\\"/\\'}ﬁl@/ yaJL«f»/ 24 JLA/NGLZAJ‘_;)'J}LSO#J(}\F

b LS50 ) Goled 5 5 S5l ol Sl dle (ol e S 23

Ao

\r.).la‘_;,w' 28 o>

s S~

S iyl (K slaCaa s (5 05 4 S Gl a g ) g3 bl by (sl ST eslinad S shite 4
Gtle 2 by s S g 1 03liseal b g ity 35 oz S 5 s g9 0Kes S S el SIS K 4 gme L), ol
J—;/J.é j’&z.‘f‘j”""u/:‘[jui—'ﬁj L;L‘”ujj:’.ﬂ L gﬁ’é‘:"‘”" JW ﬂ(:_J_y/‘;j/uU/A/J DL jé.f 340 J/“"é'/J L;[AMUJ:; P eed LA dj/“b/‘//'
I plws! (il o i 5 0l g (5S40 (O p gl ook ol o 5 ST fold Lataliy o) A a2y« sl
‘.’-}l—-’jj/‘;//'—j By djj 4;...«[9;4_; JJ&";/J 4‘;_3;@[“;4//9 4J}b 4;.«(&'#},@"&@ 4;....‘4[’:4 4#},@"Jjjéfb.?/uﬁjw Aoy
AS dﬁﬂj/“u/gf:‘“’.fd)/jj/ff‘uj.f)}" é’ Al L;LM(J/.’ v‘gz‘-‘»‘j"[‘f/‘d;‘jw

ot s iS5 252 s 93 b0 48,8 gloe AT ey (5l fire M S My ILE okl s 4 gl (gl 4y o
S poS lid G pmits ()5l ] (g o 03 o (S5 b gl ol 5 0330 et Sy il 2 b (550 1A
I oty ST 5 ) S O gl

i (S liS SY parme 635 lad (K F gla S edle b 16 AIST SWae3 1y

G).\Jd.l s J..v’l_wj )l a:u.'.‘_w\l_!d.ﬂ.hj}; ;\JA )l ngl.:w_v PR
Lr'..h.b;_ltajjcoéﬁj_:sc‘_“e)LAo&waw\k{)ls.vU};dA 4—’)‘—;—’)~'\—’C. | :.)5:})}"1).‘6)%)50\ /;:. ﬁ}é
G5 St tossdoe s 5 (Kot w2 ol S sliweS Ks 5 o0 Jsb mbi e oo las
J_*SV":": ");JLNS L’ \J:?-\ w‘ ‘)lJS J:JU L‘hc‘)‘.bl M“)J )} \) LQV*QS“ -~ M}? A.)'L\ QL\AL\.&)[S cfpb- dl?- )} Ju)\} )Ju

Ol S b gl o8l (g5,5lES lapmile Jlskal )



\YAY J‘.ﬁlg/cyajw/rmdb/‘mb@w‘géjj‘;wéﬂjrﬁ

SO OB e ss i 5 ed i Jsans Ol O
5l 20 e 0 LS sl (gsks ol 5l eslinal
Sl Sl 5 5l e b 0L hasn S
Ll Sotags SIS s eslinad (g5l opl 5l g b
Sz a Sl S Lol 5l s sliilad 8 Sledb
N2 S 2sm Slatel 1 5 L e OISl
2o ol 5Ol 5 4l (AT 5 5528 53 g
28 Gk Olg e wie cpl o3 1 OB sy 5L 68
2 s b (S0 gl (S5 (6 S3 Gilasl
By ki de 5 Sl il
Sl Ly il i e S 03,5 e )
Olse a0 OF 3105 B 0lal Sk L3 5 g ol Bl
358 eslial (63538 e el s SIS
Sl s Slest s 5li s e Glaslile S nas Y
S ol @l 5 (SKals S ke 4l
ST
S olemd s Sl o b Sl e LS L1 Y
iy Sladils (S5 sla S

b g, 900
L 5 ol YT ety olSais G b ol plnsl (gl onlin
L1 s slaeks 015 e 0T L oS 5 5 Zoltrix Genic TV
sSlal LBMP s 3 L 1y ol sla s gad 5 AVI s b
4—:@_’;‘_’)_.:’))) .Jjjej:_>.-5 4.".11‘) wb-).\,‘_}m&ﬁ\\“'x\’"\\“
ggf)_wl.oli gﬁ'ﬁ‘)‘iﬁﬁfﬁjjb°l'<:‘”>&w;ﬁ.ld\ﬂ°u
&35, 4 S & = b 5l aS 55 NV-RXIIEN Jus
b s e Scnln g pboes sk o

