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Product Shape Optimization Design Based on Ant Colony Algorithm
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Abstract: To achieve efficient and precise product shape optimization design, an ant colony algorithm-based product

form optimization design model was constructed by establishing node selection probability formulas, dynamic
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contribution value update equations, and multi-objective fitness functions, with model computation implemented
using the Matlab system. Taking an amphibious firefighting water supply and drainage robot as an engineering
application case, the study was based on extensively collected samples including 15 representative image samples
and 3 perceptual imagery vocabulary samples (rational, intelligent, agile). Guided by Kansei engineering theory, a
perceptual imagery scale evaluation system was established, and morphological deconstruction was performed on the
samples. After completing data reprocess, algorithm parameter configuration, and iterative computation in the
Matlab system, the optimal form combination solution was output and presented in 3D. Finally, virtual reality (VR)
simulation experiments were conducted to analyze and evaluate the output solutions, yielding 11 sets of valid
experimental evaluation data. The results demonstrate that optimized solution 2 achieves significantly improved
mean evaluation scores of 4.82 (rational), 4.91 (intelligent), and 4.91 (agile) across the three perceptual imagery
dimensions compared to the baseline solution, indicating better alignment with users’ perceptual needs. This fully
validates the model’s engineering practicality in achieving precise matching between product form and users
perceptual requirements.

Keywords: ant colony algorithm; shape optimization; virtual reality technology; industrial design; Kansei

engineering ; Matlab; perceptual demand
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Fig.1 Solution process of the product shape optimization design model
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Fig. 9 The average evaluation score of representative emotional imagery vocabulary
g5 LR AT ARG BT AR Ak AT B RS BT
FRD 77 ity T 25 S R P P SRR SR, A A T IR
SR B SO B R R AT F T KRB 3
HEHERBLAS NIE BT, R )5 6 AN 92 B i 7

&t
I TR R S (AT AR, A



262 TR R =224 (A ZRBEAIR)

2025 4F

HERL T OB R 07 SR S AL B TR, SOk
i P G 3 7 L HE K L A A 2681, 32 FH Matlab &
GRS AT S 44 97 = 4k, X HITF R VR {5
BRI . S5 RR I 3 Ak R R
ERTEM X N [4.27,4.91], Hh b 5% 2 1Y
M RV S B L 4300 R 4.82, 4.91, 491, T
P56 P R T R, B0 T R AR R (1 ] A1 S
SERPE. FR R I, A R A R S S B X 7
BB BT E RS WIS A 3 36, A F
T s T B R PR TR SR R SR A, A
ST RARAR = S B S B THR AL T LA

B 30k

[1] GOUDARZI F, ASGARI H, AL-RAWESHIDY H S.
Traffic-aware VANET routing for city environments: a
protocol based on ant colony optimization[J]. IEEE Systems
Journal, 13(1): 571-581.

(2] ZEti . S22 R0 TR RLEF AN BR AR LRI T L ST [D].
et R B, 2020.

LI S G. Research on Path Planning Methods for Search and
Rescue Robots in Complex Environments[D]. Beijing:
Academy of Military Sciences, 2020.

[31 AGIZZA M, BALZANO W, STRANIERI S. An improved
ant colony optimization based parking algorithm with graph
coloring[M]//Advanced Information Networking and
Applications. Cham: Springer International Publishing,
2022: 82-94.

[4] THIRUVADY D, NGUYEN S, SHIRI F, et al. Surrogate-
assisted population based ACO for resource constrained job
scheduling with uncertainty[J]. Swarm and Evolutionary
Computation, 2022, 69:101029.

[5] MORIN M, ABI-ZEID I, QUIMPER C G. Ant colony
optimization for path planning in search and rescue
operations[J]. European Journal of Operational Research,
2023, 305(1):53-63.

[6] UTHAYAKUMAR J, METAWA N, SHANKAR K, et al.
Financial crisis prediction model using ant colony
optimization[J]. International Journal of Information
Management, 2020, 50:538—-556.

(7] X35, A6, 93, 4. B REFIL LK XGBoost )R AE-

I BB 2HE 24 LY v B T 7], /NS O AL R 46, 2024,
45(5):1076—1082.
LIU F, LI S W, LU X, et al. Impulse prediction of shaped
charge and blasting charge specific based on intelligent
algorithm optimized XGBoost[J]. Journal of Chinese
Computer Systems, 2024, 45(5):1076—1082

[8] = EVER, BB, B kit BT mORE ST 1 1 R e o i

I 2 [R) R F S [J]. B R O R A 2 e (A SRR i),
2023, 46(4):74-79.
WU C Q, HUANG R, LUO Z W. Research on intelligent
manufacturing scheduling problem based on quantum ant
colony algorithm[J]. Journal of Nanjing Normal University
(Natural Science Edition), 2023, 46(4):74—79.

[97 WANG Z S, WU Y H. An ant colony optimization-
simulated annealing algorithm for solving a multiload AGVs

workshop scheduling problem with limited buffer
capacity[J]. Processes, 2023, 11(3):861.

