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Thesis Title Application of GLCM textural feature for breast cancer nuclei counting
Author Mister Attagorn Markkongkeaw
Major Program Electrical Engineering
Academic Year 2013
ABSTRACT

In this study, we present an application of gray-level co-occurrence matrix (GLCM) for
analyzing on microscopic image of breast cancer cell that stain with immunohistochemistry
technique. There are two stages of image processing, i.e. image sliding and classification. In image
sliding, the raw images were slide by two sizes of window. The sub-image of interest were selected
and transformed to gray scale image. In the classification, sub-images were analyzed by GLCM
and 22 features of GLCM were generated from each matrix. Correlation with greedy algorithm is
used to analyze the feature values for selecting the optimum feature set. The result shows that the
classification accuracy obtained from decision tree is 98.08% when slide image by 256 x 256 pixels
of window size. In addition, optimum parameters for GLCM are as follows: Distance is 9 pixels
and direction is 135 degree. The performance of the classification algorithm is as follows: the
sensitivity 99.25%, the specificity 97.25%, the positive predictive value 98.63%, and the negative
predictive value 98.4 8 %. The algorithms were tested on the original breast cancer cells images.

Result show that the false positive can be reduced at the expense of increasing false negative.

Keywords: Gray-Level Co-occurrence Matrix (GLCM), Decision tree, Breast cancer,

Microscopic image
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6 135 99.13 95.50 95.00 97.83 1.05
7 0 96.88 89.00 91.50 94.67 1.81
7 45 95.88 85.50 95.00 94.00 2.11
7 90 98.75 93.00 96.50 97.42 1.49
7 135 99.00 95.50 95.00 97.75 1.11
8 0 97.38 88.00 92.50 95.00 2.52
8 45 96.38 82.50 94.00 93.67 1.81
8 90 98.75 90.00 96.50 96.92 1.31
8 135 98.88 94.00 96.50 97.67 1.02
9 0 97.00 89.00 93.00 95.00 2.08
9 45 96.00 81.50 95.00 93.42 1.69
9 90 98.50 89.50 94.50 96.33 1.53
9 135 98.88 95.00 95.50 97.67 1.10
10 0 97.00 87.50 93.50 94.83 1.79
10 45 94.75 84.50 93.00 92.75 2.04
10 90 98.63 93.00 95.50 97.17 1.43
10 135 99.13 94.50 96.50 97.92 0.90
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1 0 5 94.63 87.50 94.50 93.42 2.76
1 45 5 95.50 81.50 93.50 92.83 1.97
1 90 5 96.75 79.00 92.50 93.08 2.49
1 135 5 97.13 89.00 94.50 95.33 1.93
2 0 5 95.00 87.00 94.00 93.50 3.49
2 45 6 95.50 80.00 93.50 92.58 1.98
2 90 5 97.13 88.00 92.50 94.83 3.01
2 135 8 9725 | 9150 | 9400 | 9575 2.17
3 0 5 94.88 88.00 94.00 93.58 2.78
3 45 6 96.38 89.00 93.00 94.58 1.81
3 90 8 97.63 | 90.00 | 93.50 | 95.67 1.51
3 135 9 98.13 | 93.00 | 96.00 | 96.92 1.84
4 0 8 96.88 87.00 92.00 94.42 2.26
4 45 7 9475 | 8650 | 93.50 | 93.17 2.42
4 90 9 9825 | 91.00 | 9450 | 96.42 1.84
4 135 9 99.00 92.00 95.00 97.17 1.77
5 0 8 96.50 90.00 93.50 94.92 1.98
5 45 6 9575 | 86.00 | 93.50 | 93.75 2.49
5 90 9 98.00 | 9150 | 93.50 | 96.17 1.12
5 135 9 99.00 95.00 96.00 97.83 1.37
6 0 8 9638 | 9050 | 91.00 | 94.50 1.93
6 45 7 9563 | 8850 | 9250 | 93.92 2.81
6 90 9 98.75 90.00 94.00 96.50 1.61
6 135 9 99.25 95.50 95.50 98.00 1.31
7 0 8 96.63 | 8850 | 91.00 | 9433 2.25
7 45 7 94.50 85.00 93.50 92.50 1.67
7 90 9 98.75 94.50 95.00 97.42 1.54
7 135 9 98.88 | 96.00 | 9500 | 97.75 1.25
8 0 9 96.50 | 89.50 | 91.50 | 94.50 2.16
8 45 9 95.88 84.00 93.00 93.42 231
8 90 9 98.50 93.00 94.50 96.92 1.47
8 135 9 99.13 | 9550 | 9550 | 97.92 1.13
9 0 7 97.38 88.50 91.50 94.92 1.73
9 45 6 95.25 84.00 93.00 93.00 2.09
9 90 9 98.63 | 91.50 | 9550 | 96.92 131
9 135 9 99.25 | 9450 | 97.00 | 98.08 0.69
