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Apple Color Discrimination with Color Computer
Vision and Human Vision"*
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S. R. Suh S. N. Yoo H. D. Yim K. C. Shin Y. D. Yun

Summary

This study was carried out to analyze the characteristics of the color computer vision to discriminate
apple surface color for grading apples by their color. It was intended to develop the techniques to be
able to discriminate apple color as precisely as human inspection does. For the purpose, discrimination
of apple color by human inspection was checked and justified * various illumination methods for va-
rious frames of the color computer vision(R, G, B, H, S and I frames) were tested ; and several me-
thods to analyze image informations of the color computer vision were tried to evaluate their ability

to discriminate apple color close to the human inspection,

M B 2 A3t #9472 EE A8 E AFAA
Sl &t gl Aol

EEPFAHY FHr T Tl B2 =TH AT AFE ¥ T orrA AFAF
< oz ke A% e 8% 1LY (artificial intelligence : AD 9] W&o] 7lg=n
2 ZQjolth, ool wet 420 3 21w )7} Ui 29 Fo ATHWELRAM HFH AL
AutE) s Y A g5 o) gio)d 2y AeEa (computer vision) ¥ 714 A1 ZH(machine vi-
e g By Aure F2 3de] 7 sion)°) S48 AT AFH NG wdE A
T Ar|eg nEte ddiez ddE e ol o] 88 4 3l& oz odso] Do #3
£ OE Fo AR 42 & el A A77t G ahate) o#) Sy of gt o]
3R nefd Qe EAdel e & 978 2717 Rehkugler %5 (1985) & 7 #
A4 el glof 7 ER B e A 27] 54 B AZH) olg Absh AEE AR U,
S 3 228 Aol wE AN WA Lino $(1988) H EWS) $AE EAsE

+ ool EES 19890 E £ A8 @RS UL AFE A FEATEA 2J5tel AT
Qo0
* RQUER oo 58
* e
wAak AFEAA ()

—123—



FEEFAZIAGHA A 17 ¥ A 2 3 19929 64

Gl FE LA o™, Troop 5(1989) & A} oz §alatn 7 -8 512X 480X 8bite] ¥ 8
7 Ul % 2 (watercore) @] EA N N5 ’u‘+°“6"l~ clelElZ {alslwe Fgsle] vk o] CFG
T #THeZ, Miller 5(1989)« %o} S i NTSC/PAL W=iel tjzg/Axg 7ss +
213te], 2#] 1 Shearer$} Payne(1990)-2 ¥ xﬂ 7haled B Aol A ALE-§E ghelEke] G U
Hol Az g 9late HFH A4S &8 o] 7hs3t=% shdvl.
v gt Sl M A GE S(1989) & HHe ol 4Aelg sh=dojs ITEX—CFGERS
Hejsta 4d Ao e, 3 471(1990) AZESAS A ST el o] AZE
& Abte] Mz A4S f)8hd, /sl F(1990) ol C Aol 8 AHE3LEF o] glaer] I

o e 7]58tE B4 mjore 9l HEE £-2 20070 o2l CFG #¥ 2 745 o
Azh-g o] &8 A7 A S B vl gl o)A Uk FAA(FEFR)E RGB A 2o 44
AR Ry Zwo] AEE AALHE o (hue), #ll = (saturation), 8 = (intensity) (o3}
&3 dolth HZ ZH PFE AZ A7} HSIZ A3 & vehdz HSL sE477F Q)
M=o Bxo AZ2-E AP F2 AAR 3 CFG 22 E #o]i= RGB £4719] 94 dlolH
£ 50E B3 A 2o AYFe Qo s 12 § HSI EA4 Ao G vlelBl2 e 1 o
ol g 7hs ol W B2 Aor BT A Ak §58 7hAa ek

B ApE olAe] Y4 st 7]E 9 A 438 2UEE Electrohomerte] M 2
A7z A Q) St e diAE e YE(Zdg | ECMI3IDE A3, 25
A AFE AL N A8 7xdPRA, A B IBM—AT A9 A& A&t
A oje) o] [Ezbe] Stol] g AbF M7 9) 29 B
Aol o3 { ol 0% Ata} Az o] KA
& morstm, Sx A HEE Azho) o) & Ak} AFE Alztel o3 -.gzlle ZM &71 984
A7z Agal 299 4 wAEH, A £ 8 938 SAE e FEAA S
o Ao} FAFE Az Al A Ay ARE 5L 7he e desteted F o} 28 a5l
vwaled Fe AFE Az Aln Wz Ay Me(ag P 2e 2HFAE ’éﬂl A 2 &)
g 2e BAE 23 FYstAT

Camera
2. AEER| A g

B

Jh AE A

e

Incandescent

\,.rl_*-:__

0 NG ourescent

D AFE A2 A N e

2 A7el de FAAYRA FHLLRA Q
Flejete SonyAhel HItle FhelEH(m@w '

CCD—F380) & A}ﬁo}wc} L Qo] 4 Fhol e} N
2l ¥E £2E 1/60%, 24 222 7% £%, J—

- 5 A L. D

WA ML S 29, A7 2 159l 3 - o | e

Bl A et E Algarel, Fig. 1. Lighting appratus for the computer vi-

2} 2] 8 =9 o} Imaging Technology sion
2}e] Color Frame Grabber(CFG)E AM&3}% Ao}, 2 LA dAL FbEe e Bilo]
t} sEgo] CFGT olg @] M o4& e gk YA )5 sbe] BAle] 1E R Y
Z 2 w0 g (]38 RGBE A% 3VHA 3t AR dr stdar, Bl g FEe] ke



Ao ARE A2 gotol g A A7 2w

P R =)

