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Combinatorial Optimization Model of Air Strike Packages
based on Target Groups

Sanghyeon Cho « Moongul Lee + Youngbai Jang
Department of Operations Research, Korea National Defense University + Joint Chief of Staff

In this research, in order to optimize the multi-objective function effectively, we suggested the optimization
model to maximize the total destruction of ground targets and minimize the total damage of aircrafts and cost of
air munitions by using goal programming. To satisfy the various variables and constraints of this mathematical
model, the concept of air strike package is applied. As a consequence, effective attack can be possible by iden-
tifying the prior ground targets more quickly. This study can contribute to maximize the ROK air force’s combat
power and preservation of high value air asset in the war.
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Figure 1. Combinations of Target groups, Aircrafts and Munitions
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Table 2. Cost of Aircraft Type(unit : $1,000)

Types Aircraft | Auxiliary equipment | Cost of Fuel
A Type 43,000 5,500 1,5
B Type 26,000 3,555 1
C Type 18,000 3,555 1
D Type 8,500 1,500 0.8

Table 3. Cost of Air Munitions(unit : $1,000)

Type Cost per unit
Al : 2,000lbs GPS guidance bomb 28
A2 : 2,000lbs Laser guided bomb 12.5
A3 : 4 2,000lbs free fall bomb 3.1

Table 1. Probability of Target Destruction by Aircraft-Ammunition Composition

. . Target's List
Alreraft Type Munition Type Target 1 Target 2 Target 3 Target 4 Target 5
Ammo Al 0.17 0.25 0.23 0.32 0.27
A type aircraft Ammo A2 0.26 0.24 0.24 0.29 0.37
Ammo A3 0.35 0.36 0.33 0.35 0.34
Ammo Al 0.22 0.21 0.23 0.22 0.24
B type aircraft Ammo A2 0.42 0.43 0.44 0.42 0.43
Ammo A3 0.52 0.53 0.54 0.55 0.54
Ammo Al 0.32 0.33 0.32 0.34 0.35
C type aircraft Ammo A2 N/A N/A N/A N/A N/A N/A
Ammo A3 0.65 0.64 0.63 0.62 0.64
Min destruction requirement rate 0.65 0.75 0.3 0.4 0.45
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Table 6. Required Destruction Rate Per Types of Target

Required
Type of Targel Destruction rate Remark
Other target 30~40% Supporting facility
. Building, Bridge
60 ) )
Main target 50~60% Ground Force
. Command &
> 0,
High Value target > 70% Control Post

Target Group Threat of air Threat of ground
#1 0.012 0.015
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Type of aircraft Survival rate
A Type 0.95
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Type of target . .
Groups of target - - Enemy threat Goal Destruction rate | Goal Survival rate
High Main Other
1 30% 40% 30% Medium 70%
2 40% 30% 30% Medium 70% 80%
3 80% 20% High 80% ’
4 - 20% 80% Low 60%
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AEPHE 7heA $AEHE A AR TMEARE Table 9. Results of Destructive Rate for Each Experimental Cases
Foste s . Target Group Total
24 1(Case 1): EH A & > ARTN W EE > +8H & Excper;r?l.ental (Goal unit : %) Average
- ondition
271 2(Case2): AE/IWEE > RH R & > FA4H & #1(70) | #2(70) | #3(80) | #4(60) | 70.00%
Z71 3(Case 3): A I & = AEV|AYEE = F40 & Case 1 68% | 69% | 83% | 54% | 68.50%
Case 2 64% 65% 78% 52% 64.75%
2 A3e T AAE ZYo] 7tSA o wE Fxo] Case 3 65% | 62% | 71% | 52% | 62.50%
Astel 9uhE AQTYo] o] TN A IR E AFUT T
AH| 89 NhER 2 HoMo e MR At ¢ o8 . .
gu &2l 7HEAE A 2% 0}04_ dBA B ol Table 10. Survival Rate and Number of Sorties for Each Expe-
S Ao Al ge 9y BE} BE7) AEET B -
rimental Cases
o) 33 ¢ BE BHRTH S A/ D 4§17 W ol
Experimental | GOAL Types of Aircraft Total #
423 A% Az g BA Condition 80% A B C D of sorties
- _ _ 0,
<Table 8>& 271 10] 0@ A Agpoln], 2+ mApoyp Sl L TP (16 18 L2 W W
- - 0,
37150 &4 04, A FAY, T Sugh ol wA oy w02 | B B 30 W0 B
_ N 0,
3g3} $37) 42F) 03} 42 BJF D YTk <Tableg> e | e | B MW 0] B
£ ol BEL71FE 2435 U ASE P F
A% vhehi Aol 9ol AP AT olo) A B Aol e A7) A5
<Table 9> ¥29) 33 A3 ek Zlolm), 271 19 o #d 43 Uehlle AL 24 A9 A &A o] 1 A&H
ARATE FREF60%) o] oh2 22 o] HAago] 15% A 43S 18T of il HAH9 AEE FYsrldMe @
of 2T ARE Hol1 Yt ol& A aFe| 7tFAE E AR BE AFAF ] ©E Aot ok& Y AFV] 2
A | BAdd Aol FEF T ALY A of 3 I FRbE 7] wEof 244l o
PPR7FA| 2 <Table 10>014 B vpe} o] AR7] AEE v AS vpdsfol o). o2 #A A AAH ZF & 4L
oA 9S4 AN B ATE TS 1A BATAS G A 439 AU A%S T Y FAUNE FH A7
2790l vl Al oz gol KUY ARE B AT FES L4 A
Table 8. Result of Experiment(Priority : Goal Destruction rate first)
Air strike package .
. - " Destruction Rate
Section . . Sub-total Air ammunition
Aircraft Allocation ) (Goal)
Sorties Al A2 A3
A type 4 - 4 4
G f target 1 B type 6 - 4 8
roup of farge P 18 68%(70%)
(Main) C type 4 8 4 -
D type 4 - 4 -
A type 4 - - 8
G f target 2 B type 4 - - 8
roup of targe yp 18 69%(70%)
(Main) C type 6 - 12 -
D type 4 8 -
A type 6 - 12
G f target 3 B type 6 - - 18
roup of targe yP 20 83%(80%)
(High) C type 6 8 8 -
D type 2 - 4 -
A type 2 - 4 -
G f target 4 B type 2 8 4 -
foup ot fafge P 14 54%(60%)
(Other) C type 6 8 8 -
D type 4 - 8 -
A type | B type | C type | D type Al A2 A3 Survival Rate
Used Resources
16 18 22 14 40 72 58 77%(80%)




