. . a
0L ’Adﬁd]JC’}r’u))‘fk’/
AR H

VWY e VF Y Sl ) ojleds (e Jlo

SRIF - S
Tl Sladibobs (55UBL 390 Sl 1981 31 odliiul b gy Sa3 18 2 pke
ol S 50 § (S
N e Likeses wgo 315 S5l alede (g B bl Lo Jle

(8) e plol ol o8l sl =¥ 0l al Gy e oK Y (on 5 Slage ol 5 o sae 38T Lskal =1 5
OENVYNY iipdy VEe o) 4 YOl o)

o..)g_&___;

5 Silengal (Dluag onl Cupae o ol e 5o bl Jlad 4 LUl nses 3 e Slaal 5l B0 Slaags ol
5 lagags by 5l e alml il an ubol p Slasaas wigld ol 1o sl ol 5l ond memsyi psbas Loll 1 (655 et
Ssdee 48,8 Sy mlie parass gldlss coale dal )l 5385 il gl jolaiads L) (en ;5 W9l oo 3T lie Jarass
35l alels Cape o piptes ol 00 ) ppaad S50 5 (63 gliul ailals Lolal s (slalo o aiz abos Wiz o g, ol
laosls L ol 0,5 )15 Uy g (S35 Jlsle 1 peead slacsjo (ol oje cunl atigs Sy polie b o] (3,5 )15 <ol o
w55 95 52 05 s enlil g3l sladmol, 25l (sl SPEA-I s NSGA- a2y o5l 5 5l eppizmod ol 3 il 6 b ol 8
okl jo 8 (oo annliie (ABly Sloslons (o) 9 £985 jlaxe plgieds (Fo 1S (2l Ked Jlns plgieds (Jus alold jlxe 4w oolizul L
5 el )50 00 (giludd sy lin Ky 5l eoliial b gl a8 Jo L5 wed oo ooliiul sl peasd bl cg> TOPSIS s,
Sgays NSGAIL a8 Jlo )5 ool (550 €55 5 2, 5om slls SPEAIL 45 sms o L5 (5loands uls . ,F winlss 15 )
Slp 63zl alobe g ooliiul 45 piiws ddine Lo ol (668 Jlae 5l Glymul Gl Glyls o Gzt Glej g 00g
9y43) (6999 ool o Salespas | 0gaS L a5 (50)l9e o [ el S50 3 Fowlin 0js cpl Jes slao 8

WOl 7l ol Wilgs o pronal B8 (e
(53 gl ladilobs o,y &8 JelSs 12,5500 coglin f (sl o b Seis o258 clio shigy (arass R0l 3alS

B g

Dynamic Battle Management Using Meta-Heuristic Algorithms, Fuzzy
Inference Systems and the Decision Tree

A. R. Asadi Ghanbari, S. A. Sadatinejad, M. Mohammadnia, H. Alaei”
Imam Hossein University
(Received: 16 /12 /2021; Accepted: 07 /06 /2022)

Abstract

Nowadays, the threats caused by aerial targets are among the most critical challenges. Two main components in
threat management are visualization and decision-making based on compiled pictures. In this process, the decisions
are made based on threat evaluation and resource allocation modelling. To do so, the sequential nature of resource
allocation is considered to provide a more accurately visualized situation. Here, a multi-stage multi-objective model
is constructed based on the fuzzy inference system and the decision tree. Also, NSGA-II and SPEA-II are used to
find Pareto solutions. Both Algorithms have been compared based on generational distance as a convergence
measure, spread as a diversity measure, and the actual computational time. Ultimately, the TOPSIS method is used
to make the final decision while the results are reported using a simulated scenario. The simulation results show
that the SPEA-I1I has better convergence and spread, while NSGA-II is faster and has less standard deviation in the
execution time. We believe that the fuzzy inference system is more suitable than the decision tree in practical
applications. Nevertheless, when facing data shortage or incompatibility, the decision tree would be the preferred
choice.

Keywords: Dynamic Resource Allocation (DRA); Non-dominated Sorting Genetic Algorithm-11 (NSGA-II);
Strength Pareto Evolutionary Algorithm-11 (SPEA-II); Fuzzy Inference Systems; Decision Tree.
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4 Game Theory
® Static RA

! Command and Control (C2)
2 Combat Power Management (CPM)
® Picture Compilation
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® Threat Value

! pareto Front
2 Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS)
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8 Closest Point of Approach (CPA)

® Time Before Hit (TBH)

0 Target Type

! |dentification Friend or Foe (IFF)-Interrogation
%2 Electronic Support Measures

2 The Target’s Velocity

! The Total Expected Threat Value (ETV) of Targets
2 The Cost of the Resource Usage (CRU)

® The Resource Allocation Risk (RAR)

* Rule-based Algorithms

% Fuzzy Logic

® Artificial Neural Networks

" Graphical Models
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If (TBH is short) and (Distance is close) and (Speed is
high) and (Height is low) then (Theart is very_high) (1)

If (TBH is long) and (Distance is close) and (Speed is
medium) and (Height is medium) then (Theart is low) (1)

If (TBH is medium) and (Distance is far) and (Speed is
medium) and (Height is low) then (Theart is medium) (1)
If (TBH is short) and (Distance is close) and (Speed is
high) and (Height is low) then (Theart is low) (0)
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® Strength Pareto Evolutionary Algorithm (SPEA)
" Guarantees Boundary Solutions

8 Fine-grained Fitness Assignment Strategy

® Single-point Crossover

0 Bit String Mutation

™ Elite-preserving

2 Diversity-preserving
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