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Fig. 1 Constraint classification and control method of multiple missiles
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Fig.2  Multiple missiles planar engagement geometry

r, =vcos(q, —0,) —wv,cos(q, —0,,), (1)
ri’ji =-wsin(q, = 0,) +v,sin(q, - 0,,), (2)

6 =" (3)
91=7' (4>

1.2 ZEeEEMAIR

T2 S o o [R) i) e 1) A | 22 e 22 ) 1 3 £
I CRFKHE G(A) = (v,&,A) KAk, Hrb o #f
AT AR A€ R T L ) 2,
A=[a;] e R FRBERETELE, Hh i) e (1,2,
ceun | AR R 2 B RS TR B A, )
a; = 1,80 a; = 0. 5% i N FIAEELRYIR RIS
SRR IR G BN 8 AR TR, BRI N, = |
(i,j) € €.

2 BARTHEZSEHERGSE

W AR A S, RS SRS AT &k 2
APPSR RO REAL , MLBh SRl 2 BN A2 2%, G X A
Joit Y AT, A T s PR, Bk A 5 9
18, 22 TR ) Tl 2 IO X R SR S 2R B A A0 S A
HOTRAEZ RIS 5T, B0 AT
1l T S HCHR s 2 HE A B AR AT R, DT
B TR 8 — W BCSE BL PR RIAE 55 il Xk
s T o A ) R el A BE R AT P, T LA A S i
SEREAER] — Ik ], 75 35 AN TR B 07 180 %k H AR £ 4T 2207

IR A Z R B Rl S O .

ZHANG Da,et al.Recent advances of cooperative guidance under multiple constraints.

PEAT iy, T o 0 H s 9 S8 O 3. D 1 B i 1o
VR B 52 2 St D8/ B AR P NS ) A2 30, i
FBERIG AR TR R AN 3 R BT TR
P BA R

SRR R P A JE RN H R HLBIRE T B R R 1R
e, X A A BOHR L T R R R EOR BT B
SR A0 ] S AT L B R AR R S
BUBAE BTl S8R DA 22 2950 B BibR] ] S JE R
L W [ ) 22 2 ] R 32 03 O I () 3 [ 1)
R el A E VI () [ R, 22 i B8 5 3 IRl AL, DA R A
WL £ JEE BR ] 14 225 3L B [ ) A

2.1 SRt EhE E)E

H AT, [ Y A E A I 8] 2 o8 (1) 22 5 3 5% 5 i i
TP S = oS A by R W 5 e W) N IR S 9 )
WA 5 BACH. 76 & STHT N A 45 B 5 5 1l 1
BB BsF ] 3K S — R F B 7 =, AR b 75 /2
— e B T 1 ) S TR AL X A R AR AR AR IR
R T Y B i e e kR
Yk o B BR ] | 80 B 90 T PR 45, AR T 53T 200 1Y
DML, & 0 JR) IR s T A S B[] RS A 1L, 75
DUV 149 B ] sk DA B8 gk /N0 2 5 W) 552 s 1) )-S5 &K
R R R XA s B R K R T
LA A {5 B A ., SCEE T —Fh A R, X
Ty N B0 B[], 46> S s m] DLUE 2o 5 B 52
A7 A PR AR s T30 X O A A K
Fias JRy = ) 4 265 4, 4 Ry X BT A 1Y i
[ #R AT LM B Ag i, ARG B 4 (AAA e B ik 22 0
AR A R B Ta) L, 43 X R TR AR AR S R 15
SN i) E I 23 R E S w1 e = SR D AWl
TR A AR . U ) 7 o0 DR A e R A 45
A TR % i v S () RS S Y R o E R S Y
B IS B8RP 3 4 BT ) Sy iR 908 A e 0038 ok i )
A T 5L T 4 B[] s T — B, DA R ST
SRR WAt ) 2% ] (ARG B R U AR R I i
ERATHERE , MR AT s .

T;

A
tgol,i __Ti, (5>
s i o’
AR PR A 6
N YO I Y (6)
Horpr 85082 S M R A B AR T, N O

F(5) TR A e 5 3URH s 2 1] B AR X
PR T PR ST AL Sy (L INORS 88 5 s, 52 B IO v R Al



B F1E 0 241 2L 20 HRBIEEI) 12020, 12(5) :530-539

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(5) :530-539

BRI K (6) ZEAR T R A o R B E
PRI BN TR SCAMEI, DT $ i 1 A B
YR BE (Y IR A R B R T 1 i M R 2y
PN TN

T T\ 22 S A I ] D7 2R AN [R] A 280G T I TR]
I 1) & Jre SR
2.1.1 RBRXWF

Jeon SFUN MR B4R R T 48 8 TRAT I R Y
il 43¢ ( Impact-Time-Control Guidance, ITCG ) , % il
SR 28 B LB 5 | RN ] 352 22 1) B 5 3 20
TSR, e 1 PR T R 5 v 8 I [ 24 T [
WA T )5 2200 A i AR R B2l S8 T
AT REARATAT A A 3 50 0 % B () Al T, o e iy
T FRA I T A 2 Ty 2 T A i (R T
PRI SE ST PR A B 2 TR B ) A
T
2.1.2 2XWF

