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In this paper, a geometry-based method for predicting
interception points and a delay compensation technique
are proposed to intercept constant-velocity
maneuvering target. An integrated model is designed
combining the interceptor’s delay characteristic model
and optimization of the reaction rate coefficient via a
genetic algorithm. Applying the optimizing reaction rate
coefficient in various engagement scenarios to showed
a significant reduction in interception error compared to
using a fixed coefficient. The proposed method is
expected to use for establishing real-time guidance
strategies.

Ol &t @7 2| & (Predicted Intercept Point),

S 2 T2|Z(Genetic Algorithm),

7|5 22(Geometric Modeling),

H-24 L 7|4=(Reaction Rate Coefficient),

g S & A|0{(Autonomous Guidance Control)
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Geometry computation

« Initial condition of
target and interceptor

¥ Interception time, position

Guidance lag

¥ Applyz

Error computation

¥ || Geometric position—-actual position ||

Generic algorithm

¥ Optimize ¢

Determination of
interceptor heading

Fig. 1. Flowchart of the proposed GA-based response
time optimization for 3D interception
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Fig. 2. Conceptual diagram of 3D interception using geo—
metric prediction
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Fig. 3. Target Interception under the descending target
scenario
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Table 1. Termination condition for genetic algorithm

Criteria Conditions

Maximum
generation count

Terminate if the number of generations
exceeds maximum count

f Fbest Fbest
_ Fitness g <0.001
improvement rate ngest
Stability Terminate if the improvement condition is

generation count satisfied for 10 consecutive generations
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Fig. 4. Target interception under the ascending target
scenario
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Table 2. Scenario input parameters for target with neg-
ative elevation

KNST

Table 3. Scenario input parameters for target with pos—
itive elevation

Parameters  Unit Value Description Parameters  Unit Value Description
m m [001000] Targfe;rirlw\‘itEigI;Zzition m m [000] Targcfagrir,l‘itEigI;zzition
P?& m [1000 0 0] Intercefpotflzgiati:lizosition 1?,0 m [1000 0 0] Intercef;z)t;)lzgiati:)l(ips)osition
vr m/s 250 Target speed vr m/s 200 Target speed
ar deg 0 Target azimuth ar deg 0 Target azimuth
Or deg -30 Target elevation Or deg 20 Target elevation
Uc m/s 300 Interceptor speed Ve m/s 300 Interceptor speed
At sec 0.1 Simulation time step At sec 0.1 Simulation time step
t sec 10 Total simulation time t sec 10 Total simulation time
[in, 7o) _ [0.150] Boundsgtoi:nriig;t;ﬁn time [in, 7] B [0.150] Boundspfg:nriizfitci)cr)]n time
Zmax - 40 Maximum generation count 8max - 40 Maximum generation count
a - 0.3 Crossover probability a - 0.3 Crossover probability
8 B 0.05 ProbabriTI‘il’ji/ati;‘oe:]pplying 8 _ 0.05 Probabrirl]iga?i‘oanpplying
T, %8 98 W= Table 2, Table 39 7]&35+Y Table 4. Termination condition for genetic algorithm
Chojnf, £42 S AAZRE xYF 22 1km Eof Distance error
A Ao A1, Fig. 394 = 1= 1 kmEH -30% Seamaris ) )
Delay model Genetic algorithm
2 31751, Fig. 49| A= A A A 2022 AF55) (z=5.0) (z = optimization)
LAY &2 AolslYtt. o2 £ dlA 84 XA (1) Descending target 10.495 1.772
T AA A w7 wre] mH 3k @ AH 2] 29 A e
Q= AAsT &4 YR HtEHo = ¢ (2) Ascending target 5.499 1.086
&g 2HAUA A WEHES BAIsto] 49
At olm, § 4 FuEolA & At TR NS Fig. 5, Fig. 6= AlLb2] @ 27Ho] e 1 ¢ 37
3070 = A sho] FA I ALt 2 A 5Fsk o = Aldiol @& 84 A7 239] H5ghe AR A
Table 4= 40| SATAY A5t £ AN A 02 Aol BE 0A £ YL nolET £ 4
deloo] detol, AR LS LA WO 22 9 w15 ol vy He AdelME 24
A%t 9H YTYES B HHRA ASEE A A 0B am YR ZYOEN, £ ERE EE
52 4859 o &7%‘ OAZ71ET Aok Al FHgon ok AR AAHA] HE LS &Y
uele 19149 F4 ¢ == & HAsst vt 2 ASEHT o8 B FA FaFol L
SEE AT T = 4413, *l‘%ﬂi AqMEr=2414 AA aHE EHFASS AT & Atk 244
EAGEAG. 84 Al fA A= HSEHEE A Y AHL 7] A= BEH FF AALE A
57t HABE A G Ao voke] F A A ol4H ARE WA A8k R, Alzko] A
2l 2 B oF 80 % ol AAStALL, ol G vt dol weh g WEE YA o gertHA HFE
S Ae 2AUORE 24 Y50 SUHT T2 84 AH A= YT AY 5L AA o] =EF
4 9ee gua. L 7g salstglnt
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with the descending target scenario
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