10 0 7 97.00 90.50 89.50 94.67 1.97
10 45 6 9525 | 83.50 | 94.00 | 93.08 176
10 90 9 99.13 | 90.00 | 9450 | 96.83 1.29
10 135 9 99.13 95.00 96.00 97.92 0.81
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1 0 95.00 85.50 94.50 93.33 2.19
1 45 95.25 84.50 94.50 93.33 1.92
1 90 96.50 85.50 93.00 94.08 2.40
1 135 97.75 88.00 92.50 95.25 2.69
2 0 95.13 86.00 94.50 93.50 2.32
2 45 95.25 86.00 95.00 93.67 1.31
2 90 97.88 90.00 93.50 95.83 1.62
2 135 97.75 90.50 94.50 96.00 1.46
3 0 96.00 83.50 93.50 93.50 2.99
3 45 96.63 88.50 94.50 94.92 1.90
3 90 98.00 92.00 94.50 96.42 1.67
3 135 98.13 93.50 96.50 97.08 1.97
4 0 96.50 89.00 93.50 94.75 1.42
4 45 95.00 87.00 92.50 93.25 2.40
4 90 98.38 95.50 96.00 97.50 1.24
4 135 99.00 92.00 95.00 97.17 1.77
5 0 96.25 90.50 91.50 94.50 2.26
5 45 94.25 88.50 93.00 93.08 2.12
5 90 98.00 93.50 95.00 96.75 1.00
5 135 99.00 95.00 96.00 97.83 1.43
6 0 96.00 89.50 92.00 94.25 1.82
6 45 95.38 85.50 92.00 93.17 2.07
6 90 98.63 92.00 95.00 96.92 1.11
6 135 99.25 95.50 95.50 98.00 1.31
7 0 95.38 91.50 90.50 93.92 2.49
7 45 95.88 84.50 93.50 93.58 2.45
7 90 98.63 95.00 96.00 97.58 1.14
7 135 99.00 96.00 95.00 97.83 1.25
8 0 95.88 91.50 93.00 94.67 2.01
8 45 96.38 80.50 94.00 93.33 1.57
8 90 98.63 94.00 97.00 97.58 1.27
8 135 99.13 95.50 95.50 97.92 1.13
9 0 97.13 89.00 92.50 95.00 1.84
9 45 96.63 83.00 92.50 93.67 2.12
9 90 98.63 93.50 96.50 97.42 1.33
9 135 99.25 94.50 97.00 98.08 0.69
10 0 96.38 90.00 91.00 94.42 1.62
10 45 95.00 85.00 92.50 92.92 1.06
10 90 98.75 95.00 96.50 97.75 1.52
10 135 99.13 95.00 96.00 97.92 0.81
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1 0 740 330 70 60 92.50 82.50 91.36 84.62
1 45 734 332 68 66 91.75 83.00 91.52 83.42
1 90 721 337 63 79 90.13 84.25 91.96 81.01
| 135 715 333 67 85 8938 | 8325| 9143 | 79.67
2 0 726 343 57 74 9075 | 8575 | 92.72| 8225
2 45 728 323 77 72 91.00 80.75 90.43 81.77
2 90 719 319 81 81 89.88 79.75 89.88 79.75
2 135 723 344 56 77 90.38 86.00 92.81 81.71
3 0 732 330 70 68 9150 | 8250 | 9127 | 8291
3 45 731 331 69 69 9138 | 82.75| 9138| 8275
3 90 722 329 71 78 9025 | 8225| 91.05| 80.84
3 135 731 332 68 69 91.38 83.00 91.49 82.79
4 0 740 329 71 60 92.50 82.25 91.25 84.58
4 45 726 335 65 64 91.90 83.75 91.78 83.96
4 90 731 310 90 69 91.38 77.50 89.04 81.79
4 135 721 324 76 79 90.13 | 81.00 | 90.46 | 80.40
5 0 740 336 64 60 9250 |  84.00 | 92.04 | 8485
5 45 732 338 62 68 9150 | 8450 | 92.19| 8325
5 90 734 325 75 66 91.75 81.25 90.73 83.12
5 135 739 328 72 61 92.38 82.00 91.12 84.32
6 0 747 336 64 53 93.38 84.00 92.11 86.38
6 45 737 335 65 63 9213 | 8375 | 9190 | 84.17
6 90 716 338 62 84 89.50 | 8450 | 92.03 | 80.09
6 135 732 341 59 68 9150 | 8525 | 9254 | 8337
7 0 741 338 62 59 92.63 84.50 92.28 85.14
7 45 730 332 68 70 91.25 83.00 91.48 82.59
7 90 722 334 66 78 90.25 83.50 91.62 81.07
7 135 731 335 65 69 9138 | 8375 | 91.83| 82.92
8 0 730 331 69 70 9125 | 82.75| 9136| 82.54
8 45 731 335 65 69 9138 | 8375 | 91.83| 82.92
8 90 721 336 64 79 90.13 84.00 91.85 80.96
8 135 736 329 71 64 92.00 82.25 91.20 83.72
9 0 732 328 72 68 91.50 82.00 91.04 82.83
9 45 738 334 66 62 9225 | 8350 | 9179 | 8434
9 90 727 325 75 73 9088 | 8125 | 90.65| 81.66
9 135 719 335 65 81 89.88 | 8375 | 9171 | 80.53
10 0 730 334 66 70 9125 | 8350 | 9171 | 82.67
10 45 741 340 60 59 92.63 85.00 92.51 85.21
10 90 716 325 75 84 89.50 81.25 90.52 79.46
10 135 726 336 64 74 90.75 84.00 91.90 81.95




a a A ° a J* 1
AT N V-2 wamiﬂizmmJ5xﬁmmwsl,umimuuwummwaaTﬂﬂ"l%’mﬂm

a

@

anYUTLA

65

uNYN@ENINMG

a J v o J [ H as A J 1
3Lﬂ§1$ﬁﬂ1ﬁﬂﬁﬂwu‘ﬁiiﬂﬂUi&’L‘ﬁfJ‘]J"lJu@’IfJu’J‘ﬁﬁZIll‘]ﬂuﬂw‘l‘ﬂNWuﬂ1iﬁllaﬂﬁ}’J‘(’Jﬂf!'W]1\1"llu1ﬂ 128 x 128

