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Feasibility in Grading the Burley Type Dried Tobacco Leaf
Using Computer Vision
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ABSTRACT

A computer vision system was built to automatically grade the leaf tobacco. A color image processing algorithm
was developed to extract shape, color and texture features. An improved back propagation algorithm in an artificial
neural network was applied to grade the Burley type dried leaf tobacco.

The success rate of grading in three-grade classification(l, 3, 5) was higher than the rate of grading in six-grade
classification(1, 2, 3, 4, 5, off), on the average success rate of both the twenty-five local pixel-set and the sixteen lo-
cal pixel-set. And, the average grading success rate using both shape and color features was higher than the rate
using shape, color and texture features. Thus, the texture feature obtained by the spatial gray level dependence
method was found not to be important in grading leaf tobacco. Grading according to the shape, color and texture
features obtained by machine vision system seemed to be inadequate for replacing manual grading of Burely type
dried leaf tobacco.

F 2 80| (Key Words): A FE] A]ZH(Computer Vision), Y vl 5337 (Leaf Tobacco Grading), G4 A g
(Image Processing), =2 & % (Texture Features), A 73 Z(Neural Network)
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Table 1 Purchase price of leaf tobacco
(Unit : #/kg)
Grade

Species

1 2 3 4 5 off
Yellow 6,030 5,510 4,570 3,360 1,980 120
(NC82, KF109, KF114)
Burley 5,010 4,550 3,950 2,980 1,720 120
(BR21, KB101, KB103, KB108)

(The Tobacco and Ginseng News, 1996)
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Table 2 Number of Burley type leaf tobacco
tested according to grade

Off
Grade 1 2 3 4 5 grade

Numbers | 23 | 28 |} 39 | 29 | 31 18 168

Total
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Fig. 1 Schematic diagram of a computer vision system with illumination.

(1) 218 57

9% 549 $2& 29k £(1994)0] LR 9
54 32 WU ol etk s 2okad o
gulol 99 53 $%37] i8] Johamsens} Bil-

le WiS Mgl AFING FneFoE 4
ek (29 F, 1999).

e gl 43 2B Aol 234
& 35l 4% 54 Tasl A 8 YR
2 4Rg 7Hd 3x3 vkaa A 29 B4 L ol

B3tk A 29 +FF =39 AR 2=

=

P

—-32-



AFE AZg ol g AT dx 9 B9 FIWE b4

T 3259 9. 74 HEERE 7S, a2
9 dHEAQ 29, 934, &4, 48, BPES

2 4 =3

95308 ¥ AL D A4 429 wo) A
S8 3237 A3 29 $(1994)0] VEF 4 57
F3 90e ol gt A AA Jael B
8 24 252 P2 Ay LFHEE T4 AY
272 16749 25702 HF 3] AP 4 53
& #2390 429 AAFATY 4 592 0w
st Adsare TARE Pde =9

(1994)0] 7pA3) 2Fslo] ATk 19 2 ol
16712 438 A staFe RES BA ST 29
3 4 573 22€ ) A4 UFS AT
9 A7 RO S ANE B AFAAE
2R ol veran.

[ Local Pixel-set

Fig. 2 Location of 16 sets of local pixel g-
roup in a leaf for extracting both color
and texuture features.

Before
modification

R After

modification

Fig. 3 Modified location of 16 sets of local
pixel group in a leaf for extracting
both color and texture features.
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Table 3 Equations for calculating texture features

Features Equations
Energy = IEIE (i, J)2
=0 5=
Mean Fg=lgl i (9
Variance F3=A§(i - Fz)z D:(9)
SR e . _ 2
Correlation F= Egl J Ki) Fy
4= F,
Product moment F;= Aiglﬁz (i—=F)(j—Fy p(i,7
=0 j=
Inverse difference moment Fy= lzg ]=_ T-f((ll{)w
Entropy Fi="83 2 i) In 5i.)
2A¥=1)
Sum entropy Fy= 2. D24(B) In Py (B)
Difference  entropy Fy= g pe—(B) In p._ (B
Information measure of correlation 1 F10= F";B
Information measure of correlation 2 Fo=[1—¢ —Ar- F7)]0'5
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Fig. 4 Schematic diagram of neural net used in grading.
Table 4 Basic construction of neural net ZE gt 93 oAt A4S A Y PAS
used A Quw B2 A9 532 FEHAT ©
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25 7 2 20| BojA gt S5E H A
No. of neuron in input(R) 11, 15, 47, 55 . < Al 17 e i e 9A
o o
No. of neuron in hidden(S1) 6 e 3% 5] BAEHS Q. S 27 4¥E
No. of neuron in output(S2) 5(3) o FE BFEE LS5 Tk
Transfer func. input/hidden tangent-sigmoid
Transfer func. hidden/output log-sigmoid
Learning rate(start) 0.001
Learning rate(increase) 1.05
Learning rate(decrease) 0.7
Acceptable Error 0.001 Z
Emor ratio 1.04 /
ZZ
Momentum 0.95 é /
B
ZRZ
4 5 off
3. g4 o pxt

Grade

Fig. 5 Area of leaf in each grade.
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Table 5 Roundness and Complex ratio vs.
gﬂrade in 25 sets of local pixel group

Features Roundness Complex ratio
Grade
1 0.36 35.7
2 0.34 373
3 0.37 355
4 0.36 385
5 0.41 309
Off grade 0.32 41.6
Lt M4 57
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Color average(0 ~ 255)

