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Abstract

Abstract: For the problem of autonomous intercepting moving target with air-to-air missiles for an
unmanned combat air vehicle, autonomous guiding method based on lead attack aiming errors was
studied. The aiming errors were computed by building the motion model of UCAV and the model of lead
attack aiming. Then to meet the goal of decreasing the aiming errors during flight control, two maneuver
strategies based on model predictive control approach were presented: one used proportional navigation
method and the other employed simulated annealing particle swarm optimization algorithm. The
simulation result shows that both strategies can implement autonomous intercept for targets with
various maneuvers and the later method is better than the former if given the condition of periodic
absence of target parameters.
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Abstract: For the problem of autonomous intercepting moving target with air-to-air missiles for an
unmanned combat air vehicle, autonomous guiding method based on lead attack aiming errors was
studied. The aiming errors were computed by building the motion model of UCAV and the model of lead
attack aiming. Then to meet the goal of decreasing the aiming errors during flight control, two maneuver
strategies based on model predictive control approach were presented.: one used proportional navigation
method and the other employed simulated annealing particle swarm optimization algorithm. The
simulation result shows that both strategies can implement autonomous intercept for targets with various
maneuvers and the later method is better than the former if given the condition of periodic absence of
target parameters.

Keywords: unmanned combat air vehicle; autonomous intercept; lead attack aiming; model predictive

control; proportional navigation; particle swarm optimization

—E H PR AE ST . K, UCAV 7R3 i i
H EHLBhHens— E LR MR

i

5l

P AR I i ) — b = AR X T

H FEAEk B ))& L AAE CHL(UCAV, Unmanned

Combat Air Vehicle)FhAT X VR GAT 55 1 0. 2

TEVEL I 23 v bl T <R U AL, UCAV b4 H 4
SR K F AR SR (61472441);

' "’,M;, .‘ EH TS RAENA978-), U5, WIALA, WL,

./ YR, WF9C07 0 o RGN LA KN A
(1980-), 55, MIJwyT A, W4, BT AT
KIFs TR G N .

RS H 9 2015-03-29 BIE H #: 2015-07-24;

WISCHR[1-21%F UCAV AT & FHESEENL S 142
TS AT TS, 451 T —FhE gl ik 4t
FIH Z e 60 B EHE0 Tk, SCERBIERM T 1k
BN AR I ER I IR UCAV 2 blah 35
W&o SCHBR[4145 H T —Fhdi H PR AL A1 Lol 51 310
UCAV 513715, SCER[SIZ T —Fi R H =
AR Bk PEH] UCAV MLBh 7k, SCRR[6]4
T R ORI HE B R4 ) UCAV AL

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 2246 ¢



Journal of System Simulation, Vol. 28 [2016], Iss. 9, Art. 46

528 B3 9 1

2016 49 11 RAEN, A LT ERCHIER) UCAV B E #2805 05T

(17715 SCHER[71EEH —Fh UCAV I BT A7 5k
W T, R T =445k 3514, 5150
AHL5E BT BRAE 5 LB . SCHR[8145 T — T
B LR X KRBT 511 UCAV
B E Bt A%

AT B SClEk T B 51 30N, ARSI
UCAV 5155 VA A N2 Bl S B b s a8 A
il VRS, AR IR R T R P R
(1 AT B O 22 >0 UCAV SEJit 1 3251 51
P, TS E R UCAV [1HL)
FEWE AT ) ELAFF ST o

1 UCAV izzhtas

AR R A A& RIS TERE. Hir s
R AR R L. R W
A JRINEH I UCAV, 3XHh UCAV A7 8 Aok
TR Tz o ABFTE R B A
Jilk, E S s s A

H1T UCAV MLEhid A7, esb R () B
R ZE P B AR g s gAY, e
UCAV AL, RO, FERM AR AR R
AABR R RS FOOLE, R X RO Ry
]y Y BB 5 10 1) R FRIAIZE AR BR AR HA K
Bz,

V= g(F, cosa —Cp, —sin0)

9=g(ny cosy —cosb)/V

y =—gn,siny / (V cos0)

