p) 236848 - 1- SORTI NG APPARATUS UTI LI ZI NG TRANSM TTED LI GHT The present
invention relates to a sorting apparatus 5 designed to determ ne whet her
or not food articles, for exanple, nuts,-are defective on the basis of
transnltted l.i ght and to enabl e ejection of defective articles. Nuts, corn
and the like muy det 80RBINGcAPRARARUSt UTIDIZANG TBAﬂﬁMgTTEDstEHTungus
strains produce afl atoxins, which are extrenely ecarcinogenic. Nuts which-
have been contam - nated wi th such fungus strains are therefore inedible
and nust be sorted out in advance of packaging. As a conventional method of
'sorting nuts, there has 15 been a color sorting nethod wherein defectlve
foods are |dent|f|ed by detection of the surface col or change of artl%
(nut s)-:- The col or soTPPnBrﬁﬁﬁﬁﬁdigﬁPpéign ReheVves, te BnPPRLIRE ABRARGTUS
probless. At ' ffective f rticles h rfa f h have
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i neffective for_th h e4 r n fage ge,
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articles, alt re.h n r pal a quality.
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surface col or change are also difficult to identify by-eye. In view of the
above-descri bed circunstances, it is a primary object of the present

invention to provideNatsQrtbPd and the like may ‘deteriorate in quality

s : 16 due to fungi. _Some fungus strains produce aflatoxins, which
are extremely carcinogenic.; Nuts which have been contami-
nated with such fungus strains. are therefore inedible and
must be sorted out in advance of packaging

As a conventional method of sorting nuts, there has
'15 been a color sorting method wherein defective foods are
identified by detection of the surface color change of
articles (nuts). The color sorting method suffers, however,
from the following problems Although it is effective for
. articles the surfaces of which have undergone a color change
20 due to an internal deterioration, it is ineffective for
those which have not undergone any surface color change,
and the appearance of which is indistinguishable-from non-
defective articles, although there has been an internal
'deterioration~in quality. Articles in which a deterioration
25 in quality is not'evident.from a surface color change are

also difficult to identify by eye.

In view of the above- described circumstances, it is a

primary object of the present invention to provide a sorting



2 apparatus which is capable of sorting out defective articles which have

no.surface col or change despite an internal deterioration in quality. To
this end, the present invention provides a nut-sorting apparatus
utilizing transmtted light to determ ne whether any nut under inspection

i s defective and to elimnate any nut. wii ch is determned to be defecti ve,

said nut-so
said nut w

rt|n ﬁaratus conprisin I ght irradiator |rrad|at|ng
g\'Pe“?v\/heif

t AP B F? Whieh o It S8R heFOERI BT n AL s defleckivg,

said

li ght irradiatbicpesvmtiieg aua“ghﬁobe&mfaf:eﬁ cfblaﬂgt@haﬁgm Heeplilkan ard hat
u i a t condenser conprising an
LncBEnaS qbLeRTERRElon sndausnily “

of said n
i ntegrated

i rradi at or transnfetethisr oemt, sathle npresene tierwgptﬂaimsmtmdésa reu.
transverselyn9@5§3§tﬁﬁgme p&PEtusghﬁtiiiﬁﬁh éﬁ%&itﬁbd
| i ca oppo |te

said |ight
l'ight irradi
detecting
nm and 1100
|'i ght detec
condenser;
non- def ect i
speci fic Kki
j udgi ng

sp ere con Ilght from said Ilight

condenser n POSI ti1 oned
i APbRIMing W agst ik n'grldeﬁe&ngpecwan Flésﬁ@v’ﬁ
&0 topedifnihatdi Bdy net wHidht ikaviegerayabanctdHs 58

: Said

750

anpng t he cpnden s of transmtted said two
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irradiator providing a ight beam of a diameter smaller
than that of said nut being irradiated; a light

~ condenser comprising'-an integrated sphere condensing

the rays of ~light from said light irradiator

transmitted through'said nut‘while being defused as the

nut transverselyﬂ passes bétween the light irradiator
and the light condenser, " said -1ight condenser being
positioned  diametrically = opposite said  light
irradiator:; R - -

two light detecting ‘means for 'respectively '

detecting' two  specific . kinds of light having
wavelengths of 750 nm and 1100 nm among the condensed

rays of transmitted light, said two light detecting
means - being -positioned,.at. outlets of said 1light
condenser; and '

a judging ‘means . for judging whether said nut is

- defective or non- defective by obtaining a ratio between

the intensities of the two specific kinds of 1light
_detected by said two light detecting means and ‘judging
whether or not the obtained ratio is higher than a
predetermined value. '

5

Our studies have -revealed that light having_f'

wavelengths of from 500'nm to 1400 nm can pass through

nuts. In other words, it is 'possible to. judge the

internal condition of nuts by the utilization of light

having wavelengths within this range.
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‘“Wwhether or not the obtained ratio is hi ghé( than a predeterm ned val ue. CQur

studies have revealed that Iight having wavel engths of from500 nmto
1400 nm can pass through nuts. In other Jords, it is possible to. judge
the internal ,condition of nuts by the utilization of:|ight having

wavel engths within this range. Fig. 1 is a graph showing the results of

an experinent wherei Rigonidefigct avegrabh (@howidgdetae! i vesalis (R)Ef whie

irradiated wit i varyin i n vel ength from 500 nm,to 1500 nmto
exani ne resul ti%ﬁp{e%gﬂ%mf Y ﬁﬁ%&ﬂ%ﬁ&%ﬁ“?%&? opets ?ﬁ\g anf) defegtdye
fromFig. 1, nonutief ¢bli vesenad defrextiateedd exmwiiltht diigbtentvairdinge in
transm ssion f Fi i raph gb?/vl e di e i1 5

