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This study analyzed two quantitative methodologies
for gaining insights into battle outcomes: the
Lanchester model (LM), classified into linear, square,
and mixed forms, and probabilistic scenario model
(PSM). The models were compared and applied to
historical warfare and prospective engagements
between manned warships and unmanned surface or
aerial vehicles. The results confirmed that LM and PSM
can support both battle-outcome analysis and future
weapon-system development.

HEDS(Warfare Model),
LY AE| B (Lanchester Model),

27|31 # (Weapon System), ROI4AK (USV),
SIS 7I(UAV)
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Table 1. Parameters and variables in Lanchester model

(LM)
Parameters Descriotion
and Variables P
B, p Combat power indices of BLUE and RED troops
B R Initial numbers of combatants of BLUE and
o RED troops
Final numbers of combatants of BLUE and RED
Bin, Riin t
roops
B R Numbers of combatants of BLUE and RED
! troops in continuous time
B R Rates of change for BLUE and RED

combatants
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Table 2. Parameters and variables in probabilistic sce- T = 9] 1204 ZH o] Z4to] WA S T Er
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No - N Targeting number of hits/intercepts for each
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Table 3. Comparison of Lanchester model (LM) and probabilistic scenario model (PSM)

Category Lanchester Linear Model Lanchester Square Model Lanchester Mixed Model Probabilistic Scenario Model
Propert Static, deterministic and Static, deterministic and Static, deterministic and Sequential, probabilistic and
perty continuous model continuous model continuous model discrete model
Battle Tvoe Hand-to—hand battle by Firearm battle by indirect Mixed battle: direct on one Missile battle by indirect
P direct contact of platforms contact side and indirect on the other contact
Example Sword vs. sword Bow vs. bow Bow vs. sword Missile vs. missile
Battle Range Short Medium Short or medium Medium or long

Proportional to the other

Power Loss  Proportional to the product Proportional to the other  troop’s power (BLUE) or the Proportional to the other

troop’s combat power and the

Rate of both combat powers troop’s combat power product c(n'; E%t)h powers armament hit rate

Combat Linearly correlated with both ~ Squarely correlated with both  Linearly/squarely correlated Determined by the hit
Effectiveness troops troops with both troops probability at each stage

Parameter B ComgaLtUpl)Eo::scr)Fi)ndex of P Combségi\r/geor;ndex of B, p pi: armament hit rate at stage i
. Cn : o : T N;: targeting no. of hits

Varlable er Bfm/ B/ B Rm/ Rﬂn/ R/ R er Rm/ Bﬁnr Rflﬂr B/ R ni: resulting no. of hits

Equation Egs. (1)-(5) Egs. (6)-(11) Egs. (12)-(16) Egs. (17)-(28)

Result Final no. of troops Final no. of troops Final no. of troops Expected no. of hits
EAEFF7Y BEx,FS A= Aol 2 A7 8, B9 G20 vRdE Ao HriEY. 17
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ot e e
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AEF 133402 EA T 3ot 2o AE A ot
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Table 5. Comparison of combat powers and estimation of combat results

Category I-FFG [-USV [I-FFG [I-USV I-FFG -Usv
Power Index 30 1 30 1 30 1
Initial Number of Warships 6 60 6 60 6 60
No. of Simultaneous 6 FFGs 20 USVs 3FFGs 10 USVs 3FFGs 6 USVs
Combat
Number of Rows 1 3 2 6 2 10
Victorious Troop usv usv usv usv FFG FFG
Final Number of Warships 10.9 10.9 7.8 7.8 2.5 2.5
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Fig. 2. Real-time power change according to the initial
power of the BLUE and RED troops. The number of RED
troops is displayed at 1/20 scale
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Table 6. Estimation of residual forces according to the initial powers of BLUE and RED troops
RED Troop 1 DDG 2 DDGs 3 DDGs ‘ 4 DDGs 5 DDGs 6 DDGs
10 UAVs 5.8 1.3 2.6 3.7 4.8 5.8
20 UAVs 15.8 3.3 2.1 3.3 4.5 5.6
30 UAVs 25.8 13.3 1.4 3.0 4.2 5.4
40 UAVs 35.8 23.3 2.4 2.5 3.9 5.1
50 UAVs 45.8 33.3 12.4 2.0 3.6 4.9
60 UAVs 55.8 43.3 22.4 1.3 3.3 4.7
70 UAVs 65.8 53.3 32.4 3.1 2.9 4.4
80 UAVs 75.8 63.3 42.4 13.1 2.4 4.1
90 UAVs 85.8 73.3 52.4 23.1 1.9 3.8
100 UAVs 95.8 83.3 62.4 33.1 1.0 3.5
110 UAVs 105.8 93.3 72.4 431 5.5 3.1
120 UAVs 115.8 103.3 82.4 53.1 15.5 2.7
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Table 7. Hit rates per unit and bundle for the weapons involved in a battle

