. v
arnteuaianan ﬂﬁxﬂaﬂlﬂﬂ]ﬁ'lﬂﬂ?b’ﬂq

msfineanslulifldlumseauendganaesdnaalaeldnszuiums
Uszaananin
FEASIBILITY STUDY OF GREEN SOYBEAN SORTING USING

IMAGE PROCESSING

Tne

Wgaigna naaduns

WEININIZANS e

*1-“ :

B

oA T
AR
Uiy
u....................“ununt. 4 ’f b ” g
. .b......l ..... " { .?;.‘-’:-3;. Y
mmmmuu.....ﬁ.gézg _ “ q
i’uilﬁa“fﬂ““l.g“.auﬂn —2549 3 sursustaae

= Ja 1 % ar o Qs o
Waanimsiduduniisvsmsinuiaumingasianssumansiindia
= = d
MNIAINTIMDHAS AN IAINTINMAAS
o = L 4 o
ambumalulagwizaounaunmnyisman szl

= =&
UnsAanen 2548



msanmanwiliflalunsdanandunassdnaalasldnszuiums
szuanamw
_FEAS[BILITY STUDY OF GREEN SOYBEAN SORTING USING

IMAGE PROCESSING

o W ¢
HIBNGHD BERIHND

WHAIANWIEANT  Yudey

Beyariinus indhuduniisvesmsinmmundngasininisumansiudia
AUIAINITHAAT A IAINIINAIANS
s = ¥ v as
amiumaluladwszoemndudnammimanszil

Un1sfinw 2548



Wiy tiwusilnsAnmg 2548

ANIFIAING TUAYAT

AmzImnTIumans aoiuma iuladwszeemndnhgaummisaanszs

Goa msfnwnuiiu )y I8 lumsdanndamasainaaTaeldnszuaun sz wanan

Feasibitity Study of Green Soybean Sorting using Image Processing

a1

¢Tw
e

I uenigwa ueradums  sWerszdian 45010241

2uNaawssand  uwdun  sWalss$dn 45010267

i " Hd' =i :
....... T o) nm

(sf.as i Aauysal

.ﬁ;—;—’_ et 2
TIITOV I

H

(WALAT.SUISAT ARATRIA)

oA e
........ ST o0 SRR SLALTHTH EN TN

(A3, 90 1)



=] a ql.; =)
nsansa i lfldlumsdausndivdesdnaalaslinizuiumsyszananann
glywa nasiuns 45010241
g {
AVINIZANT YuiDow 45010267
w  ma o deal (e
sas. A Aauysal emisendTnm
v o a ¢ =]
HPLAT. TUITAN FAATHIA 8191501507
. o et g
A7. 479 Yl a19138n1fany1

Unsdnu 2548

unfage
Ao = < 3 o o A w ¥
Tassouiiifegilszasdmotinuinnutlu ) 1dlumsaawendundodlnas Taeld
¥ o : o = )
nszuaumsUszuananw 1diannldsunsudeldlumsdauenme & uazgdsn Taeld
74 4 o ¥ v o I A &
T15un3y Matlab 183%1 6 TaniSuRINMSLENIAQBBNIINALNEY MLIaiUANIWR18YBI67

) o r=1 =} @r 3 c{ A LY c'td =1 T
massHnaananilFonfousuiunamainnaige. FEnRlvuiaaanuiasgiuazgn

'
[

o 5 Fy o 1~ G L1 | % dl [ =% td'-dd
aapon  nndulsuuudiassm a1 lumsdssuanidvesnavansinaaionausnlania
F 1 r
Tidesnisean uazdugaiefamsdauandaniesnaaftidnyaz e Tasdhinsmaniy
1 9 c\l.t = s C;t: = .
wlsUsuvoayuvedazypumduvevan undesdnan  Hoidasessiimanuulsds
1 Q = = o W 1 ) =] | YRR 4 3 =
vouyugan@lnUng  lumsTnsed ldnmamsvesdunesnaaiug AGS 292 flauud
¥ 1Y =]
#oanisnas ludeims wado
di.‘ d. s Y1 T c;u) ' . d‘i 1 ayl 1 1
D mamfuiinmetedlangenimiald e Planimeter 9.8 % Faludwii luinase
a i
Asfauen laelansyszulananin

2) Aada lavdaiinRdesniseen’ly 8 % uazilniilideanisdeog 21.4 %



FEASIBILITY STUDY OF GREEN SOYBEAN SORTING USING IMAGE PROCESSING

Nattapon Sangjun 45010241
Daoprasuk Numieam 45010267
Assoc.Prof.Dr. Panmanas Sirisomboon  Advisor
Assis.Prof .Dr. Thanarat Chalidabhongse Advisor
Dr. Suwanee Boonmung Advisor

2005

Abstract

The objective of this project was to test the possibility in sorting by size, color, and shape
of green soybeans by image processing. The program for sorting developed using Matlab version 6
was initially conducted for segmentation to separate object from background, finding projected area
and comparing with the standard projected arca of green soybeans to dismiss green soybeans which
have small size. Later, the hue model was used to dismiss green soybeans which had unacceptable
color. Last was to sort the twisted pods by calculating the variance of angles of points on the
boundaries of green soybean pods. The twisted pods had the variance higher than normal pods. The
photographs of the AGS 292 green soybeans were used for evaluation of the program developed.
The result showed that

