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Research on Digital Features of Angiostrongylus Cantonensis Surface
Texture Under Medication
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Diease Control, Ministry of Education, Sun Yat-sen University, Guangzhou 510080, China)

Abstract; [ Objective] To research digital data characteristics of the Guangzhou A ngiostrongylus larvae surface texture in 3/4
stage by their ultrastructural images, under the impact of drug influences, then discuss the regularity of this impact. [ Method] There
are three groups of 21 Angiostrongylus cantonensis  (In vivo medication, in vitro medication and without medication).  After
preprocessing the samples, the contrast, homogeneity, energy, entropy, and correlation are extracted from them in different scanning
angles by using the texture images analyzing method based on the grey level co-occurrence matrix. Then all data of these eigenvalues
are analyzed by variance and rank statistical analysis.  [Results] Almost all features of the sample images in four angles have
statistically significant. Especially the energy and the entropy in each direction have significant difference, the contrast and the
homogeneity in different angles exist significant disparity and some distribution rules. [ Conclusion] The digital eigenvalues of textures
can be used to distinguish and assessment the medicine effect of A ngiostrongylus cantonensis.
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Fig.1 The sample pictures of electron microscope scanning

A Without medication; B: In vivo drug; C: In vitro drug; x 6000
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Fig.2 The contrast of the image texture before and after treatment effect

A: Original image; B texturing process Image; x 6000
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Table 1 The digital features after histogram equalization

Control

Inside Outside

Direction

CON

ENG

IDM

COR

ENT

CON

ENG

IDM

COR

ENT

CON

ENG

IDM

COR

ENT

0° 4.548
4.985
6.901
2.585
4.201
5.123
3.349
135° 4.824
7.393
5.828
5.690

0.011
0.011
0.010
0.017
0.015
0.013
0.014

0.013
0.012
0.012
0.011

0.558
0.543
0.507
0.607
0.585
0.523
0.568

0.531
0.512
0.501
0.508

0.879
0.867
0.818
0.939
0.834
0.745
0.859

0.886
0.708
0.710
0.761

4.736
4.784
4.893
4.460
4.516
4.605
4.487

4.758
4.763
4.678
4.710

3.788
4.896
1.525
3.078
2.109
1.611
2.051

6.938
7.895
4.842
4.951

0.012
0.013
0.018
0.014
0.019
0.021
0.020

0.009
0.010
0.012
0.013

0.550
0.503
0.663
0.589
0.654
0.689
0.652

0.472
0.458
0.531
0.529

0.887
0.733
0.961
0.921
0.910
0.939
0.908

0.822
0.663
0.816
0.779

4.648
4.562
4.257
4.539
4.250
4.147
4.202

4.956
4.872
4.674
4.608

2.191
3.824
3.781
2.161
3.264
2.449
4.206

2.570
3.285
2.585
4.277

0.020
0.026
0.018
0.032
0.021
0.035
0.014

0.030
0.021
0.034
0.013

0.618
0.571
0.529
0.613
0.549
0.615
0.533

0.594
0.548
0.610
0.530

0.905
0.740
0.767
0.801
0.769
0.777
0.816

0.763
0.768
0.764
0.813

4.244
4.148
4.352
3.867
4.191
3.833
4.574

3.932
4.190
3.852
4.580
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Table 2 The textured digital features

Control

Inside

Outside

Direction

CON

ENG

IDM

COR

ENT

CON

ENG

IDM

COR

ENT

CON

ENG

IDM

COR

ENT

0° 5.087
5.314
5.121
2.965
5.065
5.252
4.342
135° 7.034
8.991
8.305
9.019

0.597
0.600
0.612
0.597
0.550
0.649
0.593

0.572
0.527
0.629
0.565

0.893
0.890
0.896
0.917
0.889
0.895
0.903

0.871
0.849
0.865
0.858

0.886
0.879
0.880
0.940
0.899
0.848
0.907

0.857
0.821
0.759
0.808

1.395
1.391
1.333
1.315
1.510
1.235
1.353

1.474
1.631
1.320
1.496

2.062
3.770
1.708
2.562
4.428
3.174
5.087

7.811
14.358
9.303
11.675

0.630
0.629
0.611
0.617
0.616
0.587
0.571

0.581
0.558
0.550
0.536

0.936
0.904
0.943
0.920
0.897
0.912
0.880

0.857
0.812
0.845
0.829

0.954
0.888
0.963
0.942
0.891
0.936
0.896

0.823
0.646
0.811
0.762

1.175
1.244
1.214
1.266
1.322
1.366
1.469

1.468
1.548
1.570
1.635

5.183
8.284
4.470
4.764
4.566
7.618
5.636

8.099
5.971
9.307
7.026

0.369
0.259
0.469
0.267
0.363
0.190
0.446

0.249
0.354
0.182
0.438

0.861
0.793
0.871
0.853
0.860
0.789
0.856

0.803
0.832
0.760
0.836

0.924
0.876
0.913
0.934
0.929
0.891
0.901

0.888
0.907
0.866
0.876

1.986
2.435
1.720
2.246
2.001
2.641
1.836

2.415
2.085
2.728
1.898
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Table 3 Variance test of histogram equalization digital

features
0° 45° 90° 135°

F P F P F P F P
Contrast 4.468 0.027 5321  0.015

Simility 4311 0.030 7.496 0.004 13.582 0.000

Entropy  8.439  0.003 13.855 0.000 18.045 0.000 24.711 0.000

Differences were considered as statistically significant when P<

0.05
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Table 4 Rank sum test of textured digital features

