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222 1 985 DI SCRIM NATI ON METHOD AND APPARATUS THEREFOR The present

invention relates to a nethod of and apparatus for discrimnating a

speci fic substance or object fromanong a plurality of objects. Mre
particularly, the present inveftion pertains to a dis¢ri:mnation nethod
wherein objects for discrimnation are irradiated with I'ight and a specrfrc
substance or type of object is selected from anong th@?%?t? t he basis
of light having a specific wavel ength anong the vario f ght
reflected from the obj ects. The present 1nventron is al so concerned W th
an apparat us which ri bed

sel ection nethod. | the |ike of

a speci fic SubstanceTﬁgvggegegv%%m o, AR 0 5 ﬁwarsf @ t hat

of the others in the™gro S genera prac Ice to e oy a nethod of

sel ecting { hgospegihlce aybgaeeeema ab¥RG g@ﬁ@tlcoe&ﬂ&a@feé pilo ket

| ight reflect ronrt e objects or the reflectivity of t

shell's of nugsomsamBhked! mdrraﬁeirt?nbff b%@'e"c'%%t oMdreeipa rtaidiflar iy, tdlee near
infrared region. So nuts, shell and kernél can be discrimnated fromeach
other on thepbaeeﬁtoinvanﬁldnf beﬁ:eaciasl o of Baeidriminathiore mepdwd i cal |y,
In the case of alnonds, for exanple, the shell generally reflects nore

| i ght thantWhekeinebbgectbefbeadlsn&umnedtuegrame Refriagidiad®ed iwgiith havi ng a
specific wavel ength within the -2- near infrared region is therefore
nmoni tored ahtgbhecandhe@ specific substance or type of object is -

I selected from among the objects on the basis of light
having a specific wavelength among the various fays of
light reflected from the objects. The present invention is
also concerned with an.apparatus which may be effectively
employed in the above-described selection method.

In the case where the colour, reflectivity or the
like of a specific subsﬁance among a mixed group of objects
is different from that of the others in the group, it is
general practice to employ a method of selecting the
specific substance or type of object on the basis of the
light reflected from the objects.'

For example;.the reflectivity of the shells of nuts
is markedly different from that of their kernels in the
near infrared region. So nuts, shell and kernel can be
discriminated from each other on the basis of this
difference in reflectivity. More speqifically; in the case
of almonds, for example, the shell generally reflects more
1igh£-than the kernel in the near infrared region.

Reflected light having a specific wavelength within the
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quantity of reflected Iight with the specific wavel ength exceeds a -
predeterm ned reference value, the object is judged to be a shell whereas,
when the reflected light quantity is below the reference val ue, the object
Is judged to be a kernel, thus allow ng selection.to be effected. o
“Incidentally, the configurations of objects for selection are not uniform
and therefore the quantity of reflected |ight depends on the-direction in
whi ch .each. object is observed, which may affect the judgenment upon which
sel ection is based. The observatioﬁ's%b?ion of a typical selection et

Si‘f’fﬂﬁ ngded t AHEANEE A -3‘{%%%?$$§¥n“%5€_a€§£_3é-?i lééﬁf vh%ﬁniﬁéﬁ”gi‘:yi "
e ob] i St o FOPRREA LRORR khe BPdciPEo WaVRIERGERS I 1D
drops, idieedinera g5k et AR R NEsse Aon 88 OVE1 Y | tbRe 8hgEERCESNUNErdl S i . €.

(1) - (2) - (3). "Since the configurations of-objects afe not uniform as
descri bephsdferdy &o W |£ sHel Dhaas ks ﬁwﬁ.@:@eﬁﬁéaﬁeﬂeaﬁeah@ighjtect 2 drops,

the quantity of the reflectied |ight which is betng nonitored al so changes.
Ther e armmaresidy wierhelos theratdfsrerice ovdbee, athdoohhetbeisbjjadgeds a .
shell, the observed surface thereof reflects only a small quantity of |ight
in the $ambearenkarmssl, thue cblswiiofg keelettionntohke effgctednventiona
sel ection apparatus, selection is effected on the basis of the quantity of -
li ght reflect ed Fyidantepleld f ithemrenfigurakicre ohi eRiestei fPked to a
relativeg& nar,r ow ar ea. L . . e
selection are not-un;ﬁorm and therefore the quantity of ;‘j
reflected light depéﬁds on the direction in which each. .
fdbject~is obsefved,_Which may affect the judgement ubbn
which selection-is1bééed. - |
The observation section of a typical selection
- apparatus is arranéed as exemplarily shown in Figure 1 of
-the accompanying diawings. Each objept-z which drops from
a chute 1 is illuminéted_by illuminatbrs'3 at an.
observation positiohfP, and the light reflected from the
object 2 is-obsérvga-from a predetermineq-direction.: As
the object 2 drops, the observed'sﬁrface-changes_as shown
by the reference.numérals ie. (1).-(2) - (3); Since the
configurations of objects are not uniform, as described -
above, while the 6bserved.surface changes,as'the object. 2
drops, the quantity of the reflected 1light which is being
monitored also changés. There are cases where, as a matter
‘of course, although the object is a shell, the observed
surface'thereof'reflects only a small_quantity of light in

the same manner as in the case of ke:pegu In the




FIR 20 S N Lin armear cnate i u i L L

For *this reason, the prior art involves'a risk of erroneous 5 selection. In
addition, objects for selection have'a variety of sizes and this nmay al so

i o B et < ae 2 A I I it

affect the judgenent enabling sel ection. More specifically, 1in general,
the larger the object, the greater is the quantity of xeflected light; the -
10 smal ler the size, the less reflected Light there-is.- In the case of a
smal | shell, therefore, the quantity of [ight reflected therefromis snall

so that (1 monfind {Heee dd fedioidi Apgtd el | s di 8t Folf O £ e eL8LLA A" LA

art sel e\c‘f'i on apparatus, a uniform ence’ I'eve S set and selection iIs

15 eff ect ed ks {de o#aSthe Olqudtiiitg} ©fF nﬁ%ﬁée réil&stad 1ot auagbééitic

exceeds that reference |level. There has therefore been a risk of erroneous
sel ecti on widhsemwaed Gu¥fade afifclofis rThgited o 28 rédeoively haroow apeact
of the present invention, 20 there is provided a nethod of discrimnating
bet ween di f fRo®enthibs] retsomn;clthk noride artpinviolams ya ngikkghdf terrdmeous”
obj ects while they pass an observation position, detecting light reflected
fromthe objsslechibmavi ng a particul ar wavel ength or a.-range of . -
wavel engt hs, and discrim nating between the objects_25 on the basis of  an

i ntegrated val ue obt ai ndd BAJIEIQR atPPICERE fPyhselertionchave A tYariety

object during its transit of the obseryvation position b ans of an .
i nt egrating % r Bdizes pardcdhisispay: dtsehaf ttg‘ﬁ pil‘éggﬁE?n ppehabling

the obi ect s WHTEiotney Baks APUIitAlitn dhs: Frotratng i c2ames | Bhe

of a firt ! C%@j'eén@,v e{:ﬁggy}e%rterrarhgée 'E’lfxem@éghtity of reflected 1light; the

- 10 smaller the size, the less reflected light there is.- In the

case of a small shell, therefore, the quantity of light

reflected therefrom is small so that it may be impossible to

distinguish it from a kernel. In the prior art selection

: a_pparatus,. a unifom reference level is set and selection is

15 effected on the basis of whether or not the reflected light

quantity exceeds that reference level. There has therefore

been a risk of erroneous selection with regard to objects of
irregular size.

s ' - According to one aspect of the present invention,

20 there is provided a method of discriminating between different

objects including the steps of applying light to the objects

while they pass an observation position, detecting 1light

reflected from the object and having a particular wa.velength or

a range of wavelengths, and discriminating between the objects

25 on the basis of an integrated value obtained by integrating the

light reflected from the object durin_g its transit of the

observation positio_n-.by means of an integfati‘ng circuit. |

A second aspect of the invention provides apparatus

for discriminating between different objects by applying light

e L AT D
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Iengt hs reerct ed fromthe Obj ects as they pass the observatlon p05|t|on
the apparatus including an integrating circuit fé6r 5 calculating an
integral of the light reflected froman object -during its transit of the
observation position, and judging nmeans for discrimnating between the
obj ects on the basis of the final respult of the integration value output by
said integrating circuit after said object has passed said observa- 10 tion

POSi ti@f- the objects while: th n observati¥ €pss: iéhcahﬁ&y"‘h"e
each obj ect efo‘t cfesct‘l"on 'S pa‘?&%g ?hg ol?sesrevatai on pggtlgtlfgn

- elect rdéﬁécﬁiﬂgahlbhtf Bfes - E&Qﬁbh&aﬁﬂa@@l&dﬁ!ﬂ@r USaRigle 208! ﬁ&&'e- _ '
. converter and 1s integrated by the integration circuit to obtain a quantlty
15 r eplengthsngefhectedustonf the gbivjeets ens arhdy paisish€henbbserviatdioned
surface, and selection is effected on the basis of the overall reflected

l'i ght nqantm;:, theuspparatupoinchiuding aff mtmming)ncnndupenm ly of
variations in the reflected |ight quantity due to changes-in the observed
sur f cealcpbating an 1ntq1!1%§]el%ltj‘evﬂ-¥¥h'€ h@fl?@teﬁn roucand obIesdt s of
the present invention each of various kinds of ght, of said different

vavel eABFENG s i&sherapaitnof (Hhe ePBﬁ?FT’éEP”E‘l Q’mﬂl"«&@hg E’é@péé‘@&}@%l gnal
h | ted by t t

M EICEY P iRy MR WU RS e RN A :

rore ikt i’ffk?fﬁc?s 3’?‘ g cbne G e Ah ShAIBR Ahaedabr A s o

vavel eﬂﬂf@?x‘aﬁﬁﬂ SEI:L%UJ.Q:n (fi’.e‘if fs%(itde%bﬁ%éthﬁagaﬁgﬁs%h EQ@.&e ol Onv

-5- charac erlst Accor gly, It 7is poss effect
10 tion pos:.tlon. o -

-

More specifically, while eaéh object for selection
is passing tl:te ol’_bSerVation position, én .el—e_ctric'al signal is
formed from the re-fl_ec__te_d light using a signal converter anci is
integrated by the integration -circti:-it_ to qbtain a quantity

15 representing the eméunt .of ‘light réfiected ‘from the entire’
observed surface, and selection is effected on the basis of the
overall reflected 1light quantity. Thus, it is possible to

-‘effect selection indeﬁ:enden_tly of variations in the reflected
light quantity due to changes in the observed surfaces. B 4
20 Preferably, with the first and: Second aspects of"the
present invention each of various kinds of 1light of  said
- different wavelength is converted into the electrical signal
using respective signal converters, the elec.trical' signal being
integrated by said | integrating circuit to form said integrated