di f f use. transﬁlﬁégégﬁngggt g?'-otg‘gt%/g%ﬁm?hggnoln- e{{eﬁgt%‘?/eegé%gﬁia;}%%#&%ﬁge
def ecti=ve nut stBRovhL § 5199 g transmigsdiqn factrasr- sBGodwildmBai $1@adhh,
t he gi;fe[_ence 'r:ﬁoﬂit L maef t1r,an&{8rs-;de5fle@&m§ acait@% baémgaibtaﬁ ffohdi.bit g
non- def ecti ves an e defectives _is |arge.near e _wavel engt hs nm an
750 nm - The ra&f‘ngFeP ed %%P&?&FF&&N%?&P&?P&&P&F-at t he wavel ength of
1100 nmto that at the wavel ength of 750 nmis obtained fromthe graph
shown in Fig. 1, as follows: 10 For non-defectives:



2.1% (1100 nm)/1.2% (750 nm = 1.75 For defectives: 2.8% (1100 nm/0.39%
(750 nm) = 7.18 Thus, it is possible tz{judge'mhether or not nuts 15 have
undergone any internal deterioration inmtquality by checking the ratio of
the transm ssion factor at the wave- length of 1100 nmto that at the-

vavel engt g, 78018M, E?ﬁpﬁbg}i‘éwﬁ %e%thﬁi?%%h%e fisatipeea1pdadvant ages

20 of the present invention wl cone nore apparent fromthe foll ow ng

'descrlptlOﬂraﬁshmesmbﬁfeae&éreﬁwab@%n&heth@h&@bfédﬁﬂﬁéImmu%oqwgnqﬁnpn with
t he acconpanyi.ng drawi ngs,- in which like-reference nuneral.s denote like

el enents, @hd défekittfe BGits" (b) shown ih Figa dr.apAsshalin®d hmdbdf use
transm ssion factors of non-defective articles and defective articles; Fig.
2 is a graptosofirom thdsdigraphendhe dififerdnicleudn tdid’rfslsasmmsrnﬂcs-oLs

bet ween the non-defective articles and the defective articles Fig IS
bl ock b agsiensifeeitey bn@waenaﬁgsmgnnrdhf@@¢iawbo@mmBmeﬂdeﬂe;hiﬂasnﬂy
apparatus according to_the present lnventlon Fig. 4 is atimmng chart
showi ng t h&asger BEASn the wayed engihs; SF%%7§WbWW| n Theg ragicriaf 5

B znsrf.ngﬁg?ml%gﬂézagy“%gmﬁgsap%efg%béﬁ T SR o
and 6(b) % %L %ka%l%%%a%%v% 0%1%50 nm is obtained-from the
graph shown.in Fig. 1, as follows: | | .
10 | For non- defectives : - -
2.1% (1100 hm)/1.2% (750 nm) = 1.75 -
For defectives:
 2.8% (1100 nm)/0.39% (750 mm) = 7.18
Thus, it is possible to judge whether or not nuts
15 have uﬁdergbne any internai deterioration in quality by
checking the ratio of the tfansmission factor at.the_wave—'

length of 1100 nm to that at the wavelgngth of 750 nm.

| The above and'other objécts; features and advantages _;;‘
' 20 of the present invention will become more apparent from the
following description of the pfeferred embodiments  thereof,
taken in conjunctidn_with the_accdmpanying drawings, in
which like reference numerals denote like elements, and
of which: | |
25 Fig. 1:1s a graph showing the_diffusé transmission
factors 6f noﬁ-defective articles and defective articles;
_ .Fig; 2-is a graph showing the differencé in the
'diffuée tr#nsmission factor between the non-defective

articlés and the'defective-artigles;
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10 showi ng ot her exanples of the light irradiator enployed in the present

I nvention; and Fig. 7 is a block diagran1q§omﬁng anot her exanple of the
Jight condenser enployed in the present invention. 15 One

embodi ment of the present invention will be described bel ow with reference
to the acconpanyi ng Figw 8gfs  bebdekr dpgegtamFshjowBngwhheharsangéhenk dfagram
showi ng one enbodi nent of the sorting apparatus according to the present

i nvention, thenecémbedimentinefathe senting aprbapatugoaccerdingt: be ®heéch
conprises an electric lanp 2, together with a first lens 3, a second | ens
4, a slit 5 apesenti taverkkos;> Which are arranged in the above order in a
direction away fromthe electric lanp 2. Light that is emtted fromthe
electric lamp 2 is CBhEenéeHstﬁrB&gﬁnghéhﬂrgs?haﬂﬁngeEBﬂdQESraFéﬂgengtBﬁd
4, naveowed by the slit 5 and then fornmed.intQ parallel rays through the
third | ens 6. SREtENE2RPRrakuBghPBR LRghi&wnPéh has a snaller dianeter

h ; Pght Enn |
rradiator 1 - o TR cPolBnBoerant: SnoWthE aokErhR pRbREr 4BriRbE R o

S0, & PRSP S A AR B8 RN,

position S._tﬁe g~ sy f I ng adapted to e ciently ondense
l'i ght entering Egi??ghwﬁvé eﬁk@ﬁgm/§.fEH@tkah§grating sphere 7 is provided
with a filter BRd a pair o} photoelectric transducers 9 and 10 conpri sing
o Figs,'S(a) and 6(b) are block diagrams respectively
"L 10 showing other examples of the light irradiator employed in
SN e .
the present invention; and

Fig. 7 is a block diagram showing another examplé of"

the light condenSer emplOyediin the present invention.