1) The projected area obtained from the method was higher than that obtained from

planimeter measurement by 9.8%.
2) Errors in sorting were 8% of the acceptable pods in the unacceptable pods and 21.4%

of unacceptable pods remained in acceptable pods.
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P 5 P o a’:j Y =) o as
A15137 4.1 vurarunnwatn Iaald lsunsuaazunaniimesne 39 Ha(5uadduanuuay

a1 918 tdua)

Fandosiine $1u91 uwaniinad
AW #ni i fuftem’) (cm’) ERROR

all bright 1 l 3 8.89 6.75 2.14
2 3 9.26 7.75 1.51
3 2 6.28 4.63 1.66
4 2 6.68 5.13 1.56
5 3 8.77 7.00 1.77
6 2 7.72 6.13 1.60
7 1 4.96 3.63 1.34
g 1* 5.65 388 1.78
9 2 4.18 313 1.06
10 2 3.96 3.75 0.21
11 2 6.96 6.25 0.71
12 2 7.03 4.75 2.28
13 2 7.15 5.50 1.65
14 3 6.48 5.25 1.23

mﬁu 1.46

Standard

deviation 1.65 1.40 0.54

coelor bright 1 3 8.78 8.50 0.28
2 3 10.71 10.63 0.09
3 2 7.80 7.63 0.18
4 3 8.97 9.25 0.28

m?;EJ 0.21

Standard

deviation 1.21 1.27 0.09




713190 4.1 (RD)
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fundosinan f1uu uwauiiiees
AW i an fudiem) (em) ERROR

cook color

bright 1 1 2 6.71 6.86 0.15
2 3 10.14 10.00 0.14
3 2 8.05 7.86 0.19
4 3 9.74 9.43 0.31
5 3 5.94 8.43 0.51
6 3 9.84 10.00 0.16
7 3 7.98 8.57 0.59
8 3 9.37 9.71 0.34
9 2 5.30 5.14 0.16
10 2 8.08 8.00 0.08
11 2 6.26 5.57 0.69
12 2 8.21 9.00 0.79
13 2 7.25 7.57 0.32
14 2 8.18 8.86 0.68
15 3 11.15 11.43 0.28
16 3 9.13 8.71 0.42

Wiy 0.36

Standard

deviation 1.53 1.63 0.23

color&spot

bright 1 3 §8.49 8.33 0.16
2 3 10.25 10.22 0.03
3 2 g.17 8.00 0.17
4 2 7.79 7.89 0.10
5 3 9.03 8.89




415199 4.1 (A1D)
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dandesiinan 11U awauiiinod |
AN And Gl e’ (cm’) ERROR

ﬁlfd;ﬁl 0.12

Standard

deviation 0.96 0.95 0.06

all bright 2 1 3 8.93 743 1.50
2 3 9.27 743 1.84
3 2 6.28 5.57 0.71
4 2 6.73 5.86 0.87
5 3 8.85 7.43 1.42
6 2 1.71 7.29 0.42
7 1* 5.05 5.00 0.05
8 1 5.73 543 0.30
9 2 4.24 3.57 0.67
10 2 4.06 3.57 0.49
11 2 7.18 6.86 0.32
12 2 7.08 6.14 0.94
13 2 7.21 5.57 1.64
14 3 6.53 471 1.82

nay 0.93

Standard

deviation 1.63 1.34 0.61

color dark 1 3 8.72 8.43 0.29
2 3 10.56 10.29 0.27
3 2 7.60 8£.43 0.83
4 3 8.80 8.14 0.66

mf‘%ﬂ 0.51
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A1319R 4.1 (BD)

Fundedinan 19w uwauiliimos
PN ﬂﬂ“ﬁ Liléﬂ ﬁuﬁ(cmz) (cm2) ERROR
Standard
deviation 1.22 0.99 0.27
cook color
bright 2 1 2 7.04 6.00 1.04
2 3 10.55 9.43 1.12
3 2 8.38 6.57 1.81
4 3 10.08 10.00 0.08
5 3 9.35 5.71 0.64
6 3 10.16 9.43 0.73
7 3 5.69 7.71 1.98
& 3 549 8.86 0.63
9 2 5.45 4,71 0.74
10 2 | 8.36 8.57 0.21
11 2 6.42 5.00 1.42
12 2 8.35 7.29 1.06
13 2 7.43 6.00 1.43
14 2 8.47 8.00 0.47
15 3 11.50 10.71 0.79
16 3 8.26 8.57 0.31
méﬂ 0.90
Standard t
deviation 1.59 1.78 0.55
color&spot E
dark 1 3 8.48 8.75 0.27
2 3 10.31 9.75 0.56




A17197 4.1 (AD)
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Fundoalnem f1uu wwaniitinng |
AW Hnii e Fuftem) (cm’) ERROR

