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[Abstract]

In this paper, we propose the standard architecture for the IFF interface SW in naval combat
management system(CMS). The proposed standard interface architecture is a method designed to reduce
modification efforts and man-month of reliability test for the existing the IFF interface SW of 11 types.
We identified highly dependent CMS and GFE information, leading to the redefinition of standard
requirements and functions, and proceeded with the initial design applying the Naval Shield Component
Platform(NSCP). Subsequently, using the Feature Model, we derived additional common and variable
elements for the interface of multiple CMS and GFE. Considering the S.O.L.ID principles, we designed
the final architecture. The proposed IFF Interface SW, based on the standard architecture, is expected to
enhance management efficiency through a common architecture, increase code reusability and scalability,

and reduce development costs by shortening reliability testing times.

» Key words: Naval Combat Management System, IFF Interface SW, Standard Interface Architecture,

Feature Model, SW Reuse

2
2 RS g ARAA Dol Ey] A% 2xEgold gk EE A% oy HA S Akt 4
e EE A IINE 12 1T Aol LT SnEdle 9 B4 5L QA YA
WA BHE 93 nokE o, EEA ¥ A 2 A ARES AUsA HE 47

#3158 2 B, o1F 0 A7) FYAFA LE $F oI AN

0

]
7 FEQ A JPHLAS E%é}i S.O.LLD ¥92< 17 éﬂ HF opF|EIAE A5
ol 7] i3 AF SWE T oF|HAE B9 dE] a8 SUet axF=l] A F g
YA =S Fok dn g A anE 7gE ¢ 3l

SW, B G OpF|Elx| 3|3 2o SW ZHARR

4
oy
o,

» ZHO: SHHEHA, Wopklgy| AS

» First Author: Yeon-Hee Noh, Corresponding Author: Yeon-Hee Noh

*Yeon-Hee Noh (yhee.noh@hanwha.com), Naval R&D Center, Hanwha Systems

*Dong-Han Jung (konho42@naver.com), Naval R&D Center, Hanwha Systems

*Young-San Kim (y.san.kim@hanwha.com), Naval R&D Center, Hanwha Systems

*Hyo-Jo Lee (hjwish.lee@hanwha.com), Naval R&D Center, Hanwha Systems
» Received: 2023. 12. 08, Revised: 2024. 01. 02, Accepted: 2024. 01. 15

Copyright © 2024 The Korea Society of Computer and Information
http://www ksci.re.kr pISSN:1598-849X | eISSN:2383-9945



140 Journal of The Korea Society of Computer and Information

I. Introduction
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II. Preliminaries

1. Related works

1.1 Naval Combat Management System
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Fig. 1. System Architecture of Naval Combat System

1.2 Interface Control Unit and Interface SW
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1.3 IFF Mode-5 Product Improvement
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Table 1. Naval Shield Component Platform

Component Name Major Function

External Communication

Interface Manager - CMS /. GFE Interface

Data Converting

Message Converter - Msg <-> Info

Data Classification &

Function Manager Distribution

Subfunction Manager | Data Processing
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1.5 Feature Model and FORM
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III. The Proposed Scheme

1. Standard Architecture of IFF Interface SW
in the Combat Management System
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Step 1. Identification of existing IFF interface SW

Step 1.1. Identify CMS type of existing IFF interface
SW with CMS baselines and middlewares
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Fig. 2. Baselines of Naval Combat Management System
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Table 2. CMS Type Description with Baselines and
Middlewares

Baselines CMS middleware CMS Name
foreign CMS | foreign middleware | KDX-II, LPX #1
Baseline 1.0 | RTI DDS X.X PKX-A

FFX Batch-I, LST-II,
RTI DDS X.X MLS-II
Baseline 2.0 FFX Batch-II,
Smart DDS X.X PKX-B, ATX,
LPX-#2, KDX-I PIP
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Step 1.2. Identify GFE type of existing IFF interface
SW with CMS name
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Table 3. GFE Type Description with CMS name

