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METHOD AND ‘APPARATUS FOR DETECTI NG SURFACE: FEATURES OF TRANSLUCENT OBJECTS

Background of the Invention 1. --Field of the Invention Th
rel ates WOPMISPel d of nethods and appar atus for topogr apﬁ"%‘mﬁg {?8?3 of

the surface texture and int egrlty of objects and sorting those objects .= .
baséd upon such surface anal ysi's, and in particular relates to a method and.
appar atus for optically analyzing the surfacé€ region of fruit, and in

particular citrus fruit, so that the fruit can be sorted according to _
sel ect ed SMETHOD MMPARATUS FOR DETECTIDEGcﬁUREAGEoF'EA@g. RESr Art

Appar at us and net hods for &lg W%? g LT us fruit on the
‘basi s of presuned transpareﬁ?pws C s an en sel ectlvely

separating them accor d| ng to such evaluation .in a conveyor system have. been

descri bed by Conway, _"Method -apd Means for Internal |nspection:Sorting of
Pr oduce, Bagl pf the 9@%7%"?1976) ‘assigned to the sanme assignee as

-the presgqnt 'F‘i@ﬂf oPthe Baaitiongoal is to determine the extent of frost
damage to the neat of the fruit. To do_sq, ri tsthefr it on a
conveyor bet wbe mvpnnpn@mgmutheéiesdtoimmasgﬁr tgpamcz

i odi ne t | ghiEf iy ' 86Y Shjectabdsdd
pai r of %ﬁ%{sﬁﬁgs it g a@@% tgltlgﬁggtrl?lt c%feelhg e det ectors are
phot onul hnpphlmhts:dvfm:e\Mysm; and rmpantg:tﬂmereldgs to scmiethod a-gdntappamyﬂrifwt ed
through i.e.,..not .absor scat.ter |
fromthe® 8&@&!{6&1&‘3’% Hf%ﬂef?g'% Fﬁ?‘g’ %{.@('glllgs;%%}r‘r‘pu rgs?:)o

by tinm ngrnficesRbe doeteeomaf&nghe semtﬁﬁmmaﬁtpﬁsﬁcmmhe t wo
detectors and thus neasure the extent of internal damage.in the fruit

(presuned from presel ected di fferences in.the two readings), after whi ch
the fruitg ?gg&ﬁ; o6£ ehePidok Axithe extent of damage thus noted.
a

Recogn|2|ng that the s |n ‘portion of the fruit has, different op

absor ption aneﬁmmumdgneﬂmda@ewmwﬁﬂﬂm rug fruit gh d‘%ﬁﬁ%ﬁ’f
(o020 Ireihed it dhoy 1B by SON'do flenLelhivaly sdpifatth BRlm deebrting
to such evaluationin a conveyor system have been descnbed by Conway, "Method and
Means for Internal Inspectxon Sorting of Produce,” U. S. Patent 3,980,994 (19'76),
asmgned to the same assignee as the present invention. =
- Conway’s goal is to determlne the extent of frost damage to the meat of the
:frult To do 80, he orients the fruit on a conveyor between a palr of high intensity
| 'hght sources - such as quartz 1odme tungsten filament lamps, X-ray beam generators
or lasers - and a pair of detectors posxtxoned to straddle the fruit core. The detectors
are photomultxpher tubes whose colhmatmg opemngs recelve light transmitted through
- i.e,, not absorbed or scattered w1thm the fruit. The 51gnals from the detectors are
| coupled toan mternal analyms computer controlled by t1m1ng sensors to compare the

D)

instantaneous outputs from the two detectorsand thus measure the extent of internal
damage in the fruit (presumed from preselected differences in the two readmgs),
wh1ch the fruit is separated according to the extent of damage thus noted
Reoogmzmg that the skin portlon of the fruit has different opt1ca1 absorption
and scattenng characteristics than the meat portlon, ‘Conway regards as error sxgnals, '
o o 'whmh reqmre ehmmatmn, the srgnals obtamed by the detectors when their readmgs'
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correspQ ? H ght detected fromthe peel portion. of the fge4 ,‘t,s,sﬁﬁfe]sgﬂlrjﬂz

6, |ines #1697, avoi d obt ai ni ng any readings fromthe skin of t

. fruit, Conway uses two timng sensors to begin damage eval uation of the

. meat portion only after a detector has ceased to receive |ight scattered

. within and projected fromthe peel portlon and begun to recel ve |ight

. transmtted through the at rtiq he f.rui ad valutlon
bef ore tFETERRGRG %&lﬁ?@&g&% tp‘\“gﬂﬂe ?Bgll?’ér"tﬁhﬁ/?ﬁf $ E 985

as the fpyifs progvéia ah%eaemgemfmbn&mﬁm dm'usdﬁﬁt Cogway asesm

and the |ight transm ssion detector. However, even reli dete |3.& t he

opti cal &WQrM@?PF@@ 8o hegin damageoeyalyatign ofit pqa?lpq%t ﬁ#" g &

be an exipfurely nds 'deabet EP;&%EWUE#W H%&%ﬁdomt 'anaEﬁﬁSjecdeagﬂbm Pherpatl

frequenC| ES oes not sinp trans ruit, as if the fruit were

a transpportion ah;letmgunstnctecawedxghtﬂmmcl thioughdhe meat; porbionnfiihe fvit,

d tt thiont f
Mdent: 11 854 e d ayablalion beoks 1R WErechifani el gh: el i he el
det ect i opopion B8 the friit progresses dosinthexon¥eyanbebween theincident light beainsandor e

transpareﬂ g? descrj bed &enerally in United States Patent 3, 768, 645.
Al so the light transnussion deteftatating fruit which has damaged neat portions

has subst ant i MowaletCeveh Félidbly defe¢tinigith E cewammﬁsﬁhs ofbthecmieat portion

ability to separatefrwt |nto categories then re of .its
surface oEgitinelryit hagproyedde gx pme tf:%glq’ tical means; .,

of unbl emléﬂ@ﬁ o8 s u\éh&Qsa #é.ltdenﬂﬁfﬁ%a h)éfi-&itcﬁb ¥ thé GREE weFd ce

in the market than a carton o orange exhibit a variety of skin
bl emi shes tragspanentrabiectamuty asdetxstal ball.c Rathet ¢h iy Absorbad {ﬁo epdgicatters

both is CRRL nd :%B«Yf

damaged. %ﬁn angﬁtL gy ity T%\ﬁ% MQ&& B&rntﬁlgg%gna og id pérllﬁoéida?tm
exenpl i f imaksive frost ﬂamugelm lﬁ)mlmmy «ifeeascae&even by siebedtion QfotherﬁuprMesgr of
candl i ng Vi e Qm t he 0pposi si d

hi gh-i nt éﬁg?ﬁ 9‘nl X(ﬁaa %%‘1&&5% 18, Qe tr ggﬁﬁegboﬁss&%ﬁ' b%ﬁéenerally n

i nper f ectiypited Sthtds'Patbne J,788;64 portion of an egg - the on k and white -
and not the shell is of dom nati ng .i nportance, al o seeks to
exani ne the i A&, whilgsieteeting andipliminating &ruit wg'cc%t %&F‘G‘iﬁ] “t%% Etins
surface. @és’&%@hﬁﬁ:%l va?lnli@ ﬂ&ﬁﬁ%@uh@ﬁ&ﬂb&‘@&bﬂ Sreafiicahnei tnebbmt!yhotsbﬁarate

internal contents o
fruit into categories based upon the nature of its surface texture or the integrity of its

skin or peel. For example, a carton of unblemished oranges with sound peels will
generally fetch a higher price in the mark-et than a carton of oranges.that exhibit a
variety of skin blemishes and textures, and/or defects, even though the meat portion
of both is acceptable, and even if the interior of some fruit may be slightly damaged.
An analogy may be made to eggs. By this analogy, the prior art, as exemplified
by the foregoing Conway referénce, is similar to the process of candling eggs - i.e,,
viewing them ﬁom the opposite side of a high-intensity incident light beam to detect
blood spots or other imperfections within. The interior portion of an egg - the yolk
- and white - and not the shell is of dominating importance. By analogy, Conway seeks
to examine the interior p;ortion of the fruit, and not the peel or outer surface. By
contrast, the present invention is concerned not with the internal contents of the
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obj ect to be classified and sorted, but rather with topographic appear ance

and integrity of . the outer "covering" of the object. V\hllel?étll]& 2 nal

. surface 3’&&6 #1862 of citrus fruit or any other objects can 9(5;’6 :ﬁ? S

-~ determined and manual |y assessed by human quality control operators, the
cost and reliability factors of such human sorting can in nmany cases become’
unaccept abl e. Furthernore, human operators ccannot see into the |ayers of

the fruit beneath the.outer surface because of the heal th risk-inherent in
ext endedol§pet tebpweﬁeﬂmﬂ&mrtedghut rajher withdopograpbicappearantenoddntegrity e

enough sc ered l, e t.he peel glow sufficiently to nmake the
under | yi¥ e‘iﬂ%ﬁnﬁ‘gppgﬁp bigct- humans cannot see near infrared |ight,
whi ch has SUF’WhﬂQ&h@%&E&d&PBﬂH&é& téimui'éirdﬂtﬂftuhffﬁn‘trdrliny%ﬂermbiecweaﬁbult

-peel, ared with visible [ight. There ore, needed i s a
intelli g\f} wdetermined pnd mmanuallypisessed) L W\‘é‘t@' nﬂﬁé’#&ﬂ%@é\eand

~surface éo%g' %qﬁé‘?ﬁ o@%el 3 b & Eﬁmﬁﬁxﬁﬁﬁnﬁoﬂfngt cahSRARAky Cas6s tbecome

det er mi ni ng surface texture and outer:- reg| on int egr| ty,
and t herunsdceptabde. sE‘hethermmrel.elmmanmpbwem cannoysee vkocthe lagersof thefruit

'S f th Dt Th t

or a0t « rneedf e b ST aREiab PouBE B e MReFEH bl e Gnf R i bfbytinBoatd? |
g@ trus fi(Edetli_e hj_garh inténsities Be@ﬁﬁet&ﬂﬁg&fefrntd éndugh saatmetned hgltz)t mma;heéﬂner |
I Scussed. ne e|n QwW, _nan OoT 0Dhj].,ec e sorte

such obj B8 Ii ' MYERMFS yp F‘Sﬂé’p&?@ﬁ? ?‘Batbﬂﬂnﬁ'ﬁmtar
light f rméheym&fﬂrea mm whichi hés m&fdﬁﬁﬁ\ﬁéﬂeﬁ&eﬁn thpoaiH ithe fafibaadce

herein will often be de to fruit (referrlng particularly to citrus-
fruit), mtpwbaérn#meakap@omameﬂwﬂxm@@hsb al | such objects are included.

The f t d t

e hethod coTBeidbiel PRI Sobded 1P 2l irhaiGenE hMbniahll Uidihel 1" Offeal0

and t hr oexpmining rtheuotter csurfagieoand | surface xegion of #n @seentigliy, txgmistucenh or :
f nbaod f Lthi | :

Pl P nofea bR Rect] Al bE LRl of thHake SRRGEE IS8 pRRFRekion |

gl ow. Thirftegtityy and ilth mikiﬂgaﬂ%élehﬁeﬂ decikiont bused o sﬂch defiefmirmtiongi on, is
detected, and i rrages of the entire gI ow pattern are thus obtained. -

Bnef Summary of the Inventlon
The present invention is a method and apparatus for sorting objects whlch are
essentxally translucent. Fruit, particularly citrus fruit, can be sorted in accordance' _
*-with the invention. As further discussed herembelow, many other types of objects can
" thus be sorted, if such objects are essentially translucent or transparent to the
'_ ’ ‘particular light frequency seleeted For the 'sake of convenience, specific reference
~herein will ofteri be made to fruit (refernng partlcularly to cxtrus frult), although lt is
to be understood that all such objects are mcluded _

- The fruit is sorted according to the surface region features thereof and the -
method compnses ﬂlummatmg each of them to scatter light ‘within them and through
their surface region. In the case of frult thh which the preferred embodxment of this
mventlon is primarily concerned, eachi is 1llum1nated such that hght scattered within

- the fruit causes the fruit to glow. This glow, which is tran_s_mtted out through the
" surface region, is detected, and images of the entire glow patt'ern are thus obtained.
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It has been found, in the course of redUC|ng thIS I nvention to practice,
that d £ or near ‘the outer surface appear consi dergdglyys 9§Bi3389| early
than inter na? defects, as _previously sought by Conway, who ignored surface;
bl em shes. Therefore, each such instantaneous image constitutes a matrix of

. data corresponding to the surface and near-surface features of the fruit.

_Each detected |nage i s -converted to data for analysis to determine if the .

- surface fe i s/ are Thi s rra be acco | shed by -
- conpari ng g&%}?‘l‘%‘ié&%ﬁ" t° FFQ“‘“H&M HB y .
cl assi ddfeetsafil6F Hefif the olbs Wt@naaemﬂﬁh&rs amgetﬁal lﬂt@M thin

‘sel ected categories,-based on the observed surface feature data. The

cl assi defeets; %prevmﬁlx Fevglcby, Gonsy; Whadgspreatrsiage blemighese Therefore,
definig alcﬂnéucg\f uic sibGs colﬁheu&ﬁrwwﬁﬁtd ﬁﬁi&h&r%l 3 and

sorting of according-to-Lts surface region eat ata in
‘the i nsupfacenarst nber-pufaeesmﬂutes ofrthiel frujtat Bach detecteshimagenisofoniviertedutof ace

ot or Cl e HAG P et it i e lhed FRARRERulht e Bb e TR R

obj ectbe acdoﬁﬂmshdd dririg tied daaowith@elvctéderitonial and the St m?ayi thuderived .

to deter: nel f|C|et vari at,i pn of the fac eatur over
subst M | ?‘?eglqc"%‘llg‘t‘ ‘&&E o if ‘f‘fyu{ll“ﬁ &g‘ﬁctetsl
~i ndi caéaeegoﬁw based sisftﬁe bbsé%trea %ﬁﬁh&&fé&tﬁr@la&& ”Hié’fahhéiﬁéd' fﬁﬂﬂna?ct'mh' ses

sel ectingt he data scanned fromthe surface features by filtering the data.
by frclfieerssd in arcorfisnce with theaglacteddefinitions gfiewahycategeries. Thispermitsuch .

geh;ghe%?&fé&'{%%ﬁ{s%c% ?ﬁ%??’g?%@%a?a& go ﬁ}{,ﬁ%g%%g{& aagtgilr%g only:

| ow fr equerthe detgimthe nnagestmastdbe procésseditolanablg patténmarpeognitionpofcthlel y

