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A Time-to-go Estimator Design for Proportional Navigation Guided
Missiles using Kalman Filters

ol s, LA
(Ick-Ho Whang, Won-Sang Ra, and Hae-Rhee Park)

Abstract : In this papet, we propose a new time-to-go estimation filter for PN guided missiles. The proposed estimator is derived
based on the approximation of the length of the PNG homing trajectory that we newly introduced using the special coordinate system.
The coordinate system is convenient for taking the target movement into account. In addition, compared with the previous time-to-go
estimation techniques, the parameters required for evaluating the length can be obtained only with the seeker measurements.
Moreover, the seeker measurement error statistics can effectively be considered since our filter is derived based on the Kalman filter
theory. Simulation result for a typical anti-ship see-skimming missile homing trajectory shows the excellent performance of the

proposed filter.

Keywords : time-to-go, estimation, Kalman filter, proportional navigation guidance, anti-ship missiles
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Fig. 1.Engagement geometry in L, -frame.

Fregto] HlHE FEE Fsld IWsiva 7pEsia
Azl Oigt v RS WS 29 X*O_Ea wEsa
$~-NV.A 3)

y=-NVA+c¢ )

< |3 (effective navigation ratio)©] Tho] A
NZF =i 8 27N 002 A, L -FHEAY] Aol

y(0)=0, 3(0)=-V, 7 =Yy &)

Qakm ool 2

@E A¥sha 1989 220 )8

3 912 % ok

(t) = %o, ZL M»l {6)
PN t

o) =20 - | e . 7
=175 Iy )

AN 1, & FEEEAL, 1 =1, -1 01k Q% (DS °l%

st D v[--l—] £ Qg & g, meb 1 A

AR AZE ol ulaRE WA o Aol 4 & thew

Zol| TAste AntE o it

’{z’/ 1+(§i

2

dx

=

2

®

N

f l+l[dv) dx
oy 2\ dx

:‘ f {1 +l[iﬂndzgo

2\

:xo{] +—1—(&] }
20N OV

= X 14._11{_
22N -1)

o714 olhEAl 0F BF A7 r=iolAel e vekdch
@ 1 HEANA] FEee] v dojo|ng o
dolg [, ATANN sHAHS] BFEH 5, 02 o]
Frl vhes) g ERAY TARE 98 4 gtk

_ % Yo
£y ) S( 2(2N1)[VC”

B P 7
S 2QN-1

©F dvinw Az

©)

£=ioAe] ERAIZRE T A7
SEj9} AridEgiel oY

ol A x, AR 03y,
L -#EA B 29459 50 st 2HEe & 5 3tk
w3 AdAQd TR s M L AR
odlAe] frmeat EEZEe oS e Hoswet
FARsHA ok wEbA 98 Al flste] i Wae
chEak ol AlZE =il BAYIR ST 4 ole A

A8 ), A WEHE ) AREEE i) 52 ol
galel thest ol 78 4 gk

x, =r{i) (10)
P _ GYI0) 1
Vo AT (1D

N R A 12

W}EM HAY] FAAe} §l9] AHE olEste] M AF
& pEgogn ¥ L’r/\] 7V 4718 AAE 4 9ok
2. ZEMZE =T HA
B Aol o del Ang olgsie) Bay] H4
B mgAe F48hs F4EHE AART 29A%
J =

QL
=
s
i
B
=5
X
2
o
£
o
S
H1
iV
>,
)
ro,
>
Lo
i)
2l
TR
__][N/ HU
ol oX,
B T




742

E L AWASHEEE 47,
Table 1. Range-closing velocity estimator.
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Table 3. Time-to-go estimator.
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