AR T TR e R R 2L B B AR 5
TN AT SR 2 e 0 ) ) T PR A O X
IR EARSR HY 1 — i i 0 5 DA SR A 1) A1 =X
PNV 5207 58, R 4D 40058 Sy 35 3 DA iR i 1 H0H B ) T
A IEME S, I S Ay Fe ] 2 5 R 25 5 4B e =
B9y s [P 28 2 fi 5 I 4 A0, SRR A1) O T R £ X I
A EI AT B x, = [r,,0,, ] A—4UREA
Xof DRI FH D) 4[] 25 2 20 - 25 6 Wk B 1Y
De Bruijn [ 45 48 12 (1438 15 1 Fh 4544 52 B 1 B[R] 2
i He S5 S SR BT —Fh 9 B B 1 19 3 ) ol 52
5 TEE— W B 2 53 A 20 285428 1 45 > 5 0 )
ARIE BT E BT B N A B B 4l L ]
S | SR AEARTR] (%) T 4% 5 2 OB A k] S A R A
HEL TN B B B AT AL . R B ST A R R
1) E bR ABAE SRR B, BARTEAE B —E M HL3h
PE, PR B i S AR BRI AL £, 5
SRR I A AR EF XS L 30 5 4w 0 P [R] ] 5 0]
RO, FE I AR o I e A ) A R I A e
Ak, HPRZS WL 2848 1 H AR B AL 8 7 ] 5 A v i
AT AR AME K b m] il S [ AU A S — B ) 8, DA
TSI T 2 3 S AE A 10 F N GS #1906
SR AR 0 i T ARSI B B AR Y 3
S D LU | AR 4 S SR TR 1 IR ) 3 5 LR 2,
TEAR L P A BOHE SR T AR R 53 A1 X R 2% ) 20—
FPE IS TS AR R B R B B R TR R
{5 A3 T8 AR 5. Zhai 2620 R4 A5 X B )

533

PSR B [ ) S AR A AR Rk T 1) 1) o ke 2 i 30
T, NI AT DO 3 115 1 2% 58 A0 S e i ], O
G55 I 22 i T 42 o) T 53R 90 A THT 19 97 S FTRIR
SEIL T A A P R i
2.2 ZIERAEDRE B

XTI RGERUL, B EEH MRS E
F1R) T e AR A A AR i I L oy 2 (AR SEIg R A
ASCHE ) P L A A A D 58 ] A 55 1Y, S R AR T
i AR 5 2 LUK E 19 A 23T 7 AR, 2 2 300
T B PR B T A3 S ST A RS T FIRH X
BRG] ST A S5 W AR i
MO B F0UE B 24 %08 Yt £ B i b B THAH X A
JE ST H UL S A 1 A a0 X O A o
A T T A S SR I — S RN A
XF A BE IR A -3 B B B — > 2 AR RH X 422
2.2.1 M fAEF7

H T A 4 ) 4 ) BB 8 e IR R 8 Y AN
PE TR A B S B A TR R i B e,
PSR NI N IVREYE RV A | e i IR e i ) e
TEOSCHERE 22 ] 20 0 b H s AIHLSh R H ARt
TR A AR AT AR RO R 1A T iR 22 B
REYTEBLT W AT PRI 8 & B9 B2k A Bt H bs. % T
AREERE A A BT, TR B e R E T S
AE , CLAR WS BIGH B RS PR S5 5 1, 1 BT 1Y 2 5 08
H R UL PR R A G 2 M TR

s=x+cx,c >0,
— o 2 it P AT

s=x +cl xl%ign(x),c >0,0 <a <1 (8)

S — PP A ST s =0 I, x WHE ST 0, R
A S A FIR Ao T WA S5, T s — e 4 i A 4 ) 5 1
ATLASEER s =0 B o ) DATEA BRI ] e 8, RIS 38 7
A7 IR A 18] P 52 B2 0T 18 B E LR A A2 S5 1
P 2 0 5 28 TAFE £ 2R A Jre v LATH R I A i A2
AT S AR BE AR 1 E A S 2 o ¥ A S B
BEmARE R AT
2.2.2 XA EF5

TEHAT AR 0 B2 2 i) 22 5 3 0 [) s A
DGR EE S S MRPA DS - W iR S RPN B 5Y P
W AT 207 249 SR IR o 5 [ AU A At A TG 3
(LS REL R G o T R 1 R A ) A e P 4 ) 192 1
LA RT3 R BAR R
AR = A8 AT RV, W TE L E RS0 2

(7)



534

7 X PR R A T A e, SCRR [ 23 ] 1 X6 19 S i o
—ANHBR 5, 3T R i AT Ui T
— AR (0,,-6,,) LT, ST T
58 L — AN FERT A LA AR 480 5 A5, SCHR [ 24 ] 78 3C
k[ 23] A SERS L R P2 AR ch P ALY R LA, i
L G =2 1) LA R — AR 5 A BE AL h B A, I3RS
T S P R AT A, S T 2 MR B (]
FL A P ] FE L2 AT R B AR R
TRATHT T HARIRES BRI S BE 2% 52 2 A Tae ARt
FARIFZ I, AR — X P2 AR 5 H AR R 7 55 f
/N PRINR 22 5t 2B > ik [ 26 ] R AN A
LT HIME RS A2 R A ) FF OU 2 0 2 D vk 420 H A
FRPIR S, 3 3k B[] o1 3 R T A 4 AR 22 ) A A 2
GYEIF (qi—q,) NI SR A8 X F AR A BRI R.
SCHR[ 25 ] 7 SCHik [ 26 ] A FERS 42 T —Fh il S 88
R BT, FE il R BT 5 A Z 25
£ DT 5T Tl B ] 4 000 T L Ao ) 8 7 o) 5 4 R o 2
BEMRCR.

