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Extraction of Geometric and Color Features

in the Tobacco-leaf by Computer Vision

g2 g
H. K. Cho H. K. Song
Summary

A personal computer based color machine vision system with video camera and fluorescent lighting

system was used to generate images of stationary tobacco leaves. Image processing algorithms were

developed to extract both the geometric and the color features of tobacco leaves. Geometric features

include area, perimeter, centroid, roundness and complex ratio. Color calibration scheme was develo-

ped to convert measured pixel values to the standard color unit using both statistics and artificial neural

network algorithm. Improved back propagation algorithm showed less sum of square errors than multi-

ple linear regression. Color features provide not only quality evaluation quantities but the accurate color

measurement. Those quality features would be useful in grading tobacco automatically. This system

would also be useful in measuring visual features of other agricultural products.
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Figure 1. Schematic diagram of the computer
vision system
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Figure 2. Schematic diagram of the illumina-
tion chamber.
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Figure 3. Histogram of a typical tobacco leaf in
RGB mode.
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Figure 4. Sample layout for unit pixel calibra-

tion.
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Figure 5. The grid chart for camera spatial ca-
libration.
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Figure 6. Derivation of component contribu-

tions of chain elements to object mo-
ment evaluation for x-axis.

Table 1. Summary of elemental area and mo-
ment contributions for x-axis.
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Figure 7. Derivation of component contribu-
tions of chain elements to object mo-

ment evaluation for y— axis.
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Table 2. Summary of elemental area and mo-

ment contributions for y-axis.
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Table 3. Measurements of color sheets by machine vision and by chroma meter.

Id No. Color by machine vision by chroma meter
R G B Y X y
1 #ere W} 157.6 0.0 0.0 18.95 0.5636 0.3278
2 A8 255.0 1984 0.0 69.39 04124 0.3912
3 F58 252.6 0.0 0.0 46.14 0.5120 0.3920
4 g 251.7 231.3 0.0 77.21 0.4385 0.4864
5 A 154.1 2488 0.0 51.59 0.3280 0.4862
6 28 17.8 2035 1.0 2775 0.2538 04211
7 A 123.8 239.8 255.0 42.34 0.2227 0.2594
8 Aghdy 0.0 160.1 255.0 18.81 0.1876 0.1911
9 Hel 89 2.8 159.0 11.00 0.2822 0.2160
10 AAF 222.7 1184 203.6 44.34 0.3771 0.2853
11 AFEH 1759 42 0.0 2756 0.4726 0.4019
12 A3 0.0 0.0 0.0 5.73 0.3194 0.3192
13 AHE 1144 245.1 2435 42.96 0.2334 0.3213
14 2 A3 vl E 113.1 0.0 0.0 1421 0.4345 0.3440
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Table 4. Basic construction of neural net used.
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Qutput
layer
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Figure 8. Basic 2—layer neural network used.

Item Specification
No. of input layer 1
No. of hidden layer 1(2)
No. of output layer 2
No. of neuron in input 3
No. of neuron in hidden 5,(3,7,10,3—3,3—5)
No. of neuron in output 3
Transfer func. input/hidden tangent ; Sigmoid
Transfer func. hidden/output linear
Learning rate (start) 0.001
Learning rate (up) 1.05
Learning rate (down) 0.7
Error rate 1.04
Momentum 0.95
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a) tan-Sigmoid function

Bias=3

i
—

b) linear function

Bias=3

Figure 9. Transfer funcions used in neural net.
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Table 5. Relative location of the centroids of pi-
xel clusters and slope value,

No. Hor. Ver. Slope
0 0.0 -30 0.0
1 -10 -24 025
2 10 -24 —0.25
3 -20 —24 05
4 0.0 -10 0.0
5 2.0 -17 -05
6 -30 0.0 0.75
7 -10 00 0.25
8 1.0 0.0 —0.25
9 3.0 0.0 ~0.75
10 -20 17 05
1 0.0 1.0 0.0
12 20 17 —05
13 -10 2.4 025
14 10 24 -0.25
15 0.0 30 0.0
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Figure 10. 16-locations in a leaf for color mea-

surement .
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Table 6. Average number of pixels in 4— quar-

drants of square sample.

