.1 NETHOD AND APPARATUS FOR MEASURI NG RI PENESS AND TEXTURE FIELD OF THE |
BRVENTI ON !‘P e present invention relates to a nethod and an apparatus
for, measuri n% ‘hg ri peness and the physical characteristics (hereinafter
referred to as texture) such as hardness, resistance to teeth and

gl utinousness of fruits such as a k|W|frU|1, an apple, a nelon and t he .

| i*ke, 'and, vegetables such as a tomato and the like, .without danmaging the -
fruits to be measured. More 10 particularly, the present invention relates
to a technology for finding the ripeness and the texture of a fruit from
the relation between the el aMETHQODWANI: ABRARATUSHORy ratio, and, from

rhie g on berneen the Y\«EWE%‘ESH@E&#%@%@XZL a Cthe

~ripeness of a fruit is judged by neasuring the hardness of the flesh of the
fruit because there is close relation between the state of the flesh and
the ripeness of the fruit. ForMEaRpYOMIHBENVENPIONT the flesh of a
fruit, a Magness-Taylor type fruit hardness measuring gauge is w dely used.
20 Howevgr, in The peasnt ciivehtion welatgs ttie ebovthahuged aheappardtuiso fhe
measured is damaged because the nmeasurenment is performed by measuring the
stress of pi sreAsuging phanipeneshand tthe rhysital sharagteristics (bereinafter referred

Sema oyt % RRHEKbizSDsuci i RATHfsendoiamnes 6 R ap Eniisadrptes o e
the Trurt andygy Ui ot Shifiigs bl d HRIRGAAGSS 10ke I SWEbAMeChutGe n

fruit are trre wever mMer can not be appl KI'W T rult

pear and t hebrnkgo WS €he Ay, WRbdub Uarhhgnge the fiits HoO0BE Saefburddoe Vo
and, in the latter, there is big discrepancy between the neasured result.
and t he Bt uphmcmiamh’s sthef présent rimvention miataasseo t#h dedtaradogss fonffinding the .

surface of the fruit does not represent, the
npeness and the texture %f a it from the relatlon between the elast1c1ty

value and the damping ratio, and from the relation between the v1scos1ty

Value and the elasticity value of the frult

5 BACKGRUOND OF THE INVENTION
In general, the ripeness of a fruit is judged by measuring the hardness of
the flesh of the fruit because there is close relation between the state of the
flesh and the ripeness of the fruit. For measuring the hardn_ess of the flesh of
a fruit, a Magness:Taylor type fruit hardness meastJ.rin_g. gauge is widely use_d.
20 However, in the measurement by usihg the above gauge, the fruit to be
measured is damaged because the measurement is performed by measuring
the . stress of piercing a plunger into the flesh of the fruit under a
predetermmed condition. | ,
For measuring the rlpene_ss of e fruit without damaging the fruit, e -'
25 method of measuring the change of the celor of the. fruit'and- a method of |
measuring'the hardness of the surface of the fruit are tried. However, the
former can not be applied for a k1w1fru1t a pear and the like whose color does
not change in the process of ripening, and, in the latter, there is big
discrepancy between the. measured result and the actual ripeness of the fruit

30 because the hardness of the surface of the fru1t does not represent the



hardness. of the flesh of the fruit. Also, a nethod for neasuring the sugar
content of -a’fruit by using the technology of the spectral diffraction of
near infrared rays is launched for practical use in sorting fruits such as
nel ons, peaches and the like by ripeness. & However, in this method, a
just ripe fruit and a rotten fruit can not be dlscr|n1nated because both
have simlarly high content of sugar, though t he 'sugar content increases in

t he process of changi n%from unripe to ripe. In the quality of a fruit, :
texture is arhardpess efthef Beshoof the fiwit. as taste. In the United States, the

j udgnment of the ture o] apple is performed by 10 he, panel test of
experi enced j ud mﬂgf Wﬂ%gbwsgg%pﬁwntaqf Tt by s ghent

f th har dl.y,,0b : f th
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menbers. lﬂrﬁ@ﬁ cYS 9! Ain uﬁ'lﬁit§ sli_ Y8 nid)Bhs, fiaches hil%he 'lﬂf(;eel%l'i?@ness.

