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A Guidance Law Study for Anti-Ballistic Missile Defense
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Abstract

As a part of closed-loop guidance law studies for anti-ballistic missile defense, a mid-course guidance
law is proposed to engage the target with the predetermined attitude for increased terminal
effectiveness. The proposed guidance law is based on the predicted target position calculated from a
simplified solution of target motion and the estimates of an extended Kalman filter utilizing noisy
nonlinear radar measurements, Extension of the proposed mid-course guidance to 3 dimensional
engagements are also studied. Performance of the proposed mid-course guidance law together with a
terminal guidance law in the form of conventional proportional navigation guidance is evaluated by a
series of simulation studies.
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AT t= t, N FAXAIE E02W 4 22
e AFg A,

Xi="X: +Ki{Zi— (X ty)} ()

A71M K, ¥ Kalman °|522 th&3} 2
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Ki= PHI(H, P,H{ + R;) "

_ 3G
He= 50| vox 2

(4) L ZAl(Covariance Update)
TN Pov U HLE A%

P,= (I- K,H,) P, (23)

AA ELIYRANH AT 1 X9 EFH9
AAATE 458 FE Ao YHFHRY 1
EUAAE FEdo{ol B2 AN WolAA
AN 780l oFen, "N BAATAAMSY
B JusE FAI, 348 doEsE
olg3ld AT ¢, oM EHY AAE EH
258 H4E AHE o183} &,

V. Al@3joj¥

5-1 Deterministic #Z0IAMS] RE=YI2|E Al
gajlolM

A7E $AY 7o HAET, ET L EFE
A3 %(point mass) 0.2 MRS AAsE AF
o hal NEYINE FYHAD. EF fEve
48-2H(angle of attack) S FERHOE A3,
FERFHY AR F/FEANNE +5°2 QT
58 3 EF9 &5 PAHYLEE 4 (UE
FRHE FYPAADL o gL ¥ee Y
e 4 (25)8 AHEsT,

Vi
i=Tr
Ve
¢ = cos D)
h ="Vd

V, = A G"+ A V,—( ¢ +2Qp

- sin(A) V,

93

V, = A+ G*+( ¢ +2Qp)sin(Q)V,
+( ¢ +2Qp)cos(D)V,
V, = A%4+G—- AV,

— (¢ +2Qpcos(A)V,
(24)
A7 Ae RERY 9% ¢& AR ke
T2 Yehd, NED HEA A EZuE &
g V,, YUY 48 V,, AT 99
£ V. A9

&e = p - {QCOS(¢3) - rSin(¢e)}tan,(¢e)

9 - {qcos(¢e) — rSin(¢e)}
¢ cos (¢.)

do = gsin(8) + 7cos(d.) (25)

Q7NN ¢, 6, ¢ T AT HEA Y &
&AM 298ZAE, p, ¢, v & AF FEA
o ¥ FEE9 body-axis HEAY FEEE U
Ehdi,

E =FNE 9w 248 FEROE PAC-
2 fEEY JYAYE v 3y FYG o
HES T3} Zo] 7Hgstgen, oz 7H3e

A doE g Aot g § 3t

Fp= i”golm [N]
my = 907.2 Kg
£ = 9.81 m/sz

. (21.06 kg/sec for 0. <t <10. sec
m={ 9,02 kg/sec for 10. <t < 57. sec

0. for 57.<¢
Iy, = 270 sec
Syer = 0.132 m?
R%

F, = '%“PVZCLSM [N]

Fo=% 6 V?CpSu N
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CL= CL,,'a
Cp=Cp + %k C% k=0.1

d714 Fre 38, myt AN 3F g
= HeadAe M, me AF ARS,
I, & ¥3¥, Syt 71E93, g TY}
&5 & Jeps, Fp < Lift Force, Fp¥ Drag
Force, Cp < Lift coefficient, Cp & Drag co-
efficient& Yepdch ¥ o+ TVC(Thrust Ve-
ctor Control)¢] ¥zt JYepiy 1oy 3 DOF.
AgHoAY A4S FEY SEHEZAN A E
F437] o wzHangle of attack)e] A
AZE ARSEHM, vlsig] BE FEATE B 1
of YERAATE