FEZ AT DM A S v AL H -5 - i 7
) =R ) U — I A AT
B[ RATRR BT, bR B 25 4R ) B 1 A A
PRI AR RENS 35 1 R R 4 AR, Sk [ 27 ] 2R H
T HER QAT A R — Mo B i 2% 22 B 1Y 46, 3 T
e ) SEAEL S BI04 B0 14 R A B O L R 4 1
Rt N S0 B br pR B, I D T A B () S
) B0 SCHR [ 28 176 SCRR[ 27 ] B ELRE B 58 T By i %
MBS, 622 F R I Ay T RS )5 0 i o R X 422
FREMLH, B ARBE AT Ak ST 51 40T DULVE A i
S A P A P 1) e P TR 7 O LA eT DR B
ERWoINCIb A = R VA A N T T o N i i e
(A RE LA A, T LA SE 35 /)N 14 B F2 T . o fE 4 ol A
SRAT LS PR S A8 T DA T (R4 388 A A o st i o
H bR, (H e e 4 1 75 22 3 i AR B ] LAARAS: H bk e
HAHLEh S B, 37 52 B A0 1 R BR B rh A 1 S 0 LA
SCERAY , PR Al 0 X o L ARLR 5 | AT DA A 45 S i 7
HFRHLEI AN I DL T AT38R 7T LSBT H A 1445
i B X R AR S H AR | B AR =2 1 0%
Z IR R, I = A ) 5 1R) A ] DL A
3 B - S AR SC R [ 29 ] AR — M AR
1B LR S 3 A T 9T, 8 SOR E AR R T g
FIXUTT , K T o % o R B Sl T 5kt H
o P ot L T RIE R A R 4 B OR. SCHR [ 30 ] T xRS
B =3 T R G Sh 2 B AR AT, SR A S SRR U

IR A Z R B Rl S O .

ZHANG Da,et al.Recent advances of cooperative guidance under multiple constraints.

ot gk 4 [ R 5 HC A S 55RO PIR R SR R
bR R0 5 R4 18 ) B ) S A 7 i/ I B e B
(I, S 5t 7 fie KA A R, S AR A 20 3 il
SRR I R T XLS H AR B

2.3 SRMNESAEFHEE

£ ST H AR 407 AR A i 7 EE A
LR, Ho— R m R R, 0 A U R AR R R
Xof 22 T 5 A i) 5 9 S ) s S il s [) R £ B8 11 240 SR
S PRGBS () — S E g ), AR S RISV TG
ABUPLEEL B | il S 2SR 0 T o H AR S Sl f )
IR Y B AN X — S U TR
(AR 22 5 LI 22 ) J3E 5 S5 1) R 1) ik ey 6 2
A3 AN I AL B4 ] (S ) S G A O ) | B Y
Brds i) A AR R T By 1) A ) 45 ).
2.3.1 M @hush izl

A ) AL B4 il 2 - 5L 0 T B8 14 7 1) it
— ANl DTV FEE A [ R B A SR SCik [ 32]
W5 Tl £ B AR g ol s ] %) 240 o Qi - T Am 3] 1 4 L £51)
SglET IS T RO, SR T
SR RT LA LA i B4 B (] A 3 o b H AR SCRR[ 16 ]
HH R ] A R R TR) A I £ 75 A 249 SR 5
R Y ek st ] 9 O B I A B, B A
AT DAHZ SO i #0400 3R 1) £ 2., SRR AT A S8 B A
£ FE RIS [B) 24 0 A 0 o5 AT 55 SCRik [ 34 ] Bk T4 4%
PO 43 BO R W, e HE QAT 25 22 1] (4 322 A 1) 25 e
/N FLAE AR B SR sF [ 5 0 ()48 AR o0 O 45 A AT AR 42
AR RS 45y R A A B 2R i
M) S, ot Aol o — EOrE R AR AR A HE A B 1]
YR B, S T 2 S H S R ST
2.3.2 WmH-BEAEAH

VR A BB ) e ) S 1 e R 0 Ry SE B [R] H 1)
B PIANB B, 308 Ao 1) 46 1 i) i S X 2 S £ 2
. SCHRT 35 ] &0 Ik HAREE T — i B B
PR WS 55— B BB 5 0% Tk s ) 4 ) Ak R
X AR PR S 1 BRI O 7E DL B Bow T A
AR AR ) (o 5 57 T 104 Tk ) 32 A 30 A0/ N 1
FEMLE, 55 o B 2 FH o A4 o 6 255k A B R AT
K g il o T 58 — B B 1y R I 42 ol A5 50 —
B B Xt BsF (1] £ 5 M 58 /0, PR1 0k el L S 06 8¢5 A
JEE RIS ] Fr U SR 24 5. SCHik [ 36 1 £ XL 8l H At
T B %, AR RAT T B T I A e
BETE TR AT 45 A B R ) S A, FE G R B TR
BELER[) #4017 28 it ) B 249 B 1Y o 5 A SOk



B F1E 0 241 2L 20 HRBIEEI) 12020, 12(5) :530-539

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(5) :530-539

[37 ] 5% 7 3CHR 35 ] A MR Bz il S8 AR, OF h — 4
ST A R F = 2 (6] A B — A B Bk T D) A
FEAEUXH S LAY 2B 1) 3 A A 4 A B 1 i >R
U551, 508 A B Bk e DG 42 1 e v 2l £
JEE PR Bl
2.3.3 Xl 324