 Somr SbleeCBhlRR of e ARAF, 121 57 Sftind Rephd e’ bihylRL Sy ot

obj ect ongmamgatom lighttseﬁnbﬁtﬂhrbhgh thé eurface features bf tlscolijocicis semoged.
plural it lines. Eac can e, ori ent d. at th same or an er .angl e
ot raveré %ﬁaftr’l‘éaldﬁf%ﬂre "r%hti‘ nﬂpﬁ% H’giﬂ"&éﬁﬁ ‘?‘5’ B ng an

i mage edridtiéh bf thd siurfade ﬁhﬁhleboaepb\stscanﬁstw dBof3he s@ffade 8£l&&lhamel fhit

portion-of its surface features. Were the fruit is generally spher|cal as -

i n t helsg@&eat enoyghto ingicatejacsurfacecdefeets fruj t, .formng the:image conprises
formng a %?&ﬁg tﬁ@&&a%%%&'&%&ﬁ%&é}@&tmfﬁm scanned from -

the surface features by ﬁltermg the data by frequency, relative toa predetermmed | _
frequency cutoﬂ' In some such sxtuatlons data filtenng compnses passing only high
frequency data components In other such sxtuatxons data filtermg compnses passxng -
only low frequency components of the data. '_ L .
o The fruit glow i image is typlcally scanned to collect the necessary data, and 1f so, _
. that step normally comprises scanning the frmt alonga predeterxmned line traversmg S
_ | the object Itis also oontemplated that the frult can be. scanned along a plurality of
'hnes BEach scan may be onented at the same or. another a.ngle traversmg the obgect
 The method may further compnse optxcally formmg an image of the fruit that.
. sxmultaneously mcludes a.ll ora suhstantxal portlon of its surface features Where the B
frmt is generally sphencal as in the case of many vanetles of cxtrus fruit, forming the
| unage compnses formmg a separate 1mage of substantxally each hemlsphere o
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PCT/ US95/ 11318 In the illustrated enbodi nent, scanning the fruit is '
optically erformed by reflecting an image of the A llumnate -
t he gl ow 3&% g therefron) into a scanning.caner.apoint eagg{’é%t?&nthe :

I 11 um nat ed frwt so that direct transmission of Fight into the camera is -
avoi ded. Thi.s can al'so be done nerely by. poi nti ng the canera at an angle.
relative to the direction of the incident fruit illum nation beam It

l shoul d be noted however; that the nethod of thi-s i nventi on can be used
even if t he caheithe pﬂusﬁratedi embbdgménb,{vacahmhg thecfruitnis Mcallyspenfmmcdsbyof

"the | ht ted by th hay tt d t he, { t,
o or ooucESIpREETR dHipbe ot A mubhted SRHiC08n he BI8Y sRisiRs afed i it *
that casea swrmg%ﬁewmﬁtém@wbﬁmmﬁuﬁhﬁneﬁedmtﬁa that diiécmudmisﬁon |

di ode) or er ,source, fruit sensing_and tim.ng neans cou d therewth
can be us@éﬁ% b jnta the %mﬁtpgts Fepided e can Aiea he AoDR: x eRintipg| thent

directly ggheed seianlan%ae rithtidewd rtga diﬁbﬁbﬁ%?'tﬁg ihéidbht friuit ﬂﬁﬁﬁrnahohfweam

met hod cl assifies frutt acco to their-topographic _surface:

f eat ur es. Ityghauld be mted, rhmevenathahgm miethod,ef this inventioncan)be usgdieven if the
categori z i

puffgand %ér}gase Tl dgeeéﬁa%gl)@gﬁsq@ &r%gtﬂl’?ragg%i%e%%%{ﬂ r@%t?ftﬁd’by
sel ect ed the ramera Snﬂrimvegbmcatteredsmhin l:lye &mtwtdpradmmusMyglbw

rovi de a_two di n hi-c, eto raphi c ace features
Bt O\ et £ Bt s B ooy A0eH151 ek Sy PTHCAER G B0 b ot
a sel ect edf aghLEDe (light elﬁm@adﬁ)d% iog Nagtrogcartes, mhieming&andlﬁmﬁﬁl means
frequency or g@%ﬂ nat i on - frequenci es Pr oceSS| n o ata a

corrprl_sesc ipreyant idamaes te tha g?"a‘éﬂ?d

renoving bPQ:g‘B@‘dﬁ%ﬂ?'Hbt@ét@H‘M‘ew&%ﬁt‘ﬁﬂ i B9 Eninp R tng primari I y the
object. dassifying the citrus fruit accordi ng to. por05|ty of the. peel

conprises fil tkngeigemhazesmathmlasﬂa@@ﬂnrfmt graphigsurfadegh

2
pass data Lxel e
~establi shg%lt{l}l%e nu ﬁ%‘? #5&}3' % rﬁ%@&rﬁﬂs%élﬁgetew B%‘%/Hetcglegg %gﬁmé’ hed.
t hr eshol dcompmbldlassﬁﬁmg)theiﬁ rp‘eefsyadwfdingtty& pdro’sity:, pufﬂ and crease, ndges and
' valleys, fractures, decomposmon and other selected factors

Scanmng compnses scanning a two dimensional array to provxde a two

dimensional graphlc image of the topograpluc surface features of the fruit.

' .Illumlnatmg the fruit compnses mummatmg it by means of a selected light generatmg

_ ' means which projects light of a selected frequency or combmatlon of frequencxes '
- Processmg of the data also compnses segmentmg ‘the scanned image into a
, background and obj ect and removmg the background from the scanned image, leavmg

pnmanly the object. .

Classrfymg the citrus fruit accordmg to porosxty of the peel compnses ﬁltenng

 the scanned image for hlgh frequency data usmg a hlgh pass data ﬁlter A threshold

of p1xel intensity of the filtered image is estabhshed The number of plxels havmg an
intensity above the estabhshed threshold is tabulated to 1dent1fy poronty of the peel

- Classifying the cltrus fruit by puff and crease on the outer surface of the peel
'-compnses ﬁltenng the 1mage for low frequency data using a low pass/smoothmg data

--filter A plxel mtenmty threshold for the filtered nnage is estabhshed The number
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'_Cl,assffyl' ng the citrus fruit by puff and crease on the out er surface of the
peel conprises filtering the image for Low frequency data using a'low '
pass/smh&na@ data filter. A pixel ‘intensity threshold PoT/USHSIBIS t er ed

" image is established. The number SUBSTI TUTE .SHEET (RULE 26) ~ WO 96/ 14169
. PCT/US95/ 11318 and distribution of the pixels havi ng an intensity above the-~

threshold is tabulated to identify" puff and crease on the outer surface of .
the peel. Cassifying according to raised and recessed wedges,. or

fract Unes distfibhiien RF imiihﬁeﬁgeﬁisﬁbha ¥bethy ﬂﬂemdwmﬁ%a to
: tran5|t|onssh|qn I xel ei*nreltensmy thresholg):':i of i xel. intensity an '
© transiidentify puff and ereasepn $he outemeunfagenfitherpeel.xel s having an intensity.

Boondar oo CBRALRE SoHRER B kel o yﬁﬁfﬂéﬁ%ﬁ?ﬁ‘gﬁ?ﬁ O} BlRe R ool

nei ghbamprisks seleetldelylsnmlnmgtheainage fordransitions ixf mehlntemhty; A thresholda |

Preggggércp gle.d cha act‘ﬁrl Stlftl gaﬁgl:%teg llls!gab#a d h%gf]emelssh/ r,ai sed and

pr edet ipkensied dbodé NIHE esmneﬁed haréivold mnae@bufmd&gcéﬂwguwsb% pi:fzelb| obs
to. |dent|f?; rai sed and:recessed wedges.in - the peel: Eﬁorrprl sel;s tabul ating -

the n BSPENSPORAing te intensity transitionsds heads&ge ¢ he
char acadffried A bIoBE 2 "Bl hufifber b bitﬁhoem@&éa@ul Hé‘&rhﬁﬁed‘b%@%& ti obs
to identify the raised and recessed wedges ‘t hen conprises . tabulating the

nunberparameter s beu-héﬂd e ldeshépsaeedmd ngcesndn wedgepiindkhiecpeelneThehape
def i ni a?QcteflsEE‘c#: g{ﬂ h&éa&a} n'?;d‘hhrn?m g&!ﬁrcﬁ‘ th@ biitS ﬁﬂd‘tgb@la?ﬂlr Fow,.

sharp di-'scon 1 ass Yy surface. deconposi
conpri ﬁmnanﬂuemofg:lohe to ridemtifyf ralherl endrmesaedntredges inpthe geeldecrhprises

“transi i n.pi xe |nt Lty predet erm ne hr | .d |s est abl hed'
The nutr?%’é‘r e whg ?ﬁg" Pﬁpee?fgﬁc%ﬁbﬁﬁﬁgﬁtﬁ,m FHR&Aye ?h &shol d
~in nei olebaidreet&mmrﬁaram& irfa yPbe shape UidotabRsating hhﬂrn’iﬂﬂﬁer of Blobisttoons i s
bor hoods -are  defined as bl obs, nber of bl obs

bul d
.\tAﬁ i 3ha”té§ee§-ar qge wﬁa%a?%?ef yedges thep compryses éale'&smﬂgt § Tnber éﬁﬁiﬁy t he
sur f acKloBs GavRESh Bhape chB?ly@?é GRECEHE pReetdtnanRa sHAS deﬁﬁﬁﬁﬁr SirRdariyV dt h

- and characteri stic paranete ,- ‘as- appropriate in any.of -the. foreg0| ng
gr adi n@eagﬁngt;gn oﬁg.rfrmture is based on a narrow, sharp dlscontmmty in mtensxty

Class1fymg by surface deoomposrtmn oomprxses scanmng the xmage of the cxtrus -

(

: frult for more gradual transrtmns in plxel 1nten31ty A predetermmed threshold is
estabhshed The number of p:xels havmg an 1ntenslty above the predetermmed
: threshold in nexghborhoods oontlguous to p:xel boundanes with gradual transltxons is
- tabulated The nexghborhoods are deﬁned as blobs. The number of the blobs whlch
exceed a glven charactenstlc parameter is tabulated to 1dent1fy the surface
decomposmon ' ' . :
| _ The predetermmed threshold(s) shape, area, w1dth and charactenstlc
para.meter(s), as appropnate in ‘any of the foregomg gradmg methods can be a _
_selectxvely estabhshed as a functlon of the size of the cltrus fnnt whxch can be . - |
_detected and automatxcally mput aooordmg to well known methods |
The mventlon may also be charactenzed as an apparatus for sortmg obJects
. wlnch are essentxally translucent, such as. mtrus frmt or essentxally transparent to
the hght frequency or frequencles selected aocordmgto surface regxon features of the

-
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sel ectivel y established as a function of the size of the citrus fruit,
whi ch can be detected and automatically input according to well known
met hods. The invention may al so be characterized as an apparatus for

sorting oWORE1416%hi ch are essentially translucent, such as REVPSSMAIG ¢ or

essentially transparent - to the light frequency or- frequenci es sel ect ed -

according to surface region features of the WO 96/ 14169

'PC_T/ US95/ 11318 obj ects. Such apparatus includes an inspection station and
‘| east ‘one sorting station.. A conveyor noves the objects through the

| ns pect i mbjmatim ﬁppiramstlhehﬂesanmlﬂlbtibnetatmh aniatelfeasttoneherﬁngf statign.

station sorts the objegts .accor cl.assi f.i caii.on o surface

Feat ur os AFOTIRIOTERRS hantIeas Hhiduth the samertin slatii) g to the rAg station.

_conveyor Aébﬁmﬂhersbm SiitiohAlorfsthe tbjectSRRbAdiAG t6 clabsifibitior 6FtHe saffabd e

obj ect at_the |nsp ctlon station and eyal uates_the sur‘IFace features of the

obj ect - ac,feetvaﬁwt pbmsa%tbyoﬁele?emgkwmoe O Abiedts theyfcopmeyesyr tace |

feature. hﬁ,‘ﬁ Eﬁ?efgﬁéh gfjtw |

surface fceIatur es. In -one e i ment b?/a% ﬁﬂgm trus frui tftsaﬂg%ér%hesg@&%n

" conput er issetdon pmdcevalusteskhe sunface faaturescof the object according to at least one

‘i ndepend

nepbor SBbogranil S RRAR O Rl blce B0kt T B ABREI NI g badiiSrized gnd
may conpmomdtamoidingtémhasaﬁahumm Hal ogen |i ght sources disposed at -
O Pon Tor | 1R e abraenes B Sriith s IR shiyeu e ompuebeaionfay « o
each |i glscanet cotnprists t%aﬂaémdehﬁndﬁdaunyscaﬁnrngmeana ciieradsgimdiicyi t h
ei t her of tBe I'i ght, sources._ In this enbodinent, the capera i s turned away

from t he 3 ¢ inspegtign spatien i that erabodiment sthecomprierized oPidcal seAnersesy a
pluralit y~oaiprmertw Rnkbcisellt Sﬁ?hﬁ% Hth?@g tﬂgﬁt sﬁﬁﬁks QispdBed aegg?mmﬁﬁelﬁl ow
a rou t :

gener at ed hin the fruirt an ransm t he "peel
general | Zmdasreeaﬁem Nerticad planssthrough she mspectlen stationsforgliuniinating the ed

i ght SS??‘%@'&EQM 1 e ik B hebeE 4 Ball by BFRG, PRCeREEE oL

scat t er edruit{ which heambxaeds wotd aligned nwithedxthet dfhtlwgtghtthsomueé acEnttlﬂs eof

into digi at a n eval uation co r clas |es t t .accordi
to topogrs RS%?‘@“?HH Famera, i turnad n‘ﬁ &9 8*’?’ rizgd.onfic he
digital eamemmnéze&hpmédﬂe pheabity %f&ﬁﬁ‘r&ﬁtfbﬁ aéﬂeetmg@mofﬂhed camera, an

_ xmage of the glow generated within the frult and transmltted through the peel. -

More generally, the _1nvent1_on comprises an apparatus for classxfymg objects
-baSed'bn a scattered light intensity pattern comprising at least ‘one source of light
directed onto the object. A sensing. element converts the light scattered within the

, _object and transm:tted out through the surface thereof into digital data. An evaluation
' computer classifies the obJect accordmg to topographic surface features of the object
derived from analysis of the d1g1tal data. As a result, the objects are optlcally classified
in preparatlon for sorting them. ' C .
' The mventmn may now be better wsuahzed by turmng to the followmg
_ drawmgs wherem like elements are referenced by hke numerals
. Bnef Descnptlon of the Drawmgs . : :
Figure 1isa simplified block dxagram ofa classxﬁcatlon a.nd sortlng apparatus '

-
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in preparation for -sorti ng- them The |nvent|on may now be better vi sual i zed
by turning to. the fol |l owi.ng draw ngs wherein |ike elenents. are referenced
by i O Ae/AIF%| s. Brief Description of the Drawi ngs Fi gl!’Fé"‘? ?’%l C
sinplified block di agram of a classificat i on and sortr ng appar at us | -7- :
SUBSTI TUTE SHEET (RULE 26) . WD96/14169 . ot
PCT/ US95/ 11318 using a texture mode conput er accordr ng- to the i nventi on. '

