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Leaf Color Analysis of Lettuces Using Machine Vision
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Table 1 Specifications of computer vision system for plant growth monitoring system

_______ o Iteg1_ o Specifications o
Input devices Camera RGB camera : Sony, XC-711 (Wide angle lens : 6.4mm)
Image h Frame grabber FlashPoint(Integral Technologies Inc.)
processing Image signal RGB, $-VHS, NTSC, RS-170 -
Host Host computer Pentium M-600MHz, 128M
computer and mage signal multiplexor LG-Honeywell, GCQ-430
peripheral
devices Image storage 1.3GB MO Disc interfacing with IEEE-1394 card
2
Aol Aol wid Aol wet AE Ftelet Atolo] Azlrt WMo FY FHE
T AAG AL G W HAE2Y A7 AA AR dE2A depdo w3 F 2o o
AstAl ooz AAG F4E BN dol AdAA &g o|gse Ho] BrtEs
o oo] AelA= A7l 9 AAPRE ojn] ¢ UE MAESE HEFG LEgste] H
g &, AE-stuiait Aol WE vlsEgA FEAHA 4 ARFG Wl Futsle el
EEAA-2Z] dig Y F=HFE AP =F Ut
ol #l&ll, AEel tUdd HAS 2T £ UEF MEFHOZFE 10039 7IEAA
3 Ao AMAe JHE fAsit R #gsEE ZEAA
% l

& 2447 5050 27 2

9] Zx 5(Calibration bar)& A|zstdch M2 AAE Yl A3 2 2} A (Minolta, CR-100)&
o] &3l Labzte ZAUT. AMAEL 29 FEE(019mm)ol Z 13mm, Alo] 7+Z7

2emZ ¥ #3tgich
Fig. 12 © d7olA =

B
() =2
bz ol Auld(Plant row)3}
Hejolil AMujed EHOREEH Fig. 1 Calibration bars having color reference papers.
25cmE & Eolol A4 x]3FST, (upper: complementary group, lower: standard group)
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29| AAA7|(mm), F 3 Y] (aspect ratio), 2t A=A HF 4% L FF2HAx7} A .
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2 Hug = U},

IHENL Ad WA AP, 24 S8 ANV - ZER A W% - 2ER
Ag Aot Sas 2A > F ERBo] R4 4Ee] 942 B4 - 7 Axg F
42 A7 A - JFEE 2E 83 o F A4 g 4agee] BE 2 EEUA
A — B ZAYel te d2Eadomry HEY wE 94 J9HE J@ £e@
94 - ooy F2TST 03 G B o 22 9 A8 92 4E 59 ¢A2 Ay
stk

(@ 98 % AFH 2A

A& 1007HA1 AMAHgre 2 of g (mapping)e] Hol A4Fel JME Ueule 1007kA ]9
ek &9 RE(Histogram)E €& + U} o] o, A
100% AA F ojx MR FdA g AH-E

golol A FAIZ 5 A

s

ol

L T R T L RTers-+ N

Rk

Fig. 2 Exarhple-images of 1st class(circled) and 2nd class(rectangled).
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Fig. 3 Distribution of a and b values for Fig. 4 Distribution of L value for

color reference papers. color reference papers.
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£528 A5 FH olft FFH AAFAES 08F IA 249 AVYS Husl
= Aotk o7l e AFe AZY BAL 98 ARE 2679 B3l el o 10~30%
o Abolg T3 G4g wE YSoAd. 2L, F 56T x28) d4 dAoR uE
3 Aolz} leAE AA ttest® Fotel 2o

T A%}, Table 29 2ol 5% FFEANA 2659 4% F 2BF] FFAH F w2
of WX e BEol xol7t gle Rz vehgrh ol o 10~302 Aol o) 2wz
e Aolrt e WL AU ZEBL o §F G F49) ABYL $5T AoE

" Table 2 Result of paired comparison t-test for repeatability of lettuce color analysis
using calibration bars

Name of Degree of t-values for P(T<=t) in | Name of Degree of t-values for P(T<=t) in
samples freedom samples  two-tailed test| samples freedom samples  two-tailed test
imgl 27 -0.0396 0.9687 imgl4 27 -0.0015 0.9989
img?2 27 0.0000 1.0000 imgl15 27 -(.0522 0.9587
img3 27 0.0000 1.0000 imgl6 27 0.0000 1.0000
img4 27 0.0000 1.0000 imgl7 27 0.0000 1.0000
imgb 27 0.0000 1.0000 img18 27 0.0000 1.0000
img6 27 0.0000 1.0000 imgl19 27 0.0000 1.0000
img7 27 0.0000 1.0000 img20 27 0.0000 1.0000
img8 27 0.0000 1.0000 img21 27 0.0000 1.0000
img9 27 0.0013 0.9990 img22 27 -0.0020 0.9984
img10 27 0.0040 0.9968 img23 27 0.0000 1.0000
imgl1 27 0.0000 1.0000 img24 27 0.0000 1.0000
imgl12 27 -0.5704 0.5731 img25 27 -0.5695 05737
imgl3 27 0.0000 1.0000 img26 27 -0.5695 0.5737

Note: t-values for H, = 2.0518
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Fig. 5 Comparison for assignment ratio of color reference
papers between lst class and 2nd class lettuces.

o7 3o BAME Ao  Table 3 Discrimination equations developed by PROC
274 BA4S A BE4 . DISCRIM of SAS for classifying into 1st class
& T3t SASe PROC and 2nd class of lettuces
STEPDISC(Backward) el 16 :
o8l p=0.15F&FNA TAA Discrimination equation : Y = Z:la,-X,, +
&~
o o1 i

'_O‘E g AAE dA4d X" a; for 1st class a; for 2nd class
% PROD DISCRIMel <] X3 0.60814 0.52913
# 7t AR I AFES X5 0.39841 0.34813

)e =@ AT Table 3 X7 0.72489 0.62939
:a‘ - T A% X9 0.3555 0.30536
%+ 2o X13 1.25337 1.05624

A AR wE AR ¢ X21 0.02131 0.14567
8 e AR mEAe  X52 ~1.83167 -1.0342

- . X55 4.3675 3.76029

AAsL7] £ = dHx 4k
agsts] #As FoudA X56 0.52187 0.32088
5 Ag 2650 3 9 X59 6.15758 5.356
S Agsiay. o2 Az, X77 4.59953 3.88604
Table 4% e 265 5 5 ‘ iég _06 66591948855 —055948722386
= W oomE wo . :
ol @ 2fE Bol2 X81 0.94693 0.5406
215 el e Skl o X82 -0.40029 ~0.78997
g Azo AR #A 2 X84 1.61805 1.31773
7ol Bepaigdch, AEsbel ﬁogsfnt,‘ ao —22.417)554f —16.66667. :
o Azl ZA7A - 7 o] Sgu ;‘f}*]pt, n means number of color reference paper in this
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Table 4 Results for classification of lettuces according to two groups by their health

By the computer vision system

Ist class 2nd class
1st class 10 3
By expert
2nd class 2 11
Summary success © 80.8%
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