3 2 8.27 8.63 0.36
4 2 7.89 8.13 0.24
5 3 9.11 9.50 0.3¢

Lﬂéﬂ 0.36

Standard

deviation 0.93 0.66 0.13

all dark 1 3 9.38 8.29 1.09
2 3 9.53 8.57 1.26
3 2 6.71 5.57 1.14
4 2 7.20 6.29 091
5 3 0.57 8.86 0.71
6 2 8.36 743 0.96
7 1* 5.15 4,57 0.58
8 1* 5.88 5.00 0.88
9 2 4,32 4,14 0.18
10 2 4,12 3.71 0.41
11 2 7.12 7.14 0.02
12 2 7.36 6.71 0.65
13 2 7.42 6.57 0.85
14 3 6.72 6.00 0.72

m?;u 0.74

Standard

deviation 1.81 1.63 0.36

cook color

dark 1 1 2 6.77 6.00 0.77
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Sundadiinga F1uu unwauiliimas
AN #nd A ﬁyuﬁ(cmz) {em’) ERROR
2 3 10.30 5.00 1.30
3 2 8.13 7.25 0.88
4 3 9.75 8.88 0.88
5 3 8.85 8.38 0.48
6 3 9.72 8.25 1.47
7 3 7.5 7.13 0.63
8 3 9.04 8.38 0.66
9 2 5.29 4.88 0.42
10 2 8.13 7.00 1.13
11 2 6.23 6.25 0.02
12 2 8.13 7.75 0.38
13 2 7.04 5.88 1.17
14 2 8.08 7.25 0.83
15 3 10.81 9.63 I.19
16 3 8.69 7.88 0.82
miu 0.81
Standard
deviation 333 1.29 0.38
cook color
dark 2 1 2 6.60 6.43 0.17
2 3 10.04 10.71 0.67
3 2 7.93 7.14 0.79
4 3 9,52 10.29 0.77
5 3 8.68 8.29 0.39
6 3 9.50 9.14 0.36
7 3 7.59 8.00 041
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A15190 4.1 (AD)

fandesinan DRIFY] unauiifimod
NN Fjﬂ‘ﬁ i Lilaﬂ ﬁu ‘?I (sz) (sz) ERROR
8 | 3 5.88 943 0.55
9 2 5.20 5.57 0.37
1 2 7.94 8.29 0.35
11 2 6.13 6.71 0.58
12 2 7.92 9.00 1.08
14 2 7.85 7.71 0.14
15 3 10.64 11.00 0.36
16 3 8.55 8.71 0.16
LQ?I\EJ 0.46
Standard
deviation 1.45 1.55 0.26
Lﬂéﬂﬁ']ll 0.62
Standard deviation 373 0.53

4 A aw . 24 4 g A -
NN 4.1 (a) wieldllsunTuiiniswiRuInRIBIZAUNENT 7, 9 uaz 10 AR

o 1 A o o ot B
1NN Size Threshold Wﬂ?ﬁﬂﬂﬁﬂgﬂﬂﬂ@@ﬂﬁﬁgﬂﬂ 4.1 (b)

o ¢ < s
ﬂ‘l5ﬂ1ﬂ?ﬂdlﬂﬂ‘§!°ﬂuﬂﬂ’]‘§ﬂﬂqju1ﬂ

L $uusandestinaaidavuin Idaudonts
nlosmuansaaruIa = . . P X 100
$1udunaesdnaanivua

= X} 100
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=t
4.2 o (Color)

A s o ] ) ' o w qY A -
dlavimIdauonIeolfuinauds deunldsunsuszsiinmsdauenlasldad Hue maolu
o A 3 g ¥ a oy i c?‘
A1TRALON FaAaz IEHAnITANLUNTTA I5)
L=
4.2.1 AT Hue
LI a5 3 o F=1 Yt 1 = c:) e | | dll
Tumswima Taslduuudaoid Hue o2 148 luuanzAnaavesd wvassdnaaoani o
s 1 -1 = o - A e o d Yoo A & A '
mmmgﬂwmcﬁaiummaaaﬂﬂﬁﬂmmaaﬂuﬂw“lﬂﬂmmawamamam‘ﬂﬂammaxﬂﬂaaﬂm

AIN15190 4.2

-t ' o a o I & s ~ s w ' 9!
AT TN 4.2 AURAHT Hue %@Qﬂ?!ﬂﬁ@ﬁdﬂﬁﬂﬂq 39 f*lﬂ (I389MA LN UUEINT “UWEJUlﬂaJ'J"I)

AN Fanfadnaatng Aundsd Hue
all bright 1 1 0.1917
2 0.1864
3 0.1793
4 0.1763
5 0.1741
6 0.1897
7 0,1864
8 0.1825
9 0.1829
10 0.1675
11 0.1587
12 0.1817
13 0.1846
14 0.1836
Color bright 1 0.1648
2 0.1628
3 0.1936
4 0.1925
cook color bright 1 1* 0.2045
2 0.1875
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= 1
A HN 4.2 (AD)

AN Fundodnaaiin Andsd Hue
3 0.1871
4 0.1963
5 0.2185
6 0.2083
7 0.2201
8 0.2201
9 0.1846
10 0.1753
11 0.1585
12 0.1406
L3 0.1841
14 0.182
15 0.1917
16 0.1957
color&spot bright 1 0.1652
2 0.1631
3 0.1778
4 0.1929
5 0.1921

=1 ] (=Y P 1 r 3 1 ¥ 3 .:?

