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A Precise Trajectory Prediction Method for Target Designation Based
on Cueing Data in Lower Tier Missile Defense Systems
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Dong-Gwan Lee Kil-Seok Cho Jin-Hwa Shin Ji-Eun Kim Jae-Woo Kwon

ABSTRACT

A recent air defense missile system is required to have a capability to intercept short-range super-high speed
targets such as tactical ballistic missile(TBMs) by performing engagement control efficiently. Since flight time and
distance of TBM are very short, the missile defense system should be ready to engage a TBM as soon as it takes
an indication of the TBM launch. As a result, it has to predict TBM trajectory accurately with cueing information
received from an early warning system, and designate search direction and volume for own radar to detect/track
TBM as fast as it can, and also generate necessary engagement information. In addition, it is needed to engage
TBM accurately via transmitting tracked TBM position and velocity data to the corresponding intercept missiles. In
this paper, we proposed a method to estimate TBM trajectory based on the Kepler's law for the missile system to
detect and track TBM using the cueing information received before the TBM arrives the apogee of the ballistic
trajectory, and analyzed the bias of prediction error in terms of the transmission period of cueing data between the

missile system and the early warning system.

Keywords : Tactical Ballistic Missile(H & 8= PALY), Target Designation(3£4 #]73), Kepler Law(H &2 H2]), Cueing
Data(7% %X, Engagement Control System(:lZ5A|A]2=H))
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Table 2. Target Designation Error at 75km from Radar
(Target Transfer Rate : 10sec)

X= [ Y= | 2= [ x= | Y& | z=
AR | 9Ix | 2Al | BE | = | 2
Qi | @A | @ | @ | @R | 2%

case 1 |-3.822|-0.726 | -597.9 | -2.063 | 3.202 | 1.526
01%)| m m m m/s m/s m/s

case 2 | -12.7 | 16.23 | -477.4 | -2.133 | 6.634 | 92.82
(5.0x%)| m m m m/s m/s m/s

case 3 |-26.54 | 35.68 |-114.8| -2.8 | 7.906 | 180.6
99%)| m m m m/s nm/s m/s

Table 3. Target Designation Error at 75km from Radar
(Target Transfer Rate : 5sec)

x5 [va [ 25 [ x5 | Y& | 23
Al | 1l | 9% | = | $E | &=
LAt | LA | AL | LA} | A | X}

case 1 | 3704 | 5.16 |-596.6 |0.6088| 5.101 | 3.1

01%)| m m m m/s m/s m/s

case 2 | 6.319 | 9.464 | -558 [0.7182| 5918 | 48.65
25%)| m m m m/s m/s m/s

case 3 | -1.1 | 23.07 | -448.5 |-0.4118| 7.945 | 92.99
49%)| m m m m/s m/s m/s
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Table 4. Target Designation Error at 75km from Radar
(Target Transfer Rate : 1sec)
X& | Y& | Z&5 | X5 | Y& | Z&
gIxl | A=l | 9l | 22 | 2 | &
Xl | QA | LA | X} | @K | A
case 1 |-1.152 |-5.706 | -592.0 | -0.278 | 1.896 | 3.181
0.1%)| m m m m/s m/s m/s
case 2 |-1.269 | -6.097 | -590.1 | -0.297 | 2.16 | 10.63
0.5%)| m m m m/s nm/s m/s
case 3 | -1.812 | -11.42 | -584.9 | -0.487 | 0.9414 | 18.44
09%)| m m m m/s m/s m/s
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Fig. 11. Target Height and Estimated True Anomaly
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Fig. 12. Results of velocity prediction when prediction interval is Osec
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Fig. 13. Results of velocity prediction when prediction interval is 2sec
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Fig. 14. Results of velocity prediction when prediction interval is 5sec
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Fig. 15. Results of velocity prediction when prediction interval is 9.9sec
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Table 5. Target Designation Error at 75km from Radar

(Target Transfer Rate : 10sec)
X& | Y& | Z& | X5 | Y& | Z&
ol | glA | 9l | B | S | &2
QA | @At | @A | %} | @R} | @A}
op =0
— -0.002 | 0.464 |-2.623 |-0.011| 0.139 | 3.694
Az m m m m/s m/s m/s
o =20
op =50
0. =2 64.14 | 10.97 |-89.68 | 6.722 | 1.287 |-3.969
Az m m m m/s m/s m/s
oy =2
op = 100
—1 -161.0|-54.56 | 159.2 |-16.43 | -5.666 | 20.31
Az m m m m/s m/s m/s
oy =4
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