25 value. -

-Thus., the 'reflection,.characteristics' of each object
for selection are obtained from the two or more different kinds
of reflected light : respectively having specific wavelengths,

and selection is effected on the basis of those reflection
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in the reflected lig

setection independently of relative changes: |
due to variations in the size of objects for“selection. 5
According to a further aspect, .the present invention provides a nethod of
di scriminating between different “objects including theisteps of applying
light to the objects while they pass an -Olgervation position, detecting
light of at |east two different wavel engths reflected fromthe objects,
obt ai ni;.ng fchatlcterlistdesleriyihcooedinygdygral ief tbe pogbtiblel | du ek et
each obj€ct during its transit of the observation position, obtain- ing
reflecti on seheation dndepesidesdily oif exelativer chpagest cirathediriefdregited
wavel ength of light on the basis of the final results of integration after
sai d obj ect Lhghtpswatidy Aue bes¥arigtdensosinibhe sigediekr phigstsnfor
bet ween t he o?jects on the basis of the reflection characteristics. A
fourth aspeBBl8FtERB-present invention provides apparatus for : ‘
di scrim nating between different objects appl ying J.ight to the objects
while thed pags an obeehFSPFORRSdD SFEFEHEr FEPHEF L PP HasART AoVt
fromthe obj h r [ i eqk kg.Light
| east two d#’??grigﬁ% \%ave er?g ?\’? r%%%éﬁﬁt%%%%?éc@g?ggﬁeb% gﬁa?&s
ing circuitihgiu@thgUtRkl Qﬂe{:&%f%)‘éﬂ’ﬁé%ﬁt% ‘e Yrflects Rﬁﬁifé YHey
reflected during 1tS transit of the observation 25 positidn, nmeans for
neasuring fpasgagh eRisedivatdiontPdsArt idi Hdteddting S1 fght VBrdakf At two
wavel engt hs on the basis of the final result of integration after the
obj ect has @iffesehkewaberengthsnrepthretted, from thel@biedtmnoBtaining for
di scyim nating between the objects on the basis of the nmeasurenents. - 6-
10 each wavelength one integral of the light reflected from each

ht quantity

object during its transit of the observation position, obtain-

- ing reflection characteristics of said object with respect to

each different wavelength of light on the basis of the final

'results of integration after said object has passed said

15 observation position, and discriminating between the objects-on
the basis of the reflection characteristics. '

A fourth aspect of the present invention provides

apparatus for discriminating between different objecté by

;J. applying light to the objects while they pass an observation

20 position, and detecting light reflected from the objects, the

apparatus including means for detecting light of at least two

. different wavelengths reflected from the bbjects, an integrat-

ing circuit for calculating for each wavelength an integral of

the“ light reflected during its transit of the observation

25 position, means for measuring for each object reflection

characteristics at two different wavelengths on.the basis of

. the final result of integration after the object has passed the

;observation position,.and judging means for discriminating

between the objects on the basis of the measurements.
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The above and ot her objects, features and advantages of the present *
I nvention will beconme nore apparent fromthe foll ow ng description of the
preferred enbodi nent thereof, taken in conjunction with the acconpanying
drawings, in 5 which like reference nunerals denote |ike elenents, and of
whi-ch: Fig. 1 is a block diagramshow ng changes in the observed surface of
an object for selection as it drops-Brom a chute; 10 o Fig. 2is a

bl ock di agram schematically showi ng the arrangenment of the.selection , -
appar at us accorthegabovehangr esber phﬂentsOnfeatgres afda agivapit agieswi r the
respective values of reflectivity of the shell; -nmesocarp and kernel of

al monds;ofisthe PreseFngnKe§ﬁéﬂ§ YAd leRgspme BoTS é@ﬁﬁFﬁﬁﬁrgﬁéplﬁﬁﬁrz

circuit which may be e ed | e selectio hown F 2t
renmove ti&;%ewimgaﬂas PB 82 &Bﬁoﬁd?&eFFﬁg 8%5 %iﬁz e B? a °

appar 2? el 1o Crﬁhé%onz“’?;rﬁs&F%&%ﬁ@"%@?ﬁ@r gF el ?}&S?S's"i%tp! o 6is a
bi oc @g@m i@r BBy REE! R RIIATNRNcOh 1e AhEILON gyt Us

accor vention I's™a perspectivé view show ng
t he arr ﬂﬁnt 25 of ‘the background box enployed in the selection

apparatus ' shown in Fig. 6; Fig. 8 is a block diagram show ng-a specific

arrangerent of fg. spefgrassqeekeuaheyeﬂl showiREs ehesigedn [aDRMeA US shom'

observed surface of an object for selection as it drops

SR

from a chute, _. _ '.h | - \o/
10 Fig 2 is a block dlagram schematically showing the

.arrangement of the selection apparatus according to the

present invention,i | | | |

F1g 3 is a graph showing the respective values of
reflectiv1ty of the shell mesocarp and kernel of almonds,

15 Fig. 4 shows one example of a comb1nationa1 1oglc-
circuit which may be employed in the selection apparatus
shown in F1g 2 to remove the shell and mesocarp of almonds,f

Fig 5 shows one example of a combinational logic ' -
circuit whlch may be employed in. the selection apparatus

' 2o shown in Fig. 2 to select the kernel of almonds,

Fig. 6 is a block diagram showing a specific
embodiment of the selection apparatus according to the
present invention.

Fig. 7 is a perspective view showing the arrangement

25 of the background box employed in the selection apparatus'
shown in Fig. 6; - N | o

Fig 8 is a block diagram showing a specific

arrangement of the spectroscope employed in the selection ..

apparatus shown in Fig 6; and
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7 % Fig. 9 s a tlntng chart used to descrlbe the operatlon of the

sel ection apparatus shown in Fig. 6:-“0né énbodi ment of the present
invention will be 5 described hereinunder nore specifically with reference
to the acconpanyi ng drawi ngs. Prior to describing the enbodi ment, the basic
i dea of the present invention will be expl ai ned for t:he: pur pose of
facilitating understandi ng. 10 Fig. 3 is a graph show ng the
respective values of reflectinity of the7shell A ;imesacarp B and kernel C
of alnowfls in the near infrared region Cbn3|der|ng tHe reflections of the
shel| A nesocarp BF3fd Relfef éiggnghpéérdlPﬁ@ﬂbﬁ?\ﬂﬁﬁﬂﬂ%ﬂﬁtﬁhenanely
1000 nm 1200 _nm and_1450_run, can _be designated respectively as: Ax,
Ay, Az; BxX, 9er§§9°§n8¥C§5eC§?Ygf%gPP FPPRTBLUS Wﬂwﬂﬂtﬁﬁggﬂ%mh t hat

t he follomtng condi tions hol d: Ax/ Ay<Bx/ By

(1) Ax/ Ay<Cx/ Cy ... (2) Thus, there is a vaIue Kl

whi ch f h I di AxlAY T
..{C(sfakka'§i|ic§?§§ ofiBoBImER? b%'%ﬂ% e%ikiéﬁéﬂiéon Wi%ka ?ear ftom

h h
g)ecg;g§<%y}g§sEPEBQHﬁﬂgrEQHQhHEPHEO?ESnge&ngfllyBwi%ﬂ'¥G¥3géﬁ%e to

the accompanying drawings.

Prior to describing the embodiment, the basic idea of

the present invention will be explained for the.purpose of

et facilitating understanding.

10 Fig 3 is a graph showing the'respective values of
reflectivity of the shell A, mesocarp B and kernel C of
almonds in the near infrared region
Considering the reflectlons of the shell A, mesocarp B
'and kernel C at three different wavelengths,
namely 1000 nm, 1200 nm and 1450 nm, which can be
designated respectively as: Ax, Ay, Az; Bx, By, Bz; and

| Cx, Cy, Cz, it will be clear from the graph that the
Kj' : following conditions hold:

Ax/Ay<Bi/By | ..; (1)
Ax/Ay<Cx/Cy | S cee (2)
Thus, there is a value k1l whlch satlsfles the
follow1ng conditions:
Ax/Ay<kl<Bx/By e (3)
AX/Ay<K1<Cx/Cy o B cee (4)
As will be clear from the graph, the'following

conditions also hold:

€ o e A R A 1 b ] ot e e oA L Tt e



So there is a vaIue k2 mhlch satlsfles the follomnng condltlons 5

Ay/ Az<k2<By/ Bz .. (7) CylCz<k2<By/ Bz

... (8) Assuming that the val ues of reflect|V|ty with respect to the three
di fferent specific wavel engths of 1,000 nm 1,200 nm and 1,450 nm whi ch are
10 detected for a certain object for selection.(irrespective of whether it

is shell, mesocarp or kernel) are 8y and z,. respectively, the obj ect is
|dent|f|ed as Shell, mesocarp or kernel on the basis of the above :
conditions 3, 4, 7 am@ﬁhz<ﬂyxﬁzspeC|f|calIy, i the followmngsdondlt\dhs
are 15 satlsfled x/ y<kl “and y/z<k2 .. (9) t hen the
object is a sheII Iayﬂﬂu;ExﬂBzwmng condltlons are: satlsfred {6R]| <x/y and
k2<y/ z: L .(10) 20 then the object I S .mesocarp covered.

If the follow ngocch@klﬁel drs aare lamt ikt ivetl clk | sadtt s Erhels ythek 2
.(11) then the object is a kernel. Referring next to Fig. 2, whichis a
bl ock - difedAwizs Qﬁﬂﬂ%ﬁiqnﬁﬂly showi ng the function of the present

i nvention, the. |IIustrd; us is arranged to renove the hell and .
nesoéhrﬁ frgnialnondé‘ for selection or to selé&ct k rnel from
anong the objects 2 Iected from an object 2 forgsel ection.at"
an observation p03|t|Q%Z§?4§?¥E recei ved by 'a spectroscopé 10( §The

above descri be
to the three different spec1f1c

Spect roscope 1%5%” e;r?é %apetﬁ@y§aﬁes €t ePéPﬂectWi t9f Wil@ﬁ reSpeCtl

wavelengths of 1, 000 nm, 1,200 nm and l 450" nm wh1ch are :QJ-
10 detected for a certain object for selection. | -
(irrespective of whether it is shell mesocarp or kernel) are
X, ¥y and z, respectively, the object is identified as shell
mesocarp or kernel on the basis of the above condltions 3, 4-
7 and 8. More.specifically, if the follow1ng conditions are
15 satisfied: _ | |
| x/y<kl and y/z<k2 . . (9)
then the object is a shell. If the following conditions'are-'
satisfied: - ) t | e
kl<x/y and k2<y/z - ;“uf ”"r.t(1o)‘
20 then the object is mesocarp covered. If the following
conditions are satisfied: |
e kl<x/y and y/z<k2 o YEED
then the object is ‘a kernel. |
Referring next to Fig. 2, which is a block diagram
25 schematically showing the function of the present invention,
the illustrated apparatus is arranged to remove the shell and
mesocarp from almonds as objects 2 for selection or to select
'kernel from among the objects 2. The 1ight reflected from an