OexYexYr slal 4y s 55 Glamr 55 4 A sl

53 ows ol Sl eslil OLSGl 5 (glasibly gosts 5 0 ske
J50S 5 sl eshy )3 (S b SlaieS (5 S el
OB 5 OS5 5l (ol 4 55 (DI 5 kS
ol o5 S 655k ol ) mi am s eslinal 4 O slans

S 05581 L (Machine vision) 3l ol e
b e Sl SG L (CCD Camera) Jluas ()92
o=l L ..x_ﬂda 34> 5 a b, 4 (Multispectral scanner)
5,8 yd Ay 4 s 5e ol slial s (s
g Jadd (S S a g Ve (e S e
Sy 4y bl alidl 5o 0l Dl Sl g ey oD
S i ez Jlnzas pislal 238 o0 ptd ppal S
el (S ol 5l Solamd 550 53 48 At Slsl
il glaael pawy 4 pslar ol assls Sledl
oS bl Lyl 5 el o 5 4 5 305 el
(A 5)) Ll e s o Ll 51 S 5

53 il gl ool Joily (65,5l mbs o
S 5 (oS e 5 S A (kS S sl
23 ol Sla s 503 S Iy SlslE Coenl OV o
L (V) 5w 5 Oy () rl_?u‘l I 3wy oyl
ool | el s Ol 555 sladiy eile ol 5l eslizud
Shdilidn 1 S T 4 03 T (glaates Al b dis S
5 S geme Gadiy o34 (ialesT 3 ge dxe 413 VA
3 S E LA s wlolid ol 555 glaany olas
il S el L (0) LS 5 (5 28 5 (£) 2Ll ]
S a5 I 1wy sladils calise s Sl el
s ysl s & A3 Ar Sl e B3 355s 58 3 5 ks S
j"@_pv_sa@\;ub; oaded Gl (V) uslsl 5 ols
ot 3 e 05 S5 i 25 (81 (O 5 01538
L oeile ol AN O 5 Ssilay, s S eslanal il
39>~ @B:ASgM)lSyﬁ;il:;'mduajf el s
el s G Ao s A

DL ,)j—"h LS.)))L‘:'S 6‘.&‘);.‘5)}._! DL W.::LA L;:.L«.:.s )\ oﬁu.’;.u\



fy S b 5L gL 5l (soled e 5 (550510 ol 5 eble (i e S 215

(el T 0553 Sl 51 iy SelS 5l iy g
e YOO 5 i k] U SO Ol L Ll e S
S s o S sl S 1 Ll 5 i SalS |
Al o s @ s 5 ol gos

O g slas il a3l eslind b a8 0T 51 e
L sl S 0550 glaails (il Jid Lo 5 ol las
Gosb am L,S 13 Al s oSy 4o ez S50 4
S s by e 2l 413 o KA s o S
S 00 ] ds sazs 4 S o 353 e 035 6 led
ol Sleslanal Lyl asile ojled g plots s
58Sl Ll 5l pleaasiin uils sl e )
TS e asles LT 6l L
Al S gl 0503 (eSl) S sl Sl Sled tpelans
L adls mgead &S ot dsb (55 sla JoSy slai 15k
Sl
als gl &S hlates (500 655 Sl Sy Sled 50
SRS
asees 5 adls o sl §ye a5 pla oSy Dled 105l
e e oSS
S eslial L als o s gas 0O 55 0 Slaies 10,5 55 50

W dles 5 alaly 53

n n
zi:1xiai iz Vi [¥]

ST T

SN S 0 28 Yo OOLE S 0 dsb e Lalys o
‘ﬂj@iwmwmﬁowy,jxljwabi
&ﬁ)z.w\ub&bﬁdﬁmﬁjA) %ﬁckwai
oS o a5 WLl Lz s (glalas (s aats oy poss
)é.bjdi@gw(' j')QLMQ&‘MAScCMA\
Sodsb 4 I L e S S 4 Sy s Ol
wl}ud\ﬂd)w;fg;wu)lw\ouf)ﬁv\?—\)
Sl o 5 S o il 5 gl Jlas 5 el Sl J b

