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Abstract: A visual inspection system for small modulus gears was established to realize their industry
measurement. A de-noise algorithm based on scale-correlation and direction-correlation in Curvelet
transform was proposed according to the de-noising demands in system calibration. First, the theory
and process of the Curvelet transform were introduced. Then, according to the gear symmetry itself,
a new combined algorithm for image de-noising based on Curvelet scale-correlation and direction-corre-
lation was proposed, the corresponding parameters were calculated, and the processing results of the
algorithm were compared under different noises. Finally, the algorithm was compared with 3 de-noise
methods (Gaussian filter, Wavelet De-noise and Threshold De-noise). Experimental results indicate
that the Peak Signal to Noise radio(PSNR) from the combined algorithm proposed is 6 db, 3 db and 8
db better than those of Gaussian filter, Wavelet De-noise and Threshold De-noise, respectively. It

maintains good image edges and satisfies the image quality requirements of camera self-calibration in
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visual inspection systems for small modulus gears.

Key words: small-module gear; visual inspection;Curvelet transform;denoising; scale-correlation; di-

rection-correlation; camera self-calibration
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Fig. 3 Noise distribution results
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Tab.1 PSNR of each scale under Curvelet transformation
(db)

R 1 R 2 RE 3 RUE 4

23.79 23.786 23.738 23.632
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Tab. 2 Noise distribution of 64 directions in scale 4
Jrm1 2 3 4 5 6 7 9 10 11 12 13 14 15 16
A 24,057 23.826 23.722 23.689 23.631 23.584 23.529 23.433 23.4 23.514 23.579 23.616 23.679 23.715 23.816 24.038
B 24.024 23.805 23.7 23.657 23.606 23.568 23.511 23.385 23.375 23.503 23.566 23.606 23.655 23.7 23.799 23.936
C 23.905 23.795 23.699 23.649 23.605 23.562 23.493 23.343 23.268 23.49  23.558 23.603 23.641 23.696 23.774 23.852
D 23.837 23.752 23.692 23.639 23.601 23.551 23.446 23.196 23.192 23.441 23.546 23.587 23.636 23.69 23.75 23.834
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Tab. 3 Denoise results of inter-scale correlations
with different confidence coefficients and

different confidence intervals (db)

A
.

a 0 0.125 0.25 0.375 0.5 0.625 0.75 0.875
~1 ~1 ~1 ~1 ~1 ~1 ~1 ~1

0.2 21.459 23.723 25.219 25.923 26.204 26.324 26.378 26.404
0.3 21.454 23.481 24.831 25.48 25.75 25.872 25.929 25.959
0.4 21.448 23.218 24.39 24.956 25.198 25.31 25.364 25.393
0.5 21,443 22.939 23.914 24.382 24.585 24.68 24.728 24.753
0.6 21.437 22.646 23.417 23.783 23.942 24.018 24.056 24.077
0.7 21.431 22,344 22.911 23.176 23.292 23.347 23.375 23.39
0.8 21.425 22.037 22.405 22.574 22.648 22.683 22.701 22.711
0.9 21.418 21,725 21.904 21.984 22.019 22.036 22.045 22.05
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Tab. 4 Denoise results of inter-direction correlations
under different confidence coefficients and

different confident intervals (db)

IN
B 0.75  0.875 1 1 0.875  0.75
~1 ~1 ~1.125 ~1.25 ~1.25 ~1.25
29.762  29.765 29.767 29.764 29.762 29.759
29.748 29.751 29.752  29.75 29.747 29.743
29.724 29.728 29.729 29.727 29.724 29.72
29.692  29.696 29.697 29.695 29.692 29.688
29.652  29.656 29.657 29.655 29.652 29.648
29.604 29.607 29.608 29.606 29.604 29.601
29.548 29.551 29.551 29.55 29.548 29.546
29.485 29.486 29.487 29.486 29.485 29.484
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Fig. 8 Visual inspection system
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Tab.5 Results of different PSNRs (db)
Aib ¥ i JUBE [ AR DGR RUBE P I 1] g g
5 16. 761 20. 275
10 21. 644 25. 144
15 26. 404 29.767
20 30. 777 33. 834
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