object 2 for selection at an observation position P is
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di fferent wavel engths, i.e., 1,000.nm 1,200 nmand 1,450 nm and converts
theminto electri- 5 cal signals x', y' and z'; respectively, before
supplying themto respective integrators 11, 12 and 13. The integrators 11,
12 and 13 integrate the respective electric signal s ‘Supplied fromthe
spectroscope 10 while the object 2 is pasg-ng the observation position P.
After the object 2 10 has passed the observation position P. the

i ntegrators liecéveddby3a0epRéltraztopePnly. t IThe apaeiroscdpeal0 separates
integraﬁ%bn results x, y and z to conparators 14 and 15“1In this case, the
i ntegration r¢hel raysi fsuefilieet eido ltilgh tc @fpaiist @mbdve - dédmcr ibhedrthree
result y to both the conparators 14 and 15, 15 and the integration result z
to the conpar differentTwavalengtisscrdi.leod Val0fd ki, sl 200 imm tard cbnpaP anos
14 in advance. kl is a value which is experinentally obtained in advance so
as to sati sfyapét gonNeriisothenidddra [Rleewndi ti ons (3) and (4). On receipt-
of the 20 integration results x and y, the conparator 14 obtains a ratio of

x toy, i.8.  cahysign@léodpar s @R Zavi &eERLGHkTEIhe RAFQRe IFURRLXHRE K
e slie o igiep AR T i ALy g o slaml v
> s bet in TRESESASEFR 41132 And i BVt WS IRAPSTREYE Pefe 18
Goncr i bed condiiPals"BuprT e 330k She Brldt itigcn WY Rl {ife SO fop ject 2

y and z, the ¢@npacalply 1heOBbdervatiol RAitiord P2 Affer the offéet 2
compayes the ratio.y/z with - :

10 has passed the observation position P, the integrators 11, 12

and 13 output and éupply the respective final integration
results x, y and z to comparators 14 and 15. In this case,
the integration result x is supplied to the comparator 14,
fhg integration result y to bofh the comparators 14 and 15,
15 and the integration result z to the comparator 15.
The above-described value kl 1is set in the comﬁarator
14 in advance. Kkl is a value which is experimentally
| obtained in advance so as to satisfy both the above-
iﬁi described conditions (3) and (4). On receipt of the
20 integration results X and y, fhe.comparator 14 obtains a
ratio of x to y, i.e., x/y, and-compares the ratio x/y with
the value k1 to check the size relationship therebetween..
The comparator 14 ouputs logic signal v in accordance with
the result of the size comparison: -if'x/y<k1,.v="0" is
25 output, whereas, if x/y>kl, v="1" is output. |
The above-described value k2 is set in the compgratof
15 in advance. k2 1é a value whiqh is experimentally |
qbtained in advance so as to satiéfy both the above-“

described conditions (7) and (8). On receipt of the
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the vaIue k2 to check the si ze reIatlonshlp therebetmeen The conpar ator 15
ouputs logic signal win accordance wwth 5 the result of the size
conparison: if y/z<k2, w="0" is output, whereas, if y/z>k2, w="1" is
output. The logic signals v and w are supplied to a conbinational |oegic
circuit 16 which outputs either a rgguval signal for renoving shell and
mesocarp or a signal for 10 selecting kernel on the basis of the Iogic

signal Siﬁ"t@%ldaﬂ‘iof' ﬂes&lﬁgoy"sahhezar R0 USRIYa raft ot qmﬂt%ti'r&naé | ogicc,

circuit 1 hat outputs a renoval signal for renoving shell and nmesocwp.
This civgtlié Sptputs 2, T ereval ygzgnahdveompete0 they retib. yAadits, when
t he above-descri bed condltlon 15 (9) or (10.).is satisfied. On the other
hand, Rihp vabbeovs2tte eheakgthensiak aedmmﬁumshﬂmuﬁhdnqpatwsennut 16 t hat

~outputs a'signal for selecting kernel. This circuit outputs a kernel
“sel ect iThe stgmpdraten 15"oupuhd hogde, silgmali v Jwheecorelaaieey aviddscr i bed

condition (11) is satisfied. Selection 20 of ‘ejither one of the t wo

di f Ber erhe tmslefofo‘ghe gizeurompard sonthe ifng /aigh wr'0"gis4 and t he

ot her one shown in Fig . may be a pmoprlately .det er i nedd according to
the par?detitar 'ﬂb?'é%‘%?veiflﬁ/»?hlézl- Vastr afd@d OFPAtat us, while the object 2

ol gnal s out putTHe ohOFRG SHERRISSEoREe) B 47 BHPRHIEda & obtain & Z‘E‘.Lnf ity
o S Fof Thafl hAPRAE°SheHhI] CHBRS RIS, I ag oo
quanti tsYig‘Hai eféﬁcfé‘:ﬁlo%iﬂgtsheﬂuénd' hes%c%%s iR e ts‘?tg‘?mfaflecftor | v
10 selecting kernel on the basis of the-logic_signals v and w. a
. Fig. 4 shows the arrangement oftaicombinational logic
‘circuit 16 that outpdts a removal signal.for-removing shell
and mesocarp. This circuit outputs a removel signai ‘when
v="0" or w="1", that is, when the above described condition
i5 (9) or (10) is satisfied. On the other hand Fig. 5 shows
-the arrangement of a combinational 1ogic circuitels that
.outputs a signal for selecting kerﬁel._tThis circuit outputs

a kernel selecting signal when v="1 andﬂwiqo", that-is, when

the above-described condition.(ll)-is'satiSfiedf-'Seleetion IJQJl
20 of either one of the:two different types of logic circuit,

i.e., the one shown in Fig. 4 edd the otber one shown in Fig.

5, may be appropriately determinedd according to the

particular objective. |

In the. 111ustrated apparatus, while the. object 2 of

25 selection is passing the observation-pdsition 0, the

eléctriCal-signals output from the'spectrQScope:IO are

integrated t0'obtainfa quantity representing-the amount .of

light reflected from the entire observed surface and .the

object 2 is d1st1nguished on the basis of the overall
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selFection independently of variati.ons:i:n;the quantity of reflected Iight
that are caused by changes in the ‘ebserved-surface. Mre specifically,
since one object shows 5 variations in the quantity of reflected light for
each surface observed, it is inpossible to judge whether it is a kernel
sinmply by exam ning one surface. However.,{f all the quantities of Iight

reflected fromvarious observed surfaces are integrated, the final result

of int eg-r_ati?#harnegil_ t&t}%ﬂ&tmt%{ﬁgf tRpuebi et OpoSEIBLEI €8 aftect

therefore differs 11 accordante W t e kind of objéct. Since in the

appar at us of ddie d¥ £ MnddYERdéREL Y Ner veE1a i oiwé i DR the ngdenontyhefbasis
of the final result of integration, the discrimnation accuracy is

consi derably fdflectdd 1ight thdt tdee appased Usy ofthaligepr bsebbei nventi on,
the electric signals x, y and z which respectively correspond to three
different ki nsisserdvedispctace! i ghdvre especifietllnavsigespenef objeatesbeyshs
are divided into two pairs, i.e., (x, y) and (y, z), and value representing
the rati o Shetwareia tien20ir| the rquast ttwl ofintefhectedel 1ghhaforseathe ratio
between the |light quantities of the corresponding reflected rays, ,is

obt ai ned for smfageriobsenved hehtthe kmpessibbejtetindeewhethpEqisnipne
basis of the obtained ratio. Objects, for selection are_various in Si e, nd,
as a 25 natt dfergrekosimely e exppbpingcone gur %%erarB%WeYﬁE’qagnP#y g‘F

(ot Locted |1 Qi bR SThEET e PLFErchiR eSS, ElbuboehSLk FEhCHpetiles
an 2050l ut e vl ye, L ERLERERA. "End EL BHE b €7 of CLEERFALLbANFortBERS e
N 10 nature of the object for selection and therefore differs in
accordance with ;he kind of object. Since in the apparatus
of the present invention the discrimination is made on the
basis of the final result of integration, the discrimination
accuracy is considerably high.
15 In the apparatus of the present invention, the
electric signals X, ¥y apd z which respectively correspond to
- three different kinds of reflected light respectively haVing
specific wavelengths are divided into two pairs, i.e., (x, y)
S and (y, z), and value representing the ratio between one
20 electric signal and the other, that is, the ratio between the
light quantities of the corresponding reflected rays, is
obtained for each pair, and then the kind of object is
identified on the basis of the obtained ratio.
Objects for selection are various in size and, as a
25 matter of course.:the 1arger the size, the larger the
quantity of reflected light; the smaller the size, the
less light is refiécted.- For this reason, if the kiqd of
object for selection is judged on the basis of an absolute

value representing the quantity of reflected light, there is
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-a rlsk of erroneous selectlon Fbmever |t is p055|ble to ascertaln the
refl ection characteristics of each |nd|V|duaI obj ect by obtaining a val ue
representing the ratio between the quantities of each pair of reflected
rays having specific 5 wavel engt hs which are adjacent to each ot her -anong
- the three different kinds of reflected Iight, as described above. Thus, it
~ is possible to identify each indivithét object fromits reflection '
characteristiecs wthout the.need to nmake a conparlson wi th ‘an_-absol ut

val ue a@ i SkhOTc £IT o SHESSTIRN - artfoweyRr i t1 tslmepRespblei bre t

e | oct BECFTgRL ndbil%te%ee\?glﬁcgﬁ%aﬁﬁ{#ﬁfgt'v e J%%%"g fa%eiRbe .yoﬁf
o one. BRJATE HyD csktringll I S ECALAR ARSIPAEDT HRERRERSTICIEN
i nventi Qe tqﬁl%rﬁt‘ift‘iggnf)‘g‘ {é‘hélrgsﬁ Eﬂai]xOQ)f]j_he $3 SOE excifsfﬂévfﬁ‘#%égi'fi@r €

speci fically, case erence nuner a enotes the

kerngl ghveliEnzdns Whilch e HdRIAInt AP dePiSehdPeatiBsecahe afeshel | of

al ronds. These objects 100 for 20 selection drop froma chute (not shown)
and pasgiffekntr kdhiden ofoHdfilvttad 1Hh O s Ak O Pes  abewel i S

illum nated by nmeans.of a plurality of illumnators 101, far exanpl e,

hal ogenThasps idr itsupgstsdiblie [tamdnter tifys , eadh cindieiualicefeat Ppom t he
upstream and downstream si de of the 25 observation. position P. A

backgr otité weflection icheralcted ist itdse without thﬁeﬁtﬁ@rﬁ@lmmhep05|t|on P
A specific arrangenent of the background box' 102 .is shown in Fig. 7. -Mure
speci f | €emParigof wddh ?@2&“591uﬁQN¥quﬁt%ﬁakn(ﬁhecﬁa$%e°5akkgrbuhﬁrbox_/
102

10 " art, and it is hence possible to effect selection independ-
ently of relative cpanges in the quantity of reflected llght.
dl_i'e' to varia.'tion-'s_:'i"n the size of object_:’s.:for ‘selection.

