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Fig.l1 Instrument for measuring area of tobacco strips
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Fig.2 Flow of image processing
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Fig.3 Images of tobacco strips before/after binaryzation
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Table 1 Accumulative area distribution percentage of strips

%

JHI A

A TR SRR A X ] /mm

stegp G >161.2 >300
Rl 9~300 ~500

>500

>700 >1000>1500>2000>2500>3000 ~4000
~700 ~1000~1500~2000~2500~3000~4000

7.53
6.98
6.97
7.04
8.47
9.36
7.92
7.46
7.72
7.44
7.92
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9.34
9.39
8.53
9.36
10.84
11.63
10.35
9.36
8.71
9.34
8.01

7.98
8.33
8.30
9.41
10.17
8.17
9.43
8.01
8.53
7.98
8.52

11.77 1793 9.89 7.28 538

9.11

12.24
9.59

11.51
1291
12.06
11.75
10.38
11.77
10.57

14.24
14.41
14.85
16.90
15.69
16.01
12.88
13.59
17.93
15.55

10.07
12.05
12.30
10.75
9.48

12.39
12.14
11.40
9.89

10.89

10.94
7.80
8.32
7.09
597
6.92
7.68
9.26
7.28
7.12

4.82
5.25
5.88
3.64
4.42
4.45
6.76
4.50
5.38
5.05

6.59
6.74
7.69
6.72
5.00
5.38
4.67
6.45
7.92
6.59
8.70

5.25
9.07
7.61
6.53
3.49
2.96
3.98
6.80
7.47
5.25
6.59

8.45
9.19
8.72
9.21
9.32
9.64
9.25
9.21
11.49
7.87
12.35
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10.66
11.66
11.20
11.15
12.46
11.34
12.18
11.65
13.03
11.68
13.18

8.76
9.95
10.56
10.26
9.05
9.68
11.31
9.82
13.00
10.23
10.03

11.99
11.73
12.92
11.48
13.27
11.42
12.68
12.12
15.89
12.24
11.34

14.81
16.32
14.67
13.35
16.77
17.62
13.32
12.95
16.13
14.13
11.80

9.70
8.36
12.21
10.74
8.63
11.14
8.71
9.66
6.69
7.47
11.53

4.85
7.34
597
6.24
5.76
5.14
4.88
6.95
3.70
8.83
3.72

4.70
6.40
5.70
4.01
3.19
4.74
2.38
3.53
234
9.42
3.57

5.40
5.94
3.42
436
3.34
3.44
7.28
5.54
2.89
5.56
3.12

11.79
3.31
435
8.77
4.93
4.80
6.32
8.04
3.19
5.14
3.73

8.70
10.61
9.98
8.38
8.34
8.11

9.59
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7.00
8.41
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10.70
12.53
11.97
9.89
9.57
9.63
10.62
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9.48
10.39
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10.94
10.23
10.24
8.27
8.49
8.66
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9.01
9.34
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12.56
11.05
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9.47
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13.43
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10.39
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15.68
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17.17
13.71
16.00
15.18
13.37
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15.32
15.17

9.52
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10.72
9.79
10.36
10.01
11.38
14.33
10.78
10.42

7.35
5.30
5.79
7.25
8.58
9.26
6.20
3.94
6.97
7.17
7.69

5.73
2.36
2.94
4.50
5.64
6.94
5.27
4.83
3.39
4.76
6.09

3.20
3.74
3.43
4.37
6.07
3.29
3.39
4.53
8.20
5.13
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3.84
4.80
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5.98
2.61
1.61
8.45
2.82
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12.71
11.99
12.49
11.91
12.01
12.22
11.78
12.58
13.26
11.76
13.31

10.53
10.07
10.05
9.94
10.06
10.30
10.19
18.14
10.14
20.90
9.71

11.72
11.60
12.05
11.65
11.34
10.72
10.19
12.78
12.23
14.36
11.90

15.35
10.80
14.90
11.92
11.93
11.96
9.25

422

13.84
6.48

12.43

7.53
7.82
8.82
7.26
7.14
6.91
6.44
5.12
6.53
6.05
6.00

6.13
4.42
4.63
5.03
4.88
4.60
3.42
2.01
5.50
291
4.95

2.59
2.57
237
2.87
2.62
2.11
1.76
1.08
2.48
232
2.79

2.10
432
0.46
4.11
3.66
2.82
3.59
0.53
3.87
2.00
3.03
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2.49
1.82
9.42
7.11
2.67
2.46
1.86
1.60
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Table 2 Fractal dimension of tobacco strips
Fdh M55
%% B R CF R X3F R XL R

