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[Abstract]

The AI based intelligent command and control system can automatically analyzes the properties of
intricate battlefield information and tactical data. In addition, commanders can receive situation analysis
results and battlefield awareness through the system to support decision-making. It is necessary to build
a battlefield situation analysis dataset similar to the actual battlefield situation for learning Al in order
to provide decision-making support to commanders. In this paper, we explain the next step of the
dataset construction method of the existing previous research, ‘A Virtual Battlefield Situation Dataset
Generation for Battlefield Analysis based on Artificial Intelligence’. We proposed a method to build the
dataset required for the final battlefield situation analysis results to support the commander's
decision-making and recognize the future battlefield. We developed ‘Dataset Generator SW’, a software
tool to build a learning dataset for battlefield situation analysis, and used the SW tool to perform data
labeling. The constructed dataset was input into the Siamese Network model. Then, the output results

were inferred to verify the dataset construction method using a post-processing ranking algorithm.

» Key words: Battlefield Analysis, Battlefield Awareness, Intelligent Command Control System,
Artificial Intelligence, Ranking Algorithm
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I. Introduction
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II. Preliminaries

2.1 Related Works

2.1.1 DARPA’s AIDA Program

0]= DARPAQ] AIDA =& 1280 KAtAtsr mch 9l 9]
AR RES et 7le2 JiEeh meAlEo|t; AARE
o2 MY HHEE vrgsto] A&stal FEsiA X
o] AAFERS R|¥t. ARl L2+ Fig. 1.3t ZTH3].
AIDA T2 728C He|nd glolgl(Z94), HIAE 24
£12 Yejslol ABASS Boll 45 4 L 4ol 7
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Fig. 1. DARPA’s AIDA Program

2.1.2 Virtual Battlefield Situation Dataset

S8 fAre A HlolEl & A8/dst7] Slsh o
2] TAF AZ71e} of=sto] EF 3079] Bof Ay B
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Table 1. Description of Terms and Datasets
Item Contents
Event Information that describes a specific action
or affair occurring in the military
Object Independent individual elements that

describe the real world

Object-Object
Relation

Independent individual elements that
describe the real world

Event-Object Independent individual elements that

Relation describe the real world
Unit A hypothesis consisting of one event and one
Hypothesis | or more objects, and an event-object relation
. A hypothesis that merged overlapping or
Candidate simiI)‘lapr unit hypothesesgfrom mquiZIegunit
Hypothesis

hypotheses
A hypothesis that separates conflicting
candidate hypotheses and consists of a set
of related candidate hypotheses

Aggregation
Hypothesis
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Sh= "foto]| s A|QrstITH4.

2.1.3 Embedding Method of Hierarchical Data
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2.2 End-to-End Model Architecture
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Fig. 4. Model Architecture
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2.2.1 Attributes

AR AFolA) Agsr} P 2o AT Ay
£ Alsshr] gt AR &7 Al H/d(Relevance),
=& AlR]Z(Reliability), XY 2ABE]Z(Information
Occurrence Frequency), A&  Azte(Knowledge

Accuracy) 47HX|2 7 7P 719 5@ A|B=Z dE o]
lony ZF £/do] tfst A Table 2.9F 2.
wAd2 R|gjo] Adst e AZRl Ao djsy
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Aoz FI™L 9 20 AXS Y3t 5}49] 8 A®

o o1 of3b7] A6l il xm

O,

401141 ’%494 %Eﬂ*é% %‘Hﬂﬂ ﬂ?ﬂﬂﬂ ? o=
T ojAlgyd gAFE zalS o] 8sfo] I
0.3, 0.5, 1} &2izto] L}o = B2 EjA S ,
o] A Wk iAol A5L 2% 478 9l A
A % AEF FA AR RYRE SAL A
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Table 2. Description of Attributes

AMest7] et sksae] ¥ dloJefoltt. Fig. 5.2

Attributes Description
Relevance Score related to the query
and candidate hypo
- Reliability score of
Reliabilit .
eliability battlefield data source
Information Based .on aggregation hypo,
# of candidate hypotheses merged
Occurrence . . ) 8
Frequenc (Likewise, the candidate hypo is
g y the # of unit hypotheses merged)
Knowledge Accuracy of events and objects
Accuracy extracted from the knowledge base

2.2.2 Combination Hypothesis
FRpe B Zae) SRS L +UT AEe

P

F7Hae] 2 FERS medeh 1ot shue] 2Tt
A2 o i AR HE AL ASHeR A
7P S RIMEE SUsH FdE o] Aot EevHES
she] ARt of2 7H9) ZHAlZ o] FolA Qi