Referring ne#t to Fig. 86, ﬁhiqhi;é'arbldék-diagram
‘showing the arrangement of one ehbodimeﬁtlbf thé'éeieétion-

15 apparatus acbordihg to the pfeseht’invéﬁfibh;-fhe'reférence
numeral lobldenotés.objects fof selection, more specifically,
almonds in this case. The feféreﬁce'numéral7100af&enotes'the
kernel of almonds, while the numeral 1OQB-dénofes thé' - e
mesocarp and shell"of almonds; These objeéts 100 for

20 selection drop from'é chute (not sdeni;and*pEQS-an'~
obServation‘positibn.P.' The observafidnipositich:P.is
11luminated by means of a pIUraiity:6f”111um1nafors 101, for
example,'halogen 1amps or tungsten‘fi1ament lamps, which aré
provided at both the upstream ahd'dcwnétream-side of the

25 observation position P. o

A'backgrouﬁd’HOX'loz is inStailed'at'the rear of the
'observétiOn positioh'P A speciflc arrangement ‘of ‘the
"background box 102 is shown in Fig. 7. -Mqre-specifically, a -

window 102a is formed in the front‘of'the background box 102
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and the interior of the box 102 i.s arranged to absorb |ight. Accordingly,

| i ght which enters the background-box.102 thieugh the w ndow 102a is
absorbed in the interior of the background box 102 and no |ight conmes out
of it. As a5 result, the wi ndow 102a, from which no.lsight escapes, | ooks-
bl ack when viewed fromthe outside. |In other words, when the observation
position Pis viewed with the wi ndow 102a Tn the background, it is possible
Lo sol ely obssiyedie |l ANEEIst! et ok 9% 205 OpkPEhdA0rB28B5EL! heght

obser vatdon position ien" no " obj ect 100 1s present at the observation
posi tion P, %@dbﬁ&ﬁx%iiphxbé%kwﬁﬁékgéﬁuaﬁlsiﬁhéesackgﬁoﬁﬁenbonf 10ke
observation position P, a lens 103, a slit 104 and a spectroscope 105 are
provi ded forvarrdugh Nchd e IRdéw 0neZa 0f deabsorbbe ent ehei dntefiarl ofie tivki ch
intersects 15 .the w ndow 102a of the background box 102 and the
observation pesikgroul tée 1eRsai@3nboriight comebeoski ©T10%.t hds| aght
reflected froman object 100 passing the observation position P. The slit
104 al | ows omesulte, ceine reingdowt 10Raof from whinh BoppLlebl £6APEEe LERKS103
to pass. Mdre 20 specifically, the slit 104 limts_the observation osit%pn
P to an area blmekhadken ouhewed ﬁnpmhtb©n§P§§éd6nlyIBfOFHSrmﬁﬁaéﬁvlﬂgénoﬁ e

t he background box 102 and permts_passage of |ight wthin t hat i m,te
area only. AshserationpesighoBpPets Y Bwﬁgsgégﬁtﬁﬁ%05§899§tﬁ8ﬁap3§igpﬁh

P,-only the 25 |ight fl df h bj ect 100 th it

104 toyenter94ﬁ¥é§h%ﬁégsﬁggiglﬁggggbaﬁﬁtﬁogggfégt°98%§§§§5§222§ A Shzl

O o0 R0 1R o 8o Yof 160°RER HEO B BleRdat P B ot e
10 P. When no object 100 is present at the observation position

P, only the pitch-black background 1is seen. |
In front of the observation position P, a lens 103, a
slit 104 and a spectroscope 105 are provided forwardly in the
mentioned order on the extension of a line which intersects
15 -the window 102a of the background box 102 and the observation
position P. The lens 103 focuses on the slit 104 the
light reflected from an object 100 passing the observatiqn
position_f. The slit 104 allows only the central portion of
o the light supplied from the lens 103 to pass. More
20 specifically, the slit 104 limits the observation position P
to an area the background of which consists only of the
window 102a of. the background box 102 and permits passage of
. light within that limited area only. As a result, when an
object 100 passes the observation position P, only the_..
25 1light reflected from_the quect 100 passes through the slit
. 104 to enter the spectroscope 105. Whén_no object 100 is
present at the observation position P, since no light escapes

ffom the window 102a which constitutes the background, no



| i ght passes through the slit 104 and hence no light enters the
spectroscope 105. A specific arrangenent of the spectroscope 105 is shown
in Fig. 8. The spectroscope 105 separates the incident 5 Ilight into two
or nore different kinds of |ight respectively having specific wavel engt hs
which are to be subjected to discrimnation. The spectroscope 105 further
sel ects rays of |ight having differeh#-wavel engths from anong the separated
| i ght and. converts each light ray into an electric signal. 10. corresppndi ng
to the ldtghisinasadrerdoiougincelee dshijtylOdhandpbenceosnopdighs Bnsensnumer
of beamsplitters. 106, filters 107 and sensors 108 whi ch nunber is
equal t FRSRRMFNSEAPRIiI¥9%rent kinds of |ight respectively having
speci fic. wavel engt hs Wﬂ%gh are to be, subjected to-discrinii8~_15 tion.

‘In this enbodi ec RIRREgreRbelt t FReWEREFERGERCPENLER 4Fe to be

of spoctHat LA I | %fﬁ‘m%@sé@g?ﬁiﬁiﬁé‘%pé% 86sEhe %ggaﬁéﬁgg ai n
mber ‘gfs ; I ng. i _ gt b 1 . 20 -
i one wirEl ARt York | QS £0LoHE RARET BF FIRAY HOGRERKIVELYT i o

- Wn . _ _ a val Ue repre- se ( (
bet ween kAR |4t #13Y Swd ve PN SE108 dwih Pch NEFEDYo ChE LB  SctbE fibf ference in

intensity of the reflected |ight between individual objects, that is,

obj ect s digcrd®l9H1iBh. Ahd SSPEHFosédPe VBbSeBuRtReRE8EEdcts PAYSI BF25 a
ratio. Accordingly, to discrimnate, for exanple, two different kinds of

obj ect fiightomawdinerdi fierenhoressbeygths detemt ambngeesé swepadatéar ent
kinds of light and obtain the ratio between the two. Three or four .
di f f er edti ghitnérdofedriwgntsmagclofl tohit seaybéntiet avt etlectrilessignal | thrge
or 10 corresponding to the ihtensify thereOf.' Acéordingly, the
spectroscope 105 has a numbér of  beam Splittersloe; |
filters 107 and  sensors 108 which number is equal to the
number of different'kinds of light reSpectively'having
'sbeéific wavelengths which are to be subjeéted'tb discrimina-
15 ‘tion. ‘In this embodiment, the number of specific anelengtHs
which are to be subjected to discrimination is n. In the
present invention, the number n of specific wavelengths is
determined as follows. ByZOBSerQing a'ceftain.number of e
light raYS having différent wavglengths:among thé réys of
20 light which are reflected simultaneously, a value repre-
| senting the ratio between tﬁese.light rays is obtained to
thereby eliminate the difference in intensity of the
reflected light betweén individual objects, that is, objects
for seleéction. As is known..two'values are needed to obtain
25 a ratio. Accordingly, to discriminate, for example, two
different kinds of object from one other, it is necessary to
detect at least'fWO'différent kinds of light and obtain the
ratio between the two. Three or four'différent kinds of

light may, of course, be detected if desired. If three or



-15- four different kinds of light are‘enployed and a plurality of ratios
are obtained for predeterm ned .conbi nations, the degree of detection
accuracy may be expected to increase. To discrimnate three different
substances A, B and C, 5 it i's.only necessary to detect at |east two

di fferent kinds of Iight having different gwavel engths for the conbination
(A, B) and at least two different kinds of light having different

navel engths bop .t e (AINMAKIAL Be Quelt did enfifityed o dayingarity of
to 10 :

speci fi's’ wavel'ength which is to be subjected etection may be

enpl oyed in pgthogr QWS obltia 1iid 13 prdiR téinihddrcdit Endlei i nelle As
shown in Fig. 8, the spectroscope 105 has a wi ndow 105a forned in its rear

face, so thajeghee oFhideRreVivg tdvcuigics yslbd xXpectadrsotimerease.
spectroscope 105 through the 15 wi ndow 105a. The béam splitters 106-1 n

are di sposed wit hi nTohd iseedhriosctapechi(fe aliofferndret mulistandes hs, | Bgand C,
entering it. Each beamsplitter 106 passes one part of the |ight and
reflects sheist Her opdnt neersssryparpatatiect &t tkeaste tWyrdiplerent Khads
light reflected fromthe beamsplitter 106 is 20 supplied to each of th?
filters 107- ©fn litghth havdng ol ent ot vaksgdis oy the t¢Rubbagtion (A,

RO PRI TR A R TR B AL R o S i e
O e M P00 T S G 4 & B8 T oo
3 canvert ed PRNIBER GRS e Rayh e ETH, ifer fe AE%G BT D O
el ement s 10841t tASrf eSS e ety &' AP 55 1oFoth9s . SEIRCERPS way, the
value for n is determined. '
As shown in Fig. 8, the spectroscope 105 has a window
105a formed in its rear face, so that the light passing
. through the slit 104 enters the spectroscopellos thrpugh_the
15 window 105a. The beam splitters 106-1 n are disposed within_
the spectroscope 105 along the path L of the light entering
it. ' Each beam splitter 106 passss one part of the light and
reflects_thg other part thereof perpendicular to the light
4 path L. The light reflected from the beam splitter 106 is
| 20 supplied to each of the filters 107—1 n which are prqvided in
corrsspondence with the beam splitters 106-1 n. Each filter
only allows the corresponding light having a Specific_
wave;ength_to pass among those which afe to be_subjected to
discrimination. The light passing through the fiiter.107 is
25 received by each of the light-receiving elements 108-1 n
which_are similarly provided In correspondence with the beam
splitters 106-1 n, and the received light is converted into
an electrical signal in each of the 1igbt—receiving.e1ements

108-1 n.. -As a result, when an object 100 for selection




-16- passes the observation position P, the spectroscope 105 outputs anal og-
signals sl, s2 ... sn which represent the respective intensities of a
plurality of kinds of |ight having different specific wavel engths which are
to be 5 subjected to discrimnation. Wen no object 100 is present-at the
observation position P. the above-described signals are at the zero |evel
because no light escapes fromthe wngow 102a. The el ectrical signals sl,

s2 ... sn.output fromthe 10 spectroscope 105 are anplified in anplltlers
109-1 n;mrs:héﬁethé;tmpéeedatsbonnpegtaionsP;thhé sptbrteoghbopesissors 110¢1 n,
respectively. Each integrator 111 conprises an operational. anplifier . 112
whi ch funttpwis asakoprshenphs sdapslent . asd whiebacepoesébt thé which is

i nt erposed between the output term.nal and the. inverting input term nal of
the opergsrartivepintersitios gfieai pluppdity ofikinds Risldedwitch 114
which is interposed parallel with the capacitor. 114, the switch 114 turning
on/ of f - h??ﬁﬁﬁwQﬁﬁﬁﬁfﬁﬁFhSPﬁﬁiﬁﬁFpﬁtvgiﬁPEtBF whiek aEeet®1Be 20 In this

15 s enbISGRPd.Ee ATadnie ﬁ‘g’létfhttﬂsgenom Bseaf LSYsr 8%&%3&??2?
113, wh he 115 "0 114

turns o?f%iﬁt\(l)%}tsn‘?%va%ﬁﬂépg% ﬁ'ﬁ% -ﬁﬁgf&g%e h%ﬁSSf"Beﬂgﬁsw\lﬁhgnthe. 25
Sw t ch %k%tﬁkftﬂe iéfb'f&@gia§8£aﬁ&é ﬁgngibﬁesegéaﬁps ?ESgr%hg thaﬁ_'?’