WAL
mndmeslums n | .
3 i oanis 2 & £ g = = E g E 2
InT1ZHIeaHION ¢ 5 g = = e |52 |5E
= G p= G € = £ = £ =
STUIH | 2 = = < s g | & &
1 0 734 332 68 66 91.75 83.00 91.52 83.42
1 45 725 337 63 75 90.63 84.25 92.01 81.80
1 90 712 333 67 88 89.00 83.25 91.40 79.10
| 135 716 323 77 84 89.50 | 80.75 | 9029 | 79.36
2 0 734 320 80 66 9175 | 80.00 | 90.17 | 82.90
2 45 728 327 73 72 91.00 81.75 90.89 81.95
2 90 721 336 64 79 90.13 84.00 91.85 80.96
2 135 729 329 71 71 91.13 82.25 91.13 82.25
3 0 745 320 80 55 93.13 | 80.00 | 9030 | 8533
3 45 730 336 64 70 9125 | 84.00 | 91.94 | 82.76
3 90 731 329 71 69 9138 | 8225 | 91.15 | 82.66
3 135 728 330 70 72 91.00 82.50 91.23 82.09
4 0 744 332 68 56 93.00 83.00 91.63 85.57
4 45 723 337 63 77 90.38 84.25 91.98 81.40
4 90 732 304 96 68 91.50 76.00 88.41 81.72
4 135 727 314 86 73 90.88 | 78.50 | 89.42 | 81.14
5 0 746 340 60 54 9325 | 8500 | 92.56 | 86.29
5 45 730 347 53 70 9125 | 8675 | 9323 | 8321
5 90 721 319 81 79 90.13 79.75 89.90 80.15
5 135 728 327 73 72 91.00 81.75 90.89 81.95
6 0 750 336 64 50 93.75 84.00 92.14 87.05
6 45 728 325 75 72 91.00 | 8125 | 90.66 | 81.86
6 90 719 333 67 81 89.88 | 8325 | 9148 | 8043
6 135 736 327 73 64 9200 | 8175 | 9098 | 83.63
7 0 742 342 58 58 92.75 85.50 92.75 85.50
7 45 743 334 66 57 92.88 83.50 91.84 85.42
7 90 721 335 65 79 90.13 83.75 91.73 80.92
7 135 729 339 61 71 91.13 | 8475 | 9228 | 82.68
8 0 736 337 63 64 9200 | 8425 | 9212 | 84.04
8 45 736 326 74 64 92.00 | 81.50 | 90.86 | 83.59
8 90 724 338 62 76 90.50 84.50 92.11 81.64
8 135 736 333 67 64 92.00 83.25 91.66 83.88
9 0 738 332 68 62 92.25 83.00 91.56 84.26
9 45 743 329 71 57 92.88 | 8225 | 9128 | 8523
9 90 728 334 66 72 91.00 | 83.50 | 91.69 | 82.27
9 135 721 329 71 79 90.13 | 8225 | 91.04 | 80.64
10 0 743 331 69 57 92.88 | 8275 | 91.50 | 85.31
10 45 734 338 62 66 91.75 84.50 92.21 83.66
10 90 730 333 67 70 91.25 83.25 91.59 82.63
10 135 731 334 66 69 91.38 83.50 91.72 82.88




66

a a A ° a o 1 @ VoA
131 v-3 wamsdsziivdsganiamlumsiuunyiiavousad lao 1% lasldygamauanyuziaui

{0 s ' a
mmzﬁu“lumwﬁmumﬁﬁ'laﬂﬁ'wwﬁﬁmwum 128 X 128 WNLHA

mndmeslums n | .
3 i oanis 2 & £ g = = E g E 2
JinzTidneaBdn ¢ 2 g 5 g 2 |52 |SE
= G p= G € = £ = £ =

