(178%)
3.40 — TP SRR (1757)
—e— HARBLIE((175%)
3.35 L 1 1 ]
0 1 2 3 4

x/(10" m)

K5 ADP {37 X 56 il 5 ER 7R W RN I B0 T B2 AL

Fig. 5 ADP guidance law missile trajectories

L0
ys
— TR R R 2 (175°)
-0+ - = = TR SRR (178"
-15 : ; ! : l
0 2 4 6 8 10
I A)/s

Kl 6 ADP {33 5 il 5 H 7R W AR B0 T #4240

Fig. 6 ADP guidance law overload trajectories

PNGIERIRYE P RE RGNk BER BRI PN
B 20 Sk 32 4 A L PR R 0 5 2 H bR
Gk BER B RPN SE NI RIS F X iy AL
TETEREENBILE., EEHT OSMG X
LT L A R B L g | A S A D IR R
A E BN LT B IE RS GE A8 4 /), Y
5 B bR g i i i), 28 5 T (0 TR AL
M, ik 2R ED AR A G 32 23k 8 T 1og 1A, W
B 4 o), i JCvk S H bR A2

BT ADP 119 43 X8 5 il S 5 52 3 H Ax i iE
G0 £ 5% M 35 /0N S 35 R PE T A, NIEL 5 T DU . A
e B bR W) IR TR A AR R 1758002 178%, X B bR
SEHL TR, IR 6 AT LA L 2 H AR
TE AR DN B ) G o o R 25 R, SR T ADP 1Y
T3 XoF SR ] S A SR A R o 48 S 3 T 4 1] A K 5 B
EREES i SUE R iR B UM RN R EE R E AN
SLE 0 BhiE X 2K AT ADP A f0o X 5 il
TEERE T 000 4 0 A AT BT Y L 2 R A
JI5E S8 A /N 4 B8R TR A T L B ok S B B A
IOESY =

ol B N NS5 i WU B S Rl B A B b £}
B XoF SR il BB A% 5 e M S BT v R E bR
A I ELXE T 00 1 20 3k 25 34RO Ll o
BT,

4 &5

(1) ARTCEF XA 1835 5% B5 GE J7 119 755 8 7 58
PRSI 7 —Fh 5 T B R 2l 285 84 330k 1 Bl



802

A2 T I

811

X 5 ) S R T Tk BB A5 B T B b X R )
Yok SR ) RL B4 49 1 X80 A i R A 72 )

(2) Frikih E’Jﬁ?ﬁﬁ‘é@%ﬁﬁﬁiﬁifﬂﬁ%ﬁ%

bR, AR T iR I R S T
MNP B L 4 AOR B

[1]

[2]

[3]

[4]

(6]

[7]

S % ik

M, vk, WIRR. &L AR S P A TR iR R

[ AL ). ARG TR SR T H AR, 2018, 40(4): 860-
867.
LI Jiong, ZHANG Tao, LEI Humin, et al. Nonsingular

fast terminal second-order sliding mode guidance law with
finite-time convergence[ ] ]. Systems Engineering and Elec-
tronics, 2018, 40(4): 860-867. (in Chinese)

A, g, B, SFL ORI S BRI AR LA R
)i gl L], P S B3, 2019, 34(5): 973-980.

LI Jiong, ZHANG Tao. WANG Huaji, et al. Finite-time
convergence guidance law of side windows detection kinetic
kill vehicle with orbit control in terminal[ J]. Control and
Decision, 2019, 34(5): 973-980. (in Chinese)

gk, TR, A, A T TR AL ] 0 R s LA
HSH]. RETRSEFHA, 2017, 39(4): 837-845.
YE Jikun, LEI Humin, ZHAO Yan, et al. Differential
geometric guidance law based on second-order sliding con-
trol[J .
(4): 837-845. (in Chinese)

TR, M, 3, S5, 4 B A A PR ] i S i 5
LI, ERRHE R4, 2015, 37(3): 136-141.
LEI Humin, ZHANG Xu, DONG Feiyao, et al.

Systems Engineering and Electronics, 2017, 39

Finite
time convergent zero-effort miss guidance law[J]. Journal
of National University of Defense Technology., 2015, 37
(3): 136-141. (in Chinese)

o BR2GPR. AR BB A SR ) Al LR A 0 OR ) S
ﬁ*[]]. ?%%HEH%%, 2011, 26(12): 1886-1890.
HUA Wenhua, CHEN Xinglin. Nonlinear bounded-control
differential game guidance law for variable speed missiles
[J]. Control and Decision, 2011, 26(12);
Chinese)
B3R, XU, B2k, 45 B &2 i 2 vk — O i
Syt FAL)]. R TR, 2011, 32(12)  1448-1455
HUA Wenhua, LIU Yang, CHEN Xinglin, et al.

1886-1890. (in

Linear
quadratic differential game guidance law with terminal con-
straints[ J]. Acta Armamentarii, 2011, 32 (12);: 1448-
1455. (in Chinese)

G L L I VY P N WA G E =X R 0 o S
PSS W AR WEFE (D], Aias 224, 2010, 31(8): 1600~
1607.