0° 45° 90° 135°

T P T P T P T P
Contrast ~ 9.135 0.010 3.792 0.150 4.772  0.092 4.772 0.092
Engergy  13.677 0.001 13.410 0.001 13.410 0.001 13.410 0.001
Simility  14.716 0.001 10.805 0.005  7.332  0.026 7.332 0.026
Relativity 4.104 0.128 8913 0.012 12.853 0.002 12.853 0.002
Entropy  14.182 0.001 13.380 0.001 13.380 0.001 13.380 0.001

Differences were considered as statistically significant when P<

0.05
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Table 5 The five characteristic values of 3 groups textured images in four directions (95% confidence interval)

Direction  Group CON ENG IDM COR ENT

0° 1 4.7353 + 0.844 0.5997 + 0.029 0.8973 + 0.010 0.8914 + 0.029 1.3618 + 0.085
2 3.2559 = 1.245 0.6086 + 0.022 0.9132 + 0.022 0.9243 + 0.032 1.2936 + 0.100

3 5.7887 + 1.541 0.3374 £ 0.103 0.8405 + 0.034 0.9097 + 0.021 2.1236 + 0.331

45° 1 8.7892 + 1.993 0.5751 + 0.024 0.8561 + 0.016 0.7968 + 0.066 1.4828 + 0.081
2 8.6675 +1.911 0.5733 + 0.013 0.8515 +0.013 0.7985 + 0.056 1.4825 + 0.048

3 7.3778 £ 1.155 0.3283 + 0.100 0.8144 + 0.031 0.8837 + 0.022 2.2045 +0.319

90° 1 6.5829 £ 1.112 0.5872 + 0.028 0.8740 + 0.012 0.8493 + 0.037 1.4237 £ 0.079
2 8.1963 + 1.228 0.5748 + 0.014 0.8542 + 0.011 0.8097 + 0.045 1.4623 + 0.053

3 3.9520 £ 0.637 0.3484 + 0.098 0.8679 + 0.017 0.9376 + 0.014 2.0216 +0.271

135° 1 9.1735 £ 1.250 0.5730 = 0.030 0.8528 + 0.012 0.7912 £+ 0.039 1.4940 + 0.093
2 9.9636 + 2.415 0.5660 + 0.021 0.8423 + 0.018 0.7693 + 0.070 1.5072 + 0.088

3 7.5329 + 1.639 0.3282 + 0.104 0.8127 + 0.036 0.8827 + 0.020 2.2117 £ 0.345
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Fig.4 The contrast and homogeneity characterization of The control group and in vivo drug group data

A ; contrast of control group ; B : homogeneity of control group; C : contrast of in vivo drug group ; D ; homogeneity of in vivo drug group
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Table 6 Absolute difference of homogeneity features between any two direction

Direction S1 S2 S3 S4 S5 S6 S7 Average
Control 0°-45° 0.051485 0.045573 0.053212 0.031747  0.029291  0.044205  0.032945 0.041
0°-90° 0.032639 0.026441 0.033588 0.02711 0.007805  0.015592  0.019714 0.023
0°-135° 0.048626 0.046552 0.056111 0.045769  0.039743  0.029993 0.04499 0.045
45°-90° 0.018846 0.019132 0.019624 0.004636  0.021486  0.028613  0.013231 0.018
45°-135°  0.002859 0.000979 0.002899 0.014022  0.010453  0.014211  0.012045 0.008
90°-135°  0.015987 0.020112 0.022523 0.018659  0.031939  0.014402  0.025276 0.021
In vivo 0°-45° 0.08801 0.054957 0.096255 0.085297  0.048124  0.056621  0.002519 0.062
0°-90° 0.074874 0.047181 0.09582 0.072546  0.059906  0.051747  0.010964 0.059
0°-135° 0.068964 0.05978 0.10133 0.063589  0.084486  0.067217 0.05113 0.071
45°-90° 0.013137 0.007776 0.000435 0.012751  0.011782  0.004875  0.008445 0.008
45°-135°  0.019046 0.004822 0.005076 0.021709  0.036362  0.010596  0.048611 0.021
90°-135° 0.00591 0.012598 0.00551 0.008958 0.02458 0.015471  0.040166 0.016
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Table 7 Absolute difference of contrast features between any two direction

Dirction S1 S2 S3 S4 S5 S6 S7 Average
Control ~ 0°-45° 5.314412 4.784098 5.183689 2.405244  2.670504  5.042453  2.976537 4.054
0°-90° 2.622638 2.138164 2.656992 2.010746  0.516579  1.364242  1.62349 1.848
0°-135° 4.894007 4.893137 5.555979 4.068399 3.92635 3.052956  4.676469 4.438
45°-90° 2.691774 2.645934 2.526696 0.394498  2.153925  3.678212  1.353047 2.206
45°-135° 0.420406 0.109038 0.37229 1.663155  1.255846  1.989498  1.699933 1.073
90°-135° 2.271369 2.754973 2.898987 2.057653  3.409771 1.688714  3.052979 2.591
In vivo  0°-45° 8.22957 5.185389 7.157427 8.51241 4.183742  4.566425  0.046172 5.412

0°-90° 6.120207 4.342237 7.095163 6.278515  5.569236  4.117243  1.060595 4.94

0°-135° 5.158157 5.954982 7.944256 5.249026  9.930207  6.128997  6.588053 6.708
45°-90° 2.109364 0.843152 0.062264 2.233895  1.385494  0.449182  1.014424 1.157
45°-135° 3.071413 0.769593 0.786829 3.263384  5.746465  1.562572  6.541881 3.106
90°-135° 0.962049 1.612746 0.849093 1.029489  4.360971  2.011754  5.527457 2.336
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Fig.5 Three types of groups textured image

A Without medication; B: In vivo drug; C: In vitro drug;x 6000
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Fig.6 The texture of Sth and 7th sample of In vivo drug image
A :5th sample ; B; 7th sample ; x 6000
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