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ARSTRACT 
Eggplants sortirtg plant has been constructed by 

using image processors, programable contra1 lers 
and I'A pcrs~lal computers. In order t m a s u r e  and 
analyze an eggplant" size and shape quality, high 
-sped irrrage prwessor and high prmision shape 
sorting algorithm has bccn developped. Thc sorting 
algori lhrn consists of scvcral classi f icatitm fact- 
ors such as volume factor, shape factors, sym7eti-y 
factor and color factor. A gray-scale image of egg- 
plant i s  grabbed by electronically shuttered 
camera and the grabbed image is analixed and its 
shapc and quality is classiried i n  accordance with 
thc classilimtion tablcs. This sorting plant con- 
s i s t s  of six m v e y o r  lines, s ix  imagc prmssors, 
six color sensors, rive programnablc control lers, 
two FA personal conputcrs, tw operator' s consoles 
and s~vcral display pnels. W s e  componmts are 
conncctcd by Fh oriented field network system. The 
sorting performance i s  18 cggplants per second. 

The rapid p w e s s  of imEc prmssing technol- 
ogy and equipnents enables machine vision syslem 
lo apply not only to the industrial field, but 
also to the agricultural f ield.  The rcature or 
machine vision application to the agricwltur~l 
Sield is that randan shape analysis mst bc used 
and the criteria or shape discsiption arc rather 
ambilp;uws. Thercrore, iwge analysis and classiri- 
cation must bc flexible. The purpese or this devc- 
I o W  system is to provide the cggplants into 
agricultural food markets with uniFom size and 
shape qual i ty. 

SYSTEM CONFIGURATTON 

The sorting system is shown in fig.1. 
This systm m s i s t s  or six conveyor lines, s i x  

image processors, six color sensors, f ivc prograw 
mhl e control lcrs, two FA personal cwnputers, tho 
operator" s s o l e s  and sorted rcsulls' displav 
panels. 'kcsc componcnls are cmbi ncd by thc ri eld 
network systm IP-link system). Programable contr- 
a 1 l crs (sequencers ) contro t lhesc convc!.or I i ncv s 
budtcts and outlets in amordance h i t h  the classi- 
rication results. And Fh personal computcr col lccts 

Actompanid by i n  the farm the sortd results anrl takes chalrre of man-machine 

mcchanizaLion or agricul tura[ has interface operations, such as setting up the sizc 

k e n  exlremcl y ncedcd. and shape classification criteria in accordance kith 
the season's crop qual i ty. 

Fig.1 System Conrigration of sorting system 



Furthermore. these sortcd data are commrnicated 
by P-8 ink system into another FA personal cofqwter 
which is located in central m t e r  room, and this 
$4 prsonal m t e r  calculates thc sorted rcsul ts 
and issues paqmcnt sl ips etc. 

SORTTNC PRTNCTPLE 

In order to measure and analyze an eggplant's 
size and shape quality. a newly d e w l o w  image 
processor and h i m  precision shapc sort ix algori- 
thm are uscd, 

1. Img@ input method 
An qgplant 's  surface color is minly purpte or 

black, hut s m  eggplants have uhi te, red, green 
surface color, and i t s  surface reflects light by 
electric lamp. Accordingly, thc gray-scale signal 
level difference Iwtween the eggpIant image and 
the background image i s  not clcar on the normal 
condition. Rut by making use o f  the proprty of the 
vegetable" infra-rcd rays radiation, we can get 
the m l a n t ' s  image in hhite level signal and the 
bckground imge in black [eve! signal, by removing 
optical infra-red cut Fil ter  in CCI) camera lens. 

2. Sorting algorith 
The sorting algorithn consists of volm ratio, 

shape rakioltuo typ?s), symtry  ratio. and color 
factor. Volume, shape and symmetry ratia are mmssu 
rcd bv CCD nwhochr omem, and mEor lactor is  
mcasurctt by color sensors, \'olume ratio i s  related 
to the ~ I a n t ' s  s b p c  gadeIor size) .  And shape 
ratio, sjmtrical ratio and color factor are rel- 
ated to  thc w l a n t ' s  shapc quality. 

2. I .  Eggplant's geometrical analysis 
Fig.2 shows ihe main g e m t r i a l  parmtcrs 

used tn this eggplant's image analysis. - 
Maxinum width : D,,, Area : S I 

s : ~ m ( w 1 t h c u t 1 / 3 m t a r ~ ~ )  
uYhx : YBximm 'idth 

: 1/9 cut-line width 
, : r&mgth between E and E l  

: Lcngth betueen I; and E Z  
( 1 1s n maim point of A to  D) 

I Y ,  : I ~ n g l h  h l h c c n  Il and D I 
' ,  : I m ~ ~ t h  helcern I) and Ds 

( [ I  I S  a wdlm po~nl OF A lo C) 

Fig.2 Eggplant's m t r i c a l  pasameters 

2.2 Shaw grade sortimg mettml 
Shape grade is analyzed by using volume ratio. 

VoIumc ratio's f o m l a  is as Follows. 

Y / =  K1 [Yo + K P (  O C ' X  L/3 ) ]  
YO = KO [S X E D Y b X + D C  )/2)] ... (1 )  

Ha, K I ,  K t  are emlicients. 

