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Abstract: To solve the real-time imaging distortion correction problem of industrial wide-field objective
lens, a correction algorithm and CPU + GPU parallel acceleration scheme was proposed. Firstly, a
distortion correction model of aspheric surface is established according to the optical distortion theory and
the camera calibration technology. Secondly., a correction algorithm is designed by using optical center
and estimating distortion coefficients. Finally, based on the CPU+ GPU hybrid acceleration platform, the
kernel adaptive dimension algorithm is designed and the optimized running program is proposed,
combined with OpenGL driver for real-time correction and displaying. The experimental results show that
the real-time correction system can achieve a correction rate of 98.2% , single frame time-consuming of
0.026 s, the average overall speedup of 29.1 for high resolution distortion imaging. The imaging system is
higher precision, transplantable and more simple, and can be widely used in the real-time imaging
distortion correction.

Key words: Large-field objective; Optical distortion; High-resolution; GPU parallel acceleration; Real-
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Fig.1 Aberration imaging and correction schematic diagram
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Fig.2 Scheme of real-time distortion correction based on CPU+GPU
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Fig.4 The real-time distortion correction algorithm flowchart
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Fig.5 Analysis of the relationship between correction rate correction time and board template size
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Table 1 Distortion correction model parameter

Parameter Value
Distortion center O (967.281,532.763)
A 1.189 593

WRAEASCH) CPUAGPU 52 IR 1E 7 58 %) AH 254 M 0 A7 A TE . W 728 2K L ) A0 I & o A ) ~F- 4l A1
PRAZ RIS ER AR AE AR 18] 6 () B2 IE i 19 1 e 3 23 6 e Al R A8 JE IR 6 (b) Bl s BB IE IR Ol T AR OE
Ji B9 P BAT W 58 M (R 9 A 8 S8R S X BV AT e RABFEIE R00, & 6 (o) BTz

)

(a) Distortion imaging (b) Corrected imaging (c) Clipped imaging
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Fig.6 Calibration of distortionparameters based on checkerboard template
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Fig.7 Real time distortion correction system
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Table 2 Distortion correction rate of different correction models( % )

Resolution ofimage 720 X480 1024 X600 1280X720 19201080 2048X1920 2560X1920

Classical model 97.76 97.94 98.03 98.10 98.34 98.42
Sphere model 97.81 97.98 98.07 98.12 98.47 98.53
Proposed model 97.95 98.14 98.20 98.28 98.56 98.69

® 3 AEIRIERE R E & HE 3T LE (ms)

Table 3 Time-consuming of different correction models(ms)

Resolution ofimage 720 X480 1024 X600 1280X720  1920X1080 2048X1920 2560X1920

Classical model 24 40 56 72 98 134
Sphere model 20 31 43 57 78 108
Proposed model 14 19 26 39 53 75

o e AR SO LE B T I LA R 7B S IR IE RN LR P 5 S AR 58 CPU P55 \DSP F- &1 £ 521 CPU+
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Table 4 Speedup of video with different resolutions

Resolution of video 720X 480 1024 X600 1280X 720 1920X10802048X19202560X1920
Traditional CPU platform 1 1 1 1 1 1
DSP platform 11.2 19.5 29.7 47.4 56.3 64.7
Classical CPU+GPU platform 10.6 18.6 28.6 45.2 54.7 60.8
Proposed CPU+GPU platform 11 18.7 29.1 47.1 56 63.9
160 .
140 =& (lassical model —# Traditional CPU platform
£ 120 =e= Sphere model 70t = DSP platform
E) = Proposed model 60
£ 100 g 50
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(a) Time performance of the algorithm (b) The acceleration performance of the scheme
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Fig.8 Algorithm and performance analysis of distortion correction system
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