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A Study on the Effect of Surveillance Capability on Kill
Probability Using Markov Chains
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This study investigates the impact of surveillance capability on the effectiveness of weapon system operations
using a Markov chain-based combat model. As modern military operations increasingly rely on advanced
surveillance technology, the ability to accurately identify targets plays a crucial role in resource allocation and
strategic decision-making. This research analyzes how, when weapon systems exhibit high accuracy,
improvements in surveillance identification significantly reduce mission completion time by curtailing
unnecessary firing thereby decreasing overall ammunition waste. These results imply that in high precision
weapon systems, the performance of surveillance equipment plays a critical role in minimizing operational delays
and resource wastage. Consequently, for systems with high hit rates, prioritizing enhancements in surveillance
accuracy is essential for optimizing overall operational effectiveness and ensuring prompt mission completion.
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2.1 Shoot-Look-Shoot Process

SLS Process= Th2] Z X &0l U3k b4 3 (Shoot) & 2
93] %7}Battle Damage Assessment; BDA)E 3} 3(Look) 3
S8k ot obF Holdle %E%Oﬂ thaf F3d w7t
oAl B} (Shoot)dhe #8S WHE Fadte ol o=
GA | ERES FY3letal l"@r el gajot 2l ARE
Hastete e T8 HEE FTH(Gaver, 1997; Kevin, 2004).
SLS ProcessS] TIEA QI AHE 2 ol o= WAL A& &
HEBAA Helete A4S 5}
g FA- g7t - R HA gL A S dotes 249 O
g A EtA o] o] FjA L, 37 FAY FEFIIAAE &
Al gloldd o3 #53 AEF 7] EHA o] ¥HE &3
02 o] Zo] Atk Almeida, 1995). =3 A4 wA YA
T GFUAT ¥ AR - BHE EYY EES RS R A
FAANAE 712408 BxE0| 732 wj7tA] 2&4
A #5334 B S W ESE A& AN E AR S0t

A A3 910 SLS Process =S WhEThal & 4= )



SLS Process= 2 A0 &} FA)AA M2 Y& F= &
AE Z BAE § 9long A Y Al 2 F7)4
Ao Fas EXste G A+E APty A A3
AERF] 7]& E0] .E}E} A B AT E A 4

A 719} A4 Ao T )

2.2 oPAZE §4 mha AR

MAZE vk ZA Q1 (Discrete Time Markov Chain, DTMC)
2 A7y 520 d&AHo|A ¢ 7 Azto] WEE FLRH

N WA AR 2] Al A7 dashe v
Alolth, Ed, 4 Au7E 92 W the AT A GA 1
AE7l ThE A Aol ¥ B8] A8, of Ho] G5

A ol vk & &3k A A o] .

SLS Process= EFA 7} #39f 7} o] AJ7bo] Aol whe}
S| AY FAlo dojuhs Ao ofd A 0 g o] FolA|
+ B ol7] wZo o] AkA| T U}:’Jxﬂol o= 4310}7]0" 2
gt ’\]"E“ O]
Aol 4 ¢l
E’—Eiﬂodol‘:}.

AQHE MRS REEsE B f&3 B Eolt 58] &
LA} Zo] 43 wsle] M2 A& tfgo] B4 Fof
oA, dukA o 2 ok Abel(Steady State)oll 2 S WFE
HHERT AA A ﬂl(Transwnt State) S BT ¢ = HAS
ol B % Agsltt F4 nRZ AL Sgatd B AE(F
G/ Hl, Absorbing State)oll £2317]17k4] ¢ A M3 E &
BARo g FAY 4 glof, FAA JAAA HA A 1 S

7HsAdol 2.

oA Fo } ZARLY 712 & vt 2 4
BERES(={0, 1,2, - N})olIl A B o5 = FEHA (X, n=0}
< A }X} ARE{r, - N-L NDE FFAHEY A A'=
({0, 1,2, - 1)) ?4.*1%3124 Hgoletal stwl Aol &
| )-‘Jr 2ol 7S = vtRZA RIS F vhZA Qo]

A (1
2}al SoH(Kim, 2014).

P (0”;) ()

(1,2 989 08 j9 9adn osm [7],5 YA

)

g e AolBES YBU L (7], QAR REE §5
B2 Holshs HBS it Ea oldl R 0P 2
FoAH oA YAAE R dolahs 880l 09 Yehe, 7
Soaddon 9 A i B A4 0)F 2 % gt

n 7" ([+ T+ -+ T YR
pl) — ' ( ) @)

