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Non-pneumatic Tire Design System based on Generative
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Abstract

The design of non-pneumatic tires, which are created by filling the space between the wheel and the
tread with elastomeric compounds or polygonal spokes, has become an important research topic in the
automotive and aerospace industries. In this study, a system was designed for the design of non-
pneumatic tires through the implementation of a generative adversarial network. We specifically
examined factors that could impact the design, including the type of non-pneumatic tire, its intended
usage environment, manufacturing techniques, distinctions from pneumatic tires, and how spoke design
affects load distribution. Using OpenCV, various shapes and spoke configurations were generated as
images, and a GAN model was trained on the projected GANs to generate shapes and spokes for non-
pneumatic tire designs. The designed non-pneumatic tires were labeled as available or not, and a
Vision Transformer image classification Al model was trained on these labels for classification
purposes. Evaluation of the classification model show convergence to a near-zero loss and a 99%
accuracy rate confirming the generation of non-pneumatic tire designs.
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Figure 1. Design and analysis of non-pneumatic tire
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Figure 2. Architecture of generative adversarial networks
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Figure 4. Example shapes and spoke images generated by Projected GANs
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Table 1. pseudocode for the non-pneumatic tire (NPT) design algorithm
1. H]:o"7]°t}‘ E}-O]O] r,]x]_o] O]’,J_’_E]Z _/':l: I

Input:
Number of regular polygon points: n
Polygon image: ldat

Procedure:

interior_angle = 360 / n // Calculation interior angle of regular polygon

for 0, 360, interior_angle // Increment interior angle by 0 to 360

axis_x, axis_y = cos(radians(theta)) * r, sin(radians(theta)) * r // Calculate the coordinates to paste the polygon

npt = attach((axis_x, axis_y), laata) // Attach a polygon with calculated coordinates axis_x, axis_y on top of a blank background
image

Output:
Non-pneumatic tire design
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Tkinter[42] python 2] 7]¥- GUI(Graphical User Interface) ©}¢]EH 2]t}. tkinter & EE
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Figure 5. Generated design by program and labeling GUI
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3.6 Vision Transformer

Vision Transformer (ViT) [13] 17+e] A|ZF A 2~8l3} FARSE W2 0 2 o] |2 & A&k
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0.0001 = A4 A 3} 3L optimizer = Adam, loss function < binary cross entropy = AF-&3} 31t} 855
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