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Study on Inverse Design of Intercept Trajectory about Interceptor Based on Genetic Algorithm

LI Xin-qi, LI Hong-xia,Zhang Da-qiao
(The Second Artillery Engineering College, Xi'an 710025, China)

Abstract: Due to the need of studying midcourse penetration counter simulation, the quick design method
of intercept trajectory layout about Exoatmospheric Kill Vehicle(EKV) was researched. With analyzing the
combat mission of interceptor. The main restric condition that the missile’s place and speed should obey in
the cutoff of Ground Based Interceptor (GBI) was gave out. Take the minimum of intercept rendezvous an-
gle as objective function, the optimal model of inverse design of intercept trajectory about EKV is estab-
lished. Finally,six trajectory parameters of EKV initial trajectory and GBI initial parameters of three re-
strict condition are got by genetic algorithm and reverse integral method. The correctness of the strdying
method is proved by the result of simulation. The method of inverse design offers a new method for missile
penetration counter simulation.

Key words: Ground-Based penetration; EKV (Exoatmospheric Kill Vehicle) ; Intercept Trajectory; Inverse
Design;Genetic Algorithm

s B E SO B R R B O PR B PP T SIS AR A6 SR 9 K B A RE 2y
WrBe, fEIFIRR B J7 SIS E A R B HOR VHORZRE AT BB Oy 100 . ol T T A L i 4

Wi B H:2013-05-11
HEEWB BHE AR #IL T H(61304103)
EHE BN EHH 1975 ), B MR 2R A, 2GS A 5 5 il S 2 3028 B 4 9005 58 . E-mail : lixingi@ email. xxfw. zc

SIAK:FHA FUAE KA ZFRERLNERBERFAERE]]] ZETRAFZFR: BAFFIK.2015.16(1) :32-36. LI Xin-
qi» LI Hongxia, ZHANG Dagqiao.Study on Inverse Design of Intercept Trajectory about Interceptor Based on Genetic Algorithm[J]. Journal of
Air Force Engineering University: Natural Science Edition,2014,15(6) : 32-36.



%13

25T LA T A T R I AR O it 33

18 L il B AR AR XE AR AT, BOR A TR St ik AT
B L A B T — b B A R R T
Bo, P FEARGRPERE /T 5 SO B Y
TP AEXT AR AR 1 B R S E R B PR S R ) AR
AR FD I o s ) it 2 K i) S A G S R A e
T SRR b s B 28 B £ A B B
M, 5840 L% # EKV (Exoatmo spheric Kill
Vehicle, EKV) 5 By #E K i 73 85 i 20 0k Hx Sk
G20, e g HOCE MR R R
EKV BYAR 5B N, BB, 7] RE AN 75 246 42 485 1y
F g B (5w il = BoO #4705 B, H 2K EKV e
R 52 B 5 B A % P B, PR B R ) — 2% 4 A i 1
BIVRT i R g e B B S 5% B X B B ST R R
ASCIE R T3 — W 5, F 98 EKV £ 4
R PR SE R BTk

Z G L N TR BB R H R TE K i i
FeARL A A )8 - B A AL GEAR AL T bk 0k AU Y
Pt Pk, A SO R A s AL B Y
EKV £ #40E , TRk,

1 ) 3 ik

Fifi £ 42 4% ¥ (Ground Based Interceptor, GBI)
2 —Fh R K A2 SN O 4 5% ok 28 i 1% i 3
WS RER AR . B — 4 3 I AE LBV Ml—A4 K
BN RE R A (ERK VO 4L a7, H 2 AT 55 2
i B e KFT A EKV R A B 46 3 47 i 2 K
XL 75 EKV 5B KH 0 8 5, 5B R0
Ty A EKV £28E SR 22k, oF
U E EKV 5 Bl #E K& 4 2 5 0900 46 422 0,
SR o AR N AR O A Oy B A R AR R Y
P2 T B E ERKV 5 Bl HE K 23 85 i 20 1 3 B2 (3
g3 H AR (3 4D 6 NS EE .

