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Prediction of launch point and impact point of high-speed target
using earth ellipsoid coefficient estimation model
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Abstract Predicting the launch and impact points of high-speed targets such as ballistic missiles and
long-range artillery by using the target status information received from the detection sensor is
important. In particular, this prediction is necessary to select a surface-to-air intercept weapon against
these targets and strike their launch points. Operationally, the said targets use thrust for ascending after
their launch and fall under gravity in the free flight and fall stages after the end of thrust usage. Hence,
the prediction of their launch and impact points is associated with a high computational load under any
existing technique. This research uses the earth ellipsoid coefficient estimation model to overcome this
situation and predict high-speed targets' launch and impact points effectively. In particular, this
prediction uses only the state information of one point on any high-speed target provided by the sensor.
Notably, this state information was not state estimation filtered using the track information accumulated
over a certain period of time. Subsequent to the predictions, this study showed that the earth ellipsoid
coefficient estimation model resulted in a lesser distance error than that of the dynamic characteristic
model in predicting the launch point of a high-speed target. In addition, this study showed that the
earth ellipsoid coefficient estimation model was more suitable than the simple Kepler motion model in
predicting the impact point of a high-speed target. However, additional research needs to be conducted
on the change of state variables according to the remaining time for the reduction of the distance error
from the earth ellipsoid coefficient estimation model in predicting the launch and target points of a
high-speed target.
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Where, T denotes Trust, D denotes Drag, W
denotes target weight according to time, m
denotes mass of the Target, G denotes Gravity, 7y
denotes angle between flight path and horizontal

direction
Lift Thrust Velocity
Flight Path
Drag .
Horizontal Direction
Earth center
Fig. 1. Force acting on a high speed target flying in

a elliptical orbit
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Where, a angle between axis of target and flight
path, L denotes Lift, V denotes target speed
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Table 1. Trajectory simulation input specification for
each missile

Specificaion Range| 70im | 300km | 500km | 1000km
Payload(kg) 90 1,000 870 1,000
Propellant(kg) 200 3,770 4,330 16,500
Struvture(kg) 497 1,100 890 4,000
Total weight(kg) 787 5,870 6,090 21,500
Trust 26,050 | 117,850 | 135,011 | 690,000
Cutoff time(sec) 59 65 68 68
Climb angle(deg) 0 0 0 0
Climb time(sec) 6 6 7 10
Burnout time(sec) 59 65 70 70
Turn angle(deg) 20 20 20 25
Turn time(sec) 14 14 14 15
Drag coefficient 0.01 0.07 0.07 0.1

484



AFELA AeFd ZES 0

g3 14

i

Aol MK A 9 EHR|A o

17b T4 R

Fig. 2, 3, 4= 2 SHA 9] Al E2F
AR Y-S o8] AXtE AHAE HHSFY AEE
old Z¥E Uetdtt. AlEH ol At 1&RA 9] A
AR IV EE= ZF7F 26.7km, 80km, 128.2km,
266.2kmE UEIWioH, AAZE BIPARE 22
192sec, 299sec, 375.5sec, 555secE WERA QUL
T Hsks 371 9 A5 dAlolAE S7tetal, S3A
AFFE o|F A Sl HAILEE AUHEA HhA|
7kekaL, Q) Aol A= Sk TS UERI.

oN rR I

Distance per Alt

=~ J0Km
300Km

—— G00Km

—— 1000Km

250000

200000

150000

Alt(rn)

100000

50000

o

0.0 0z 04 06

Distance(m)

08 10

1e6

Fig. 2. Altitude change according to the distance for
each target range
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Where, ¢ denotes gravity accelerate, I, denotes
specific impulse, m denotes mass of target, C,
denotes drag coefficient, p(h)  denotes

atmospheric density according to altitude, p
denotes gravity parameter, r denotes distance to

target
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Target status

‘ Trajectory plane coordinate transform ‘
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‘ Target parameter calculation ‘
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Fig. 5. Impact Point Estimation Algorythme
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Table 3. Trajectory creation simulation conditions

Range(km) 20 300

500 1000

Condition

Latitude : 39.0194

Launch Point Longitude : 125.7381

Dirction(degree) 0°, 45°, 90°, 135°, 180°, 235°, 270°

Flight time(sec) 192 299 375.5 555
Apogee altitude(km) | 26.7 80 128.2 266.2
Apogee speed(m/s) 624 1182.8 1541.3 2094.4
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