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IMAGE ANALYSIS. THESIS ADVISOR : ASST. PROF. TAWARAT
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NON-DESTRUCTIVE/ SPECTROSCOPY/IMAGE ANALSIS

The objective of this research was to study and development the non-destructive
techniques for maturity classification of the durian monthong variety by spectroscopy
and image analysis. The harvesting index i.e dry matter and day after bloom were used
to classification of mature durian. Predictive equations for the maturity classification of
durian were developed from spectroscopy and image analysis. From the equations
found that the durian could classified into 8 age ranges from 100 to 135 days after
bloom by VIS-NIR spectroscopy with accuracy of 83.0%, while the image analysis has
the accuracy of 79.4%. For the results of the durian classify into two stages of immature
and mature by dry matter index found that the VIS-NIR spectroscopy has the accuracy

of classification of 91.2%, while classification by the image analysis has the accuracy

of 89.2%.
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SEP
RMSEP
SG

TSS
DA
PLSR

PLS-DA

o Y7 J o
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Visible Infrared Spectroscopy
Near Infrared Spectroscopy

S I sy o dy Y
WosiFuauvinloue (Dry Matter Percentage)

H o dy = 1 ~ '
WINUNUBNTYUNDUNISHIUNITDY (kg)

Sol LY dy = [ d‘ ] Y
WINUNUBVTYUNAININNNIUNITOUNLA (kg)
918IUNAIADNUIU (Day After Bloom)
Multiplicative Scatter Correction
Standard Normal Variate
Fourier transform infrared spectroscopy
Standard Error of Prediction
Root Mean Square Error of Prediction
AWDWI NN (Specific Gravity)

2 A 3
Wsunavewdsnazaroti1la (Total Soluble Solid)
Discriminant Analysis
Partial Least Squares Regression

Partial Least Squares Discriminant Analysis
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Wavelength of absorbance

Color Absorbed Complementary color
maximum (nm)

<380 Ultraviolet -
380 —435 Violet Yellow - Green
435480 Blue Yellow
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DAB (days)
Specific gravity peel Specific gravity _flesh Dry matter (%)  Firmness(kg’/cm)  TSS (-Brix) pH
100 0.899 + 0.023" 0.704 +0.033° 18.19 +2.50" 447 +0.36" 5.87 +2.28" 6.63+0.11°
105 0.919 + 0.025" 0.661 +0.035° 23.18 +1.89" 4.09+ 037 7624217  6.78+0.07°
110 0.891 +0.035" 0.680 + 0.023" 23.82 + 1.99° 3.69 +0.24° 9.50 +2.19° 6.82 +0.15°
115 0.864 = 0.029" 0.711 +0.032" 2452 +1.89° 3.59 £ 0.28° 13.05+1.95°  6.87+0.05"
120 0.852 +0.031" 0.692 + 0.023" 27.28 +2.25° 3.18 +0.36° 13.03+1.16°  6.88+0.05°
125 0.861 +0.054° 0.689 + 0.029° 29.67 +1.74' 2.74+0.25° 16.12 + 1.34° 6.91 +0.06°
130 0.863 +0.026" 0.698 + 0.059° 32.24 £2.10° 2.33+0.45 17.02£2.83°  6.94+0.05°
135 0.834 + 0.030° 0.736 +0.037" 34.10 +1.26" 1.45+0.78° 20.82+3.18°  6.93+0.04°
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Color value

DAB (days)

L* end a* end b* end Hue angle end
100 38.57 +1.45" 731+3.12° 16.01 £1.22° 62.93 +2.34"
105 36.66 + 1.45° 8.23 £2.45° 16.96 + 1.30° 59.92 +3.03"
110 36.09 + 1.33° 9.54 +3.63° 18.45 + 1.53¢ 66.22 +2.89"
115 35.11+1.10° 8.58 £2.25" 18.90 + 1.27° 66.72 £ 2.66™
120 3401 £1.32° 10.12£2.66° 20.58 + 1.56° 67.98 + 3.41%
125 32.08+1.20"°  13.04 +2.79° 21.69+1.50" 70.19 +2.33%
130 29.98 + 1.27" 8.08 £3.12° 21.96+1.18" 73.07 +2.71°
135 28.69 +1.49" 6.91 £2.83" 22.45+1.59° 78.04 3.14"
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1,2
Color value

DAB (days)
L* bottom a* bottom b* bottom Hue angle bottom
100 5433 +£1.53" -6.06 +2.29" 26.52 +1.89° 77.13 £2.73°
105 5323 +1.55" 719 £2.07° 26.71 +1.81° 74.93 £2.29°
110 52.78 + 1.53¢ -8.07 +£2.38" 27.86 + 1.58° 74.20 +2.29°
115 52.19 +1.52° -6.97 +1.94° 27.58 + 1.67° 7511+ 1.86°
120 52.79 £ 1.52° -9.00 + 1.63° 27.53 + 1.44° 71.90 £ 1.21°
125 52.83 +1.59° -12.47 £1.84" 28.11 + 1.38° 69.03 + 1.46°
130 51.77 + 1.52¢ -10.30 = 2.01" 28.78 + 1.54" 70.33 + 1.83'
135 5123 +1.79' -11.24 +1.79° 28.90 +1.52" 68.08 + 1.40"
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1,2
Color value

DAB (days)
DELTA E
100 21.07 +1.82°
105 21.01+1.81°
110 2177+ 1.71°
115 21.30 + 1.69°
120 24.39 + 1.69°
125 25.85+ 1.49°
130 26.93 + 1.56"
135 27.23 + 1.64°
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ﬁ@ NITAUATICHHNTINDY Llﬁ8ﬂ?iﬂl%ﬁlﬂﬂﬁiwGllflﬂfﬂiﬂﬂﬂﬁullﬁﬂ ANUU GluﬂWiL!ﬁ'ﬂ\iWﬁﬂTi

a S A o = 3/.; I v Y Ay 1 o 1 dy
UATICHLNDIULUNNTIUUY uaaINau 2 U9 MNITMIATINEUA mm“lﬂu

~ Y

o v a J 1
4.4.1 WANTIVULUNY NDYNTYUAIINTTAATICHNIND Y

q

= Y

4.4.1.1 HAMITTUUNFIBYNTOUAIWMNIAATIZHATNEY
miii’muﬂﬂﬁjmamﬁau@%u@icﬁmmqﬁ 100 — 135 JUNAIADAVIUY
Fevmnmsswunoemiu s ndu 1WA 100 105 110 115 120 125 130 1Az 135 TundanenUIY
5091191 Function 719/31n5121an1a 7 Function fauaaaluasnsd 4.5 14uaaas Bigen
value YBIRUA Function 1 — 7 1M1 31,572 2.258 0.868 0.510 0.259 0.107 112 0.044 1oz 14
HAAIAN %Variance VBIRAUA Function 1 — 7 W1 88.6 6.3 2.4 1.4 0.7 0.3 az 0.1 auad
nnmdanan aunsauaadliifiug Function Al 1 finademsutanguanniiga wenINILE
1 &¥1n1531A31217 Wilks’ Lambda ¥0usiay Function 14Wai1 Function 114 7 uanuisa 14

@

Tumsutsngunisou 1 Taslinnuuanaimeadaedaiiodiny auaasluaisnd 4.6

A 1 & o =1 I 1 Y Aaxy Aa 4 1
M13 NN 4.5 A1 Eigenvalue ﬂl@ﬁﬂTﬁ%Hll‘!ﬂ‘miﬂu@ﬂﬂlﬂu 8 NQNUAIYITNITUATIEUNTIND Y

Function Eigenvalue =~ % of Variance ~Cumulative % ~ Canonical Correlation

1 31.572° 88.6 88.6 985
2 2.258" 6.3 95.0 833
3 868" 2.4 97.4 682
4 510° 1.4 98.8 581
5 259° 7 99.6 454
6 107° 3 99.9 312
7 .044° 1 100.0 206

a.  First 7 canonical discriminant functions were used in the analysis.
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A 1 . o =) I 1 9 axy a 'd 1
#1319 4.6 71 Wilks' Lambda ‘llf’)\‘]ﬂ']ﬁ‘fl'llluﬂnﬁﬂu@@ﬂlﬂu 8 NANAIYITNITUATISHNIND Y

Test of Function(s) Wilks' Lambda  Chi-square df Sig.
1 through 7 .002 8697.073 56 .000

2 through 7 075 3712.261 42 .000

3 through 7 243 2022.102 30 .000

4 through 7 455 1127.550 20 .000

5 through 7 .687 537.786 12 .000

6 through 7 .865 208.034 6 .000

7 958 61.973 2 .000

a 1 1 I 1 o o

HANIAATIZEMsLLINgunEoueaniy s F1901g T undIRenLIY

1 a 4 1 < 1w a ! 1 a
Taal¥mdnnmsInTIzinnens L* a* b* Hue angle 118¢ Delta E iHumdusdasei lina

o o @ @ I @

nsiatenanizen uaziivualie1giunasnenuiu (Day after bloom) 11 uaauilsaiy
g a Jo J = Y ax . N ¢ . v A J A 9
VNUUINNMINATIZHIUMUNNGNINITOUAIEID Discriminant analysis Mifadonalsgonly
% Stepwise ANWA T luMTTIIenguueInizou lanananInin1iei 4.7 Tagaunsn
WUeNTEUN 8 B2991YIUNAIABAUIY A 100 105 110 115 120 125 130 11AT 135 TUHAIADN
v 1dgndeah 74.272.6 69.8 78.9 68.4 72.1 83.3 1Az 83.9% ANWAINI50 IaesaulunIs

M8 79.4%
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A1519N 4.7 wammmmmﬂ’qunﬁau@amﬂu 8 NANATNDIYAIYITNITIAUATICHNTIND Y

k) ax
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Classified Group (%) Total
STAGE

100 105 110 115 120 125 130 135
100 744 20.8 4.8 0 0 0 0 0 100.0
105 15.2 72.6 12.2 0 0 0 0 0 100.0
110 0 10.7 69.8 19.5 0 0 0 0 100.0
115 0 0 12.4 78.9 5.5 3.2 0 0 100.0
120 0 0 0 6.8 68.4 24.8 0.6 0 100.0
125 0 0 0 0 20.0 72.1 7.9 0 100.0
130 0 0 0 0 0 4.9 83.3 11.8 100.0
135 0 0 0 0 0 1.1 15.0 83.9 100.0