SRt s ST MO R M B AR AR R LA EKV 5 )
HE ST 43 B I 20 Sy 22 B 0 LN B R AR B 2 10 R
¢ I 2 EKV 7RI M0 K B bR R A7 Bl
N (xpe s ViGs2ee) »IRIEIEN (Vape »Uyee s Veps ) + 31X
6 MSHOE AT EKV £ #0iE R T 2 S
55, 8 T 0 GBI/EKV 2801 & 19 20 #r
T GBI AL AL (41 B o JE 3 98 1 3% IR A 113 3
PR KA
1.1 GBI XA EEAREZGIH

GBI AL S AL VR R A A 2 A
O, EKV 5 58 B 8 B A 4b T 58 By 3 1) 5 o
PN . T (0ops 5006 s vere) B — LR SR 2
N BE PR IEALE 28 B2 0] BR 43 J5 R A5 1) GBI AL a5 b 38

55 5 55 5 AR A R (98 3 B8 R AS O 17 7 5 By 5 19 5 < o1
1 P s @GBI AL EBE AN 7 km/ s,
1.2 GBI XM EmLIEBEAREHE S

GBI XML b BEEBFEMARZGEESR 3
A DEKV 5 28 By 3 3k 76 2 U 2 — 3 78 [/ — L
B W (2pe sy zpe) WEMNE — AR K ME N
<IE(; s YV EG 925(;) ﬂ:ﬁé\ ﬁ EE%??E‘J EKV é’éﬂﬁﬁ%ﬁp
B R AT L N e AR AR 20 5 28 By Sk Y o B
HEA QGBI & LI 2] BE 25 28 Bl 3 B K F 5 000
km, GBI XHLAJG . EKV — A 7~8 min 1 H H
RATEE] T EKV B BEIRF 7 km/s . 107 58 B 3 Sk
F 2 RE AN IR B T BT R B A HORH R R 2 Oy 13~
15 km/s, GAR4%E 7 min @ HRATH 35, GBI ¢
B kb 5 % By 3 Sk (59 A X B B 20 7E 5 000 km; @
GBI XML 1Y i F2 KT 100 km,
1.3 EKV Z#EHRMEBMAR

T4 A R4 ERV 55 28 B L Sk WUy #45 ¥2 Jit
INE I3 B B, X7 AT A T A R i R R

Fie I EKV £2 80 VE SR 0 A L nT 0 dn SR 58 By
KON AL By, W2 45 4 2R T 0, M, i TR
EKV Z 4 MR 2 T 0 A9 7 02 - AN 3800 A
PR AT 0GB EKV 5 Bk KCfi 40 25 (B GBI ¢
Bl B 2141k % EKV 0 3 AT 3B 2547 ) R
g3 LA 3R G GBI SCHL s A EKV By 4] 4 538 1Y 6
E 8
1.4 EKV #sE838E RigiHMEARR K

EKV 7£ GBI SeHL S A 19 2 800mT LLGE o 4 32 8%
ST S R 1) B AR AR L K A GBI G AL
SRS R R BEOR 1Y R 5 AR AR 6 S S B . B
RAEPEES A R R BRI 6 S8, BARE R
&P EKV H i QAT BEofoiE o 47 5 1) B 48 3R 45
GBI SEHL s (1 6 /> 538 240, FI W EKV 7E R ML A
AbBE TS BEASWEJE 1.1 3580 1.2 P 2 o Sk
WS 2 45 T T 2 R AR F I8 48T LLA I EKV 78
FEEOT AL P £ 6 S TRIE S BUR A HA A0, 50
WA A AR Y 6 A IE 2 AT R i I, O
HEAT S AR A3 o R UK AL s AL EKV R 15 3 2
R AR, R B R RS EKV
1 6 > 5E Z 4L

2 EKV Wit iz 2 fd Y

o TAEBEAT EKV B0 80 42 #8050 18 B, 5 2
XF EKV A oy B i k47 B2 ] U5 R 75 B ST
EKV 7E [ 1 B ®AT I 9 B0 iz gl 2 A, 2% [ 3
R P SRR EAL T RAZIN (100 km) L H



34 2R TR CHARBE O

2015 4

KAHBEAR/IN, T DL Z g S8l Iy S 1R X EKV/ 58
Bl .3k 32 Sl 52 0 5 B RAT AR E R ARZ M E s, B
ZHN N EEA RGN G AL E. . T
B AR AR R BESL R R EKV 32 3 1 o O FE B
ST R AR SO SR e e EKV #iE A bR &R R
SEAW TR 0B B B 1 2 R

