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B Abstract =

This paper considers the allocation and engagement scheduling of air defense missiles by using MIP (mixed integer
programming). Specifically, it focuses on developing a realistic MIP model for a real battle situation where multiple
enemy missiles are headed toward valuable defended assets and there exist multiple air defense missiles to counteract
the threats. In addition to the conventional objective such as the minimization of surviving target value, the maximization
of total intercept altitude is introduced as a new objective. The intercept altitude of incoming missiles is important in
order to minimize damages from debris of the intercepted missiles and moreover it can be critical if the enemy warhead
contains an atomic or chemical bomb. The concept of so called the time window is used to model the engagement
Situation and a continuous time is assumed for flying times of the both missiles. Lastly, the model is extended to simulate
the situation where the guidance radar, which guides a defense missile to its target, has the maximum guidance capacity.

The initial mathematical model developed contains several non-linear constraints and a non-linear objective function.
Hence, the linearization of those terms is performed before it is solved by a commercially available software. Then
to thoroughly examine the MIP model, the model is empirically evaluated with several test problems. Specifically, the
models with different objective functions are compared and several battle scenarios are generated to evaluate perform-
ance of the models including the extended one. The results indicate that the new model consistently presents better
and more realistic results than the compared models.

Keywords : Weapon Target Allocation Problem, Missile Allocation Problem, Mixed Integer Programming,
Optimization
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(E 2) Bt=0|Ate| 2R 2 7|2Atet
g AE ol eErAtd H e BE el gErAbY
No _ e N No A &5 .
i k/s) | 7 HE ke | P
1 (-15, 150, 90) 16 30 5 (85, 85, 260) 30 20
2 (-5, 140, &0) 16 3H 6 (95, 80, 250) 3.0 25
3 (5, 100, 140) 2.1 25 7 (105, 80, 140) 21 3H
4 (15, 90, 130) 21 20 8 (115, 85, 130) 21 30
(H 3) QAA|AHISl 2R 2 7|=2Ate
2ANA F2 AT
2AEY I 87 31% (km) ES= AFA 7 I .
- 2= ul v & S A7+
-’:‘/]i -%]EH (IC[D/S) (km) 0 J]’]—v‘é‘ t"_o/\]{
M-SAM 1 (0, 10, 0) 15 20 17 35 16 0.7 6
M-SAM 2 (100, -10, 0) 15 20 1.7 35 16 0.7 6
L-SAM (50, -50, 0) 40 150 2.4 200 10 0.8 6
(E 4) SofAttel 2R ¥ Mg =&
o A} Ak AR 7 WA g 5
Hl3d A 0, 0,0 wZE vy Level 3(3 Shots)
Hg4 B (100, -20, 0) I v &% Level 4(4 Shots)
12 BW AT U 2Eo| HEY 24 SALAIZE} FFT/ 55 4817 9k L-SAMS
HH-S-A 7k ]3] 6% o] Fof whAL3E Aolu) 1|1
7 Al e gk A A <3 5>¢F 7 49 st Al o] 8- M-SAM 19] FFTE 499%
ot 8 4nAtd el HuAbAY 9 84 7Hs A% A, 528%0l Hx=2 A 22 L-SAMe| 8.4
o YXe}A] o} 2 A0] Brleg eEn|Aldof o uALd o] A wH st Azl gRlo] 52.8%0 £
A LAVAIL S EALSEA] @al, 84 0] THE gt w7] wWitolth 3H, 89 et=rAld el AT e
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G4 Aol S, A4 AN E BEnde) 97 9 S,
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WA O A ARG 2A0] olFel  wAEI 4ol weHel 24 BerlAel] s 4
7] 98 MARAZHEET) ol A 5te] & 23o] & A A4 AwS A835l= Aol geldn. L-SAM
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S A F Uk VM a4 nEE FEA ) M-SAMC. 27 SSS-L AbA d&s #83a, L-
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122 o]t - okl 5t
(E 6) MESH EHZD|AlYS| 7IR|E 2 Astsle 28o W™ At
U]Elia] A%y ' s 24 “?E;) HARIE i amy Shots
M-SAM 1 65.2 76.9 65.2, 66.2, 67.2
1 M-SAM 2 - - - SSS-L
L-SAM - - -
M-SAM 1 548 669 583, 593, 60.3
2 M-SAM 2 - - - SSS-L
L-SAM - - -
M-SAM 1 56.2 623 61.3, 623
3 M-SAM 2 - - - S-L-SS
L-SAM 0 146 140
M-SAM 1 499 56.0 5.0, 56.0
4 M-SAM 2 - - - S-L-SS
L-SAM 0 93 7.0
M-SAM 1 - - -
5 M-SAM 2 726 771 726, 736 SS-L-SS
L-SAM 0 449 6.0, 15.0
M-SAM 1 - - -
6 M-SAM 2 6338 732 638, 69.3 SS-L-SS
L-SAM 0 40.8 11.0, 13.0
M-SAM 1 - - -
7 M-SAM 2 56.2 62.3 60.7, 62.3 SS-L-SS
L-SAM 0 200 80, 90
M-SAM 1 - - -
8 M-SAM 2 532 50.7 587, 59.7 SS-L-SS
L-SAM 0 150 10,0, 12.0
WoaPadel] gk wHa £ 9 28 Shots
WAL AJZEe] 9 1,242.3%
CE ) BH=0AtYo| 22E= 2A0AIYS] +E XshotA| 22 Zdo| wd At
=1y = = <) &l = Ny Z = <) =
N T e S I R I Y 1
1 3 M-SAM 1 : 749/3 5 1 M-SAM 2 : 77.1/1
2 13 M-SAM 1 : 548/13 6 5 M-SAM 2 : 688/5
5 ) ) . 5 M-SAM 2 : 583/5
L-SAM : 6.0/10
4 - - 8 5 M-SAM 2 : 532/5

% 427] A% FAHM-SAM 1 : 1671, M-SAM 2 : 167], L-SAM : 1071)
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