3 g o oslanul 655 wled dlous

o=l S s g edd s OF (VL 53 wsss 45 e Sl
DS 0555 8 e Sl amio SO 5 53
S o et s o 5 5b 53 i 21IS
o s (ol SLES 5 (555l B) arey sladils O G b
0l edaliin oy ad (pysn 3l eslannl L d i e anildS
Al B 90 5 e Aol (el amio (g5 nslal
wlw 050 5 Gd) sl s 4 pslal 8 amr Bl L
e sd s an pslal pl s baals s e ailly sl
A AS U e alsd ddw Sy @ 4 s (Dark blobs) ol
e S s b s g SIS S5l 038 T LB Sl
sl ol ealy OLES Y wa: 53

OL3 Sl eslinal by sbad (5515 5 6l 5 5,5 50 slaasl
o Sadys e 53 oS B O s e 5 40l
o=l L s s LS o )8 Ol eds b gla gie alon s
s o 5l 3 s 5l e L;ua\sﬂ,lsm‘w
Lales (bl amio S5 (S, 50k s a b T
ol 1y s a8 3 e aioms WP 0 o IS 0
(R) 503 13 d Coyso 00 Sy o gad ,a .S (Freeze)
6l M) 355 e 0 3 WL aasl 53 (B) T 5 (G) o
el o 3Y (S sl St gl S5 odel s
Hgd fokd A 5 ol o 5 (S slal 4 S
el Sl g S sl 4 (S5 slas fias sl
(V) L esladd
GL =0.299G +0.587R +0.114B A
el (g Sl slie gl 1y GL kel oyl 3
Y00 5 b o $3h—e S 2B 3R G o jls , sliael
Y00 5 o o 3de G 5 GL s 2o 8 6l 5
Sl 5 2o Sds ol LS (glakais Sl .Jujdo Cd 4
ol G 45 (63de 3 e shite YOO 0ot SLalS (glalas
OF 035 (5 S a3 odiins 0L 3,8 o )l 3 Jlide 5o
Sleaz o L awn) 5 badlls (g S bl jo ool das

o=l o3 aS L ol Sy i e enls Jiles (g S Calises



\YAY }_.glg/cyajw/rmdh/‘mb@w‘géjj‘;wéﬂjrﬁ

=

LK)

(-\) asls ﬁ_yﬂi K] 4(0) JtiL“" W ‘.(i) d‘?.‘) ‘(Y') ‘;,3)‘9.: ;(Y) st A ‘.(\) asls J»L:. J:&ln @L«*a ‘.J..*;.u erC}b \ JS.:!

o P00 8 g s 4z o &S sl ols el
s L asite iy 45500 G slaals 035 4 O
5o sl slad o alaly Sheslanal b dadls jla 5 S 055
50 035 e 05 o
100x Wy =N x Wyqq [¢]
540y S 055 Wy s 5ol 53 asils JLe Ny adasly ol s
el s &1y Ao 055 Wigo

S5 050 plorl Sl o aralms (layss slaesll &S
e JoSs e (0B Sy S5 A S
S et e Lol 4 o L3550
2 ot Sl S el sl O3 ¢ 3 il e
Shesleul L1 ol Sl el Jb s das S8 s 5
Sobn Ly e Do 5 et S e 2 e0ls 5 50
e Je ol L s 15 el (6 Sl i b
Fades o3l eled da 4 OF Sl 5 0l el s

A3 S al Ol

(e 3 Ses b5
(ol S e s Shas (S8 00 2 6
b8 s g ) e S ol sl oo
o3l b ok e el mlis (580311 (gllax oS
Omod pd Ll andg Vv o S 8 aS ety dils o5

(CV) Q\MHFMEkJ“LbﬁeMoJ\bleS

hsh sl a O S e 51O S e 5l el ST
B 5 ph e oy s e 65, BB &S 4 50
OB S5 5l plad Sl Ol g a4 Ao 1) sk o 2l oS
258 5 2 g (Rinax)
(Ruin) 08 35 0 51 plad Bl 20, 0 5l plad Bl
S0 et Al wspes ol Ik Sl el sle
dae (55 Glaats B 0,8
Jsb omes L (R) (925 wles l3dle 5l 55163 8 aoles
123 5 oo dlons Sl plad Job ol plad