Combinatorial Optimization Model of Air Strike Packages based on Target Groups 393

4.3 AAA A vl 24

o
br
T
o
it
i

o

= e
X B

MNORH
lo & Me

fol 15% 74
HAEe ¢ U0

Table 11. Comparison of Force allocation(unit : %)

Aol
r
=2

o

>~
-

wo, KT
[-40

~

Yol

ofl Mo
)
r—‘r:{‘
=
=
-
oX,

w2 -
i

lo
2L
o

R U=

e

>,
>,
oft

==

‘_,

S
BN
ok
&
o
\

i)
™
v

=)

o o o
.=,

[T o
2

1‘
RS -

=2

R
e gy
o=
of i L

=

re

£ e

Q

e
o

O

o

et
fo oft

gk d
o

3 = AE7]191 B-Typeol 10% 74 1L,
0.2 A C-TypeZt 10% F7FH a1, 11821 A3-Type
g a8 3 o] HPF Al-Type F4o] 15% 37}
o

i
K

N
T
~

i

ool

(o3
o 2 oy
B S B s S U N

2 X
A

C

>

=

]_

ih)

Max-Thunder Exercise

Aircraft Air-munitions
A B C | A3 | A2 | Al
Group of target 1 70 30 - 65 35 -
Group of target 2 80 20 - 70 30 -
Group of target 3 50 | 30 | 20 | 55 | 45 -
Group of target 4 40 30 20 45 55 -
Proposed Model
Aircraft Air-munitions
A B C A3 | A2 | Al
Group of target 1 60 | 20 | 20 | 60 | 40 -
Group of target 2 70 | 20 10 | 55 | 45 -
Group of target 3 50 | 20 | 30 | 40 | 45 15
Group of target 4 30 30 40 40 50 10
5.2ERFF AT
2 AT e SEASEE ol ot 2ATE At 54
A 2FE AT FEZAGE S M2 ddd £49
TESS TN T A b 222 1
o g nE e 40 GHRESO] TAEE AFRAA b
T & A2 5 e Aol =3 HA3 229 s
28T A ST 7S A LT AT AGHY AT
EEE Fo|1 £ T A&sHA A AEFAE 918 ¢
AR 0] o] Fold 4= Qe Aotk

Y

)