- Figure 2a is-a sinplified diagrammatic ~cross-sectional view -of the

opti calsmgmshext}mesndde computeryaxcording t&ithe inventidn.gur e - 2b is asinplified
tho. yst omiReE g8rish AmtRARH oRERIRIRY, oy bl 9%&32 (e gt |
. peel amw@usééﬁ;wesinemmuw1 whi.l-e Figure 3b is the correspondr ng

hi st ogram the rurt sur e as tagken al-on sel ec n-lin Fi ure
" 4a |sga cor {’ h@"f MetHg ”é‘ﬁ'ﬂr"?r’o?e 9 ‘gﬂe& lﬁ\? )
| nventdgifeal ntaubmgﬁlaur;ﬁ the dyﬁte%x Bf Fi@ftea agFiguie 8L s ahbﬁeaheﬁnﬁﬁe%t ed -

scan |line of the fruit of ure 4a Frgure ba is a conputer .inage_of frurt

‘as gerrertaeet.h fsyitineel as.ge @whxtﬁf‘lsm ﬁblﬁhgtmreason@ns
- hi st &% ug.fa%gl t of Fi 5
| gur & (6 St g %'E?lrlur 1 avr ng a %ggb & ol hs detern

Fi gure -' ~a conputer I nage .o ed peel as determined -
by the |nve1hgum14amm@nﬁpmrmgero£aaﬁ'mfshmgnamur I'Ohesgepel@telbby(theurface

e BhubRRbiY Ko fB A RistaRl Al AR el BleB ek e 1 0L°
_ .-by thetherfmittof(mgumu.e Fi-gure -7b i s ‘a hi stogram of ‘thée topographic surface
AT O e bilih g Sommmiet fmags DA 8 85ikrar by S Seieton sing 9" °
~det er nglé@roRywhile Figin@ B i@&h&@g&&nﬁhﬂéﬁ %ﬁ%gh’fa éelek!téd Q&rnal'iﬁé é‘f(ﬂi% mng a

. sel ected scan_line of the frurt of Figure 8a.”
of Figure 5a. ' '

Flgure 6a isa computer 1mage of frmt having a pebbled peel as determmed by :

" the mventxon, whﬂe Fxgure 6bisa hxstogram of the topographlc surface texture of the
:'frmt of Figure 6a taken along a selected scan line. N : - '
Figure 7ais a computer ithage of fruit showing soft puff and crease as detected '
by the invention, while Flgure Tbisa hxstogram of the topographlc surface texture of _
- the fruit of Figure 7a taken along a selected scan line. ' —
' Figure 8a is a computer xmage of frult with ndge and valley defects as
determined by the mventlon, ‘while Frgure 8b 1s a lnstogram taken along a selected
scan line of the fruit of Figure 8. ... .~ - S
Flgure 9a is a computer lmage of fruit havmg spht or cut ‘in the peel as
_ determined aocordmg to the mvent:ron, wlnle Figure 9b i is a lustogram of the texture
of the fruit of Figure 9a taken along a selected scan line. _
Figure 10a i isa computer 1mage of fruit thh clear puff and crease as determmed -
according the invention, whlle Fxgure 10b is a lnstogram taken along a selected scan
line of the fruit of Figure 10a. - ' -
- The invention and its various embodiments may now be understood by turmng .
-t0 the followmg detaﬂed descrlptlon e

8
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Figure 9a is a conputer inmage of fruit having split or cut in the peel as
determ ned according to 'the invention, while Figure 9b is a histogram of
the texture of the fruit of Fi gure 9a taken al ong a selected scan lie..

Fi gure 10waes/m416%nput er i mage of fruit with clear puff andPEVERREIIS

det erni ned according the invention, while Figure 10b is a histogram taken
al ong a selected scan l'ine of the fruit of Figure 10a. The invention and
its various enbodi ments nmay now be understood by turning to the follow ng
detai | ed description. -8 SHBSTI TUTE ‘SHEET (RULE 26) WD 96/14169
PCT/ US95/ hhidile BADasdraptidis 6f the Preferréd ExibodimeartsEnbodi ment's It is

believed inportant, at this juncture, to clarify certain termpno ogy vyh ch
‘may have been Itse@ehevedmmmnhrﬁé this Jmchexe, &MMW

Accor di “ﬂm&y ha% ﬁ‘hérhﬂﬂbovéﬁnd'vﬂﬁéh% A8sbRereiibaoah a nedi um

essenti a as a. eam whi may or "spread" as the result of -
i'ts passage thAmmgdmglse tealamittedl dight'bis dightawhbich,ipagses tlmwgheamnedmmat-

f th t " " t -
L?L";"eﬁl "Rl of 2o, AR A A e b S 0bunk BF b il
pass "for tldmldghmie Qﬂg?iuhhh teAletdﬂtﬁniﬂHted hdthmrqhms]:ternnist tliata'emasltungsmr]tlp?h
"scatt I s |1 whi ¢ as spr awa rom ectd,on e
et dent - Bthe Theiderd Hght suhich, tr §ote of LB SRR BTRMRYID Mo JBEABRE Beprh,
in transl HE@BEex?Qc:ﬁférid o@hbs@fb%ﬂr eoRkintétY pass "reraviird! tldtgh thethédEum.

“incident beam which 1s neither transmtted hro‘ﬁh nor, scattered wi thin the

medi um  but mEgetbmpuggoses of thiscliscussion; 1 Hightde tight “rhéﬂbhehéefqaé
17617 oo g Bl 8 S et

within whic requency or rrom.an i nckdent
beam.may . bmsealthegldvymltmtmmqumn ial |y scattered, but fromwhich at

| east some of he, ht c3 ete Y, S _
passage t hrough” bF&aggq égu‘%‘??’{ Eléégt & %?eg%ﬁ&e%n% wﬁx,r ea#rﬁ?lpi et
(such as . mﬁlﬂ‘éd mbﬁghs 1nof seaﬂtétb%i Withir }.he medlum, but whose energy is instead

retained by the medmm

O

‘Reference is herein made to "translucent" objects. By these references is meant
objects within which hght ofa selected frequency or spectrum from an incident beam
may be partially absorbed and partxally scattered, but from which at least some of the

_ scattered light can be detected externally because of passage through the surface
' regmn thereof. Typxcal examples are frmt (such as pumpkins, melons or citrus frult),_
wax, certain ceramics, certain plastlcs and composites (fibrous materials combined with
a castable resin), where the selected frequencies mlght normally be the. visible
: spectrum, the near infrared or perhaps other frequencles -
" Bya "transparent" object is meant an object whlch allows substantxally free
-tra_nsr_mssxon of incident light of a selected frequency or frequencxes_therethr_ough
- primarily in a beam (which 'nxay.'spre'ad), ‘which t_ransmitted light is not primarily -
 absorbed or scattered within the object. ‘A typical example would be ordinary window
glass, where the frequencies are the visible sprectrum and certain other frequencies.

A transparent object at least a portion of whose surface region is translucent or -
‘absorbes light is, for the purposes of interpreting the Specification, Claims and
Abstract hereof, considered to be a translucent object, since some light scattering or
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© normnal

wax, certain ceramcs, certain plastics and conposites (fibrous materi al s

conbi W@%@]f. castable resin), where the sel ected freqpeprisesiBight
the VISI bl e spectrum t he near infrared or perhaps other

frequencies. By a transparent obj ect is neant an object which allows. :
substantially free transmi ssion of incident light of a selected frequency -
. or frequencr es therethrough primarily in a beam (whi ch may spread), which

O abion AP, e tn sy, g B R bt R o8 akfeEh el kil diloct
the V'tﬁisb%uﬁp?éﬁhi Lappﬁcduaardfam mbﬂﬁrdsfmnupmaﬂm oﬂth:sanvemimt Aabj-ect
|

at |least a por on of _whose surface, reg S ent or abso s tight:-
i s, an object yquld beg plas b‘ﬂp@’i‘ﬁ' @%ﬁ °’€T WY stract

grer eg“%@g%%‘é%h& E@gz Rbaggeéz%tﬁe%ﬁ&aebréﬁén-gwﬁe Wbeemnsaf@ht ering

" PCT/ Use5isibba Bghtss dmothemexnmple wouldr be & shaeh oa SlQﬁﬁg beennatmpedg@tm%t he -

ana aich 5 AtaloiEg Sl o ol bR Sy Bbdtideiha Vo ﬁSdZ

pl ast Iahdb&l absorbebﬁ:etdﬂ;herligitl tpansmitted thmughdheglwssarﬂuamuﬂd enabledt bl e
l'i ght, ereast urfage re n,- Stic - L d. be .ranslucent to

Vi Si bite Q‘é}ﬁ?ﬁﬁﬁfﬂﬂ? g‘%ﬁ?dﬁ%gemg%s ey earing
i nper f ect i’ qASzehidfdl, ﬁferéfiﬁ'étlﬁ RAH beWaidiestobd b Ahose Withiressciablewldll in Sheh

i .nperfections woul d scatter - and/or absorb sone of the light tr tted
"t hr oucprt tpavhich $his mneetl%meatm manb'&ysss %@%Wr%ﬂwfg a

accor dighghd. {b%ogﬁg&f\bﬁﬂ%h% et % i irbodéy) @itducht SLIERE @EE to | t

wi Il be unde ose wmth re on e N the art to which this
i nventba)cpqsaiaradras mclhded weithins hederny "tzammegt" andiare definitivq thergefd sort ed

D e Tl s B3k AT R b RABRER a0 st g gt ¢
- def i nifallitgy Withinothe faeégmngodaeﬂxﬂtmhs,ammdmg chut pat lintited toyr cithus frmiter st ood -
bot! oM FeRbes o SRt OF el el Breb S B gty iRer i ey, 10
fruit digecivihich ranigat mwﬁiﬁmhﬁd)sdreédaacdommo dhp enéthod iand appg.’mtuls@f :
classified and, sort ed accor di ng t o t he rret hod and appar at us, of
. this invention. . S
By the. "surface regm of an ob_]ect is meant a reglon of the object at its outer
_penphery which may have apprecxable thlckness, such as. the peel of a citrus fruit, and -
also includes the outer surface of such an object. Thus, "surface" and "surface regmn '
~ are essentlally synonymous. Indeed, whether a frmt defect exists merely on the outer
surface, or "within" the surface may. make httle practlcal dxfference in the market value ,
of the frult if evidence of it can be vxsually detected at. the outer surface - _ '
The terms “puff", "crease , "clear rot", "sour rot’, "pebbled surface” and those
: other topographlc and features and features relatmg to peel mtegnty used herem are
”well known i in the cltrus mdustry, and are given merely as examples of features whlch | '
can be detected and upon wluch fruit (or other objects) may be classified acoordmg to
,-'thlsmventlon o N N o
The topograph:c surface features of an: object in partxcular a sphencal object '
) such as a citrus fruit w1th a peel, are scanned and evaluated to permlt the sortmg of

210-
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~this invention. By the "surface region" of an object is neant a region of
the object at its outer periphery which may have appreci abl e thickness,
such as the peel .of a C|trus fruit,and al so incl udes the outer surface of
such an OWP®6H4169hus, "surface” and "surface. region" are e 11318
synonynous. Indeed whet her ‘a fruit defect exists nerely on the outer -
surface, or vmthln the surface may nake little practical difference in
the market value of the fruit, if evi dence of it can be vi suaIIy detected
at the outer surface. The. terms puff", "crease", "clear rot", "sour rot"

"pebbl ed stiid ab Fct@&dcdrhﬁﬁg‘l 16t {hlr baEaGs &mnﬁeenom thé Wase oindufxﬁaﬁuﬁes'che
e

relatlngto pe integrity used hereln are, wel | own in the citrus -

i ndustry, P%?P é@&?@‘*’&ﬁ&)ﬁe@ thunctares, qygapesand
- detect ed agglitg aamméowm eogelaf{ %m 3By iderifiedthrohgh Gnalysis of

accordi ng f%iltﬁ?s | nvent 1 on. e topogrsa hi c Ss’urfaceefeatures o?ﬁ ysxso

‘obj ect, i ntheapixebscans amdsmréed basedoapa: thesped] surfage segiongquality.t. with a -
peel , are scann@ﬂe %@%%%&g&ﬁeﬁ Wﬁéﬁeﬁtﬁg 186 sbAndl m&Qe tﬁé&tﬁ'ginw&e

SHEET ( RULE 26)
'PCT/ US95/ 1b8dkgrotmnd dinpge ind the dnmhige g'flthe objsict 1tsalff &l backignowsd uhagé Iethense

of citrus fruit, ,t S Qr bl j ness, dcr

val l ey, - cuf%m°ﬁﬂ1£ﬁ¥°3‘?%“§§?‘?§ image f t B LJFS? “&93?’ ipghu gﬁ&g\
peel is ophemispherésientlid olsjdct, d Wnﬂﬂcﬁl toedetarainesif thefe is'enypburThce feabsre
and sorted: based upon the ﬁeel surface I on q@gllty The objects are_ -

cl assi fi edVijatien @ctt aRkeop Fiaple rka%apgpomh

- i mage and Qg\s,f%n déﬂi@n n&é‘ﬁ el mﬁgé

renoved. A&lst atll st cja]f eval uation hieftlh-rgfg%lesbo§&gmyg§‘}égct as g"{v‘bﬂ@?“ to
i ncl udi ng btﬂhrfrﬁ@mxsmmlew peiss filterinig and thriesholding ofithe nixeldntensitiesto derive

beTa’ st apFeRhid A, TS K@ fuliee 0 i bolsbcr Bl e R pRfilRho Rl
there is, témigudusto lshaqi trafigigions or gﬁtdm transitionghtd idegti€ynspecific dreus defhised
f||ter|ng an i ntensi.ties to derive a ref|ned

h f th
e, TheoR BldbRhihbeR ommaned Benint & SIS ed g SFeR 368k EAARRTRER
cont i guousahdfos wilith tanbeiileRtifie®hs 9hadfdhe %ﬁﬁ&éé !mﬁéﬁ’ecﬁdhsl dkRBtibéd above.

speC| fic areas defined

_ Figure 1 is a block dxagram of a class1ficatlon and sorting apparatus
1ncorporat1ng the texture computer and methodology of the invention. The
R classxﬁcatlon and sortlng apparatus, herein sometimes referred to as the "system" and
genera.lly denoted by reference numeral 10 includes a conventional conveyor line 12
.“up_on which a plura.hty of objects 14 is conveyed. As pointed out above, objects 14 in
the illustrated embodiment may be fruit, or more particularly citrus fruit, or any other
- type of .essentia.lly transliicent or transparent. object. Any sueh object in pa.rticular any
- such sphencal object havmg a topographlc surface texture, could be eqmvalently

processed by system 10.

Conveyor 12 transports fnnt 14 mto an optxcal housmg 16, ‘where the fruit is
fi_llumun_:.ted atan mspectlon_ station 18 w1th_m housing 16. Conveyor 12 transports and
-orients the fruit to control the presentation of the fruit for -i:maging._ ‘The conveyoris -
| designed to provide a ma'ximum optical exposure of fruit 14 at inspection station 18.

