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Abstract

A computer vision system which extracts and counts the cultured bacteria in a petri dish was developed. The
system was composed of a B/W CCD camera, a frame grabber, an illumination device, and an IBM PC/AT
compatible pentium computer. A sequence of image processing algorithms such as automatic thresholding,
morphology feature segmentation, object labeling and counting was developed. A sample of cultured bacteria
was compared with a sample of non-cultured bacteria to assign the threshold value automatically. There was
an average of 7.8% disparity in counting because of the irregular size of petri dishes and diffraction of light-
ing on the surface of the glass petri dish. Morphological processings such as the image erosion and sub-
traction were developed to separate the overlapped colonies. The proposed morphological separation al-
gorithm worked successfully. To precisely count the cultured bacteria, a sequence of counting algorithms
were developed. Counting algorithms were performed in three steps. First, the colonies which were smaller
than the specified size were counted and erased from the input image. And colonies were recognized using
the 2x 2 mask. Then, morphological operations were performed to separate the overlapped colonies and count-
ing was executed. The proposed counting algorithm worked perfectly for the thresholded images.
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Fig. 1. Block diagram of image processing system.
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Fig. 2. New histogram after subtraction.
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(a) Original image
Fig. 3. Image Subtraction.
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(a) Original image

Fig. 4. Illustration of separating process.
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Table 1. Manual counting from the original image and the binar~ image

Manual Manual E Manual Manual
. . rror . . Error
Sample cqun_tmg cgun}mg Error % Sample oquqtmg counting Error %
(8-bit image)  (1-bit image) (8 it image)  (1-bit image)

1 9 7 2 2222 17 108 108 0 0.00
2 11 10 1 9.09 18 110 98 12 1091
3 12 12 0 0.00 19 116 106 10 8.62
4 14 14 0 0.00 20 116 110 6 5.17
5 16 15 1 6.25 21 116 114 2 1.72
6 17 15 2 11.76 22 124 11 13 10.48
7 17 16 1 5.88 23 142 130 12 8.45
8 19 19 0 0.00 24 144 131 13 9.03
9 31 31 0 0.00 25 147 149 -2 -1.36
10 69 63 6 8.70 26 155 121 34 21.94
11 73 73 (] 0.00 27 164 151 13 7.93
12 86 69 17 19.77 28 166 145 21 12.65
13 95 74 21 22.11 29 286 285 1 0.35
14 96 85 11 11.46 30 321 288 33 10.28
15 99 95 4 4.04 31 364 317 47 12.91
16 106 106 0 0.00 32 369 342 27 732
- - - - Avg. - - 9.63 7.74
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