15 ' One'embodimeﬁt of the present invention will be.
~ described below with feferenée tp the éccompanying drawings.
Referring to Fig. 3, which is a block diagram showing
" one embodiment of the sorting appafatus according to the
present invention, the reference numeréi 1 denotes a light
20 Ilrradiator which comprises an electric lamp 2, together with
| a'firstllens 3, a second lens 4, é slit 5 and a.third lens
6,'which.are arranged in the abové_order in a direction away -
from the electric lamp 2. Light that is emitted from the
electric lamp 2 is condensed throﬁgh'the first and second
25 lenses 3 and 4; narrowed by the slit 5 and then formed into
| paraliel réys through the third lens 6. As a result, a beam
qf light which has a smallef diameter than an éfticle
(nut) A to be sortéd islépplied to'the arficle A from the

irradiatbr 1.



phot odi odes. The photoel ectric transducers 9 and 10 detect |ight having a
wavel ength [err] of 750 nmand |idght having 10 a wavelength [err] of 1100
nm tespectively, convert the detected{Light into corresponding el'ectric

signal s and supply themto a plane dividing circuit 13 and a judging point -

detecting circuit thb Wy lidhdMund 1S 7 aettes ad ra48ing spHlre

out put | evel of each of the anplifiers .11 15 and 12 consti t.ut-es-a si gnal

whi ch | oveiwhiich 4% @idpRdidd) ddad HaltaTitiRd At ratidior0f eaafodadi vi dual
article A passing the observation position S. In the plane dividing circuit
13, the el ant bbseviviitdlon @rodi tdm 8 ! ethd rionedgdre tiny | Spisrd 17 ive suppl i ed
to a 20 variable-gain anplifier 15. . The anplifi.er 15 anplifies the

el ectric siagiaptesdup iefif faimntie comderdserl iight et eariare-thmougnesl gain k
and supplies the anplified signal [err] to an adder 16. The output of “the
anplifigsr windowal8o supplied to 25 the inverting terminal of a conparator
17. The noninverting termnal of the conparator 17.is supplied with a '

predet er- mi ned-pddie ilntegnaing spharatd dis prostlsted gl th avehl ke
vol tage of the signal that is-sgﬁglied to the inverting termnal i's |ower
than the r @k éndalfodhRhgtoelqeiric dyangdicsaTs P AP IS comppiaing
representative of, the logi.c "1" to an OF te.18. 1t shoul. of ed t hat
t he referel?(l,’é)q"&’j{ié)rﬁ{]q%l- -?@*%&%%%0%%%1‘3%%%%?% ,argg ﬁ(ﬁo €%t the
top of the timir of Fig. .4 o 4 hat_t.he. t ren ent | al
I nt ersects Wg}tg&ayt}tq{%ear rvﬁa%?glet%ﬂgn(p)ﬁrﬁioeﬁ _hfislé PTI"F amfensghgq%av ug . =
10 a wavelength (X2) of 1100 nm, respectively, convert the _ ot
detecfed light into corresponding electric signals and
supply them-to a'p1ané dividing circuit 13 and a judging:
point detecting circuit 14 through amplifiers 11 and 12,
respectively. The output level of each of the amplifiers 11
15 and 12 constitutes a signal which lowers in aCCOrdance with
the transmission factor of each individual article A passing

the observation position S.

In the plane dividing circuit 13, the electric signal

[E(Al)l.outputtéd from the amplifiéf ll.is'supplied to a ";;*

20 ‘variable-gain amplifier 15. The amplifier 15 amplifies the
~electric sighal supplied frOm the'amplifierlll'by a prede-
termined gain k and suppliesfthe_amplified SIghalz[ka(A1)]'
to an adder 186. L _.- N |
The output of the.amplifiér”11 is_a1so sﬁpblied to
25 the_inverting“tetmihal.of a cbmparafor 17. 5The_noninvérting
términal of the compératOr 17 is suppliéd w1th a ﬁfedetgr-
mined positive'refefencé pétential. 'Accofdihgi§, when the
voltage of the-signai'that is'Sﬁpplied]to thé"ihvérting

terminal is lower than the reference pdtentialf7thé



when a substance other than nuts, for exanple, a stone, which does not
transmt any light at all passes the obsemva- tion position S. In the plane
dividing ctrcuit 13, the electric 10 sigzél [err] outputted fromthe
anplifier 12 is supplied to the adder 16 where it is subtracted fromthe
out put of the comparfaiteor I, autbuﬁEa&nﬂﬂgnnm|nnpneaaﬂtatﬁv&aqf[the]logic
supplied to the nonlnvertlng term nal- of a conparator 19. 15 *-:<~ =< The

i nverting terilnaltofan R @afearldor I Slm@rd)thﬂjéwtedb\ddmﬁlﬂgﬁ yefgranaeae
out put- of the adder 16 is positive, the comparator 19 supplies a signal
represent at i v@adential df setiat an pxtaenple v le¥elhaas shayy afedhe
descri bed, the transm ssion factaor ratloé{err] for 2Q defective articles is

hlhgher thEn t FoR &% (fkfeerfrj]“:ﬂﬁ ‘Hb?'ﬂaéLfe 5&re 4 9% 1AL A JiofiSTRATCe i £
t dga=h wh

defeotive &t A %?f{%’%ﬁﬁ e SRE (RS T B S AP {0
adder 16 1S nogab] WP oRIERSe SR S Sfied 40 e@n{ﬂféeaﬂassé% ther e

the output is p05|t|ve e output of 'S 'al’so supﬁlled to
a conparator 20 4dht | e e %#},ce t _
conparator 20 1S dt}he(msa,eaér)ne as t a‘ﬁs% téﬁieja oévhet}‘?él esa-clirhié; Oﬁpﬂaﬁtor and
descri ption thgrgpf dgigfgﬂeg(are omtted. The functions of the plane
dividing circuit lé)descrlbed above are collectively shown in Fig. 5. Fig.