2 2
1

wlo

Y

M
o
Al

1o t w
5 X
it

o M
1t

oh

o
32

‘,_‘v

N

o
flo

AN

N
N

poc)
itlo
R
o
ru
—
s
1%
N
>
fujrl
w
N
ol
38
0

AFE Azl 2% Arrlr A7z 2ld o) vk
& 9F37 HAMe HEC e An Az
7&*} 710] glejok 3l Fuj o] A olel #3

e 0}34 A7 ¢ v gt ol Ao Al

é—ﬂ He HEAE 2A3 3 o)E VxR &
o] A4 28 488l (Rehkugler$} Troop
1985, Miller®} Delwich : 1989) 1o i} Als Al
Zrol 5 Al g g A o} o
231 4 AbFell glol A= $R)of) whe} 21 Ao

W vhestRE Abm 9o 1AL Tl A
e AL WS oldTh A% Ane g 2
FsAG SEE Bdels] datel Ao A7
g AEste #98 WEe Sl 4@ A
A7) FHHQ Dol Tt K20 %
Absh A7 @ R T AR ol B A B3
Romz B ATAE WA Fol o e ALzt
A g B BE AolE BAS &
otol o] Abst 47 gl B shebd ¥
AFE Azke) Alsh A2 48 Aol AR
g ABAol e A3t Azl KR e A

A Abzkel] g Aol AR Bste
i %}%E}
of o1& A} Mz Fg Al Azt 3}
°ol& THetetr] S8 AP 19909 A UFAt
Abd 22 Abak 3070, 19913 W UFak A
A AR 2570, 1991 3 ol 21AF A4 B AL
Abere} At el Abst )k 2070, 19913 B E A
T AQFY AL 20708 W2 ST o
del nE *‘fﬂ% Atte] FE& FAo1en
P15 ARE e AL
7} %E%i e 4 LF A9 Aol 4ge
ol 57T} AbHE 309 BAARR sl F AL
g R-gk A o] Mol wet 7 Abvbe) Mg
|3sted 2p @227t Aba} e Azke] o)
et MEE dFsteg e hHor 533
Rt
HFE Azl Absk 47z Ay dge, AR
Atk Az QAL 2 o) G getslr]
2R, A AL A7 A FFE A 7
st o] kg 54 Ao TRt Sy
o 2] FFE setels] dd AP (R D
ol BAIE 5% 2B el FYstdon 4
Gl AREEE Abake 1991d WAt AL 2070
Ol AT ARt A2 A HFE Al ZE 2 she o
E4e miotalr] 9t A¥e (X Do =
% B9k Coll 9@ xwsbo A 19918 1}
tA =4 Al 2070 9 1991 ol 24 24
& A8 Atztel At Abst Zh 2070
21 1901 F4At AAEA Abx 2071 & oh
28 S8t

29

3
oo
It

ol
ok

T

o
v %

°3~Li°>lf-lﬂ

Table 1. Various lighting methods for the experiments on the color computer vision

Lighting method Light Sources * Illumination (Lux)
A Inc (60W) X6 2500
B Inc (60W) X6 4000
C Inc (60W) X6+ Flu (20W) X2 4000
D Inc (60W) X6+Flu (20W) X2 5500
E Inc (60W) X6+ Flu (20W) X2 7000

* Inc=Incandescent Lamp, Flu= Fluorescent Lamp
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Table 2. Correlation between 3 inspectors’ inspections of apple color by human vision

Apple Inspectors Correlation Coeficient

Sample Compared Top View Whole View

1990— Naju A'B 0.9924 0.7188

A:C 0.9693 0.9359

Natural Coloring B:C 0.9453 0.7806

1991— Naju DIE 0.9338 0.9368

D.F 0.9474 0.8301

Natural Coloring EF 0.9383 0.9489

1991 — Yesan G.H 0.9534 0.8842

G:1 0.9669 0.8180

Envelope Coloring H: I 09774 0.9654

1991— Jangsu G'H 0.9369 0.8917

G:1 0.9819 0.9248

Natural Coloring H:I 0.9549 0.9729

1991— Yesan G:'H 0.9519 0.8707

Gl 0.9789 0.9083

Natural Coloring H:'I 0.9564 0.8962
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Table 3. R? values in percent for the correlation between human vision and color computer vision

for inspection of apple color at various lighting methods and color computer vision fra-

mes
Lighting Frame of Color Computer Vision
Method Red Green Blue Hue Sat. Inten.
A 15.98 90.68 8.12 88.14 83.29 57.97
B 27.34 87.23 1.59 86.98 76.88 61.64
C 53.74 85.90 0.01 75.73 85.47 72.13
D 48.66 83.93 057 75.23 86.02 69.67
E 44.15 92.29 0.31 83.46 86.44 73.74
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Table 4. R? values in percent for the correlation between human vision and computer vision for ins-

pection of apple color of natually and envelope colored apples

Color Yesan Yesan Jangsu
Frame Envelope Colored Naturally Colored Naturally Colored
Red 82.85 54.14 88.66
Green 90.91 89.89 9151
Blue 4.60 243 54.83
Hue 70.96 73.71 76.41
Sat. 93.37 86.66 9241
Inten. 89.60 78.66 91.67
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Fig. 3. Relationship between the normalized
average pixel values of apple image in
red frame and the values in green frame
obtained at the C type lighting condi-
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Table 5. R? values in percent for the multiple correlation between human vision and color computer

vision for inspection of apple color

Lighting Frames of Color Computer Vision

method H-S H—I S—1 H—S—1
B 91.89 8941 74.19 91.39
C 90.92 80.53 84.09 90.59
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