I nt egr ates correspondin _
anpl i fi i nldiiv yﬁfgeas mhen the switch 114 is on, the integrator 111 does
not function as an integrator but holds the output at the zero |evel.

The electrical signals s1, s2 .. sn output from the N/
10 spectroscope 105 are amplified in amplifiers 109 1n and then' |
supplied to integrators 111-1 n through resistors 110-1 n,
respectively. | | o |
Each integrator 111 ccmpfises,ah 6peraticha1-amplifier_
112 which functicns'as a principal compcnent-and a capacitor :
15 114 which is interposed between thefoutput tefmiual and the
1nverting input terminal of the operational amplifier 112
The integrator 111 also has a switch 114 which is interposed
parallel with the capacitor 114, the_switch 114 turning ST
on/off ih accordance with the cutput state of an OR gate 115. ™
20 In this case, the switch 114 is.arrahged such that,'when'the
output of the OR gate 115 is "1", the switch 114 turns off to
open the two ends offthe'capacitor"ll3; whereas, when the | |
output of the OR gate llSIis:"O",_theiswitch 114:turns on to
short the ends of the capacitor 113. Accordingly, whehfthe
25 switch 114 is off, the ihtegfatof lll.functions as an
| integratof. that is, ihtegrates the:corfespcnding signal sl,
s2 ... sn amplified by the_amplifiefmipgi whereas;_whentthe
switch 114 is on, the integrator 111 dces'not function.as anl

integrator but holds the output at the zero level.
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-17-* The out put of the anpllfler 10 i's supplled not onIy to the
correspondi ng integrator 111-n but “also to a first input terminal of a
conparator 117 for detection of the passage of -an object 100. The
conparator 117 is supplied at &+ its second input tersinal with a reference-
voltage vO which is set so as ‘to be slightly higher:than the level of a
signal which is output fromthe anplifier.;3Q9-n mhen t he signal output from
t he spectroscope 105 is at the'zero level, that is,#when no object 100 is

present ¥ the obserygpbi 8atpasi bfor&héoa%pl/iefq%rxdllrm@-n P SuPHPRERR6 ¢ 1drf1y
continuously supplies a passage detecting signal of the logic level "1" to

both a first tépthet&dht88ponlfiihige igiegdiatolldlant dumIHAE® a first

mul tivibrator 118 while the output of the anplifier 109-n is in excess of
the referenceinpitagermfhalhef ascompialretar 13 7oMorctdei® tiiompastitie t he
observation position P and, hence, the signal sn is being output fromthe °
spect roscope n@SSaﬂheqfnanobpéectlmools fihes eompar atior diFerimtsuppbbedtadn
P, the output of the conparator 117 is held at the "0" |evel. The
nnnostablé|ﬂﬂ¥$v$9¢9ﬂ6r1EEBto@?pmﬂ§aén&1§@pﬂ|ﬂ§f€ﬂ?ﬂ¥ﬁﬂﬂQ&$%§%ﬁﬁ9 wiriglyt h
a second input termnal of the OR gate_115 and a first input termnal of an
AND gate 119 %ﬁ 313 §an§StFﬁebasSiﬁgh&éﬂpGﬁ&Meﬁtﬁb&ﬁnﬁhﬂzﬁQﬁehjqff%ﬂ$%gnal

QEZ?LE' Si' {i e ﬁﬁﬁ‘“g:ésﬁia%??ﬁs e, ”E&Jié}re w%”r'%trﬂfr%m%éfi on P
monostabi 6 mPAPERh, LEaR” T8 SHAr) EOFSQ%%U?%{’ ' At R e, LY ¢ oyat
the 'nwegrat°£§ 1%ﬁeﬁ Ho'BBEEE%tiog'EQ DeUReH: Wt WHEE dler FePRS | ¥8sition

signals sl sn and's
10 P. Accordingly, the comparator 117 continuously supplies a

passage detecting signal of the logic level “;" to both a
first input terminal of the OR gate 115 and a.monOStable |
multivibrator 118‘While the output of the ampfifier 109-n is
- in excess of the reference voltage v0, that is, while an
15 object 100 is passing the observation position P and, hence,
the signal sn is being oﬁtput from the spectroscope 105.
When no object 100 is present at the observatién position P,
the output of the comparator 117 is held at the "0" level.
The monostable multivibrator 118 outputs and suppiies
20 a pulse siénal to both a second input terminal of the OR gate
115 and a first input terminal of an AND gate 119 at the same
time as the output of the comparator 117 falls. Accordingly,
the output of the OR gaﬁé 115 is "1" during the sum of the
period of time when an:object 100 is passing the observation
25 posit;on P and the durétioh of the pulse which is subsequent-
ly output from the ménostable multivibrator 118. While the

output of the OR gate 115 is "1", the integrators 111-1 n
1ntegrate with respect to time the respectlve signals si,

s2 ... sn and supply the



-18- integration results S1, S2 ... Sn'to a.signal selecting circuit 116. -
The signal selecting circuit 116 selects a pair of integration signals
corresponding to each pair of adjacent 5 reflected rays of |ight having
specific wavel engths, with one integration signal being permtted to bel ong
to two integration signal pairs which are adjacent to each other, and the

. circuit 116 outputs and supplies eatB-pair of integration signals to the
correspondi ng si-gnal . ratio. 10 . conparison circuit 120. -Mre specifically,
the sighittesid eion niesnlesi$11182gener 8RedCafdsiEppli 6618CL1P&i rs of W

integratjon signals (S1, $2), (S2, S3), (S3, S4) ... (Sn-2, Sn-1) and
(Sn-1, Q§chxfgﬁ%§corre3p0nding signal ‘ratio comparison circuits 120-1 to
120-n-1. 15

. Atotal - Lgnal i S i it
120-1 1o 120- e 4 B SeLBEPRRR of ) BBt alaBe BribRene” B00c oBeocr i bed
, | - +onal. - . N 5 ¥ :
of “one TRt AL S EEUT SO - EPHETRE P, BREE PRy toRe ABBRLER, 1 el 0
| nt &gr atd P d €| £y £ o | lght PhETheCOPELIRY ¢ wyta@iegp%;ﬁbf.! %a'thY ongach
signmal ratio conparison cikrcurt 120 conprises a variable gain anplifier
'121,'amxﬂﬁﬂﬁfaﬂéghE%Ekﬁhroﬁ@ﬁﬁ€tQéré?@tedTbs vaibakl @oldwd anplifier 121

anplifies one integration result and supplies the anplified signal to the
adder Ifitegrdeisidet g2l poissb¥hdchsatbeadjheenitntegeachopthesyl t from
the anplified signal and supplies the result of ‘the Subtraction to the.non-
i nvertiamd itipatcimewi hall®foutputsnpndasuppl2ds ehehi padrt ofg i nput
term nal thereof being grounded, so that, when the o -
integration signals to the corresponding signal.ratiq | w0,
10 compafison circuit-lzo. More spécifiéally,:the signai
selecting circuit 1i6 génerates ana supp1ﬁes n;l'péiré bf
integration signals (S1, S2), (Sé. SS)..{' _(,S3, _S.4.)' . (sh—z,
Sn-1) and (Snflg_Sn).po thé corréSpaniﬁgfsignal ratig.
comparison circuité-;zo—l to 120?nf1.i o
15 A total numbef of n—l'signal.raf;ofcohpariSOn éircuits'
120-1 to 120-n-1 are'provided in_corrésbohdénCé with the |
_ above-described siggal pairs. Each sigﬁgl_ratiq_comparison
circuit 120 cdmpapeg-the.ratio of one intggfatioﬁ'reSULt.to
_ ﬁhe other in the cpf:espopding pair éf_in;egraﬁion resuits
.20 with a preset constént; More sbecificqil&, each signal ratio
C6mﬁarison circpitulzo cdmprises'aiﬁépigbie'gﬁiﬁ.gmpiifier |
121, an adder 122 ghd a c§mparatqr 123. The variablélgaih
~amplifier 121 amplifies ohe integration f§sﬁ1t and supplies
~ the amplified signal to the qddef 122. _Tﬁe éddef 122
25 subtracts the other ;ntegratIOQ resuit fﬁé@ the amplified
signal and supplies'ﬁhe result of thé'sgbtfaction tp the. non-
inverting input terminal of the comparator 123, the inverting
input terminalftheréof being grounded,i#éfthat,lwheh thé

result of the subtraction carried out b&!the'adder 122 is
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resul t of t he subtraction carrled outﬁby t he' adder 122 is -19- plus, a
logic signal "1" is output from the:conparator 123, whereas, when the
result of the subtraction is minus, a logic signal "O' is output fromthe
conparator 123. The operation of the signal ratio conparing circuit 120
will be further 5 explained with the paiyg-of integration results (S1, S2)
taken as an exanple. The |ntegrat|on result S1 is supplied to the variable
gain anptifi enusll avhergd d tsfighanpti'f iks dutpuestebid thencemparaedrt 228he
adder 1®2. The adder 122 subtracts the integration result S2 fromthe -
anpl i fied i nwhgragison whesulthelrek8it of theppsuktrateiorsistmppushea logic
subtraction to the non- i nverting input termnal of the conparator 123.
More specifi sdignal {9 i emtambrfrrcmume SOMRARKEOT {123 byThReoRaraihre
gain anplifier 121 as follows: k X =k