3 - o In the plane dividing circuit 13, the electric

L .10 signal (E(x2)] outputted from the amplifier 12 is supplied
to the adder 16 where it is subtracted from the output
~of the amplifier 15, and the subtraction result, i.e.,
[kE(Al)-E(Az)], is supplied to the noninverting terminal
6f a comparator 19. _ |
15 ' The.inVertihg terminal of the comparator 19 is
grounded. ' Accordingly, wheq the outpﬁt of the adder 16 is
.positive, the comparator 19 suppliés a éignal representative
of the logic "1" to the'OR gate 18. As has already been
described, the transmission factor ratio [E(Az)/E(Ax)] for
20 defectivé articles is higher than the ratio [E(X2)/E(X:)]
for nop—defective.articles. Acéordingly, if the gain k.is
set at the median value between these ratios, when a non-
_defectivé_articlé passes the obsérvation position S, the
output of the adder 18 1is negative;'whereas. when a defec-
25 tive article passes there, the output is positive.
'The output of the émplifier-lz ié alsd sﬁpplied to
a comparator 20 in the plane diﬁidiﬁg circuit 13. The func-
tion of the comparafor 20 is the séme as that of:the'abdve—.

described compardtor 17 and description-thereof is therefore
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shows a coordinate systemin which [err] is plotted along.5 the axis of
ordinate and [err] is plotted along th xi s of abscissa. As to the signal
[err] that is outputted fromthe anplifPer 11, when this signal is |ower :
than the reference value, the output of the conparator 17 is "1". As-to

t he signal opartded.hat ‘is outputted fromthe anplifier 12, when 10 this
signal is lower than the reference value, the output of the conparator 20

is "1". As to the The fure tiforishefangd -pfdras i b ditik 24 r ovien 1dhe

rel ationship between [err] and [err] satisfies the condition of [err] the

out put of uescadipest abovel hiries dall'lecthibred s pdwown cial IBig wen tRigl5

~outputs [err] and [err] of the anplifiers 11 and 12 are within the hatched
regi on, whishiowss adefdorsiinate ey stemiightwhicle £@\2 b b lntedbwaloneg Fi . 5,
the output of the OR gate 18 -is "1" and, at this time, the article un

i nspect’on the axisc orztinate and’ Er(r?e)odt%)tﬁlQﬁthn@ngaﬂ@ i of

supplied to_an AND gate 29. In the udgzge pai nt detectlng cirecuit 14, the
out- * put &bFCLSFR-amhts fiqrthe 8 s QutpiRttediciron ther e

Suppl | ed | GUPLYTA: At aﬁ%{b'ﬁmﬁwﬁ ; “%%%r? it s P taneRe Sztzhe_”
e O
term nal 0ff%d§¥”ﬁ¥f¥f”tﬁ§% is outputted from the amplifier 12, when
 10 this signal ‘is 1ower than the reference value, the output_of "¥J
~ _the comparator zbfis_"l"; iAs-tb-the_butpﬁts of the ampli-
fiers 11 and 12,'when'the relationéhip between E(A:) and  _
- E(X2) satisfies the conditioﬁ'of'kE(A1)4E(X2)>O. the output
_ of the comparator 19 is "i".-_More-speéifically, whén the
15 outputs E(A1) and E(A2) of the amplifiers 11 and 12 are
. within the hatched region, which is defined by thQZStraight
lines a, b and c, shoWnVin Fig.'5f'the-0utput'of:the_ORugate"
lé is "1"'énd, aﬁ'this-time, the érticle ﬁnder_inspeétion is
- rejécted. : - *  SR _. )
20 The output of the OR gate 18 is supplied to an AND
"gate 29. | _ | _
In the judging-point-détecting circuit 14, the out-
puts of the amplifiers 11 and 12 aré,supp1ied'to?aﬁ adder 21
‘where these oﬁtpﬁts are added together, and the result of |
25 the addition is then supplied to'a differentiating circuit
22.- ' | | : | :
' The differentlating circuit 22 differentiates the
output of. the adder>21‘and'supplies the'résult to the

invértihg terminal of aléomparator'za'ahd”also to the
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The noninverting termnal of the conparator 23 and the inverting term nal
of the conparator 24 are each supplied‘mﬁzp a reference vol tage.
Accordingly, the 5 conparator 23 outputs a signal representative of the

|l ogic "1" when the signal fromthe adder 21 falls, that is, when the output
of the differsoninvengioer terminali ofnsggsrmparatper @4s t he conparator 24
outputs a signal representative of the logic "1" when the signal fromthe
adder 21 rises, thatThe npainygsfinge tegm BﬁlopftﬁéedFPPBFEH%PHt?§g circuit

22 is positive. The-outputs of the conparators 23 and 24 ar lie
respectively PﬁdtﬁBesgpeﬁﬁﬁipgséﬁrPngﬁna stbﬁ 8°PPP§§FPSp2?F§¥g2§5Fg set