Total correctly classified group (%) 79.4

4.4.12 wamstuunyieuseniluszeyniEousounazunaomINnTIER
MNDY

° 1 ~ I ' T
MITMUNNGUIDINGoUBDNI UTZ oL DO UIAZTZOZUN FIDINNT
o I =) Y . ~Aq yYa J = . v Yo
swuneenilu 2ngu 3971193 Function 11 19m31211iie 1 Function miusaaaslumiii
~ 1 g’/ 1 L] g’.} o o a 4
1 4.8 1A11@AIAT Eigen value Y94A3L# Function (119U 1.065 Hona1n1 e 1aviinsinsiey
] Y
A1 Wilks’ Lambda 40411@8% Function @K@ Function 1 lauuinansaldlunisutangs

= o o U

nisouldTaelinnuuanarmsadasdsiiodidy auwdasluaiiiei 4.9

~ ' . ° A 3 ' 1Y Aax a P
M1 NN 4.8 A1 Eigenvalue allﬂ\iﬂﬁliinl!uﬂnlﬁﬂuﬂ@ﬂlﬂu’igﬂgﬂﬂu LAZUNAIYIDNITAUATIEN

NINDEY

Function Eigenvalue % of Variance Cumulative % Canonical Correlation

1 1.065" 100.0 100.0 18

a. First 1 canonical discriminant functions were used in the analysis.
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{ 1 o 3 1 1 A,
A1519% 4.9 A1 Wilks' Lambda mmm'imuuﬂnﬁﬂuaamﬂuﬁzﬂzaau uammﬁ’am’%mi

InTziamaie
Test of Function(s) Wilks' Lambda  Chi-square df Sig.
1 484 1039.225 9 .000

a o 1 1 I 1 1
Naf‘ni]tﬂﬁ'lg‘ﬂﬂTiLLUQﬂQMﬂGﬂH@@ﬂLﬂH 2 PNITUYSANUDDULAS

[ EV L= a o 1 I Y a ~ 1
LN I@]ﬂclﬁlfﬂ'l?ffﬂ'lﬂﬂ'lfl")tﬂﬁ'lgﬁﬂ'lwa'lﬂ L* a* b* Hue angle 146& Delta E LﬂUﬂ'lG]'JlLﬂﬁ'E]ﬁﬁgﬂllll

a o ~ o Y19 3 @ Y < @
INANITINMANYNANITYU l,l,a3ﬂ'lﬁuﬂclﬂﬂ'lfiﬁ]ﬂﬁ%ﬂl@QUWWHﬂLLWQ (Dry matter) L‘]J‘L!G]’J!,Lﬂﬁﬁ'ln
é‘, o a < o 1 =1 ay . . . . [ % 9
mﬂuummi’gmﬂzwmuuﬂﬂqumiﬂuﬁ}’mn Discriminant analysis ﬂ?iﬂﬂlaﬂﬂﬁﬁuﬂﬁlaﬂﬂi"ﬁ
75 Stepwise ANWAWTD TUMTINIENguYeIiEou lANandaIRIa1519R 4.10 Taed 3o

) = 3 1 ! ) Y A o w

1/]11“81{!13ﬂu'ﬂ'ﬂﬂlﬂu38ﬂ%@@uuﬁ%ﬁ%gllﬂ ulﬂgﬂ@]ﬂﬂ“l/l 88.2 L1aE 93.1% MIUAAU ANUTINITD

Tagslumsiinede 89.2%

d’ o =1 I~ 1 19 as a J 1
ATT NN 4.10 Namimuuﬂmiauaamﬂuizﬂza@u LHAZHUNAIYITNITUATIICUNIND Y

Classified Group (%)
Stage total
immature mature

Immature 88.2 11.8 100
Mature 6.9 93.1 100
Total correctly classified group (%) 89.2

= Y
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vpamsuazHaaasy IdhmsdnagiateTsunsuinszineada 2 Tusunsy 1dun
Tasunsa SPSS Statistic version 22 Faaaanaoenu1 luiiee 4.4.2.1 f1 4.4.2.2 nazTilsunsu
The Unscrambles c'f%mamwa@aﬂmcluﬁa%’a 4.4.2.3

4.42.1 WAMITWMUNTNOYNBouRIeNs IFdlansuueanisganaunes
TagM3AT1ZH A28 IBM SPSS statistic

1NIMINATIEEMITIUnnguuesniFousonidlu s ngu daud 100

105 110 115 120 125 130 1A% 135 D1gTUHaIR0NUIY TaedsmslFalaaiuvesnisganau
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a s A o =) 3 1 = o Yy . ~ ya o 3}1 .
’JLﬂﬁ"ISWLWEJ‘NLLuﬂ“IQLiﬂu@@ﬂlﬂu 8 NQV 3971193 Function 11921A512%19%uA 7 Function
[ 9
AR IUAI519N 4.11 llﬁl!.ﬁﬂ\iﬂ'] Eigen value Y9364 Function 1 — 7 4N10UY 28.387 10.953
9
2.840 2.198 1.583 1.231 uag 0.872 uaz"lﬁ’uamm % Variance Y93A3L$ Function 1 — 7 IN1NY
o w 1T W 1 < 1 . {
59.122.85.94.6 3.3 2.6 LIa% 1.8% A1UA1AU 31NA1AINATD ﬁWNWﬁQLLﬁﬂQiﬁLWH’N Function 71
1 ] J { Y o o a Jd . 1
1 ﬁNﬁﬂﬂﬂWiL!Uﬂﬂ@MﬂWﬂﬁgﬂ u’é]ﬂﬂWﬂuquulﬁ}VI'lﬂTi’Jlﬂﬁ'l%ﬁﬂ'l Wilks” Lambda Y9dL@19e
. 9 1 . gl.l gl.l Y ] 1 ~ Y =) 1
Function 1AKA71 Function 19 7 unawnsaldlumsutisngunSeuldlaslinnuuanaianis

1 o [

dadaedsd Ay A lunanen 4.12

1 ' o < ' [
A15199 4.11 A1 Eigenvalue ¥09mssuunyizouoenilu 8 ngualedilansunmsganauueds

Function Eigenvalue % of Variance Cumulative % Canonical Correlation

1 28.387" 59.1 59.1 983
2 10.953° 22.8 81.8 957
3 2.840" 5.9 87.8 .860
4 2.198° 4.6 92.3 .829
5 1.583" 3.3 95.6 783
6 1.231° 2.6 98.2 743
7 872" 1.8 100.0 683

a. First 7 canonical discriminant functions were used in the analysis.

{ 1 o < ' [
A15197 4.12 A1 Wilks' Lambda ‘lli’)ﬂﬂﬁ%”llmﬂnﬁﬂu@ﬂﬂlﬂu 8 ﬂ@ﬂJﬁJﬁlﬂﬁLﬂﬂﬁﬂJﬂﬁﬂﬂ

NAULLEY
Test of Function(s) Wilks' Lambda  Chi-square df Sig.
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A13WWUINT N1 Test of Equality of Group Means Y9413 3 MUNNIETHU 8 NG

Wilks' Lambda F dfl df2 Sig.

Firmness A71 994.876 7 1432 .000
SGHa 615 128.003 7 1432 .000
SGL‘f!lfJ .659 105.947 7 1432 .000
TSS 170 1000.932 7 1432 .000

PH 425 276.802 7 1432 .000
HUE end 961 8.312 7 1432 .000
Hue bottom 233 671.575 7 1432 .000
L END 122 1471.408 7 1432 .000

a END 713 82.458 7 1432 .000

b END .103 1780.811 7 1432 .000

L BOTTOM 297 483.246 7 1432 .000
a BOTTOM 182 916.923 7 1432 .000
b BOTTOM 375 340.296 7 1432 .000
w300 265 566.963 7 1432 .000
w302 245 631.504 7 1432 .000
w304 207 784.716 7 1432 .000
w306 195 843.243 7 1432 .000
w308 205 794.359 7 1432 .000
w310 217 737.749 7 1432 .000
w312 201 814.433 7 1432 .000
w314 175 963.476 7 1432 .000
w316 205 793.607 7 1432 .000
w318 202 805.995 7 1432 .000
w320 .190 874.815 7 1432 .000
w322 196 841.804 7 1432 .000
w324 204 797.223 7 1432 .000
w326 209 776.053 7 1432 .000
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ATNNUINN N1 (AD)

Wilks' Lambda F dfl df2 Sig.
w328 .199 822.909 7 1432 .000
w330 178 941.847 7 1432 .000
w332 .200 818.693 7 1432 .000
w334 .199 824.022 7 1432 .000
w336 215 748.776 7 1432 .000
w338 235 666.092 7 1432 .000
w340 232 677.730 7 1432 .000
w342 174 969.590 7 1432 .000
w344 228 691.806 7 1432 .000
w346 240 648.252 7 1432 .000
w348 296 485.424 7 1432 .000
w350 328 418.202 7 1432 .000
w352 288 504.798 7 1432 .000
w354 193 856.101 7 1432 .000
w356 .186 894.516 % 1432 .000
w358 244 634.464 7 1432 .000
w360 223 712.266 7 1432 .000
w362 216 743.333 7 1432 .000
w364 204 798.414 7 1432 .000
w366 .200 816.882 7 1432 .000
w368 234 669.790 7 1432 .000
w370 279 528.770 7 1432 .000
w372 178 945.528 7 1432 .000
w374 .209 776.263 7 1432 .000
w376 371 346.613 7 1432 .000
w378 327 420.722 7 1432 .000
w380 216 742.817 7 1432 .000
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ATNNUINN N1 (AD)

Wilks' Lambda F dfl df2 Sig.
w382 263 573.552 7 1432 .000
w384 425 276.860 7 1432 .000
w386 428 273.686 7 1432 .000
w388 439 261.208 7 1432 .000
w390 445 255.244 7 1432 .000
w392 S11 196.043 7 1432 .000
w394 .508 198.355 7 1432 .000
w396 493 210.652 7 1432 .000
w398 AT77 224.538 7 1432 .000
w400 495 208.731 7 1432 .000
w402 428 273.243 7 1432 .000
w404 522 187.156 7 1432 .000
w406 .508 198.300 7 1432 .000
w408 484 218.041 7 1432 .000
w410 478 223.748 % 1432 .000
w412 468 232918 7 1432 .000
w414 457 242.693 7 1432 .000
w416 475 225.875 7 1432 .000
w418 453 247.336 7 1432 .000
w420 452 248.296 7 1432 .000
w422 449 251.327 7 1432 .000
w424 430 270.854 7 1432 .000
w426 365 355.744 7 1432 .000
w428 339 398.756 7 1432 .000
w430 334 407.438 7 1432 .000
w432 346 386.671 7 1432 .000
w434 306 464.475 7 1432 .000
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ATNNUINN N1 (AD)