(12) 15 The Pt é@@atsi&marlesrmﬁi%chw%m&fa%%%w?o%ﬁ? helhhpbes fugther -
e S Suasamlntned aln O%fgﬁgwkts#esﬁba%m%?n [BRSULES o(Shet §3) ERKED
(r:gf]g: t | 8‘; | tshga%‘ﬁgg%gut '1%%' | Zgﬂeouisntoegrqpf’gn st £ he; 20, LS’H)E.’%E (t?4the

output 1 om VAL 1ab1e. galn amplifier L6153, nbOPsed B Pped b

Pogd't'on 'St%%h'%Hﬂ%iiéﬁﬁt6§¥ﬂ£ adder 122. The adder 122 subtrac&%Gkhe
i.e., -

- integration result S2 from the amplified integration result
> 10 kS1 and supplies the fesult of the subtraction tb the ﬁon-
inverting input terminal of the comparator 123. More |
specifically, the integration result S1 1is amplified by the
variable gain amplifier 121 as follows:_ _
k x S1=kS1 - ... (12)
15 The integration result S2 is subtracted from the amplified
integration result kS1 as follows:
kS1-S2 ...(13)
Jﬁdgement is then, made by the comparator 123 as to whether
|\ | the result of the subtractidn is plus or minus. When.the
20. following condition is Satisfied:

KS1-S2>0 ... (14)

_ k>S2/S1 | ) _ : ...(15)
.é logic signal "1" is output from the comparator 123. On the
25 other hand, when the following condition is satisfied:
k81-S2<0 | | ...(18)

k<S2/S1 _ S ..an

£ A WAL o s i s
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k<S2/ Sl _ o (17) -20 a logic 5|gnal "o" -
is output fromthe conparator 123. The anpllflcatlon factor k of the
variable gain anplifier 121 is equivalent to the constants kl and k2 shown
in the aforenen- tioned expressions 3, 4, 7 and 8. The factor k is-
experinen- 5 tally obtained in adydfce so as to satisfy predeterm ned
conditions (conditions which are equivalent to 3 and 4, or 7 and 8). The
conpar agolog2g sfignadh "§"grs Qidmld? (ﬁnﬂ%rﬁ%mmn%@'ﬁoﬂmz%upﬂh%s the

result of the conparison to.a combi national :l'ogic circuit

conbi na@mﬁhaflpégllé)nclfla&}iqr i<24>f &he 'I"Pr_rjc?r‘?]cﬁu@ajs’bc‘ﬂn%% ther %%%\A}nsl n Fig.
4 or 5. The conbinati Io ic cirquit ﬁé% arrep such that, when a’
shel | ?qHéé’B&&Pﬁ s %/:h G L' ¢ 3EQreesns |

out put s

lobservaFFSHegc(é?‘%:r%%%:g&’tlﬁ';? cidel ternfg% om? :f%;g#%&g: cpigtg;%’g épgmen
098 ohdRT BBihel AR IR SRID QRO S8 erd didddeaafingasuiD '--3?' ‘e
the AND aﬁh'itiﬁ.g' %c%f}x escrléb%ﬁ-lwﬂ hardiCe i PalieOf £563 BRQSLabbe 7

nult|V|Brator above.” ‘Accordingly, the output of the _
combi nagpki gnal Ioglc circuit 124 is gated and output fromthe AND gate 119
in accordance wi th the output of t he monostable mul tivibrator 118. 25

The output of trihe A¥Rp@AiatchlAds ctimadiedsignal reabss abbmpani soui br at or-

125 whi ch extends the width of the pul se output: fromthe AND gate 119 for
the ti neireqditr 420t supplies the result of the. comparison toa - _ .
10 combinational logtc_circuit 124. The complnational.log;c_ .:&J
~circuit 124 is a TTL circuit such as thét,shown-in-Fig. 4 or
5. The combihational'logic ciréuit_124qi$ arranged such-
that, when a shell'orcmesocarp passes;the observation.
position P, the circuit 124 outputs:a_lggic signal "iv,
15 -whereas, when a kernel passes the-obserygtion position.P,fthe
circuit 124 outputs a logic signal "o". éThe.logic.signal
output from the combinational logic circuit 124 is supplied
to a second input terminal_of the ANDﬁgete.llg.
The first input terminal of the ANb gate 119 is - | g;}
20 supplied with the cutput of the monostabie multivibrator,lls;
as described aboveQ Accordingly, the_oUtput of the combina-
tional logic cireuit 124 is gated and oucﬁut from the AND
. gate 119 in accordance with the outpﬁt ofethe monostable
multivibrator 118. |
25 The output of the AND gate 119 is supplied to a
monostable multivibrator.lﬁs which extends the width of the
pulse output from ﬁhe AND gate 119 for.the‘time_required to
remove shell or mesocarp and eupplies the*Signalzto a delay

circuit 126. The delay circpit 126 delays the signal output -
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renove shell or nesocarp and supplies:the:.signal to a delay circuit 126.
The delay circuit 126 delays the signal output. -21- fromthe nonostable
mul tivibrator 125 for a period of tinme stating at the instant a droppi ng
obj ect 100 passes the observation position P until the nonent it reaches
the renoval position Q and' the circuit -6 supplies the delayed. 5 signa
to a drive circuit 127. Wen supplied with the signal fromthe delay

Ci rcui t--126, ftém thevmonostaibiliel 2 1tipdltirestcan kg dtér alrpericd gofl timean
ej ector=128 for a period of time which corresponds to the pulse wi dth of
the signal sspptirg atothehdnstant ta MEPPIME ajleigak OB passesttheed at
the 10 above-described renoval position Q Wen supplied with the ejector
drive signalobservekionr pesidiloauiR until the gamanyr LT ARRS cbPr essed
air on an object 100 passing that position to blow it away, The foél W n
is a descripFPBAVeL PRELGIODaQ .0t thee cﬁ%@i%c‘t?%rﬁ‘ﬁﬁbﬁ%ﬁ ukh e 9 ﬁe
foregoi ng arrangepent . hown .in Fig. ohi.ects 10 or sgl.ection | C
are di schar g%ggng%tPhéA?ﬁ'iv§ ("r*&’tcusiﬂg\&r?)@'pa?@‘%%@%&éﬁ%t‘fﬁ#p%g?t?%&nﬁi‘
and then reagh the,re I I 1] The obyj '

ker nel s |00af’éﬂﬂ gpﬁeggi%&)%q%&%iﬁgilugcﬁ ’ng&ls%gﬁs;e;n %@%ﬁa%inc%&v%égﬁgg an

al monds. - Theo 9AERYAGYoP gkl ¢ ieh id JduTidiatiosh Do e hdd 458 "8 Ot fmd OL,

so that, when*éac ] ect passes n position P. | ght

reflected fropythecelireshohdd & Ahe il P19 PPN S 1 P Buppe1 £ENS
103 and the 25 slit 104. "It should be noted that, when no object 100 is

present at theobgheveliiremiR0gids.on The Ydd@ I8 s inetalled at the
~ i0 above-described removal position Q. VWhen supplied-with the
ejector drive signal from the drive circuit 127, the ejector
128 blows compressed air on an object 100 passing that
position to blow it away.
The following is a description of the qperation of the
15 selection apparatus having the foregoing arrangement.

As shown in Fig. 6, objects 100 for selection which
are discharged from the chute (not shown) pass the
observationlposition P and then reach the removal position Q.

\_ The objects 100 are a mixture of kernels 100a and others 100b
20 including shell- and mesocarp-covered almonds.

The observation position P is illuminated by the -
illuminators 101, so that, when each object 100 passes the
observation position P, the light reflected from the object
100 enters the spectroscope 105 through the lens 103 and the

25 slit 104. It should be noted that, when no object 100 is
present at the observation position P, no light enters the

spectroscope 105 because no light escapes from the window

102a of the background box 102.
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spectroscope 105 because no Ilght escapes fron1the mnndom1102a of the
background box 102. -22- The light entering the spectroscope 105 is
split into a plurality of light rays having different wavel engths by neans
of the corresponding beamsplitters and these light rays are supplied to
the respective filters 107 provi ded-22-5 correspondence wth the beam
splitters 106. In the filters 107, light rays having different wavel engths
which are to beTlebl kghtdenbediner Ithenapleartr@tseommké@%lits aﬁn:li%[ipwced-to
the sensors 108 provided in correspondence wiith-the filters 107. |n te* :
sensor s agglunail ty gvf FhghttRaysh @§1p§s§éé'fteme@$gt‘?amletﬂféﬂtﬁarmespond| ng .
filters 107 .are converted into _electrical. nal s. .. sn which are

then suMfans 9% the ¢OFresponRding hBesm FPéli tegs, anldn ttlwesearﬁﬂsm ers 109,
e R s gusp £l SaB) EheoFeaBHebisa 3’%@ "ed&so&dﬁ{‘% vided | °”?'h29 .

f th | ect t h '
852;3%%Zor%ﬁoﬁec‘?ﬁ%g@%otfﬁnp?ﬁ . B5HR SRiTeeRelabe calln’*sc R gL L
S | O ec
100 reac t#?kgg }Aggeéégg zh%ggf%lon .agg??ﬁg%ﬁé tlne gﬂg%en the uLper
end of t"hfbs. g% 190ahaer Pagasd1bhe apls tavdhi S tPRYd istipplied ' the

el ectri sn is supplied to the passage-detecting conparator . 117.

so that septides thes eprsviaeal 1hi 862k espondecnlevwitthe vhef aiangsrs AdBge VO,
that is, during a period of 25 time which is substantially equal to the

perlod1Ihfthnn$éms¢r§e168 t0h€211§hmasaagetﬁamemmwmgpmq;uﬂ thrdugls that
shoq% the corresponding filters ;07 aye_converted into electrical _f‘J.
signals sl, s2 ... sn which are"phen'subplied to the
corresponding amplifiers 109. ;ln:the{amplifiers 109, the
supplied signals are amplified énd theﬁ_supplied”to-the
.corresponding integrators 11 |
15 : Fig. 9 is a timing chart used to. describe - the_
oberation of the selection apparatus shown in Fig. 6. As
shown in Fig. 9(a), the amplifiers 169namplify,and output
electrical signals sl, s2 ... sn.fof'a beriod of time tl from
the time T1 when the 1ower.end of an object 100 reaches the | Q:)
20 ebservation position P until the timeeTZ-when the' upper end- |
_of the object 100 has' passed the.ebsefvainn-position P. The
- electrical signal'en is subplied_tp'the passage detecting
comperator'117, so that, while_the electrica;-signal sn is
above the reference voltage v0, that is,.during a ﬁeriod of
25 time which is substantially equal to the period tl1 from the
time Tl to T2, a passage detectiﬁg~s1gnal such as that shown -
in Fig. 9(b) is output. In responee towthe output of this
passage detecting signal, the output-oflthe'OR gate 115 is

set to "1", so that the switch 114 in each integrator 111 -
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I n F|g 9(b) is output. In response to the. output of th|s passage
detecting signal, the output of the'OR gate 115 is set to "1", so that the
switch 114 in each i ntegrator 111 -23- turns off. As a result,
integration of the output of the anplifier 109 is comenced in each i

