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Image Distortion Detection of Head-Mounted Display
Based on Optical Transform Function

Wang Xiaoyan™, Liu Chujia, Qi Yu, Zhuang Qiren”

Fujian Provincial Key Laboratory of Light Propagation and Transformation,

College of Information Science and Engineering, Huaqiao University, Xiamen, Fujian 361021, China

Abstract The optical system of the head-mounted display is prone to image distortion generally because its focal
length is short and its field of view is wide. An image distortion measurement method of head-mounted display is
presented. A Fourier transform image of unit matrix is chose as standard test pattern, and the relationship between
optical transfer function of head-mounted display and spherical distortion of image is analyzed with Fourier
transform. Based on this method, the similar relationship curve are obtained. Image spherical distortion of five
kinds of head-mounted display are measureds, and the negative-pinched pincushion distortion is obtained which
ranged from —22% to —65% . The results show that spherical distortion Cyg of the head-mounted display has
linear relation with distortion quality of grid image measurement. However, the measuring method for spherical

image distortion is simple, and the measuring results can reflect the distortion of the whole image. The results are
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of great reference value for measuring image quality of head-mounted display.
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Fig. 2 (a) Spatial pattern and (b) standard test pattern
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Fig. 3 Images of standard test pattern spherical distortion.

(a) Image of 50% positive spherical barrel distortion;

(b) image of 50% negative spherical barrel distortion
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Fig. 4 Relationship between | Hyg | and quality of spherical disorder.

(a) CCD optical system without aberration, Iy =1
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Fig. 5 2D standard test pattern and its Fourier transform. (a) Standard test pattern; (b) image of referenced display pattern;

(¢) image of standard test pattern of head-mounted display; (d) Fourier transform of standard test pattern;

(e) Fourier transform of referenced display pattern; (f) Fourier transform of standard test pattern of head-mounted display
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Table 1 Tested results of distortion of head-mounted display

Measure index Panel inch Field of view Cw /% D /% Cvk /D
Sample 1 0.66" 120° —22 2.8 —7.8
Sample 2 4.3" 55° —38 4.7 —38.1
Sample 3 5.0" 65° —49 6.1 —8.0
Sample 4 5.1" 63° —50 5.9 —8.5
Sample 5 5.5" 67° —65 7.9 —8.2
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