_and reset it. Nbri S ecif'callé,f when an #3 article ug er .inspection
enteaiaihe gb§B§9 ie nWh& iPiF g;@ﬁﬁg'WH P@?ptiﬁﬁcpﬁ _PF&H? sgnlthe

irra or and _conse- en e 0 :

bﬁmlut()f%ﬂl?°gﬁgr3395u? 0 h@ﬁgkéoﬁp§ﬁ§¥%§ ggpggggﬁggkh%keé%d¥pﬁgag§&§5 S

t her ef or [ ' h - '

bosi £1on' S andloofusiy ot Slgndd Frbi thie 83082020 Tedl 15l N paE EITwRER

to rise, th t i
0 rise € 2P§p¥ht95t B¢ %?@pﬁﬁ?ﬁgrséngﬁﬁﬁﬁe%1ren1%”§2tH% hegdeive,

therefore res he signal -from 5 1s supplied to the AND gate 29

to time operaghepefl &AR @ofipaird tiord2i4Ndutpiitdl aselignaddriprebedtatieeOr
gate 18 when each individual article passes the observation position S

More speci fi cahleylogien "a "dehest ithe aignalle firom phesaddelre 2abydisest,i chat
position S, the AND gate 29 outputs a signal representative of the |logic
"1:5 whi cip i s isypphiend the autputeof?thef ddif fleriend iddlingedirgudt 22 is
positive. '
The outputs of the.comparatore 23 and 24 are supplied
respectively to the set and reset terminals of a flip—flop
(FF) 25 te set and reset it. More specifically, when an
.15 article under inspection enters the observation position S
thus intercepting the light from the irradiator 1 and conse-
quently the outputs.of the amplifiers 11 and 12 begin.to
,fali. the output of the comparator 23 becomes "1" and the FF
25 is therefore set, whereas, when the article has passed
20 the observatien_position S and consequently the outputs of
the amplifiers 11 and 12 begin to rise, the output of the
comparator 24 becomes "1" and the FF 25 is therefore reset.
The signal from the FF 25 is supplied to the AND gate
29 to time operation of the quality judging signal supplied
25 from the OR gate 18 when each Individuel article passes the
‘observation'position_s. More specifically, when a defective
article hes passed the observation position S, the AND

gate 29 outputs a signal representative of the logic "1v,

“which is supplied to a driver 27 after being delayed by a



predetermned tine in a delay circuit 26. Wen receiving a signal
indicating that the article concerned'is defective fromthe delay circuit
26, the driver 27 activates an ejector |8 to eject the relevant article. 5 *
The following is a description of the operation of the sorting apparatus
- havi ng t hepzibaetettitiddad my iaN@e deIRiy cirfdefiay rdeng to Fig. 4, [err],

and [err] respectively indicate that no article is present at the - R
observation posi t WhenS recedty imgnan -sdefomdt ihnd faatinee tmtpridseenir ticdie 10
observation position S, that a defective article is present at the '
obser vat i oeopeeirniedn is defectiate f rfomr dilgn dedtayerci o tex261plthe arsitvere, is

present at the observation position S. Fig. 5 shows the positions of [er]
and Y on tR& petivaies @émjechpn I8 txz)eJect the\red evanfutarticler ege
at the observation position S. the light fromthe irradiator 1 |s di r eci Iy

condens2d by the iTeedioddion] “#pﬁ@r@ lesard Pidoy afhdheopraraddian gff t wo
‘g'[]fef det oct S PTY gipﬁécé?%h ec&i's’@ef' S I i T e 1
t [if 11 ly. i fied | fl
i gnal &, halemE no ReLsisdng HLH t}s%retﬁy o & A B sespes iy *al and
ally. Accorgtdrlgla)‘:e tf{h%tmﬁ Lgrtcif Plhe JJeeée‘i{% A Cdtf (fli-‘z\?tzj%i{ are "0°

mai nt ai ned Zero e ou put conparators

and the FFg 'tﬁé)t,uh%r e‘éﬁ{ahe%oh&ﬁde‘@&ﬁve AradReUd - (?:Ié#jerﬂ;‘ af’t'["t wfd the

AND gat e 28 ejector 28 1s not activate owng is

Sgsgégiﬂg%@e&faﬁ% YA § AHiHHL 1 AR AV S 1N ERS o iphee it C ed |
at the observatipn position S, and that a foreign matter,
for example, a stone;fis present at'thelobserVatioh position
S. Fig. 5.shows the positions of ., B and Y on the
- E(Xy) E(Az) coordinate system. |
15 .. When no nut A is present at’ the observation position
S, the light from the irradiator 1 is directly condensed by
the integrating sphere 7,-and-among the condensed light two
different kinds'qf'light which havelspeeific wavelengths
(X1) and'(Az) are detected_by the photoelectric transducers \)‘
20 9 and 10 and emplified_in the amplifiers 11 and 12, respec-
‘tively. These amplified:signals are flat'signals-having no
changes (see the'portion o in each of Figs. 4I and 411).
Accordingly, the output of the differentiating circuit 22 _
is maintained at zero, the outputs of ‘the comparators 23 and.
25 24 are "0", and the FF_25l1s therefore not acthated. 'As
a result, the output of the AND gate 29 is "0", and the
ejector 28 is'nét activated. | .' | |
The following is an explanation of the operation