X =V cos@cosy

y=Vsind | 0
z=Vcos@siny

n,=F, sina+Cp
E,=f1@.V,y)

a=1,(3,)

y=1£(5,)
e O ROy AR IE A7 ) (AL £
(RZRAIE, 10VER 5 Co 8= R

Vol. 28 No. 9
Sep., 2016

B G BT AR R, HESE. Y
MR y MK, lH RS R R Fy 8
AR B, R ST gy R
TRINERERE a NP, Ron A THEEREM A o,
RIRRH . VE L3 n, SRHTEAARR 2R Y Al R A 1
NIEPEREE Sy, ERITTFEMA 0, IR EL
AL UCAV B[ 3 AN 7.
0, 1 0,y HAZHIANBA o Wil A2 LA N A AGEAF

Qnin é a g A nax
osnp=<l
1<, <1

“1<65,<1

2 UCAV B B i vER R

P N2 % S Wb R o A, Bl
Hi R A — i B2 O R ) H bRy B S 51 3 7
5, A8 H AR AEAS I 2608 3 I BRI DL R Rl R
SR o DL Gl A B, AR HARLS)
115 i LA KA %0 H AR X — T U F
UCAV, RIE 1 Bros s & dotiimsie gk,

2

K1 UCAV g1 & Blifivt ok = K

K1, B UCAV A & 45 ] v S P
TRAT L B A S A B (0 B AR R R 2, e SRR
UCAV IR BT IERG 5 7] ®AT Ty IRl OfAE
O MR G, PR EIAR LR PE KATHEE R
Jatih P AL H PSR R B RS B A

SRIMAESZBr RATIY, UCAV [R5 4 B
25 FER AR BU 5 4 2 RAFAE (K 2 o XA i 22
RIUFH B 1 v g 2 55 f: AL

http: // www.china-simulation.com

* 2247 «

https://dc-china-simulation.researchcommons.org/journal/vol28/iss9/46



Wau et al.: Research on Autonomous Intercept Method for UCAV Based on Lead At

§5 28 B 9 M
2016 £ 9 H

LV WH—I %] UCAV [sfris#fE R, D
fa i HARKIEE B0 H, Vo o HARHLIE B R4
11 UCAV W T B R & KAT Ty IR 5 A3 3
N, AR BAR E 2l RATEE R R, W
R P'e B PRI PSRRI RN 22 5 5 AL o
A AT R RIS o B A

T B T (1 v 2 2R B T A«

VI, + R+AL=D+V,T

{T:E+R/%

Af: Vo b T ERAR TS CATER R R (WP K
T T N8 YATHIE .. AP E w2z, K
KB)ERN:

AL=D+DT+V-R/V, - R 4)
b, DEIUCAV 5 H brIGHIX T K

Wi i 22 54 AL 7] UCAV IR AL bR R PR
R R] 1530 3 M 22 70 5 4 -

Ax=(D+ DT)cos ucos(a +v)—R(1-V/V,)

)

Ay = (D + DT)cos usin(a +v) ®)
Az =(D+ DT)sin u
s D ORLD 43500 TE IS WA ¥ F b 2 2 R B
Al ZE(RIARKTIEE s w0 R v 43500 UCAV HLE
AT H AR TT AL A AR F, BABRGE BRIk AR bR
AR X A SRR RIS, Y iRy
I 5 17 Ko
2P ATEI RGBS T e 8 C AN
I, AR VAT IR] 7y, VAT DU 2200 B Ax
00 HULE SR QAT BB R B AN I L
Nl Ax O 0 SCRTRUSR A HY I a) 7
_ RA-V/W,)—Dcos gcos(c +v)
Dcos pcos(a +v)
MR ELE TR 2270 5 Ay Azo BT Ax
M0, HUmZER R AL T EH UL ARbR R X Al AT
LAHT Ay Az 73 200w 72 A E 6, F1 6.