2712A02 I% 100 km, AT 80 km, B4
Zt 0°9 fAXA AFZAEE 1123 m/s, H|F
7487 -30°, ¥ -30°, @:ASF 12000
Kg/m-s* & 23 Af4s s E3d U4

YY) =FA A2 ¥ A2 319989 129

F2e9 F7IR% HYAAE YY3y BFAR
T AUAY} 10kmoUd 9 ZTLHE
¢rYELE HHPIRZ(PNG)[5618 3
£ AlEHoldE £Y5ch o AgH MM
FEEY 2247t 2RAHE 572 oo EHE
S8 AYELE /MRS, d4LFAX
ARG T oA vRATL FHL3 § FLF
TN EAE aFsed AYye NS FEI
B A8 AYRANT ¢, 0] 54% B #
L A% FERO FAEHZE AU E 43
g =¥ FNHEeANN fEEe %0
Aoy FYUANA olFF F UEE PNG ¥
He FAYRHTE FRHALH, dF2AHA
AY fEey YRR o2 = 0§ AHE3g.
AgHOA AF2E FEE R EHY wgHF
€ 1% 29 EAEYY £3 2F9XN B3
3} FERY AYLAE 14m 7t ARLH, olF
g Azexe =Y AR 4% ¢ 233

B 1. vegd BE FEAS
Table 1. Aerodata
Mach 0.00 0.60 1.00 1.07 114 120 150 2.00 2.50 2 300
Cr, 10.04 10.80 1321 1416 13.04 12,60 11.50 1049 9.58 8.62
Mach 0.00 0.80 0.90 1.00 1.05 1.25 150 2.00 250 2 300
Co, 0.26 027 0.28 031 0.38 0.36 0.34 0.29 0.26 0.21
et YWWT ~ ~ Target Trajectory
oo y--oroo I" - :' =T ,r o E' ' : T Missiie Trajectory
© ' I:_-_I:,..-L--:'" T E 40.00 B S -
L ¢ . : E‘ / -
. . L 0.00 —
100 R J
: s "’ e-00 T 7 US
+10.00 0.00 Pt'\ﬂ-{o:m ) 20.00 30.00|

2l 2 %3 g S5 ugHy
Fig. 2. Flight trajectories of target and missile,
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FERY AL 718 AU 9 EFo| 244
AT #LHE FS 230

5-2 Stochastic EZolA{2] AlEa|0]M

o] oM AF4H3} e EFHe HAE ol
b2 A5 Fgo] ¥ AINYPRE o434y
q3LFAR] Az E5EA FHY FedrE
FAse §YEUUEH(EKF) Y 4%¢ #4822,
$ALANGEE o|&etd AT HAQ YHiTE
olf3l YoM AN F7IRE WAF closed-
form® FLHE=PYY 5T AEYlAE 3
dF 32

ZeHY F% PRz 4 (14)9 (19 & A
4312, B39 A7 g o &5 FHYLE
4 (100€ AH3to AFE ST T2 /M3,
AAgE A7 ds E 20 Yehd X2AL
2 AEHoIHE TR, YE9 sampling
frequency= 32 Hz 2 FFAZY. AgdolA 2

Tl

© Az dg 2349 s (9 F3A

B2 Ag#oMd 24
Table 2. Conditions for simulation,

780 (ST
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& I3 39, A% 2348 19 4o, S5 33
Ag 19 5 22 EAs Agdold A3
IH & + Yol BHY S 2PNE 4
¥ R 245U DEY B e, A2l
SRR DERE IRV IEL PEAL
WA Aol Blg) BHE $ANA EA9 g
¥4 2348 ok AT 3N F AL

True Value

° oouo_‘ e oo . Eslimated Vaiue

0.000000

+0.000040

UD J T T T T
0.00 40.00

*rime (see)
38 3 A B# 9 33X
Fig. 3. History of ¢.