IAAITIT LN Hue vosmitionnzogiutadad 017 Jull szdunisveaneiiis

W 1 Ed v [ 1 ]
#9771 Color Threshold 1A 0.17 anfudamdesinasinlaiiinumdsd Hue 1021 Color
o ar o P ' . =Y e 1
Threshold NAzNAALENDEAAIIUN 4.2 UATINAIN cook color bright | AT Hue UDITUYI1IZOY
[} z‘ T d‘y =9 g T g}c{ ni'l. U c‘
Tugasdand 0.2 au'lil 3989A1 Color Threshold 1A% 0.2 15949 NN 308N TW LYy LIASLEIN
Wasu U399 1898 Hue Wavn1Ude dpe¥imIsmuanl Color Threshold AlumWIZUa

MWOIPLARL AW
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519 4.2 dandesinaangnAauen lagAunAud Hue (all bright 1)

o d ¢ ar =4
ﬂ]iﬂ1u3mlﬂﬂ§!°ﬂuﬂﬂ1‘§ﬂﬂllﬂﬂﬁ

< & =) a A Al 9/ kY
i]"I'L!'J‘HEl'JLWEI’ENFJHﬁﬂ”ﬂﬂﬂlwﬂﬁhlﬂﬂn}ﬂﬂﬁﬂ"li

o o o =1
e TN IIARLINa = X 100

" ¥
D AR ADINNEAT IV LA

38
= X 100
39

= 974%

4.2.2 9AANA
M =} Qs =3 1 o =3 r s & 22 ) d.'sl a t a
Fundosfinaainailnendamesdigaans  oguuinaaniludefdesdauonoanunu
' 2 by of o 1 2
Tumsvaandniuingaldsuasufansanee wisgalsunsuimTune  die llsunsy
' o o ¢ ' ° . r a o -
H1AF 1R UOUE IR INITHITZOZ91NIAMIAIRIYA Centroid UDILARZHNAINIT1NR 43 1

=) v =1 [ ar =
waladauadosganvzgnlisunsudanenoon Aagiin 4.3
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A1519% 4.3 5502910AA1IAI04IA Centroid YBauanzAnd1LIM 39 Hn (Fesdrdunnuuasan

deTdua)
NN Favdedlnaaiing T2U2INYAA19AIN9YA Centroid
fgﬂffl; 1 1]@17’} 2 i]ﬂ‘ﬁ 3

all bright 1 1 530.82 486.82
2 460.84 376.25
3 409.03 270.59
4 381.34 167.15
5 37398 67.17
6* 42543 [43.51
7 392.54 558.61
8 29598 48425
o* 198.60 403.23
10 122.83 353.68
11 10.94 296.29
12 160.74 290.60
13 250.06 31545
14 380.33 3188.22

Color bright | 0.00
2 0.00
3 0.00
4 0.00

cook color bright | ] 838.30 887.90 824.47
2 743.79 79343 800.01
3 643.51 693.37 700.05
4 565.85 615.73 622.48
5 363.54 411.47 418.23
6 303.51 347,74 354.25
7 258.49 292,19 297.78
8 265.64 283.93 287.88
9 768.18 810.79 816.07
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A15199 4.3 (710)

AN Sundaslnaniing T2UZINYARTAINNYA Centroid
Afi 1 gadi 2 A 3
9 768.18 810.79 816.07
10 666.80 708.93 714.15
11 581.95 622.65 627.67
12 507.75 547.75 552.68
13 273.52 308,77 313.16
14 202.85 232.55 236.33
15 123.52 137.90 140.19
16% 123.30 86.89 82.21
color&spot bright 1 334.45 338.28
2 201.05 207.77
3 56.33 82.66
4 204.18 210.24
5* 350.28 353.89

. | L Y, ,
910A1719R 43 AW all bright 1 Talsunsuaninsanigaa1aiiee 2 gadieiy nazilo

v 5 v

Tylsunsuiiniideszozangam 1@ Degn  Centroid  w03duMADIHNaAAREAnIL Wy
= a = ~ =] 5 1 o 1 w 3 4 o @
widasnaalnd 5 uaglnd 11 fszozdovgarasgaandumasga Astiulisunsudainisda

uunoanAazLl 4.3

° < 4 [ ' o
ﬂ"lﬁﬂﬁ«!’!‘m!‘l_lﬁl‘iLcﬂuﬂﬂ1ﬁﬂﬂil‘ﬂﬂ1Jﬂ"l

o O = | A o [ a 11 & b
$ruut AN AANIAAYAA 1A 1ANINADINTS 00

o ar 1 a —_
wosadnsRalonganiai = P
SO UHADIHNTANIH LA

35
= X 100
39

=  B897%
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U7 4.3 danfeddnaafigndauon lagaaa1ad (all bright 1)

4.3 31]5'1\1 (Shape)

d‘. a oo 3/ 9 1 ar 3 LI

o TlsunsuiinsmAdauduven tazyuusnyavudusouraanzinual 198

. o P . S et i =£ A @ A s &
Variance Threshold “lumiﬂmumwm Variance w"lmmum“lﬁuﬂaﬁ]mmwmmamdﬂﬁﬂuuu

5 N EY

Sy tatormiua1s1ef 4.4 Junsnaaedil 14 MUAAY Variance Threshold 1M171 550 Tu
A =Y Y 0 3/ 1 =9 ) 1
nsfindunanstinaaiiaianualslsveumuuduysuinnnd 550 Tusunsuneziuund

o - a a : =Y = dy = =3 o
Sandesinasimiuiidnsazdadennnanlifisgniaeen

M34H 4.4 MVariance voaguveaduvennuniosinaaunaziniua 39 dn (Sesdwnan

yuaaig el

AN Fundestlnaeiing Variance
all bright 1 1 488.00
2 401.00
3 546.00
4 479.00
5* 829.00
6 516.00
7* 562.00




A13140 4.4 (AD)
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fuvnostlnaailnd

A Variance

g* 572.00

g* 703.00

10* 827.00

1 449.00

12% 436.00

13* 524.00

14 585.00

color bright | 368.00
2 340.00

3* 560.00

4 381.00

cook color bright 1 ] 52%.00
2 363.00

3 375.00

4 370.00

5 416.00

6 315.00

7 426.00

8 361.00

g* 699.00

10 471.00

11* 577.00

12 344.00

13 483.00

14 474.00

15 308.00

16 452.00

cotor&spot bright 1 337.00
2 366.00




A1519% 4.4 (AD)