TE 22 1 BE 55 S R AR R | 225 90 A 93U 75 22 [m]
{6 A2 T s ) AR o 3 88 ) 24050 TR b R 22 SCHiR R
FIAE S 3- HAR O DL A b 28 1 J o i S 5 i 4
27 1] B0 T R R AL 3% 1o ) kR 6 2 K.
TP T7 1) b A8 B2 AT LA B S 58 2 1) i o H A
R T, Py DR 3k 1 L £ o e 52 ) DL f S 5 LA
— A EERG s A P AR, SCHR[ 38 ] AE R T 1) A
[ B PR J7 ) BB 1 B A A il g A AR G R Bl
SAERU I b, AT DL i T H AR AL sh i ok
AL , R I — 0 £ ) P DA 451> S 58 [ s LA
PR R E A vh H AR SCRR[ 39 ] BT it 5 Hirz
[ P4 03k P A AR /NI (BB, 2808 T H A £ L
27 1) L AR B i,y e A IR T 1) M A BR
18] — P B T LAPRIE 22 5 9 R] i et s 7E 4R
k1), B R T HARHLBhA R i et TSRk
TN I VT LA A i {5 3 IR —
F AR P A H AR, SCHR [ 40 ] 9R#b 1 SCHR[ 39 ] 7L ZR
J7 AR 1 HARHL N B B0, R BT 1 3 0 42 i il
THER LB, DTS BT SIS At 4 e e 4
. SCHR[ 41 ] B v 7 g H AR BT 1 — 7ol [a] ik 3
A7 JEE IR [i) 243 5 £ ol S A, ZE LR DT 1Rl 5T 1 A
JHFR R () g B 0] A e T SR P 98 1 B g A S b
PSR R B 28 e R — EOPE Sk AR UE T 1]
fGE— s PEAL LR K ) 2 B T A A S 28 g T A9 1 B A7
P, S AT L LR ff AL 3 5 n] LLAEAT PRI []
PR R B B AR DRy 1 bR R 1] i B — A S, SR

>

a. KA 51k i

535

(42 JFERRER T 1] LA T 3 O e 33 0% , T A S
PR MSCELAE H. SCHR [ 43 ] 76 i IR ik 1) T 1) L
VeI 1 A S bR A g A A 4 A B
B TRDISCSIC Y T PRI 25 S 30 T A4k A R A 3k
FR PREAS S AR WAC S, A Al B9 BIR ISF () 42 o) LA
SER B R . SR [ 44 ] 78 70 A1 U {7 A Bl B o2
BT 2245 A FIR A ] PR 228 s i ol P ] ) — b
FIRRZR A AU S, h A rh BRIR S5 B = 5| Sk 2T
IEN A 2 HARPLE B, A7 TR LAY 20K,
SCHR[ 45 ] [R5 I8 2 ¥ hE5He  Jo S5i- Hrte
i) SR ek YA AR 2R AT L8l H AR AT BRI
) P[], 42t 1 22 S st m] e AAS []) 19 £ B2 et E AR
I Had i 07 LR I0E 1 il S A 2.

2.4 HEWHARENZLREH

TEAR TP B, S o] St B 2 = A R HLEh
XAl e R ECRAT LM S s IR A T 5 SR
SR ZO0 T H AR BB, AT 5 BT 33 TG ¥ 1
i BRI BO A AN T 2
AT, PRI AT G S s i A B s g 4
S S R 37 91 3 Ay S T T 174 B T DX, e 3
JFi7R.

R T AR S BRI B R B AT 55, EE X
A Beds i ) RN 0 £ B 1 22 29 R R) R, R R A
AL BRI S, TRk TR 8 B PR RE X P
[ri] st S ask R R 1 BR AT SCRIR [ 47 ] 8% A 37 4
LYRI AR — 45 5E A B0 HARAY IR, S22 T —
T =B Bl S, (HJR i T 55 2B B A o B0
il 2 Y AR S5 [0 R, xR AT A AR P AR E R
TR )% Lk ) T, SCRR 48 ] [l 25 0& T
Yt i B AL £ 0 BR A 38 2 B3 1 e 2% ) 1 A5
A1 FIES AR B A% Lyapunov PR ECHRAS 19 &I 25080 T

SESS

b. /ML 5| 3 S

K3 EEA RG]k T
Fig.3 Missiles with different homing heads



536

T WA A A R R R 22 T AT DLw £ A bn
H G LA T Mg Z N SCHR[49 ] 1T T —
Tl [ 325 7 2 g A5 1T FTHT ) Lyapunov [R5 pR%R, 7T
DL 2R 0 PR A8 A A IR B ) A P i e 8
FNF i TR i A i B B E
WA STy B il e fe 1 4l n kAR iR S
AT HET X AL S 3 BB TR AR SR A1 7
BT B ) P E], B 2 A S 2 B 7
FABR R AP A i TG S BB SCHER [ 46 ] £ X
LB BFRi Tt T —Fh W i B Uh ) i) 5 4, 765 — A
W Bfs il S i AT Y N TR] AL 37 PR B2 T —
T A (] 20 o 1 O LU 91 5 L, 7 28 =B B
Pl A ek A B RN AR e T A R R ]
R T SCHR[ 50 ) 63F T 2 M) s (R B &R, $2
HE S L[] ) T AR R 8 AR R, R I 5 %)
S el [E1 [ i DO e Bl i - IS S e 1 B E RO
IR AN 4 PR GZSCERER ) 1 — o ] ol S A, 7
ATREBAT 55 W ATEE T, /N T HGE 32 7] — Bl 3h
H A 1 S SR TR AR A8 Ak, DAGRIE IE 5 iAok
M U SR e R T A [ e R L A B AT 4
PRI O T B SR Poas il ok T — 3ok 33
SRRz, TR S AR, SR R A
R AN [F AR A R R AL i 29 R
BRI A 20 S 28 i i D[R] ) A A A
B SR SRR [ 51-52 ] 41X B A A1 R (A8 37 £
LYY 22 G R T I B I ) AN B A R A P
Al S, O B4 S5 1 Sk ML) £ BE AR SCRR [ 53]
PR RN A AN R i 2 R 22 S 55 S ) i
i RSG5 5 1) R A R i 3 R GRS —
X F i R S R S B RN S B T
ARHE B AE B AT SRS 1 — Bl S, X 4% S Y
AR TS —BUG L 0] (938 15 X 45 = Wi R
FHA ST S5 | 2 b H s