T

(6)

J, = arctan Ay
’ VT +R(A-V/IV,)
As (7
o, = arctan

VT +R(1-V/V,)

ARG HAR

Journal of System Simulation

Vol. 28 No. 9
Sep., 2016

0y M1 0. (T RAMNE R T UCAV B A 450 21 1)
H AR BRI E 3, W T 5 S etige
JIEVIAHOCH) 23 RATRE R 3R . UCAV X H ARsE
it A SE ) H AR AE A B bR R SR )
(IR, S A O 22 Dl 2 0 A e 4o

P, FIHEA1R51F UCAV il 72,
ADASEIL K% AR A AR R — g
PEhl, BT UCAV 1 A E Rk

3 UCAV HZE5| S5

M2 E 6, F1 6 A2 AR TR AR AR 2R KT
L, IRHPR PRI SR A o, A o
SCHL UCAV HL3h 7 i A 513

3.1 W5 S5

o LR 0 v RV o O 22 0047 EEA9 51 3
{56 =K5,
6, =Ko,

A, KWK, R Eell 513 5145

4 UCAV BTl H s S 8fErfi sint, RH
LG A 5 51 792060 T & R LE) H bR ) R R A 28R
W™, RSz UCAV 4 H AR 250
FAAEANEREYE, JCIZ BRI T-Peim B H hx 2
KR IAMESRIN, 2 S8R ZEME o, Al 5, BIK,
HERH 51377, PO st A&k A
T BRI R S PESR 5 m, JFAE UCAV 7eX) H
P 3 232 SR A A B AT R I e e 1 Bk s R, AT
SR AR 47 s R AR,

3.2 FEELTRI 32

B BRI HIMPO) T UCAV [ EH44
(0 JEL S A s AR T IS 00045 1) H bR 2 HOk S
NBZIM EAR S, UREANERSERIEET
—INZ] UCAV 24, 135] UCAV X H bR # i
WHEIR 25, TR XA UE R 22 7E 0 H bR, A
I da ARGt M) U7 92243 248 H b e B A0 1 24
wEdlZE, L, UCAV H S S HdLmridia
B, HEsZHFEA ORI H

(8)

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 2248



Journal of System Simulation, Vol. 28 [2016], Iss. 9, Art. 46

528 B3 9 1 Vol. 28 No. 9
2016 4£9 J SR, R TR E BCHERTMER UCAV A BR800 1R Sep., 2016
x] [v V — Deos uoos(a +) (6) M UCAV JE7ii 2 SR S T-RIV

—Dcos psin(a +v)
Dsiny
cosy cos@ —cosysind —siny

T = sin@ cosd 0 €))

cos@siny  sinfsiny cosy

Vo=V xVE +VE XV + VXV

6, = arcsin(V;” / V,)

v, = arcsin(V;" / (V, cos0,))

X v, v RVE R UCAV BrillEE &5 48 %
D W EAF B0 HARAE I8 R AR H 2R AL bR R IR 43
i, VO HAREE KN, T UCAV fiiids R 3
PR FAHFRE, FHFENR 0 F1y i UCAV H £
(IS A o 6 AT i 09300 H b fi e it
FAFLI A o

11 UCAV 1 Hbrig 2 (At sh AR, e
DK A A 36k bR B SIR 25 25 18] D7 R R A T A HAE O
ZIIETE, HCRHZ WA, SR MPC J5
PIATHEAE R 22 T3R5 DB -

(1) ¥tk UCAV 5 HFsMHERESH. &
WO, BRI ITEE R R R AT
FE Vi S5

(2) LK h FFIETEE UCAV 5 HARKPIRES
e FIHHTH K 25K 4 FH Tk it 25 5043
WHEZEu, v D, #%ROKIHHHRSHL
X HAREAT B T .

(3) MR Tfh I HER S50 UCAV 41T
el 5, A 0., VAL KANN R Fifli 22550 20 I
UCAV HNIHFRIPRES L, it 54 2092
Kt I R HE R 2 6, F 6. o

(4) 6 +67 <O, WIARHAE UCAV 1124
HIAE I 0, 71 O AR 6,10, IRIHIEEG)A .

