Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2021.22.12.95
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 22, No. 12 pp. 95-104, 2021

LVC 935 {35t EAlu|5go] Fdder 2

%11 1* =12 =x1 1
2FF, ANL", AR, 0|5F, U8
'SEEMLIIC SIS

A Study on Implementation and Application of Communication
Middleware for LVC Interoperability

Kyoungchan Wonl, Jaeoh Kiml*, JaHwan Kooz, Hojun Leel, Yong-Pil Kim'
Center for Army Analysis & Simulation, “Hansung University

o AA oA e A71E5AALive), 7HIEAAA(Virtual), FHAEH CIAA A (Constructive)E 22 7iEH L
2+85t0] £ 9 AHS Aot vk S E BAAL 2 A £ a9E 4] Yo E 28 3
V, C AAIE A3t 2835 Weke AFShT Utk LVC AAZ 952 A4 AFeA0A sRe A8 ° A&
A 7152 AFst7] f&ol ttst o]Fo] AERAAE 5 28 4 Y& A% vEH] 7I&0] Hasitt. A5S
A3t HEZQ] vlEFo] B4 HLASF DDS #4]e] Qltt. stu|dgtds7t A EH ol AA IAYRET As2
F2 HLA 9oz FEEo] 91, A7|E ZoH A A% uEYel2= DDS7F 28E 1 ot HLAE A7t 57
9 Aoj7} 7153t BAKEF 0l g0 gl DDSE BAREA Y] o83 AA7E Hlolg Ao gt B =1
qAE LVC A5EAA e 2t 5ol F 7HX] A5H49 554 E409t 4633 Aal ATA,

s

o £kt kO

I

A8, BEAY, T, V154, $ARSY S90) S vEsigL, AEt) AL F% T chusr B47]Y
il HlenAde Bestel ARA0] £ WAS AR B ATE vEoR LVC A5 9T FAuSeol

78 H RS S FF I LVC AeEHAA 7500 79g Aer gt

Abstract Currently, in Korea, L, V and C simulations are performed individually. The ROK Army is
researching ways to link and apply the currently operating L, V and C systems to achieve the effect of
simultaneity and integration training. Since interoperability between LVC systems provides numerous
combat and tactical training functions in the actual battlefield, interoperability middleware technology
that can integrate and operate various heterogeneous combat systems is subsequently required. Some of
the representative middleware methods for interoperability are the HLA and DDS methods. The HLA
methods mainly construct the interoperability between war game models, which is a configuration
simulation system between the ROK-US Combined Exercises, and DDS is applied as the interoperability
middleware method of the actual operation simulation system. The HLA is suitable for distributed
simulation environments where time synchronization and control are possible. On the other hand, the
DDS is suitable for large-capacity real-time data transmission in distributed environments. To analyze
the performance measurements of these two methods, a prototype of the Division-Level LVC
interoperability training system was developed, and the capabilities of the two methods were compared
in terms of suitability, practicality, standardization, compatibility, functionality, and maintainability. An
efficient method was selected using a correspondence analysis which is a kind of multivariate analysis.
In conclusion, this study is expected to contribute to the establishment of the LVC interoperability
systems in the future.
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Fig. 2. Conceptual Diagram of Research Procedure
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Table 1. Comparison Analysis of HLA & DDS

Index HLA DDS
Federation Federate configures Domain configures
Managememt interoperability interoperability
Declaration OMT Spec Dat?‘Local
Managememt Recognition Layer
ObjectM: Updati ith
jectiianage pdating wi Data reader, writer
memt parameter attributes
. Occurrence of Expressing the
Ownership . :
Manacemennt ownership between strength of ownership
8 federates through QoS policy
Time HLA Data Centric Publish
Managememt Subscribe
Data DomainParticipant,
Distribution RTIAmbassador Publish, DataWriter,
Managememt Subscriber, DataReader
Qos Unused 22 policies used
Security Unapplied Secret story algorism
Link Dynamic link Java API, C++
Compatibility available support
Web Service Simple Object Provide SOAP and
Access Protocol more
2006 year,
Wire Protocol Unused Interoperability code
publication application
Provide various
Wan Support Gateway protocols such as
firewall
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Fig. 4. Comparison of HLA & DDS
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Table 2. Comparison Analysis of HLA & DDS

Index KOREA Us
Interoperability HLA based HLA, DIS, TENA, CTIA
Standard Interoperability System| based System
Structure configuration configuration
Interoperability Maml'y'C-C Almost perfectly
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System L LvVC
Limited L-C o
Structure Interoperability

Interoperability System|

Interoperability
System using
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Int: bilit
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Method various Method

Interoperability HLA, TENA, DIS,
Skill Level HLA CTIA
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Table 3. Test Data of L, V, C System

Index L \ C
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Table 4. Test Data of L, V, C System