Category Missile A Guided Rocket B Cannon Guided Rocket U Missile D Guided Rocket E
Troop BLUE BLUE BLUE RED BLUE BLUE BLUE
Platform FFG PKMR FFG usv FFG FFG* FFG
Target Ship Ship Ship Ship Aircraft Aircraft Aircraft
Hit Rate of a Unit 0.3 0.7 0.3 0.7 0.7 0.7 0.7
No. of Units per 2 3 5 all 3 3 massive
Bundle
Hit Rate of a 0.51 0.973 0.832 - 0.973 0.973 0.7
Bundle

*Guided Rocket E is not currently installed; it is included to assess the defense improvement from a hypothetical performance upgrade.
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Fig. 3. Probability distribution of the number of surviv-
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Table 8. Status of combat platforms and weapons by battle type

Battle

Type BLUE Troop RED Troop Description Order of Using Weapons
| FFG Usv Standard scenario Missile A = Cannon — Rocket U — Missile D —
CIWS
Hit rate of Guided Rocket U Missile A = Cannon — Rocket U — Missile D —
! FFG Improved USV improves from 0.7 t0 0.9 CIWS
. Ne\_/vly msta!l_ed FrG R.oclfet E Missile A = Cannon — Rocket U — Missile D —
I Reinforced FFG usv provides additional anti—aircraft
Rocket E — CIWS
defense
FFG and two PKMRs conduct
v FFG+PKMR Usv coordinated operations; PKMR Missile A = Rocket B — Cannon — Rocket U —
formation Rocket B provides an additional Missile D = CIWS

anti-ship attack

(a)

0.4
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—A—9 Rockets —m—12 Rockets
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0.00
0 2 4 6 8 10 12
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—a— 21 Rockets ——24 Rockets

(b) 15-24 rockets launched

Fig. 4. Probability distribution of surviving guided rock-
ets U after FFG anti—aircraft interception in battle type |
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 BEHHAE 2N SEH AUER 2

1USV 2 USVs 3 USVs 4 USVs 5USVs 6 USVs 7 USVs 8 USVs
[, 1,10 0.082 0.165 0.247 0.329 0.497 0.666 0.834 1.002
v 0.002 0.004 0.007 0.009 0.013 0.018 0.023 0.027

Table 10. Expected number of FFG hits by USV guided rockets according to rocket load and USV swarming number in
battle types I-IV

Battle  Rockets per

Type usv FUSVs
! 3 Rockets 0.001 0.003 0.004 0.006 0.012 0.020 0.033 0.051
! 6 Rockets 0.003 0.013 0.029 0.051 0.108 0.187 0.285 0.399
| 9 Rockets 0.038 0.085 0.142 0.207 0.354 0.530 0.729 0.949
! 12 Rockets  0.090 0.189 0.298 0.414 0.667 0.949 1.254 1.580
I 3 Rockets 0.002 0.004 0.006 0.008 0.015 0.026 0.043 0.066
I 6 Rockets 0.004 0.016 0.037 0.066 0.139 0.240 0.366 0.513
I 9 Rockets 0.049 0.110 0.182 0.266 0.455 0.681 0.938 1.220
I 12Rockets  0.115 0.243 0.383 0.532 0.858 1.220 1.613 2.031
Il 3Rockets 0.001 0.003 0.004 0.006 0.008 0.011 0.014 0.017
Il 6Rockets 0.003 0.006 0.009 0.013 0.022 0.037 0.057 0.085
Il 9Rockets 0.004 0.013 0.024 0.037 0.068 0.101 0.133 0.162
Il 12Rockets  0.006 0.024 0.051 0.085 0.163 0.252 0.340 0.418
vV 3 Rockets 0 0 0 0 0 0 0 0
IV 6Rockets 0 0 0 0 0.001 0.001 0.001 0.001
IV 9Rockets 0.001 0.002 0.003 0.004 0.006 0.008 0.011 0.013
IV 12Rockets  0.002 0.005 0.007 0.010 0.015 0.020 0.025 0.030
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