STUIH | 2 = = < s g | & &
1 0 732 328 72 68 91.50 82.00 91.04 82.83
1 45 726 346 54 74 90.75 86.50 93.08 82.38
1 90 721 327 73 79 90.13 81.75 90.81 80.54
| 135 718 315 85 82 89.75 | 7875 | 89.41 | 7935
2 0 734 325 75 66 9175 | 8125 | 90.73 | 83.12
2 45 729 333 67 71 91.13 83.25 91.58 82.43
2 90 723 336 64 77 90.38 84.00 91.87 81.36
2 135 729 328 72 71 91.13 82.00 91.01 82.21
3 0 737 320 80 63 92.13 | 80.00 | 9021 | 83.55
3 45 729 333 67 71 91.13 | 8325 | 91.58 | 82.43
3 90 734 328 72 66 9175 | 82.00 | 91.07 | 8325
3 135 727 332 68 73 90.88 83.00 91.45 81.98
4 0 736 328 72 64 92.00 82.00 91.09 83.67
4 45 720 340 60 80 90.00 85.00 92.31 80.95
4 90 736 311 89 64 92.00 77.75 89.21 82.93
4 135 727 314 86 73 9088 | 78.50 | 89.42 | 81.14
5 0 750 340 60 50 9375 | 85.00 | 9259 | 87.18
5 45 733 346 54 67 9163 | 8650 | 93.14 | 83.78
5 90 725 319 81 75 90.63 79.75 89.95 80.96
5 135 733 329 71 67 91.63 82.25 91.17 83.08
6 0 753 339 61 47 94.13 84.75 92.51 87.82
6 45 728 331 69 72 91.00 | 82.75 | 9134 | 82.13
6 90 725 331 69 75 9063 | 8275 | 9131 | 81.53
6 135 738 331 69 62 9225 | 8275 | 9145 | 8422
7 0 751 343 57 49 93.88 85.75 92.95 87.50
7 45 734 332 68 66 91.75 83.00 91.52 83.42
7 90 721 335 65 79 90.13 83.75 91.73 80.92
7 135 734 337 63 66 9175 | 8425 | 92.10 | 83.62
8 0 737 324 76 63 92.13 | 81.00 | 90.65 | 83.72
8 45 739 319 81 61 9238 | 7975 | 90.12 | 83.95
8 90 724 338 62 76 90.50 84.50 92.11 81.64
8 135 724 329 71 76 90.50 82.25 91.07 81.23
9 0 738 331 69 62 92.25 82.75 91.45 84.22
9 45 746 327 73 54 9325 | 81.75 | 91.09 | 8583
9 90 728 334 66 72 91.00 | 8350 | 91.69 | 8227
9 135 724 319 81 76 90.50 | 79.75 | 89.94 | 80.76
10 0 737 333 67 63 92.13 | 8325 | 91.67 | 84.09
10 45 739 338 62 61 92.38 84.50 92.26 84.71
10 90 730 333 67 70 91.25 83.25 91.59 82.63
10 135 729 333 67 71 91.13 83.25 91.58 82.43
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1 0 769 366 34 31 96.13 | 9150 | 9577 | 92.19
1 45 768 372 28 32| 9600 | 93.00 | 9648 | 92.08
1 90 780 378 22 20 | 9750 | 9450 | 97.26 | 94.97
1 135 785 374 26 15 | 9813 | 9350 | 9679 | 96.14
2 0 775 372 28 25 | 9688 | 93.00 | 9651 | 93.70
2 45 770 367 33 30 | 9625 | 9175 | 9589 | 92.44
2 90 777 379 21 23 | 9713 | 9475 | 97.37 | 94.8
2 135 782 382 18 18 | 9775 | 9550 | 97.75 | 95.50
3 0 768 372 28 32| 9600 | 93.00 | 9648 | 92.08
3 45 773 370 30 27 | 9663 | 9250 | 9626 | 9320
3 90 780 385 15 20 | 9750 | 9625 | 98.11 | 95.06
3 135 786 389 1 14 | 9825 | 9725 | 9862 | 96.53
4 0 769 376 24 31 96.13 | 9400 | 9697 | 92.38
4 45 771 366 34 29 | 9638 | 9150 | 9578 | 92.66
4 90 787 390 10 13 | 9838 | 9750 | 98.75 | 96.77
4 135 793 390 10 7 99.13 | 9750 | 98.75 | 98.24
5 0 775 370 30 25 | 9688 | 9250 | 9627 | 93.67
5 45 774 366 34 26 | 9675 | 9150 | 9579 | 9337
5 90 785 384 16 15 | 9813 | 96.00 | 98.00 | 96.24
5 135 791 388 12 9 98.88 | 97.00 | 98.51 | 97.73
6 0 771 374 26 29 | 9638 | 9350 | 9674 | 92.80
6 45 763 368 32 37 | 9538 | 92.00 | 9597 | 90.86
6 90 790 385 15 10 | 9875 | 9625 | 98.14 | 97.47
6 135 793 387 13 7 99.13 | 9675 | 98.39 | 98.22
7 0 775 370 30 25 | 9688 | 9250 | 9627 | 93.67
7 45 767 369 31 33 | 9588 | 9225 | 96.12 | 91.79
7 90 790 387 13 10 | 9875 | 9675 | 9838 | 97.48
7 135 792 386 14 8 99.00 | 96.50 | 98.26 | 97.97
8 0 779 373 27 21 97.38 | 9325 | 96.65 | 94.67
8 45 771 356 44 29 | 9638 | 89.00 | 9460 | 9247
8 90 790 383 17 10 | 9875 | 9575 | 97.89 | 97.46
8 135 791 385 15 9 98.88 | 9625 | 98.14 | 97.72
9 0 776 376 24 24 | 97.00 | 9400 | 97.00 | 94.00
9 45 768 363 37 32| 9600 | 90.75 | 9540 | 91.90
9 90 788 382 18 12| 9850 | 9550 | 97.77 | 96.95
9 135 791 386 14 9 98.88 | 96.50 | 98.26 | 97.72
10 0 776 372 28 24 | 97.00 | 93.00 | 9652 | 93.94
10 45 758 362 38 42 | 9475 | 9050 | 9523 | 89.60
10 90 789 386 14 1 98.63 | 96.50 | 98.26 | 97.23
10 135 793 386 14 7 99.13 | 96.50 | 9827 | 98.22




@ 1

a a A ° a J* 1
AT N U-5 wamiﬂizmmJ3xﬁmmwsl,umimuumummwaaTﬂﬂi%ﬂWﬂmanyngﬂ

a

68

uNYN@ENINMG

a J v o J [ H as A J 1
3Lﬂ§1$ﬁﬂ1ﬁﬂﬁﬂwu‘ﬁiiﬂﬂUi&’L‘ﬁfJ‘]J"lJu@’IfJu’J‘ﬁﬁZIll‘]ﬂuﬂw‘l‘ﬂNWuﬂ1iﬁllaﬂﬁ}’J‘(’Jﬂf!'W]1\1"llu1ﬂ 256 X 256