'taking place when a non-defective article passes the



‘observation position S. Since the diameter of the light applied fromthe
irradiator 1 is smaller than that of the nut A when the nut Ais present
at the observation position S, it i ntercep{qs all the light applied fromthe
irradiator 1 5 and there iis therefore no possibility that light fromthe
irradi ator 1 whslerdatdom pasddadion (%o | Rinpeattihey ddameter7 ofTitdhed ilglghtt hat
is applied-to the nut A passes through the internal part thereof while

bei ng di f f use@PRd edefa1ams thee irnaddafiamd dghamalder Ahany thad ofaidha tted
light, the 10 above-described specific rays of light are detected by the
phot oel-ect ri ¢ Mtadsd e, Y @ iy p&'rﬁ??/qnﬂi &t itg"et [P sgRYa tion, §’°P)J/.1Térﬂi‘

e SR ) LSO b o e A
0 | Li | i i | g | i :
In the difPer é’iﬂr}ieat?ieﬁget Y SRR é’&épﬁ%iﬁri RO S B e
g fferentialeq (a6 dud 1My ANLIOG R |G Uhidit AR g, %8 and

24. I n consequence, he “out put o ITferentiating circurt 22

falls, the FF 25 is sgie by gt @i GYMMAIALING 33 Y oilie D8y Rtirdigh
the. differentiat- ing celrcuglziﬁzzﬂhﬁses, tpijile FF 25 1s reset lﬁhe reve

conparator 24 fixeafidha¥ \fdrt tHetr et while Bithe AiFAFEd dil GRdddred hat

the article concerned has passed the observation posi- tion Sis supplied
fromthe FF 2%He it it esplfbre?5T. Among tlhe itdansubisttted M gietvel theof

the signals [err] and [err] from the anplifiers 11 and 12 are |ower than
iri\/t_-he' case V\/raslrosreralesnriibaeqar&mﬂifm nays alsdrighit areakteatred by the
photoelectric transducers 9 and 10 and amplified in the
amplifiers 11 and 12, respectively. The amplified signals
E(A1) and E()2) are supplied to the adder 21 where the two
signals are added.together (see Fig. 4V1), and the result of
15 the addition is supplied to the aifferentiating circuit 22.
In the differentiating eircﬁif 22, the output of the adder
21 is differentiated (see Fig. 4VII),.and then supplied to
the comparators 23 and 24. In consequence, when the output
of the differentiating eifcuit 22 fe;ls, the FF 25 is set by |
20 the cOmparatof 23, and when the output of the differentiat-
ing circuit 22 rises, the FF 25 is reeet by the comparator
24 (see Figs,_4VIII,_4iX and 4X). Thus, a signal indicating
that the afticle'concerned has passed the observetion posi-
tion S is-sﬁpplied from the FF 25 to the AND gate 29.
25 In this.ceSe, the levels of the signals E(A:) and
"E(A2) from the amplifiers 11 and 12 afe lower than in the
case Wﬁere ne nut.is'present_at the observatioh'peeition S
(see S in each of Figs. 41 and 41I). At this time,lthe low

-levels of the signals are higher than the reference voltage



(see [err]
t he signal

and 20 because of the slight anount of

in each of Figs. 41 and 411). At this time, the low |levels of.
s are higher than the reTerewcg_voltage for the conparators 17,
a

nsmtted |ight reaching. the

integrating sphere 7, and the outputs Of the conparators 17 and 20 arge

i B A I

t herefore
def ecti ve,
conpar at or

&%bﬁ@b&%é@i‘ 1(1&@& Federing theC Atdgidtin

representative of the logic s outputted fromthe ég gate 18 andlthe
AND gat e 2%he batpartscOfeAtR edmnaﬁaﬁ@ def eﬁid 20 Arld AR reFwies e
vation position S the ejector 28 "is-not activated, so that the
nut A passsigceh¢he nutnal pejsadined thEhobservativon st iomisanat imn-0
operation taking place when a defective article passes .the observati o
posi ti o Sdefeetivehowhe romditivn ofWkE{la )dd(det)i<e ik saaﬁtsitileal,paﬂabs

t he observation position S. although the outputs of the conparators 17 and

obser- 10

20 are 'O
conpar at or

article paSS|n
the AND gaP¥tP

Fig. 4Xl),
drive the

10

theheudpndi viforthef domparatorsdd dis @d.scand't Heesutiig. cfIhe

the

19 is therefore "1" (see Fig. 4l1V). This signal is supplied to
t he AND gaﬁgcggdiygly. a Si%d-ntr%e%mega’tfe the 10gl@plQ'edsni t h. an

fromthe FE 25, as I bed above I n _¢onsequence,
gt&@%p%tr m,the OR &atied & i"teo N rc'fd}t 26 (see

Y

05 Bk M A S

vation position S, the ejector 28 is not activated. so that

" the nut A" passing there is not ejected

15

" The following is an explanation of the-operation

o/

taking place when a defective article passes the observation

position S (see Y shown in Fig. 4). When a defective

article passes the observation position §, although the

" outputs of the ccmparators”l7_and 20 are "0", the condition

20

25

of kE(Al)-E(A2)>0 is satisfied, and-the 6utput of_the
comparator 19 is therefore "1" (see Fig. 41IV). This'signal
is supplied to the AND gate 29 |

Meantime, the AND gate 29 is supplied with an article

passing signal from the FF 25, as described above. lIn

consequence. the AND gate 29 outputs an eliminating signal
to the delay circuit 26 (see Fig. 4XI), so that the driver

27 is activated with a predetermined delay to drive the

'ejector 28. As a result, the defective nut-is'ejected

When a foreign matter, for example, a stone, passes
the observation position S (see 8 in Fig. 4), no light is
transmitted and the resulting'levels 6f thedoutputs of the

amplifiers 11 and 12 are lower than the reference voltage



Wen a foreign matter, for exanple, a stone, passes the observation
position S (see [err] in Fig. 4), no light 'is transnitted and the resulting

tevel s of the outputs of the anplifiers 11 and 12 are |ower than the '
reference vol tage for the. conparatorsF§7 and 20 (see Fig. 4l1).