4 EKV 55 By ki 43 85 i 20 A X T & 49 &
TEEER Vi « Vi « Vi - SIEW AN 0,0 4 5
AR R o0 s MHZBSPRE R
R+,

1

Vi) =V —j g (Leosh, + sind, ) ds
0 rp

(91([) = (91() ‘I’J ZwCOSBISinA, +
0

Tr . R+y
g(flsmﬁl — !
rp rp

Vi

cosfl;) (D
de

, R
o1 (1) =a,0+J gosind; el
0

+

rivVi

2(wcosB | cosA sinf; — wsinB; cosf; ) dt

§ M 3/ 2
. g:fT , fM =3.986 005 X 10" m?*/s*; w =
r

7.292 115X 107" /s 3 R JF¥hekf42, R =6 371
km 73 B AL S A 0, A GE R oy, S5 E
Vi Vi, Vi ZEERA N

sinf;, =V, / m

sino o =— Vi, /VIO

(2

Vie=+/Vio +Vie + Vi (3)

TR EKV SUE A bR R e 3 il EKV R 55 48 77

R @R CATHRAERIZIN A H ITH 6 A

JERERY, 4 EKV 5 B HE K 7 43 25 i) 2078 & 5 A6 b

ATFWDLEN x0sy020 EKFRT W EE N
Vi Vi Vi SHGZE SRS

V,I V] COS@]
Vly - V] Sil’l@[ (4)
V,: - VIUI

S p— +J'V,<z>cose,<t>dz

y,(t):y,O+J’VI<z>sin@,<z>dt (5)

() =z —J;V;(t)a,(t)d/,

e s 0 AT S 28 B 5 2 [R] e B R 4
B, 0T EKV 1918 3k 5 5 2 H .0
K EMARFRR T #ITH®. 4 EKV &0 R IHK
HSER A » RICEFEN By » KICHETALfAR
A s KRGS B O RIBARFR R (orsyorszor) » N
EKV B9t Z T KR (xysyrsz) TEHLO FHE H /A AR

PRRT AR C s ysszs ) TR SCHRL 1L A
KA FHERAFH

3 R A b 4 4R T A A

SR JH 38 A% B0k AT FE B 2 O S BT A
AP 1 T EKV 785 B4 K7 o0 B9 )5 Bk
AT TSRO T SR IE B8 S B X 5 By 93k 1 SOR
A DRSPSk A8 EKV
17 B B3 BRI AR A 283 5003 o i B sl B3 I L 45
F| GBI KA A &5 R 6 S50, 15 st 1%
AR R LR AR FEMN (0w 0,06 2 vp6)
(Zpe s YEG 2 2EG) {E:o

X 8 RE AT B 1 R B L K g il w B BUME
Xof o7 B AT I 1] AR 43I o 07 T R B A3 A (R

73 A0 ARG FTSCHY AT, R EKV 5 58 By 3 Sk 42
I 20 1 28 2 B AR /N o PRI S o T 2 1Y 52 2
FHCH BAR R, Mt E AN
st an = ‘v‘,.,,,lle,,] T Uy1p1Ushpr T Velp1 Vshpl ‘ 6)

021 T 0501 T 0201 0 eMp1 T 01 TV oM
K Y HEEH Varipr »Vanipr 2 Vemipr) ~ (Vatpr »
Vyipn s Verpn ) T O S BT Sk I ERKV 7R 42 40 AR
(B0 po) B BEAE MO R Hb 5 A Ak bR &R T Y 38R 43
O IEE L E EEY SR W OE R GEEY Ty STER
P

B, Hbs R B

J =min ¥u 7
(CNES S UNNEZ S TESY S LT
SO G TR RS R 21, (8)
(510 = 2sm0)* F (st =ysmo)* T (2 sr0 = 2sm0)” 2 S 1ae
K (s ysioszsn) NEGABFRT GBI KL
PEE (xpsyr2p) FEHLO KM A A BR £ XTI A A
B s (@ smo s v swo s 2 smo ) N []— F 221 52 By 58 3k 7 b 0>
K B AR R AR Vi, « Hy, S 2891R
GBI SCHL U 220 1) 3 B8 e A S 5 5 B s R L o3
SEL 7 km/s.100 km Al 5 000 km,