noLra
a d
mndlineslums Z 2 E 2 - 2z _ |z
Inswhdueadidn | € g g 5 2 |cE | ES | E8
3 g E g = = | 28| ES
STUIH | 2 = = < s g | & &
1 0 757 373 27 43 94.63 93.25 96.56 89.66
1 45 764 364 36 36 95.50 91.00 95.50 91.00
1 90 774 359 41 26 96.75 89.75 94.97 93.25
1 135 777 378 22 23 97.13 | 9450 | 9725 | 94.26
2 0 760 369 31 40 | 9500 | 9225 | 96.08 | 90.22
2 45 764 358 42 36 95.50 89.50 94.79 90.86
2 90 777 378 22 23 97.13 94.50 97.25 94.26
2 135 778 384 16 22 97.25 96.00 97.98 94.58
3 0 759 370 30 41 9488 | 9250 | 9620 | 90.02
3 45 771 375 25 29 96.38 | 93.75 | 96.86 | 92.82
3 90 781 386 14 19 97.63 | 9650 | 9824 | 9531
3 135 785 389 11 15 98.13 97.25 98.62 96.29
4 0 775 364 36 25 96.88 91.00 95.56 93.57
4 45 758 371 29 42 94.75 92.75 96.32 89.83
4 90 786 385 15 14 98.25 96.25 98.13 96.49
4 135 792 386 14 8 99.00 | 9650 | 9826 | 97.97
5 0 772 372 28 28 96.50 | 93.00 | 96.50 | 93.00
5 45 766 370 30 34 | 9575 | 9250 | 9623 | 91.58
5 90 784 384 16 16 98.00 96.00 98.00 96.00
5 135 792 391 9 8 99.00 97.75 98.88 97.99
6 0 771 371 29 29 96.38 92.75 96.38 92.75
6 45 765 374 26 35 9563 | 9350 | 9671 | 91.44
6 90 790 387 13 10 | 9875 | 9675 | 9838 | 97.48
6 135 794 389 1 6 99.25 | 9725 | 98.63 | 98.48
7 0 773 367 33 27 96.63 91.75 95.91 93.15
7 45 756 365 35 44 94.50 91.25 95.58 89.24
7 90 790 392 8 10 98.75 98.00 99.00 97.51
7 135 791 388 12 9 98.88 | 97.00 | 98.51 | 97.73
8 0 772 368 32 28 96.50 | 9200 | 96.02 | 92.93
8 45 767 362 38 33 9588 | 90.50 | 9528 | 91.65
8 90 788 384 11 12 98.50 97.22 98.62 96.97
8 135 793 388 12 7 99.13 97.00 98.51 98.23
9 0 779 374 26 21 97.38 93.50 96.77 94.68
9 45 762 359 41 38 9525 | 89.75 | 9489 | 90.43
9 90 789 389 11 11 98.63 | 9725 | 98.63 | 97.25
9 135 794 389 11 6 99.25 | 9725 | 98.63 | 98.48
10 0 776 371 29 24 | 9700 | 9275 | 9640 | 93.92
10 45 762 365 35 38 95.25 91.25 95.61 90.57
10 90 793 382 18 7 99.13 95.50 97.78 98.20
10 135 793 387 13 7 99.13 96.75 98.39 98.22
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1 0 760 368 32 40 | 9500 | 9200 | 9596 | 90.20
1 45 762 366 34 38 | 9525 | 91.50 | 9573 | 90.59
1 90 772 371 29 28 | 9650 | 9275 | 9638 | 92.98
1 135 782 372 28 18 | 9775 | 93.00 | 9654 | 9538
2 0 761 368 32 39 | 9513 | 92.00 | 9596 | 90.42
2 45 762 368 32 38 | 9525 | 92.00 | 9597 | 90.64
2 90 783 384 16 17 | 9788 | 96.00 | 98.00 | 95.76
2 135 782 384 16 18 | 9775 | 96.00 | 97.99 | 9552
3 0 768 364 36 32 | 9600 | 91.00 | 9552 | 91.92
3 45 773 374 26 27 | 9663 | 9350 | 9675 | 9327
3 90 784 388 12 16 | 9800 | 97.00 | 9849 | 96.04
3 135 785 389 1 15 | 9813 | 9725 | 9862 | 96.29
4 0 772 375 25 28 | 9650 | 9375 | 96.86 | 93.05
4 45 760 368 32 40 | 9500 | 9200 | 9596 | 90.20
4 90 787 393 7 13 | 9838 | 9825 | 99.12 | 96.80
4 135 792 386 14 8 99.00 | 96.50 | 98.26 | 97.97
5 0 770 371 29 30 | 9625 | 9275 | 9637 | 92.52
5 45 754 374 26 46 | 9425 | 9350 | 96.67 | 89.05
5 90 784 388 12 16 | 9800 | 97.00 | 9849 | 96.04
5 135 792 390 10 8 99.00 | 97.50 | 98.75 | 97.99
6 0 768 371 29 32| 9600 | 9275 | 9636 | 92.06
6 45 763 366 34 37 | 9538 | 9150 | 9573 | 90.82
6 90 789 389 1 11 98.63 | 9725 | 98.63 | 97.25
6 135 794 389 1 6 99.25 | 9725 | 98.63 | 98.48
7 0 763 371 29 37 | 9538 | 9275 | 96.34 | 90.93
7 45 767 367 33 33 | 9588 | 9175 | 9588 | 91.75
7 90 789 391 9 11 98.63 | 97.75 | 98.87 | 97.26
7 135 792 388 12 8 99.00 | 97.00 | 98.51 | 97.98
8 0 767 377 23 33 | 9588 | 9425 | 97.09 | 91.95
8 45 771 355 45 29 | 9638 | 8875 | 9449 | 9245
8 90 789 389 ) 11 98.63 | 9725 | 98.63 | 97.25
8 135 793 388 12 7 99.13 | 97.00 | 98.51 | 9823
9 0 777 377 23 23 | 9713 | 9425 | 97.13 | 9425
9 45 773 357 43 27 | 9663 | 8925 | 9473 | 9297
9 90 789 389 11 11 98.63 | 9725 | 98.63 | 97.25
9 135 794 389 11 6 99.25 | 9725 | 98.63 | 9848
10 0 771 374 26 29 | 9638 | 9350 | 9674 | 92.80
10 45 760 360 40 40 | 9500 | 90.00 | 9500 | 90.00
10 90 790 388 12 10 | 9875 | 97.00 | 9850 | 97.49
10 135 793 387 13 7 99.13 | 96.75 | 98.39 | 98.22
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a a A v o a = J < 1 @
ANTN A-1 wamiﬂﬁzmuﬂﬁxﬁmmwmaﬁxuuummmmmaaawaaumuﬁmuuumwmaﬁ’uﬂuu

