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Dynamic Characteristics of User’s Participation in Product Design Process
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Abstract. In order to obtain users’ massive innovative resources and real user needs, enterprises open
product innovative design process to users. Due to the involvement of a large number of unorganized and
autonomous individuals, the dynamic and complex evolution of the design process has gradually attracted
attention. Unlike the existing literature, which regarded the user’s proposed product solution as a
constant, the process of user participation in design was regarded as a dynamic gradient process.
Therefore, the user’s individual solution and the product model interacted and iterated in the process.
Firstly, the typical results of individual interaction of the user were studied. Based on the game theory,
the game model was established and its Nash equilibrium was solved. Secondly, the dynamic evolution of
user groups was analyzed and its growth process was simulated. The simulation results were compared
with the definition of the scale-free network, and the conclusion was drawn that the user group involved in
the design was a typical scale-free network. According to the user’s individual interaction model and the
user group network model, the software simulation was carried out. The coal crusher design project was
used as a case study to verify the correctness of the theoretical model and simulation results. The
conclusion that the product model tended to converge in different communication environments was
obtained. This conclusion provided a theoretical basis for the application of a large number of users to
participate in the design. According to the discrete point simulation and the surface fit, the convergence
speed distribution of product solution with user’s game income as the argument was obtained. It was
concluded that the convergence speed of the overall solution of the product was related to the parameters
of the interactive environment, which was more complex and irregular. Therefore, dynamic monitoring
was important when users were involved in the product design process.
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Tab.2 Convergence variance of user solutions in different innovation environments
b
a
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0.1 0. 065 0. 027 0.029 0. 030 0. 045 0. 024 0.041 0.178 0.153 0. 044 0. 037
0.2 0.174 0. 104 0. 094 0.137 0.031 0. 035 0. 105 0.019 0. 024 0.077 0. 060
0.3 0. 083 0.013 0. 135 0.232 0. 054 0. 020 0. 060 0.016 0. 068 0.036 0. 040
0.4 0.037 0. 047 0. 086 0. 100 0.012 0.268 0. 056 0. 024 0. 053 0. 056 0. 147
0.5 0. 066 0.039 0.113 0. 043 0. 064 0. 052 0.204 0. 093 0. 080 0. 069 0. 061
0.6 0. 023 0. 145 0. 036 0.132 0. 141 0.033 0. 069 0.090 0.241 0. 082 0. 164
0.7 0. 106 0. 035 0. 061 0. 139 0.221 0.079 0.079 0. 058 0. 104 0. 165 0.034
0.8 0. 053 0. 026 0. 148 0. 100 0.170 0. 045 0.061 0. 038 0.114 0.099 0.119
0.9 0. 108 0. 050 0. 145 0.071 0. 140 0.070 0. 042 0. 054 0. 106 0. 101 0. 140
1.0 0.031 0. 046 0.172 0. 052 0. 080 0. 075 0. 188 0. 186 0. 106 0.077 0.257
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Fig.4 Surface fitting based on data in Tab.2
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Tab.4 Digitized summary of participants’ initial solutions

5% F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11
P1 0 0 0 0.33 0.83 0.20 0 0.13 0 1 1
P2 0 0 0.50 0.50 0.50 0. 50 0 0.25 0.50 1 0
P3 1 0. 50 1 0.50 0.50 1 0.33 0.50 0.50 0 0. 50
P4 0 0.50 0.50 0.28 0.67 0. 50 0. 50 0.25 0 1 0
P5 0 1 0. 50 0.50 0.50 0. 50 0. 50 0.50 0.50 1 0. 50
P6 0.50 0. 50 0. 50 0.55 0.50 0. 50 0 0.50 0.50 0.50 0. 50
P7 0 0. 50 0. 50 0.50 0.50 0. 50 0. 50 0.50 0.50 0.50 0. 50
P8 0.50 0. 50 0. 50 0.83 1 0. 50 0. 50 0.50 0.50 1 0. 50
P9 0 1 0. 50 0.50 0.50 0. 50 0. 50 0.50 0.50 0.50 0
P10 1 1 1 0. 67 0.42 0. 60 0. 67 1 1 0 1
P11 0.50 1 0. 50 1 0.50 0.50 0. 50 0.50 0.50 0.50 0
P12 1 1 0 0.50 0.50 0. 40 0. 50 0.25 0.50 0.50 0. 50
P13 0 0. 50 0.50 0.50 0.50 0.50 0. 50 0.25 0.50 0.50 0. 50
P14 0 0 0. 50 0.50 0.50 0. 50 1 0.50 0.50 0.50 0. 50
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Fig.5 Changing process of dimension reduction number

of participant solution
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Tab.5 Final solution of crusher
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