NN Fundesinaailng Variance
3 296.00
4 494.00
5 324.00

= [~] 3 . Haq  cbey
210913197 4.4 @ un e all bright 1 HaRTiAnnuulssvvsumasaduve
" aal A e & ey PO
WINAIIA Variance Threshold DHNR 5, 7, 8, 9, 10 uag Hak 14 Fadenianbazmsdaded 39

'
=t g )

d'!. [ 9 dy [=1 ar w =
o TlsunsudhinisilszusarandWniilldnvas Tadimnisgniauonoonaagili 4.4

U7 4.4 famdssfinaaiignauen Tnos1 Variance Y8031 74 01 (all bright 1)

o < =) Qv A 3 o v @ - @
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1 o =1 ar 3 = ' aq o
I8 nazgasednnegad iawsadauonld 9inglil 4.4 Fesvnuuasas ieldvn HAnd
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Py (= s oo = dy 1 1 ar
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53

~

o < < Qr LY =
msfinasledisudmsaadnizlsiinlnfeen

Tnudunassdnaandaglse ldmudoanis

¢ [ 1 —
nesmurnssawnglsn = T P X100
U IR TANIUA
29
= X 100
39
= 744%
o < ¢ o =y o ¥
msmnaesuamsindnilanudoms
o a @ g A v o M =3 o o 3 5
Wasudmsfadni lda T1uudundenaniiie ldnudnans <10
= 0
e o < o &
ABINTS i urnissdnaanivug
35
- X 100
39
= 89.7%
o < 4 o M o gy
msinalesuansaaialaanfalnineaniseenld
wlasisuamsdnia lagidailn fmudandeddnaaidainiidosmseenl
o v y = PR . X 100
navImsean il TIUIUDUHADINYNARDD NN IN LA
2
= X 100
25
= 8%
msfmiutanesudmsiadalineidnilideimstisey
o 4 @ o o & ' o & 2 | e 19/ o 1
nlasimudmsdaia lnghind i Sruaudamaednaaiidnn ludosmsdeey
y o = ) ) X 100
FIDIMIBIng $mnudunasananihinisdaud ey sal
3
= X 100
14

= 214%



4
NN 5

oy <

unargiluazInser

unergi
A ) I~ Qi o o
21057 Wmhnsanea w118 lunsdauensunaesilinaalasisnszyIunis

Usznaanantw uag IdHihmadsuuasWan Tsnsuildlunsdaien v 51519 uasFues

]
Qs Qs

- & = yjcj o w ar M a a ¥ 3
fandosdnaatiy man ldudedife lunsdausnauinsuvassiinga esonauen e lngid

z.? P =] w o W ay = =] VoA ° v as
wnavesiunmwmntludaieua dilnlaiviadandiida ldsunsutmunBszgadagen

¥ o 1

W 1 .
PImwsiud Jupiseauend Talsunsumunsofauen léviadi lidoansuazdniivaa 198108

q

&

wuitn waggamislusasvesgieludaduedln Tlsunsuaunsadausnilnifinnufalndld

nAnwARER INhhinsneaasawu T msfauaua 31919 wasFvesdunbedlnas

TaolFaszinunmsdszuaanantn Samuiull 18 lunssausnanuisUna s ludsinisyna

#
Vo =

A ' o o o I
MAnIHnaa eanNEURd 0T Lo laeaauen las9il

1. finunnadaldn1ganifida’ld oy Planimeter 9.8% uazdmon 1dgndng 96.8 %

ar

2. AATONADI 97.4 %

I3

3. fingaa1adIgndod 89.7 %

o

4. fiagilsragnded 74.4 %
Taosudadnil dandents 89.7% danalashidainfidasmsonnld 8% uasfadnily

Avanisdang 21.4 %

= <
DT

]
= g

= ar 1 .;’,.’ 1 =1 a 1
PNMIALAWAIDtINN I nRaawaz 1FF YN wuimafusieganwm laems
t =§ = t 1 4 3 [ dl. a t
Dwldatinnunainumelunmsaiey Feaes AUeInInuaa YURMINTEID NIZUIUNT
f 3 = T = T a 3 A g @ e = A J &)
GIumsmugﬂuuuwamgﬂmmﬂuamwm Aatufa e lamantlszdnsmwmniu  al59zdl
] A 9 o A A o
wasgulunismegfzldlumanaass uazeraldmwmandanmamsinuasiu 9 Hapans
MMIAALEALINABDS LAaaIna1 luMSAUTY IaT U T Sat9in s naa et US S
@ o =y ] e
HoaRug AGS 292 (Rosaenafen
Tugvedhlsunsy  Sesmsdevuelianudanaianinnasmuidimuald  mns

Fil 1 r
= 1 Ao w oW = & a o
sUnmuziivinalvg@unnmsidsadynasuniunouivhng  Segmentation 348avirlvma

1
o

anldRanmalilihe  JosriaveslsunsulFldfugUnmiitdmuesTaguonnindnvos

fal)

H

€

1

ar 1] Qt et 3} %] [ Q ] ci ] =Y
UM OB TR ﬁwgﬂ‘lﬂmmscmmmﬂmjanﬂqﬂzﬂﬂﬁwaﬂﬂuﬂmmﬂwmﬂqq

=



10.