AWPLS AGAPE Feolut A, v2F A 5
AW St FRIPESS 27] ool ZREo] AEo}
Jbgolo] MR Sl SEIEEL M2 Clojel
£ 947} gl JMAEIRPIRIL M2 A U 7}
£ 7192 foloh aicilel. Eeh £9hal Sl 4
hESE Mz ol 55047} gt ekl gE
= ngstol A WHIOL Bet. Fig. 5. £}
4 ) ool gt 9 Elol2l K871 819) 7}

2 Table 3.1+ Zt} Table 3.0 x3714 (a)= 37
AP OB, (W, (2 Y=ol ek FEH
(7h+= 5719] $57Pd A, B, C, D, E2 FJ=]o] Qo

1o ux

Table 3. Hierarchical Structure of Hypothesis

Hypothesis
Combination Hypo | Aggregation Hypo | Candidate Hypo
A
(7h :
E
(a) F
(L)
G
H
(&) "
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Table 4. Attributes of Candidate Hypo

; Attributes
Candidate _ _
Hypo Embedding | Rele Relia Fre
Vector vance bility quency HEIERY
B
I

2.2.3 Pre-processing Method of Input Data
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Fig. 6. Embedding Vector of Aggregation Hypo

Fig. 7.2 Z%713 QMg Wl 4 aiolch. BEvt
ol QY A2 WP SYst 7 ZE7HE Y
AAe) ol M Esto] £Vl URt AHY el
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Fig. 7. Embedding Vector of Combination Hypo

2.2.4 Recommend Model Approach

ZA BHe Loss §H4of il Pointwise, Pairwise,
Listwise ¥iH&0 2 JLEEC} Pointwise WH=2 sk
X 7 SR By 5, 22 Al A% 39 & AL
HE oo 24 =& Pairwise YHES 7N
o £VIS 8 (Pair) 02 sto] AT Teleta,
7k 71 % ofE b0l SMQR] 7H 44 R S o)
slo] 814 4 Qb WHEoITh Listwisel £ 7j) &
WhEe o 9] Pair2 st} 429E sty 57

wigfste] ekt WuEoItk Pointwise WHES
L malmo e shaslol CIE 2008 Tefsh &
YIGSHA] Xotal, Listwise W22 N7je] 287Hd
Hlolg7t o 188 N 7R 2F &9& lols AFYst
o} a5 Hlol8AlE &350l eA7E It Pairwise
HES AY7ME A 5 ol 7ol fAUA] B8 Alus
S B o] (A > £YHb) HolEsoR 7
25P] An, 2900 242 vgete] s TR
SRS Aleisto] AfRITH10]
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2.2.5 Siamese Network Model

Siamese 22 T 79| Ql2io] tfs| SR 07 Al
T= SMA7]AL, 2719 A1l 5Lgh 7l (Weight)
£ srotd = 719 232 Hluwshs 29 Pairwise B
HE FA R2o|tH11]. Siamese RS 4Gt olf=
719 Lol 3802 SEEAT 7L 7Hd B oju
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25}0] 7{2](Distance) A4to2 M9 HEHo| 7hsol
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dolt} 271 5 A E Este ¥aie
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£ 247ME HolgAlo] tisl] X FEIY 287 270 5
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237t
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III. The Proposed Scheme

=2ofxj= DARPAS] AIDA g2} 71A0] go]
2 8o]0] ouj= FUsH ZESHAITE Hlo[EAl 82
th=A Fdsteitt. Table b= 7HdE Ao} 714 o
OBl F AR Z dETHII

Table 5. Description of Hypotheses

Hypothesis Description
Unit A hypothesis consisting of one event
Hyoothesis and one or more objects, and an
yp event-object relation
. A hypothesis that merged overlappin
Candidate oyrp similar unit hypogtheses froF;: ’
Hypothesis

multiple unit hypotheses

Aggregation A hypothesis that consists of a set of

Hypothesis related candidate hypotheses
Conflict A hypothesis of a relationship in which
. data conflict elements exist between
Hypothesis

aggregation hypothesis

A hypothesis that separates conflicting

Aggregation hypotheses and explains a

comprehensive battlefield situation by
combining aggregation hypotheses

Combination
Hypothesis

7hh 7)20] gl 7pl delrbe 3 ARlo] ohel 2
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W N ore 71551T HFAOR AW 2 AHgAL
o AN AnS AFS 28] HEY] ATt
P4 oolEs Y TREER) A 3 SW R3]
3] et

3.1 Design Method for Data Construction
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Table 8. Construction of Combination Hypo