3 B

A=

ZARENE T Z2 3 PR H A )2
OIS RIS, 040 25 5 s 25 5 T, 32 3 1 [ A A
SFE )2 R A T Y 22 2 TR R ) B
FECL 28 VOB, 1 ik ik 1) i 7 B2 4037 PR A1
AR EELARAF I A TR, Sl Tk
PR B ) 5 AN T 22 5 A 2 9K AF T 14 D3 ]
5 F AR B AT I i oe 35 O PR & | ELER R D5 308k
B | R P R] 1 55X — SRR Sk 2 A T 1Y ke

IR A Z R B Rl S O .

ZHANG Da,et al.Recent advances of cooperative guidance under multiple constraints.

P4 iz [8] AR XL
(AR RS ) — A Z [ e )
Fig. 4 Look angle between missiles (the angle between
the velocity vector of a missile and the line

of sight to the other missile)

23 [H].

1) FURIT, 76 22 S 5 ] 3 [7) 75 1 K 22 308 B
FR9 R A B ) g I 9 78 S, LR X6 T 5 LR A 5 1]
ARG T TR T B, ASBE AR UE XS BIL 3l e 4 i
A T A R . DR, DA — ARG B 1) 80 A ) [ £
THEAE NP AZ i, Al fE 2 5 30T HUR A AN RE LA TR
— I [ el 1) F A, B A 20 e i A B R AL
BRI SFERE AR W] LABT XL S B ARk B
YRR B4 ) 2% I [ 3058 075 3%, DT X B[] B ] 32 47
it

2) TEZ SRR AR FR R 2% vh | A 22 8] AT LA
i £ R e A X0 38 1 8 BRI ] Y — S5k, X b
T GEo R T SR 2 1 B i 4, e B T s
IR AEX T Xt ff BE A7 A A 2T B P ]
S WS TAR R 2 R BRT BT T 9 i A 3 5
FRJZT, AR REA I 2 5 5 22 1) B9 368 £ 3 A S 5 3 ).
PRI R Sk i] 2% pE R 35 £ B o e it — ik
Fabs , AT AT A3l 25 o B4~ 5 300 B — A SR A Y
FRE 58 UM I A AT 55

3) HAl, Joig & A S i i SR ot 2 2
S R ] T R 2 2 A AL S BR
Sof- HArR T s 2 T = 4e s RN iy, B4 5
SR P I 3 = A s A, 45 A 30 T T R
PR ARG AL T A 6] N O ) S LR B
I, H RN Z ARG RIBTTE R

4) 1622 T JA) — BRI DTS b e 7 1 5 9
21V P R LA AR AR SR i i e 22 5 22 24 T[] R
f—>J7 T



> 12 4 < EaS AP
A7 1R R 2452 FRCABFEIRD) ,2020,12(5) :530-539
Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(5) :530-539

References
[ 1] &l g 2SR SR sR )] s

[6]

(7]

2¢§%,2017,38(1) ;22-34

ZHAO Jianbo, YANG Shuxing. Review of multi-missile
cooperative guidance [ J ]. Acta
Astronautica Sinica,2017,38(1) :22-34
B, B IRk, A is L. Z b Rl £ Sk ik 5 e
[J/OL] Mi28 24 . 1-10[ 2020-06-24 ] .http: // kns. cnki.
net/kems/detail/11. 1929.v.20200115. 1759. 002.html
WEI Mingying, CUIl Zhengda, LI Yunqian. Review and

prospect of multi-missile coordinated interception [ J/

Aeronautica et

OL]. Acta Aeronautica et Astronautica Sinica: 1-10
[ 2020-06-24 . http: // kns. cnki. net/kems/detail/
11. 1929.v.20200115. 1759. 002.html

Jeon I S,Lee J I,Tahk M J.Homing guidance law for co-
operative attack of multiple missiles[ J].Journal of Guid-
ance, Control ,and Dynamics,2010,33( 1) :275-280

X HEEE | Jo 0.k T P A AR o ) 22 S s O ) S [0 ]
fiiZE 2741, 2008,29(6) : 1605-1611

ZHAO Shiyu,ZHOU Rui.Multi-missile cooperative guid-
ance using coordination variables[ J].Acta Aeronautica et
Astronautica Sinica,2008,29(6) ;:1605-1611

AR, S E K, 26 2 S T A P S — A
AU T R [ 1] 0 2 2 iz, 2009, 30 (6)
1109-1118

ZHANG You’an, MA Guoxin, WANG Xingping. Time-co-
operative guidance for multi-missiles: a leader-follower
strategy [ J ]. Acta Aeronautica et Astronautica Sinica,
2009,30(6) :1109-1118

