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Colony segmentation and counting algorithm based on target
color base and gradient direction matching

HE Jianjunl, LI Ziyinl*, MA Xianying2

1 China Jiliang University, Hangzhou 310018, Zhejiang, China
2 Hangzhou DW Microbiology Co., Ltd., Hangzhou 310000, Zhejiang, China

Abstract: [Objective] Colony extraction and counting is essential in agriculture, food, and health
industries. Currently, most of the available algorithms for automatic counting of colonies use
colony culture dishes and has poor applicability to colony count plates. In addition, the current
technologies have good performance in conventional segmentation of adherent objects, while their
accuracy remains to be improved for the segmentation and counting of adherent colonies due to the
unique morphological characteristics of colonies. [Methods] To solve such problems, we proposed
a colony segmentation and counting algorithm based on target color base and gradient direction
matching. Firstly, the color feature of the colony in the image was used as a base to convert the
image into a base space to enhance the difference between the colony and the background.
Secondly, the gradient magnitude feature of the colony image was used to filter the gradient
direction, and then the matching was performed through the gradient direction, thereby segmenting
the adherent colonies. Finally, non-maximum suppression was employed to screen and count the
colonies. [Results] Through experiments, the counting accuracy of the algorithm in this study
reaches 98.00%, demonstrating its capability to meet practical requirements. [Conclusion] in the
context of targeted segmentation and counting of colonies, the algorithm studied in this paper not
only exhibits high counting accuracy but also demonstrates good robustness. This algorithm had
not only high counting accuracy but also good robustness, producing excellent results in the colony
segmentation and counting of colony count plates from different manufacturers. However, it
showed decreased counting accuracy in the detection and segmentation of large-area targets.
Therefore, this algorithm is suitable for the detection and segmentation of small targets such as
colonies.

Keywords: color base; microorganism; gradient space; segmentation of adhesive objects; colony
counting
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Figure 2 Gradient pattern.
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6 BESERE
Figure 6 Gradient component plot. A: Gradient graph in the X-direction. B: Gradient graph in the y-direction.
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Figure 7 Comparison graph of gradient operation. A: The gradient amplitude map. B: The gradient direction
map. C: The filtered gradient direction map.
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Figure 8 Matching result graph. A: To match the result graph. B: The result statistical graph.
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Figure 10 Test images of watershed segmentation algorithm based on distance transformation.

#z1 ETHEETHEADKIRSENEELMRER
Table 1

Test results of watershed segmentation algorithm based on distance transformation

Sample number  Actual total ~ Test result Accuracy (%) Sample number Actual total Test result Accuracy (%)
1 17 14 82.35 11 378 229 60.58
2 33 25 75.76 12 232 159 68.53
3 47 34 72.34 13 196 147 75.00
4 59 46 77.97 14 435 233 53.56
5 103 79 76.70 15 531 255 48.02
6 117 78 66.67 16 689 332 48.19
7 165 97 58.79 17 792 376 47.47
8 136 77 56.62 18 930 425 45.70
9 235 166 70.64 19 1200 443 36.92
10 224 155 69.20 20 1350 513 38.00
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Test graph of shape based template matching segmentation counting algorithm.

Table 2  Test results of shape based template matching segmentation counting algorithm

Sample number  Actual total  Test result Accuracy (%) Sample number Actual total  Test result Accuracy (%)
1 17 17 100.00 11 378 331 87.57
2 33 32 96.97 12 232 199 85.78
3 47 43 91.49 13 196 178 90.82
4 59 50 84.75 14 435 365 83.91
5 103 93 90.29 15 531 396 74.58
6 117 97 82.91 16 689 503 73.00
7 165 132 80.00 17 792 566 71.46
8 136 122 89.71 18 930 732 78.71
9 235 201 85.53 19 1200 785 65.42
10 224 196 87.50 20 1350 896 66.37
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Algorithm test graph based on color basis and gradient direction matching.

Table 3 Algorithm test results based on color basis and gradient direction matching

Sample number  Actual total  Test result Accuracy (%) Sample number Actual total Test result Accuracy (%)
1 17 17 100.00 11 378 377 99.70
2 33 33 100.00 12 232 228 98.30
3 47 48 97.90 13 196 193 98.90
4 59 59 100.00 14 435 425 97.70
5 103 101 98.00 15 531 514 96.80
6 117 115 98.30 16 689 662 96.08
7 165 162 98.20 17 792 756 95.45
8 136 135 99.20 18 930 898 96.56
9 235 233 99.10 19 1200 1138 94.83
10 224 221 98.60 20 1350 1257 93.11
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Figure 13  Figure of large-scale bacterial colony screening. A: Error recognition result graph for algorithm. B:
Large area colony information map after binarization and area screening. C: To match images that have
undergone non maximum suppression. D: The result chart for recounting using large area colony information

after making a mistake.
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