I ntegrator 111. More specifically, as shown in Fig. 9(e), integration of
the electrical signals sl, s2 ) sn i s qomenced fromthe tinme 5 T1 and
the int’egration results Sl S2 ) i ch |ncrease gradual Iy, are output

from R |/ SARGEL 1y fr L 11 R Ogt Eesuttl 1§ttetgltst%ﬁeo¥2th%t ofpHt Wi

upper end assed the observation position O,

el ectri cal éﬂﬁﬂ&%faﬁ'logzls coﬁﬂeﬁb@d‘ Webﬁéthn%Q%ré%bQ 3119. Lewtle thus
conpleting the integration with respect to tine. 1In response to the fal

of the out pe®ffidglppssagesHowdc innFigQmMeqiedt, 0integrattiohe ofi Bhel2, the
out put of the nonostable nultivibrator 118 rises, and a pulse signal with a
pul se wi dt elé&ctsical psighads sle ®2nast.alhe isulcomnencaidof rbi3.thEnusimeeven
after the 15 output of the conparator 117 has fallen, the output of the OR
gate 11% i sTheanidi the hintegrativh fresuilite Sdri 8@ of. .t Sme tvm,ic&)heimdmaasfe om
the time T2 to the tinme T3, so that each integrator 111 conti nuously
functlonszﬁi&#ﬂ&lﬂ%gr&t@rOuﬁpuﬁgfrnm e v¢speshiviee integrators tIHd +i ne
T3. As a result, 20 durlng the period fromthe time T2 to the tinme T3, the
respective out put sAbf thectimeed atGFswbifhaﬁém@oﬁ§@aHPP?rh@P@-&t e val ues

S1, S2 . obt as the fina uIts I nte ratlon n, at the
time T3, tlé;iﬁﬁpﬁiggdh?ﬁepﬁﬁﬁﬁgt@hf DSETV P@dpP épnaﬁﬂ t respective
outeyts of Ihe. &% La1 egrgheis 111 25° 259 QM GdwhRel "t Ehd 1RYY

10 levet, thus completing the integration with respect to time. 1In response to the

fall of the output 6f the passage defecting comparator 117 at
the time T2, the output of the monostable multivibrator 118
rises, and a pulse signal with a pulse width t2 is_output
from the monostable multivibrator 118. Thus, even after the

_15 output.of the comparator 117 has fallen, the output of the OR
gate 115 is held in the state "1" for the period of time'tz,
that is, from the time T2 to the.time T3, so that each

s integrator 111 continuously functions as an integrator during
the period from the time Tl to the time T3. As a result,

20 during the period from the time Té to the time T3, the
respective outputs of the.integrators_lll are.constantly held
at the values S1, SZ'... Sn obtained as the final results of
integration. Then, at the time T3, the output of the OR gate
115 is lowered to "O" apd the respective outputs of the

25 1integrators 111 are also iowered to the zero level.

During the period.ffom the time T1 to the time T3, the
integration signals S1, S2 ... Sn are supplied te the;signal
selecting circuit 116 Where a pair of integration signals

corresponding to each pair of reflected rays having specific
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Durlng the perlod fronithe tlne Tl to the tine T3 the integration S|gnals !

S1, S2 ... Sn are supplied to the signal selecting circuit 116 where a pair
of integration signals corresponding to each pair of reflected rays having
specific -24- wavel engths which are adjacent to each other are sel’ected,

- With one integration signal being permitted to belong to two integration
zigﬂgksp?g;s ggych(g;e gggacent(gg egﬁh'other and nSL Fairs of integrarion
rd utpErr MG SR i o inerid it o, T
CEH;E: |e§’dt y éi‘\]g%ﬁ | elroé’n @%ngi% ﬁ%{%ﬁ%?ﬁz%&%vancg ] Inst he
fggbrscgggﬁﬁ Shib! (ﬁgi Qﬂﬁaﬁrﬁlcéﬁéon n t g%éerogggp and the
of the congaﬁh?ggaﬁig é?’%ﬁ%éﬁgﬁﬁﬁéﬁg ma. |ﬂe?%équﬁéépgfgpgﬁzsteég]?gl-

whet her tlag asy ¢ 15 (sH- 2herf-ai)0taxﬁéucshmr rdief Oé owthlie 8ddenel22 s
pl us or nlnus when the cal culation result .i.s plus, a logic signal "1

i s out puledfir iy gwhﬂfhﬁﬂﬁﬁéﬁél nﬁiio\Mhﬁpﬁﬁﬁsdﬁmﬁﬁtéuﬂtesh2o is minus, a .-
| ogi ¢ signal i s output: fromthe conparatior '123.. The | ogic S|gnal

out put from t he Jyprgeestntelrgidl fﬁﬁiosnomnunismhtcﬂrﬂ@itohﬁﬂnaonenal | ogi c
circuit 124. In the conbinational logic circuit 124, the object 100 is"

j udged oﬁnﬂugnnnmqn(ﬁigﬁ&iciﬁ;nukxtﬂli¢ﬂaEngaYal@GIE ebipArison circuits
120, and the result of this ud enent is supplied to the AND gate 119.

When t he extpeguimerg@ 1y jc in advance in the variable gain -

10 amplifier 121. Then, the other integration signal is
subtracted from the result of . the multiplication in the adder
122, and the result of the subtraction is supplied to the
non-inverting input terminal ‘of the comparator 123 Judge—
ment is made in the comparator 123 as to whether the result

15 of the calculation carried out in the adder 122 is plus or
minus, and when the calculation result is plus, ‘a logic
signal "1" is output from the comparator 123, -whereas, when
the result is minus, a logic signal'"O" is output from the e
comparator 123. The logic signal output from the comparator

25' 123 is supplied to the combinational logic circuit 124.

In the combinational logic circuit 124 the object 100.
is judged on the basis of the outputs of the signal ratio
.comparison circuits 120, and the-result-of this_Judgement is
supplied to the AND gate 119. When the_ohject 100 is judged

25 to be a kernel, the output of the cOmbinational 1ogic circuit_
124 is "0", whereas when the object 100 is judged to be shell
or mesocarp, the output of the circuit 124 is "1" Since the
configurations of the observed surfaces of objects 100 are

not uniform as described above. there is a risk of erroneous
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25 to be a'kernel, t he outpdt ot'therCaningtional logic circuit 124 is
"0", whereas when the object 100 is*judged t.o ‘be shell or nesocarp, the

output of the circuit 124 is "1". Since the configurations of the observed
surfaces of objects 100 are not uniform as described above, there is a
ri sk of erroneous -25- selection if 3§kiﬂﬂ ect 100 is identified on the

basis of the light reflected froma part of the observed surface.. The

out put"of t?gg%%*iio atisonal PHaddt GgFUd 1%‘&{@&{61';& 4PE sad £51 31 LhbY

bef or &&tonp lon of the integration of the ray 5 reflected fromthe entire

observed suffiga@ rli@cRACIfrdIRld YpardUldMEH ORIt féDrrdde. t i TRe T1 toO
the time T2, the signal ratio conparison circuits 120 and the conbi nati ona

| ogi ¢ circubuthad ¥re threlcHnbihatidma hasgic afirdiel tirs2abtivevetors FdckS2
... Sn which increase 10 with the passage of tine and therefore the output
of the conbreatiabiali tiyo®eforie adntp 16t aturdfhehei in tpegrati amnobt the rayi ed
upon. As shown in Figs. 9(f) and 9(g), during the period fromthe tine T2
to the tismeredlechtedsifooa thet ientdopatisanved sunrfades 120 and the
conbinational logic circuit 124 are operating on the basis of stable val ues
whi ch are obt ai nedMes & ispeaifdicaldsil tdnrdmg rhgymarind ferptthe theeeldre

possible to rely on the output of the conbinational |ogic circuit

during thistPethgd time T2. the mlenak Fintig QQHP§ﬁﬁﬁﬁ4mﬁ4¥ﬁEﬁt?ob%§4and
oo £y bt b S R Y 8 S e e L SO
tiTi/T3; Sob%g%% %%I%h% U%gégﬂf%légTﬂéscgl. S2 ... Sn which increase
| 10 with the passage of time and therefore the output of the
combinational logic circult 124 during this period cannot be
relied upon.
As shown in Figs. 9(f) and 9(g), during the period
from the time T2 to the time T3, the signal ratio comparison
15 circuits 120 and the combinational logic circuit 124 are
operating on the basis of stable values which are obtained as
- the final results of integration and it is therefore possible
to rely on the output of the combinational logic circuit 124
\vf during this period.
20 - The output of the combinational logic circuit 124 is
- gated at the AND gate 119 by the output of the monostable
multivibrator 118 which is "1" during the period from the
time T2 to the time T3, so that only a reliable result of
judgement is taken out and supplied to the monostable
25 mnmultivibrator 125.
When the object 100 is judged to be a shell or
-ﬁesocarp;covered almond, the output of the AﬁD gate 119 is

"1" during the period from the time T2 to the time T3 and

this output is held for the period t3 by the monostable
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judgenent IS taken out and supplled ‘to the nnnostable 25 nult|V|brator 1é5.

When the object 100 is judged to be a shell or nesocarp-covered al nond, the
out put -of the AND gate 119 is "1" during the period fromthe tine T2 to the
time T3 and this output is held for the period t3 by the nonostable - -26-
mul tivibrator 125, as shown in Fig. 9(h). The output of the nonostable

mul tivibrator 125 is delayed in the detay circuit 126 and then supplied. to

2l mond Ye@é@ﬁeg”“it 12%&23” B 50t SO PLEL P TRE! Ly Bha BREPRED R YRSt ne

Too'is | My ﬁ%@]ﬁ%ﬁﬁtﬁzf%%tt%@%ﬂf%f tﬁ%téa%?geﬁg” RIS
the perlqke rﬂﬂtt{}&ﬂ'% Y1d@ {8Cehd Wrive o eﬁit&"ﬂﬂ‘ﬂ’ AQ @l & 'smtﬂ own

from 10 e ejecto t he kern 15 therefore allowed to pass he

renoval Rasid e QL IGF GhSskd Fp A 69RO %61 foh80FeABRLE) the remdbal 1.

A met hod of discrimnating between different objects including the steps of

appl yisng ddsaift1dip ¢ hea 0] B 1151 v | £gd Doyt PR6SFred theeeyaticor POBi faindn;
detecting light 5 reflected fromthe object - and having a particul ar

wavel engtthersiie Yange mésodae ehgt tiser eyl dbmovedtnatlng between t he
objects on the basis of an integrated value obtained by integrating t he
' When the object 100 is judged to be a ‘kernel, the
output of the AND gate 119 is "O during the period from the'
time T2 to the time T3. Accordingly, no air is-blown-from i“)
10 the-ejectof-lzs'and'the kernel is therefore allowed to pass
the removal position“Q and received in a receptacle (not

shown) .