TIUIU 28 NN

GLCM GLCM
v o Non-texture
NNAURDY window : 128 x 128 window : 256 x 256

TP FP FN | 1 TP FP FN na TP FP FN na
T51-1549A12 227 49 | 513092 | 212 | 21 66 | 62.28 216 | 21 62 | 6431
T51-1549A17 205 36 | 31| 27.21 201 29 35 | 5554 | 201 24 35 | 55.93
T51-1549A21 160 69 | 63 | 27.00 145 38 78 | 53.09 142 34 81 | 53.87
T51-1549A23 227 60 89 | 32.22 209 | 27 107 | 64.89 222 | 43 94 | 67.71
T51-1549A36 191 145 | 44 | 3354 151 14 82 | 68.20 169 | 49 65 | 72.14
T51-1549A37 207 74 | 55| 29.68 185 13 77 | 59.36 191 23 71 | 61.54
= T51-1549A39 169 65 62 | 27.76 144 | 22 87 | 51.92 159 | 38 72 | 54.28
§ T51-1549A73 117 35 70 | 20.74 114 | 23 73 | 37.61 107 9 80 | 38.08
T_lg T51-1549A78 163 156 | 58 | 29.37 141 44 75 | 63.12 145 69 72 | 65.46
% T51-1549A92 131 50 | 66 | 21.88 124 | 31 73 | 41.94 127 | 26 70 | 42.77
'“g T51-1549A97 111 78 37 | 21.51 110 | 48 38 | 41.88 104 | 51 43 | 43.00
& T51-1549A3 231 51 92 | 30.50 125 11 198 | 5591 188 16 135 | 61.07
T51-1549A4 207 62 | 59 | 29.84 142 12 123 | 55.59 182 | 27 84 | 59.98
T51-1549A5 147 42 | 53 | 23.06 129 13 70 | 42.86 129 | 20 70 | 43.85
T51-1549A9 246 55 59 | 33.05 224 10 81 | 65.37 240 | 37 65 | 68.30
T51-1549A40 202 70 | 45 | 28.98 187 17 60 | 57.95 202 | 40 45 | 60.34
T51-1549A-78 211 83 | 43 | 31.69 189 | 26 65 | 62.65 205 31 49 | 65.70

33U 3152 | 1180 | 977 2732 | 399 | 1388 2929 | 558 | 1193
T51-1549A1 188 36 | 47 | 31.26 66 3 169 | 4533 107 7 128 | 48.49
T51-1549A2 214 68 36 | 32.32 94 11 156 56.8 149 16 100 | 61.19
T51-1549A41 137 95 | 46 | 25.57 119 | 23 64 | 49.51 134 | 40 49 | 52.05
g T51-1549A42 183 88 38 | 30.38 158 | 28 63 | 59.18 179 | 62 42 | 62.67
g T51-1549A44 240 58 52 | 3247 83 5 205 | 57.03 180 | 24 109 | 64.42
ﬁ T51-1549A53 222 101 | 116 | 32.32 190 | 22 148 | 67.32 191 34 147 | 70.03
EE T51-1549A54 213 61 84 | 29.95 184 16 112 | 59.71 198 32 98 | 62.79
.g T51-1549A59 163 23 15 | 22.49 72 9 106 | 39.29 135 20 43 | 43.84
§ T51-1549A60 192 83 39 | 29.05 121 20 109 | 56.17 176 | 46 55 | 61.09
T51-1549A-134 215 67 | 44 | 29.69 74 19 184 | 53.34 147 53 112 | 60.17
T51-1549A-135 195 91 35 | 27.62 47 8 183 | 51.36 90 18 140 | 55.79

37U 2162 771 | 552 1208 | 164 | 1499 1686 | 352 | 1023
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Abstract— This study proposes and appraise a gray level co-
occurrence matrix (GLCM) for extracting the feature of cell
regions in microscopic image into four region types: positive
cancer cell, negative cancer cell, lymphocyte and stromal cell.
The classification task uses decision tree with cross validation. To
give a high classification performance, the main focus of interest
is feature extraction task. Twenty-two texture features of GLCM
have used to analysis images at four directions and six scales of
gray-level quantization. A set of these texture features is used in
2045 images for training and testing. The result shows that the
classification accuracy obtained from decision tree is 95.21%. It
is demonstrated that the proposed GLCM texture features and
decision tree can classify the histological structures in
microscopic image and can be applied to improve and to develop
an accurate cell counting of computer-aided diagnosis system for
breast cancer prognosis.

Index Terms— Gray-level co-occurrence matrix, texture
features, breast cancer, estrogen, immunohistochemistry,
microscopic image

1. INTRODUCTION

Cancer is expected to become the leading cause of death
over the next few decades. Based on statistics from the World
Health Organization (WHO), cancer accounted for 13% for all
deaths in the world in 2008. Deaths caused by cancer are
expected to increase in the future [1]. Of all the known cancers,
breast cancer (BC) is a major concern among women. It is the
first-most common and leading cause of cancer deaths among
women. According to published statistics, BC has become a
major health problem in both developed and developing
countries. The rate of the new patient has increased in recent
years.