physi cal aracteristics: ardness, resistance to

- gluti nousaessH@wdvémeml this flethod, i justehpéefrhﬂ: biad ¥ foteai tfyuitaéate rdbé he
elasticity value of the fruit. The soft en ng of a fruit is caused by the -

change of t helisdrimimated hacause doth havei sinilarly highi cohtend| of ssuigair; vhaxigh blke
cell wall of the fruit. The nechanjcal strugture of the cell wall of a '
fruit is mi MUgRREENtentInereagesim ble progess o chmmlgefsomfum‘rlpgttann%e -
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matrix ged. Tthe m@leymwf@xpdﬁanwd ﬁidgangmsmbbf@ MHbwe¥eRgh thipicthed, éﬁ@ |
vari ous substances, and the substance whi.ch is | ow polynerized in the

softening is O&H&fdtmeendgdmpﬁm‘flthg texturkds handlyoobtained beganse thegudgmenite of

state of the trix of a,ripe fruiit; is different de endln, on t
of fruit. ThdhediegRe %%énmbeﬁgaﬁ'ﬁe%#h% t i t &splreépﬁ tiye, @Xpe na%aln?ekﬁe

thick taste |m%LE?f%g§&I§£?las berry such as kiwifruit or the like are

caused by th eren e'of the 30 matrix gel of each. The state of
the matrix gel OIn Q)lﬁﬁt«llﬁhys@cﬂbgﬁeﬂﬁ SstBRown that the texture, i.e., the phys1ca1

15 characteristics such as hardness, resistance to teeth, glutinousness and the
like 6f é fruit relate t;i the viséoéity value and the elasticity value of the fruit.
The softening of a fruit is caused by the change of the .char_acteristics of
the viscosity and the elasticity of the cell. wall I(-)f the fruit. The mechénicél :
structure of the cell wall of a fruit is maintained in such a manner that
2(l bundles of crystalline cellulose surrounded respectwely by h1ghly polymenzed -
_polysacchandes (i.e. matrix gel) are united by wmdmg each other. The
softening of a fruit is caused by the loosening of the wmdm_g of the bundles'of
the crystalline cellilose, whiéh is causéd by the low polYmerization_of the
matrix gel The polysaccharides which compose the matrix gel comprises
25 various substances, and the- substance which 1s low polymerized in the |
softening is d1fferent dependmg on the kmd of fru1t As a result, the state of - |
the matrix gel of a ripe fruit is dl,fferent depending on the kind of fruit. The |
rough taste in the flesh of an apf)le or the like and the thick taste in the flesh
of a berry such ais-kiw'iﬁ'uit or the like are caused by the different state of the
30 matrix gel of each. The state of the métrix gel of a fru1t represen_ts_ the



% gl uti nousness of the fruit. In other words, the viscosity value .of. a
ffruit represents the feeling in eating such as the glutinousness, juiciness
apd the like of the fruit. Also the elasticity value of a fruit represents
the elasticity force.of the cell wall of the fruit, i.e. the hardness of .
the flesh.of the fruit. 5 B. Drake designed a viscosity neasuring
apparatus for. objectively measuring the texture of foodstuffs such as.
fruits by uti

i.zing the fact that the texture can,be shown by.the .Y
characteri stglr}g’l%‘&PﬁES \ﬂfg%s%ﬁ‘ﬁ}‘g'anﬂ‘t €|V Sci%? Yﬂscqq\%gr f‘)/%%"stqff?s&t‘ﬁ‘
Food Sci. 27: - - 2) o ' i [e70) LD t
[err] of -t heﬁ"grégél%%ﬁl e%%géég%%tﬁégggh é% %%’uﬁ’tufa )\%g?agf,gﬁgé%é‘hg? Egpe,hglp
in which fo jjkelofeht HaitNSiddsd W@%%itﬁr_’ walve iha Bihuit i‘gpzfeﬁéﬂﬁst tHd eladBichty 15
. obtained by neasuring the rectangular slice of the foodstuff, on which a