Wilks' Lambda F dfl df2 Sig.
w436 .288 505.244 7 1432 .000
w438 287 507.078 7 1432 .000
w440 274 541.053 7 1432 .000
w442 251 609.826 7 1432 .000
w444 248 618.869 7 1432 .000
w446 230 683.856 7 1432 .000
w448 235 667.404 7 1432 .000
w450 231 682.365 7 1432 .000
w452 223 712.299 7 1432 .000
w454 232 675.953 7 1432 .000
w456 228 694.121 7 1432 .000
w458 207 783.019 7 1432 .000
w460 175 967.496 7 1432 .000
w462 177 954.450 7 1432 .000
w464 181 928.539 % 1432 .000
w466 180 930.458 7 1432 .000
w468 170 999.387 7 1432 .000
w470 .160 1073.001 7 1432 .000
w472 164 1045.689 7 1432 .000
w474 .164 1040.233 7 1432 .000
w476 .166 1030.357 7 1432 .000
w478 163 1049.248 7 1432 .000
w480 .169 1008.478 7 1432 .000
w482 .169 1004.055 7 1432 .000
w484 .168 1016.256 7 1432 .000
w486 .169 1006.518 7 1432 .000
w488 .166 1025.445 7 1432 .000
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ATNNUINN N1 (AD)

Wilks' Lambda F dfl df2 Sig.
w490 .163 1051.340 7 1432 .000
w492 .163 1053.689 7 1432 .000
w494 161 1065.702 7 1432 .000
w496 .163 1050.310 7 1432 .000
w498 161 1065.945 7 1432 .000
w500 164 1044.695 7 1432 .000
w502 162 1055.411 7 1432 .000
w504 158 1088.992 7 1432 .000
w506 156 1104.171 7 1432 .000
w508 154 1127.684 7 1432 .000
w510 151 1154.166 7 1432 .000
w512 .149 1171.202 7 1432 .000
w514 .148 1178.780 7 1432 .000
w516 .146 1194.581 7 1432 .000
w518 146 1200.045 % 1432 .000
w520 .145 1209.180 7 1432 .000
w522 145 1204.393 7 1432 .000
w524 144 1220.839 7 1432 .000
w526 .143 1225.249 7 1432 .000
w528 142 1239.433 7 1432 .000
w530 138 1274.376 7 1432 .000
w532 136 1305.130 7 1432 .000
w534 135 1308.365 7 1432 .000
w536 161 1063.398 7 1432 .000
w538 158 1086.954 7 1432 .000
w540 159 1083.406 7 1432 .000
w542 159 1078.985 7 1432 .000
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ATNNUINN N1 (AD)

Wilks' Lambda F dfl df2 Sig.
w544 156 1107.672 7 1432 .000
w546 155 1116.711 7 1432 .000
w548 157 1098.203 7 1432 .000
w550 159 1078.953 7 1432 .000
w552 161 1069.736 7 1432 .000
w554 162 1056.382 7 1432 .000
w556 164 1044.036 7 1432 .000
w558 .166 1024.548 7 1432 .000
w560 165 1034.115 7 1432 .000
w562 163 1048.873 7 1432 .000
w564 164 1046.385 7 1432 .000
w566 .166 1027.994 7 1432 .000
w568 .169 1003.539 7 1432 .000
w570 174 969.242 7 1432 .000
w572 177 950.990 % 1432 .000
w574 178 946.978 7 1432 .000
w576 179 937.193 7 1432 .000
w578 181 923.920 7 1432 .000
w580 181 924.190 7 1432 .000
w582 .180 931.805 7 1432 .000
w584 183 916.055 7 1432 .000
w586 183 911.461 7 1432 .000
w588 183 913.515 7 1432 .000
w590 181 923.004 7 1432 .000
w592 181 922.830 7 1432 .000
w594 182 918.701 7 1432 .000
w596 182 918.400 7 1432 .000
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ATNNUINN N1 (AD)

Wilks' Lambda F dfl df2 Sig.
w598 .184 910.000 7 1432 .000
w600 183 910.803 7 1432 .000
w602 183 911.313 7 1432 .000
w604 .184 906.860 7 1432 .000
w606 .186 896.240 7 1432 .000
w608 187 889.592 7 1432 .000
wo610 .188 886.333 7 1432 .000
w612 .190 871.674 7 1432 .000
w614 191 867.132 7 1432 .000
w616 192 860.662 7 1432 .000
w618 193 856.191 7 1432 .000
w620 195 844.790 7 1432 .000
w622 194 848.378 7 1432 .000
w624 192 861.347 7 1432 .000
w626 191 867.001 % 1432 .000
w628 191 868.837 7 1432 .000
w630 .189 876.046 7 1432 .000
w632 .189 876.162 7 1432 .000
w634 .188 886.113 7 1432 .000
w636 .188 882.977 7 1432 .000
w638 .186 894.264 7 1432 .000
w640 185 900.538 7 1432 .000
w642 182 921.176 7 1432 .000
w644 178 942.587 7 1432 .000
w646 175 966.940 7 1432 .000
w648 174 970.196 7 1432 .000
w650 171 988.837 7 1432 .000
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Wilks' Lambda F dfl df2 Sig.
w652 .165 1035.177 7 1432 .000
w654 .163 1047.783 7 1432 .000
w656 .163 1047.583 7 1432 .000
w658 162 1054.981 7 1432 .000
w660 161 1069.681 7 1432 .000
w662 157 1099.865 7 1432 .000
w664 153 1131.143 7 1432 .000
w666 .148 1174.655 7 1432 .000
w668 147 1189.400 7 1432 .000
w670 144 1220.652 7 1432 .000
w672 .139 1269.948 7 1432 .000
w674 137 1285.491 7 1432 .000
w676 135 1313.295 7 1432 .000
w678 135 1309.170 7 1432 .000
w680 135 1309.612 % 1432 .000
w682 136 1301.822 7 1432 .000
w684 139 1267.288 7 1432 .000
w686 .143 1224.893 7 1432 .000
w688 151 1152.175 7 1432 .000
w690 154 1122.657 7 1432 .000
w692 .160 1073.451 7 1432 .000
w694 175 964.791 7 1432 .000
w696 185 902.740 7 1432 .000
w698 .188 884.282 7 1432 .000
w700 193 853.321 7 1432 .000
w702 .194 850.208 7 1432 .000
w704 197 831.858 7 1432 .000
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Wilks' Lambda F dfl df2 Sig.
w706 203 801.306 7 1432 .000
w708 207 785.153 7 1432 .000
w710 211 766.368 7 1432 .000
w712 212 758.440 7 1432 .000
w714 218 735.655 7 1432 .000
w716 219 729.146 7 1432 .000
w718 220 726.395 7 1432 .000
w720 219 729.077 7 1432 .000
w722 219 727.618 7 1432 .000
w724 220 724.280 7 1432 .000
w726 223 712.240 7 1432 .000
w728 225 706.053 7 1432 .000
w730 224 708.807 7 1432 .000
w732 227 698.020 7 1432 .000
w734 229 689.419 % 1432 .000
w736 230 683.392 7 1432 .000
w738 233 674.552 7 1432 .000
w740 235 665.444 7 1432 .000
w742 235 665.765 7 1432 .000
w744 237 658.609 7 1432 .000
w746 .239 650.889 7 1432 .000
w748 241 643.461 7 1432 .000
w750 243 638.077 7 1432 .000
w752 227 697.761 7 1432 .000
w754 251 610.651 7 1432 .000
w756 246 626.943 7 1432 .000
w758 .245 629.649 7 1432 .000
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Wilks' Lambda F dfl df2 Sig.
w760 .269 555.361 7 1432 .000
w762 243 638.765 7 1432 .000
w764 232 675.659 7 1432 .000
w766 237 659.034 7 1432 .000
w768 231 679.188 7 1432 .000
w770 236 660.424 7 1432 .000
w772 254 599.540 7 1432 .000
w774 254 600.793 7 1432 .000
w776 251 612.043 7 1432 .000
w778 248 620.248 7 1432 .000
w780 252 606.780 7 1432 .000
w782 251 610.722 7 1432 .000
w784 293 492.502 7 1432 .000
w786 299 480.554 7 1432 .000
w788 .280 525.493 % 1432 .000
w790 285 513.449 7 1432 .000
w792 290 499.892 7 1432 .000
w794 319 436.557 7 1432 .000
w796 324 426.403 7 1432 .000
w798 325 424.407 7 1432 .000
w800 333 409.734 7 1432 .000
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ATWWUINT N2 Structure Matrix YDINIITUUNNITOU 8 NG

95

Function
Properties 1 2 3 4 5 6 7
b_END -341 083 -.035 219 -.050 -252 277
L END 317 019 -.057 -.028 137 -.084 -.060
w676° 301 .090 .090 -.024 116 -.063 -.033
w682° 299 087 086 -.025 117 -.063 -.030
w532° 299 016 119 -.063 050 -.037 -.124
w678° 299 089 088 -.025 116 -.063 -.032
w680 299" .088 .087 -.025 117 -.064 -.030
w534 298" 018 124 -.062 052 -.037 -125
w674 297 092 .090 -.024 117 -.062 -.033
w530 297 015 112 -.064 .050 -.034 -121
w684 295 088 .086 -.024 117 -.063 -.033
w672 293 .094 .090 -.028 118 -.060 -.032
w528" 293 015 111 -.066 .050 -.039 -118
w526 291 017 .108 -.068 052 -.037 -114
w686 290" 089 .088 -.022 121 -.065 -.031
w524° 290 018 105 -.070 050 -.034 -114
w522° 288" 017 103 -.065 049 -.031 -117
w670 287 095 .093 -.024 127 -.055 -.031
w518" 285 023 103 -.071 050 -019 -121
w516 285 026 101 -073 045 -014 -126
w520 285 019 104 -.068 049 -.027 -116
w514 284 027 101 -072 042 -012 -131
w512° 283" 027 .100 -.071 042 -.009 -131
w688" 281 094 .093 -.020 133 -.054 -.030
w668 281 096 .095 -.022 135 -.049 -.030
w510 280 026 107 -.067 047 -.007 -.134
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ATNNUINT N2 (MD)
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Function
Properties 1 2 3 4 5 6 7
w666 280 096 .096 -019 144 -.039 -.034
w664° 278" 096 .095 -012 151 -.029 -.036
w546° 276 069 072 080 081 -.057 -.029
w690 276 097 .095 -011 150 -.040 -.031
w538° 276 052 059 073 078 -.044 -.021
w508 275 027 113 -.068 057 .001 -139
w544 275 065 073 081 081 -.057 -.029
w540 274 059 067 077 079 -.051 -.022
w662 273 .096 .096 -.006 159 -.021 -.035
w548" 273 071 073 081 084 -.061 -.027
w506 272 .029 112 -.074 055 .005 -.146
w536 272 048 055 071 071 -.043 -017
w504 272 027 .109 -.078 048 010 -.148
w542 272" 063 072 083 079 -.056 -.025
w470 271 011 .066 -.090 015 021 -120
w550° 271 076 077 077 083 -.064 -.025
w552° 269 078 082 083 077 -.065 -.029
w564 269 095 091 063 105 -.051 -.038
w692° 269 097 .095 007 163 -019 -.031
w494 269 016 114 -.063 035 011 -.154
w562° 268" 092 091 071 101 -.053 -.038
w498" 267 024 111 -.069 049 .008 -153
wa78" 267 016 089 -072 034 022 -133
w472 267 014 079 -.070 032 024 -129
w490 267 016 107 -.064 040 012 -.150
w554° 267 080 087 086 077 -.063 -.030
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ATNNUINT N2 (MD)
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Function
Properties 1 2 3 4 5 6 7