4 P E

1 15 28 B i A S AR A3 B e AR A T T H AR AR
BOF AT 14 S S AR 2R S5 Y GBI 2 48 30 7E 7% & e
TAE TS AR R, IR T A = R 757,769
km Ab 0 p, BSEHEFEEL . #R 1 R IEAT O5 E A LA



%14 25T LA T A T R I AR O it

®1 EBRLRBES EKVEESH

Tab.1 Basic parameters at the intercept point of penetration warhead and EKV

KRBk 5 EKV TE p, fSkk

R AR FrE D gt /m
P MALEP TS X 4 325.38 4312 137.76
AL A 58 By 30 K it Ak Y —3831.61 —697 184.25
TN R € Z 301.75 180 518.21
P R FE B B X, 3 465.48 460 626.07
A RN N Y, —209.67 7 081 347.11
ER iR €I Z, —4 629.01 679 482.26
b1 BAL EKV U 547 X R 2 460 626.07
EAE MG KM AR Y, T 2 708 1347.11
T A B Z, GEiiks 679 482.26
WAL B S 8T - B R R AR 200 3.5210°
R AR YEEIRCh 3, M F A H IO 20, BEASAE &Y 3.0
T KT 15,58 SCBER B 0.7, 75 S SR By "
0.1, I FHA SC AT AR E 47 A B350 5 B R 4 11 g o1s
R R ILE 1~7, S
4001 o:o
¢ 350 ~0.5
& 300 Z&m -1.0 N T T L
<K 0 20 40 60 60 100 120 140 160 180 200
& 20 ittt PR
% T:z B2 GBI 3 LI 205 P 5 i AU B0 3R
ﬁ ook Fig.2 Relation of the height of the GBI shutdown
i 50 _Lﬁlj;{fﬁi\ time and inherited algebra
- Oommo 6IO l([)O lIZO léiO léO léO Z(I)O 6.4>_<104
et o il
Bl 1 EKVXZaMfS5uEREcCRE 6.2F
Fig.1 Relation of EKV meeting angle g O
and inherited algebra ; 22 |
M 1A LLE I, sl 25 70 AR, 24 A 5.8
JESR O AR S T . )R Bl B AR AR B b zzb
Iy KV 55 5 5k 09 52 2 S A7 2 WS (L >0 20 40 60 60 100 120 140 T60 T80 200
SR BEAR /N . SEBR b, 28 25 ff BN BE R B I AE Al R
0.1k B8 T s L, BUsE &4 4 6.35°, Pl 3 GBI JGHILI DA AR B B8 5 Al A0 A Jel
EKV 5 B ¥HE )% 48 B 20 RAT 5 8 5 1AL 6 Fig.3 Changing of the relative distance of the GBI
BOSE R ILE 2, i P T A GBI G AL 2] 5 3 shutdown time and inherited lgebra
e BB UT , AE B BN 2E 40 AR Sk AT R ER . 7E — 210
B ERKV 5 Il K F 43 85 B 20 11 AT 1 R A 4 :
B K 347.34 km., g
GBI XL 22 EKV 15 58 5 9 3k 10 46 % B 25 il &
BB A AL 6 R LI 3. EKV 76 GBI 3¢ HLI E
2015 5 57 B S AT X8 B 05 BT 5 565,737 km s
b AT B 2
A6 J& EKV 78 400 K F Af A i R %0 10 20 30 a0 S0 G 70 0
T3 M B0 0,0, v vy, ARERESEACAG B0 o B
B2 el Fig.4 Changing of v,;,; with inherited algebra

35



36 EE TR CARBFW

2015 4

641

mes’)

EKVAERHOE A7 R T Y A716] 3

0070 20 30 40 30 60 70 80
AL RAL
BlS5 oo, RS ACHCE LA

Fig.5 Changing of v.;,; with inherited algebra

2
— -31710
£ -32
i
5 -33
=
= 34
B
= 35
E
Rl
2 38
£ 39
j )
[Sa]

40 5
WAL REL
K6 v, BESHE AR fL K
Fig.6 Changing of v,;,, with inherited algebra
MIE 4~6 "], EKV 76 KM B AL bR R R 1Y
Vatp ~ Uiy ~ Verp FEIEACZER 80 AN, WL E 58 €
MU S T . K7 02 EKV H B =4 v AT sE A,

EKV &A75iH

K7 EKV &f73fiE
Fig.7 3D of EKV flight trajectory

1B =Yt

AT AR R B S AE T B S AT I AN T AL B
ke, EKV #% LL 0,057 8 m (1% i #8 & 78 25 M
757 769.16 miE A I L. T, A SR H
WAL IR EKV £ 0008 A FRErE0.