vi brat’i on i sfoxpebf thb cedhoral¥ of thedriiit] i.e pthechaiihiedwiofithe flash of bke farifi ng .
ratio [err] thus conputed is deened as the viscosity value of the
f oodst uf 5~ HoweWer Draket Hpsigned had viscesity : meapysing wpparatuse fopachiecdvely

darmaed, 15, RSSRRAAS ESEE Rl St R R g e
measuring the, LRSS %emw{]rpﬁ rtﬁétcﬁ%ga&fer{%tfcé %Ftthé Qz%efc’&@i&%n&ﬂ?é%‘stieit
i nvention, for addreéessi ng the gbove conventl onal proplens, conprises a gt ep

for applyi ngofthe fdbabivils (32 Food SeAEP182-188CHY62)) N"Thé e6iHRACGSES dotapute
fruit to be nmeasured, a step for ‘neasuring the intensity of the. vibration
applied to tthe dampingnatio hpof theclosdstnfHifo baenadsured byrawequatiohmui=tAf /o,

i Lﬁ?; | Shﬂ:_%%xf%h?&a;@ﬁg%?{’érﬁsiéE%Jn%‘ﬂc%’f;s_%‘qéér?q%o%%héi 93%%;833351:% s &
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resonance frg dakhli & | n 3 Ha{dvidgROoN e '
rurt and t noopRHeK istadplict, and AL poGee WA diIeRDARRC RS oinfing,
fruit, at whatho fabpecompitgdiindeaned3ds thadHstosigr vdlaanfthe fgmistuffl t he
frequency f[err]Hof the_secondary resonance peak, a .

: .~ However, in th1_s method also, the foodstuff to be measured is damaged

-

he
e

15 Dbecause the rectangular slice has to be taken from the foodstuff for the

measurement.

' SUMMARY OF THE INVENTION
A method for measuﬁng the ripeness and the texture of a fruit in the
20 ° present iﬁventiqn, for addressiﬁg the éﬁove conventional problems, corhprises
a step for applying a vibration having sequentially changing ftequenéies toa
fruit to be’ nieasur_ed, a step for measuring the intensity of the vibration
applied to the fruit and the intensity of the vibration of the fruit, a step for
measuring the weight of the fruit, a 'ste:p for finding the tranéfer functional
25 charac_téristic of the frmt by perfbrming frequency analysis based on the
| intensity of the vibration applied to the fruit and the intensity of the vibration .
of thé fruit, and computing the secoﬁdary reéonaxiée frequency fo (.e.,
fre'_quency of secondary resonance peak) of the fruit and the frequencies f2 and
'fllv'vhich represent the frequencies of the fruit, at which respective gains are

-30 3dB lower than the gain at the freqizenby_ fp of the secondary resonance peak, a |



4_;§'t ep. for conputing the danping ratio [err] defined by an equation [er'r]' =
(f2 - f1) / flerr] and the elasticity valué E defined by an equation E =
m=err] flerr][err], of the fruit, in which mrepresents the weight of the
fruit, a step for-determining the ripeness4of the fruit by using the
elasticity value E when the elasticity value Eis larger 5 than a o

. prredeterm ned val ue and by using the danping ratio [err] when the
elasticity value,E is not. | r than the predeternm ned val.ue; a,step.f '
comput | gt hte i dogpaiing The Aameias e hICERes by ravaion - B /%)
/| flerr], the. i scos I f 4 _ Pl EANAL 0D Soid. Ko .
[err] and'th:an\g %%t@%%?*@é’:ég‘ég%d‘g%@eﬁgﬁ%y ?ﬂg&g%a |'(§$1yE ié ,rﬁ‘é:?llra]ﬂ'uﬂ 1n_. )

flerr], of t %i&:ﬁ%?rep?ék@n@s fheRe{ gt ctehe TG i‘gte%a(.)c'or BfernPHitg ehé phehlss

ripeness of the fruit"fromthe relation between the viscosity value'c and

- the el asti ci tof thelfimdt by wsihsgthaelaztipity atalse Eowhorahe elaxgidityevalvedh éskharger