w560° 267 088 089 078 095 -.058 -.036
w660° 267 094 .095 .000 162 -015 -.034
w502° 267 024 107 -.074 038 010 -.148
w496 267 019 113 -.065 044 015 -.155
w474 266 018 081 -.074 038 021 -129
w492° 266 014 111 -.064 041 013 -.149
w556 266 081 .089 087 081 -.063 -.030
w566 266 .096 092 061 107 -.051 -.033
w658" 265 .095 .097 .005 161 -016 -.033
w558" 265 081 .089 .085 .089 -.062 -.032
w500 265 025 110 -.071 041 .006 -150
w476 265 017 .095 -.069 043 016 -135
w484 264" .008 102 -.062 035 011 -.140
w654 264" 094 .099 012 159 -018 -.034
w656 264" 094 .099 .007 159 -018 -.032
w652° 263 .090 .100 023 160 -017 -.032
w568" 263 098 091 053 111 -.048 -.032
w488" 263 012 .106 -.061 041 015 -.146
w486 263 013 101 -.065 035 010 -142
w480 262 016 089 -.067 038 025 -133
w468 262 .006 052 -.087 021 024 -.096
w482 261 012 094 -.063 040 026 -139
w650 260 088 098 035 169 -013 -.028
w570 259 097 089 050 114 -.047 -.033

TSS -259° -010 103 146 -.102 -.075 -129
W646° 258" 081 101 056 181 -.005 -.032
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ATNNUINT N2 (MD)
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Function
Properties 1 2 3 4 5 6 7
Firmness 258" 070 -.097 047 112 113 -.003
w644 257 079 .099 061 187 -.001 -.033
w460 257 .000 011 =111 -012 .060 -.077
w648° 257 083 100 047 177 -.010 -.027
w572 256 098 089 044 117 -.044 -.034
w462 256 014 050 -.083 022 054 -.100
w574° 255 .098 .089 042 117 -.044 -.034
w602° 254" 080 092 061 153 .000 -.037
w642° 254" 076 097 063 189 .002 -.032
w592° 254" 091 091 042 143 -015 -.038
W596° 254" 086 092 049 148 -.004 -.038
w342 254" 047 -.089 170 071 -.060 -125
w604° 254" 079 093 063 155 .000 -.038
w372 254" -.025 -110 068 -.035 -.048 -.031
w600° 254" 082 091 057 153 .002 -.038
w598° 253" 083 .092 054 152 -.001 -.038
w582° 253" .099 .090 029 124 -.032 -.034
w576 253" .097 088 039 117 -.042 -.033
w594 253" 088 091 048 146 -.009 -.038
w640 253" 073 .095 068 189 004 -.032
w590 253" 093 .090 035 138 -019 -.037
w638" 253" 071 093 070 191 .002 -.035
w466 252" 012 049 -.086 028 035 -.094
w584 252" 100 087 027 127 -.028 -.035
w586 252" .099 087 030 130 -.025 -.036
wa64 252° 022 .049 -.080 042 038 -.101
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ATNNUINT N2 (MD)

99

Function
Properties 1 2 3 4 5 6 7
w314 252" -012 -.168 125 -133 -.058 -.079
w634° 252 069 093 077 190 .000 -.034
w694° 252 086 .096 041 183 -011 -.031
w636° 252 069 092 074 191 .000 -.034
w606’ 252 076 .093 065 159 .004 -.039
w578° 252 098 088 033 119 -.037 -.034
w580 251 097 .090 .030 120 -.034 -.036
w632 251 .069 092 075 190 .002 -.036
w588" 251 .096 .090 033 133 -.020 -.036
w630 250" .070 092 075 188 .003 -.036
w608" 250" 076 092 067 162 .003 -.037
w628" 249" 070 .090 075 186 .002 -.037
w610 249" 075 091 068 168 .004 -.034
w626 249" 070 091 076 185 .001 -.037
w624 248 .069 091 076 184 .002 -.037
w356 247 010 -.087 054 011 -.104 -.046
w696 247 085 .096 058 191 -013 -.031
w698" 246 081 .097 074 196 -016 -.028
w614 246 076 092 072 174 .005 -.034
w612 246 074 091 069 172 .005 -.033
w620 246 071 092 076 181 .002 -.035
w622 246 068 .090 076 184 .003 -.037
w616 245 075 092 075 177 .006 -.035
w618" 245 073 092 076 178 .004 -.035
w702° 245 073 091 096 199 -013 -.030
w700° 245 076 094 087 197 -012 -.030
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ATNNUINT N2 (MD)
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Function
Properties 1 2 3 4 5 6 7
w354 242 021 -.067 044 046 -.098 -.034
w704° 242 070 092 101 197 -015 -.025
w320 241 -010 -.095 192 036 -.082 -.094
w330 241 125 -.161 212 -.091 -.090 -.108
w706’ 238" 067 092 104 195 -014 -.024
w306 238" 017 -155 083 -.003 -.038 -.039
w708’ 237 .066 .090 105 196 -017 -.025
w322 237 081 -.037 110 -.086 -.070 -.032
w710 236 063 .090 107 196 -.020 -.025
w712° 234" 064 .090 105 197 -.022 -.024
w366 233" 059 -.104 .090 048 -110 -.095
w720 233 065 094 105 193 -.028 -.032
w722 232 .066 094 107 192 -.031 -.029
w458 232" -.027 028 -.068 049 029 -.060
w724° 232 .066 094 108 192 -.033 -.028
w324 232 055 -.076 075 -.048 -.105 -.032
w328 231 043 -.154 187 -.048 -.028 -.089
w718" 231 064 .094 107 194 -.027 -.029
w364 231 074 -.086 022 -.007 -073 -.077
w334 230 007 -.169 221 -.046 -.083 -.038
w716 230 063 .093 107 195 -.025 -.027
w714 230 062 091 105 196 -.023 -.027
w730 230 065 092 105 186 -.035 -.027
w332 230 015 -167 216 007 -.104 -.046
w374 229 070 -.008 023 010 -.052 -.079
w326 229 036 -071 060 -115 -.048 -.037
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ATNNUINT N2 (MD)

101

Function
Properties 1 2 3 4 5 6 7
w304 229" 039 -.053 164 -.039 -.087 .005
w726 229" 066 094 106 189 -.034 -.028
w728° 229" 065 .093 104 188 -.035 -.027
w732 229" 064 091 107 189 -.036 -.026
w312 228" 045 -176 170 -121 -.075 -.092
w734 228" 065 091 106 190 -.037 -.027
w308 227" 093 -.085 086 -.145 -.058 -.067
w736° 226 065 091 104 190 -.038 -.026
w362 225" 055 -.049 -.007 010 -.042 -.073
w738° 225 064 091 106 192 -.038 -.026
w316 224" 052 -.195 180 -.068 -.086 -.104
w742° 224" 064 092 102 192 -.036 -.028
w740° 223 064 092 105 190 -.038 -.026
w380 223" -.030 -.092 097 037 -.120 -.030
w744° 222 065 092 101 192 -.037 -.027
w746 221 067 .092 101 192 -.038 -.026
w452 221 -.031 013 -.062 070 052 -.045
w748" 221 066 .092 100 192 -.039 -.025
w360 220" 040 037 036 034 -.075 -.088
w750 219" 066 093 .098 191 -.039 -.025
w456 218" -014 036 -.061 017 027 -071
w446 217 -.032 020 -.053 058 014 -.042
w450 216" -.027 015 -.061 057 044 -.042
w310 215" 113 -132 092 -110 -.070 -103
w454 215 -018 018 -074 067 048 -.057
w448 213 -.039 014 -.056 073 028 -.037
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ATNNUINT N2 (MD)

Function
Properties 1 2 3 4 5 6 7
w368 213 .029 -.075 .089 .042 -.075 -.071
w340 212 -.004 -.146 .090 -.058 -.063 -.048
w344 212 .047 -.149 .146 -.063 -.068 -.032
w358 208" .026 -.031 -.006 .074 -.041 -.083
w338 207 -.031 -.157 .193 -.047 -.035 -.036
w444 206 -.022 .005 -.067 .054 .042 -.037
w346 206 .032 -.157 .093 -.096 -.043 -.082
w442 204 -.024 -.002 -.067 .059 .043 -.030
w302 204 .024 -.094 .169 -.067 -.056 -.016
w382 195 -.064 -.058 .072 .052 -.106 -.003
w440 192 -.023 .006 -.054 .073 .021 -.024
w370 189 -.049 -.053 .064 .042 -.061 -.005
w438 187 -012 .020 -.053 .061 .009 -.029
w436 186 -.019 .030 -.051 .068 .014 -.035
w352 185 .032 -.064 .049 -.031 -.073 -.030
w434 178" -.021 .030 -.032 067 -.001 -.035
w348 178" .060 -.089 .097 -.106 -.039 -.016
w350 168" .047 -.042 .020 -.053 -.053 -.006
w378 167 -.042 -.027 .038 .108 -.085 -.041
w430 166 -.052 .007 .008 .092 -.011 .007
w428 164" -.049 .010 .003 .091 -.009 011
w432 163 -.019 .028 -.021 .073 .001 -.026
w426 155 -.048 .007 .002 .091 .010 .009
w376 151 -.029 .043 .041 116 -.074 -.053
b BOTTOM -.148 .019 .063 -.123 .053 141 -.038

w384 133 -.065 -.030 .034 113 -.066 .005
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ATNNUINT N2 (MD)

