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Range Estimation Algorithm Based on Triangulation Using Angle Measurements
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ABSTRACT

The remaining range between missile and target can be used to calculate the guidance
command as well as to determine the explosion time of the warhead. Since the range, however,
is not directly measured by on-board sensors of the missile, it is usually estimated by filter-based
techniques using angle-only measurements. Conventional filter-based techniques are complex and
require huge computation. In this paper, we propose a range estimation algorithm based on the
geometrical triangulation principle for two points of missiles and a target. The proposed
algorithm has a simple structure but the accuracy is largely dependent on the measurement
errors. To improve the accuracy of estimation, Digital Fading Memory Filter (DFMF) is applied.
The performance of the proposed algorithm is analyzed through numerical simulations.
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Fig. 1. Missile Target Geometry in Inertial Frame
Table 1. Definition of Variables
Angle of displacement vector w.r.t inertial
Tk | frame at k
\ Angle of LOS vector w.r.t inertial frame at
Bk
;k Unit LOS vector at &
— | Displacement of the missile between k—1
AP
and k
a Look angle
b Parallax angle
1~%k. Estimated Range at &
R, | True Range at &
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Az 71w A 4 s Tlskd Parameter
Al wet & A7 HAT F Uk AA| Al=HA — " .
W B E B8 HE3 =g wolxE TiE T Initial LOS, Position selection time
W ol Qs A3 7B AV REINAH A by, Parallax angle threshold
TR At SUKHA "k ol Al o= K DFMF Parameter
Zolm Alxpzto]l 0o] H™ 2 (3)°l o8 Az FA
of Aotz Hdd JAET olE sy BIAE =g gdoae LOSHESY 9= szom 3
At st A rste] AE u FEviSignal to gle] 2me Zasl wrAS Aolth o] WS
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Fig. 3. Desired error std. for LOS noise
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Table 3. DFMF equations and gains

1st Order Digital Fading Memory Filter
Filter | - « R
xn :$ 1+G n 1
eq.
Gain | G=1—k
2nd Order Digital Fading Memory Filter
F”ter xn :‘Z‘n,fl +xn*1]15+ G{xn 7(:671*1 +xn*1Ts>
€q. i.n :in,fl +% {xzi('infl +i’7zf1Ts>}
Gain | G=1—+x2, H=(1—r)?
3rd Order Digital Fading Memory Filter
z, =z, +z, T, +05xn 77
+ G|t~ (2, +2,_,T,+05z, ,T?)|
. a':nzmnfl_,—‘%nflTs
Filter g0 . (- N -
eq. +7[Jc" (J)" tx, T,+052, 1T2)}
.aén L%n,*l
+ QZ'VK{LE:,_(infl+"i’n*1]—;+0‘5'%n*111'2>}
. G=1-k H=1501—r)*(1+k),
Gain
K:0.5(1—n)

Table 4. Definition of DFMF Variables

z, Measurement at n

z, | Estimated Value at n

:}A:n Estimated 1% order derivation at n
3; Estimated 2* order derivation at n

T, Sampling Time
GHK

Gains
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Table 5. Selected Algorithm Parameter
Parameter
5 deg
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Table 6. Simulation Scenario

Scenario #1 ‘ #2 ‘ #3
Range [km] 100
Terminal Guidance Law PNG IAC IAC
Impact Angle [deg] - 0 90
Pull-up X X 0
20[5_ — Scenano #1
= = = Scenano #2
g]ﬁ ﬂ_h"'"""-“.__vl_ ) Scenario #3
§ 10 o
2

50 55 &0 65 70 75 80 85 a0 95 100
Downrange [km]

Fig. 7. Missile Trajectory
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Table 7. Reference Data

Scenario #1 #2 #3
LOS Elevation angle [deg]l| 27.2 33.59 | 30.72
LOS Azimuth angle [deg] 180 179.41 | 178.92

X Position (NED)[m] -822.84 | -733.89 | -778.36
Y Position (NED)[m] 0 0 0
Z Position (NED)[m] 96.57 | 81.54

HoAlA AAHE dagF FAvHE vl E 6%
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Aot
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Table 8. Relative Range Estimation Result1

with DFMF &
Scenario #1 | Triangulation cumulative
parallax angle
b, =bHdeg
Mean error 22833.30 m 1960.21 m
Mean Yerr 65.22 % 9.71 %
First Estimation 4370 km 3016 km
Range
Sampling Time 2.34 sec 0.01 sec
3 104
m— Proposed
=== Existing
Ez
5
@ 1
. R e
65 7o 75 80 85 a0 a5 100
Downrange [km]

Fig. 10. Estimation Error (Scenario #1)
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Table 9. Relative Range Estimation Result2

Table 10. Relative Range Estimation Result3

with DFMF & with DFMF &
Scenario #2 Triangulation cumulative Scenario #3 Triangulation cumulative
parallax angle parallax angle
b, = 5deg b, =5deg
Mean error 10067.06 m 978.49 m Mean error 8865.20 m 1213.32 m
Mean Y%err 55.08 % 507 % Mean Y%err 53.35 % 8.24 %
First Estimation First Estimation
Range 42.08 km 31.19 km Range 38.62 km 20.09 km
Sampling Time 2.74 sec 0.01 sec Sampling Time 2.58 sec 0.01 sec
b,, = 15deg b, =15deg
Mean error 2343.80 m 42767 m Mean error 217290 m 621.44 m
Mean Y%err 1777 % 3.90 % Mean Y%err 1761 % 5.71 %
First Estimation 1711 km 1497 km First Estimation 1475 km 13.78 km
Range Range
Sampling Time 7.99 sec 0.01 sec Sampling Time 7.23 sec 0.01 sec
by, =30deg by, =30deg
Mean error 1506.77 m 337.92 m Mean error 1450.41 m 4111 m
Mean Y%err 15.97 % 419 % Mean Y%err 14.39 % 5.05 %
First Estimation First Estimation
Range 9.39 km 8.88 km Range 10.06km 9.59 km
Sampling Time 13.00 sec 0.01 sec Sampling Time 12.85 sec 0.01 sec
‘ olell wel Azt SRy} pedAd =4 Aol ¥
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=& Existing ~ - - - = [
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95

60 65 70 75 80
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55

Fig. 11. Estimation Error (Scenario 2)
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