the texture of a fruit in the present invention conprises a vibration

appl yi ng -Gni tthaor a apnedgtergninedi valuei andiky asingithet damping xadiocn, whenethad
vi bration detecting unit for, 15 detecting the intensity Qqf vi bratio

apbl hed to" ¢ AR Vakte Joriaraet TSRk the DPAHITVRBAYAING, G ekeR dar o

first vibratign detectd uni.t for. detegt i the int Lty Ofathe\wvj bration
of he Truit OBTHE e dalibe Blie i et Mo AhERORA 1R I 1 R "
unit and gengtainkiig: ' ' Lddrati_op. getec d the'BlagBki .

for measuri ngﬁﬁgﬁge‘ﬁagﬁ?égg ﬂ?%%%%r%¢§q%%‘géggng$atﬂi trlllg {qﬁ%dzgl Sl gﬁglltg?#gﬁe
wei ght nmeasur@defified byathed dgnatioaddanaes paenif therpuit] aad Wtep fay detrmining

functions of finding the transfer functional characteristic of the fruit by .
perform hQ f thquiextyremaldythe Yipewessonf tthe fmtip frowi tmem relation Heetieent the -

vi bration detecting unit ang %he second vibrﬁtion detecting unit, and
conputing a é’é?ﬁ?ﬁ’&&r‘?g\‘%§ : qlagdcity ralye (i.e., frequency of secondary
The frequenci b b, fn abPfreti for Mihsk i BRCBEu S ALl of RBRE L

the gain at 4he peREHENEVeRi6h 'donPhribdle aS ¢RRATRNY a?ﬁﬁﬁﬁ%”&ﬁitpﬁﬁkapﬁﬂﬁg &N
the transfer functional characteristic of the fruit, "and, functions for .
conput i ng t heibkativmgo reatfiwit [ tor bé , mehsuidast isecdnd wabratidn detedtiregy wirdt dsr t y
value ¢ of the fruit 30, fromthe output signal_of the weight gauge and the
~ frequencil@ds fdeteating the imfgnsity of a vibration applied to the fruit and generating the

signal of the vibration detected, a first vibration detecting unit for detecting

- the intensity of the vibration of the fruit to which the vibrétio_n is applied by
the vibration applying unit and generating thé signal of the vibration d.etected,

a weight gauge for measuring the wgight of the fruit and. génerating the

20 signa-_l.of the weight measured, a secondary resonance point computing unit
- having functions of ﬁndiﬁg the transfer functional ¢haracte1;iétic_of ‘the fruit

. by péfforming frequency 'ana_ly'sis"based on the -6utput 'signals of the fﬁst

| vibration detecting unit and the second vibration detectihg unit, and
computing a secondaiy resbhance -frequgncy fo (.e., frequency _of secondary

25  resonance peak) of the fruit and frequencies f1 and f2 which rep'resent the
frequencies of the fruit, at which respective gains are 3dB lower than the gain -

at the frequency fo of the secondary resonance peak, based on the transfer
functional characteristic of the fruit, and, functibns for coniputing the
damping ratio M, the elasticity value E and-the ﬁscosity value ¢ of the fruit:

30 from the output signal of the Weight gauge and the frequencies fo, f1 and 2,



"~ 5 and.outputting the signals of the results conput-ed, also displaying the
out put signals of the results. In the present invention, the elasticity
val ue E, the danping ratio [err] and the viscosity value c .of the fruit is
conput ed based on the'meight-and the 5 sé&condary resonance peak of the |
fruit to which a vibration is applied, and, the ripeness and the texture of
the fruit are deternined by using these three val.ues whi ch represent t he

characteristics of the fruit ove thod and,k a para s of the present _.
i nvention e autputtingthe %B'Eaﬂt %§ F&GB\%? ,oﬂs?ﬁbslgﬁﬂ%@ eutpats of

