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Fruit Grading Algorithms of Multi-purpose Fruit Grader
Using Black & White Image Processing System

e 3@ oz
B39 339 234
S. H. Noh J. W. Lee I. G. Hwang
ABSTRACT

A series of study has been conducted to develop a multi-purpose fruit grader using a black & white
image processing system equipped with a 550 nm interference filter. A device and high performance

algorithms were developed for sizing and color grading of Fuji apple in the previous study.

In this study an emphasis was put on finding correlations between weights of several kinds of fruits
and their area fractions(AF), and on compensating the blurring effect upon sizing and color grading
by conveying speed of fruit. Also, the effect of orientation and direction of fruit on conveyor during

image forming was analyzed to identify any difficulty for utilizing an automatic fruit feeder.
The results are summarized as follows.

1. The correlation coefficients(r) between the weights of fruits and their image sizes were 0.984~0.
996 for apples, 0.983~0.990 for peachs, 0.995 for tomato, 0.986 for sweet persimmon and 0.970~0.
993 for pears.

. It was possible to grade fruits by color with the area weighted mean gray values(AWMGYV) based
on the mean gray values of direct image and the compensated values of reflected image of a fruit,
and also possible to sort fruits by size with AF. Accuracies in sizing and color grading ranged over
81.0% ~95.0% and 82.0% ~89.7% respectively as compared with results from sizing by electronic
weight scale and grading by expert.

. The blurring effect on the sizing and color grading depending on conveying speed was identified
and regression equations were derived.

. It was found that errors in sizing and coloring grading due to the change in direction and orienta-
tion of Fuji apple on the conveyor were not significant as far as the stem end of apple keeping
upward.

#8 4ol(Key Words) : #4487 (Fruit Grader), %733 gl (Image Processing), 53 %3 ¢1g

Z(Grading Algorithm)
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Fig. 2 Orientation and direction of fruit.
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Table 1 Regression coefficients in the model of

y=ax+Db representing the correlations
between the area fraction and weight

of fruit
Fruit | Cultivar a b r |SEYE®
Apple Fuji |1044.090 | —111.985/0991| 63
Golden |1014.064 | —112918{0.996| 5.1
Hong-Ok | 891970 | —85.153/10994 | 44
Hong-Wol| 889.868 | —75945/0992| 54
Jr-Gold | 857.325{—106.105{0995| 51
Kuck-Do | 868751 | —87.372{0.984| 456
Pear |Jang S. R.[1264.004 | —119.784{0970| 96
Sin-go | 3028977 | —174.108| 0.993 | 187
Peach | White | 666.910{ —75.832({0990! 59
Yellow | 707593 | —4359(0983| 4.1
Persi- | Jing- |1022.803 | —65.301 {0.986| 46
mmon | Yeong
Tomato| Chal 705.797 | —79215/099 | 64

*# SEYE. stands for standard error of y estimate in
grams
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Table 2 Regression coefficients in the model of
y =ax+b representing the correlation
between the mean gray value of direct
image and that of reflected image

Fruit | Cultivar Mi'rror a b r
side

Apple Aori Left {0.852 (20.44 {0.987

Right }0.892|20.32 }0.980

Fuji Left 0972 (18.43|0.994

Right {0.980 | 16.69 | 0.991
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Hong-Ok | Left |0.885|18250.994
Right [0.953 |16.34 ) 0.992
Hong-Wol| Left |0.893|18.39(0.995
Right |0.896 | 19.56 | 0.991
Jr-Gold Left |1.139|14.930.994
Right |1.076 | 15.72 ] 0.993
Kuck-Do | Left |0.823123.35(0.977
Right [0.830|25.93 | 0.981

Tomato

Chal Left (1116| 7.14{0.980
Right [1.054 | 9.3810.975

Peach

White Left [1.237| 7.260.993
Right |1.010 |15.4210.991
Yellow Left |1.114 (10.45)0.981
Right |1.119{11.92 (0972

Ch ZHdo] E0l BET XA Wl T2 &
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shael ¥ Wes AAdl BE AFSH AW-
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Table 3 Variation in area weighted mean gray

value(AWMGYV), area fraction(AF),
and mean gray values of direct
(DMGV), left-reflected(LMGV) and
right-reflected(RMGV) images of Fuji
apple by the rotation of the sample in

the center of stem end

Apple®{ Stat. |AWMGV| AF |LMGV|DMGV|RMGV
#1 | mean |70.234} 0.297 |55.172|67.474/60.157
std. | 0.547(0.001 {10.864| 0.553/|10.718
cv.(%)| 0.779] 0.337 |19.691| 0.820{17.817