GFE Type CMS Name

IFF Type-l KDX-II, LPX #1, KDX-I PIP, PKX-A
(domestic, A)

IFF Type-II MLS-II, FFX Batch-II, ATX, LPX-#2
(foreign, B)

IFF Type-Ill FFX Batch-I, LST-I, PKX-B

(foreign, C)
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Table 4. Requirements and Functions of Existing
IFF Interface SW

Requirement Function

-Network Data Communication
with IFF(TCP/UDP/etc.)
-Interconversion IFF Msg

Connection with IFF

IFF Status Report
Processing

Availability and Fault Info.
Management of IFF Components

Ownship Info

L Transmission Ownship Info. to IFF
Transmission

IFF Interrogator
Track Report
Processing

IFF Track Info. Management
(Track Creation, Modification,
Deletion)

IFF Control and Status
Management of
Interrogator/Transponder

IFF GFE Control and
Status Processing
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Fig. 3. Existing Class Diagram of IFF Interface SW in
Baseline 2.0
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Table 5. Existing Class Description of IFF Interface SW
in Baseline 2.0

Class Name Description
Common GFE Interface Manager of Common
Manager GFE (for Baseline 2.0)

Interface Manager of GFE
- Depends on GFE Info.
(ex.GFE Type, Protocol, etc.)

GFE Manager

Interface Manager of CMS
- Depends on CMS Info.
(ex.middleware, Msg, etc.)

DSS Manager

Msg Communication Manager
between GFE and CMS Class

CMS middleware Function
Processing (Auto Gen.)
- Depends on CMS middleware

ComManager

Data Manager /
DSS Adaptor /
DSS EventHandler

Step 2. First Architecture Design with NSCP
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Table 6. New Class Description of IFF Interface SW
related CMS

Class Name Description

CMS Interface Manager Interface Manager of CMS

CMS middleware Function
Processing (Auto Gen.)

CMS middleware Callback
Processing (Auto Gen.)

Data Manager

Callback Handler

CMS Data Converting between

CMS Msg/Info Maker Msg(Ex) and Info.(In)

g CMS A= 71& A% SWoflA DSS Manager,
Data Manager, DSS Adaptor, DSS EventHandler?]
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Table 7. New Class Description of IFF Interface SW
related GFE

Class Name Description

GFE Interface Manager Interface Manager of GFE

PSCInterface Manager /
TCP, UDP, Serial Interface
Manager

GFE middleware Function
Processing

GFE Data Converting between

GFE Msg/Info Maker Msg(Ex) and Info.(In)

8 GFE A= 7]1& A% SWojA Common F=
28t GFE Manager 2@~ % HAlstch Baseline & 2
+AI5HA Zelel GFEQ] B4l A2 ZeiAsS BESH
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Manager A2
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Table 8. New Class Description of IFF Interface SW
related Functions

Class Name Description

Manager of SubFunctions,
Mediator between External Data
and Internal Data

Function Manager

SubFunction Manager,

GFE Status Manager Gfe Status Management of IFF

SubFunction Manager,
IFF Identification Mode Info.
Management

IFF Modelnfo Manager

SubFunction Manager,
IFF Interrogator Control and
Status Management

Interrogator Control

SubFunction Manager, IFF
Transponder Control and Status
Management

Transponder Control

SubFunction Manager, Ownship

05D Info Manager Info. Management

SubFunction Manager, IFF
Track Report and CMS Primitive
Track Management

Primitive Track
Manager

SubFunction Manager,
CMS Radar Mode Info.
Management For IFF

Radar Mode Manager

SubFunction Manager, IFF

Radar Selector Radar Selection Control and

Status Management
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Step3. Analysis with Feature Model and Variable
Domain Classification
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Fig. 4. Feature Model of IFF Interface SW
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Table 9. Performance of Test Environment

Item

Reliability
Test
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IFF
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CPU
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96 GB
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Table 10. Analysis of Code Reuse Rate (CASE-1)