R

R = min v
R (Y]

max

So ol S o o 30 5l S 635 1l
b S5 oSyl 3,5 4l Glls 3,8 SIS s
Aok o po bl 63,5 wled ghyls

Slesleul Ut gead O3 adais 55 o a Lol (5, Sl
Iy s Oy adads g3 adools Ol 45 0 (Mouse) o)l 5 50
S5 Jsl alas (655 b s SISl (gl 8 (5,85
500eiS 053 4Bl B e 5 (s 4 5 03,28 15 0505 0 5
o b JeSy ) dad 5o o Aol Bl S s STy ) ol
s oo sl 3 8 Sl s elide dl

5 S SeDl ) dils el el o SlBle 51055 dnslone
L =35 035 5l G et Sl adaly S Sl eslinal
S o s s gl

3 rj_fu)>u\>)w:¢ﬁwﬁa\>)wmg



dy S b 5Lyl 5l (5oled e 5 (550510 ol 5 eble (gl e S 215!

i o055 A3 S and ool s @ bl 51 a3l L
L oSl 53 amglio O3l Go b 51 sl 38le 5 slatiss b
sdosl s 4 o alaly 5l eslizal Ol ey 5 gl
oS Ao 2 4l sled 5 055 e 3 (Sl als 61 0)
§oeore) il wtyjly R SN AIs Y 055 Gos glaan s
33 3l eslil L gl o S o s 4l Sled 5 (&l VY
Adle f SaS a5 el 53 (pl e 5 e Jlim
s S (tetest) o 5 o ol i S el

o g s
S €l YO S5 (Shy i 5 Seslhl b Sl
oo My an s edile ol Slesli il b gl 4l
R P P S G PR RSP IS PRE ST
ol B 53 Ak 4 sdel s 4 slao3Il 43 e
O g3l S am ol aubone (S5 sl LIS 5 o
Sl 5 s aslie UG L (=10 0) ke 3 demlia
sdal i Lol 51 S et 53 (a) 50 m (SUl2 s
rmls Do 2 eile gl o Sl il ol 03 S
osliul 358 S slacaaS (5,863l gl Ol e (O
3 s S ls (CV) Sl o o 50ke 5 8
Y s g Selul ile sl s Sl o3lizal L oS o
Slatonds 53 ey (3,5 513 s 4 Sl s (ol
el 3 g5 4 msd ) 53 ik

sldel ((SaiS 5 935 anled wliwl > s gl o
L el Uas 5 0sa3] 2 40 S 5 jio o il
3 OF (63 5 0led a8 way o /AL skl d> Ol
b 4SS a5 ((Bd) 5 S aiey Olge 4 35 v /AS
aib (alsl) s dliS wiey Olgie w3 /A I S 0T (53 8
Ol bt (SUES 5 (655 wled s bl S g
A) Cmndy o 00 S el Sl Sl d= s
Ol ST o s et U s sus (/A sl

5, S0es s s 03 o sk 4 e 5 S el
Yo L;\iJ'»:-e bLa.:\ el g_;<’.fj.‘.’9 L_SLQG)‘JJ‘M‘)JM
jdj:‘_ﬂ‘;?ﬂ.l.&uj\éﬁm\)&ﬂ)&j)@@{d)ﬁ%u
Ol ) o3l Ly 5 a1yl 5SS w5 (S
A dslie U L (ttest) o Sole 53 anlis