78 271 24
z E 222 Km
A 3 240Km
E3 w7 0°
E 3 AR &EE 2194 m/s
TEE %
ul3 W97 -30°
gxAs 12000 Kg/m - s*
AR (1000 m, —1000 m, 1000 m)7
&% Q% (100 m/s, 100 m/s, —100 m/s)”
gEAF 10000 Kg/m - s*
¥ g o} = (20.)* [m?]
Bés ¥ 0’ = a,2 = (0.001)% [7ad®]
271284 P0) = diag{10°,10°,10°, 10, 10%,10%, 1072}
Q Q = diag{0,0,0,10,10,10,2x107%)”
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True Value

’1 -« = « - - Estimated Vaius

X TRINT
8
|

T ’ T ¥ 1 T T ! 1
40.00 80.00 120.00 180.00 200.00}
Time {[sec)

O3 4 A7 i@ $3 334
Fig. 4. Histories of target position.

VR TTST
2

True Value

~ - Estimated Value

H g H
N T S S

T L T T T ' 1
0.00 160.00 200.00|

#0.00 120.00
Time [sec])

T8 5 A7t i3 &5 333
Fig. 5. Histories of target velocity.

gadin

~doltdA EEE ¥ F3E EHY PuHd
TE olgste AR 33U FTFAMY fEe
ITYEE HEdoq freel BHE 4% A
FHolAS FRHT. E 39 1A F4el sl
AgdodE TR, AEHolH AAE ®
9 R HPAFE 19 60 AT
Algdold 2# 3742 A4 EF 234A0A
10 m oY 22 HAAE BA

.8 8

€ =RdME 3349 F4A4 PAC-289 &
@ 244 fEEe] FILE WAtEY HAH

L4l e

True Value

-~ - Estimsted Value

2 TRINT

True Vaiue

- -~ Estimated Valus

VT

FEee dqiuARozReg A3E dA4_3F
XA AHHE BFRAMZ W] A% F7)
fE ¢2F Mg FHE FUAk olE A 2
AL FAGNN FERO] GF2AYA A 27
He AAZ vy 9% s nRHdL
s S AAHAY AANE FESTEE
€ A48 98 EQY 5L 489 &
@Y 715 @E HPAFE T die
AAAE s G2AEL AN £ 2
A9 YA AMAE FEETAES 3XY F
o g F3sgon, 339 2N B 4
His 33E AT $3LVLHE AASA
AAE FEHY R EE G E W AEY
o)dE B JFE A5
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J8 6 B3 R R gAY

Fig. 6. Flight trajectories of target and missile.
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B3 AMEdHed =3
Table 3. Conditions for simulation.

PRGN =7 A 2 ¥ A2 % 19989 129

x 7 2 A
F ¥
Case I Case I Case 1I
Z % (Km) 150 150 150
A 2 (Km) 150 120 120
3 394 (°) 45 45 45
3 AFHANEE (m/s ) 1500 1750 2000
HgAEZ (°) -20 -30 -40
H)eurg)zt (°) 0 -15 -30
S@=AE (Kg/m- s*) 12000 12000 12000
g A2 A (1000 7, —1000 7, 1000 m) 7T
£ x 2 3 (100 m/s, 100 m/s, —100 m/s)T
1 10000 Kg/m - s*
gy . 0,f = (200.)% [m?]
#Ee ¥ o)’ = 0,2 = (0.001)* [7ad®]
271384 P(0) = diag{10°,10°,10°,10*,10%,10%, 10~} 7
Q Q = diag{0,0,0,10,10,10,2x10~%}”
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