Grade

li Intensity B. A intensity F. EiHue B. G Hue F. 1

Fig. 6 Average color vaules vs. grade in
25 sets of local pixel group
(B : Back side of leaf,
F : Front side of leaf).
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Table 6 Texutre features in 16 sets of local pixel group
Feature| e | M | v C | PM|DM| Ent | SE | DE Ifl 2
Grade
I |069 | 081 | 010 | —5853| 0.03 | 093 | —0.60| —0.50| —0.33 | 21,433,423 | 0.72
F H [079 | 011 | 0067| —359| 0.015] 095 | —0.41| —0.34| —0.256| 31,148,098 | 0.60
! I {073 158 0.09 |[—169.89 | 0.026| 093 | —0.53 | —044| —0295| 29,687,500 | 0.64
B H|059 057|013 ] —2808| 002 | 089 | —0.78 | —0.63| —0.45 9,035,324 | 0.86
I [071] 080 009 | —5655| 003 | 093 | —0.56| —047] —0.30 | 26,199,776 | 0.67
‘ F H|072{014 009 | —357| 0.017| 093 | —0.55]| —045| —-0.34 | 16,350,445 | 0.75
2 I 1071 161 | 0.098/—17493 | 0.029| 093 | —0.57| —047| —0.31 | 27,734,374 | 0.66
B H | 055|063| 014 | —33.01| 002 | 088 | —0.86| —069] —048 8,342,632 | 0.88
I | 065|091 | 012 —7583| 0.04 | 092 | —0.66| —0.56| —0.35 | 21,113,781 | 0.74
3 F H 059|041 | 014 | —1988 | 002 | 089 | —0.80 | —0.64| —046 9,054,485 | 0.86
1075|174 | 0.08 |—197.89 | 0.025( 0.95 | —0.39| —0.33| —0.21 | 47,898,707 | 0.48
B H|o068 |08 | 010 | —4541| 001 | 091 | —0.60| —048| —0.34 | 29,286,858 | 0.66
110791125 007 |—145.80 | 0.025| 095 | —0.39| —0.33] —0.21 | 47,898,707 | 0.48
4 F H| 062087 015]| —5423, 003 | 089 | —0.76 | —0.59! —0.39 | 31,411,636 | 0.65
B I {072 180 | 0.09 [—224.82 ] 0.029| 094 | —0.54| —045| —0.29 | 30,953,663 | 0.62
H | 081|094 | 006 | —6001| 001 | 092 | —037} —029| —020 | 58,674,568 | 0.39
! I 1085 111 | 0.05 |—12497 | 0.016| 096 | —029| —0.24| —0.16 | 57,384,072 | 0.38
F H|070 | 1.15 | 0.14 | —95.18 | 0.027| 091 | —0.62| —049| —0.36 | 32,484,878 | 0.63
5 I ]079 | 158 | 0.068/—192.09 | 0.02 | 095 | —0.39| —0.33| —021 | 46,925,403 | 0.49
B H | 08109 | 007 | —64.70 | 0.01 | 095 | —0.38| —0.31| —-0.21 | 60,458,668 | 0.38
I 082|087 006 | —91.43 | 002 | 0.96 | —034| —029] —0.18 | 54,340,277 | 0.42
off F H|078 | 136 | 012 {—-128.88 | 0.027| 094 | —0.46 | —037| —027 | 40,755,208 | 0.54
B I {078 143 ) 0.07 |—157.05} 0.025| 095 | —0.43 | —0.36] —0.24 | 39,930,555 | 0.54
H 077 | 099 | 0076 —65.15| 0.01 | 094 | —045| —037| —026 | 45,529,513 | 0.51

F : Font, B : Back 1: Intensity, S : Saturation, H : Hue,

En : Energy, M : Mean, V : Variance, C : Correlation, PM : Product Moment
IDM : Inverse Difference Moment, Ent : Entropy, SE : Sum Entropy, DE : Difference Entropy

Ifl : Information Measurement of Correlation 1, If2 : Information Measurement of Correlation 2
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Table 7 Result of grading test using the six-
teen local pixel group

1
Result Leaf tobacco correctly graded
Six grades
No. of n color, shape &
leaf color & shape texture(11)
tobacco
Grade tested No. % No. %
1 20 10 50.0 7 35.0
2 26 3 11.5 14 53.8
3 18 7 389 5 27.8
4 20 15 75.0 6 30.0
5 20 9 45.0 11 55.0
Off grade 18 9 50.0 6 333
Total 122 53 434 | 49 40.2
Three grades
20 12 60.0 17 85.0
18 14 77.8 7 389
20 20 1100.0 19 95.0
Total 58 46 793 43 74.1
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Table 8 Results of grading test using the twenty-five local pixel group

Result Leaf tobacco correctly graded
Six grades
No. of leaf color, shape color, shape, texture(9) color, shape, entropy
tobacco
Grade tested No. % No. % No. %
1 36 21 58.3 16 444 16 444
2 46 14 304 11 239 23 50.0
3 67 40 59.7 28 41.8 38 56.7
4 41 18 439 21 51.2 21 512
5 30 9 30.0 15 50.0 17 56.7
Off grade 10 7 70.0 6 60.0 3 30.0
Total 230 109 474 97 422 118 513
Three grades
36 26 722 21 58.3 19 52.8
3 67 56 83.5 49 73.1 55 82.1
5 30 30 100.0 30 100.0 28 93.3
Total 133 112 842 100 752 102 76.7
4 2 E 9 28 E4L FF BA & 4% FX R
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