LI Yungian, QI Naiming, SUN Xiaolei, et al. Game space

decomposition study of differential game guidance law for

(8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

endoatmospheric interceptor missiles[ J]. Acta Aeronautica
et Astronautica Sinica, 2010, 31(8): 1600-1607. (in Chi-
nese)

OSHMAN Y., ARAD D. Differential-game-based guidance
law using target orientation observations[ J]. IEEE Tran-
sactions on Aerospace and Electronic Systems, 2006, 42
(1): 316-326.

GREEN A, SHINARF ]J. Game optimal guidance law syn-
thesis for short range missiles[ J]. Journal of Guidance,
Control and Dynamics, 1992, 15(1): 191-197.
TURETSKY V, SHINAR J. Missile guidance laws based
on pursuit-evasion game formulations [ J]. Automatica,
2003, 39(4): 607-618.

LUO B, LIU D, HUANG T, et al. Multi-step heuristic
dynamic programming for optimal control of nonlinear dis-
crete-time systems[ J]. Information Sciences, 2017, 411:
66-83.

WEI Q. LIU D. Neural-network-based adaptive optimal
tracking control scheme for discrete-time nonlinear systems
with approximation errors [ ] ]. Neurocomputing. 2015,
149 106-115.

LI H, LIU D, WANG D. Integral reinforcement learning
for linear continuous-time zero-sum games with completely
unknown dynamics[J]. IEEE Transactions on Automation
Science and Engineering, 2014, 11(3): 706-714.
WEI Q, LIU D, LIN Q. Discrete-time local value iteration
adaptive dynamic programming: admissibility and termina-

IEEE Transactions on Neural Networks

2490-2502.

tion analysis[ ] ].
and Learning Systems, 2017, 28(11):
YANG X, LIU D, MA H, et al. Online approximate solu-
tion of HJI equation for unknown constrained-input nonlin-
ear continuous-time systems [ ] ]. Information Sciences,
2016, 328: 435-454.

ZHANG H, QIN C, LUO Y. Neural-network-based con-
strained optimal control scheme for discrete-time switched
nonlinear system using dual heuristic programming [ J ].
IEEE Transactions on Automation Science and Engineer-
ing, 2014, 11(3): 839-849.

LUO B, WU H N, HUANG T. Off-policy reinforcement
learning for H.. control design[]J]. IEEE Transactions on
Cybernetics, 2015, 45(1): 65-76.

SUN J, LIU C, YE Q. Robust differential game guidance
laws design for uncertain interceptor-target engagement via
adaptive dynamic programming[J]. International Journal of

2017, 90: 990-1004.
LIU C.

Control,
SUN 7], Zero-sum differential games for nonlinear
systems using adaptive dynamic programming with input
constraint[ C] // 2017 36th Chinese Control Conference.
Dalian: Technical Committee on Control Theory, Chinese

Association of Automation, 2017 2501-2506

(#5826 M)



826 fiies T/

811

PRI #ObH A, 2017, 41(2) . 213-220.
YI Hengyu, QI Yu, YI Xinyi, et al. Development of GA-
ASI’ s high energy laser[J]. Laser Technology, 2017, 41
(2): 213-220. (in Chinese)
[11] FLORIAN R M. Review of the shear-stress transport tur-
bulence model experience from an industrial perspective[ J].
International Journal of Computational Fluid Dynamics,
2009, 23(4): 305-316.
RBAT ., REEHE, ¥, %, T Agent EBL I HLEROER
MRS Z )] RETRSETHR,
2020, 42(4) . 826-835.
YUN Qijia, SONG Bifeng, PEI Yang, et al. Agent based

[12]

combat effectiveness influence factors analysis method of
airborne laser weapon system[]]. Systems Engineering and
Electronics, 2020, 42(4): 826-835. (in Chinese)

SRS, 5Kk, TR RN AT LA A S p s 7], db
S LR K, 1998, 24(5) : 4447,

MA Dongli, ZHANG Kao. Effect of radar cross section on

[13]

aircraft survivability [J]. Journal of Beijing University of
Aeronautics and Astronautics, 1998, 24 (5). 44-47. (in

Chinese)

[14] BARTON D K. Radar system analysis and modeling[ M ].
Norwood: Artech House, 2005.: 387-388.
EEE

BREFE (1990 —), B L WEsE A, RN I KAT AR R
BT AL O AR VR R RCRE TR A

REFEA963—) B WL B T, FEIR 0. AT
BRI 2RO R AL S TR R R AR (A A AR T ]
S e,

¥ B8 B W B, EEMR M. CHLEKE
i B bR B A 5 A A T,

(445 . 53 F%)

[N G U L D N N U N S N U R U N U n T N U SN U U N U R U n U N SN S n U R U R U R U R R e S N P R e R R U R U R U R e R SN S N U R U R U m L n e N e SN U

(#5802 Tn)

[20] k. Sw SR SolMalM] dbat. B TR
it 2002,
ZHOU Di. New guidance laws for homing missilel M]. Bei-

jing: National Defense Industry Press, 2002. (in Chinese)

EEEN:
HoOEATS ) B ML B R . EER R AT
EE

@ (1989—) B W B BB 5L, FEEF SO m AT

o LB AR AR RS
FEIEA989—), B R A. FEIFR I . CIT&H S
Pl | e R AR L S L
ERETC982—) B Wb BRI . ATy AT v
Sl R AR AT R S L
g AG960—), B ML BB, EEMR M AT ARG
il

(45 MHE1H)