&
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light reflected fromthe object duri nQ; [ t:s---t";r ansit of the ob [

position by neans of an integrating circuit. 10 - f Emlmmllrmu "wl l“l
according to claim1l, wherein the reflected light is converted ifAto-ar® $ *
el ectrical signal by a signal converter, the electrical signal being

integrated by said integrating circuit to formsaid integrated val ue. 3.
A nmethod according to claim 1, Whef8iTi 15 refl ected kinds of | i ght
gt

havi ngzTwo or nore different. wave- Ice& 1& ; gé d angeés..of wavel engths are

detectsgf. 4. A net hod accordi ng > wherein each of the kinds of
reflected light of saifl di if §fani,4ays! aﬁgggm&nﬁ%%gr X t‘*}é&? &E]Eferefxt

el ectrical signal using respective signa convertér e electrica

si.gnal beigh)j dd¥£L i AELHARNGS HHb | SE&SH b nagglysﬁqt 14 ghitord8 sené bpjeetat ed
val ue. 5. A et hod accorgl ng to claimd4, erein the integrated values -
ar e -di vi dedhi1y 0 iy s pRis<e| @i I bbdlerviadiiains, pasitlioa,i sdetketlingedlight
representing the ratio between one 25 electric signal and the other for
each pais reflecidd i frdm sty Alsj ectn arichhaviing aegartficalas wavpldeadth b a
preset value to thereby obtain reflection characteristics of said object
W.t h respeéctrange ot wawebengths, dahd ed bscrimimatbing Hsetweenghhe objecks -
6. Apparatus for discrimnating between different: objects by. applying .
light to tofe the basisuaf an m?cea@@é:%vat}y@r ektrdnedobyt inkegrakdng the
detecting |ight of a partjcular wave- |ength or range. of wavel engt hg

ref  ect ed Yiehth t Fefdmctadk. £zon tthe PRISTEN ARG v AtEontERRFEForPL t fbe

appar at us el A5k OB R pb 0L E95R" bYomaaha e bR 152G Akdbeoral of

10 2. A method according to claim 1, wherein the
reflected light is converted into an electrical signal by a
signal converter, the electrical .'signal being integrated by
said integrating circuit to form said integrated wvalue.

- 3. A method according to claim 1, wherein

15 reflected kinds of light having two ér more different wave-
lengths or ranges of wavelengths are detected.

' 4. A method according to claim 3, wherein each
of the kinds of reflected 1ight of said different wavelength is
N\ converted into the electrical signal using respective signal

20 converters, the electrical signal being integrated by said
integrating circuit to form said integrated value.

5. A method according to claim 4, wherein the
integréted values are divided into pairs of electrical signals,
a value is calculated representing the ratio between one

25 electric signal and the other for each pair of _electrical
signals; and the obtained ratio is compared with a preset value
to thereby obtain reflection characteristics of said object
with respect to said two or more different wavelengths of

light.
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reflected from an objééf.ddring Its tranéit of the OE ll Wﬂg& oh[
and judgi ng neans for discrimnating between the obj ﬂﬂmm ““ILL m] of
the final result of the integration 10 val ue output by sé&id"irtedrat’ing

circuit after said object has passed said observation position. 7. -

Appar atus according to clain16,-mheLe5g the reflected light is converted
into an electrical signal by a signal Converter, the electrical signal.

being integrated bygl5 ﬁaﬁ&r&eﬁsgféiiaﬂseﬂﬁghat%ﬁgf BEBeahdal PEeFeAeT::

value. 8. = Apparatus according to claim érein reflected ki nd® of

i ght hquieet?s%yoram&ﬁm&fis BE! teo\the | 6PJebEsawbide agief pagdseaah of
the lights is converted into the electrical signal using respective signal
conver tebsef@ation positién,. andpietéctsingcdighl of at partliisubarBwavies t her
including: dividing means for dividing the integrated values respectively
out put lengtbaiost pangey of gavelengtbsi reflpeted drod cthe ichjectgnalss;
conpari son means provi ded for obtaining a value representing the ratio

bet we8nthe¥ pPagscthet ebearvationghasition,cthe apparatus| dpelndindsdgnal s
and conparing the obtained ratio with_a preset value tq therebg'o tain-
reerCt'BﬁeﬁgaFéBgeﬁkﬁﬁW&§cﬁ°%a?%16%}%8~nﬁiﬁﬁ'ﬂeﬁﬁaﬁ?%cP§aPB-t 9Bt noce
di fferent .ywavelengths _of Jight; ...and judqi pg neaps for.dis: crimanpating
the on; EerLedfefBgh el opifft puling' $FS, REREIE o8 kng RhafrvBrinhic s,
said c | me : A_di | [ | NG 2ARNAL .accqrdi 04¢l.ai m9,
wher ei n° sglg'{éﬂgghp%g}rgr%;gnlégii nc%%%gens% t‘?ﬁ%%?%ﬂn%gﬁggf %éi{rr%é pF?/‘Fn'g one

of sai doBJeetal ofl Aild |Bakis! 8RAthd Ve pdf .§%Eu§t\7§4fj.ethéU?h{:@ﬁ%h%@.oﬁe?r‘b

I
for subtracting the other of said pair S _ \
10.value output by said integrating circuit after said object has -

‘passed said obserVation-positidnf
7. ‘Apparatus accordinq to claim 6, Qherein-the;“_
reflected light ichpnverted_into;an_electrical signal by a
. .signal convértér, thefeléctriéal signal béing integratéd by
15 said integratihg circuit to.form:saidgintegrated-value.
8. Apparatus acgcrding..to claim 6, wherein
reflected kinds of light having two. or more diffefent waveé.
~ lengths are detected and each of the lights is conQertedvintO"
the electrical_signal using.respective.siénal converter. :E&ug
20 . . 9.. _-Aéparatus 1according tol claim 8, further-'
including: @ividing ﬁeans for dividing the integrated values
respectively output_from_said'integrating'circuits into pairs
of electrical signals; _comparison means provided for obtaining .
.a value representing the ratio between the  two electrical
25_si§nals for each pair of electrical signals and comparing the
obtained rat16 with a preset value to thefeby obtain reflectioh
characteristics of said object with respect to said two or more
different wavelengths of light; and jydging means for disf

criminating the objects on the basis of the result of the
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of electrical signals fromthe result of thée multiplicaticn carried our by

said nultiplying means, and conpari.son‘nedns f or judgi ng wh u"
of the subtraction carried out by said subtracting neans i_sr mmn ﬂlﬂmﬁ ,", :
10 11. A nethod of discrimnating between diffefent dbjects =+ .

i ncluding the steps of applying |light to 4die-o0objects while they pass an
observation position, detecting |ight of at |east two different wavel engths
reflegted fomparisarbjmexie byisaidi comparingcheansgl.ength one signa
repreSehtative of the 15 light reflected, using an i‘htegrating circuit to

i ntegrate said signal st oBt diisdnimdgiattingfapperdtugtacedtrd@ingdedrebaimach
object during its transit of the observation position, obtain- ing

refl ecti on9eh¥exedn §3ick compagiingpmeans ingludes smltiplying dheans cfior
wavel engt h_of .I.ight, on the basis, of the final 20 results of_integration
after said %@ﬂw ﬁ%&faﬁﬁ’di R R i eHEicabsignalgi R rsaidasehg
bet ween jec n_the basis of the refl ecti,on aracteristics, /12.,
Appar at utséqsrgra@(ﬁ'sc?ﬁb%rﬁé%w BSARS: FOFi ]S}lglthgﬁf: B Ehe ghher P fgidiRM Tt o
the obj ect ggwhi a 5 r [ jtipn,..and detecting |ight
reflected rom%é&ﬁ%ﬁ#%gt%?ggﬁééédggigtéggi%%%%ﬁﬁmfﬁegRs1ﬂ#¥§ﬁ§i&§$¥l°g
light of ataheawa bt Hyf E85aM i | eghgd LSGLSeo N
integrating circuit foryCaﬁcuIa?rﬁgﬁ¥g?gggéﬁéﬁéﬂe%%ﬁg?%&gﬁkégggggg$ﬁ%ff?ﬁé

light refl abgdnduniltnid® thangbbult 0¥ the -SOptLREELYAL AR HieH {aﬂ"by

means for nmeasuring for each object reflection characteristics at two
different wmaid eufithacting andas sidfplhe brnaintesult of integration after

t haobj ect has passed the observation position, and judging neans for dis-
10 11. A method of discriminating between different
objects including the steps of applying light to the objects
while they pass an observation position, detecting light of at
least two differept wavelengths  reflected from the objects,
obtaining for each wavelength one signal répresentaﬁive of the
15 light reflected, using an integrating circuit to integrate said
'signals to obtain integrals of the light reflected from each
object during its transit of the observation position, obtain-
ing reflection characteristics of said object with respect to
\_/ each different wavelength of light on the basis of the final
20 results of integration after said object has passed said
observation position, and discriminating between the objects on
the basis of the reflection characteristics.
12. Apparatus for discriminating between different
objects by applying light to the objects while they pass an
25 observation position, and detecting light reflected from the
- objects, the apparatus including means for detecting light of
at least two different wavelengths reflected from.the objects,
- an integrating circuit for calculating for each wavelength an

. integral of the 1light reflected during its transit of the .



5 crlntnatlng betmeen the ObJECtS on the ba5|s of the neasure-nent"’I——"
A et hod according to claim11l or apparatus according to
the light reflected at each wavelength is converted i nt\ﬂi@@ ‘%! !“mm
el ectrical signal and 10 the electrical signal is integr rstne said
transit -to formthe integral. 14. Apparsgus for discriim nating between
~different objects constructed and arranged to operate substantially as: :
her ei nbebbserdetdiorhegosiitiongf emeans tforntheasuringt faredeach 1object ™
acconpanyi ng drawi ngs. 15. " 'A nethod of discrimnating between dlffereﬁfﬁ
obj ects gefdeatiiic Ichaanadimmistidsrat doer digfenanth wasfekangths con the
'acconpanélng drawi ngs. 16. Apparatus for sorting or selecting objects, 20

i ncl udi npagidscafrithe | frgnebpaeeuhe afcintrggationnpfses dheiohiactk has 10,

12 and 14.
: passed ‘the observation pos1tlon, and judglng means . for dis-

5 cr1m1nat1ng between. the objects on the basis of the measure-
nments. _ _ _

-13. A”-method- ac_cord_in'q't'o' c_leim 11 or apparatus
according -to -claim. 12, wherein t‘he‘ 11ght--' reflected. at. each
wavelength is converted into a respectlve electrlcal signal and

10 the electrical’ s:.gnal is :Lntegrated over the said transit to
form the 1ntegral--.- |
14. Aéparaftu_s for discrimin_atirtg be.tween different
-objects: _constructed' and arranged to operate substantially as |
‘hereinbefore described with reference to and as i-lltxstrete_d 1n
15 the accompanylng drawings.
| . - 15.. A method of dlscrlmlnating between dlfferent _'
objects substantlally as herelnbefore descrlbed w1th reference
to the accompanyxng drawings. _
16. Apparatu's for sorting___'or "se_lecting- objects, u
20 including discriminating apparatus according to any one of

claims 6 to 10, 12 and-14..