(5) FUBE AT RAS A2 A5 905 2 A 4 (i 22 A1
MR, FBREFS). #2E 5

<O A AL ) 45 SRR R TIOIN TF 5 A 0 SE R
UCAV 5 HbrfeiRas s, &6, RIEPEEQ).

3.3 MPC-PN 5%

XI1 Bk MPC AP ER, ¥ NI O, 193145120
K TR R 22 0, AT 0., FER (@)K
BT 6, A1 S, WIRTUA I RII H 53z 2 it
T LA 5| 5 Sems,  IhAb iy 44 5 MPC-PN 5ehig .

WIS ARSI, K MPC-PN 55 i T v
{2 A0 4 — I 21 UCAV ikl H00, 1
TP RIS, g — e g LR HRS
BRI, S92 UCAV IERISIS, K
AT LR AR VL R, AT A5 B 28 A2 A 1) 20 il A
BN OREERT H bR B EREE RO AE, I8 B A5 A
REEANFENLED H bR, KM MPC-PN HE5]%
SRWE T, [ 1 e R Ao 45 R R AR K, {4
UCAV [f) RAT PRI AR A 2 S s AR ) o
3.4 MPC-PSO %%

ik, ARSCE MPC 7yl b, A1t 0 5%
(4), WU T BT RAGR K PR T BEOLAG 5 i 4%
TR ANE, $EH T —Fok MPC J7 kAR
KRB T VA G G i A 5 35, I
Qb fiv 44 5 MPC-SAPSO il .

HiT> UCAV #2488 H AR A7 AR A E e AT
P, RAMLGI R I8 A H 2 AN R
fH, 1 MPC-SAPSO SR 1 LAyl /i 22 F e 42 il
IR, R BN A =B,

KJH] MPC-SAPSO il 15 56 #2244 UCAV [ &
5 G W R A O 2 B M A R A )

min f(x)

stlI<x<u
Hh x=[5,;0,1 W T EARALI UCAV Fifilit; 24
WA I=[-1;-1], u=[L1]; HFEE f(x) M-

(10)

SO =62 (x, .+ NI+ 8.2 (x, ot +NB) (1)

http: // www.china-simulation.com

* 2249 «

https://dc-china-simulation.researchcommons.org/journal/vol28/iss9/46



Wau et al.: Research on Autonomous Intercept Method for UCAV Based on Lead At

§5 28 B 9 M
2016 £ 9 H

{6, Fi1 6, BIh UCAV 75 H YT FE il 5 xq IS 7EAR
KIS e+ Nh 7= A w22, B B3R MPC Ty
P K

SR, AR R A I Z A TS K AR
S H bR R EE R T REGR KR T B
(SAPSOYF A R L UCAV #iil#. SAPSO
kL B U

(1) BEBLIAG AR b &0 1 IR B E R 5

) HRADTHEREARL 7 10E VB, KT
PR AL BRSNS A TR 10 p b, KT
pi TE NAHE AR AT B FNIE NAEAT T pg s

(3) HEWIUHULSE to=f (pg)/In5;

(4) FRAE AT TR N % p, (R IE RO AR -

o PO=1 (et

z e—(f (pi)=f(p )/t

i=1

(5) SRHES B S I ITAT p, i o 42 Jm e A
IS ACE Do, AR RS T 58 537 R T 110
TR

v, @+ D=0y, ;) +anlp;; —x ;@O]+

czrz[pé,j _xi,j(t)]}

X (t+)=x ;(O)+v, ;(t+1)

2
0=
‘2—C—JC2—4C

C=c +c,

(6) TSR HINENLE, TR AR p;
{EL S AEAR ) po AL s

(7) BATIRIEIRAE: te =Mt

(8) A2 A5 1B A (H bR s B /N TR 2
Omax> BUERIKEGELRL 100 ), BRELL, il
50, N 2P ER4).