Sample Quardrants length height

10%10 Ist 73.75 90.50
2nd 73.00 91.50

3rd 7325 91.00

4th 7325 975

Average 73.38 9119

20% 20 1st 146.75 182.25
2nd 14650 182.75

3rd 147.00 184.00

4th 14750 18375

Average 146.94 183.19

Horizontal lengthi30/1473.38+ 146.94% % 0.13617cm
Vertical heighti30/1491.19+183.19%%0.10934 cm
Aspect ratiol1491.19+ 183.19%/1473.38+146.94%; x 1.24537

vartcal (Ewxaeis)

22 oa ve vae 10 ez g z28e
Hornzontal (pixals)

" Measurea ~ ";xoecred]

Figure 11. The world and the image cordinates

of grids.

Figure 12. Three—dimensional view of horizo-

ntal deflection of lens.
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Figure 13. Three-dimensional view of vertical

deflection of lens.
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Table 7. Comparison of machine vision with actual measurement,

Sample Item Actual Ma. vision  Error(%)

Square Perimeter, cm 80.00 80.02 0.03

(20% 20) Area, sq-cm 400.00 397.11 —0.72
Centroid, x 0.00 0.01 -

Centroid, y 10.00 10.00 0.00

Roundness 0.79 0.78 —0.81

Complex ratio 16.00 16.13 0.80

Rectangle Perimeter, cm 82.00 82.92 113

(25% 16) Area, sq-cm 400.00 397.93 —-052
Centroid, x 0.00 0.03 -

Centroid, y 8.00 8.02 0.22

Roundness 0.75 0.73 —2.72

Complex ratio 16.81 17.28 2.80

Circle Perimeter, cm 62.83 69.23 10.19

(20 Area, sq-cm 314.16 31449 0.11
Centroid, x 0.00 0.00 -

Centroid, y 10.00 10.00 -0.02

Roundness 1.00 0.82 —17.50

Complex ratio 12,57 15.24 21.30

Rhombus-1 Perimeter, cm 67.08 7173 6.93

(30%15) Area, sq-cm 225.00 224.18 —-0.36
Centroid, x 0.00 0.01 -

Centroid, y 7.50 7.45 —0.66

Roundness 0.63 0.55 —12.86

Complex ratio 20.00 2295 14.77

Rhombus-2 Perimeter, cm 89.44 95.63 6.92

(40*20) Area, cm 400.00 401.21 0.30
Centroid, x 0.00 0.05 -

Centroid, y 10.00 10.04 045

Roundness 0.63 0.55 —12.15

Complex ratio 20.00 22.79 13.97
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Table 8. Shape features of tobacco leaves by

o}

machine vision.

Perimeter  Area Complex
Grade (cn) (o) Roundness catio

1 12061 43377 0.38 33.59
2 11427 34806 033 3757
3 9926 27860 0.36 3548
4 9340 23705 0.34 3691

Lt o

e

in

1) BAAS
7b) A3 o 37y (Multiple linear regre-

ssion)
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SAS 4 #7119 A ¥ 5 3 AH (multiple
linear regression) & A AAA A(1)9 A<,
AY, YA 5 (r-square) & T3t & 99 U}
Wik Yo x9l B¢ AR A (r-square) 2] g
0] 0.9 o]l yol A% 0.92 Ve

Table 9. Results of multiple linear regression.