I

A Q)2 RE dAGEAAM AZ8 A n
Hol 9& 52 7"O0RRE,
(I+ T+ T+ -+ 1" REFH A

(£, & 8 il A AFsA F
& SrE %Ho}

(], = [T+ 17+ +[17], )
E=T+T+-+T"=U-T)" 4)

g g7 2

A @REE QAR i AR A F5 a9
A 1S TE
)-

F A 71 A= FE WA AY=(1, 2, -
g AR Ghol B2 4 (5)9 Zo] 5T 9JE}(Ross 2014

r—1 r—1

By = Y= D)7, (5

~

iA AFEAA o Bl A
mpA| e} Aol o] 271 HojA 2

[Pa(n)]i] [TIL 1]7k[R] ) (6)
k=1
3. B4R
7 EARRY
BRI 5 gE LFE IO A HAlE E7
o] o} Aza e 3 F LT BRaHE 15 2FolTh
g olP o 9QldhE ALE oo e, & AR
ol 98 $2Yl = 7T AW L FRAA Hrh o) A
AR g3 eBo AF A BHE ML 5 9
o8, 4% QI GHEL ASHAAT. F AR EHo) 53
gl ok 394 gttty BEFE 25 LFE 23
8% g3 EAE st A AQAREY FUF E A EY
&4 At IS = 5 A THAtherton, 2022). & ATl A



358 Wonbeom Park -

ol
o to

o
ro £ 1 Ju
N

“
o
e g oo oo

[\)
ofN
to
=il
i
oE
ek
ot
i
m[o

YA 7Hd st A
AckSwets, 1961). 1 9] Z& | thgk 7-A A

o2 m r|r
ol
oX
ofr
ol

® @) ® @ rlo o

tlo 2 X

=)

o

W W3 A 24

o py S
2 oy
(o
K3
8

N

28 A7 3357 45
(Rallsback 2011).
A, ARROE ool AT Az
2 Abe) 2 A5 A4,
45 9% 0 4Be BAT B2
th(Bar-Sharom, 1993). %22
ol @9l B3E T B
F WA A 2 A o

et
Lo

Ny
<
o
AN
52
rr
Ky 4m

i
o _@4‘

a1y
U =)
R

o A rlo
o

o

N
W 20
2 r{r

N o

E
=
3

)

WoE b o
oot 2 ofN oo

=
fl
>

3
ojtgt e
2= ohjr
9l %

oXx.

hil

ﬂ
o]

(1) %48 B <]

npZZA QL B oA 9] A
Aod & gt 9] - o} AEY

g7t E $E Q0 SLS A F
of W2 YIS EA87] Asl A D5 el AA AdE

i
o o
L Lo
D
rh
2
ot
i)
1-4

El

44 4d 24 5) FH2 A AW} et 24 11V} 45
AT AAZE 279 EH 0] SIEHA (1,2)2 etk

ARIAE G2 A Aolsh g AF F5 A 4ol
EA3 1o mek BheFE FEYE 2T 5 Ak ok
ol Aol AF ol 43 S HYS W, BAY TS A
Roeden ool 4802 B85 49T 5 s
GE FEYU Qo0 B BRAAE 4 £50] A% 5}
AHAGT BEHE W, 5 AA FH 49 5 ro] 09
S EX ELE

F2 ol whet 7 277 AT A %
2 g AA S 24 ) E Y7 &, ®
H(s R FFRE S=n, n
nn—1,n—2 -+, 21,0 & (n+1)27)0]
o Aol PHL (n+1)2x (n+1)29 A7)7} At

g2 E0] po| 39 AL AHY 2H= 80| RTF A ZA
OS2 AAHANGL #5351, /“XﬂEE DE %Ho| B3H
QL (0, 00 EFSt] F 16701, HolgFE e A7|&
16x16°] T}, Shoot#} Look®] EA ol dojuh Ao) ohd <3}
A, e o2 Jojuhz 344 o] 7)o Shootell ThEt Mol d

n—1,
5 2,1,0, R=

Jiyeon Jeong - Bongkyoo Yoon

3 Lookel tigh Aol B ME= 43k, 7 16x16 7]
o P4 F3 =M ShootT} Looks 134 AR & th
el thgk dolYE S T35t
A Shootoll g o] Thojo] 1 9]
g Zo] FE FA U FE(S, R)
af Jﬂriﬁ FHo AT A 5
A= B = S ot <Figure 1> E24 0] 37
olE UrE}lH_L At Am& AHE dA T 17 )
#EE NE3HA ot D& AE(S)7h Hstete 2

o84 Gt B RE Ao AAZ AY 533 o] 44

12
i o
P
>
rJ\‘E!; S
ul
o
NS
T =

|o
(d
fr

S~
-

|

A=
i
&

==
O

yo oil i
o
o

(o
d

[ T R - S w §

l‘ ol
=

=

rir

1,3 ‘J12 : Jlli: 1,0

Figure 1. Transition Diagram for Shootlng Case(S=3, R=3)
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Table 1. Computation Time Based on the Number of Targets
Total Time Elapsed
Number of Targets(n) 10 20 50 100 (t= iit(i,n))
Transition Matrix
o 0.0011 0.012 0.979 42325 654.7
Computation time (tn))
(second) Block Partitioning
0.00057 0.01 0.613 16.975 301.5
(t(Z‘n))
Loss Rate(f(;. )t 0.518 0.833 0.626 0.401 0.467
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Figure 4. Expected Resource Consumption Per Target Graph Based on the Weapon System Accuracy
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