A, BURLTHCH 0 200 AR K IREL
100, 4 SAPSO Fk# R 13 2¥) UCAV #ilil &=
H—4kJ5 HI-T MPC 5950 3R(4), 58T 6, 81 6., 4K

ARG HAR

Journal of System Simulation

Vol. 28 No. 9
Sep., 2016

ST MPC HERLRE, #51 UCAV H EMLE), H
F UCAV IE Jili 3 950 K S5 4 1F aligi AL a4 1

4 PiEIHT

HIRUE UCAV T i 5 Bk i (i 22 0 AN [F)
FLah HER i) A BB, B0 HErE H iz 5)
FS WL PRI AL B, 530K ] MPC-PN 2R B
H1 MPC-SAPSO HEAT1)i L.

41 HiE 1. HMEELZEZS)

WEDNEA KN 0.1 s. 90 KATHEE R J 30
km. PRI Vi, b 600 m/s, HAERPILGNLIN A
90°, % 300 m/s\ =¥ 5 000 m, UCAV HI4fifit
[ ff 0°, T4 300 m/s. fRiE 6 000 m, JHEFIELL
P 7 (1) PID #5648 7 300 m/s Zid7. HArZ
B v AT D ARSI 0 1s (BT 10 AN 5K A H A
33— AT sy, BB e IS A7 AR (A
0. J728 03%MIEAATIRE.

Bl 2(a)F(b) 73 il s H T SR H 5 3E L) 3 5 | 5K
I UCAV X B ki3 H AR A F42 8k,
R R O B O 2 A A R R AR A
Bl PIEERRY, hF 10 AP AN H RS —
TABEVMER, HAAERE, (EEmZE 5, 1
AR MR R, REIEHIRE 6, ARG
BRI AR UCAV ) H bR S HETT A KBUERE, H
S BE A B E bR ISR SRR, B e 22 AR A AN
A2, BAFEUE 339.0 s S H bR 24.294 km
B H bR, SRR I A& AT

Bl 3 FE 4 0053 )4 TR MPC-PN g Al
MPC-PSO W& I FLEE R P FLas RAERW], K
Fl MPC-PN & fil MPC-PSO 5l #4) m] L SIZ )
UCAV X HEIZ 3 HAsif 3 EH A X2 R
H MPC J50t Hbsizsh it 2 5, 2k H A%
P BI T B > TIRZE R .

http: // www.china-simulation.com

Published by Journal of System Simulation, 2016

* 2250 ¢



Journal of System Simulation, Vol. 28 [2016], Iss. 9, Art. 46

28 B3 9 Vol. 28 No. 9
2016 4F 9 RAEL S BLF T EBGHEEN UCAV A F34805 75T Sep., 2016
¢ X10* 100 10
A = 0\.——-«-—«-4 w0
£ ~100 -10
ER EL TR 0 100 200 300 400 0 100 200 300 400
— UCAV#LiF ’ 4
0 . . . . . 100 10
0 2 4 6 8 10 12
Zm ~ 0 > 0 va—«
x10*
6 500 -100 -10
6 000 — HE 0 100 200 300 400 0 100 200 300 400
—— UCAV#L i ¢ 4
\i 5500t 1 1
5000 <0 WWMM S |
4500 L L 1 1 1 1 _ _
0 50 100 150 200 250 300 350 0 100 200 300 400 0 100 200 300 400
t/s t t
(a) UCAV X} Hbrf E B350 (b) HEHEDR 22 2SR (AT A BE ) AN il AR A 5 Bl
B2 HBIS5 e i
6 x10* 50 10
" < 1 < 0
£ -50 -10
R | — HRAULE 0 200 400 600 800 0 200 400 600 800
—— UCAV#LiF 4 ‘
0 . . . . 100 10
0.0 0.5 1.0 1.5 2.0 25 i
Z/m 10; a O [Na) O
6 500 - ~100 10
6000 — FhE 0 200 400 600 800 0 200 400 600 800
£ —— UCAV#Lip ! {
;‘5 500+ 1 1
5000 w 0 L_ N oﬂ—
4 500 . \ . . . \ . -1 _
0 100 200 300 400 3500 600 700 800 0 200 400 600 800 0 200 400 600 800
t/s t t
(a) UCAV Xf Hbrf H ER2 8k (b) HEHE 22 (BN hy ) R i)
K3 MPC-PN i H.45 %
g X10° 50 5
N oh
Al w0 < 0
g -50 -5
= _ ‘ 0 200 400 600 800 0 200 400 600 800
2f — Bl t t
0 —— UCAVHik 100 5
00 02 04 06 08 1.0 12 14 1.6 1.8 2.0
=~ 0 > 0
z/m . —
6 500 <10 -100 -5
TR 0 200 400 600 800 0 200 400 600 800
6 000 — HbsLgn ‘ ‘
. —— UCAVHL | |
£ 55001
5000 ~ 0 b — < 0 .
4500 N | | N ) | — —
0 100 200 300 400 500 600 700 0 200 400 600 800 0 200 400 600 800
t/s t t
(a) UCAV X} H A H 348 (b) B 22 (BAAN Ay 85 ) A sl o