- Conveyor system 12 in ‘the illustrated: embodlment includes driven spools to rotate
fruit 14. In the illustrated embodlment frmt 14 is rotated in a retrograde d1rectlon

-11-
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as bl obs, which when conpared against a sel ected m ni num ar ea, shape
.reqw rement and/or wdth can be identified as one of the surface.

i nper f WO 936 escri bed above. Figure 1 is a block di agr RET/USPS/H3IS
. classification and sorting apparat us incorporating the texture conputer and
" net hodol ogy of the i.nvention. - The cI assification and sorting appar at us, '
herein sonetines referred to as the ' ‘'systenmt and generally denoted by
‘reference nuneral. 10, includes.a conventional conveyor |ine 12 upon which a.
- plhur a:asm mévatuhed sﬁglé Magesmmtew]gl ofdermlaﬂhdsmdrtnﬂy\clbmlﬁhbmtﬁritéfl n
~the i ust ted.e 0|rrentma e fruit e particula cj,tru rwt'
Cor an PwROSer Sl 19 (PLgher coiTb e BBl iscrshtec ny thsk the,

such W&m&s M&Iﬁ%wwmhwlm@hn%emﬁmw&apm c
- surface texture, .could be_ equiva ently pr ocessed by s¥stem 10-=-Conveyor

© transpiiow cpmnleteland reliable impginga | Thisumaygof] eourpel synalrenized by

I um | stati-on. 18 w-t hi n- housi- ng. 16." Conveyor 12
transp%lrg%'g an(iil ort en?ﬂ%§h£€rw t ‘to control the presentation of ‘the fruit

“for imgi ng()pﬁhhounngdﬁaspeﬂlapebemdepmtq&n\thdmhﬁedmum-sqctmualwewposure. |
of fru Ctd on . n 13, nveyor S .ustrated
- enbodl?ﬁta g §g§’d i’%‘b qﬁ; WPE% 'S?gghgiﬂaflﬁelwﬁ M‘Pﬁt ed
-Sg})ggl m:ntherfeﬁpoh fﬁ:ﬂt i14 1smmhmhteubg dpéxmgmghamte hght /sd:ih-ceus 57 Z%Wg -

as it

moves '?ﬁ Light W%ee@%mrséowssslaerf% létﬁ'f’g‘ag*fhﬂ Rsat e
for profvmeaawﬁhnmzivemﬁewc?ﬁaywasmé&n bfbv@dxbgrc}pti&ﬁéldﬁmmxhﬁtlhhlhﬁthes :

rotated.so.that the sane surtace tends-to remain facing camera 30 duri ng an
ext endatrfagepf ﬁo@ure to all ow conpl ete ‘and. reliabl e jnagi ng - This may, of

course, be Alt gﬁct eé’gﬁr‘{%? @gﬂr}mg@@%ﬂdlﬂ mﬂﬁb@r gg? gtggusl ng .

16 is perhaps ter e sinplifire €r oss- sect I.ew of
Fi gur eoxzmom\nputelrﬁhessmhm:hexthemay isie ilymivatedfyuit 1420ri bet placed ati mipwes t o

ot “ehfeq AR ook bt ifor R B Ronbe kb7, V.,

from bpdssibland may further be. provi ded wi.th Convent i onal -optics to assist
i providi ng ?\Prther altell'rlnaliltgers]? Sﬁt?&%ﬁuicréi 2§uar.rIda 52 {»ekl })eams or hght :

beams formed by LED’s. Furthermore, a smgle hght source may be utxhzed and may

. be. optlcally divided into two optxca.l sources 22 and 24 or more In any event it 15 to
~ be understood these optrcal sources 22 and 24 or a- sxngle hght source prov1de the
' 'mmdent hght which w1]1 be scattered thhm the frult to cause it to glow And as o
' prevmusly suggested the frequency or frequency spectrum of the hght is selected, |
- based on the optical propertxes of the object to be mspected, to produce the des1red'
o scattermg within the object, and the resultant prOJectxon of that glow through the
' -surface thereof. With citrus frmt the ordinary visible spectrum could suffice.
| . For certam apphcatlons, it may be desired to use a speclﬁc wavelength or
spectrum of incident hght so that a desired optlcal eﬁ'ect may accentuate the
particular type of defect in that type of obJect to be momtored It is left to the
| reasonably skilled practltloner, faced w1th the partlcular type of object and defect to
‘determine the correct frequency or spectrum of the mcldent hght B
' Inspectlon statlon 18 is appropnately baﬁled as desxred elther to provlde ﬂat |

-12-
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Alternatively, high intensity optical sources 22 and 24 may be repl aced by
two or nore optical fibers which either may side illunmnate fruit 14 or be
- placed at a | ower inclined angle to project upmardly to illum nate as
little of wows/i69i t''s outer surface as possible. AsfurtherPGIP&¥SHA#8yes,

- optical sources 22 and 24 may be | aser beans or |ight beans forned by -

. LED's. Furthernore, a single light source may be utilized and may be
‘optically divided into two optical sources 22 and 24 or more. |n any event
it is to be understood these optical sources 22 and 24 or ‘a single |ight
source pr blacﬂmohheﬂectmgmrfadeltgravomsmmmd imdgessorata inchutieveflective lerfacesi t

to cause jt,to gl ow And eV|o us. sted, .th eguency. or .- '
frequency‘fs‘}?égfaﬁﬁlﬂ?m?ﬂ%t% BE{“' 'geqhe*‘b %%ﬁi"% gbﬁ’!é’f’” in the

pr Oﬁert i ﬁmbmtqnna&h%dmuﬁgwm%e@oﬁwnmf scr?ttaediwﬁuhmh dnﬁt:uhndl ng
V\ntlnteo the resul t ant ojection of -t t hro

surface tm g’dtﬁrﬂﬁﬁ Hfﬁq‘% qq?lé' fﬂ'ﬂ%r?”ﬂ’%ﬁ gé’eg'ggge %T‘L‘%%Fg
suffice. Eﬁpercﬁiﬁérsm&?ﬂﬁd batAé)ﬁﬁ'thez‘ ihdwnb %A CCD-Mmftrix HP dehnnitg
wavel engt h or spectrum of i ncident: t at a desired optical effect

MRy accencarmera. élapat& onu¢m82 tf9tpuedfum lemeru mirrpes 285 paddr tolsppiire; in pe

o par ¢ sable ot nhed, Ykl AR e Wbk BEAE o b ARphdr Pt 14
frequen_cyas)demptnllmmigui-esas-lba.ci dent light. Inspection station 18 is
SHEET ( | ately a‘éﬂé\@g 8 Fidira b thers arl Sctually twd caiteras 8ba and b, Sath of wiich

- PCT/ US95/ ddpthifeddin eitafd bf @ﬁé epfherm&uéﬁmem For ekaniple, |musirwamspmnct 0
i.ncl-ude reflective surfaces if_desired to_i ncreaie the ght i ntenS| tgpe

‘inci dent imege effxuit 14 as seen mqylgslag@b ip geflected hy awmaﬁs
Figure 2ajeg H&n% Q%fah Thbh&o thedirktbhiflertd 404, "THL ithdgeldt tﬁaﬂﬁpét%e%ﬂssﬂere

through.its peel 1s re Iected fromlower mrrors 26a_ and b, and thence to
upper ni r isoalso x@flected By lower laft mairrorh2in inte. mpper wight, mmr@czf?branrthe Brst
scanni ng gﬂg{@agao has its optics 32 focused upon upper mrrors 28a and b
to capturé, In a single conputer imge, virtual'ly the entire exterior

surface of a hEhes pakter tiod fxfuitl 14 Has, progeatizdi duvatl the convryoe andoexiisienced a

synchromzed rotatlon to expose its other hemisphere, the 1mage of that second

.hemsphere of fruit 14 is reﬂected by lower right mirror 27c to upper left mn'ror 29c,
and from lower left mirror 27d to upper nght mirror 29d, both resultant images being
- reﬂected into the other camera 30b. |
| ~ As shown in Figure 1, Camera 30 is coupled to a texture mode computer 34.
_ Texture mode computer 34isa personal computer coupled both to a master remote
_ ’ lcomputer 36 which runs the necessary functlons of the conveyor and sortmg systems
and to an mput/output computer 38, whxch prov:des user input and output access to
- system 10. The texture analyas of fruit 14is made mthm texture mode computer 34.
Aocord.mg to user mstructlons, input through mput/output computer 38 to ‘master
- remote computer 36 will 1mpl__ement_ a sorting operation as dictated by textu_re mode
computer 34 at a plurality of sorting stations 40, vfr_hich may include solenoid actuated
ejection fingers upon which fruit 14 rides, and by which fruit 14 is ejected from
~ conveyor line 12 into. uppropriate -sorting bins 42 or secondary conveyors. . Such
“ejection is described by LaVars et al in "Conveyor Discharge Apparatus and Method",
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As shown in F| gure 2b there are act uaIIy two caner as 30a and b, eac'h.-'of'_ |
~whi ch ﬁﬁp an i mage of one of the two hem spheres. R , the.
first ré‘ﬁb'ﬁsgrlc i mge of fruit 14 'as seen in.Figure ZbPél}ls re %‘?t ed by
Tower right nmirror 27a to upper left mrror 29a and thence to-the first
canmera .30a. The inmge of that first heni sphere is also reflected by |ower
left mirror 27b into upper right mirror 29b in the first canera 30a.. Then,

. after ruit_14 has_procee own the conveyor and experienced a ,
- synchrﬁ%ez‘;eﬁeﬁ) 5'5 gﬁ?ﬁs other hemisphere, -the inmage of that

_-second henippherie dah bé uhueﬂétoé& byodibRire Higtirel DWRAL the Rbxtiirt MR6GAE%L © -

upper -l eft mrror 29c, -and- fromlovver left mrror 27d to upper right mrror.

o 29d, bestemellia made; wn g sthree Isgbssemreet\wchrmshme tbeH@tmend qmiss As

,.)

o o et B 16 ARG RIA By CEKLMARBAE AEF OB o8

r enot eb,cantp28eandd, mmmmthMmﬁumh&conveyor and -

 Thput and ofiEe dowhdattbutcBihpRero s AT Hrbter  Pemiy lutltéy 5 437 o
.+ made vnd:iventxbnal and mhbsamiﬂlgrmmoenﬁedgntmosm clestxﬁusﬁwmd Input

~ through | put/out put uter 38 to mastey re te CO 36, vm
i mpl & 89 oot Bale qesten, dRereperbiony oavetaTs Towal 20k b

pl ural aéstnetd ﬁ%h& At st thaft o proViab aBackiFind i SPpBrRe e&é&;eti%ﬁ

ej ection fingers upon which fruit "14 rides, and by whlch fruit 147is

ej ect cof theonperatipyef; textuee mwdergompyter &d: | Gentrad rltip%mil computes 88ondar y
O i, e, SRR oL i ' G e,

PCT/ . US$i¢cticafbr inpmit aal eatput\ofinarious, cla‘sél,ﬁtaﬁo(l patheteTsand for demlminmng

- d d b 1 tha f.
mde (e batisi Aoty Wners 2Rl dabes bt rgRren. 2 B BYRHARL 1 o
| |2 gcl udigbge oqsmpml arbay shaw thé sihpledintar depietiow itlastrayed i Pigitre 0 and mrror s'.
a an

and b, and inage oce wi-thin,texture uter.
34 central T, HehFiog: SIstemm oiRga tave- Cuigstsm HAIORn DFURGHGn Lempe, re

~ situated on opposite sides of fruit 14 and below the fruit centerhne ‘The use of any |

-at a

partlcular type . of lamp or 111um1natmg system is' not mandated by the desxgn '
requxrements of system 10, nor is the number of lamps. The only requirement is that
" the lamp or lamps emit enough light of the proper frequency or spectrum mcldent on
' the fruit to create a glowmg effect transmitted through the peel of fruit 14 that can
be detected by a camera.: In other words the fruit will ‘provide a glowxng eﬁ‘ect to the
camera prov:ded that the posmomng mtenslty and frequency/spectrum of the hght is
- such that the light penetration mto the peel or rind of fruit 14 occurs and is scattered
therethhm to provide a glowing effect through the peel o
. There is no speclal filter on the camera, and time exposure of the 1magmg is
~ electronically controlled Electronic control of the time exposure oompensates for any |
difference in the intensity of the glow due to differences in frmt slze and. peel '
thickness. Thls can be determmed during the initial part of the run and appropnate .

corrections, either automatlc or manual, may be entered through mput/output
_'controller 38.. ' : L o

©<14-
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conventional and are substantially the same as used in prior art .

| assification and sorting apparatus. For this reason, these portions of .
system 10 will nat be further descrlbed in any detall ot her than t-o provide
a backgr oM@ 96/8416%pport the description of the operation of PCISIFAI3NS g e
conputer 34. Central input/Gutput conputer 38 provudes for system control

i ncl udi ng providing for. all aspects of userinterface, selection for 1 nput
and out put of various classification parameters, and for detern1n|ng

- conveyor paths in system 10 where multiple |anes for conveyor 12 are -

provided in ammmwmbetmmuWEphomdMMMon each
illustrated in ure The | i syst stvvotun sten

proj ect i ocTREReH g‘kgﬁﬂffaﬁﬂa%‘l ?‘E&'&!ﬁ%\‘% AUNCY & ?‘ﬁf”f (’;& g‘?ﬂ?"ﬂel ow
the frui twkih! ddpgends upbRCtHéSEmBtnt of light 'sefisddPby exsle phttdm OBy usmg the
i I'lum nating systemis -not nmandated by the design r gén rement stem

10, nor |utpHb fregusncy fro tﬁﬁsfreanenohgyw@a@ﬁ centralied by; phatodi the

I anps em BRHind xﬁﬁggﬂrum i nci dent on the
fruit toceateaglovvlnbd#I transm tgeg Krou the.peel .of fruit 14
that. can be d&‘mewehﬂargmmbarofwmhewhmmt nmybamummg,rmen a

Pr cauoncy LRy b i KAERFyRt Shabd thay 03 it @ vl B0 siher b B30 t“éfg?the_

‘peel or rome opfmbre Ichmbéas)@ndr'earddmh bptxedasystemd dritk configuriations. pItois @ot a
gl owi ng effec hr.ou e Ther 0o.special, f.ilter.on: the cape
and ti rre__ 10 1650l g Beoriei the fveption by iRk ebaetetieo Hiq W Bapen ok
contr ol stéiﬁ, mumnaﬁaﬁ%ymns erpARSiabaysfom. Piktesd, fif ﬁreem@sslybddiemplated
intensity of t he q%’how due to dlfferences in fruit size and_peel thickness.

Thi s can’ that manyebheevaratiopyandeppropchesmagbe eqrivalpatly gmploxed4ip obtainithe o
correcti Ofgy)tg &&@s&#ut Qgg&ﬁ&f&{oﬂm%hggi?%@g ﬁnﬁﬂlf‘edp{e?éﬁé@ Embodiment,

i nput/output con
PCT/ US95/i8 tBa a/mnbetmtwdlycmmmlate camptter dirfage tof deady fidte lobeaarpmbdctoddtat 44

- rount o0 o RARIELA: ol 3RSl i QR oREEHEY R BoltlBHIS0SY

each photfrditcbefacBy Indeedl for somietapylichtions) andyndge N onechdniiepheremnlgensingt or

controll ed ngyglé3 98&894 863 and sumpixPled optics, may be sufficient.