1 0.6238 0.958 0.5742 0.962 0.7448 0974 09154 0.959

2 0.6198 0.966 0.5856 0.964 0.8404 0.958 1.0674 0.958
3 0.5282 0982 0.5914 0.966 0.8662 0.966 0.9992 0.957
4 0.5782 0.989 0.6506 0.961 0.7402 0.982 0.9032 0.956
5 0.6778 0.973 0.7486 0.963 0.8338 0.989 0.9856 0.957
6 0.7796 0975 0.6464 0.965 0.6142 0981 1.1116 0.957
7 0.6536  0.969 0.7096 0.954 0.7988 0.975 1.2244 0.950
8 0.6288 0974 0.6584 0.961 0.8160 0.969 1.2388 0.904
9 0.6301 0.981 0.6898 0.931 0.5082 0.981 0.9890 0.959
10 0.6250 0.979 0.4362 0961 0.7290 0.979 0.9580 0914

11 0.6508 0981 0.8854 0.950 0.6398 0.981 0.9964 0.949
SEHME 0.6360 0.6524 0.7392 1.0354
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Fig.6 Comparison of measured and predicted values of
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Table 3 Results of variance analysis of different class tobacco

lamina
7= 53R SS df MS F P-value Fcrit
4 i) 1.1340 3 03780 3593  1.97x10""  2.8387

M 0.4208 40  0.0105
587 15548 43

T SSREBZEV I df AE M MS A¥IJr; FAFRYH; P-value
AR FAE FEIEAS ;s F crit 3 F IR SE.
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Table 4 Fractal dimension of strips and percentage of lamina with
size bigger than 161.29 mm®
B2F C2F X3F X3L

P S N e K e R e R
fﬁvﬁ%@:ﬁ$m)ﬁ%m)#@% U s, PHEEC

0.6238 8894 0.5742 91.11 0.7448 86.26 09154 82.50
0.6198 89.69 0.5856 90.20 0.8404 84.84 1.0674 78.47
0.5282 90.85 0.5914 89.72 0.8662 84.18 0.9992 79.67
0.5782 90.00 0.6506 89.57 0.7402 86.44 0.9032 8451
0.6778 87.86 0.7486 86.72 0.8338 8496 0.9856 81.77
0.7796 8597 0.6464 8896 0.6142 8935 1.1116 76.52
0.6536  88.18 0.7096 8831 0.7988 8523 12244 7247
0.6288 89.29 0.6584 89.47 08160 84.77 12388 70.56
0.6301 89.48 0.6898 8835 0.5082 91.32 0.9890 80.23
0.6250 88.85 0.4362 92.57 0.7290 86.63 0.9580 81.46
0.6508 88.92 0.8854 8437 0.6398 89.27 0.9964 8132
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y=-18.718x+101.24 R> =0.9595
y=-20.721x+101.98 R*> =0.9851
y=-37.177x+117.54 R>=0.9711
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Online detection of tobacco lamina structure based on fractal and
image analysis method

Yu Na, Xu Dayong, Du Jinsong, Deng Guodong, Li Shanlian, Zhu Wenkui™
(Zhengzhou Tobacco Research Institute of China National Tobacco Corporation, Zhengzhou 450001, China)

Abstract: In order to monitor and control tobacco lamina quality in threshing, image analysis method was used to
measure tobacco lamina area. The fractal model of area distribution of tobacco strips was established based on the fractal
theory, and fractal dimension was used to describe the characteristic of area distribution of tobacco strips. The results
showed that the model predictions and measured values of area distribution of tobacco strip have high correlation
coefficient. Fractal model can describe accurately area distribution of tobacco strip. Fractal dimension could describe the
uniformity of tobacco strip structure. For tobacco leafs of different class, the fractal dimension could reflect tobacco
characteristic difference in threshing. There is a liner relation between fractal dimension and percentage of >161.29 mm’
lamina, and the correlation coefficient was greater than 0.90. The determining method for tobacco lamina structure based
on image analysis and fractal model could monitor and control tobacco lamina quality on line during threshing process.
Key words: image processing, fractal, model, tobacco leaf, detection



