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Abstract: In the automatic assembly of the components of the laser rangefinder lens, it is crucial to get
the location of avalanche photodiode (APD) quickly and accurately for the precise alignment of lens
focus and improving the efficiency of image processing. Considering the APD image recognition and
location process, a highly efficient and high precision image processing algorithm based on machine vi-
sion is proposed in this paper. Initially, in the approximate location stage, to improve the computing ef-
ficiency, a normalized cross correlation algorithm with a strong anti-interference ability based on the-
pyramid search algorithm is used to approximately locate the APD in the image. In the edge detection
stage, the Otsu algorithm is used to adaptively generate the high and low thresholds according to the
gradient image, which avoids artificial setting of high and low thresholds in the traditional Canny algo-
rithm. In the target extraction stage, the contour fitting accuracy uses the connected component analys is
labeling, which can filter out isolated noise and non-target pixel points. In the precise location stage, the
two fitting algorithms are compared, and circle fitting based on the least square method is used to fit the
APD contour and to ensure the efficiency and positioning accuracy, which is in sub-pixel levels. The
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experimental results demonstrate that the system takes 596 ms to process the image, the positioning ac-

curacy is approximately 0.4 pixel, and the relative error is 0.56%.Thus, the system achieves recognition
and location of the APD and improves the positioning accuracy and efficiency.
Key words: image recognition and location, pyramid search, Canny algorithm, Otsu algorithm, edge

detection, connected component analysis-labeling, least square, contour fitting
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#1 HEMEEMLERNEE RS  Table 1  Statistics of approximate positioning accuracy and matching time

NCC algorithm based on
MAD algorithm NCC algorithm )

Serial number pyramid search
Positioning Matching Positioning Matching Positioning Matching
error/pixel time/ms error/pixel time/ms error/pixel time/ms

1 (0,0) 94 (0,0) 110 (0,0) 46
2 (1,0) 95 (0,0) 113 (0,0) 48
3 (21,0) 94 (0,0) 109 0,0) 46
4 (21,96) 78 (0,0) 102 (0,0) 47
5 (126,96) 80 0,0) 101 (0,0) 43
Aver?f: val- (34,38) 88 (0,0) 107 (0,0) 46
£2 2HEENBESREE Table 2 Optimum high and low threshold of two algorithms
Al Sample | Sample 2 Sample 3 Sample 4 Sample 5
o_
. i High Low High Low High Low High Low High Low
rit
threshold threshold threshold threshold threshold threshold threshold threshold threshold threshold
Canny 0.50 0.20 0.50 0.30 0.50 0.20 0.60 0.30 0.60 0.30
Adaptive
0.50 0.27 0.46 0.25 0.46 0.26 0.61 0.29 0.59 0.29
Canny

Table 3 Time comparison of edge detection methods

(a) Sobel 14145

(b) Canny A4

6 A%KNE
R3 LGB RE ER

Fig.6

(c) BIERL Canny %16 M

ms

Serial number Sobel Canny Adaptive Canny
1 101 248 317
2 99 249 321
3 103 258 323
4 109 241 309
5 102 239 319
Average value 103 247 318
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(b) Canny edge detection
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£4 BEERME  Table4 Comparison of fitting results

Circle fitting based on Hough transform Least squares method for circle fitting
Serial Detection Fitting  Relative Fitting Detection Fitting Relative Fitting
number value error error time value error error time
(a,b,r) E/pixel e/% /ms (a,b,r) E/pixel el% /ms
1 (44,45,11) 0.4591 0.73 291 (33.96,37.74,10.93) 0.3365 0.54 214
2 (44,44,10) 0.8628 1.36 242 (33.96,34.74,10.83) 0.3418 0.55 208
3 (39,40,10) 0.6193 1.14 283 (38.75,40.01,10.67) 0.3552 0.64 218
4 (44,45,10) 0.5676 0.97 256 (44.10,45.23,10.74) 0.3567 0.57 215
5 (44,44,10) 0.4874 1.16 245 (41.54,41.47,10.71) 0.2945 0.50 ° 208
Average
e (44,44,10) 0.5992 1.07 263 (38.46,40.43,10.77) 0.3369 0.56 212
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