-1 Y

Texture mode ‘computer 34 performs 1mage processmg and passes the
classification 1nformatlon to- the rest of the system for final drop-out selectlon'
aocordmg to means known in the art. The actual method or a.lgorxthm by which i 1mage_
processmg is practiced is not’ crltlcal and can be widely varied dependmg upon the

.- power and capability of the procesor used w_1th1n texture mode computer 34 and its

' ' controlling _software. In theillustrated embodiment; texture mode computer 34 utilizes

a model TMS320C40 micropmcessor, manufactured by Texas Instruments, to provide

_ 1magmg processing through an algorithm generated usmg a general i 1mage processmg

development package sold under ‘the trademark KB Vision by Amennex Artificial
Intelhgenoe, Inc. of Maryland. ' |

 The basic hardware of system 10 having been described, we now consider i in

general how the captureddmage is processed to provide topographic surface texture
gradi_ng. In the i]luStrated embodiment, the first step in processing is to drop out

invalid information such as reflected light intensities from light sources 22 and 24

-15-
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exposure tine on the CCD chip within caneras 30 is controlled. There are a
-l arge nunber of ways in which fruit 14 may be illumnated, as well as ways
i n whi cv@9sa#asat er i mage may be taken of fruit 14, either_with the use of
one or nore caneras and various optical systenms and confi JTA¥S98AE38)t i

not intended to lim't the scope of the-invention by being restricted to the .
iTlustrated optical system illunmination.systemor imaging-system |nstead, .

it is expressly contenplated that many other variations and approaches may

‘be equi wHigREb Y d §o.abtain the results required by the invention. - "
Al that is re.g]lgi?ir-e!cli,- _tﬁgeﬁeeaﬁﬁwtéﬂgmi@qmum&%@ ly .
- conpl et @%ﬂﬁd@%ﬂeékm’@gmihg@cbxmgtolﬁéqﬁ.ego%g so,.t hat _texture - '
- char act'g&,’h?,a{é’rqﬂﬁggs 'f'di' scussed below wi | |7 not o -arﬁ?rg?ﬁ?i#ﬁiq{eﬁﬂ aglyal i on
- of the frurt surt®ee "1%@5 WG Iryp peelare depisted aTworimagesof A8l ChreiSwn
heni sphisy ﬁmeﬁ&-mpi@iﬁgﬁi@ggﬁégqggr@v@ﬁ nd,simp)ified o&t'i cs, erraywl:l)le_ .
- suffi Cif‘%ﬁ STﬁtgﬂf node . conput er - 34 per %&Fﬂp hie%ie VigWs fstherfruitn d Thasses
 the clasS IR P ?ﬁ%ﬁm,muwafahbmsﬁhmﬂ§wﬁ&%ﬁd%@ drop-out
- Sel ect ] en bwelivniitialed b poRAINS of PV Ehapidiflfordiars The actual methododr o
- algori t.gm- l%y whi ch i'nage  processi 5 -cﬁ%%QMngnbMomﬁoﬁan be.
wi del y 3Pautd e depegraphis syrfacettegtyreyer and capability of the processor used
Wit hin texty de conputer. 34 and its controlling software. In the =~ = |
il 1 ustrat edﬁ%ﬁ?%ﬁ?@ .fﬁﬁ%ﬂéu@mmdmmbﬁdemﬂﬂ%imMZOmO
i cropr%@e%ﬂ,atdrﬁnﬁaﬂibhwﬁfhd)mt-erﬁﬁﬁﬁo{*@% reﬂgﬁg&,zx to provide imagin
| procesghﬁ%et' ggh an_aJ gori -hm genérat ed Usl ng - ) IR qongtsutingdbesi ng
devel opma_lét’_ pat %@g‘_’ §BI-’&%EH‘?H’9°_ lon if thexe axteindensitiBvatiaiions by tAUSH) @@hi{:h '
Art.Lfi ¢puld domstithiedupfiRe dbftetsi nd.  The .basi ¢ hardware of system 10
havi ng'c{]gse?mglgfcri bed, We now l% Hg?ﬁo%#@ﬁgergeé‘ﬁﬂlﬁ?amuﬁésDuﬂimeamge is
processed’to ProvE®E Pbpogr aphi c surface texture grading. In the . _
i1l ustrat ed Aepdfoeh BNy jrsi step.in processing is to drop out invalid
information such as r_'éf.ls;glggte{fﬁ%ﬁ?f‘q%ﬁpﬁﬁg&{‘f’.@@hﬂﬁ htlyjHetashed from e and
24 supbft SEsHiert; QUi 6yill be WAREMY bhbBEn or puffed out, A oo
PCT/ USPevetde} 1id - WHi&) ad-?oﬂ;?t -cg titute the glow Tromlight SFERIRISthey t hi n
the frujt.14 and emergfng thi% [}z‘ﬁ ripd puface irag theey depresmsedrgympiredodure
3a, br?‘bﬁ’c@ﬁﬁ@?@ns- 46 of an actual o e
o If no defet_:ts_.__are detected, then the gré.phig:’_ i
data which, for example, ' P
o ‘1_a§a'derived froni the fnu
| 'fq_;f' claésiﬁcation ?@os-e

ed, then _ mage js_c'he‘éked for high frequencj' |

yvould bg-indiéative of pebbliness of the fruit Surfai:e.'. The

t 14 ca.n thgn be fed pack to the master remote computel; 36

cassificat s according to user criteria. . - - . . N

o | '-h_l an i_nsf':a-nce yvhere glqba; statistical analysis of .thle- fruit surface li'ntilicates tha’-c |

‘Peel defects exist, the type of defect can then be detérmined by applying a series of:- .

. @ta filtgrs to identify them. The high pass data --flltéf-Caﬁ be used to search for cuts N
or punctures. A low p'gss filter with 'blqb'analysis', tracing and '-aspéct rat_id of areas of |

is useful to identify puﬁ' and crease and to dist_i:iguish if 'from'rc;t.'-- |

greater 'ihtensity
Ablob is defined herein as a configuous area of the peel that has a topographic surface

texture of one category. . :
L _'_:A'ftez__'.the puff gpd g;fe_ase data is .'sep;az_-ate_c.l, a series of chefcks to ‘show peak

~ .. -ntensities over stangia;d deviation values can be used to fidéntiﬁr théde'gree‘ of defect
_ hm a wtegory of defect, such as puff and crease. After all this proceséing is done,
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conmputer image of a snmooth fruit peel are depicted. Two inmages of fruit 14
are shown in Figure 3a, depicting in essence the two hem spherical views of
the fruit. Thus, regi ons 46 of the graphic image, because of their

di stincti WO9HMIher int ensi ty levels, can be elininated asPEEUSPURSI®F { he
graphic information signal carrying no information about -the topographic
‘surface texture. Next, an entire scan of the fruit surface is nade to '
provide maxi rum mini nrum and standard deviation of the intensity of the
entire pixel pattern constituting the inmage, to provide an indication if

t her e ar e thetsitzesoft thevfruitasas anshole is lthen rampanéd whthc the dreaoaﬁ'ectedmn orderf tece
defects requiring further m 0 S f. a

punct ur es Saperasp s petientake FAGISOF P oret o Ve apfblad Bfpes] RRRG: abtec, veh
sli ?lht ly dnstnﬂmgbfém imchurﬁi@cllmaylﬁxdmﬁé subject tdmspard:htige s\balahﬁb?, blrxlt _
swol | en or puf.fed out cl eas S the . reverse, in a ti-on of t
rind surf §egs*ﬁté§'e [\Ethade ?ﬁ"é%?@gl"éﬁ ﬁf)&FféQPP t%ff&?ﬁﬁ%gf‘ﬁﬁ%%%fo%ﬁWW%e s -
are det ec&gdm@@amg&&gglﬁ.‘ﬁtl nmage i s checked for high frequency data

whi ch, for exanple, would.be indicative of pebbliness of the fruit surfaceQ
The data .derivé wﬁbmnrneeqsma maxbecetfectmnbbe betten,apprecigted by mawt vewing

remte co a

on i o Pk 301 ShARGlebh SR AP ol SR MERAN e S bolpltel S

i ndi cat es lineatasrﬂmlwmlai ebhe azomespbndmgé‘xgym 8t5-10kf respectively.h Ve burn first to
.determ ne a _series of dat s to ident.if The .hi
oase Gat » THRYReRD ol WHoR  35ride Ol g orhfet R ol

filter w the doublaitahys f?mtm?mm??ﬂctm@d epzfovtcwdl ? tlie gmaﬁa omsgphmicﬁ:]{sly
intensity js us Q identify an rease and-to distipgyish . it from
rot. A bl &bs%‘és“d’;#ﬂféﬁ PR g6 i‘r%r&hegﬁlaa@navea W‘E%E“'ﬁ)@ﬁg“?ﬂ'&f’ 80

t opogr aph lcenﬁd!ﬁin?gcﬁféﬁﬁiﬂiéﬁ réfevRifid e AN ure ofthe pebl@nlitién.and crease data
i s separated, a series of checks to show peak intensities over standard

devi ati on val uSiatistical dnforaantion igishen fpkem of dhigr entings sraphic image Hprokfain
_gg;:_gof Y 6 gig.rmusggﬁt%ﬂ@g SRS cHAti&Eridd thd MHiSnBEPCERALIOEs bF

the image pixels. In this case, the statlstlcal deviations which would be returned

~ would 1nd1cate that the fruit was smooth and well within the acceptable range. At
that point, further statistical ‘analysis would be unnecessary, and the fruit posmo_n
tagged within system 10 and carried down conveyor 12 to be routed to the appropriate '
- sorting bin 42 or secondary conveyor, or for analysis and class1ficat10n accordmg to |
_ | --adchtmnal methods and criteria. - o ' ' '
: ' For the purposes of xllustratlon, a typlcal scan line 48 is taken across one
' - portion of the two hemispherical images in Figure 3a. Scan line intensity is then_
depicted in the histogram of Figure 3b wliere 'intensiﬁy is graphed 'ag_ainét the verticel
~ scale. and. positioned along the scan line along the horizontal scale with end 50
oorrespondmg to the left end of the histogram of Flgure Sb and end 52 of scan line 48
:correspondmg to the nght end of the hlstogram of Figure 8b. A visual exammatmn
of the histogram of Figure 8b indicates van_atlons of pixel intensity maintained within
. a range of values with a fairly limited deviation from a mean, to provide a pattern
quite different from the histograms depicfed in Figures 4b-10b, wherein varioue fruit o
- defects arei illnstrated. Thrbugh'conventiona.l statistical meaeuree, the histograms of
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© WD 96/14169 S . PCT/Us95/11318
-~ the size of the fruit as a Wnole is then corrpared with the area affected I n
- -order #te a percentage val ue for the defect of t ]
_.surfacgpo%ﬂ@r defects, such as'rot or breaks in-the ri n?_rray ng{ﬁge'
- subj ect to a percentage evaluation, but constitute a cause for inmmedi ate

rejection of the fruit regardl ess of the percentage of the affected area of
the fruit. How this processi ng may be effected.can be better appreciat ed by' ,

' Rlolvt\cl)lggmg‘lék‘gﬁ{’ g@ 10a.in c aél s.0n to thSL gl xel mteng w

- Fi gur eghogl pw&netaepma etw cabég 6ﬂésﬂtd rélenatj mditﬁy rteeaa

~ conputer inmage of .a snooth orange rind is depicted, ill ustraﬁ ng the doubl e
i mage F%ﬂ%‘?feﬁ'ﬂéfl%ct ed ‘i mage: provi ded to the camera. As: previously |

di scussed, gﬁgﬁpg!eﬁ@épat ed _'
as not contlg‘#ntl E%j | %L%?%ﬁ@ree cg?al?]#@%éoht%i?%%%ge(s)@{%ehpee condi ti on.
St at i simhages of ffwit H4tindfighre Sacit is axpressly understood thatymaltiple scandinesd8obt ai n

VR e SRR B A i e o BUPR Hel e AE AK,

whi ch. betdkénlin drdteutmoﬁtam anchveraitesthtistitalidefinition ufthmogrmﬁ&tsmdcewel I
Wit hin th ac g%e range. At that point, further statistical analysis
woul d -ERFVRER and the fruit. p03|t|on t agged: wi t hin system 10 and

carried dovmgee@uaymaxsﬂa%tépa%nﬁmﬁdﬁaget&e &Rt QA rblehdsied b egmh*f&héZ or
secondary conveyor;. or for analysis and, classification accordin '

 addi t | SFOMRASIIRRISNAWE asrsous TPk, which is visible ip dbe opaeraphigsuriace ﬁxttee
typi CahgHnaBribhd AdAir ki ds 36'aPe ahﬂﬂﬁaqaarft xﬁ'%hetxglhg@e g Hﬁﬂp Istt' cal

i mages I.n Figure 3a. Scan.line Tntensit s then d ogram
of Fi gQveradhstatistical; analysis ugxmadegnaqgcatmawetmre msutﬁpmmdmtmnd

t
B0 el arditc PRk BARHONE FORHRETRAN ek BLoolling RRTSRE)
~ scan | blemisifesc dx typiud scimline QSIMmeanﬂylthkeh aﬁ:rnsslonetoﬁgheahemispﬁeguale 3b.
. A visual exa atign of he hi st oOf 3b i'n vari ations of
i ver e it a8 s rSore R it itgesiy biedian ottt i Bies A B s oo
devi at skgw tﬁ@iﬁt@néi?aﬂarﬁﬁg B¥oy tHE battBai bffHe &HhtlﬁleCihfF‘lQﬁﬁe"la fit@MHeeft
ed in Fi gures 4b- 10b, wherein variQus fruit defects are .

| |h: fhg? $§tled91§f%§§%te Figure-th) |t9nta|e tep 22 @mllnﬁééee rFéguret 4Pe<1m éthGg'ngﬁs of
-17- of the histogram in Figure 4b). _ SR |

' o Companson of the pxxel mtenstty h:stograms of Flgures 3b and 4b 1mmed1ately _

B show a clear and definite difference in the pattern character ‘There is a much wider =

 variation between ma:nma a.nd zmmma, and devratmn from the mean is. much greater .
N "than in Flgure 3b. Thei 1mage is prooessed to 1dent1fy areas of gradual transxtmns in ¢
o ) ptxel mtenstty A predetermmed threshold is estabhshed, exther automatically (based o |
on statistical measures) or set by the user through central mput/output computer 38. -
] .The number of pxxels havmg an mtensxty above. the predetermmed threshold in
' neighborhoods contiguous to pixel boundaries with gradual transitions is tabulated R
‘These nexghborhoods are defined as blobs The number of blobs which exceed a given
-charactensttc parameter used to 1dent1fy the surface defect are then tabulated If this
 number exceeds a given maxlmum percentage of the peel area, the fruit is tagged and .'
'tracked for reJectlon ' - ‘ ‘
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Fi gures 3b-10b can be characterized by : meani. ngful statistical paraneters,

and t hr ough t hose paraneters, sorted into categories to re(}’:}gﬂl’sés’égﬁ tify
t he topodﬂﬁﬁml'&mgurface texture of fruit 14. Further, "alth g o

sean line is depicted on one of the hem spheri cal i mges of fruit 14 in
‘'Figure 3a, it is expressly understood that nultiple scan |ines 48 at

di fferent directions and positions t aken across each of the hem spheric
~images could be taken in ordet to obtain an averageistatistical definition