B AR B E | 5. £ R B 1 526
SR T LT ] AU 2441, 2016,37(3) :936-948

ZHAO Qilun, CHEN Jian, DONG Xiwang, et al.
Cooperative guidance law for heterogeneous missiles in-
tercepting hypersonic weapon [ J |. Acta Aeronautica et
Astronautica Sinica,2016,37(3) :936-948

PN, 5Kk AR T, JE 3K AR i S S AR 280 [0 ] TR A
2012,30(1) :86-96

SUN Sheng,ZHANG Huaming,ZHOU Di.A survey of ter-
minal guidance law[ J].Aerospace Control,2012,30( 1) :
86-96

Zhao J,Zhou R.Unified approach to cooperative guidance
laws against stationary and maneuvering targets[ J |.Non-
linear Dynamics,2015,81(4) :1635-1647

WIS AR B/ ME. 2 S det @ L3l B iR 23
AP R ] 3 OCHEEOR [ T] M7 J2dli, 2017(3) 3-12

YANG Jianying,ZHOU Jialing, WEI Xiaogian. Key tech-
nologies of distributed cooperative guidance and control
method for multiple missiles attacking the maneuvering
target[ J].Aero Weaponry,2017(3) :3-12

Zarchan P.Tactical and strategic missile guidance|[ M ].
6th Ed. Washington, DC; AIAA ,Inc.,2012

Zhou J L, Yang J Y.Distributed guidance law design for
cooperative simultaneous attacks with multiple missiles
[ J].Journal of Guidance Control and Dynamics,2016,39
(10) :2439-2447

[12]

[13]

[18]

[19]

[22]

537

Jeon I S,Lee J I,Tahk M J.Impact-time-control guidance
law for anti-ship missiles [ J ]. IEEE Transactions on
Control Systems Technology,2006,14(2) :260-266

AT a5 Ak R )4 ) ) S EREE S (D) R A
ST R,2019

CHEN Shengfu.Investigation on impact time control guid-
ance laws for missiles| D ].Nanjing; Nanjing University of
Science and Technology,2019

Dhananjay N, Ghose D.Accurate time-to-go estimation for
proportional navigation guidance[ J |.Journal of Guidance
Control and Dynamics,2014,37(4) :1378-1383

Ghosh S, Ghose D, Raha S.Unified time-to-go algorithms
for proportional navigation class of guidance[ J].Journal
of Guidance Control and Dynamics, 2016, 39 (6):
1188-1205

ARTEAR AT A, UL, A5 T FE 400400 - DA 3 11 2
or A RS S BRI FE [T ] P B BORB A,
2020,50(5) :506-515

LIN Defu, HE Shaoming, WANG Jiang, et al. On virtual
leader-follower-based distributed cooperative swarm guid-
ance strategy| J ].Scientia Sinica ( Technologica) ,2020,
50(5) :506-515

SR, KM ¥, X9, 45 BT R A g R E TR 2
SECBIRIE T ot o S R [ ] ORI R 2019 (1)
94-99

ZHANG Xi, SHUI Yongtao, LIU Tao, et al. Cooperative
guidance strategy for multi-missile with high reliability
communication [ J ]. Tactical Missile Technology, 2019
(1):94-99

He S M, Wang W, Lin D F, et al. Consensus-based two-
stage salvo attack guidance [ J].IEEE Transactions on
Aerospace and Electronic Systems, 2018, 54 (3):
1555-1566

HIE QLT MR, A AR TN T X HLB)
H bR A 20 [ il S AR B [ J/7OL ] i 2s 27 4. 1-
10 [ 2020-06-24 1. http: // kns. cnki. net/kems/detail/
11. 1929.V.20200117. 1654. 002.html

DONG Xiaofei, REN Zhang, CHI Qingxi, et al.Distributed
cooperative guidance for maneuvering targets with
directed communication topologies [ J/OL ]. Acta Aero-
nautica et Astronautica Sinica: 1-10[ 2020-06-24 ].http:
/ kns. cnki. net/kems/detail/11. 1929. V.
20200117. 1654. 002.html

BEK W, K. 2 T i R G R BGh HL S H AR
A )] S AUE L5 5], 2018,5(3) :41-46
MAO Yutian, YANG Ming, ZHANG Rui. Distributed co-
operative guidance law for multi-missile systems attacking
maneuvering target [ J ]. Navigation Positioning and
Timing,2018,5(3) :41-46

Zhai S, Wei X Q, Yang J Y. Cooperative guidance law
based on time-varying terminal sliding mode for maneu-
vering target with unknown uncertainty in simultaneous
attack [ J/OL ]. Journal of the Franklin Institute, 2019
[2020-06-24 ] .https : // www. sciencedirect. com/science/
article/abs/pii/S0016003219309056

Kumar S R, Rao S, Ghose D.Sliding-mode guidance and
control for all-aspect interceptors with terminal angle con-

straints[ J ].Journal of Guidance Control and Dynamics,



538

[23]

[24]

[25]

[26]

[27]

[30]

[31]

[32]