11.

12.

13.

Y A
1DNAIBDY

MINTLASULAZIAMTFUAUAYAT NTNA AT UAISINHAT, 2548, D uHA0IHn .
[Online]. Available : http://www.ifrpd.ku.ac.th/news/newspaper/act47/ncw10.htm].

@ =m L4 ~ o o = 4 = 1 o o Ly
“lJ’l‘I-JﬂJ“Llﬂ' ATAHUYTU  WHHIW WIIRANPNE LD T3 ﬁﬂJIW‘ﬁﬂﬂ‘ﬂ. THUANTINBNN

1
~

vosdanAosiinas, ﬂﬁﬂ‘iﬁg’nﬂgﬂﬁ 5 Usediil 2547 Juh 26-27 wwin 2547 MAdT
FrnssunEas AssImn Tumas aaniuma luladnszveunduinammismenseds,
Poonpal Poonnoy and Ampawon Tansakul. (6 90171 2547). Mango Sorter by Machine
Vission System ,215313398Wmin0 wo5. T7 28 21107 1 unsiau-iuny 2547 i 44-
58.

Gonzalez ,R.C. and Woods. R.E 1992, Digital Image Processing .Addison-Wesley.
LTCITRE) Bundy. 2548, “ms3nsendanuarmanIon e wzitelasidnaufianod
S IneriwuivangasTaaumitiada  awidvma luladamsaumn  Tuda
Tnerdv, aaniumaluladnszomnduninunmsaanszy, (R1Tusa).

3.0 fmnd uwand, 2548, was warAdunsuoaiuvesuysd. [Ontine]. Available -
hetp://www.rtafa.ac.th/cs/course/cs46 1/Document/color.doc

Tundin Junuzleu. 2545, “n3dazuiananInAae C++ Builder” @15 NECTEC.
pifufou unIIAL - NUATRLT 2545,

Junsisn  Aunuzlofu. 2545, “Maiseudianan wdae C++ Builder” @13 NECTEC.
DUVRDU WOBAINY — TQUI81 2545,

Department of Computer Science, The university of western Australia. 2005, Colour Image
Processing. [Online]. Available :

http://homepage.inf.ed.ac.uk/tbf/CVonline/LOCAL COPIES/OWENS/LECT14/lecturc2.
html,

Rafael C. GonZalez Richard E. Woods ,Steven 1. Eddins ,R.E 2004. Digital Image
Processing Using Matlab. Pearson Education.

STRbEaY] ‘D’ﬁmw&ﬁ, 1BNA1INI80H Image Processing Segmentation II, Amgmalulad
misaund, anthuna lu labnszeeunaudmamnmisaranszly,

Sa3d  Fundnuan, ﬂﬁ’naﬁﬁsﬁamﬁmnzﬁé’f@gaﬁ'ﬂﬂ. NTUNW 1 UWIAE
MUATAARAST. 2541,

Tames T.Macclave [Frank H. Dietrich,)] and Terry Sincich. Statisties. Seventh edition

Macclave. Dietrich.Sincich



70

LY o = w d  a o <
14. wiia dasfail 255ed Anseusna. 2543, Ailemsly Matab afuauysal. Ajaunw

auTvhwsa,



NARUIN

1 duapd11sinTy bean sorting

1 #7199 151N 51 bound edge

-«



56

MAHUIN N

gIuvpalisunsundn bean_sorting

f = imread('C:\Documents and Settings\Administrator:Desktop\dao\project'4 Aug 2004\all bright
1.jpg);

f= im2double(f);

fr=1{, 1)

fg =10, 2);

b =1, :, 3);

%if(r=g=b'!=0)

num = 0.5%((fr - fg) + (fr - tb));

den = sqrt({fr-fg)."2 + (fr-fb). *{(fg-tb));

theta = acos(num./(den + eps}).

H = theta;

H(fb > fg) = 2*pi-H(fb >fg);

H = H/(2*pi),

den{den == 0) = eps;

%simhist(H);

%% %% %% % compute mean and sd of Hue %%%%%% % %%
%mt = mean(H);

%m = mean{mt);

%%st = std(H);

%%s = mean(st);

%% %% %% % segmentaion %% % %% %% %%
mean_bean = 0.2226;

sd_bean = 0.0215;

k=5,

[M,N] = size(H);

for r=1M

for c=1:N
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if abs(H(r,c) - mean bean) <= (k*sd_bean)

%if abs(H(r,c} - 0.2226) <= (0.107)

T(r,c) = 255;
else
T(re)=0:
end
end

end

%%%%%%%% Postprocessing %%%% % %% %%
se = strel{'disk’, 5);
%% Tec = imclose(T, se);

Tco = imopen(T, se);