I n consequence, a. signal representative of the logic " 1" is outputted
from each of the conparators 17 and 20 (sée Figa 4V) and supplied to the
AND gate 29 thri®@fgh ¥ <Iwpagatons. 17 andis20 sisee Fhg. AKD .gat eIRo

i's supplied w tdoraleidricd £ RASSidiaBi deplrelsedPalti®er o 25 tH Si&lg% "y
representative ,of the |oqi IS outputted fromthe AND gate_29 (see Fig.
4X1). As a resuit Put%l?é&f%&r%ei %ﬁ“ﬁ‘at?@? i s°€| ithehaCoRPBY atRE Seildct 3Rd 280
Figs 6(a) and 6(dge aFigbl VK dimrsuppliefiedic vehy ANDWIgite @9rethreughpl es
shows 1n Fl g B OR o TSN Mithe Moctfags i tha: W sosafn A Wi cn
enit two differsdmPlieftisvith | agharkigileg passingevidrial foml thet NS 2851 ]
Form |1 ght bears, SLRraE S e g O gL LT Cotueed®,
then applied t Fram a¥he cANDATAGRI nEsrRR t F 14, ‘F?%Il he &S éngesbtt shibbe in
Fig. 6(b), a |ehareiyn masklis innallininoedlasy i tnd hejdéebi 281 adiator shown
Ing'r Ir: I()\?v'eds-dt)anl. rradi %tiegs:['_rke(ae)r _tal_lr%.eG '(AB)M Eag'el Ibg.l.c;[ckvm&icagzhaan?s br?eegp;gtr:}.‘beeiy |
showing other examples of the 1light . irradiator

N\ _ | described above. = In the arrahgement shows in
' Fig. 6(a}), rays of light . from laser oscillators 30

and 31 which emit two different kinds of light having

the specific wavelengths (A!) and (A2) are narrowed
down +through 1lenses 32 and 33, respectively, to form
'light beams,  which are mixed together through a
dichroic mirror 34 and then applied to an  article A
under inspection.

' In the arrangement shown in Fig..s(b), a lens 40
is additionally provided in the light irradiator shown
in Fig. 3 to irradiate the article A with light which
has been_furthér narrowed.down. '

Fig; 7 shows another example of a device for
concentrating the rays of light transmiltted thrqugh
the article A. This device, however, does not form -
part of the  present' invéntion, ' The rays of 1light
transmittéd through the article A are condensed through
lenses 50, 51, 52 and then applied to a dichroic"
mirror 53 where the condensed iight is separated into
two beams of 1ight; ‘'which are .suppiied' to the
photoelectric transducers 9 and 19, respectively.

'As has been described above, the present invention
provides a nut-sorting apparatus utilizingjtransmitﬁed
iight to determine whether‘any nut under inspection is
defective and to eliminate any nut which is determined



- Fig. 7 shows anot her exanple of a device-for concentrafing the rays of

light transmltted through the article A Thi s devi ce, ~ however, does

not formpart of the present invention. ~The rays of light:

transmtted through the article A are co
and then applied to a dichroic mrror 53 Where the condensed light is

separated into two beams of light, ‘which are supplied to the

~phot oel ectri &d r anpducerdefeatvdp I aeiart i vahk-sbetiay beegpdasgriged

above, the present, i,nventi-on yt-sortjn gﬁgaratus.utLli2|ng

transmtted

oyl-des a

COTRE 18 Nt v M hAFEaRYAkaE C1Rgt said snat

def ective aneritth ehi nlighe dwamutonhdetermidet eslietigsr sdid nRe is

def ecti ve,

ensed through | enses 50, 51, 52

e I t-soft pharatu NPri.Sd. Y Sooa.
light -irradi _aeo%%lc%rlrv ae?fiuaﬁals.-ir-)lég js'gglatngg g%la?ﬁ %rlci% ﬁz{vllgié’g% D HEIRF pRam "'!‘"a
mhether_saidoﬁhtaisdéemecervesmeéldxlighapirtha&atﬁi padd dnog abéinht beam
of a d'a”Et@&r&ﬂfﬂﬁéﬁ{?h@nligﬂetcBBdei@b@ @§§g¥§é¥h§féﬁﬂﬁﬁ£§§'a 8! 1 ght

nderising 1he rays i FI%

condenser conprising an _integrate ' ay :
fromsaid | i §Rherer agradepsinganthet txays t oulkghtai fromusaili | bightng

ted sphere co

ht

defused as itfadidtor ! t2anEMitded RATHAYh DehWACNnukheyhight LefAgi ator

and the |ight

di anetri cal

nser, - . sai .condenseiybegggﬁgositroned

d _ d ligh _ .
eFH36E s 85 ot | BHE | EFARPREERe LY, oPASsEgn PeCugeR L Fhe

means - for lighpecitvadyatieredndg thet Wbighspemridensek) ngaid ofighti ght |

havi ng

condenser being pdsitibned'aiémetrically opposite said
light irradiator; SRR
two light detecting means for respectively

‘detecting two specific. kinds of 1light having

" wavelengths of 750_nm'and 1i00"nm among:thefcdndensed

rays of transmitted 1light, said two light detecting
means being positioned at outlets of said light

