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Abstract

The purpose of the weapon live test during the phase of development is to provide essential information to

decision makers that verify and validate the performance capabilities of weapons. Due to varying allocation and

high variance of test resources with an increase in the weapon system’s capability, the test environment can get

highly complex, which can lead to a decrease in the reliability of test results. This issue can be addressed by

applying a decision support system that provides various timely information collected by resources during the test

process. The decision support system can be designed by applying the concept of digital twins, that are defined as

digital replicas of components, systems and processes. This paper describes a design methodology of the decision

support system that consists of digital models and service functions using digital twin architecture. A case study

illustrates the feasibility of the proposed methodology in supporting the weapon live test process.
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Table 1. Study case of digital twin architecture
concept model in manufacturing

Name Structures Main parts
3D-DTV Component-based 3 components
5D-DTHY Component-based 5 components

6Layer-DT"! Layer-based 6 layers

Az Fope] txd ES Hzrrdo IFiE=
Table 29} 7+o], ISO(International Organization for
Standardization) TC(Technical Committee) 18404 X
35 FZ38k= 1S0 232473 =49 Industry 4.0 F
S 98l it RAMMO EFS /NECE IEC
(International Electronical Commission) TC 65914 X
3}slal 91 IEC PAS(Publicly Available Specification)
63088°] Tl o]t} 180232472 AAZE Ao, 2.}
Q1 BA, AzAEe ohdd ZRl, AR 55 ¢
sto] ZedYa FxTx Foe} AxLAE TAE
= ;iz:;q_op] o8 gAY muE 2441r Ao 17

2 7182 el A JHA 3F R wEE 9%
} o3I TH. IEC PAS 630882 = o}7]H]
2 E’-%‘ :rLZ:% AF] NEFE Au 2717 Aol
7] B AHEEA dig <rFHA T 2 AE,
wow gl 78S
|15 2, a2eal ARG Vs

==
24 AN

g F71AA A ALAA A

S Fo7 EE4 Aks 7MIEERE FHEke] AH| 2~
& AFsE 1A AT Rds A 539,
7154 Al EYRAMI 4.0 layers) OSI(Open System
Interconnection) 3= B2 e} FARHI 6712 =
oloZ FAHY, tAHEENS] 84 H V)5S xd
ste ATdtd ZHYHAaEA AEeE4,
534S B Agh #HAgke] ES st
Table 12] TIXE E¢ 4] OW]E“ﬂ% 54 Fop
Zq*o“f?}ﬂ A= olgd 7leA ASHEE Vs

25 AolsfoF g, AFAA = "474] 2 74
{F—Qi A= ofof gt

Table 2. Digital twin reference architecture in
manufacturing

Name Organization Structures
1SO 23247 | ISO TC 184 | ° components-
based
IEC PAS 63088 | [EC TC65 3 hierarchy
models-based

Table 3. Study case of modeling and implementation
methodology in application domain

Name | Method Approach

MBSE | Model representation and

[14] based relationship description

SDLC | Planning, requirement and analysis,

[13] based design, development, testing

System and process definition,
determining the model parameters,
connection, service representation

5 step
approach
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Fig. 2. Use case diagram of roles of weapon live test support system
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Fig. 7. Activity diagram for behavior description of scheduling service
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Fig. 8. Sequence diagram for behavior description of monitoring/diagnosis/prediction service
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Table 4. Definition of System’s roles

Name Approach

Test type | Environmental Test - Temperature

Test Magazine, Temperature chamber,
Resources | Sensor signal acquisition system

Supporting processes : Plan, Operation

3 services

- Scheduling : Tests schedule

System’s simulation for 1 month

role - Monitoring : Temperature condition
of temperature chamber

- Prediction : Prediction of temperature

condition after 30 minute
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Fig. 9. Model design result
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Algorithm 1: Temperature chamber scheduling

input : original schedule list, required schedule list,
test_information
output : simulated schedule

while (length(simulated schedule) < 1 month)
test_id=required schedule list[day]
load the comparison period[day+1:day+test period]
for comparison_period[i]
append test id at test 1
append ‘0’ at buffer
if collision detected
test_2=original schedule list[day+i]
break
if priority of test 1 > priority of test 2
if collision detected to original schedule
append test id at simulated schedule
else
append buffer at simulated schedule
else
append the test2 at simulated schedule
do

Original test resource sc
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Fig. 10. Implementation result of scheduling service
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Fig. 11. Implementation result of monitoring service

Algorithm 2: Status monitoring service

input : real time sensor data, baseline profile data,
sensor_information
output : status monitoring_data

sensitivity=linear regression(volt, degC)
while (monitoring ON)
X_t=sensitivity * real time sensor data at t
baseline t=baseline profile data at t
X _t tol=required tolerance of x t
display x t, baseline t, x t tol
if |x t — baseline t| > x t tol
set alarm to ON
do
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Fig. 12. Implementation result of prediction service

Table 5. Prediction result after 30 minutes

Elapsed time | Real data | Predicted data| Difference
(min] [C] [C] [C]
5 18.75 17.65 1.10
10 9.44 8.54 0.90
15 0.04 -1.16 1.20
20 9.1 -10.70 1.60
25 -18.36 -19.09 0.73
30 -27.39 -26.25 -1.14
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