%4%6%%%%% Region Labeling of Steel Grains %%%%%%
[L,Nu] = bwlabel(Tco,8);
2% %% %% % % %% Count Pixel% %% % %% %% %% %% %% % %%
blockarea = 1296 %%%%% xxxx pixel : I sqem
%oprojectarea = (;
projectarea(Nu) = 0;
count(Nu) = 0;
projectarea = 0;
for 1= 1:Nu
count{i) = bwarca(L==1)
projectarea(i) = count(i)/blockarea;
if (projectarea(i) < 5.1) %%% (size filtering with Th=5.1 sqem)
9%%% clear pixel in L from valueito O
forr=1:M
forc=1:N
if (Lir,cy==1)
Lir.c)=1;

end
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end
end
end
end
segment = f;
forr=1M
forc=L1:N
if (Lr,c) =—0)
segment(r, c, 1} = 0;
segment(r, ¢, 2) =0;
segment(r, ¢, 3) =0,
cnd
end
end
imshow(segment);
projectarea;
%%% display component
map=[100;010;001;,0800:00.8 0:0008;0600;0060;000.6:0400;00.40,0004;
0200;,0020,0002;,00070;
labelimage = label2rgb(L,map);
%imshow(labelimage);
24%%%%%% Labeling for color %%%% %%
segment 2 = Tcao;
forr=1M
forc=1:N
if (segment(r,c) == 0)
segment_2(r,c) = 0;
else
segment 2(rc) =1;
end
end

end
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[L.2,Nu2] = bwlabel(segment_2,8);
%%% %% %% %% %% % %% % Y% %0 M %eolor% %% % %6 % %% 0% % %
counthue = 0;
for 1=1:;Nu2
counthue(i} = bwarea(L.2==i)
end
hue(Nu2) = 0;
for nbean = 1:Nu2
hue(nbean) = 0;
end
W% %accumulate sum of hue%%%
forr=1:M
for ¢ = I:N
if (L2(r,c) ~=0)
hue(L2(r,c}} = hue(L2(r,c)) + Hir.e); % accumulate hue valuc
end
end
end
%% %compute hue for each bean%a%%
for nbean = 1:Nu2
avghue(nbean) = hue(nbean)/counthue(nbean);
if ( avghue(nbean) < 0,17 }%%% (hue filtering with Th=0.17 )
%%% clear pixel in L from valucito 0
forr=1M
forc=1:N
if (L2(r,c) == nbean)
L2(rc)=0;
end
end
end
end

end
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% show filtering with color
collg = segment;
forr=1:M
forc=1:N
if(L2(r,c) == 0)
collmg(r, c, 1} =0;
collmg(r, ¢, 2) =0,
collmeg(r, ¢, 3) =0,
end
end
end
imshow{colimg);
%6956 %% %% %% %% % %4 %% Centroid point® % %% %% %%% %
segment_22 = segment 2;
forr=1:M
forc=1I:N
if (collmg(r,c) == 0}
segment 22(tc) =0,
clse
segment 22(rc) = 1;
end
end
end
[L22 Nu22] = bwlabel(segment 22,8);
countcent = 0;
for i=1:Nu22
countcent(i) = bwarea(L22=={)
end
row(Nu22) = 0;
col(Nu22) = 0;
Y%initialize row, col, and hue to be 0 (clear)

for nbean = 1:Nu22
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row(nbean) = 0;
col(nbean) = 0;
end
%accumulate sum of row, col%%%
forr=1:M
forc=1:N
if (L22{r.c) ~=0)
row(L22(r,c)) = row(L22(r,c)) + r; % accumulate row
col(L.22(r,c)) = col(L22(r,c)) + ¢, % accumulate col
end
end
end
% compute centroid and average for each bean
%centlmg = f;
for nbean = 1:Nu22
crow(nbean) = row{nbean)/countcent{nbean);
ccol{nbean) = col(nbean)/countcent{nbean);
%%% label the centroid with red color
%fora=-2:2
Y%forb =-2:2
%centimg(uint1 6{crow(nbean)+a)uintl é{ccol(nbean)+b),1} = 1;
Y%centimg(uint] 6{crow(nbean)+a),uint1é(ccol(nbean)+b),2) = 0;

YscentImg(uintl 6(crow(nbean)+a).uintl 6(ccol(nbean}+b),3) = 0;

%end

%end
end
%imshow{centImg);

%% %% % %% % % %% %% % %% % % % % Dark point%%0 %% %% % %% %
segment 3 = segment 22

[L3,Nu3] = bwlabel(segment_3.8):

F = imfill{segment_3,'hole’);

Diff = F-segment 3;
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%400%% % %% % %% Y% %% %4 %6 % % % % Distance %% %% % %% %% % %% %% %
[Di,No] = bwlabel(Diff,8);
if (No ~= Q)
coutDrk(i) = 0;
for i=1:No
coutDrk(i) = bwarea(Di==1);
end
rowDrk{No) = 0;
colDrk(No) = 0
%initialize row, col to be 0 {clear)
for nbeanDrk = 1:No
rowDrk{nbeanDrk) = 0;
colDrk{nbeanDrk) = O;
end
%saccumulate sum of row, col of darkbean
forr=1:M
forc= 1N
if (Di(r,c) ~= Q)
rowDrk(Di(r,c}) = rowDrk(Di(r,c)) + r; % accumulate row
colDrk(Di{r.¢)) = colDrk({Di(r,c}) = ¢; % accumulatc col
end
end
end
% compute centroid of each dark
for nbeanDrk = 1:No
crowDrk(nbeanDrk) = rowDrk(nbeanDrk )/ coutDrk{nbeanDrk};
ceolDrk(nbeanDrk) = colDrk{nbeanDrk)/coutDrk(nbeanDrk);
end
%distance dark to centroid each bean
distzeros{Nu3,No) = zeros;
mindist{No) = zeros;