- condenser; and

a juéging means'for'judgingfwhether said nut is
defective or non-defective by obtaining a ratic between
the intensities of the two specific kinds of 1light

“detected by Said-twq light'detécting means and judging

whether or not the obtained ratio is higher than a
predétermined value. It is therefore possible to sort
out even an article which has no surfé¢e'COiof change
despite an internal deteridrétiOn'changé in qﬁality.'
Also, even if a foreign'.matter; :for_ example, a
stone, which does not transmit .any light at all is
present in articles under inspection, it can be
eliminated. | - N ) |
| Although the present invention has been described
through specific terms, it should be"nétéa that the
described embodiments"are nOt”necessarily exclusive and
various changes and modifications may be imparted
thereto withbut departing frbm"the_.scope' of the



mavelengths of 750 nmand 1100 nm anong the condensed rays of transmitted
light, said two |ight detecting neans 'being positioned at outlets - of
gai d- |ight’,condenser; and a judging means for- j udgi ng whet her said nut is
defective or non-defective by obtaining a déiio between the intensities of
the two specifi.c kinds of light detected by said two |ight detecting neans
and j udgi ng whet her -or .not the obtained ratio is hi gher than a

pr edet er ni ned viyentiont Wblchere$orélp®SsdblGOﬁelsorbyoutheveapgandeﬂlcIe
whi ch has no susfaggscol or change despite an internal deterioration change -
inquality. Also, evenif’ %?F%?elgn matter, for exanple, a stone, which
does not transmt any light at all is present in articles under _
inspection, it can be elimnated. Although the present invention has
been wescribed through specific terms, it should be noted that the
descri bed enbodi nents are not necessarlly'exclusive and vari.ous changes
and nodifications nmay be. inparted thereto without departing from

the scope of the invention which is limted solely by the
appended cl ai ns. . CLAI M5 :
U



1. A nut-sorting  apparatus utilizing transm tted | i ght to deternine
whet her any nut under i nspection i's def ectwm#dﬂTﬁTﬁTe’Tany nut

which is determned to be defective, {on appar at us ¥
conprising:. a light irradiator irradi a{ g s \ EL“{I “m l‘l“[lmght beamto
determ ne whether said nut is defective, said hrredietdr provi ding a

| i ght-beam of a dianeter snaller cth@fs that of said nut=-pei-ng
irradiated; a |ight condenser conpriSing an integrated sphere condensing
t he rays of light fromsaid light irradiator transmtted through said nut

whi |§ bei ng def usked mgt-henﬂgtngt raappafgeills Eaﬁﬁa&dﬁa’tq\eegrhhendlwbu g
i rradi at or e ens ai i ght ,condenser_bein 05|t|one
di anetri call 3{‘,{?191{@ Bgogett ns?al eth ?gﬁ{“ﬁ P}l&dl%{%?r thepe ??5

detecting rﬁ;%\fgctivgrandr et@pe&:hmmqteieawt nug whiah J.spdertfen:mmeldn hﬁs
of light ¢davi pg \NaVﬁggggrt_hgeof 750, angy }1QQ,.1 ; Sngggpﬁgggggensed

rays -of transmtted said two |1ght detecting ne
posi ti oned %ﬂmp%kﬁi-’égs of said |light condenser and a judgi ng nmeans for

j udgi ng whet her sai d syHt | 3 rdelacitose Qi‘rﬁﬁﬂa@ih@Ctsafden@@t Mg a2 ratio
bet ween the j nt.ensj ties of et spe c_ki ngs, of ht det ect.ed by said
two light d ’e@ﬁ nb A8 e zf#ot ’tﬁﬁ?ﬁgwﬁﬁgbﬁﬁr S8 dn(ﬂutt h P&d¥eatio i s
hi gher than said edetghtn nietraddatsor 2. providing sa t |lri@htaprm!art usfas acl ai ned
indaiml, diameter _smaller than that of ~said nut being =
irradlated, ' | . v
a light condenser compr’isirig an integrated sphere "
condensing the rays of light from said light irradiator
transmi't-ted through said nut while being defused as the
nut transversely passes  between the 1light irradiator
and the 1light condenser, said . light condenser being
positioned diam'etrically_ opposite said light
irradiator; _ . . -
two 1light. detec_:tihg '~ means for - ::espectively
detecting two = specific kinds: of 1light " having
wavelengths of 750 nm and 1100 nm among the condensed
. rays of transmitted l:_lght', 'said two 1light detecting
means being positioned at outlets of said light o
condenser; and ' | . _ h
a judging means for judging whether said nut- is
defective or non-defective by obtaining a ratio between
the intensities of the two specific kinds of 1light
detected by said two light detecting means and judging
whether or not the obtained ratio is higher than a
predetermined value. .
2. A nut sd:;ting apparatus as claimed in Claim 1,
wherein said light beam from said light irradiator has
a wavelength of 500 nm to 1400 nm. '



wherei n said l'ight beam fromsaid |ight irradiator: of 500
nmto 1400 nm 3. A nut sorting apparatus as m‘mmm““ I|m 1, '
wherei n said.apparatus determ nes the pr esprpe of :any Tengus rort am nati ng

said nut. 4. A nut sorting apparatus substantially as described herein
with reference to and as illustrated in Figures 3-6 of the acconpanyi ng
dr awi ngs. 3. A nut sorting apparatus as claimed in--Claim 1,

wherein said apparatus determines the presence of any

fungus cbntaminating said nut. _ |

4. A nut sorting apparatus subétantially as described
w "herein with reference to and as 1illustrated in

Figures 3-6 of the accompanying drawings.