SN (elsl) s iS glaaiey ol (ol 63 S wled
AJ_M.;O' c)#wk&ﬂ)@\(ﬁ“))ﬁéuw
L;'v't_o.yv.:_w.rﬂ)l a}mﬂlb‘jcuw‘ LQMM‘O' j&\)b
c,_.u.»gsm\w,ﬂp.@ﬁ&xﬁ@@ﬁqu@;u
A asls i3l a5 bl (65 8 wled bl s S ol
)\)J\pjd.:_wjpjfﬁ:wu\gmézjfgbw
Coms s cliw] a LT 51K a anslin U 5 5,551
Gk Sl dhols ol S e O35 S/ el kS el
A3 S bl T L o5 S L alis

oy Cia glyls aS (gl az jly 5l an 4ls A
s Gl s 8 bl b sk 4 ds g sk
5o s gl S Sl eslinad L Gl 5k o
L s mnd I3l 5 s a4 T ol o o oL
Jij)gu_]e;'-A_]e.,b&ﬁmmT Cewd 4 (glaesls 31 eslaza
aSls 8 055 5 el gl Clis o Dla e 1 eS
103 S el 5 ) g 4 Ay
Wi:a+bAi [0]
dg:,_w\iajwwé\)a“ﬂréCﬁwAiyl{&E{\)J.}
O35 Wi 5 0053 oo aomlmn JoSy cm 2 13810 5SS 4,
g anb yadal, ol .ol Gl 0T (gl eld drnlous
w\ﬁlﬁMéM&)ljb%ﬁiM}\ff
61ﬂ.u°>\>)1j~;‘alr;gquéuﬁ\)ga,y@u@b
gl 4l Oles 31 s anay wils 0 calaly ol b3
L s 3l 5 Aoy @ el 035 5 bl sl b
‘))‘194"4:"‘"."4"150.@".?‘“M&)’S°Jl‘bl(’)§rw&“:’5>

cj\J_e\iajgiaSML@T Di 9 A RNty BESELIE S 4.:@\,\;—



\YAY J‘.ﬁlg/cyajw/rﬁﬁdb/ﬁew‘gdj)}wéﬂjrﬁ

3 235 3 S Ple 5SS 4 0k ekl Ay 45 YO (S50 slal oSole 4lie N Jg

s Jsb e sl Ol ST oS0
(mm?) (mm) (mm) 35 (mm) (gr) S S o3l
/0 W/t VY YA 10/ VoY Sl 5
YVA/» \\7At \E/s /AN 14/ \VAR S
/Y \/Y /Y oA 0/8 "y LSD

o 23 Gl Gl gnl 2 055338 e o
Aol i By S (s e slade 5 OlE e 03
LS e

e 558 Sl s S e sk nl 03
SV s e 5l i o |y day 3 g oS L eslinl
S8 S sead il L5 Sl s e b 2
Sl el Slsls 5 i e glaazial 3 (g S5l
Ll mlie oS 5l DLty ol&aws b a3l iyl o
203 35 s cpedle ol (e b (g S0 3I0 el 53 (6o
ol e a8 dallas ) 56 1 aBTL
ol odly jask il gl b s by e Aol Lalla
Lol 3 el

2ol 53 mlusbml e 3 5 55 0350 k25 )

3haces ibw e gl o aiload ds conlinl Olsesl Y

Ay

S 4 ple Sl OSG

OF crlial (65 IS w5 o alal) s 3 et
2033 2 e B8 518 g ) 36 slax
a3 S sy 5 dols i gllax

s S8 pdsy 5l U gl

Sol3le 5 il s Sl 20 (sl

plozr| o (5ol senl 5 (St 5l 20 glax
S s S hs SS el ke (Sl ksl
L b3 R s e e Dl dle ol ot dhons
ol Jls 5 gusld ol s o s sl S,

5 s SR 93 el e (63 5 wled o (l3 e
Ol SeaS g A5 ol Sl5le 5 s e s s ol S
Aas el sl S (Bs glaanay 5L 35 b sl B
ool Ll by S35 563 5 nled 53 ecnl 2l
55 eslinad (F ) (638wl 5l 6 500
Ao o pedi el Ll 5 035 SASeslul bl
Wl 5 Lt sl il (gl 4l ]ty il
AR AT AR IS RN R K e 3
5035 o Al Y SS 3 el w1 s ges (RP=4/40) Lol
s S S eslasl @Lﬂ s e LS ag an s C]g,ﬂ
5o a8 3l Ol (olsle 5 as 5 5315 ahews 4 4ty 4ils 00
M s ) 53 O Suls e SOl =y el
53 3l 5 DlBle S Ly g als A 05 et S
0ol Jsder 534S 458 Olea .l 0l o313 OLES Y i
(S Sl Sl e (13 e VL
S Sl o 303 3 ealje 5 ol
Mg‘wqj\jﬁowélﬂrﬁwﬁdbjw
O ISR FCOU PR U BP0 PR U 33\ 5 5 ol 5
ol a5 ol e S (g 53 e LS
Gl S5 0L it ey 033 5 58 S (Ui
by Sl 8 O e Gl 4, S a4 e daly &S
Szl O 5 wdd S5l p doss Sds Sogby b g
Wl wsls SLaG L s 5 I a5l el
aalil adaly SO Sl ban sl oled O35 e Gl 015 e