-eating of the fryi damaglngthe 10 fruit, which also enables
tinmely shrpn%lﬁfmjéf fftg% gﬁ#t? such as a tomato, akivm'fruit' an apple, a

mel on and the |ikgnb %g&é%t{)‘%ﬁ?ﬁhon%@ﬁlﬁﬁﬁ? f&i{t}% Fhe' dhm M’gﬂzaﬂd

shows t he shift of t ry résonance péak by ripening in a

kiw fruit, Hle viscosibpwalidie 6f thvs bafit isnohipitet sdxedach ehesweiphefand fthei t
havi ng a secondary resonance peak from which the danping ratio of the fruit

i s conputbed,saepydary weeonenchpeak ofthe fruibtawdich hevibratiomis applied, mdd thee
elasticity 2Q values,in the kiwfr of var us (i ess | .S a
bl ook di o SPRHGRS RBd: the Bextms o st B Srreindst %rreaees.

ee
ri peness an r f he
present i nv(ej‘n lrﬁo’?t%ﬁl?é'%H leeé)g{asse%e{; {)}*éog}é%&%%%{r%ggs g\)}('\nﬁng g?lté g"ur e oefci;il f
apparatus fo:im?@xpﬂi@ﬁﬁug o GheNBrddeRe "B enfiod EHEbIESXaéé'iﬁate‘ a‘ﬁdS Gpeed
exenpl ary enbodi nent of the present invention, Fig. is aflo art

showi ng t he jexgment off the puitabkstihs fmeehting ofgthehﬁ’mtrdgmut danialgeng the
ri peness of a fruit, by a mcroprocessor_in the apparat us. for neasuring the

ri penesdO0andiruite whichialeo smables timelyhshipmentc oh foedstwil| such 3s a ém@a@,rrent

of t he pr ese]?l nt.'r ra'itnl gﬂple a melon and the like to the market.

BRIEF DESCRIPTION OF THE DRAWINGS
. Fig. 1 show_s the shi_ft of the secondary resonance peak by. ripening in a
15 liwifruit, I .

o Fig. 2 shows the transfer functional characteristic of a frluit_'-having a
secondary resonance peak- from ‘which the damping ratio of th'e fruit is
computed, | | ' o

Flg 3 shows the relation bétween the dampmg rat1os and the elasticity

20 values in the kiwifruits of various ripeness,

N F1g 4 1s a block diagram showmg the structure of an apparatus for

‘measuring the ripeness and the texture of a fruit in a first exemplary
embodiment of the present invention,- |

| F1g 5is a block d.tagram showmg the structure of an apparatus for

- 256 measuring the ripeness and the texture in a second exemplary embodiment of

the present 1nvent10n |

Fig. 61 isa flow chart showing the example of .a_p'rocess for perfornling the

judgment of the ripeness of a fruit by a microprocessor in the apparatus for

measuring the ripeness and the texture of a fruit in the second exemplary

30 embodiment of the present invention,



'6 Fig. 7 shows the daily change of the vi scosity val ue and the elast|C|ty
“Vvalue of a kiwifruit in measurement performed by the apparatus for . -
measuring the ripeness and the texture of a fruit in the second exenplary
enbodi nent of the present invention, 5 @ Fig. 8 shows the dai I'y -change
of the viscosity value and the elast|C|ty val ue of an apple in neasurenent
perforned by the apparatus for neasuring the ripeness and the texture of a
fruit in the second exenpl ary enbodi ment” of the present i nvention, and Fig.

9 shows the rel ;Elgoﬂ aimwaaéhe \dasloro@mggwaftbsvmsaya@t neiand vhe edasticity o
arious fruit perforned b the measuri ng t he
R emass andalue QiR MBI, 1Py GeaqomAnts DEEREReRaby, 4he sRBORTEN oD
th t T o
Lhe Present Rl Toe TRRERE LAV (LR B EHRR BB MENP ehmplary

descri bed r@hﬂ;d’dlﬂﬁnﬁ;gffhgpréseﬁﬂriﬁmlgﬁg 4. Fig. 1 shows the Shlft of the
secondary resonance peak by ripening in a kiwi fruit. As shown in .Fig. 1,

the fregency dfigt ISeshewsrther daily chanage eofprk viscosity vataonawl vhe elastivite
frequency) "shifts toward the |ow frequency si de 20 -according to the change
of the ri pewebse of amapple pre measvrement performed by the apparayusifon sieasuring
functi onal aracteristic.of a fruit -having.a secoadary resonanc eak rom