Function

Properties 1 2 3 4 5 6 7
w424 132 -.055 -.027 033 113 -.059 -.036
w386 132 -.063 -018 058 106 -.064 010
w402 130° -.079 004 .009 118 -.084 011
w418 128 -.044 -017 017 097 -.048 -.039
w422 127 -.049 -.029 024 112 -.067 -.036
w388 127 -.068 -.024 076 120 -.073 013
w420 127 -.049 -.020 015 103 -.055 -.043
wal4 125 -.053 -.012 022 097 -.071 -.031
w412 122 -.061 -011 037 .100 -.075 -.030
w416 121 -.049 -019 015 101 -.055 -.030
w410 117 -.077 -016 038 106 -.070 -.024
w408 115 -.077 .000 027 113 -.069 001
w404 107 -.067 002 041 106 -.071 004
a BOTTOM 227 052 416" 010 027 113 199
Hue bottom  .188 041 402 -.005 047 125 159
L BOTTOM  .I58 -.058 -280° 083 255 -114 083
a_END -012 083 -249" 070 033 -013 -111
HUE _end -012 -.010 075" -.009 -.033 -.003 033
w318 224 076 -122 260 -.066 -.138 -.076
w336 218 075 -.096 240 -.004 -.067 -.050
w300 186 073 -173 204" -.051 -.046 -.075
w790 164 043 068 114 289 -.066 026
w788" 167 048 071 110 288" -.066 021
w772 187 052 077 111 286 -.059 .008
w774° 193 055 086 107 284 -.055 .005

w792 155 049 063 116 279" -.066 024
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ATNNUINT N2 (MD)
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Function
Properties 1 2 3 4 5 6 7

w776 194 066 084 108 279 -.058 .000
w786° 154 043 .060 110 278 -.063 022
w778° 193 074 084 105 272 -.059 .001
w800 133 037 053 108 270" -.067 029
w794° 139 041 053 110 267 -.062 026
w784° 150 053 055 110 264" -.057 023
w766 187 070 073 111 264 -.053 .005
w782 181 .080 073 .108 263 -.057 .007
w796 133 043 .050 109 262" -.064 027
w780 175 079 072 108 262" -.058 .008
w798" 133 042 051 111 262" -.063 028
w758 211 057 093 .100 261 -.051 -012
w770 196 086 .086 106 253 -.052 -.008
w764 206 078 085 103 252" -.049 -011
w768 191 086 078 108 250" -.050 -.002
w754° 214 058 .096 094 243 -.052 -017
w756 213 067 .093 095 239 -.049 -.020
w752 214 081 .092 103 232 -.049 -018
w760 205 065 .095 086 227 -.048 -.022
SGifte -.048 -.021 187 088 226 -137 -.055
w762 205 087 089 .094 221 -.044 -.022

PH -123 102 -.033 028 -209° 109 -.024
w392 106 -.080 -.006 048 143 -.062 .020
w396 110 -.087 -012 048 135 -.074 023
w398 115 -.087 -.002 047 1347 -.069 017
w400 111 -.079 008 039 132 -072 011
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ATNNUINT N2 (MD)

Function
Properties 1 2 3 4 5 6 7
w390 123 -.084 -.029 081 131 -.061 022
w394 107 -.085 -.004 034 130 -072 016
w406 109 -075 -.007 055 115 -.066 011
SGHa 082 -.037 -075 -114 -073 157 -.038

Pooled within-groups correlations between discriminating variables and standardized canonical
discriminant functions
Variables ordered by absolute size of correlation within function.
*. Largest absolute correlation between each variable and any discriminant function

b. This variable not used in the analysis.



A13WUINT 13 Test of Equality of Group Means Y9413 3 MUNNEHU 2 AQY

Wilks' Lambda F dfl df2 Sig.

Firmness 613 908.774 1 1438 .000
SGHa .883 190.092 1 1438 .000
SGL‘f!}’E] .907 148.007 1 1438 .000
TSS .689 649.119 1 1438 .000

PH .886 184.344 1 1438 .000
HUE end 976 34.629 1 1438 .000
Hue bottom 814 328.830 1 1438 .000
L END 584 1022.946 1 1438 .000
a_END 972 41.674 1 1438 .000

b END .686 659.235 1 1438 .000

L BOTTOM 710 588.000 1 1438 .000
a BOTTOM 774 420.231 1 1438 .000
b BOTTOM 733 524.817 1 1438 .000
w300 .556 1149.915 1 1438 .000
w302 .601 955.328 1 1438 .000
w304 577 1052.588 1 1438 .000
w306 567 1099.775 1 1438 .000
w308 547 1191.338 1 1438 .000
w310 525 1299.450 1 1438 .000
w312 557 1145.822 1 1438 .000
w314 597 969.144 1 1438 .000
w316 547 1193.282 1 1438 .000
w318 547 1189.213 1 1438 .000
w320 .600 958.006 1 1438 .000
w322 .559 1135.951 1 1438 .000
w324 574 1065.920 1 1438 .000
w326 .587 1012.278 1 1438 .000
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w328 547 1191.103 1 1438 .000
w330 499 1442.752 1 1438 .000
w332 578 1048.428 1 1438 .000
w334 .586 1016.461 1 1438 .000
w336 542 1213.864 1 1438 .000
w338 .625 863.289 1 1438 .000
w340 .609 924.467 1 1438 .000
w342 553 1163.473 1 1438 .000
w344 .559 1135.674 1 1438 .000
w346 579 1043.479 1 1438 .000
w348 592 991.806 1 1438 .000
w350 .639 812.773 1 1438 .000
w352 615 900.691 1 1438 .000
w354 .589 1004.968 1 1438 .000
w356 .601 953.598 1 1438 .000
w358 .619 883.843 1 1438 .000
w360 .619 886.668 1 1438 .000
w362 576 1056.914 1 1438 .000
w364 553 1164.020 1 1438 .000
w366 .556 1148.822 1 1438 .000
w368 .594 983.109 1 1438 .000
w370 .692 641.140 1 1438 .000
w372 .608 927.333 1 1438 .000
w374 576 1057.991 1 1438 .000
w376 751 477.583 1 1438 .000
w378 721 555.995 1 1438 .000
w380 .636 823.523 1 1438 .000
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w382 701 613.957 1 1438 .000
w384 798 364.058 1 1438 .000
w386 797 367.047 1 1438 .000
w388 .807 344.150 1 1438 .000
w390 .828 299.273 1 1438 .000
w392 .865 224.560 1 1438 .000
w394 .873 209.951 1 1438 .000
w396 .865 224.301 1 1438 .000
w398 .858 237.380 1 1438 .000
w400 .861 231.723 1 1438 .000
w402 .828 298.604 1 1438 .000
w404 .857 239.386 1 1438 .000
w406 .855 243.103 1 1438 .000
w408 .848 257.067 1 1438 .000
w410 .847 259.826 1 1438 .000
w412 .825 305.962 1 1438 .000
w414 812 333.403 1 1438 .000
w416 813 330.410 1 1438 .000
w418 .796 367.498 1 1438 .000
w420 .802 355.652 1 1438 .000
w422 .800 359.189 1 1438 .000
w424 .796 367.545 1 1438 .000
w426 753 471.569 1 1438 .000
w428 743 496.995 1 1438 .000
w430 744 494.635 1 1438 .000
w432 725 544.790 1 1438 .000
w434 710 586.950 1 1438 .000
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w436 .699 618.763 1 1438 .000
w438 .691 642.301 1 1438 .000
w440 .691 642.742 1 1438 .000
w442 .676 688.483 1 1438 .000
w444 .676 690.730 1 1438 .000
w446 .680 677.818 1 1438 .000
w448 .686 658.004 1 1438 .000
w450 672 701.849 1 1438 .000
w452 671 705.049 1 1438 .000
w454 .669 712.076 1 1438 .000
w456 .669 712.424 1 1438 .000
w458 .668 715.882 1 1438 .000
w460 .632 838.913 1 1438 .000
w462 .626 857.798 1 1438 .000
w464 .623 870.569 1 1438 .000
w466 .631 839.626 1 1438 .000
w468 .633 832.840 1 1438 .000
w470 .630 844.296 1 1438 .000
w472 .629 848.580 1 1438 .000
w474 .628 852.374 1 1438 .000
w476 .632 839.001 1 1438 .000
w478 .630 844.533 1 1438 .000
w480 .630 842.751 1 1438 .000
w482 .633 833.420 1 1438 .000
w484 .639 810.830 1 1438 .000
w486 .638 816.571 1 1438 .000
w488 .636 823.580 1 1438 .000