2.3 Shape quality sorting method 
Shape quality is analyzed as ~olliokls. 
Shapc ratioItwn types:%. 1 and g0.2) grade the 

eggplant's sham' 5 smrtncss, and symwtry rat io 
grades tlw shape's k n d  sate, and color Factor 
rejects the ~ I a n t  surface' s bad color portims 
such as red. green and h%i te. 

Shape factor % . 1 ( K ) ' s  formula is as follows. 

Shape factor No.2(D)' s F o m l a  i s  as Sol lows. 

Fig.3 shows the result of w l a n t ' s  image 
anarysis. 

- -- 

Fig.3 Result o f  the eggplant's shape analysis 

2.4 Sorting criteria 
Table. 1 and Table. 2 shbw the crl terie of the 

shape grade and the shape quality. 

Table,] Shapcgradeclessificatim table 



Table.3 shows the specifications of this image 
prmssor. 

This irimge prmssor can process the m l a n t '  s 
gray-scale I W  at high speed and extract i t ' s  
setteral gemt r ical feature values p m i  sel y, such 
as maxim length, maximum width, area value. edge 
points etc. ,  irrespective of blob's position and 
orientation within a camera view. And an gray-scale 
image of eggplant on coveyor bucket is grabbed by 
etectronical ly shuttered CCll Z ) r a  and image inw 

Camera Snput I . MMlochm c m r a  ( Inter laced)  
vmwhrcmc c m r a  (electronical shutter) For the purpose or performing high speed ~ c x n e -  color ~ W ~ F I  ( ~ n t e r ! a d )  

t/output board. which can grab an video signal by 
512 X 480 X & i ts  scale at lJlOOO secaml shuttered 

Table.2 Shapc quality classification table speed. 

IMAGE PROCESSING SYSTEM 1 tem 

trical shape analysis, high-speed imgc processor I I 

1 Mnator rXltput 

Fig.4 shows Ihe a m r a m  the image processor. I 
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Fik.5 shows tk amhi tecture of this ifiwy pro- 
cessor. 

'Ihls image processor consists of m t m I  8U 
Wrd, imge input/outprt board. high speed imege 
pipel ined processor board and network(FLink) inter- 
Sam board. These b r d s  are canbined by i n t e r n t i e  
nal standard bus(KULT1MJS JI F and high speed video 
bus. 

Binary )B~nar izat lon Pt I3e .Pcak ,Made 
runctlon , [>iscr~minent anal\'sis, c lc .  

I ~mage m ~ c ,  m l r a n  IAVI, ~ 1 ,  W ~ R .  etc. - 1 C t c h ~ w  ' Patern match in^ 

1 Rwndae I Pomdnr! analysir. Ch71n-cdc 

C o n n w t ~ r ~ f y  l s t m ? l ~ ~ , T h f n n i n g ,  
sna l~sss  f r o s ~ o n .  Ill l a l ~ m .  ctc. 

C m m t r ~ c a l  Ffanetr~cal Arm.Sh9pc Factor,Fsrtcr nunVrrr 
processrng p a r m t c r  Yax aw3 Yin. l e q l h  ( h ~ d l t i l  

f c r ~ 1 ' 5  d i m t e r ,  Crai l ry ,  
SecwKlnry-mwnenl, ctc. t- - - 

h t r o l  m 

rtsn 1*3 

GMmetrtwl E&e point cootul~nales, I 

st r tv turc  Tt~rnine w l n t  mrdrnatcs  I 
Ilor17ontal ctmrd, 
i r r t ~ c a l  chord, etc. -- 

Color Color I&-up tsbIe, Pswdo calor 
fluc, Saturat~on,  tn tcns~  t!, Color area, ctc. 

m CUlP.4 
TabEe.3 Specifications of image processing system 

I 

Fig. 5 Archi tectum? oC the imge processor 

I w e  trans. Aftire transform, m, etC. - 



Table.4 shws the perFormance OF this image: ACKNOW-.EEEMENTS 
processor. 

This system can process major imp processing We grcatIy express wr thanks to the RlNhN 
algorithms within videa-rate spc~d(39ms). agricul turaI cooperative associati on (Mtaym, 

Japan) for i t s  construction or w l a n t s  sorting 
plant. 
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Tnble.1 Pcrformnceof the inmgeprwsscr 
( 5 1 2 ~ 4 8 0  pixel imagc) 

PmcessinR sp& 

3 x S  Cmolutbm 

b *+- 
~ r a t i o n  Sx3 Rml~an operatrm 1 6 m s  

SYSTEM PERFORMANCE 

Table.5 shows this sorting plant's total sorting 
perrormnce. 

I 6 m s 

1 6 m ~  

I 1 6 m  s 
I q e  a1mlatim 

3x3 rPrplntc mtchlw 

Emtian operatim 

ArltlwthlC ~ ~ ~ r a t l m  -- 

Tab1 e. 5 Systcm Pcr Formanee 

BIMV ~peratlm 

I tm 

CONCLUSION 

%stem perro- 

Eggplants sorting plant has been deveIopped by 
usj ng inrage prr>cessors, p r o g r m b l e  mtroI ters and 
FA pcrsonal ccqwters. I n  this stagc, this system 
processes the 2-dimensional image of eggplants. Wlt 
in  thc near future, agricultural pmlucts sorting 
stm w i l l  need the combinatim of image sensing and 
otkr  sensing such as taste, sweetness, Freshness, 
softness and hardness. In order to approach hum 
sensing, we w i l l  make MI erfort t o  a d v m  not on1 y 
mchine vision twhnology but also ether sensing 
technolw. 
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