2012,35(4) :1230-1246
Shaferman V,Shima T.Cooperative optimal guidance laws
for imposing a relative intercept angle[ C ]/ AIAA Guid-
ance, Navigation, and Control Conference, 2012, DOI.
10. 2514/6. 2012-4909
Shaferman V,Shima T.Cooperative optimal guidance laws
for imposing a relative intercept angle [ J ]. Journal of
Guidance Control and Dynamics, 2015, 38 ( 8 ).
1395-1408
SO, S84 , EALAL 2 IR PRI A TE () 22 K AT 2 bb A R
M5 H T — A B (1] F M4, 2018, 39 (4)
401-410
ZHANG Shuai, GUO Yang, WANG Shicheng. Integrated
design of multi-aircraft cooperative detection and
guidance considering the detection configuration [ ] ].
Journal of Astronautics,2018,39(4) :401-410
Liu Y F,Qi N M, Shan J J.Cooperative interception with
double-line-of-sight-measuring [ C] // ATAA Guidance,
Navigation,and Control (GNC) Conference,2013.DOI;
10. 2514/6.2013-5112
s A7, AL A A 515 A6 A BRI 8] B[] 1]
FIEL] TR, 2018,39(3) :308-317
ZHANG Shuai, GUO Yang, WANG Shicheng. Finite time
cooperative guidance method with a lure role[ J ].Journal
of Astronautics ,2018,39(3) :308-317
T A, B, S AR A IR AR 2 AT A

n ] e A A5 D0k (] 008 5 4l 2020, 41 (2)
288-302
WANG Shaobo,GUO Yang, WANG Shicheng, et al.Coop-
erative optimal guidance method for multi-aircraft with
luring role[ J ].Acta Aeronautica et Astronautica Sinica,
2020,41(2) :288-302
FESCHE XA, R bk, 55 B Ao 2 R 2k —
R HE S A (1], 5% T2 4R, 2011, 32 12) :
1448-1455
HUA Wenhua, LIU Yang, CHEN Xinglin, et al. Linear
quadratic differential game guidance law with terminal
constraints [ J |. Acta Armamentarii, 2011, 32 ( 12) .
1448-1455
TESCAE SR, SR A MG , 45 00T SR A A B T3 RD 1Y
o x S AR (] BB B R 27 4k, 2016, 24
(6) :838-844
HUA Wenhua,ZHANG Yongjun,ZHANG Jinpeng, et al.
Differential game guidance law for double missiles with
cooperative intercept angle[ J].Journal of Chinese Inertial
Technology,2016,24(6) :838-844
ZEPRAR oK S N i 2 SRR AR R i ] S AT
FLERIR )] A HIBE ST, 2016,33(1) ¢ 1-12
LI Qingchun, ZHANG Wensheng, HAN Gang. Review of
terminal guidance law with terminal constraints [ J ].
Control Theory & Applications,2016,33(1) ;1-12

e 7, Wit 22 29 2% 8 R 3 i B ] A ) 1
[J].#uE#4,2012,24(3) :59-64
WANG Xiaofang, LIN Hai. A guidance law for multiple
missiles  combating  cooperatively under multiple
constraints[ J |.Journal of Ballistics,2012,24(3) :59-64
Ryoo C K,Cho H,Tahk M J.Time-to-go weighted optimal

guidance with impact angle constraints[ J].IEEE Trans-

IR A Z R B Rl S O .

ZHANG Da,et al.Recent advances of cooperative guidance under multiple constraints.

[40]

actions on Control Systems Technology, 2006, 14 (3) :
483-492

AN, B E R B R B2 R 2/ AT 2 2 BA
PR A B (V] A TR B AR,
2018,33(3) :289-296

WANG Liguo, MA Guoxin, JIAO Yongkang. Cooperative
interception guidance law design for multi-aircrafts forma-
tion with angular constraints[ J ].Journal of Naval Aero-
nautical and Astronautical University, 2018, 33 (3):
289-296

KA, SRR 22 5 s I ) 5 i A B B Be
i (1] & AR 2R (T 22 i), 2010, 40 (5) ¢
1442-1447

ZHANG You’an,ZHANG Yougen.Two stages guidance to
control impact time and impact angle for multi-missiles
[J].Journal of Jilin University ( Engineering and Tech-
nology Edition) ,2010,40(5) ;1442-1447

HOREIS O RIS, A5 AR o £ B2 29 SR 22 5
PplE) ) e[ )] A 4% ,2015,27(3) :41-46
HUI Yaoluo, NAN Ying, CHEN Shaodong, et al.
Cooperative guidance law for multiple missiles with termi-
nal impact angle constraint [ J ]. Journal of Ballistics,
2015,27(3) :41-46

W= TSR /N R SF L R T A S R AT R
(TP o B i ) S [0 ] B BHE R 2241, 2017,
39(6) :6-11

LI Xinsan, WANG Lixin, FAN Xiaohu, et al. Two-stage
control guidance of missile impact angle and flight time
[J]. Journal of National
Technology,2017,39(6) :6-11
SRR AR S T A 2R B B T A o A
DA S A BT[] 208 S 308 T AR, 2018,47(6)
111-118

SHI Zhen, HE Chendi, ZHENG Yan. Cooperative
guidance law design with impact angle constraint based

University of Defense

on second-order sliding mode controller[ J ].Infrared and
Laser Engineering,2018,47(6) :111-118

RAZLL AW R AR IR A BT i 29K 1 2 5 Py
)il 3 A [0 ). A AR A R = i, 2016, 24 (4)
554-560

SONG Junhong,SONG Shenmin, XU Shengli. Cooperative
guidance law for multiple missiles with impact angle con-
straints[ J |.Journal of Chinese Inertial Technology,2016,
24(4) .554-560