K 4 MPC-PSO fjjEL&5 5L

http: // www.china-simulation.com

* 2251

https://dc-china-simulation.researchcommons.org/journal/vol28/iss9/46



Wau et al.: Research on Autonomous Intercept Method for UCAV Based on Lead At

§5 28 B 9 M
2016 £ 9 H

WAk, X EZIEZ) H bR, MPC-PN SEHS 7
760.4 s, HEHFR 21.41 km Ik B 448
MPC-SAPSO SFI&7E 637.9 s« i HAx 21.038 km
I BT 4. X&) MPC-PN 3 i1 %
FHTE & LG R E, JEARIE UCAV [ =485
A, 1 MPC-SAPSO it T K H SAPSO it
T HE SR, o B BT T, 3
BT AR I
42 fiE 2: HirfE SHLB)

FA ARG L 1, HESE S Hlah. thif
MPC-PN & Fi1 MPC-PSO He 1475 B 45 5 43 il
Kl 5 MK 6 Brs.

{hEEE R F W], MPC-PN g Al MPC-PSO 3¢

RGN AR

Journal of System Simulation

Vol. 28 No. 9
Sep., 2016

W35 T SEIL T UCAV XHZMLE) H AR IR H 4448
Hr MPC-PN SEWSAE 146.3 s #HES H bx 30.0 km i
KRBT 4F; MPC-SAPSO SEISHE 142.8 s B
B9 H A5 30.0 km IIA i 4. i B, H E42AR
W, MPC-SAPSO Selig X H A5 KIS (w2 o,
/N MPC-PN %0

Bz, VLEOIEA RYW], 78 UCAV HEH#
BAFENLE) HARES, X PR MPC 1) 5B e
KRB 4, B MPC-PSO SR Ig sk FAR T
MPC-PN %%, feflfi UCAV LR J [ I TA) 55 8
dr & MR, il kAR B UK
MPC-PSO 5 & 530 ) S 4 328 322 A il MPC-PN 3¢
W, H RTATIHME A AL S B K

50 10
b S <0
—— UCAV#LIL 000 100 150 % 30 100 150
7000 {- — Hishliik t !
6 000l 100 5
%sooo— 0TS 0 150 0 50 100 150
2000l 10 000 t ,
5000 | 1
3000 y
0 w 0 w0
2 000 L L / /
-5 000 - -
10 8 6 4 2 0 lo~ 50 100 150 ‘0 30 100 150
104 X t t
(a) UCAV X} Hbr I B ERak (b) FEVEE O 22 (FAAS7 g B ) R 47 sl
K 5 MPC-PN /i H.45
50 5
* R < ow <0 m
D2 -50 -5
—— UCAVHLi 0 50 100 150 0 50 100 150
7000 — HAFHUE g '
100 5
o ok A O ] VN
5000} ~100 -5
> 0 50 100 150 0 50 100 150
40001 10 000 y ¢
5000 1 1
3000 y
0 < 0 0
2000 L : L L ~5.000 -1 i 1
10 8 6 4 2 0 0 50 100 150 0 50 100 150
x10¢ X t t

(a) UCAV X F B 1) 1 £ 130

(b) TR O 22 (PR Ay ) ANl

6 MPC-PSO 1j H.45 %

http: // www.china-simulation.com

©2252

Published by Journal of System Simulation, 2016



Journal of System Simulation, Vol. 28 [2016], Iss. 9, Art. 46

5528 %5 9 W Vol. 28 No. 9
2016 49 A G LT TR BGHEER UCAV B EHE7 5T Sep., 2016

A Exhibit, 18-21 August 2008, Honolulu, Hawaii, USA,
3) gl!ﬁ/b paper no. AIAA-2008-6796. USA: AIAA, 2008: 1-20.