for nbeanDrk = 1:No
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for nbean = 1:Nu3
dist{nbeanDrk,nbean) = sqrt((crowDrk{nbcanDrk)-crow(nbean))*2 + {(ccolDrk{nbeanDrk)-
ccol(nbean))*2)
end
mindist(nbeanDrk) = min(dist(nbeanDrk,:))
for nbean = 1:Nu3
if {mindist(nbeanDrk) == dist{nbcanDrk,nbean))
forr=1:M
forc=1:N
if (LL3(r,c) == nbean)
L3(re)=0;
end
end
end
end
end
end
darklmg = collmg;
forr=1:M
forc=1:N
if (L3(r,c) == 0)
darkImg(r, ¢, 1) =0;
darkImg(r, ¢, 2} =0;
darkImg(r, ¢, 3} = 0;
end
end
end
imshow(darkImg);
%%%% %% % Region Labeling of Steel Grains for Contour Following %%%%%%
segment 4 = segment 3;
forr=1:M

forc=1:N
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if (darkImg(r,c) == 0)
segment_4(r,c) =0;
else
segment 4(r,c) = 1;
end
end
end
adgelmg = darkimg;
else
segment_4 = segment_3;
adgelmg = collmg;

end

[L4,Nu4] = bwlabel(segment 4,8);

%0%%%% % %% %% % %% % %% % Contour Following%%%%%%% %% % %% %% % %% %

bx(M*N) = 0;

by(M*N) =0,

startx = (;

aa=1;

a=1;

eg —adgelmg;

x=0;

y=0;

while x <=M
x=x+1;
whiley <N

y=y+h

if (L4(x,y) == a)
[eg, angle,bx,by.da,db,dc,] = bound_cdge_v(ax,y,L4,eg);
if (var(angle) > 550)%%%(var filtering with Th=550 }
%% % clear pixel in 14 from value ato 0

forr=1M
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fore=1I:N
if (L4(r.c) == a)
L4(r,c)=0;
end
end
end

end

y=0;
break;
end
end
y=0;
if (a==(Nu4+1))
break;

end

end
imshow{eg, 'notruesize")
% show filtering with abnormal shape
complmg = adgelmg;
forr=1:M
forc=1:N
if (L4(r,c) == 0)
complmg(r, ¢, 1) =0;
complmg(r, ¢, 2) =0;
complmg(r, ¢, 3} = 0;
end
end
end

figure,imshow(complmg);
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function [EDGE, bAngle,bx,by.a,b,c] = bound_edge_v{a,x,y,L4,adgelmg)
i=1;
startx = x;

starty = y;

bx(i} = x:

by(i) =y;

lastx = x;

lasty = y;

X = sfartx;

y = starty - 1;

while x~= startx | y ~= starty |i<10

if (LA(x,y) == 0)

%%%if blackgound turn right%%%
if (lastx == x & lasty == y+1)
x=x+1;
lasty = y;
elseif {lastx == x-1 & lasty ==y}
y=y*l,
lastx = x;
elseif (lastx == x & lasty == y-1)
X =x-1;
lasty = y;
elseif (lastx == x+1 & lasty == y)

y=y1



lastx = x;
end
elseif (L4(x,y) =a)
%%%i1f bean turn left%%%
bx(i) =x;
by(i) =y;
1=1i+1;
if (lastx ==x & lasty == y-1)
X =x+1;
lasty = y;
elseif (lastx = x-1 & lasty == y)
y =yl
lastx = x;
elseif (lastx == x+1 & lasty == y)
y=y*h
lastx = x;
elseif (lastx == x & lasty == y+1}
x=x-1;
lasty = y;
end
end

end

img = adgelmg;

forj=1:-1
img(bx(j), by(j), 1) =1;
img(bx(j), by()), 2) = 0;
img(bx(j), by(3), 3) =0;

end

EDGE = img;

67
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%% %%angle of bean%6%%%%%% %% %% %% % %% %% %%
bAngle(i-1) =0;
rage = 23;
%% %case 1 %%%
for k = rage+1:i-1-rage
a(k) = sgrt( (bx(k+trage) - bx(k)¥*2 + (by(k+rage) - by(k)}*2 J;
b(k) = sqrt( {bx(k-rage) - bx(k)}*2 + {by(k-rage) - by(k)}*2 J;
cfk) = sgrt( (bx(k+rage) - bx(k-rage))*2 + (by(k+rage) - by(k-rage)}*2 );
bAngte(k) = ( acos{ (alk)}*2 + b(k)*2 - c(k)"2)}/(2*a(k)*b(k)} } )*180/pi;

end

%%% case 2 %%%%
for k = 1:rage
a(k) = sqrt( (bx(k+rage) - bx(k))"2 + (by(k+rage) - by(k))"2 );
bk) = sqrt( (bx(i+k-rage-1) - bx(k}}*2 + (by(itk-rage-1) - by(k))"2 );
c(k) = sqrt( (bx(k+rage) - bx(i+k-rage-1))"2 + (by(k—rage) - by(i+k-rage-1))"2 );
bAngle(k) = ( acos( (a(k}*2 + b(k)*2 - c(k)*2)/(2*a(k)*b(k}) } )*180/pi;

end

%% %case 3%%%% %%
for k = i-rage:i-1
a(k) = sqrt( (bx(k-i~1+rage) - bx{k))*2 + (by(k-i+1+rage) - by(k))*2 );
b(k) = sqrt( (bx(k-rage) - bx(k)}*2 + (by(k-rage) - by(k})"2 );
c(k} = sqrt( {bx(k-i+1+rage) - bx(k-rage))*2 + (by(k-i+I+ragc) - by(k-rage))*2 );
bAngle(k} = ( acos( (a(k)*2 + b(k)*2 - e(k)*2)/(2*alk)*b(k)) } )*180/pi;

end
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