109
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w490 .635 826.665 1 1438 .000
w492 .638 817.438 1 1438 .000
w494 .635 825.350 1 1438 .000
w496 .634 831.610 1 1438 .000
w498 .630 844.852 1 1438 .000
w500 .630 842.805 1 1438 .000
w502 .630 844.626 1 1438 .000
w504 .626 859.334 1 1438 .000
w506 .624 867.139 1 1438 .000
w508 .624 867.617 1 1438 .000
w510 .624 867.921 1 1438 .000
w512 .623 868.724 1 1438 .000
w514 .623 871.539 1 1438 .000
w516 621 876.812 1 1438 .000
w518 .622 873.545 1 1438 .000
w520 .623 868.560 1 1438 .000
w522 .624 867.035 1 1438 .000
w524 .623 870.063 1 1438 .000
w526 .623 868.574 1 1438 .000
w528 .624 867.232 1 1438 .000
w530 .623 868.576 1 1438 .000
w532 .624 866.575 1 1438 .000
w534 .626 859.523 1 1438 .000
w536 576 1057.347 1 1438 .000
w538 574 1066.757 1 1438 .000
w540 572 1076.302 1 1438 .000
w542 .569 1087.222 1 1438 .000
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w544 .568 1095.051 1 1438 .000
w546 .566 1101.927 1 1438 .000
w548 .565 1105.497 1 1438 .000
w550 .566 1103.703 1 1438 .000
w552 567 1100.300 1 1438 .000
w554 .566 1101.131 1 1438 .000
w556 .566 1101.787 1 1438 .000
w558 .566 1100.558 1 1438 .000
w560 .563 1117.673 1 1438 .000
w562 561 1125.558 1 1438 .000
w564 .560 1127.780 1 1438 .000
w566 562 1122.211 1 1438 .000
w568 562 1121.312 1 1438 .000
w570 562 1119.490 1 1438 .000
w572 562 1120.372 1 1438 .000
w574 .562 1122.236 1 1438 .000
w576 561 1126.175 1 1438 .000
w578 561 1123.390 1 1438 .000
w580 561 1123.325 1 1438 .000
w582 .563 1118.395 1 1438 .000
w584 .563 1116.780 1 1438 .000
w586 .562 1121.346 1 1438 .000
w588 .562 1119.157 1 1438 .000
w590 .562 1119.146 1 1438 .000
w592 .563 1117.581 1 1438 .000
w594 .565 1109.365 1 1438 .000
w596 .566 1101.140 1 1438 .000
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w598 567 1096.661 1 1438 .000
w600 .568 1091.469 1 1438 .000
w602 570 1083.295 1 1438 .000
w604 572 1075.276 1 1438 .000
w606 573 1069.797 1 1438 .000
w608 575 1062.833 1 1438 .000
wo610 576 1059.203 1 1438 .000
w612 577 1053.072 1 1438 .000
w614 577 1053.168 1 1438 .000
w616 577 1054.729 1 1438 .000
w618 577 1055.658 1 1438 .000
w620 578 1050.663 1 1438 .000
w622 577 1053.985 1 1438 .000
w624 576 1059.683 1 1438 .000
w626 574 1065.846 1 1438 .000
w628 573 1069.733 1 1438 .000
w630 572 1074.323 1 1438 .000
w632 574 1067.037 1 1438 .000
w634 573 1072.505 1 1438 .000
w636 573 1071.228 1 1438 .000
w638 571 1080.809 1 1438 .000
w640 570 1084.964 1 1438 .000
w642 .568 1092.655 1 1438 .000
w644 567 1098.970 1 1438 .000
w646 567 1096.779 1 1438 .000
w648 .566 1102.224 1 1438 .000
w650 564 1110.523 1 1438 .000
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< '
ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w652 .563 1116.177 1 1438 .000
w654 .563 1117.864 1 1438 .000
w656 564 1111.179 1 1438 .000
w658 .563 1117.290 1 1438 .000
w660 .563 1117.284 1 1438 .000
w662 .562 1118.524 1 1438 .000
w664 562 1119.715 1 1438 .000
w666 562 1121.121 1 1438 .000
w668 .563 1116.232 1 1438 .000
w670 564 1111.206 1 1438 .000
w672 564 1110.884 1 1438 .000
w674 565 1106.621 1 1438 .000
w676 .566 1102.530 1 1438 .000
w678 567 1097.436 1 1438 .000
w680 567 1097.020 1 1438 .000
w682 .568 1095.425 1 1438 .000
w684 567 1099.963 1 1438 .000
w686 .566 1103.035 1 1438 .000
w688 567 1097.179 1 1438 .000
w690 .564 1112.295 1 1438 .000
w692 .560 1132.042 1 1438 .000
w694 .565 1109.217 1 1438 .000
w696 .565 1106.428 1 1438 .000
w698 .568 1095.918 1 1438 .000
w700 571 1079.174 1 1438 .000
w702 573 1070.717 1 1438 .000
w704 577 1054.681 1 1438 .000
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ATNNUINNT N3 (AD)

Wilks' Lambda F dfl df2 Sig.
w706 .583 1028.015 1 1438 .000
w708 .586 1017.925 1 1438 .000
w710 592 992.440 1 1438 .000
w712 593 987.184 1 1438 .000
w714 595 978.949 1 1438 .000
w716 597 969.377 1 1438 .000
w718 .600 958.950 1 1438 .000
w720 .600 959.151 1 1438 .000
w722 598 966.321 1 1438 .000
w724 598 966.517 1 1438 .000
w726 .600 959.123 1 1438 .000
w728 .601 956.566 1 1438 .000
w730 .600 958.734 1 1438 .000
w732 .601 953.823 1 1438 .000
w734 .603 946.584 1 1438 .000
w736 .603 944.999 1 1438 .000
w738 .605 940.761 1 1438 .000
w740 .605 937.767 1 1438 .000
w742 .605 937.587 1 1438 .000
w744 .605 938.309 1 1438 .000
w746 .606 935.938 1 1438 .000
w748 .608 927.500 1 1438 .000
w750 .607 932.191 1 1438 .000
w752 .605 939.220 1 1438 .000
w754 611 916.825 1 1438 .000
w756 .607 931.800 1 1438 .000
w758 .616 896.446 1 1438 .000
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< '
MTNAUINT N3 (7D)

Wilks' Lambda F dfl df2 Sig.
w760 611 916.189 1 1438 .000
w762 .605 939.812 1 1438 .000
w764 616 896.008 1 1438 .000
w766 .649 778.577 1 1438 .000
w768 .633 835.425 1 1438 .000
w770 .620 879.553 1 1438 .000
w772 .656 752.660 1 1438 .000
w774 .637 817.874 1 1438 .000
w776 .636 824.298 1 1438 .000
w778 .634 828.734 1 1438 .000
w780 .657 751.637 1 1438 .000
w782 .649 777.586 1 1438 .000
w784 .709 591.057 1 1438 .000
w786 710 587.993 1 1438 .000
w788 .684 665.618 1 1438 .000
w790 .690 644.795 1 1438 .000
w792 .699 620.645 1 1438 .000
w794 728 537.825 1 1438 .000
w796 735 517.457 1 1438 .000
w798 735 517.297 1 1438 .000
w800 736 515.822 1 1438 .000
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ATWWUINT N4 Structure Matrix YBINITWUNNITIU 2 NGN

Properties Functionl
w330 704
w310 669
w336 646
w316 641
w308 640
w328 640
w318 640
w364 633
w342 633
w300 629
w366 629
w312 628
w322 625
w344 625
w306 615
w324 605
w374 .603
w362 603
w304 602
w332 .600
w346 .599

L END 593
w564° 593
w568° 592
w562° 592
w334 591

w566 .591
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AFNRUINT 4 (710) AFNHUINT 4 (710)
Properties Functionl Properties Function1
w326 .590 w678" 583
w570° .590 w554° 583
w572° .589 w680° .583
w574 588 w556° 582
w354 588 w594° 582
w576 588 w558° 582
w560° 587 w682° 582
w578° 586 w368 581
w668 585 w684 581
w582 .585 w692 581
w586 585 w658" 581
w584 585 w690 581
w580 585 w654 581
w590 584 w662 581
w670 584 w686 .580
w666 584 w660 .580
w348 584 w596 .580
w592° 584 w544° 580
w550° 584 w688* 580
w664° 584 w656° .580
w674° 584 w652° 579
w588° 584 w598° 578
w672° 583 w314 577
w676 583 w542° 577
w548° 583 w600° 577
w546° 583 w540° 576

w552 .583 w650" .575
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AFNRUINT 4 (710) AFNHUINT 4 (710)
Properties Functionl Properties Function1
w602° 575 w618* .560
w538° 574 w632° .560
w320 574 w628" .560
w302 573 w626' .560
w648° 573 w624" .559
w604° 573 Firmness .559
w356 573 w620" 558
w646° 572 w700° 557
w644 572 w622 557
w536 571 w352 557
w694 571 w702 555
w606 571 w360 552
w642 .569 w358 551
w608" 568 w704 551
w610 567 w706 .545
w696 567 w338 .545
w640 .566 w708 .545
w372 565 w710° .540
w638° .565 w712° .540
w698° .565 w752° .539
w612 564 w724° 538
w614° 564 w730° 537
w340 564 w714° 537
w634° 562 w722° 537
w616° 562 w720° 537
w636° 562 w716 536

w630 .561 w728’ .536
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AFNRUINT 4 (710) AFNHUINT 4 (710)
Properties Functionl Properties Function1
w726° 536 w508° 521
w718° 536 w510° 521
w762° 536 w474 521
w732° 535 w520° 521
w736 534 w524 521
w734 534 w472" 520
w756 534 w522° .520
w738° 533 w506° 519
w380 532 w470 519
w764 532 w526 519
w740 531 w478 519
w742 531 w530 519
w744 531 w528" 519
w746 530 w768 518
w350 529 w460° 518
w748 528 w468" 518
w754 528 w532 517
w750° 527 w476 517
w758° 526 w504° 517
w770° 526 w480° 516
w462 .524 w466° 516
w760° 524 w534° 516
wa64" .524 w498° 513
w516° 524 w482° 513
w514 522 w778" 512
w512° 522 w500° 512

w518" 522 w776" 512



< '
ATNNUINNT N4 (MD)

= '
ATNAUINNT N4 (7D)

Properties Functionl
w502° 512
w490 510
w494 510
w492 .509
w496° .509
w488* .509
w486° .508
w484 .508
w774 .506
w766 .505
w782 .502
w780 496
w772 495
w458" 481
w456 476

b _END -476
w454 476
w450° 476
w452 475

TSS -472
w370 470
w442 469
w788° 468
w444’ 464
w446 463
w790° 462

w382

460

Properties Function1
wa48" 459
w438" 458
w440 457
w792° 456
w784 451

L BOTTOM 450
w786" 450
w436' 447
w378 437
w434 436
w794 430

b BOTTOM -425
w796 424
w798’ 423
w800 422
w432' 418
w376 405
w428’ 398
w430° 389
w426 385

a BOTTOM 380
w418 358
w424 356
w386 355
w384 354
wa22° 352
w420 350
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< '
ATNNUINNT N4 (MD)

Properties Functionl
w388 344
w414 339
w416 337

Hue bottom 336
w412 325
w390 321
w402 320
w410 299
w408 297
w406 289
w404 287
w398 286
w400 282
w392 278
w396 278
w394 269
SGHa 256

PH -252
SGL’&I’EJ -.226
a END 120

HUE end -.109
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maudasmaonyiiea RGB lilunivned CIELAB