#2 | mean |74.190| 0.345 |65.76668.328|63.336
std. | 0.127]0.001 | 2423| 0.370| 2.488
cv.(%)| 0171|0290 | 3.684| 0542| 3.928

#3 | mean |52.054| 0.486 |41.655(44.871}44.257
std. | 0.627]0.003 | 6.793| 0495 5.204
cv.(%)| 1205| 0.617 |16.308| 1.103{11.759

#4 | mean |48.663| 0.389 |37.489{38.961[41.101

std. | 0.278| 0.001 | 1.327| 0.269] 0.789
cv.(%)] 0.583) 0.257 | 3.540| 0.690] 1.920

* £ AAAcE FR1 gy IRFog Ko An
20 FARo2 Fam o Hedel A4Aez AAdEe
Abah
#3: dAHoz B FEMO ¥R YRR HAYE A
¥4 AR o2 FdSA B A3

Table 4 Variation in area weighted mean gray
value(AWMGYV), area fraction(AF),
and mean gray values of direct
(DMGV), left-reflected(LMGV) and
right-reflected (RMGV) images of Fuji
apple by random rotation of the sam-

ple

Appie*| Stat. [AWMGV] AF |LMGV|DMGV|RMGV
#1 | mean !69.986] 0.296 {53.553|66.385|62.224
std. | 1509{0.003 | 5.637| 4.621| 6.450

cv.(%)| 2.156| 1.014 |10.526| 6.961}10.366

#2 | mean |74.0700.348 |67.524|68.183]62.394
std. | 0358 0.004 | 1.605| 1.935| 2.937

cv.(%)| 0483] 1.149 | 2.377| 2.838| 4.707

#3 | mean |52684|0.490 |37.719{44.810|50.578
std. | 1271{0.003 | 2.855] 3.929| 1.664

cv.(%) | 24121 0612 | 7.569| 8.768| 32901

#4 | mean 148.351( 0.394 |36.906(39.525|44.019
std. | 0642 0.006 | 4.244| 1.096} 5.029

cv.(%)] 1.328( 1522 {11.499| 2.773{11.425

* ! E 3% #e
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g 23y, FEHAE 0672012 9IS} 1
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Aoz g
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Fig. 3 Blurring effect on the AWMGYV and AF
of Fuji apple due to moving of the fruit
at speed range of 0.0 to 41.6 cm/s
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Table 5 Regression coefficients in the model of
y=ax~+b representing correlation bet-
ween the AWMGYV in stationary state
(y) and in moving state(x) of Fuji ap-

ple at various speeds

Sin-go pear 96.0% | 82.0% -
Persimmon 920% | 88.0% | 94.0%

Tomato 912% 88.2% 89.7%

Speed(cm/s) a b r
5.0 0988 | —1.023 1 0.999
9.6 0.972 0299 0.997

144 0.941 1.582 | 0.998
19.1 1.007 | —3.504 | 0.999
230 0984 | —2.511| 0.999
28.3 1.007 | —4.369 | 0.999
329 1.044 | —6.949 | 0.998
375 1.021 | —5.623 | 0.996
416 1.002 | —5.059 | 0.995
48.0 1.046 | —8312] 0.990

Table 6 Regression coefficients in the mode] of
y=ax+b representing correlation bet-
ween the AF in stationary state(y) and
in moving state(x) of Fuji apple at va-
rious speeds

Speed(cm/s) a b £
50 0.988 | —1.023 | 0.999
9.6 0.972 0299 | 0.997

144 0941 1.582 | 0.998
19.1 1.007 | —3.504 | 0.999
230 0984 | —2511| 0.999
28.3 1.007 | —4.369 [ 0.999
32.9 1.044 | —6.949 | 0.998
375 1.021 | —5.623 | 0.996
416 1.002 | —5.059 [ 0.995
48.0 1.046 | —8.312} 0.990

Table 7 Sizing accuracies of each fruit at va-
rious capacity
capacity | 7,200 9,000 10,800
fruit fruit/hr | fruit/hr | fruit/hr
Fuji apple 90.0% 87.0% 81.0%

Table 8 Grading accuracies of each fruit at va-

rious capacity

capacity | 7,200 9,000 10,800
fruit fruit/hr | fruit/hr | fruit/hr
Fuji apple 82.0% 82.0% 85.0%
Tomato 89.7% 89.7% 83.8%