‘of the topogrBetngnition bfipetterx shapeseif themlstommwgs dsoske performed withip -

. t f

SOl o el e Yobdeipe 3¢ sBlAP Otbelliofad surﬁfg‘é%%f%%ﬁ'?gg‘*z&ﬁm =
bri ght Ii-dt.uhistugram‘usacMac%ﬁRdé)yet larige xtentirsl pesktfalinghof steeply 4p rpjateau -

: | t t I

suf 1 o oPeouas Y e RS 4850 b8 yRerh D Hobl HpBibdlerl Al imb il T |

- further ﬁﬁiﬁ %rgteéérdm TKe sﬁn? 1thLeéveaﬁes po&tiqmlmlhaﬁWai p?el 41tﬁtefmty .
conseqguen aken- across one o e ms rG es -0 rul an
U s cor r BIASORTARNGE Hiie SREPY- o LhEB GO ARATHRR S aleisad i EPuF ot SnGHBIFiER by

i nt it t h
51 "o ERLPRILTE g il g, salicibgn a3y s
4a (i .e. nndeethe egntrolfof mhaster mgﬁemmwtﬂ 36 peting pn parmpaters s¢f l&rreﬁmnsm xel
ot nvy Yo PR IvoRtpdy ilffer 88 Yot s AVDR thttiriote BniioRAiriAfiin

_deflnlte di ern charact ere’ls much w der
vari at i ofrone textane mmdermmlterrﬂm ma, and deviation from the mean is nuch

t t'h Lh Fi 3b. _Th t:0
Gradual transPERlnaY: Fenra et i pona ey impes SRS e B Y B L G
est abl i sagpuit @haktRterisddlipa cleat kot ﬂhsmﬂnisn attmtaosrespahdngansmgsammhom by
t he user through central input/output c ut.er ﬂ)ber of xe.l S '
havi ng afn Figwiesoh §s sherpsterize Yeaels@eni’%@dsliw sfﬁbﬁlﬂﬁ °PFU YSF o%%e
cont i guUOYS it g'ei@elwﬂa?ymﬂﬁié &%nMdefﬂfl?éjéléer rdt/sPoe | ApAIRGthis ma@uisadxeﬁnct

These nei ghborhoods are defined as bl obs. The nunber of bl obs whi ch exceed

a gi ven @t shatcef Eiguresi3h anét‘lbrallds@a h&)dlﬁﬂéﬁﬁly recognized thy ¢pnventional,
e Lol b, e HAPRAE e WBMLEAR S ol i
processing of t.he 1mage for clear rot is similar to that descnbed above for sour rot.
Figure 6ais a computer 1mage of fruit 14 havmg a high poros1ty or a pebbled
surface, which in some markets, consumers may consider less than perfect. Thel
' correspondmg hrstogram is shown in Figure 6b, which ﬂlustrates a scattered variation
_ " of high pixel intensities, resultmg in a forest of skyscrapers of thin width separated by
’ deep valleys. The hlstogram of Fxgure 6b is distinct from the patterns of Figures 3b-5b
and through statistical and pattern recogmtlon, can be identified and fruit 14
appropriately class1ﬁed and sorted in system 10. In partlcula.r, the scanned image is.
filtered to leave high frequency data us1ng a high pass data filter. A threshold of pixel -
intensity of said filtered image is established and the number of pixels having an
‘intensity above such threshold is tabulated to assess the porosity of the peel
_ Fxgure Ta shows a computer image of fruit 14 whose surface is characterized by -
the surface blemish known as soft puff and crease, or is characterized by hills and "
valleys in the pe.el' topography. The cdrresponding_ histogram is shown in Figure 7b,
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18 - WD 96/ 14169 - :

PCT/ US - Recognltlon of. pattern shapes of the hi st al so be
:perforﬁégélﬁl‘ﬁ?n t exture node conputer 34 through conven?’gﬁﬁgﬁs@ﬁ?ﬁ/ _
-fitting techniques. The sour rot histogramis characterized by a Iarge :

central peak falling off steeply to plateau shoul ders. Miltiple scan Ilhes )
48 can be taken through both henispherical inmages of fruit 14 if desired.

~~ The fruit in tectlon pos hav] ng ixel .intensity_ histo ram of
Cthis skageen #5578 i 4B By Hhod oy iSuresh ohagn f ditHect

conveyQhadl 3f srigmsersadbaaahgpén&wemww éplﬂdlﬂstitgrff]ﬁ%b'peaﬂ@ @mé g dary

conveyor under the. control of .master rendte co actlng on

par anetm@ucemdthe sepasated by valleys of mediumy dep bistogranh of s

~ given t gﬁlﬁﬂﬁﬂg r -
- Siml arlf}%“‘tem gure gg s a C %&t@%%e %é %E’&‘Lﬂ&ﬁ. ﬁ’g?@{ o{t “ﬁr uit 14 -
" Wi th athedoft phﬁ'rmd@lremddéfyciaand etartmbss BBQWbit&rmlﬂtrthE lsorting intmpéheli ng .

Fai | ngurol seleCphbin 30 oriueSRAAY peard e 18 BB e

ot hg ZLdmrageos ﬂpateg fo cliow; fﬁehuenc;ndg& Iazsmhy atlmcpassr datal filter @fr &hydaes 3b
- an an can IStin reC ni.ze thr ntl na attern
O oqmEEPeRseg leprie GG, ATORLoF enent LhY avrra AR Bl 1 8 PiRel

. processhtuhsity fHieshd@ds ésﬂablfdh@arfof Qhe'fﬁté‘redh ol anfifthe KORBEF Br%?éwve

for sour rot. Figure 6a i.s.a conputer twge of rwt 14 havin cl;

por osi tlsavurg%npéssswabwerfép@éthmhehlmﬁa atedipiden mr) he -
consi de{ ess than perfect. The correspondl ng hi stogram i s shown in Figure
6b, whi cﬁ illustrates a scattered vari-ation of. high pixel intensities,

resul ting i Figufeolaeshovwes tM(gmpbupnngeoof thiei trwo/\belmisphemrdtaeﬂ'utgmﬁmse

| | . The_;hi f. Fi 6b di st th i f
' gur o Rl et o plaBe 2 VRl o PRO g fpriitesfbiafos,
: denti farerildgm formhied oh4th@mmaﬂeaéfeu¥e ;pieals aufmgdlgmsdhsomlfedioﬁespmt&ﬂgd 1?

n_ par;ucu ar scan ngge 1.S, Tl er%&t }@? " %g%n at a
usi ng al§§ ﬂ‘ﬁ?énfﬁﬁ‘é"r Andiip 28R 3 £, 5&1le
filteres Figass 35785 chtdcoiipsbdby wille shdnihigh Héalpi wﬁhSdée@wm arbew&aﬂSI ty

above s ch threshold is tabulated to assess the por05|t of t peel
Fi.gur e tR8ms KeTRPSEORGRE Jo dheiridges and yallays foumogl 4n dhe fruik Peel. sTbﬂirtaétlsn zed

._ by correspondingly graded according to statistical and pattern recogmtmn and sorted by

system 10. In partxcular, thei unage is selectxvely scanned for sharp transxtxons in plxel _ a
1ntens1ty A threshold of pxxel intensity is estabhshed The number of pixels havmg
an 1nten81ty above the: estabhshed thresbold in nelghborhoods contlguous to plxel .
: boundanes correspondmg to sharp transltlons is tabulated The nelghborhoods are '
. defined as blobs. The number of blobs whlch exceed a predetermmed charactenstlc
"parameter used to 1dent1fy rmsed and recessed wedges 1n the peel are then tabulated
Again, as in all of the cases of Flgures 8a-10a, an absolute number of blobs or _ T
. -'percentage of the. total peel area within: blobs i is determlned to prov1de a cntenon by B
wluch the frmt is accepted, rejected or otherwxse handied. _
- Figure 9a shows fru1t nnages 14 for a piece of frmt exhlbltmg fractures y |
'genencally deﬁned to inchude’ sphts, cuts, ‘punctures and scrapes ‘The correspondmg
‘histogram is shown i 1_n_ Fxgu.re ob. and is character_xzed by very .large and wlde peaks
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the surface bl em.sh known as soft puff and crease, or i-s characterized by
hills and valleys in the peel topography. The correspondi ng histogramis
shown in Figure 7b, -19- SUBSTITUTE SHEET (RULE 26) - WO 96/14169

PCT/ US95/ WMB9®14169 seen al orig typi cal scan |ine. 48 of Fi gur e PCR/USIHEI31S .

hi st ogram shape i s distinct fromthat of Figures 3b-6b, being characterized
by a plurality of high peaks, some with nedium wi dths separated by valleys
of , medi um depths. Again, the hi stogram of Figure 7b can be statistically
and pattern recogni zed.to aIIowtagg| ng of fruit 14-with the soft puff and
crease defvitli deepl and whhnr afjacent oalleyiss %eemtogrannls Imgalm,t statistically and

'approprl ate col.l.ecti 4 seco dar Ve sy,stem

parti cul aPattEFRAs ﬁ’ﬁ‘ﬁg &F‘f ﬁ‘@?‘tﬁ ﬁﬂ%‘%g{b‘@% ]xg“'\td\%tﬂé’ses
data fil telasaﬁearahdde&md)r ﬁﬁ:?rtﬁe Iﬂithiﬁ tefd 20. SHD@hH:ictﬁar Stte! hdge fke

pi xel data int ities. A plﬁxe |ntlgn5| ty t hreshol d is_established.for the

filtered. Seammed forqsharp. HRARSEiONS up nizels lmm aft Predstermined; threshold: is
t hr eshol dpcvidé “ied Sember b fjﬁﬂ vﬁié o%&%héﬂrédeﬁeﬂﬁbdtﬂ&%ﬁ 8a
e two

shows the graphi c i nage o eres of a fruit 14 ose skin is

bl Ielm shedithpeighborkoods lcaBtinugys to pixel bnundmweyxthmm teansitionsis: tabulated.
cor t eapond AiRThrB0UAE afl dhfifedHh Stk PreulEE of tho Mol Bhgh ¢chla o

pattern f pmdetémimedhnga@pmfde?erminedwﬂdth?dre taﬂnﬂatudteudmﬂﬁfylﬁactufhs ingaid -
- hi gh peaks: %reth deep val | .eys.between them corresponding to the ridges and
val | eys fBffted in the fruit peel . The fruit is correspondingly graded

accor di ng t o - SFiguirét 10eis 28 ooibiitel NinifR08N| thie0 bwaNBeraipheres) ¥t S Srait) 14),
In. partlcul ar, the i rraglg is selectivel y .scanned for- sharp transjtions in

pi xel i nt Shaacterizedihy; glenr puff;and crease skinodafect, TheccqrresboRAing hiskegrathiser
of pi xel SsﬁWﬁ N Pigubd 1085 'ahY éxl?ﬁi/%sti" istfitive Opéﬂﬁﬂ othfxfgﬁh phitiiple Beaks of -

nelghborhoods contlguous to pi oun arles C

rre to S
transiti omedivmivaigih améhl naryev ﬂpemhwdd berrdsenewaﬁnm wkich|ig ssstatmecally

ToTD St P4 Bt Gl RHCRE  RECHR SELACH FIRLEE B8R0 AR R o
Agai n, as wutrh elear pﬁfﬂdml cmsscai bEIsglﬂbﬁ@el&&ld@ﬁied’ﬁhd&lh&@édlhe systehe10.0The

bl'obs or .
: image processing 1s substantxally the same as practlced w1th soft puff and crease

described above :

~ The hardware of system 10 and the processmg of the image data now havmg

been descnbed we consider the overall software archltecture by whlch the data

:processmg is achieved. The operatlon of system 10, and in partlcular, the software

_ control of texture mode computer 34, is. illustrated by the software architectural

, dxagram of Fxgure 11 The software orgamzatxon of Figure 11 shows the major

' modules used by texture mode computer 34 to perform the operations descnbed above,

A real time kernel 54 ._prov1des_ the operating system of the illustrated

embodiment. A main texture module 56 performs initialization tasks, manages the

various resources ooupled to the texture mode ¢':omputer 34, hendles event interrupts

. which requires special processing, spawns or assigns system tasks which must be.
performed ‘and assigns pnontles among competmg software requests w1th1n the

-texture mode computer 34. '

Main texture module 56 commumcates in parallel w1th the plurahty of other.
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. percentage of the total peel area within blobs is determ ned to provide a
“criterion by which the fruit is accepted, rejected or otherw se handl ed.