RARLL AR R IR —Fh 2 b 8h H ARy £ 55
PRI ] TR, 2016,37(12) < 1306-1314
SONG  Junhong, SONG XU Shengli. A

cooperative guidance law for multiple missiles to intercept

Shenmin,

maneuvering target[ J ].Journal of Astronautics,2016,37
(12):1306-1314

WA, B R R, TR, A H AR S i A
A B[] ] S A 0] b RCBE TR A 22 4R, 2019, 39
(6) :597-602

TAN Shili, LEI Humin, WANG Bin. Cooperative guidance
law for hypersonic targets with constrained impact angle
[J]. Transactions of Beijing Institute of Technology,
2019,39(6) :597-602

Tian Y,Cai Y L.A cooperative guidance law for multiple



B F1E 0 241 2L 20 HRBIEEI) 12020, 12(5) :530-539

Journal of Nanjing University of Information Science and Technology ( Natural Science Edition) ,2020,12(5) :530-539 539
missiles with impact time and terminal angle constraints Astronautics,2016,37(2) :195-202
[C] /2019 Chinese Control and Decision Conference [48] Wang X L, Zhang Y A, Wu H L.Sliding mode control
(CCDC) ,2019.:1504-1510 based impact angle control guidance considering the
[43] Zhang M J, Ma J J, Han Y. Fixed-time cooperative seeker’s field-of-view constraint [ J ].ISA Transactions,
guidance law for multiple missiles against maneuvering 2016,61.49-59
target[ C] /2018 Chinese Automation Congress (CAC) , [49] Zeless, WX E e, X0, 45 2 e s £ B FAL 3 f 24
2018.:3848-3853 RIS AR S [ J/OL ] Pl S s« 1-
[44] B, BERE LI S # ML MARNE IR HE 10 [ 2020-06-24 ]. https: 4/ doi. org/10.13195/j.
RRLESF ) Bl [) ) S A [ 7). B 2440, 2018, 39 (2) kzyjc.2019. 0058
305-314 LI Xiaobao, ZHAO Guorong, LIU Shuai, et al. Adaptive
LU Teng, LU Yueyong, LI Chuanjiang, et al. Finite time terminal sliding mode guidance law with impact angle and
cooperative guidance law for multiple missiles with line- field-of-view constraints[ J/OL].Control and Decision: 1-
of-sight angle constraint[ J].Acta Armamentarii,2018,39 10 [ 2020-06-24 1. htips: // doi. org/10.13195/].
(2):305-314 kzyjc.2019. 0058
[45] B, ALV SRIE T 5545 [ 3R D T JOAR 1] 3 0 [50] Balhance N, Weiss M, Shima T.Cooperative guidance law
LW EH S T]. TR, 2018,39(11) . for intrasalvo tracking [ J].Journal of Guidance Control
1238-1247 and Dynamics,2017,40(6) :1441-1456
LU Teng, LI Chuanjiang, GUO Yanning,et al.Cooperative [51] Wang X L,Zhang Y A, Wu H L.Distributed cooperative
guidance without radial velocity measurement for multiple guidance of multiple anti-ship missiles with arbitrary im-
missiles under directed topologies [ J].Journal of Astro- pact angle constraint[ J]. Aerospace Science and Tech-
nautics,2018,39(11) :1238-1247 nology,2015,46.:299-311
[46] DZHIE BWAAAY, LI A 3 M R py S b ) e i [52] Zhang Y A,Wang X L, Wu H L.A distributed cooperative
PR B SR ] R S 54 R ,2019(6) :82-90 guidance law for salvo attack of multiple anti-ship
SHI Shaokun, ZHAO Jiufen, YOU Hao. Two stages missiles [ J |. Chinese Journal of Aeronautics, 2015, 28
guidance law for multiple missiles cooperative attacking (5):1438-1450
with field-of-view constraint[ J].Tactical Missile Technol- [53] MH-PEME, ks ZR4R4F 2 A AR B AR £ 5
0gy,2019(6) :82-90 WAy AE 2 U R S [ )], FR T4k, 2019, 40 (3)
[47] B4, RAEE RKHT. — B R 18 M R 37 # 2R 506-515
B HAR W E L S5 585 [ 1] FAL2E R, 2016, YE Pengpeng, ZHANG Jiao, LI Yinya, et al. Distributed
37(2) :195-202 cooperative guidance of multiple missiles with heteroge-
HUANG Jie,ZHANG You’an,LIU Yongxin.A biased pro- neous constraints of field-of-view[ J|.Acta Armamentarii,
portional guidance algorithm for moving target with 2019,40(3) :506-515

impact angle and field-of-view constraints[ J].Journal of

Recent advances of cooperative guidance under multiple constraints

ZHANG Da' LIU Kexin' LI Guofei?

1 School of Automation Science and Electrical Engineering, Beihang University , Beijing 100191
2 School of Cyber Science and Technology, Beihang University, Beijing 100191

Abstract Cooperative guidance is a kind of guidance method that multiple missiles accomplish attack or defense
tasks cooperatively according to a certain control strategy through information sharing and division of work.It is an
important direction in the guidance field in recent years and an inevitable development trend for autonomous combat
in the future.In order to complete the specific guidance task and achieve better guidance effect , the research and ap-
plication of cooperative guidance under multiple constraints is particularly important. This paper comprehensively
discusses the research progress of the guidance law under the condition of multiple constraints in the scenario of co-
operative combat, including the attack time constraint, attack angle constraint, field of view angle constraint, and
multi-constraint comprehensive consideration.Finally ,the future development trend in the field of cooperative guid-
ance is prospected.

Key words cooperative guidance ;multiple constraints ; multi-agent systems ; cooperative combat