Table 6. Unit Information Detailed Configuration

Max Load Additional Load Attribute Data Size Attribute Description
Index Sum Unit information 112bit Unit information
Object | Interaction | Object | Interaction Unit ID 04bit Unit ID
Location 192bit Unit's current coordinates
L 515 398 4 99 14 Damage state 32bit Demage or not
v 27 6 12 0 9 ificati
f(?laszifm;tlon of 32bit Unit's identity
C 743 | 604 80 14 45 riendy & enemy
Combat power 32bit Combat power
Performance — —— - — ——
Measurement | 1,285 1,104 181 Unit identification 82bit Unit identification
Standard Split state 8bit Split state
. . . Aggregate Unit's
Occupation radius 96bit Oceupation radius
A=A HlolgE 1£=517] Y9l AA- A4S AE AE Deployment 32bit Deployment
= E]]O]H 37]7]_ 31, 1:121-/\(1)4%]:(_’_6].%]:)0] = q]o]]ﬂg Number of unit 32bit Aggregate number of unit
= - - - Unit attribute 112bit Split unit's attribute
AL, 4524 dole A8 At AA A Eae .
- ) ) Sum 103byte(826bit)
EA7= Table 59+ 2t} 4528 JE = A2 Hap
7t deotR g, AHPE F g e Py w2 B
HARE =4 5] E=RC1N) 33 458 8 75
JEE 55 E”O]HE A oo]—Ofl 172857]1 ‘?_]_—1:! SRl
sla] A|&sl9iTh AEeE L AA LANT WANS ARgsto] BArgk
T55t9] Fig. 69 ol A5t
Table 5. Analysis for Performance Measurement Data
U interoperabilty Gonerating eroperabilty Genoratin
Data | Max . e P e
Index Size |Load Result of Analysis i
T bl YoiRousr swro .
Size more 100byte, P‘JW,C T
Weather 122byte| 1 Load Minimum "LAN u’w
. Size more 100byte, A 7l LvC Fedration o
Unit 103byte | 952 Load Maximum WAN| | Control COP
GwPC Rovter (S ———n T b
Ground Move ] -
Equipment 68byte | 88 | Size under 100byte, I 7 UL
Obj - Load Medium Q7
ject Aircraft S54byte | 6 = |
C4l Interoperabilty Data Receive C interoperability Generation
UAV | sdbyte | 1 | S%e under 100byte,
oad Minimum Fig. 6. Environment Diagram for Test
Minefield 68byte | 17
Smoke Z4byte | 18 Size under 100byte, = = - . =
th Load Medium Aé 9 ixoq A] 3% ]"C Flg 7-‘4’ Z O] ] E]—'é‘ }\(1.)4}\(3]
Contaminated | 74byte | 8 = = - = S =] =
ramnaed | Tibve |8 g olFol ZAE SSotw, ARAE 2T T A4
aunc yte . . - -
erae [ meracion nformation g o] 41 AZb 25t} HeAITE AESHT,
tion Explosion 97byte | 11 |is Simply Processed as o e
- ! = - -
Detection | 52byte | 71 One-Time Data F5E574E S8l tlolg &4l op7|ElA, tojg 2d,
tlolg], WA 5=, XAAE & WA BRI 715 AT
. St= 4554 =75 TSI 4534 HolHe L
A52AE % AR AL Table 63 o] By - O S8 — L
AA Astloly BGEA — LAA A5EE — LAA
2o D, 9%, Waje), Holi o] sztos ; . .
[ AolEZJo] — LVC ¥534 — CAA AC|EYo]l — C
&3] ,
i AA Astlels B £o2 HAGH, J&o&

100

Asato] Fig. 79t ol 5 SHSAT,
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o Ze AT A 4 A= FxRsto] 10719 Bl
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Table 7. Unit information detailed configuration

Index Element Comparison Criteria
V1 Middleware Development Purpose
Suitability
V2 Defense Application
V3 Practicality Development Cost
Compliance with International
V4
Standards
—  Standard
V5 Interoperability System Development
& Application Procedure
V6 | Compatibility Other Middleware Compatibility
Environment Management Service
V7
Level
Functionality
V8 Time Management Service Level
Vo Other Service Levels Offered
V10 | Maintenance Maintenance Technical Support
/), B2H(V4 IARE E5 £5 V5 AAMNT
A2t 2-8), 28(V6 B mlEol 284), 715748(V7
T AHIA F, V8 AIRERE] AHA 2, V9 7]
B} AHIA AF 5), FRAESHVI0 FAES 7]E4]

Hojct.

AR 7442 HLA ¥ DDS ulEgolof iz 2z
%A 7143t 107] 840l His 7HEAlE AAste B7t
st9ich. XEo] ZAREQIS 1T of HLAS DDSS
8842 1M 59 B2 FH s}t Table 82 &
A9 4bs Bk Uehd Aotk My o' HLAZ
DDSol| Hlsf =A5E =Y 48 H|[8(V3), FAES 71
A¥(V10)2 DDS7F €82 1T & it

Table 8. Mean of the 10 comparison criteria

Index HLA DDS
V1 12.5 12
V2 9.2 5.7
V3 2.7 10
V4 9.2 7.6
V5 8.8 5.5
V6 3 2.8
V7 11.7 5
V8 10.5 4
V9 7.5 6.7
V10 6.8 10.8
Total 81.9 70.1
1 AToliE Whasd 7t Jlue S48 o B

5171 Ysto] thEF £4(multi-variate analysis) 719

9] slQl t-8-E4(correspondence analysis)& H31

o SRS F4E EX(principal component

analysis)¥} TRZHA 2 2k29] 33t Fo] AL =
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