Fi gurev%l%smw fruit images 14 for a piece of fruit expchiusssipsis -

. "fractures™, generically defined to include spl its, cuts, punctures and

- scrapes.. The.correspondi ng hi stogram is shown in Figure, 9b and is -

charact eri zed by very Iarge and W de peaks -20 SUBSTI TUTE SHEET. (RULE 26)
WD 96/ 14169 _  PCT/ US95/ 11318

W th d EML N
'statlstlc‘ﬁw n'gpattern |st|n§%5fmomthr5e§hlstograrrs wnéﬂ/ ?Igures

3b- 8a, mmmgnfpom tmodule 5% or: icontsol iand data sqmmuneqtmpntlams}em thin

T eer e BoBRE o coplnaiite. Hiaf .sglp?%é AR, SR M0 "

pi xel s haadledgthrough adoedltarea netwotlhmogdul=ig0. eMovemtmt hmdsdynlcliro:nzatmn of

Unelghb hoods ca ou I xel ndarles L,tjons js
{abul atln SoRTRYoR P Hehe Ruftuied +,bF REACHIoRizAtpS HARNS 62, BERettie Hinn  ops
“whi ch eesﬁmh;aaﬁésdeuewea ré!heﬁe a&ﬁpateecha £ smada Mif6trhati6e chaberhaiged t o
identify fractures'in said peel.. Figure 10a is‘a conputer image of the two

| ~hem spﬁ@P\ﬁﬁy"éfﬁPﬂe‘iﬁ-ﬂﬁlPOMmDehar acterized by clear. puff and crease skin
defect. Th di-n
erec © Cali{dra 380 Qnﬁh%s%tﬁ‘f%!tgléé%%%foﬁﬁggt&%‘inéﬁ%fﬁé’iﬁﬁt Yﬁé’es a

~distinctive pattern.of mul t1p 'um W row
apexes frampe gnake @rotocdleepdea Ithey:ontmh of module 64 ahich iie ased ta nmtpattetmdw

o di b, 4 h
_ c: Zhlr n?‘f‘*‘%"%&@ﬁ% épglé‘% e sel ecEll %ﬁ cﬁglscg 1A @&c\iﬁhgirggdrc%'ezahodé%eni:t evrr\qt '
10. Thas anSBchRidMssldeg cardsmhau&otmﬂlby SbectsanESf@abrPd-ocessmg, Wnt:.hos oft .

puff and.creas SC above. . The hardwar e of system 10 and. the
procesgd &f‘ﬁgﬁlan@ g%rta now havi.ng been descri‘bed, we consider the

~overal | sof Proéddsed &Hgb‘i‘&&ﬂaﬁs b&!ad‘h‘oﬁi‘tﬁé"ﬁdd@&ﬁ-d%ﬁﬁﬁﬂﬁlm hfid 36dre@yed. The

oper ati on ‘of s stem1 particul-ar, the-software control of. texture

node cAaRghivayd 954 Pyrposes %PM@M“@#@ ther qamiral of dats haadling modulg PEm of

. Figurethe pr&Ess‘éfohi@&eda‘tﬁ,gé’dﬁhzéé b&dh ng&!és %ailba,s 'i‘é)tﬁntsfb%ré@t& tentral

mput/output computer 38 for user mformatlon by means of a local area network
transfer module 70. ‘This a]lows the operator to see the same processed images being
seen by texture module 56 in system 10 while the system 1s m operatxon _ :
. Addxtlonal housekeepmg software tasks are handled by a setup of module 72
| _whxch sets up and momtors commumcatxon w1th computers 36 and 38 and other .=
‘systems.with which system 10 may be combmed For example, the gradmg and sorting . .
of system 10 may be combmed with a system for gradmg color and blemlshes of the
cxtrus fruit as described in u. S. Patent 5 164 795, commumcatxon ‘with which color and
‘blemish grader is set up by means of utlhty module 72 Module 74 provides
- initialization of the vxdeo card and conﬁrmatmn of its operabxhty Utlhty module 76
slmzla.rly sets up and estabhshes local area network control and operation.
It is to be clearly understood that the software system and its orgamzatlon can
be wxdely va.ned while stlll performmg the same essentlal functlons of collectmg
~ graphic data, processmg the data to characterize the category or nature of topographrc' '
* surface texture, and provuhng the characterization to a central computer 38 and a
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nodul es used by texture node conputer 34 to performthe operations
descri bed above. A real tinme kernel 54 provides the operating systemof the
il lustrated enbodiment.. A main-texture nodule 56 perforns | n|t|al | ion .
. tasks, nEwegsadiée var i ‘ous resour ces coupled to the t ext ur & bﬂbut er ..
|- 34, handles event. interrupts:which:requires special proce55|ng, spawns or
| assigns systemtasks which must.be"perfornmed and assigns priorities anong
| conpeting software requests w thin'the texture nmode..conputer 34. Main -
‘texture nodul e 56 communicatiés in parallel with the pl urality of other -21-
SUBSTI TUTmaStdriréntdteldontifijter 36\§or ppidgiriste decision and routing according to user
PCT/-US95/ 11318 nodul-es or.resources. For exanple, nodule 56 communicates
through a“é Y™el caommunication port modul e 58 for control and data

comuni cati on Mah# alﬁiiﬁénéﬂﬁ@hfbmmrmﬁﬁbe ﬁudmhyttbake hanngbfdmargtslall
i nput / out put. conputer 38 is handl ed through ocalftﬁr ea n
t

Movenent Hhthessatowithont denastingriremdbe spirat an i@ﬂeso ﬁé'k‘é‘ﬂ’ ﬁb e °rﬁe1t

synchr oni gifst ®8 JHHrstdol thatBhé mﬁs%rﬁba%mﬁbcﬁﬁ@ﬁv Bio§ Bk Ret\idrth GRYY ST the
renote conputer 36 to receive I nformation concerning conveyor  speed and

posi ti on. pampeses of Gxampleiandathat ifishould:notihe taken apliputing the inyention as
ef ficient ocol under the control of nodule 64, which
is used tggﬁtﬂ?‘{l*’% % gﬁg‘“ﬁ&% %Fg%peratlon of the vidéo frame grab card,
whi ch, in the Thewsdrdstusdd énithil apeﬂﬁcantmnatomaeuwa iinesntic andatsufariqus ed
by Spectru | nc Col_unbi

gr aphic df Sﬁeggg{rg?tgﬁﬁl ngd?ﬁsm B%*rﬂ f%@fghausqqadaang ‘?éiﬁise%Ed )

archival gifafinps) BAt 26 iR€lude Ib?rdg)ediali laeﬁﬁﬂﬁfn §thecttes; materidl offaices beyuﬂd ﬂga
nodul e 68. The pr ocessed i

t h 3
tr ansf er r 8¢pRe@f ¢bp cPmmMInip @@#qlee@ &ﬁ%@gﬁ; u’F’gﬁs d%gm?'&ﬁ 195 3 Tr”ﬁ?‘éﬁr 9ara? PB’ﬁ“B%ﬁf
means 0f ghd RRbitk ERiRE RO thetdiBRS h@ﬁné@fwhﬁs geclﬁéatfonadol if¥Rde ot QRS FHeor

to see the sane cesse mages seen exture nodul e 56 i.n system

10 whi | e tombinatioaof slementpevbmhcare lxt@mlly eetaforﬂmubwélémqwgv%wt faneturasks
are handl gd b PoS ahidRoL egﬂﬁlﬁhﬁg £fbstantially the same function in substantially the
.same way to obtam substant.lally the same result. | _
In addition to the eqmva.lents of the cla1med elements, ohvmus substitutions

now or later known to one w1th ordinary skill in the art are defined to be within the

- scope of the defined elements thereof. _
The claims are thus to be understood to mclude what is specxficallv 1llustrated
and descnbed above, what is . conceptually equivalent, what can be obvxously

substxtuted and also what essentzally mcorporates the essential idea of the invention.
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whi ch sets up and nonitors conmmuni cation w th corrphters 36 and 38 and ot her -

syst eRp ‘9@1“16 ich system 10 may be conbl ned. /For exanplpernises1Biedi ng and
sorting Of syste ned - N gr adi-ng col or and

bl eni shes of "t ' ' s- desciji BINGAFORE SATEAT elit . 5, 164, 795,
conmuni cati on UHIME l] ﬂand bl ¢m y s sefl up by rreans of

utility nDduIe OVIdeS i : eo card and
- confi rgrtd; its operabulty Utility qugsFﬁlem-lxatEl‘y ets up and
establ 1 shes ocal area net\/\ioi'k control and per atmEm.: t“fDI s tq] be.clearly -

-c'.'"
--—-u---_.r >

under st ood that the software’ systemand itsk - wi-del y

| d whi | | ' |
SRV SEPoCesgﬁﬁe%‘ggﬁéﬂ%’@iﬂgdgtiéﬁ %’F‘?‘?ﬁ ‘g‘t‘%gﬁfdg*%g%? g 19
cone P igle Tt paSRos fRptif<or I ot wimbitelrg e MeAEbE Zat'(_m_ toa

PCT/ US95/ 11318..mast er t e’ conput.er: 36 for riat, eC| sion and
routing acdﬂvmlﬂgt%thse jech fo.cF ﬁﬁwhgweoﬁ‘iaégeggﬁigﬁ?eg‘ﬁ difications may
be nade’ by those having ordi nary skill in_.the art withqut depart.i, from
the spirit detectingchoscatiezed lig ghtwaamhtﬁértbrw&h the syrfage ‘I!feﬂl?rﬂl!?‘gft ood’
~that the illustrated enbodi nent has been set forth onIy for the pur oses of
exanpl e andonmexting Smﬂt&tﬁdhgbbtqtlﬂBmemsﬁnmthﬂfqu intensityf Li ' :
defined by the follow ng:clainms.: The words used in- this speC|f|cat|on to .
descr|ﬂnansm£ttedIMWghrewhd>flaplmailhyomfsdefmedcarmbéthsamfacebe under st ood not
only in the sense of their commonly defined neani ngs, but. to include by
speci al . defdnalyzing sath datal te deberintine the @ixistahce bPtionselbtted feature alf thbe -
- .commonl y defined rmeanings. The definitions of the words or elenents of the
foll ovmﬂhcgl ahas are, therefore, -defined in this speci fication to include
not only. t he conbi-nation of. el.ements -which are. literally set . forth, but all

equi val ent ciassii?iﬂgrﬁle d%je&rd@th&‘baﬁEBP sh&f deRrhehsliae substantially the
sane functlon i'nsubstantially the sarme way to. obtain substantially the

- sane result. In qaddi T}fennfeth&fate Plvﬁ{&émoéma%?eﬁ:bmgzﬁg

rises -
obvi ous substi.tutions now or nown to one wth ordi hary Skl II |-n_the

art art%eds%ﬁ '3?%&&8%%&&5& ;Qcﬁ)gmtxon of the surface features of the object

3. " The method of Clmm 1 wherem, pnor to said step of performmg o

- pattern recogmtlon, occurs the further step of removmg data not ongmatlng from hght .
'.transmtted from w1thm the object through the surface thereof
| | 4. The method of Clalm 1 wherem saxd step of analyzmg the data .'
' comprises deriving a statlstlcal measure » of the data to determme if suﬁ'lclent vanat;cn |
of hght mtenmty exmts to mdxcate the presence of the surface feature |
- B. __ The method of Claim 8 wherein said step of analyzmg the data |
comprises denvfng a statistical measure of the data to determlne 1f sufficient varxatmn '
of light mtens1ty exists to mdlcate the presence of the surface feature.
6. '_I‘he method of Claim 5 wherein said step of couvertmg the data
24l
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scope of the defined el ements thereof .—The claims—are-thus to be understood
to include what is specifically illustrated and descri bed above, what is
conceptual | y equival ent,. what can- be- otﬂug HM' [uauLed and al so what
essent i al | WO28414%0r &t es- t heéssent i al t i onPCI/US9S/11318- 24
- CLAI M5 1. - A.nethod of classifyi ng a transl Ucent Obj ect having a
surface with at |east one of a plurality of possibl p=Surtace—e HETE '
patterns, sai d object” being 5 . classified accordi gTrﬂfISSiﬁEdl'a%SBEfé[%t one
possi bl e surface feature pattern, conprising the stéps ofREPM@ﬁﬁ’natl j t he
obj ect t ofurdber compirises thieestepaof éremientye fidtaring nhe (AfEcaiat] A Sokek
light transmitted:10 . through the surface of the object; converting such
det ect ed fneghent)Octdtha representing the rel ative intensi ty of light.
transnitted. through each of a plurality of defined areas of the surface; 15

anal yzing such datayto dphe&ﬁemedtdrecmehss Weﬁsﬁdlﬁeﬁbfkﬁgﬁbneﬁﬁlﬁ?ﬂgace
feature pattern; and classifying the object on the basis of term nation

of said s according to Clalml
déhpfiged g&gsmge dﬁ%felcrf{? cy data c&n hoR, g |

wherein the step gfurther C rrprlsmgthe step of

optically formng a@ | Mo %eéﬂag %' whsﬁexgce%%sp of aiagué.ﬁgw&@ﬁng

object. 3. accor Cam erel n sail

detecti “ch:BBBEééSEssMEoﬁfyel%wo re&&é‘ﬁ‘c@ é‘a‘%a %apoﬁaﬂ&; SO
9. . The method of Clalm 1 wherein the step of detectmg further.

compnsmg the step of optxcally formrng an unage of the tra.nsmltted scattered hght
from the object. | ‘.
o 10. | The method of Claxm 9 wherein saxd step of detectxng comprises o
'. the step of scanning the i image 80 formed along a selected lme traversmg such i 1mage '
11, . The method Claim 10 wherem said step of scanmng is accomphshed
along a plura.hty of scan hnes traversmg the i lmage | |

12. ) The method of Claim 9 wherem sa1d obJect is generally sphencal
.and optically forming saad 1mage compnses formmg an image of substantxally both |
henuspheres of. sa1d ob_)ect _

13 The method of Cla1m 9 wherem smd step of optxcally formmg an_
image compnses optxcally reﬂectmg an 1mage of the scattered hght transmxtted from
the object mto a camera pomted away from the obJect |

j | 14, The ‘method of Claim 1 wherem a plurahty of surface features are
: consuiered and sa1d step of analyzmg compnses determlmng 1f any of such surface_ _

- _' fea_tures exlsts on the obJect.
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~ - source having an optlcal beam and sai d|js

- 25 formed along a selected |ine traver5| ng such- |mage 4. A _
- et hod according to Caim3, wherein said step of scanning is. acconplished
‘al ong avq)bmam ty of scan lines traver sig 2CT/USS/1IAI8 et hod

n-r---—-w--.--_——‘

according to Caim2, wherein said 30 Tg@@q&Eﬂ IBAS BEENI flated with a

Eer sesscson Loty g

conpri ses optlcally ref |l ecting an i magé

'_ transmtt&d fromthé object into a camera p0| nted -away from t'he objfect and *

not in said optijgal - h&ﬁrmemucpefcwm 14 Gvherein the'dbjset 8 arcifuscfrafSwitii N9 a
transl ucent ¢itrus - 25 - fruit-with peel, .according to at |east one

* sur f acepéedpinid Whefeih aadfw bf ?ﬁhﬁ sa@temgeaaekmaﬂpeios&?
0 e peel, he

.' . porosity of t he peel, the puff t he crease of..the peel

T i dgespfeyhd pea thﬁebﬂr&J‘ﬁuﬂe “the 5 fractures in the’ peel and surface

deconposition in the pee corrprl si ng the st eps of: i | l um nati'ng the object.