The pathological diagnosis of BC can use the suspect tissue
from fine-needle aspiration biopsy achieved by the pathologist
visualization. Sample tissues are strained by an
immunohistochemistry (IHC) technique. It is used for detecting
in situ a tissue antigen by a specific antibody [2][3]. An
antigen-antibody complex is visualized by the color
development of DAB dye and can be seen by light microscope.
In BC cell image, estrogen receptor (ER) and progesterone
receptor (PR) are protein markers in nuclear membrane as an
antigen. In the microscopic image of BC, the brown nuclear

978-1-4799-1467-8/13/$31.00 ©2013 IEEE

stain is represented as positive cancer cell (PC). The blue
nuclear stain has three types of cell. There are negative cancer
cell (NC), lymphocyte cell (LC), and stromal cell (SC)
respectively. Pathologist has evaluated these cells as the ratio
of the total PCs to total number of cancer cells (PC+NC) for
hormone therapy [4]. This percentage visualization is time
consuming, costly and tedious. In addition, the results are
uncertain because it depends on the experience of the
pathologist. Therefore, there are researches which developed a
computer-aided diagnosis (CAD) system for BC cell counting
by using many algorithms in image analysis.

The CAD system for the microscopic image of BC analysis
consists of two main steps: feature extraction and
classification. The feature extraction presented in this study is
co-occurrence of gray-level image. In order to yield a high
classification performance, feature extraction is selected to suit
the application. Generally, feature representation of images is
extracted from color, shape and texture information of them.
Previously, color and shape features are widely used to classify
cells in the histological structure (HS) in microscopic image of
BC. However, the texture feature is not widely used, so it is
explored this study.

Texture feature is a function of the spatial distribution in
pixel intensity. Many methods of texture analysis have been
proposed to classify in medical images such as Gabor filter,
gray level co-occurrence matrices (GLCM) and Laws’ texture
energy. Additionally, microscopic images of BC have a
complex structure which can be resolved by Haralick’s texture
features [5]. This study separates the region type of cells in
microscopic images using twenty-two features of GLCM.
Then, the suitable combination of these features is evaluated
using a decision tree classifier. However, the raw two-
dimensional microscopic images of BC are manually cropped
to produce the image with smaller size and converted into gray
scale images before entering the process to check the ability of
texture features and the decision tree classifier.



II. MATERIALS AND METHODS

A. Microscopic dataset(MDS)

Seventeen microscopic images in full size were acquired
from digital camera DXM1200F (Nikon Instech Co., Ltd.,
Japan). It was connected to advance research microscope
Eclipse 80i (Nikon Instech Co., Ltd., Japan). Raw images were
saved into RGB 24-bits and JPEG format with resolution of
3600 x 2880 pixels.

Pathologist manually selected the region of interest (ROI)
from seventeen raw images with magnification of 400x. It was
cropped and saved as JPEG format with resolution of 256 x
256 pixels for later analysis. Fig. 1(a) showed an RGB image
of microscopic image for breast cancer cell. Fig. 1(b) indicated
an ROI for each type of cell. Thereafter, the extracted ROI was
converted to gray-level image and normalized to the gray
scales range [0, 255]. The MDS consisted of 2045 images from
patients, including 1514 PCs, 207 LCs, 215 SCs, 109 NCs.

B. Scaling of Gray-Level

The number of gray-levels is an important factor for the
GLCM computation to present a set of textures for reducing
the misclassification of cell type. The more levels included in
the GLCM, the more is the computational cost of the texture
statistics.

A simple way to transform the cell image to its quantized
version can be expressed as the linear combination

J=|I-K +K,]|. (1)

where / is the input image, J is the quantized image, |_J is the

floor function, and K; and K, are coefficients defined as

L-1
K=—, 2
1 Gmax _Gmin ( )
KZ ZI_KI 'Gmin’ (3)

where L is the desired number of quantization levels,
G, .,and G _,

. are minimum and maximum of gray levels in

the image, respectively [6].

C. GLCM Texture Features

GLCM is the texture feature was proposed by Haralick in
the 1970s. It is well-established robust statistical tool for
extracting secondary-order of texture information from image.
The GLCM presents the joint frequencies of all pairwise
combinations of gray levels i and j in a specified direction &
and specified distance d from each other [7-10]. In this paper,
22 features are generated from six gray-level scaling (L = 8§,
16, 32, 64, 128, 256), four directions (& = 0°, 45°, 90°, 135°)
and one distance (d = 1) for each ROI image. The GLCM can
be defined as

X, —x,=dcos8

.. v, —y, =dsinf
C(l,])z {[(x17y1)’(x2’y2)] ’ : . (4)
](xl’yl)_l
1(x2,y2)=j

i

where (x;,y;) and (x,,y,) are pixels in the ROI, /(-) is gray-level
of pixels, and ”” is the number of the pixel pairs that satisfy

the conditions. Thereupon, each co-occurrence matrix is
normalized by sum of all elements in matrix. Finally twenty-
two features are generated from each matrix. Especially, the
features studied are autocorrelation, contrast, correlation I,
correlation II, cluster prominence, cluster shade, dissimilarity,
energy, entropy, homogeneity I, homogeneity II, maximum
probability, sum of squares, sum average, sum entropy, sum
variance, difference variance, difference entropy, information
measure of correlation I, information measure of correlation
II, inverse difference normalized and inverse difference
moment normalized. Equations of all features were showed in
table I and II.