Mriualsimaniaanluvvig RGB daeane i

R=90 ; G=70 ; B=30

1.1 mnsuasaanuae RGB il sRGB

111 @ luvdae RGB ldwisdae 255 a2 launilua NR NG tag NB

R 90
NR = — g NR=— NR = 0.3529
255 255
G 90
NG=— [, NG=— NG = 02745
255 255
B 90
NB = — g ~NB=— NB = 0.1176
255 255

1.1.2 A1 NR NG taz NB TurJaai)u sRGB %30 reb

e flr
[(NR +0.055)/1.005]"" ,NR > 0.04045

NR /12.92,NR < 0.04045

1 R A 1 2K A 9 A A
1M1 NR = 0.3529 HIUATUINNI 0.04045 %QLﬁ@ﬂiﬂ)’ﬁﬂJﬂ"li@"liJN@ull"lﬂl 1

r = [(NR+0.055)/1.005]"

r = [(0.3529+0.055)/1.005]"*

r = 0.1149
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e g
[(NG +0.055)/1.005]"* ,NG > 0.04045

g —
NG /12.92 ,NG £ 0.04045

1 2 A 1 =2 A Y A =
1NAT NG = 0.2745 HINAININNIT 0.04045 mmaﬂhﬁumsmmmu"lw 1

g = [(NG+0.055)/1.005]"

g = [(0.2745+0.055) /1.005]"*

g = 0.0688
e b
[(NB+0.055)/1.005]"" ,NB > 0.04045

b =
NB/12.92 ,NB < 0.04045

1 2 A ' =K A Y A =
1A NB =0.1176 SINAININNI 0.04045 i]ﬂLﬁE]ﬂi“]fﬁiJﬂﬁG]1llN@L!1"llﬂ 1

b = [((NB+0.055)/1.005T"

b = [(0.1176+0.055)/1.005] "

b = 0.0146



1.2 wmnsudasaaniae sRGB lilu xyz

[ x| [ 04124564
Y |=100X| 02126729
z 0.0193339
[ x| 04124564
Y |=100%| 0.2126729
z 0.0193339
(x| [7467]
Y | = <7469 ¢
z 24296

0.3575761

0.7151522

0.1191920

0.3575761

0.7151522

0.1191920

0.1804375

0.0721750

0.9503041

0.1804375

0.0721750

0.9503041

1.3 mnsudasaaniae xyz s CIELAB

1.3.1

YBIIAYAVIININNIATFIUUDY CIE dMTVUE D65, 2°) Tagh Xn = 95.047,Yn = 100

iag Zn = 108.883

X
re= /!
Xn
Y
y=— /!
Yn

1

7.4627

/
95.047

7.4692

100

2.4296

I
108.883

x = 0.0785

y = 0.0747

z = 0.0223

X[ 0.0688

0.0146
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132 haaluniog xyz ldfuadmeaumsasae 1

o flx

16
7.787x +—, x <0.008856
()= 116
1
xA ,x>0.008856

1 2 A 1 =K A Y & =
1NA1 x = 0.0785 BIUAININNTIT 0.008856 ﬂﬂlﬁ@ﬂiﬂfﬁllﬂWi@nllN@uul"U‘ﬂ 2

7(x) = e Il 7(x) = 0.0785" /I 7(x) = 04282

° ﬂIWy

16
7.787y +—, y<0.008856

f(y): 116

1
yA ,y>0.008856

! 2 A ' =2 A Y A P~
1NNy = 0.0747 BIUAIWINNIT 0.008856 mgaaﬂhﬁmmimmmu”lw 2

() = K 1" r(y) = 00747 Il £(») = 04212
L] fhz
16
7.787z4+—, 2 <.0.008856

()= 1o
1
ZA ,z>0.008856

' 2 A 1 = A Y} A A
1NA1 z = 0.0223 FIWUATYINNIT 0.008856 ﬂﬁlaﬂﬂiﬂfﬁﬂﬂ’lﬁﬁ’lulﬂﬂul’lmﬂ 2

7(z) = S /! 7(z) = 00223 I 7(z) = 02815
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133 dwme CIELAB Taoth £(x) 7(y) wag 7(z) Tunusm
A1 L*
L =116f(y)-16

L = (116x04212)-16

L =32.8592

1 a*

a" = s500[r(x)-f(y)]

500 x [0.4282 - 0.4212]

Q
Il

a = 3.50

b =200 ()-r(2)]

S
Il

200 % [0.4212 - 0.2815]

*

b = 2794

9
¥ @

Wu mMsudasm@nnmuaed res Taslin1 R =90 G =70 B =30 liifluntiied CIELAB

22 1871 L* = 32.8592 a* =3.50 b* =27.94
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MANUUANAIITZHINNT 1UHUIY CIELAB

fnualy J9N 1 UA1 L*=40 a*=5 b* =20

A1 L*=35 a*=7.5 b*=25

fang)}

2

oY)
=)

Ae=y(t,—1,) +(s,—a, ) +(5,~b, )

AE:\/(35—40)2 +(75—5) +(25—20)’

AE=5.17



HNARUIN A

d v
WanTFumsuUasman g excel



msuasnang Microsoft Office Excel

msutlasm@anruie RGB It unuie XYz

var R=(R/255)//Where R =0 + 255
var G=(G/255) //Where G =0 + 255
var B=(B/255)//Where B =0+ 255
if (var_R > 0.04045)
var R=((var R+0.055)/1.055)~2.4
elsevar R =var R/12.92
if (var_G > 0.04045)
var G = ((var G+0.055)/1.055)~2.4
elsevar G=var G/12.92
if (var_B > 0.04045)
var B=((var B +0.055)/1.055)"2.4
elsevar B=var B/12.92
var R=var R * 100
var G=var_G * 100
var B=var B * 100

//Observer = 2°, [lluminant = D65

X =var R*0.4124 +var G * 0.3576 + var B * 0.1805
Y =var R *0.2126 +var G * 0.7152 + var B *0.0722

Z=var R*0.0193 +var G *0.1192 + var B * 0.9505
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m3ulasmdnnruie Xyz it uvioe CIELAB

//Observer= 2°, [lluminant= D65
var X =X /ref X //ref X =95.047
var Y=Y /ref Y //ref Y =100.000
var Z =7 /ref Z//ref Z=108.883
if (var X >0.008856)

var X =var X" (1/3)
elsevar X = (7.787 * var X) +(16/116)
if (var_Y > 0.008856)

var Y =var Y " (1/3)
elsevar Y =(7.787 * var_Y) + (16/ 116)
if (var_Z > 0.008856)

var_ Z =var Z " (1/3)
elsevar Z=(7.787 * var Z) +(16/116)
CIE-L*= (116 * var Y) - 16
CIE-a* = 500 * (var_ X - var_Y)

CIE-b* =200 * (var Y - var Z)
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M-umnmdﬁq&wnﬁbnm&uﬂﬁmﬁ;mm
Cliazsification of "Monthong™ Durian Maturity by Image Processing Analysiz

- - v e

scian Tuiaaaa | ncaum“"mm-

T b O derahal”, K: T &' snd Tawsrst Trecsmeul’
Abstract

The aim of this ' was to application of mage p ing analyziz for measure skin color of durian

and then apply to evaluate dunan y. In color i, duran peels were photographed i 3 views and

the color value was analyzed using the mage J sofwoare. The analyzed value was expressed ac a color in RGB
and then canvented to CIELAS when the color value wac taken to relate with physical and mechancal properties
n terms of percent of dry maser and $rmness. The resuits indicated that the values of color parameters (L°, 8%, B°)
of durian peel could be class#y clearly 2 stage of durian maturity. Unzuitable durian for harvesting have the value
L* in the range of 43.79 1 52.58, the value 2° in the range -3.22 1o -6.76, and the value b® in the range 2463
26.76. The sutable durian for harvesting have the value L® lower than 43.55, the value 2* n the range 867 to -
§.17, the vaiue b° higher than 27.54.

Keywords: “Monthong” cultivar of durian , Nonrdestructive techniques | Image processing analysic
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Table 1 Mean comparation of coler parameters

%DM Color parameters®
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Abstract - Cdcn.mmhmhmghpkvdhahmhdhnut&ﬂn
measure with normal color imstument Therefors, the 2im of this h was o apph of image p
for measure spine tip color of “Moathong™ hm-‘hnmwonhnmy Cdcnhdthqqu&mn

from image p ing and 3 ware imve

for ciassfication of mamnty. The manmty classification was

divided izo § lovels ie. 100 105 110 115 120 125 130 and 135 days after blocm. The results indicate thae classiication of
durian by coler value from spectrometer and image processing azalysis mve the commect classification of 80.4% and 78.6%,

respectively.

Keyword: - Monthong durian, Manuriry, Color valune, Inage processing, Day afer bloom

L INTRODUCTION

develop the noo-destructive
techniques 1o solve these problems This technique 13

called image processing technique. The advantages of
this technique are rapid procesung. low cost and

for evaluanny the quality of product Yam and
Papadakis[5] evaluate the quality of pizza baked by
microwave oven with image processing analysis. The
wmethod allows measurements and amalysis of
color of food surfaces that ae adequate for
not

£g

enzineering research. Although, ot is
repiacement for sophisticated color instruments, it 15
an amactive altemative due to ifs simplicity,

i

procesuing. but the acouracy of the imspection is not
quite high because of the size of the stem also
depends on the environment that affects growth.

Color 15 one of variables that have a relatonship with
the maturity of many agricultwal products Jha ot
al[7] used color to evaluate the npening stage of
mango. where on the basis of total soluble solids, a
mango manzity index was pradicted by a multiple
linear regression mode! o the values ofolor (Hunter
L 2 bjusing a spectromigter to measure the color
values  For —¢vaiuatng matunty of durin
“Moatheng™ vanety Timkhum and
Terdwongworakul(8] was used non-destructive of
spectrometer to classify 5 stages of martunity with
total accuracy of 94.7%. They found that the color of
%dmmmmumm

the objective of this ressarch was to
application of image processing analysis for measure
spine tp color of durian and then apply to evaluate

Proceadiegs of §7* The [RES lsternaticnsd Cosforence, Tokyo, Japas, 6%.7% Novesster, 2017
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wang Color Value from Spocty and Image Py

Comparson of the Abdkey 1o Fral of “Manthorg” dutism M
dunian matunty and compares with the classificaton
by color value from spectrometar.

