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Development of a Fruit Grader using Black/White
Image Processing System( I )*

—Determining the Size and Coloration—
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Summary

This study was intended to examine feasibility of sizing and color grading of Fuji apple with black
/white image processing system, to develop a device with which the whole surface of an apple could
be captured by one camera, and to develop an algorithm for a high speed sorting. The results are sum-
marized as follows -

1. The black/white image processing system used in this study showed a maximum error of 1.3%
in area measurement with a reference figure while the focusing point of camera and location of the
reference figure were changed within a certain range.

2. As the result of evaluating four automatic image segmentation algorithms with apple images, His-
togram Clustering Method was the best in terms of computation time and accuracy.

3. The fast algorithm for analyzing size and coloration of apple was developed.

4. The whole surface of an apple could be captured in an image frame with two mirrors installed
on the both sides of the sample. The total area of the image representing the whole surface showed
a correlation of 0.995 with the weight of apple.

5. The gray level when a particular band pass filter was mounted on the camera showed high correla-

tion with ‘L’ and ‘a’ values of Hunt color scale and could represent the coloration of apple.
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Fig. 1. Cut—away view of the illumination cha-
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Table 1. Four standard images for comparing
the automatic thresholding algorithms.

Image | Area ratio Lighting Remarks

SI-1 0.237 relatively bright | one direct Image

S1-2 0.604 relatively bright | one direct image

SI-3 0.237 relatively dark one direct image

Si-4 0.237 relatively bright | one direct isage + two

reflected jmages
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Fig. 2. Flow chart of master program.
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Table 2. Result of area measurement.

Material Repetition Unit Mean | S.D,
Black colored paper No. of pixel
with area, 4x5 c=? 10 ca? 6s3 1.75
Black colored paper No, of pixel
with ares, 518 cat 10 = 855 | 0-38
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Table 3. Relative error in gray values depending

on the focussing point of camera.

In focus Out of focus

Materials
Mean s.D. Mean 8.D.
Colored Red 66 0.17 66 0.22
papers Orange 105 0.11 105 0.13
Yellow 178 0.11 17 0.08
Green 61 0.21 60 0.32
Blue 8 0.23 83 0.23
Black 20 0.20 20 0.32
Apple I 8 0.04 8 0.03
Apple I 106 0.02 107 0.03
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Table 4. Comparisons of four automatic image
segmentation algorithms.
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Fig. 3. Correlation between the weight and pro-
jected area of apple.
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Table 5. Gray value of direct and reflected
images by coloration.

Direct image | Left reflected | Right reflected

Groups of image image

apple Gray value| S.D. |Gray valuei S.D. |Gray valus| S.D.
Group A 69 ] 54 5 53 S
Group B 87 7 69 7 68 7
Group C 110 9 u 87 9
Group D 126 8 112 5 108 5
Group € 130 7 118 5 113 5
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Fig. 5. Correlation between the gray value of
direct image of a given apple surface and
those of reflected images from the mir-

Yors.

—361—

60 70 80 90 100 110 10 130 140

- G+163503
FG="" 9862 (5)

__&G+90035
FG=—""0al6 (6)
o] 714,

FG=9% wAlod el nAE FFea3
FG=%2 whildatel 23¥ FEsan)
G =%2% wArddel YFea
G =32 vl el HEshas|

5. 29 U A=

FAAHZAE o] & F MG H2 A
Aol BFsn on, fdo AgE 4 &
TFEE Aol 7Mel B ol MEsER
Hojitet.
ol AFlA e MPF TG A ZX & o]
€38t § o] stz Alatel 27 R Mg
54T 5 e VEANE A2 Alge ¥
A3 Ao ME HEE 1&H0 2 £3387] ¢
LAz Eolg Moz, Ay 7
4387 g 9% 712AEE AANE =3
s 2 Y=o, 1 ARE gok3ld tLF
Eig=y
D w53k Ape], fx]olF L sivlel 2H e
Hte] g FEPUAe 3 2ale Hu
13% A=k

2) AdAde Aoz kA A% JA
Y93 dnelEe vy Ay, HAED
¥ 2289 Byol 713 ¢53dc)

3) FFAEFR e s Z7] R AL Y

37 9% ng dualE-g et dch
4) YHALG A4S s AZHG AN AL
T AR (FAD Y zv|eh FALe] duw
A 099501007, A FATE o)L
ABA BT E4).

5 gl FAE o) gdte ge i
A2 Jehte FAAIG 9 d"e JE
A9 LU ¥ 2@ e ARaA



FIAFA7IATIA] A 17 B A4 5 19929 124

7 Qiglon, R gAARH el g8 A
ste) A" Bgol M5 Ao BAE

=

Skl

=

13

1L =43 F83, 347 1991 FMHZA
£ o] g% Alute] A" A FxEdrIAS
3] A, 16(3) : 272—280.

2. o] &%, 1902, ¥4E 2 wHRte] VA
B4 AL g9 HRE vA 2" HE
Wt oY WAL =8

3. Imaging Technology. 1987. ITEX PCplus
programmer’ s manual. Imaging Technology

Inc., Massachusetts.

4. Marchant, JA,, CM. Onyango and MJ. St-
reet. 1988. High speed sorting of potatoes
using computer vision. ASAE paper, 88—35
40.

5. Miller, B.K. and MJ. Delwiche. 1989. A color
vision system for peach grading. Trans, of the
ASAE, 32(4) : 1484—1490.

6. Rehkugler, G.E. and J.A. Troop. 1986. Apple
sorting with machine vision. Trans. of the
ASAE, 29(5) : 1388—1397.

7. Sarkar, N. and R.R. Wolfe. 1985. Computer
vision based system for quality separation of
fresh market tomatoes. Trans. of the ASAE, 28
(5) 1 1714—1718.

—362—





