Modeling and Simulation E#51}j &, 2025, 14(10), 143-154 Hans )
Published Online October 2025 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2025.1410613

ETWBSHRIEM Bt A RMU G EN

wmimkt?, REEL, A &, Hual, oK

UE B R R R G LR, Wi Kb
2[5 A R AR 46386 1HBBN, AR I

it

Weks B . 202547250 S EM: 20254828 H; KA Hi: 2025410 14H

wm B

e AR RRB R FEESES. BRRENAABBMTENE, £XHWET —FETTIELI#
451t (Work Breakdown Structure, WBS) K145 RiRKEA H W iHEMMESE . ZERDARREN TR, &
SRR B R, SIFrEAR T RS THMES. BRER. A% TR SEHNLE R, 2
TSR, AT TERRRR HE, FHEINRRS NGB HEALZIRR 3 E A E
. BHFREBRNBE N NS BEMHE, BRSNS EEGETRARE, KRR
WHR. BLESPRAE, ZMUELREEREBRERZES, BHREXBR TR, HERRTHE,
R HZEE18.3%, BEAHRIET23.4%, ABRRBR RS TRERSRER T E.

Xiid
WBS, &RRALK, BHEERW, SR, ER

Research on Optimization Method of Test
Subject Design Scheme Based on WBS

Bingjie Weil2, Zhijun Cheng!, Lei Zhou?, Kaiyuan Zheng?, Bo Guo!
1School of Systems Engineering, National University of Defense Technology, Changsha Hunan
2Unit 63861 of PLA, Baicheng Jilin

Received: July 25, 2025; accepted: August 28, 2025; published: October 14, 2025

Abstract

Aiming at the problems of task overlap, redundant resource allocation, and low efficiency in tradi-
tional equipment test design, this paper constructs an optimization framework for equipment test
subject design based on Work Breakdown Structure (WBS). Oriented by the test process, the frame-
work innovatively constructs a five-layer decomposition model, including evaluation level, element
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level, capability level, action level, and parameter level, through task hierarchy decomposition.
Based on this model, a set of test subjects is formed through relevant action mapping, and the single-
code network diagram technology is introduced to realize dynamic visual control of the test sched-
ule. The scheme selection problem is transformed into a multi-path optimization problem, and then
the ant colony algorithm is used to optimize and solve the model to obtain the optimal test design
scheme. Empirical analysis verifies that the optimization framework can effectively eliminate task
overlap and accurately configure test resources. Compared with the traditional design method, the
test cycle is shortened by 18.3%, and the resource utilization rate is increased by 23.4%, providing
a scientific and efficient solution for equipment test design.
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Figure 1. Design of a system test scheme based on effectiveness detection of a certain type of equipment
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Figure 2. Implementation process of a certain type of equipment performing missions
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Figure 3. Schematic diagram of system test process
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Figure 4. Single-node network diagram
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Figure 5. Flow chart of ant colony optimization for system test subject design scheme
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Table 1. Effectiveness and cost of sub-schemes for elements of intelligence reconnaissance
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I 1] 60 45 54 60 64 190 132 121 180 216

Table 2. Effectiveness and cost of sub-schemes for elements of command and communication
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A [ 12 31 33 40 69 39 41 83 23

Table 3. Effectiveness and cost of sub-schemes for elements of multidimensional protection
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Figure 6. Evolution diagram of cost-effectiveness ratio with the increase of ant number
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Table 5. Comparison table of time cost of test schemes before and after optimization
2 5. ALEIFIRLG 75 RATE A A I L3R

fhik R B4
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1 [3,4,4,8] 54 40 25 300 419 0.884 049 0.000 188
2 [3,6,4,7] 54 39 25 280 398 0.897 093  0.000 189
3 [5,4,3,3] 64 40 45 170 319 0.864 246  0.000 365
4 [4,9,3,2] 60 23 45 450 578 0.834 603 0.000 23
5 [1,2,6,4] 60 31 26 135 252 0.850 051 0.0003
6 i [1,4,2 2] 60 40 27 450 577 0.586 527 0.000 465
7 [2,8,8,2] 45 83 26 450 604 0.931 727 0.000 183
8 [5, 8, 4, 6] 64 83 25 250 422 0.937824  0.000 168
9 [7,2,5,1] 132 31 35 200 398 0.902 253  0.000 224
10 [4,8,6,3] 60 83 26 170 339 0.925259  0.000 215
11 [3, 4,6, 6] 54 40 26 250 370 0.919578  0.000 205
12 AL [4,2,9,1] 60 31 32 200 323 0.932266  0.000 388
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Table 6. Comparison of scheme effects
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RIG Hh RR 7 55 (B 4% Wb . B TAR) AR 55 o R A I B s by, W e S BB 264 T REE vt i
FIVEA R . R AR O O B bR, ARINRIG RS TP . Bl 2 et e A fiats, R
7% AL BN U5 T, W RETCIE AT MR IR 7 SRR & RURE o TR AR ST H R SO SRV SR A AR
BUE BRI RS WBEESESHNARE, iR BB R 20 N ZR), S5k
PR RE 25 KGN, AT RS BOCSICE B TR 2 BN R R BRI . AE BEIR AR B A AL B D5 1T, A SCRT R 22
¥ =4k LI (N 1) - FeAs - Hodle o) BB B BOORIPE LT3, R 86 I e v e 4 M A2 . N D1 iR
FEAEZN A PR B TR, 7T RE B S br BHER A 55 A5 TN A7 1 i 22

5.2. RFKKHF5E

T AR R A EE R AR, 31\ UL G g 2 ST B, S S MR
[t WBS RS, SeILY F 55 A RAE BN Tk, SRTF S A 5 T OB R b . I T
2 AR SEREIN A A B ) USRI 38, i EE U IR A IR, MR 28
BB, 4RI KRR AR . 5 SR T . =5 78 ML R IR 6 28 1
HFFREXTLCIGE, BT WBS HOPR R BB H BT It SsbBiE & 7 Rl Seel 0 TR
T FIREGHE, AT BRI T WBS HPk R IR R 7 MR BGE R | e eRh S A T P
P, AR AR T R R R AT RS R S

6. &

BT TR T T WBS AR RRIGH H B EAHESE, Bt TR R I8 WBS Friifb i l, 2
7 TR RO A T i, TR T RA e R U R SR . R IR R A A AR
BB, 25 R R AL IR0 W46 5 18.3%, BHRFIFH 22T 23.4%, BOAE T %710 RUHEAn
AT . RO TEF HE— PR R 2 AR SR R AR & R R 0 R, DL e b ilie i B &
LI R .
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