4; et A

ri

550nm 3t ZEE FEG FugAA B
AE ol &% A A ¥y Re AT
A9 dF7 AedEan FF(FH7IA &
FANEINA QT A LA 5o o}, 71&
9] AT A FA AlHg Z7|e Mgo g MY
&7] 913 A9} 14 FFHHY TRIYo| o]
u) = o} 9k,

E dpdMe dEFoz AEE #3317
A8 AR HAd W FIEHM| Y F
Zato] A, F4E vhatg S EFE A48
% "HolE 3, g o]l 9§ LA
o2 A% Tgd Ao} BAHIFHF AKX
W E o444 EE HYdte Aol $HE F
Rerm, AFHoz ME £xy g Hxd o
3 n@&stgich =8, AFFF7] AR oe
A 24 98t Ao W A7 5
T2 dA v ¥ @A

2 Adg goFstA e gk

D o&7kA Zadol] tigt 29HHu) g 3
o] FHB/AE FFo g} Fagen, 4B
A5 (r) & Alzhe] A4 0.984~0.996, E5 o}
7% 0.983~0.990, @79 2% 0986, EvtES]
3% 09958 JEbtz, wlel F-$ 0.970~0.993
2 2 eyt

2) WAlgA}e] FEAANE GG o
3t BEAX 2 Wasla o] gy HAHG

—_

—102—



ZHQAAYZANE ol 8F HEY LB IR ¢ndF N

g o AH X7} 81.0% ~95.0% ATk

3) T olF& o A3 FahdAe] TP
AR o HANFHGIHAX ] vAE dFLS
THIRH JAsALE FE AT o
3 g BHAS FAU

4) T 24 o} vk wislel] mE HAEAA}
(Foudy] 2 A5/ 5HTgax) 9] H3lE
n8s & o, AFFF7E AHESIE JAEEFF
Al B oA FERA L7577 18 ReE
gasy 4o B Yol higez 7tE &
A7 @& Aoz Bggr

X DES

o

[

. Delwiche, M. J., Tang, S., and Thompson, J.
F. 1990, Prune Defect Detection By Line-
Scan Imaging, Trans. of the ASAE. 33(3) :
950~ 954.

2. Gonzalez, R. C. and P. Wintz. 1987. Digital
Image Processing. Addison Wesley, Massa-
chusetts.

3. Imaging Technology. 1987. ITEX PCplus
Programmer’s Manual. Imaging Techno-
logy Inc., Massachusetts.

4. Mlller, B. K. and M. J. Delwiche, 1989. A
Color Vision System for Peach Grading.
Trans. of the ASAE. 31(3) : 962~966.

5. Miller, B. K. and M. ]J. Delwiche. 1991.

Peach Defect Detection with Machine Vi-

10.

1L

12.

13.

14.

—103—

sion. Trans. of the ASAE. 34(6) : 2588~25
79.

. Sakar, N. and R. R. Wolfe. 1985. Feature Ex-

traction Technique for Sorting Tomatoes by
Computer Vision. Trans. of the ASAE. 28(3)
1 970~979.

. Sakar, N. And R. R. Wolfe, 1985. Computer

Vision Based System for Quality Separation
of Fresh Market Tomatoes. Trans. of the
ASAE. 28(5) : 1714~1718,

. Shearer, S. A. and F. A. Payne. 1990. Color

and Defect Sorting of Bel Peppers Using
Machine Vision. Trans. of the ASAE. 33(6)
: 2045~ 2050, '

. =3, FEE, FYE. 1990. A A

2€& o] 83 B9 7|88 5 &4,
S EA 1AL A, 15(1) © 23~32.
=43 F838, 249, 1991 93HY B
& o] 4§ Alnte) Mgy {ZFGUIA
&3]A]. 16(3) : 272~280.

XA4a), o] F 8, ol 5 F. 1992, W FFH =
FAE o] &5 HANE7] ko] B AT
(I). #5FG71A%EA. 17(4) : 354~
362.

/33, o]F 8 o]5FE. 1992, SN FAA E]
FXE o] &3 AN G Ao FF AT
(D). F=FJ71AEHA. 17(4) : 363~
369.

MAE, e, 48, 433, 895,19
92. A2 AFH AGH <ol A% A
Bz A FFFA7IAEIA. 17(2) :
123~13L

AT, 1993, FAAHAE <18 GEH 3
A Ag7) Ao B8 72 a7 HLug

T HAFS g,