Coefficients, a intercept ¥

Y 0391 0301 —0.045 0028 0940
x 0197 —0137 —0088 0348 0929
y 0052 0108 —0.176 0324 0899

W) AFAE %] dHdn dagdF:

E 10& A7HA AFFelA 9 2000 73t
(epochs) #&Fo H#5H A3+ (floating
point operations, flops) ¢ 2 24 ¥ 2] 8 (sum of
squared error)9] A& HoFEd,

B 1091419} 2ol 24F 9 AEF7H 107 &
o 71 22 2 2A 59 (sum of squared er-
ror) ©] T3 A} 57021 -l = M E 2ol v] 3]
ggdddde 2 & Ao|7t QoA 2939
47t 10]2, MESF7} 50 AHHE A3
t} B8 2 3A# 9 $(sum of squared error)
€ 0022 33l A Bgg Al A, Sg4al
289 T3(epochs) S} & 1,189% L, 43,618
Aol ¥53 A4H(floating points operation,
flops) 8] #Ao] 28 HUT. I1¥ 14a%t 21 Y 14
b ARE AAGez &Y F99 dgF
Q2o S o] MRS Yehn ok B
113 B 12€ S ¥ 7 3= U
g RoZoh A9 ¥¥ 9% 3 H (multiple
linear regression) W3 AFAA %o A
LnF 4% vy A3t I g
L2 F2] ¥ (sum of squared error) ] 1¥ 15
of EAE 0] ek 27 1500419} o] AFATA
ool BAARA iR i e Y
S A=
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Table 10. Comparision of floating points calcu-
lations(flops) among different const-

ructions.

Construction Flops Sum of
case (thousands) square

3 46,708 0.0245

5 42.060 0.0199

7 41491 0.0180

10 34,909 0,0178

3-3 54,060 0.0220
3-5 64,219 0.0223

e

-

Sum-Squared Ermr
s, B,
SR
[/

—

1000 1200 1400
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3,

200 400 600 800 1 1800 2000

Figure 14a. Sum-squared error vs epoch du-
ring learning period.
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Figure 14b. Learning rate vs epoch during lea-
rning peroid.

Table 11. Values of weights and bias between input and hidden layer.

Weight(W1) Bias(B1)
Input #1 Input #2 Input #3
Hid. #1 —0.8137 0.3543 0.8783 0.1936
Hid. #2 1.2681 0.1620 —0.7813 —1.3688
Hid. #3 —1.0412 —0.0305 0.3137 —0.6737
Hid. #4 —0.7187 0.1697 —0.9376 0.9149
Hid. #5 0.2218 0.066 —0.9376 0.8168
Table 12. Values of weights and bias between hidden and output layer.
Weight(W2) Bias(B2)
Hid. #1 Hid. #2 Hid. #3 Hid. #4 Hid. #5
Out #1 0.5541 0.8034 —0.3563 —0.0993 0.2736 0.3313
Out #2 -0.2927 —=0.0975 —0.2647 0.0229 —0.2376 0.2898
Out #3 0.1199 0.1016 —0.2537 0.1158 0.2125 0.0217

Mutti reg
Neural net

Figure 15. Comparision of sum-squared errors
between regression and neural net

analysis.

2) dgule A =4

B 13& HSI Z=dA AFEH ANAFAE F
3 gle] B9 FE SHolA 2T HEE o
€3t RGB #to.2 X 83 Fof oA Yxy o
B AT gozM, Ay 1559 457
7HA Q9 g i A 58 el ‘EE
Y &% 153904 25322 F)sitr) 3%
AN Bo] AT 4FFANME O T4 6}=
AFE Bol1 k. ol AL Yo Y



HFE Ajzte] o @ detule] Y W 4 5y

M 2e HdAE Bolxn o A x FE ) F¢
9] FANAM Bt Z& BYE Rolx U}
e y HFEe Ao A9 3¢ 4% x R
B3 2L B%E Bolx Yok 2y FH g
BA+E 9E A%E Bolx Utk

Table 13. Color features of tobacco leaf by ma-

chine vision.

Side  Grade Y X y

Front 1 37.9466 03978 04228

2 415176 04251 04187
3 31.1189 0.3028 0.4269
4 304911 0.2949 0.4257
Back 1 464468 04602 04094
2 474744 04620 0.4097
3 434298 04485 04114
4 42.7765 0.4454 04120
6. 42
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