. Exist New
Analysis Item SwW SwW
Total number of classes(a) 5 45
Number of common classes(B) 0 35
Number of modified classes 4 10
according to changes in CMS(y)
Number of modified classes 5 10
according to changes in GFE()
Common class rate(B/a) 0% 78 %
Structural change rate according to
changes in CMS(y/a) 80% 22 %
Structural change rate according to
changes in GFE(6/a) 100 % 22 %

CASE-2 : CMS Baseline 2.0, GFE Type-III(SW
Upgrade)

Table 12. Analysis of Code Reuse Rate (CASE-2)

. Exist New
Analysis Item Sw SwW
Total number of classes(a) 6 41
Number of common classes() 1 32
Number of modified classes 4 9
according to changes in CMS(y)
Number of modified classes 3 8
according to changes in GFE(d)
Common class rate(B/a) 17 % 78 %
Structural change rate according to
changes in CMS(y/a) 67% 22 %
Structural change rate according to
changes in GFE(6/a) ° 50 % 20 %

Table 11. Compare time to perform Reliability Test
(CASE-1)
Reliability Exist New Diff
Test SW SW ’
Static Test 75 hours 32 hours -43 hours
Dynamic Test 90 hours 40 hours -50 hours
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Table 13. Compare time to perform Reliability Test
(CASE-2)

Reliability Exist New Diff
Test SW SW )
Static Test 40 hours 14 hours -26 hours
Dynamic Test 70 hours 25 hours -45 hours

CASE-29] 79 7h’do] e A4l AYol= Table
129} o] 7|E SW cfe] A2t SWO| &
20| 71E O] 61% FHHo] £ GAIEL
T, oy 7P gRe) AR el ofe 1
Gt A7 SolA 5%, A6l SRolA 30%
AHg2d E3 ofFIs] A 42X FHold
Alz3e] - Table 137} Zo] /35 24
2 5 B4 Al A d5ARto] e
CASE-2041: 53] A2l 48 A
CASE-19] 28 SWeto] H]w o=
ARY, SRR Al 1541219 Sheigt 29 xjolg ol
&= CASE-114 oju] 343t 38 225 &
SW 7t st 971 kssp] o, ol
G2 23 ARZIo] ZgH7] thEolck. o3t A
CASE-2 -> CASE-1 02 A|Ug]e A& A E% =
A 2UE o 4 9k £, 2 AR B B4}
2o] P9 31 Aelol sl A3t 7h CASES
2 g B ETAE JIE ] EF A SW| 224
A
5

chere 4 91g Zole} 7|chalct,

N r—% ox.
P~ OL njo
=

2 o
=

]_

ot
a

L3
(@p)

n
S
)
%)

>

Al

fujo
ok
[-'O
_ovln‘
4%
0

a

7 o)L

g

N
N
o
a
=)
lo

)
2

oo

HJ\



148 Journal of The Korea Society of Computer and Information

V. Conclusions

U
)
T
ng
ofo
L p.
U\J
N
Ui
ok
-
ol
ol
32 0
)
=,

REFERENCES

[11 S. C. Noh, et al, "SW Reliability Test Verification in
Performancelmprovement Project: An Efficiency Enhancement
Scheme", Journal of the Korea Academia-Industrial cooperation
SocietyVol. 23, No. 7, pp. 389-398, July 2022. DOIL
10.5762/KAIS.2022.23.7.389

[2] MISRA, http://'www.misra.org.uk/

[3] H. Y. Shin, et al, "A Study on the Establishment of Risk
Assessment Criteria for the Dynamic Reliability Test of
Performance Improvement Weapon System using Recycling
Software", Journal of KIISE, Vol. 49, No. 1, pp. 67-77, January
2022. DOIL: 10.5626/JOK.2022.49.1.67

[4] J. Y. Park, et al., "A Study on IISS Software Architecture of
Combat Management System for improving modifiability",
Journal of The Korea Society of Computer and Information, Vol.
25, No. 2, pp. 130-140, May 2020. DOL: 10.9708/jksci.2020.25.
02.133