_g?_aﬁifnsft'ehg%t. th%’h‘%@%‘?s%%@%ﬂﬁeﬂ% convé'ﬁf*‘?%éﬂsuch"gm :
transrd PethHR ‘%ﬁeg%ﬁ%?eﬁe%f 3 PaBe ol 'r*?-tf'."lfg'st romt Bpec, 1

anal yzin such d é]‘ﬁe ne th= exi stence of the selected feature of-
" the SLH'IT grease iny TBg ﬁi’ﬁd"“t‘ﬂé Fect on the basis of such deterni natlon'

~whereby”a pI ur al I7t y Qlth S&%Ehosé’ o} 6f T4 wherem the object is a cxtrus fruxt with

a peel a.nd wherexn said step of analyzmg compnses detenmmng the extent of ndges
and valleys in the peel of the citrus fruxt
18, The method of Claxm 14 wherem the obJect is a.cltrus frult thh ..
a’ peel and wherein said step of analyzmg compnses determmmg the extent of .'
'-fractures in the peel of the cltrus fnnt | o |
| 19; - The method of Claxm 14 wherem the .object isa extrus fru1t wnth -
- a peel, and wherein saxd step of analyzlng comprises detenmmng the extent of surface
. decomposxtmn in the peel of the cxtrus fruit. | .. B
| - 26. The method of Clalm 9 wherem sa1d step of detectmg compnses the |
| . step of scanmng the xmage 1n a two d1mens10nal array to provxde a two dlmensxonal‘
| graphlc xmage of at least a portlon of the surface of the object |
21 The method of Claun 1 wherem the step of ﬂlummatmg compnses -
1llum1natmg the object with vmble hght ) _ ) .
_22. The method of Claxm 1 wherem the step of 1llum1natmg compnses |

. | _ 1llummatmg the object w1th hght outslde the visible spectrum. '

-26-
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consi der ed and sai d step of anaI yzing conprises 20 determining if at
| east sel ected ones of said surface features exi sts on the peel of the
fruit. 7. . A et hod 2, Wherein said step of-

det ect i ng%ﬁf!ﬂlé%s the ste the |rrage in a twPOTHNASIBA8
array to provide a di gltaII !Eut ﬁmm gestonal graphic i mage of
at least--a portion of the s Ject > AIHIS QHQEfﬂAbbeﬁxﬁ

~di mensi'onal graphic inmage being scanned al ong -a pl Jral [ THEFQ&\(:%U .
lines to derive said statistical neasure of data cre 2 '

| east. one surface .328. ThamathodBfClaxmmwhenemthﬁihehtmmprmgsmaﬂrarared
wherein said step of analyzing conprises: separating the image into a :
background i nage ang4.an- ’(Fheméthbdmgﬂlamé wilerein said step of ansiyringr@niprises:
background image, |eaving an object . :26 inmage. 9. - A nethod of

classifying tsé;ﬁ&htiﬁgrthefxmagé mtdawoaﬁdqmgagnucm bbjeeximgel;,ehdt hte_ o
| um nati1 ng

porosity of the peel, conprising the steps of:

the fruit to- cmgvjdgg{m &k?ﬂ“ﬁ% @reegieg‘,h@gﬂ/idb icpimagé.i cal 1y fbrm‘.ng an
i mge of -the transm tted scattered i ght fromthejﬁl‘rwt separating.the -

i mage into a backgroynd iHBGReARE GFTIRR Sl wherREs tR 6h iﬁemvmaﬁ G4thl 8 peel

background i mage to | eave the object I'mage; scanning the o Ject I mage;

filtering a},ﬁ%}?&@{l{‘&qd E{Eiy%? a_fngfyzﬂigg&xﬂﬁﬁ&%%%&mmng the extent of poromty of said

peel a.nd further compnsmg' .

scanmng the ObJGCt 1mage
filtering the scanned i 1mage for hlgh frequency data usmg a hxgh pass data ﬁlter, B
estabhshmg a threshold of pixel 1ntens1ty of the filtered i 1mage, and |
tabulatmg a number of plxels havmg an intensity above the threshold.
_ 26 The method of Claun 24 wherein the obJect isa frult with a peel
.and wherein said step of analyzmg compnses determmng the exrstence of hills and "
valleys in the peel, and further compnsmg
| scanning the obJect Jmage, |
ﬁltenng the scanned 1mage for low frequency data usmg a low pass/smothmg
data filter, " |
estabhshmg a threshold of pxxel mtensxty of the ﬁltered image; and
tabulatmg the number of plxels havmg an 1nten51ty above the threshold
27. | The method of Claun 24 wherem the obJect is a fruit with a peel
and wherein said step of analyzmg compnses determmmg the existence of raised and |

.recessed wedges in the peel; and further comprising:
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data using a high pass data filter; establishi ng a threshol d of pi xel -
Fntensity of 15 ~ the filtered inage; and tabul ating a nunber of pixels

havi -ngwlma'mtlmsi't-y above the thresh l!hﬂuslmﬂnjs_oruh_e_;

basis of the tabulation. 10. i hg a translucent

fruit with 20~ a peel according ! It ﬁﬂlﬂﬂﬂllllﬂlﬂﬂlllllﬂlll

- existingin ‘the peel, conprising: th = :
cause Ilght t'o be scattered t herewi t hi n; optlcalhy forntng an 9 mdge "of St he

transni tt ecsebdetivelpsanbBi@thd bsjlabt{naegafdﬁhfawltt il b ﬁ@lm(}enhe@ge into

- a backgroeound i mage and an- ob] ect I'mage, ' renmovi-ngit he backgrou |mage ,

.'_'Ieavethe Mg FMI &Wsﬁi |mage o
filtering the scann I mage | W requency . data. uslngalow

Pho i1t er aqomtilethe dhih efeﬁt?“eléﬁ s il el avthrtsg%ﬁas'” o

-;_ .QLﬁPSt&éhﬁ‘&%t%dE @«?né&te%%&me#u@a@ R Moo e

" peel, ac.c 8 t he existence of rai sed_ and recessed _

wedgest? ﬁﬁi’ °§ ﬁ‘?ﬁ]‘?{h é*%‘t‘gps ofy 5. . 7 - i 11 um nating -

"'thefrwt tocuell ht t.o be tteredthervmthln
ufla Sng théJ number of lsalo 8 wluch exceetf a predetermmed charactenstlc

ﬁparameter, whereby ralsed and recessed wedges in the peel are 1dent1fied
28. The method of Claim 27 wherem the charactenstxc parameter"
compnses a selected nnmmum blob area, and saxd step of tabulatmg the number of
blobs compnses tabulatmg the numher of blobs exceedxng the selected mmxmum area
| 29 : The method of Cla1m 27 wherem the characterlstlc parameter
compnses a selected blob shape, and ‘said step of tabulatmg the number of blobs"
compnses tabulatmg the number of blobs complymg with the selected shape deﬁmtron :
30. The method of ClaJm 24 wherem the obJect is'a frmt wztth a peel
~ and wherem said step.of analyzrng compnses deterrmmng the exlstence of fractures
' : in the peel surface, and further compnsmg | |
| scanmng the object 1mage for sharp transmons and p1xel 1ntensxty, . |
estabhshxng a _selected thresh_old_ _of pn;el rntenslty of | th_e ob_]_ec_t x_mage; _ and :
'. tabulating" the nunlber of pixels having an intensitf above the sel'ected threhold .
in nelghborhoods contmuous to pixel bounnanes with sharp transxtlons, such
nelghborhoods being defined as blobs, and -

tabulatmg the number of such blobs wh:ch exceed a selected area and wrdth
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optically formng an image of the transmtted scattered |ight fromthe
fruit, separating the inmage into a background i mage and an object i nage and
renoving the 10 - background inage to |eave the. object inmage; selectively
scanni ng woesrefigect i mage for sharp transitions in pixel i RCEAEPHYI318

establishing a threshold of tabulating the nunber of ~

pi xel s having an 15 | nte gm Wﬂm :[Hheshol :

contiguaus to pixel boundari es coriLespon h [THHSSFIEETHQQ% E@f

nei ghbor hoods bei ng defined“as bl obs; and tabul ati-fg the FEPA gEDofE

- Which: exc\eﬁ&esyawﬁaf&rmmobéanafemeeummc par ameter; —wereh and
20 = recessed wedges in the peel are identified and cIaSS|fy|ng the fruit
on the basis of saig, 'd@l"llé fn'eﬂ?dd 8'Claims 24 whereifh ﬂmtdlﬁ%ta@ﬁcﬁﬁt%th& padedi M

11,  wherein the characteri st Ic par ameter conpri ses a selected m ni.nrum bl ob

-area, a”da.tﬁ'f‘%e%fgsé}dos?@% SR idd GoripPiags defe 2 existedel of SRsface

tabul ating the nu xceedi ng the sel ected m ni num area. 13.

compr | 2o 5 fisial g frliel LonlliBRET, ("2, 000001 SLLFELFn_‘g’a{ e number of
cel et SS”ELABESSaemﬁﬁea%%a ke 10F epddT ooy B BRAFIeRBef) 0 10
Lot ace. o B Snifis Adelere £§ss§ht§ ot pcel Tnfenm? ' ) L i NG the

ob ect to cause_light to be -
: tabulating the number of pxxels having an mtensxty above the selected threshold

1n nelghborhoods contlguous to plxel boundanes w1th gradual transxtlons, such
: nel_ghborhoods bemg defined as blobs; and - o |
* tabulating the number of sdch which'.exceed a giveh characteristic ﬁarameter, |
whereby surface decomposition is identilied.
~ 82. The _me'thod of Claim 31 wherein the characteristic parameter
comprises a selected mmmum area of such blbb,. and said s_tep of tahulating cohprises
. tabdlating the - number of " blobs which exceed the _selected minimum area.
33. : _Thle. nlethod of Claim 31 _wherein the charactet'istic paraineter _
N COmﬁrlses a selected shape, and said 'step of .t'abulating' co'm'prises. tabulating_the
number of blobs having a shape mmplﬁng with the selected sh_ap.e deﬁnition.
- The method of Clmm 1 wherein the obJect is selected from the
group consxstmg of frult plastxc objects, wax obJects, ceramic obJects, composxtes and
- glass o_bjects. | | | |
' 3.5; ' The method of Cla.lm 1 wherem a plurahty of obJects are classlfied

and further compnsmg the step of sortlng such obJects in accordance ‘with the
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means for analyzing said data to derive a statistical neasure of said data °
conprises neans for formng a stored two di nensional digital inage of said
obj ect, wipsgmér scanning said stored two dinensional di gpaksediBge al ong
as at | east one straight Fine to obtaln ascan of |rrage |ntensrty, A

'n‘eans for gener at| ng a hi st Ogra_ r: ------------ o e o e o -
di mensional digital inmage-.along aTldSaiHHEé'at%S BEENS r

| nd_neans

for conparing said hi stogramto fir edet BERLAGEDCritefi a iﬂ.lg} u!E Hu”m

- said on a%f}{'] qrﬁﬂe&gfe featurejoatterns 72 P to
Claim 1! ereln SArd neans for det ecting scattered 1 | ght corrprl ses a

~scanni-ng canera ect ed at s id 2 but..not. .i,n a of Si
sai d neans for c#d’ aeg Pm&;ﬁ‘d‘eﬁ“‘“%"c ﬁg&gd@g ng
"ot herw sge shr Ided fro s for illum-nating sai d Obj ect so that -
 said scBffasfe %r"&? ggm?’;?%w% BlBgat tered through said object”
“and not from di rect or reflected rays “from said neans.for illunminating said
obj ect. 20 mesns for illumipgtingshee maemk@fdoawwterﬁﬂéhermm neans
for scanning scans said stored two di nensional digital imge .aloeng. a :
plurality ofmeansfoy reeteqtm@h@cauerqy@tﬂmmt%ﬂmngh bhe p\lntfaee mftb)neof ,
-scans to obtain a scan of average image intensitly fromwhich said hi st ogram
~25 i abjegtner at ed. 23. Appar atus-according ta C.aim 21, wherein said
scanni ng canera i s tur ned di anetri cally away fromsaid neans for -
il | umi nat i ngmeansl fahjcenverting buch ﬂetectedrhghSItbgdﬁa represdnting thevirelative for
reflecting only signals 30 ' scattered through said object to said" :

scanni rl@tézﬁiw of hght transmtted through each of a plurahty of deﬁned areas of - the

surface, and |
mea.ns for analyzmg such data to deterxmne the exlsta.nce of the selected feature
: of the surface
37.-' The apparatus of Claim 36 wherem sald detection xneans coxhpnses '
' | means for creatmg an mage of the transmrtted scattered hght |
. 38 The apparatus of Claun 37 further compnsmg optxcal scanner |
means for scanmng such 1mage _ )
| , 39 The apparatus of Claim 37 wherem sa1d detectmn means compnses :
' :two 1ndependent detectmn means. FE |
.. 40. The apparatus of Clarm 39 wherem each of said detection means :
comprlses optxcal scanmng means for scanmng such 1mage, saxd opt1ca1 scanmng '
' 'means adapted to scan drfferent portrons of such i 1mage o
| 41. The apparatus of Claun 40 wherem the ob_rect is substantxally |

sphencal and each of sa:d opt1ca1 scanmng mea.ns is adapted to scan an. unage__ |
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subst ant
apparat u

ially corresponding to a hem sphere.of the obj ect. 42. The
s of O aim38, further corrprl si ng. means responsive to the out put

-sai'd scanni ng neans -to COI’]Ver[ the out put thereof into data representi I Ng

the rel awoesi4tsensity of I|ty of ar ead UKL nge.
43. The apparatus of O ai m Iml n II“"E“I H{I sing neans to analyze the

data to

The apparatus of C aim43 ‘wherein said means to anal y

di gi tal

determ ne the exi sta Qf themnse

RCEBIPI | S

‘conput er neans. 45. The-apparatus of O ai m 43

ed featu ! THis, é@ﬁﬁ}@%ﬁzew‘l -
_Lw_—ﬁ_qg&ﬂ&wﬂﬁ

of

S

means r esybmbantisily oon-aspbnhngtandie,mspgenemfrﬂlefmeﬁﬂ assi fying the object of

t he basi

s of such determ nation. 46. The apparatus of C.aim45 wherein

sai d cl assi fyi ng ngmns TieapparatusiofClaim 88)forther comprising mean¥ivespansiveat us
. of Claim43 wherein said data anal yzi.ng neans ‘conpri ses neans for conparing

wher ei n

Sai'd cval i onTHE AR resf@%gm# ?%ﬁmi &%#éansyge%%ég
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comprises digit. computer means. |
45. The apparatus of Claim 43, further including means responswe to
said data analyzing means for class1fymg the object of the b_as1$ of | such determm:atlon.
46. The apparatus of Claim 45 wherein said classifying - means
c;onipfises digital bompute_r means_.' | |

47. The apparatus of Claim 43 wherein said data analyzing means

comprises means for comparing such _relativé light intensities with a selected criteria

_ pattern.

. 48, The apparatus of Clalm 47 wherelﬁ said comparing means
compnses means for comparmg such relatlve light mtensxtles with a pluralxty of
selected criteria patterns. | | | |
| 49. An aj:paratus for determining thé preéence of a 'selécted_sﬁrface.
feature on a .translucent. 'objéct:comprising: |

at least one source of light diiected onto the object;

' sensixig meahs for convertinglight scattered within'an__d transmitted through the
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such rel g ithe butpit 6MEEIAS sédrifinpi inbans 36| cwivedt theteutpat piiereofhinté8dataThe
apparatus of Caim47 wherein said conparing means conprises nmeans for -
conpar i ”Eedﬁeséhtiﬁ‘é ﬂ{é i’élaﬁwmteh I&? ligh® withih'a pluphlifyoof Aneas bf Ské fahgsl
criteria patterns n appara or determning the presence of a

~sel ected surface. f&a\t ur ol gmtaﬁeggtmm 42%&%&%&%1‘1&11@%1&@5 toSdgdlyzene
source of l'i ght dlrect P e object;. senS|ng nmeans for convertlngllght
scatteregw thin a trans RULE. 26)
surface g‘? ?ﬁt@ t@o?%@fmﬂﬁ E%gtgat:{lé%?we ; eli\ggl-gggtﬁ:é'gﬁﬁrréans for -
determn
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. surface of the obJect mto a d1g1tal signal; and o

evaluatmn mea.ns for determmng xf such feature is present

compnses d:gxta.l computer means
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The apparatus of Claxm 49 wherem smd evaluatlon means
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