Fig. 1. Microscopic image. (a) Full image size 3600x2880 pixels. (b) The
ROI for each cell type is captured with a resolution of 256x256 pixels.

D. Classification by tree

The decision tree classifier is a predictive modeling that
decides the dependent variable of a new sample founded on
different characteristic values of the available data. The internal
nodes of a decision tree stand for the different characteristics.
The branches between the nodes are the possible values that
these characteristic can have in the observed samples. The
whole terminal nodes tell us the classification of the dependent
variable [11][12][13]. The predicted attribute is known as the
dependent variable, since its value depends upon, or is decided
by, the value of all the other attributes.



TABLE L EXPRESSION USED FOR GLCM COMPUTING

Expression Meaning

p(l', j) (1, ]) th entry of the co-occurrence

probability matrix.

Gray-level quantization.

Mean value of p(i>j)

Py i) S (i)
=l
. L
py(’) g‘ip(i,j)
i, ;%fp(i,j)
iy %%J”P(i»j)
o2 >3 (i-p. ) pli )
i
o2 2li-s, P pli)
L L ( )
px+y (k) i:I,E‘j:k jZ:‘llp i ’
k=2,3,..2L
S Sp6)
Pry(k) =
k=0,1,.., L1
HX —pr(') log(p, (i)
HY _Zpy() IOg(l’y())
HXY —§§p( J)-log(p(i, ))
HXY1 ‘ZZP(” log(P @)p, (/)
—ZZPX 7)-1oglp, (1)p, (7))
HXY2

III. RESULTS AND DISCUSSION

The decision tree classifier is a predictive modeling that
decides the dependent variable of a new sample founded on
different characteristic values of the available data. The internal
nodes of a decision tree stand for the different characteristics.
The branches between the nodes are the possible values that
these characteristic can have in the observed samples. The
whole terminal nodes tell us the classification of the dependent
variable [11][12][13]. The predicted attribute is known as the
dependent variable, since its value depends upon, or is decided
by, the value of all the other attributes.

Cross validation is one way to enhance over the holdout
method. The data set have been divided to k subsets, and
holdout method is repeated k times. The overall performance of
the diagnostic algorithm can evaluate accuracy of
classification. We use the k-fold cross validation to estimate
the performance of the feature extraction and classification
algorithm.

TABLE I TEXTURE FEATURES FROM GLCM
Feature Equation
Autocorrelation Zf% (i J )p (i 5 J )
. 42 (. .

Contrast Zle —]| p(l,])

ij
Correlation I 22 (- )(] —Hy )p(” J)

~ & 0.0,
Correlation IT >3 M

i 0,0,

S5+ -, )} o)
ij

Cluster prominence

Cluster shade Z Z (i T My~ My )3 pli. /)
tJ
Dissimilarity ;%'l - J| ' p(i, J)
Energy Z Z p(i, j)z
Eatropy - Z Z pli, j)-log(pi. /)
Homogeneity I - %
; . pli.j)
omogeneity =5 1+|i—j|2
Maximum ..
probability i P (l’ ])
Sum of squares Z Z (i - V)z p(i, ])
i
2L
Sum average 20 Dyt (i)
i=2
2L
Sum entropy = 3 Py 1) 10g{psy (1)
i=2
2L 5
Sum variance > (i - Sumentropy) "Dty (l)
i=2
L-1
Difference variance >i z. Dx—y (i )
i=0
L-1
Difference entropy = 2 Dy (i)- log(px,y (l))
i=0
Information HXY — HXY1
measure of T v o)
correlation I max(HX, HY)

Information
measure of 1—
correlation 1T

efz(nyszxy)

moment normalized

Inverse difference 3 p (i> J )
normalized i1+ |i _ j|2 /L
Inverse difference P(i, J )

ij 1+(i—j)2/L

The result estimated from 2045 images and classified by

decision tree with 10-fold cross validation for training and
testing data set. The result from the classification of MDS



compared with the expert perception is shown in Table III. The
best precision score for GLCM based methods was achieved in
direction of computation and quantization of gray-level image.
Accuracy depends on the resolution, i.e., the high resolution
gives the high accuracy. The direction of 135° of GLCM gives
a best result. The maximum classification accuracy is 95.21%.

IV. CONCLUSION

This work presented a study of GLCM texture feature as a
function of gray-level for classifying region type of cancer cell
in microscopic image. Twenty-two texture features computed
from co-occurrence matrices were assessed, regarding four
directions and one distance for MDS. ROI was located and
manually cropped by pathologist with size 256 X256 pixels,
2045 images in MDS have four types of cell region. Texture
features are used as input tree in classification process.
Decision tree was used to be a classifier and used the texture
feature of GLCM for input material in the classification
process to classify region type of cell in microscopic image.
The methodology presented effectively type of cell region in
microscopic image of breast cancer cell. The accuracy for
decision tree with cross validation on MDS is shown in the
result.

This work confirmed that GLCM feature are useful when
considering automatic classification tools to aid pathologist to
identify region of cancer cell in microscopic image from breast
biopsy. However, the correct percentage estimated from this
study is compared with the expert perception to improve and
apply to the automatic breast cancer cell counting.

Moreover, other parameters in texture features will be done
in this system and the feature selection based on some selecting
algorithms will be decided for these proposed texture features
in the future.

TABLE III. ACCURACCY OF CLASSIFICATION
Gray Direction
scaling 0 45 90 135
8 93.01 92.91 92.81 93.25
16 94.38 94.23 93.55 94.72
32 93.59 93.45 94.43 93.59
64 93.99 93.69 94.28 94.28
128 94.08 93.99 94.47 95.01
256 93.06 94.28 94.47 95.21
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