4—14"‘)UT“:’_’)L.)wb‘f)@.)\)ﬁd\fw‘)kfjsz



dy S b 5Lyl 5l (5oled e 5 (550510 ol 5 eble (gl e S 215!

3315 5 Nle S oS 4 0k i Ay 42l iz O3 b Kl anglis Y J

\ab\jw

‘dg.x.!lw'“ '

o SLS LA S s S e I3
\VARS +/AA \/EY \/YV +/4Y \VARS )\J'_'el(aj_'.
\/YY \/+Y VYA \V/VE v /AY /YA L
n/nq /AN ./.q ./\\" v/eA ./\\ LSD
el 3 e sl ol sl LBy 53 D )
}51;,,@1&&59,“;&:%q,i,xgpf.u,; &l jled awslie ¥ Jgd
\ .. .. \ . \ . ]
8303y o SN R rsd s SIS V{-3o SR zs
)\ Ak \'43 VA \RE§3 Vo0 )\j-iolpj
A\ VoY \Al q) Y1 AR 3
YA ¥/Y Y/ AV Za\ N LSD
RG )‘)L;'.vu LAQ).) UJ. 6‘)4 Ui'}) 9 ) LA
20 _
1.5
3 10
a,
0.5
% Bl e e z P SR
400 6 E00 1OQ0 1200
(M) ol geas C]am

6&3‘%6\#&‘:5Mﬁ3@'@“bwu)}&|ﬁcﬁYJS.::

NGV B VRPN Ve R 3Ly gladls

o Bl

Cisloe o5 5 558wty Ol v S0 Sl by
Cb ol sl ause S0l S sl ded oK e,
338 g0 S35 5 S5 s S pal 3

Ol o O 51315 3155 (53 LS (sLacs sons
Sl il i 55 4 (SOl BIC S Cs yde
el LT (So5 bl 5 OV pmmme Jgu3 Condy ol
S5 5 abend Gl Sy oad 53 Sussdoms (ol 5
ol 058 a0ls 5oy s e 5 Sy dile J seaes



\YAY J‘.ﬁlg/cyajw/rﬁﬁdb/ﬁew‘gdj)}wéﬂjrﬁ

éém‘ .3)‘9.0 ctﬁ

O Oler Shlasl (o waz 5) sl Jloms S5l sl 5 ol edle NYAY 2 d (LIS

. Das, K. and M. D. Evance. 1992. Detecting fertility of hatching eggs using machine vision. I. Histogram
characterization method. Trans. ASAE 35: 1335-1341.

Ghazanfari, A. 1996. Classification of pistachio nuts using pattern recognition and neural networks. Ph.D. thesis,
Dept. of Agric. and Bioresour. Eng., Univ. Saskatchewan, Saskatoon, SK, Canada.

Ghazanfari, A. and J. Irudayaraj. 1996. Two-dimensional image classification using string matching technique.
Trans. ASAE 39(3): 1197-1202.

Ghazanfari, A.,J. Irudayaraj and A. Kusalik. 1996. Grading pistachio nuts using a neural network approach. Trans.
ASAE 39(6): 2319-2324.

Goodrum, J. W. and R. T. Elster. 1992. Machine vision for crack detection in rotating eggs. Trans. ASAE 35(4):
1323-1328.

. Pearson, T. C. and D. C. Slaughter. 1996. Machine vision detection of early split pistachio nuts. Trans. ASAE

39(3): 1203-1207.

. Romaniuk, M. D., S. Sokhansanj and H. C. Wood. 1993. Barley seed recognition using a multi-layer neural
network. ASAE paper No. 93-6569, St. Joseph, MI, US.

Schowengerdt, R. A. 1983. Techniques for Image Processing and Classification in Remote Sensing. The Academic
Press Inc., New York.