[10]JIA' Y H, MEI Y, ZHANG M J. A bilevel ant colony
optimization algorithm for capacitated electric vehicle
routing problem[J]. IEEE Transactions on Cybernetics,
2022, 52(10):10855-10868.

[11] SR AE 0, S, B B T Bk e B30k 1 IR A7 i 1)
T A A ) (D). MR R, 2022, 41(6):28-32,59.
WU Y F, HAN P F, TIAN K. Vehicle routing problem with
parallel time window based on improved ant colony
algorithm[J]. Logistics Technology, 2022, 41(6):28—32,59.

[12] SRFIBRE, B F Tk, BT, 55 VRZE 22 B nU R Z P

NBAERLIBTZE (3], HEHURS A SN THR, 2024(2):
51-56.
ZHANG B C, SHAN Y S, ZHAO H, et al. Research on
multi-robot path planning for automobile body-in-white spot
welding operation[J]. Modular Machine Tool & Automatic
Manufacturing Technique, 2024(2):51-56.

[13] e S, B0 B BE T Wt iR 3k i B S P A A AR
LRI (7). BRI SRS, 2021, 40(6):142—144,148.
GAO M Y, WANG H C. Path planning for mobile robots
based on improved ant colony algorithm[J]. Transducer and
Microsystem Technologies, 2021, 40(6):142—144,148.

[14] ONAN A. SRL-ACO: a text augmentation framework
based on semantic role labeling and ant colony
optimization[J]. Journal of King Saud University-Computer
and Information Sciences, 2023, 35(7):101611.

[15]JAWAD R S, ABID H. HVDC fault detection and
classification with artificial neural network based on
ACO-DWT method[J]. Energies, 2023, 16(3):1064.

[16] DORIGO M, MANIEZZO V, COLORNI A. Ant system:
optimization by a colony of cooperating agents[J]. IEEE
Transactions on Systems, Man, and Cybernetics Part B,
Cybernetics, 1996, 26(1):29-41.

(17] Bk A%, BRIG M, BEE I, 258 PO 507 Ik JOLZE
F M. e st B Tl R, 2015,

[18] ZERAS, VLA HE, X2 . 56 F WU WA RIL WA 20 e

RIS SR M [J]. FR 2T ZUER, 2024, 52(11):47-52.
LI J J, JIANG H X, LIU J H. Spinning spindle position
inspection strategy based on improved ant colony
algorithm[J]. Cotton Textile Technology, 2024, 52(11):
47-52.

[19] R, B, RUISE. GBIl ™ A48 4 7= ah ik
5 0 SRR (7). 03 T2, 2024, 45(2):331-338,364.
ZHAO C,MA'Y, YU M L. Design and application practice
of tea residue recycling products from the perspective of
green design[J]. Packaging Engineering, 2024, 45(2):
331-338,364.

[20] &7 FH. % fe I8 1k 58 vk B . MATLAB 524 [M]. 2 Wit
Jemt: H 7 Tolk R AR, 2020.

BAO Z Y. Intelligent Optimization Algorithms and
MATLAB Examples[M]. 2nd Edition. Beijing: Publishing
House of Electronics Industry, 2020.

[21] S0, FHE, B3, 45 MATLAB & RE5 7% 30 > 2443
B M. Fbat: 6T as A R R 2% R, 2011
SHI F, WANG H, HU F, et al. 30 Case Studies of Intelligent
Algorithms with MATLAB [M].
University Press, 2011.

Beijing: Beihang

RIEHE: AF


https://doi.org/10.1016/j.swevo.2022.101029
https://doi.org/10.1016/j.swevo.2022.101029
https://doi.org/10.1016/j.ejor.2022.06.019
https://doi.org/10.1016/j.ijinfomgt.2018.12.001
https://doi.org/10.1016/j.ijinfomgt.2018.12.001
https://doi.org/10.3390/pr11030861
https://doi.org/10.1109/TCYB.2021.3069942
https://doi.org/10.3969/j.issn.1005-152X.2022.06.008
https://doi.org/10.3969/j.issn.1005-152X.2022.06.008
https://doi.org/10.1016/j.jksuci.2023.101611
https://doi.org/10.1016/j.jksuci.2023.101611
https://doi.org/10.1016/j.jksuci.2023.101611
https://doi.org/10.1016/j.jksuci.2023.101611
https://doi.org/10.3390/en16031064
https://doi.org/10.1109/3477.484436
https://doi.org/10.1109/3477.484436
https://doi.org/10.1109/3477.484436
https://doi.org/10.3969/j.issn.1001-7415.2024.11.010
https://doi.org/10.3969/j.issn.1001-7415.2024.11.010

	1 产品形态优化设计模型
	1.1 模型构建
	1.2 模型求解
	1.2.1 概率公式与贡献值更新方程
	1.2.2 适应度函数

	1.3 模型实现

	2 水陆两栖消防供排水机器人形态的优化设计
	2.1 数据获取
	2.1.1 高频感性词汇
	2.1.2 代表性样本
	2.1.3 感性认知空间
	2.1.4 感性意象评价量表
	2.1.5 形态解构

	2.2 优化设计方案输出
	2.2.1 最优形态组合
	2.2.2 优化方案设计

	2.3 VR仿真实验

	3 结论
	参考文献