O o &
2

>

o ot

2 Pi

o

o i

o= b ro
Y

2
=
-

=

my)
e
251
L

-

1 o X
o KU ri
o 2
3y o
(lap=s e
HH-« O}i_. m[o
[0 ofN &

M

iy et
N
oXx,
S oegt Mo
ofr mx
ox,
o |o
o

o e

met Lok e
)
D
>
rie
o
ot

O mlo
]
oo
2&
£
RS
¥

12
=
o
offt
>
=2
ofd
h)
=°|L_',
O
ofr
ol
rir
>
OQ (-
-

o
o
2
R
)
2
o

ol
o
>
>
st

o
A
XN to by

m
<:».,>:_lI
&

of
Eh
1
i o3
=
ofo
i
N
ox >
[T
ox
ofj
o i1,
=SS )

it

oxl

SL

EAN

ag rlo
< <1

-3
=
rl
A
ofX

oo R H )y ox
=2

ol
ri
ml
W) [ [ T

)
=
o rjz ok
re ﬁ“
—
b 2
of s
o &
2
%
=
>N
o= m_N
ox
4
b4
o
oy 2

| A

ERs
>
o

%
S
ol
B
e
K
<
=

b
it
o

ko
N
Y
ox
ko
re

=2 op o
i)
N
lo met T
Br & 5oy
%
Lot 2 fob R HU

41
e

2!
o
B
&2
rlo

fd
iy
[
=
=

N,
=
of
X
E\%
2
Ry
> o©
N
ol
ol
il
o
N

(i
lo
o
(S
v
Mo ok

M,

s

;‘-:,‘ oln
=

ox

i

@

2

S

riu

of

e

(o

=

e o
2 A b

o M

N T

£ of

Mo

=2

<o

ko

b

il

o

E pas)

B30 oy

M & @ o2

1)
oy
n)
>
X
k)
o 1
Fel o
=
ox Ml
o
puch
2

oo l"_>|“‘_,
oo

2

mo iy
oo
o
o ok
AL Ok ofl
R\ e AT}
to qo Ly
tlo St —o yo
>
et (S

©
of
1o &
)
TS
o O
oft
O Ay gy

oN (B

o,
G
K"

Nk oy o &

r
[l
o
£ o
ot

™
o 1M

L

Bl

o,

it

o

fl Ho

=%

X,
oy
S fo b

. oo &,

Ol
-

4o & 2
{0 roly
¢
i3
o,

2

re S
aln
e
e
to
B
m:;u
o
P
kS

Ahuja, R. K., Kumar, A., Jha, K., and Orlin, J. B. (2007), Exact and heu-
ristic methods for the weapon target assignment problem, Operations
Research, 55(6), 1136-1146.

Airforce Head Quarter (2012), Air Target Processing, Korea Armed
Forces Printing and Publishing Department, Daejeon, Korea.

Brown, G. G., Coulter, D. M., and Washburn, A. R. (1993), Sortie opti-
mization and Munitions planning, Naval Postgrduate School Re-
search Paper, Monterey, CA.

Choi, H.-J., Seo, J.-B., and Kim, Y.-D. (2010), Task Assignment of Mul-
tiple UAVs using MILP and GA, Journal of the Korean Society for
Aeronautical and Space Sciences, 38(5), 427-436.

Eiselt, H. A. and Sandblom, C.-L. (2007), Linear programming and its
applications., Springer.

Griggs, B. J., Parnell, G. S., and Lehmkuhl, L. J. (1997), An air mission
planning algorithm using decision analysis and mixed integer pro-
gramming, Operations Research, 45(5), 662-676.

Jaiswal, N. K. (1997), Military Operations Research : Quantitative Deci-
sion Making, Kluwer Academic Publisher, Boston.

Kalvelgen, E. (2007), Solving Multi-Objective Models with GAMS, The
War, New York.

Lee, D.-R. (2008), The Optimal Allocation of Aircrafts to Targets by
Using Mixed Integer Programming, The Korean Operations Research
and Management Science Society, 25(1), 56-70.

Lee, H. and Kim, S.-H. (2015), A Study on Aircraft-Target Assignment
Problem in Consideration of Deconfliction, The Korean Operations
Research and Management Science Society, 32(1), 49-63.



394 zA4 -

Lemus, F. and David, K. H. (1963), An optimum allocation of different
weapons to a target complex, Operations Research, 11(5), 787-794.

Rosenberger, J. M., Hwang, H. S., Pallerla, R. P., Yucel, A., Wilson, R.
L., and Brungardt, E. G.(2005), The generalized weapon target as-
signment problem, 10" International Command and Control Research
and Technology Symposium the Future of C2, Mclean, VA.

Ryu, H.-M. and Lee, M.-G. (2014), A study of Allocation of Military

ol &

2 - g

Airspace and Range Using Goal Programming, The Korean Opera-
tions Research and Management Science Society, 40(2), 63-77.
Stanley, Z. (1974), Linear and integer programming, Prentice-Hall,
Englewood Cliffs, NJ.

Yoon, H. W. (1988), 4 study on allocation of aircrafts to minimize the
threat of enemy fixed targets, Korea National Defense Univ, Master
Thesis.