[5] S. M. Kwon, S. M. Jung, "Virtualization based high efficiency
naval combat management system design and performance
analysis", Journal of The Korea Society of Computer and
Information, Vol. 23, No. 11, pp. 9-15, November 2018. DOI:
10.9708/ksci.2018.23.11.009

[6] D. K. Kim, et al., "A Study on Efficient Design of Surveillance
RADAR Interface Control Unit in Naval Combat System", Journal
of The Korea Society of Computer and Information, Vol. 28, No.
11, pp. 125-134, November 2023. DOI: 10.9708/jksci.2023.28.11.
125

[7]1 H. J. Choi, "A Study on the Software Standardization and Simulator
Design for Efficient Reliability Test in Combat System", Journal
of The Korea Society of Computer and Information, Vol. 27, No.
12, pp. 151-159, December 2022. DOL: 10.9708/jksci.2022.27.12.
151

[8] DDS, https://www.omg.org/omg-dds-portal/

[9] Y. D. Heo, "A Study on the Standardization of System Support
Software in the Combat Management System", Journal of the
Korea Society of Computer and Information, Vol. 25, No. 11, pp.
147-155, November 2020. DOI: 10.9708/jksci.2020.25.11.147

[10] Y. H. Jeong, et al.,, "The Design of a Multi-Function Radar
Simulator for the Identification of Friend or Foe(IFF) in the
Mode-5 Product Improvement Program", Journal of KIISE, Vol.
47, No. 6, pp. 622-628, June 2020. DOI: 10.5626/JOK.2020.
47.6.622

[11] C. S. Baek and J. H. Ahn, "A Study of the Standard Interface
Architecture of Naval Combat Management System", Journal of
the Korea Society of Computer and Information, Vol. 26, No.
1, pp. 147-154, January 2021. DOL: 10.9708/jksci.2021.26.01.147

[12] K. M. Yang, et al., "Modeling FORM Architectures Based on
UML 2.0 Profiling", Journal of KISS:Software and Applications,
Vol. 36, No. 6, pp. 431-442, June 2009.

[13] C. Y. Song, et al, "A Formal Specification and Checking
Technique of Feature model using Z language", Journal of The
Korea Society of Computer and Information, Vol. 18, No. 1,
pp. 123-136, January 2013. DOL: 10.9708/jksci.2013.18.1.123

[14] CMS of hanwhasystems, https.//www.hanwhasystems.com/kr/
business/defense/naval/combat _index.do

[15] Smart DDS of hanwhasystems, https.//www.hanwhasystems.com/
fr/business/defense/naval/combat(2.do

[16] Robert C. Martin, "Agile Software Development, Principles,
Patterns, and Practices," Prentice Hall, New Jersey, pp. 95-145,
2002.

[17] Robert C. Martin, "Clean Code: A Handbook of Agile Software
Craftsmanship," Prentice Hall, New Jersey, pp. 138-140, 2008.

[18] Cover, https.//www.suresofttech.com/solution/code_tool.php#cov

er/



A Study on the Standard Architecture of IFF Interface SW in the Naval Combat Management System 149

Authors

Yeon-Hee Noh received the B.S. degree in
Computer  Engineering from  Kyungpook
National University, Korea. She is currently

working in Hanwha Systems Co. from 2016.

She is interested in Naval Combat

Management System, Interface Control Unit Software,

Software Reuse and so on.

Dong-Han Jung received B.S degree in
Electronics from Kyungpook  National
University, Korea. He is currently working in
Hanwha Systems Co. from 2009. He is

o -

d b

Human Computer Interface and System Engineering.

interested in Unmanned System Software,

Young-San Kim received B.S degree in
Computer Science and Electrical Engineering
from Handong University, Pohang, Korea.
He is currently working in Hanwha Systems

Co. from 2009. He is interest in Naval

Combat Management System Software, Human Computer

Interface and System Engineering.

Hyo-Jo Lee received B.S degree in
Electronics from Kyungpook  National
University, Korea. He is currently working in
Hanwha Systems Co. from 2010. He is

‘ "é . interest in Naval Combat System and Combat

System Support Software.