5 én Th

ARSCR M TR B I E W T EKV 28058
BRI . RITIEREE I 2 ERV 234 SO0
JId 08 ek R o 3 £ RS E SR, HLTHSE RN L TR SR
faf B . (ETCIEBR D) 3R A EKV SE PR /AT HE [

MO ERKV 25050 B M TR Sose it I ik o &
5L Bl 0 T ELAR M T — 20T Y A

2 % LAk (References) :

[1] Cave D R. Systems Effectiveness Analysis Tool for Evalua-
ting Guided Interceptors [R]. AIAA 1994-0210.

[2]  Horn D, Colvert P, Scrip B. THAAD Integrated System Ef-
fectiveness Simulation (TISES) [R]. AIAA 1997-3522.

(3]  ZHh. &SRS AP ER AR [(D]. % 7
Jb Tl k2, 2006.

LUO Shan. Research of the Penetration by Ballistic Missile’s
Maneuver Change Trajectory When is Intercepted [D].Xi'an:
Northwestern Polytechnical University, 2006.(in Chinese)

[4] sk HUIE S50 2 B 1R] & A4 BF 58 [ D], AL B¢ Jb 5t i 25 A R R
2£,2002..

ZHANG Lei. Research of Penetration Problems of the Ballis-
tic Missile [ D]. Beijing: Beihang University of Aeronautics
and Asronautics, 2002.(in Chinese)

[5]  FEzE,RFEE, SRR IEEBAERE 0T 5 R I RS
[T 3055 5 60 55 4] . 2006, 26 (4) : 103-106.

WANG Zuyao, WU Qixing, JIAO Shaoqgiu. The Analytical
Methods of Mimetic Designment of Antimissile Interceptor
[J] . Journal of Projectiles, Rockets, Missiles and Guidance,
2006,26(4) :103-106.(in Chinese)
[6] Kenndey J, Eberhart R C. Particle Swarm Optimization
[C]//Proceedings of IEEE Conference on Neural Networks.
Perth, Australia: IEEE Press,1995:1942-1948.

C7]  JRIWT, PIAREAR . gt A% B0k Jit 0 R iy T ML I e 1 B et R
#t.1999.

ZHOU Ming, SUN Shudong. Theory and Apply of the Inher-
ited Algorithm[ M. Beijing: The Press of National Defense
Industry, 1999.(in Chinese)

[8]  FEDLAL, K4 41 ) B 5 T 9 b7 0 3% ¢ 5 5 i it A 5 L) ]. 9

RBF I H A, 2004,32(3) :15-18.
DONG Hanquan, LU Minghua. The Research of Penetration
Measure Aiming at the National Missile Defense System [J].
Modern Defense Technology, 2004,32(3):15-18. Cin Chi-
nese)

[9] Brett Newman. Exo- Atmospheric Intercepts Using Zero Ef-
fort Miss Steering for Midcourse Guidance[ C]//Proceedings
of the AAS/ATAA Spaceflight Mechanics Meeting.Pasadena.
CA: ATAA pre%%,1993-415 - 433.

(100 ZEMR. 5 #0365 0 09 1R i 7 B L B R AR [ i B R
2000(10) :36-39.

YUAN Jun. Combat Process and General Technical of Anti-

ballistic missile[ J ]. Aerospace China, 2000 (10): 36-39. (in

Chinese)
[11] 3K, ¥ el , B0 2 5 S e = [ M K R R K
2 AL, 2005.

ZHANG Yi, XIAO Longxu, WANG Shunhong. Ballistics of
Ballistic Missilel M]. Changsha: the Press of National Uni-

versity of Defense Technology, 2005.(in Chinese)

(% 8. w # 4