I MATERIAL AND METHOD
A Durian

“Montonz” dunans m an erchard m Rayong province
were tagged when blossom for tacking days after
bloom. A set of 20 fruits was randomly harvested
mmmmmmssapmm

(DAB)(MI%!M“ (100. 105. 110,
115, 120, 125, 130 and 135 DAB). ¥ after

25°C overnight prior to further measurements

B. Assessment of dry matter

Dry martter of the durian pulp was employed as a
standard index of marurity [¢]. To determine the dry
matter, the pulp was taken fom the middle segments
of every locules, cut into small pieces, and

mixed. A sample of about 20 g of the mixed pulp was
dried in 2 hot air oven at 70°C for 48 h. The of dry
marter parcentage (FeDM) could be estimated by (1)

sanw - 2|
I w

| x100
& )
f.DM = The dry mater

percentage (%)
= the ariginal mass of the pulp (g)
W,-maudmss(g)

-
|

C. Color values from spectrometer

Measurement of Durian peel color value Tt is
measurad at the end of spine Tanmgdmce
comsists of (1)Light source DH-2000(2)
USB2000=~UV/VIS Spectrometer (3) (QR200-7-VIS-
NIR Reflection Probes) (4) Polyrerafiuoroethylens
(Teflon) (5) Software spectra suite The color value
was conductad on thres adjacent spines located i the
middle part of the selected locule Three fernle
locules of each fuit, which were the locules that
w&nvﬁnddngtehahof&eﬁum

The buman vision of the color of the object If's a
different wvision. Color messurement devices have
been developed to reduce emers dae to light seurce
and observer Q‘gnmsmnphynw

role in defining the standard color 15 Commission
Intemationale de (CIE). The three
dethuh;Msdm

color (L* = 0 welds black and L* = 100 indicates
diffuse white. specular white may be higher), its
position between redmagenta and green (2*, nezative
values indicate zreen while posinve values indicate
magenta) and its position between yellow and bdiue

®°. aepmnhesmunendposm\!nhm
mdicate yellow). The asterisk (*) after L aand b are
pronounced star and are part of the full name, smce

they represent L*. a* and b*, to distinzwish them
from Hunter's L, a. and b.

Light wurce

- To specmuphedoncses
\/,

7

T Spuse of derin

of colur
of Surins |8}

Figurel: laph

system of the spline

D. Color values from image processing
Composition of photography will be the same every
time take a photo. Each fruit of durian was positioned
inside a box with black lining with two Ralight lamp
(D65/18 W, 36 cm long) which is the standard lamp
for IS0 3664: 2016 color detection were situated 35
cm abote the sampile and a2t an angle of 35° to the
lu:ple(}’lg’) The digital cm(Fnle-Al)wtxh

located verncally over mhndSOm
Zmags were taken using the camera
settings: £ = 4.5 and speed 1/85, no zoom no fash
resoiution (4896x 2760) pixels, and the image file is
saved a3 JPEG format Addticnally, light diffusers
covering each lamp and electronic ballast assured a
umform ilminanon system[10]. The image obtamed
from the dizital camera shown in Fig 3.

The durian photos were amaiyzed as RGB walues
with the ImazeJ soffware However, in food research.
color 15 frequently represented using the L*a*b*
color space. The process of coaverting the color
values Tom the RGBS to L*a*b *unit The conversion
process fom RGB to L * 2 * b * has three steps:

1) The novlinear RGE valuss are transformed to

linear :RGBvaluss by (2).(3)
R G B
Ma—:. JW;B-— o Z = —_—
. 255 255 . 2550)

e [(m +0.055) /1.005.NR > 0.04045
NR /1292 NR 20.04045
i {(NGd»0.0ﬁS): 1.005.NG > 0.04045
NG /1292,NG 2 0.04045
" {mmo.oss).- 1.005NB>0.04045 (3
NB/12.92,NB20.04045

Proceadings of 7 The IRES lutornationsl Cosfarance, Tokyo, Japas, 6%-7 November, 2017
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1) The :RGSB values are converted to the CIE XIZ
system by (4)

[X]  [osiésss 03575781 QIROSTS] [7],
T |-100+ 0212670 Q7IS1S2 00770 g |
(z]  [oowsno onow 0os3041) |3

3) The CIE XIZ are comverted to the CIELAB
system by (5).(6)

16 .
7.787x + —, x20.008856
1= T

o x> 0008856

[7.?37;-9%. <0.008856

f(’,f,.)-l

- 16

77872+ —. 220008856 (5)
f{Z/z)‘)-.‘ 116 :
| 27 .2>0008856

34 3> 0008856

I =116f (_%n |-186
@ =500 1(¥/)-1(%4)]
5 =200 1 (2 }-7(24,)] ©

Calculate the Hue angle. therefore the equanion (7)

Huc=m‘:£' m

a*)

Figurel Sght control unit for wae In photopraphy .

Figere 3. Darina photon (e imupes t3%on witkin the lght
control

E. Comparison color value

At present. the device used 1o measure the color of
the object has been developed Each dewvices has
different e. There is a comparison in exh
of the method that the most effecive way to meangs.
Since this study measurad the color of durian peel by
rwo methods. the spectrometer and the image
processing. Therefore, the two methods of colar
measurement are comparad in terms of precision and
accuracy of the model for pradicts the age of dunian

F. Statistical analyses

Acquired L*, 2%, and b* values were imparted 1o MS-
excel soffware from the devices and then to the SPSS
statistics software (IBM Corporation. Armonk, New
York, Unned States, version 22) a statistical software
package, for multivariate calibration. The maturaty of
dunan was calculated using %DM fom all 160
samples. They are classified of § levels of dunan
mangity 1.e 100 105 110 115 120 125 130 and 135
days after bloom by reference to standard %DM [11]
The performance of the modals was validated oo the
pradiction set by compariscn of the measured values
with the estimated values from the model The
stanstics for assessment of performance consisted of
the comrelation coefficient of prediction and the root
mean square aor of pradiction

III RESULT AND DISCUSSION

A Change in dry matter with maturity stage

The %DM Relative to day after bloom is a
prooounced wendThe %DM maeased with an
mcrease m day after bloom as shown in Fig 4 In
practice, dGuan with 2 minimum stage of
manrityshould contamn at Jeast 32 %.DMfor suitable
dunan for harvesnng From as Fig. 4. it was found
that since the age of 125 day after bloom has been
shown to have the %DM of more than 32 [12].

9%0M

D3y after bloom

Figure 4: The relationships hetwoen the days afier Moo sad
the property values Dry master.

Proceedings of §7° The IRES latomaticns Conferesce, Takyo, Japas, 6°.7* Novessler, 2017
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B. Change in color value

The results Srom the color value by image processing

nnms and by spectrometer show the comrelaton
between color values L* a* b* and Hue with day after

bloom 25 shown m 5 (a) (®) (c) (d)Display the

measwred value Fom the average of spine tip m each

at the spine tip correlate with day after bloom., L* b*
and Hue angle have a very zood comrelaze with the
day after bloom. L* tends to decrease when the value
of days after bloom increases (Figure 5 (2)). b* tends
to ingease when the value of days after bloom

dnmmpno(b)) Finally, the Hue angle value
is likely to increase with the mumber of days after
bioom (Figure 5 (d))

C. Classification of durian maturity

The disauminant analysis was used to discramination
the durian mto § levels(100-135 DAB). Analyzes
were classify for the dunan group by means of the
discriminant amalysis The mabla thar could
classify the durian range were L* b* and Hue angle.
Classificaon of durian by spectrometer gpive the
correct classification of 80.4%. as shown in Table 1.
And classification of durian by the image processing
analysis zive the comect classification of 78.6%. as
shown in Table 2. The result of group classification
mgsp«tm'ﬂlbemumnhh
mmage processing Coundcn;l-‘lgs it can be seen
that the color values Som spectrometer ware
correlated with day after bloom. the zraph has a linear
tendency mare than 2 graph that shows the comrelation
between the color values from the mmage processing
and the day after bloom As 2 result, Zrowp classified
byspmrwumxcmmﬁnw
which the difference of
>. When focus of equipment,

tool for separate of immature from manuwe durian
Modeling predics manzation of durian by Lmear
regression. Using spectrometer to prediction model
for the day after bloom The equation has reliability
(R?) of 0.913 with the predicted standard emor (SEP)
of 287361 (Table 3). When using unags processng
to pradiction model for the day after tlocm. The
equation has reliability of 0906 with the
predactad standard ervor ( of 3.06749 (Table 3).
Therafore; image processing is a potential method for
classify  the mangicy of durian Therefore, 1t is
uamnmdymmaofhmgmmm
colar at the and data amalysis
i o pe A S S e e en |

o L (a)
=
- e g
.
-
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0952 0906 3.06749
Tabie 3 Lincar regremion for cvaluate duy after hlosm from
speciremecter and inage precossing.

CONCLUSION

Classification to divide the durian into § levels of
durian maturity ie. 100 105 110 115 120 125 130
and 135 days after bloom The result of zroup
classification using color value from spectromster
more acCuracy fhn classification by image
processing 2 73%. The classification by color value
from spectromater and image processing have the
correct classification of 80.4% and 78.6%,
respectively.
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Abstract

The cbjective of this reseach was 1o find the relation between peel color and maturly of “Monthong”
chtian, The image anaslysis teschnique was used to calculale the color vatues at spine lip. Then the color values
were used 1o make relalion with the 2 types of harvesting index e dry maller and day after bloom. The
discriminant aralyss was wied lo discarimiration the durian into 2 grougs e immalue (the durians are not
suitable for barvesl) and maluse (The dusians are suilable for harvest and ripening dage can be ocurel. The
resulls of thes stisdyeindicate that the caculsted color values from the image have refation with the both index.
The equations for predict the dry matler and day afler bloom have coefficiest of tetermination (R) 0.769 and
0.906 respectively. For diserimimation of tiunas the st shiw Thal the dry matter index gives the comect
classfiscation of B5.1%, while the duy after Bloomn index give the comect classification of 89.4%.

Keywords: Monthong durian, Maturty, Color value, mage processing
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Table 1 Conelation between varisbles,

Variables DM DAB L at b Hue angie
DM 1.000 0913 0547 082 0.752 0649
DAB 0913 1.000 0913 0.068 0438 o748
L* 0847 0913 1.000 0027 0.7% 0.682
a* 082 0.068 0027 1.000 0115 0.288
b 0.752 0.838 0.756 0115 1.000 0624
Hue angle 0.649 0.748 0682 0288 0624 1000
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Table 2 Classfication Resulls fram dry matter.
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Table 4 Lincar regresstion for evalusle dey mattes
and day after bloom.

Patarmeters R R SEP
D 0877 0769 254586
Dag 0952 0904 306749

Classified Group (%)

fiature Malure 1
Imenature 29 17.1 100
Mature 69 Bl 100
Total comectly dawified group (%) £51

Table 3 Classification Resulls from day after bloom.

Qawsified Group (%)
Stage Total
mmature  Mature
Imenature arse 124 100
Mature 88 n2 100
Total comectly classified group (%) B9.4
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