AKRICEXT UCAV A 232 2ot 25 b Lz H
bRt B ERA R, A7 T UCAV (i)
TR B B IR, 25 T 6 T B e i v
i 22 % 525 R R 2 A7 V70 o ik e it e
ZAF, SRAT MPC J5k i b Hbsfa 5 S G
KEsem, JReE Iz B3R T MPC-PN Al
MPC-PSO Pt i ok szBl UCAV [ L4k . &t
HELBFHPA S W3 HARK A F 4805 5145 R
KW, MPC-PN fil MPC-PSO W4 5% #S GER 1 b
W B 4, H MPC-PSO HIFAE R T Ut

SRR :

[1] N K Ure, G Inalhan. Autonomous Control of Unmanned
Combat Air Vehicles: Design of a Multimodal Control
and Flight Planning Framework for Agile Maneuvering
[J]1. IEEE Control Systems Magazine (S1066-033X),
2012, 32(10): 74-95.

[2] N K Ure, G Inalhan. Feasible Agile Maneuver
Identification and Generation Algorithms on Multi Modal
Control Framework [C]/ AIAA Conf. Guidance
Navigation and Control, Chicago, IL, USA, Aug. 21-24,
2009, paper no AIAA-2009-5757. USA: AIAA, 2009:
1-18.

[3] James S McGrew, Jonathan P How. Air Combat Strategy
Using Approximate Dynamic Programming [C]/ AIAA

Guidance, Navigation and Control Conference and

[4] Y Baba, H Takano. Air Combat Guidance Law for an
UCAV [C]/ AlAA's 1st Technical Conference and
Workshop on Unmanned Aerospace Vehicles, 2002, 5,
20-23 May 2002, Portsmouth, Virginia, USA, paper no.
ATAA-2002-3427. USA: ATAA, 2002: 1-11.

[5] #h%, M, KA. TAES LA B EHLE)
SERTIT (). WL, 2010, 17(8): 28-32.

(6] TKIZMG, BRIERAT, 26 TAMER WAL A R
PRHTHEWEFT (7], #2012, 19(2): 92-96.
(71 Bk, S, FAARE, . BRSPS b
WAL SRS S A 9], SRS 5, 2013, 35(4):

44-48.

[8] 2, s, SWAH, 5. AR NI B FEB
dr AL [J]. B S, 2014, 21(9): 19-25.

[91 JEGNI. s gia KO fml e (M) Jbst: EprT
Akt AL, 2008.

[10] BRAY J7, MREwAE, ROV 5. S5 RAT haE M) dext:
AU TR AL, 2011,

[11] 8RN, SRR, PE7KAE, 5. Hr VP 22 I S HLE U
P AN [J]. 2% LR R EREREHER),
2014, 15(6): 10-14.

[12] 4=F 55, B RETMIE ) & H MATLAB S8 [M]. bt
HL7 b iR, 2010.

[13] £8, XDERE, RHALT. SKRAFLAMRAL I BLIER K PSO
By 0] 24 LB 5B T HEA, 2010, 32(7):
1532-1536.

[14] 2840, FIEA. Kil MATLAB SRR [M]. dbo:
L Ak H i, 2014,

http: // www.china-simulation.com

* 2253 .

https://dc-china-simulation.researchcommons.org/journal/vol28/iss9/46



	Research on Autonomous Intercept Method for UCAV Based on Lead Attack Aiming
	Research on Autonomous Intercept Method for UCAV Based on Lead Attack Aiming
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/bjFXfiWlu5/tmp.1688108042.pdf.OevKE