Index Agé:roer;:tiir;itimpzor(ﬂ) Generate
#1 @h, H) X
#2 @h, (&) 0
#3 b, (&) 0
#4 (70, (L), (&) X
#5 (70, (L), (&) X
#6 Zh, (&, (&) 0
#7 (7h, (L), (&), (Eh) X
#8 (L), (&) 0
#9 (H), (&h) 0
#10 (L), (&), (&) 0
#11 (&), (&h) 0
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Fig. 9. Building a Prototype to Construct the Dataset for Battlefield Situation Analysis



46  Journal of The Korea Society of Computer and Information

LA, AR 5 Qe 7lsE £E7H o] A3dE 8
oo}, ‘RSP A AT AJAE S22 0FS HojjA] A
st g 474 B UL 2M A 8 AT
o] U182 A1 &olsto] ¢t o] 4 B} =2 A e
8k 2 9lo 5@7}@ 9] B2 AAIsh=

3.2.2 Construction for Pair of Combination Hypo
S5 ElolE AP SW AIARLS REME 4 &

- RV

oA - EAPHE A Eols A 3

§ 2y 2oz xRt
CHeRe S F A vane o oft 0
)

AUA] Hshs 2illo)7] wizo A Hole7t 237t

A 278 % ol 7o) L2 (d" > d’>°l7<l FE] ©l
o|E|Al-S- ABASljof st ‘RSITTA R Rst AHH e

A w5 2he 2U,C)sle 27 g el
AFES WS AX Ang Wl Fig 1104 &
NE AL Aol A vES 225t Fig. 12
of 0] gbH et ATIY 4% W'Y BRI
U 3 BA A F VNS EHI £E7H o] Y
Aol EWVY 2ol AN g 2

7Pd % 2ol A e AEAPE A

=
2 52 8 8 3 Vo] SUEHRkD BUGE 28 4
F e

e

= I12] 50N 24 AlEee TG O
o2 58 KIEOIUr. EA B9 AlRzof i} 0F
U 7548 712 4 9] mheolch ojg Soi, qizhe
A= Aol A3t A0 AfFo] w0z RISk
< o HI3E7]QIA] AHIA] S| oL, PRI}
XY Feolle Aoz ofF AR HlwA F
SHAl &1 4 qlof AlRl= AR =4 24 ARk
Afgo] AR oz WSk 9ol EA AR= ARA0|
Q=71 98 JisAo] 1 GA AL ZHE 2 Rt 2
710] Aalstog &x] Al2|es} 0.3 o]AF
S, FA ARl e mRlMo] 9429
olgtl & 4 Qlt}t AW HRAHIE7} SHILA 7]

7Pl YT SAlolt. of2] H Ao
AR 8ol Bol U245 Terid 9 s8Il
T 7Hs7d0] ot FAE PR LT} opK| R T B
W 2FY FE2 vlwA HoRrlt R4 s AR

% HAIS FESke R AuE A|AM|o] 204 o7

B
Sl
1% %
ﬂ
rlr

ball
2
=)
e
ho

P
o
ﬁ_4
m)’

- 9 o)

AAstel 1 wkstsl Ants JheotA] LA, A19i%
WRollA ZHo] Pt A AVH B 7]er
02 EA AEh AT B4 tolo] Al WANIE
£ &0 28 et wdslel AR F U Se9R £
}EQ} 7<o1—7}}\4 m— }\H/\-] a] ]‘:' o :rLoio}oﬂq

1o

|:1 il

Table 9. Pseudo Code for Auto-Label Algorithm

if  When the reliability differs by more than 0.3 :
Hypo with high reliability take priority
else
if When the frequency is the same :
Hypo with the largest # of candidate hypo take priority
else if When the # of candidate hypo is the same :
If  When the knowledge accuracy is high :
Hypo with high knowledge accuracy take priority
else
Commanders Judgment
else

Hypo with a high frequency or
a large # of candidate hypo take priority
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IV. Evaluation
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Fig. 15. Dataset Generator SW Ul — Save and Export Functions
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Table 10. Number of Datasets

Topic # of Pair of Combination Hypo
#1 962
#2 176
#3 6790
#4 6634
#5 11274
#6 6562
#7 6902
#8 4428
#9 6870

Total 50,598
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4.4 Experimental Result
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Table 11. Experimental Result using nDCG metric
Topic nDCG Score
#1 0.8816
#2 0.8515
#3 0.8720
#4 0.8764
#5 0.8627
#6 0.8555
#7 0.8648
#8 0.8592
#9 0.8655
Avg. 0.8655
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V. Conclusion
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