whi ch the dé riRgness agddhetartyte gia frantithe segon firgenkef |
S corrputed h ation: 71-(f2-- f_I)/f[err] 25 Inthe
~ equation, tR Rd %ftsgjfg&«g%g’g’t e. frequencies of the fruit .at which the
‘respecti ve gai fmgag%h%% theWRlatiol BetwiéerD fistodity yQEzefsrﬁﬂlJélﬁﬁticft? v‘aflués"&
secondary resonance peak. The elasticity. value 'E of the fruit can be -
conput eli0 by vaipub dihibs/im gnédemre rient plerfoorrd oy tie appamtulsyfoﬂme@urﬁfg the

E f

=rerrl. rfp[e%rerse]s and the texture of a fruit in the second exemplary embod1ment of the

: present mventmn

DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 Hereinafter a first exemplary embodiment of the present 1nvent10n is
described referring to Fig. 1 through Flg 4. '
- Fig. 1 shows the shift of the secondary resonance peak by r1pemng in a
k1w1ﬁ'u1t As shown in Fig. 1, the frequency at the secondary resonance peak
@.e., secondary resonance frequency) shifts toward the low frequency side - "
20 accordmg to the change of the npeness from unripe to over ripe.
F1g 2 shows the transfer functional characterlstlc of a fru1t havmg a
| lsecondary resonance peak f_rom which the damping ratio of the fruit is '
- computed. The dampmg ratio 11 is computed by the followmg equatmn
= (12 - fl)/fo
25 In the equation, f1 and f2 represent the frequenmes of the fru1t at whlch :
the respective gains are 3dB lower than the gain at the frequency fo of the -
secondary resonance peak. ' | |
The elasticity value E of the fruit can be computed hy the following
theoretical equation proposed by Cooke: | |
30 " E=m?5. f2



. 7 In the equation, mrepresents the weight of the fruit, The viscosity
value c of the fruit is conputed by the follow ng equation:. ¢ _
=2ferr].f[err].mJ[err] Fig. 3 shows the rel.ati on between the danpi ng ratios
[err] and the elasticity 5 values E in thegkiw fruits of various ripeness.
As shown in Fig. 3, when the elasticity value E is larger than A (e.g.
10x10[err] dyne/crr[ err]) the ri peness of the klvmfrwt successwely
changes from"just ripe" to "slightly ri and to "unripe" according to
the increase of Ihéheeguation;n xepreserts tEleweeAght ofithe frmit.i ne where the -

‘elasticity value Eis A 10 just over rip ot t kiwfruits
exist. Thereforel E@ﬁ@sqqsﬁaﬁ@égeswfﬁhe $ £QPU E%(ﬁﬁﬁ@fl @‘%B}g?ﬂ‘lﬁéﬂ% by
‘the elasticity value E wh iﬂe elast|C|ty value Eis A or not larger than
A. In that case, the dltéc%‘m aft oft of the ri peness of the kiwifruits is

performed by usi Eﬂgté‘gh&ﬁmé‘gefaﬁdnobe[t%fdeh ’Jh%czféiﬁﬁiﬁé‘f‘at&d»é)ﬁ r&‘iﬂsﬂfg eltaEﬁcity

kiwifruits changes from"just ripe over ripe” and

accor di ng 8t o vdlees Biretsekivwifinkies dhmmmmsnpbnese{ err] as shown |n F| g 3. As
descri bed above, by using the elasticity value E when the elasticity val ue

Eis |larger thanAa shown tmeFxgarﬁauwbenanheoela@tm}tva@uet Reisclaager ¢hap Adles

t | f di » t
otron)  can oD Simaltmn % 1B ribdneerof B dawiltnit wicoebpivel ChyRERE AR |
[ Ki wi fruid. )66 J . s ¢ af t,
T RS R SRS, s SETY e S
each kind of dlabtitity Ala@e B rHwaber HEhe diderivhRge [the rdla@di@ity %1&& @Es Aty

values E of a fruit for discrimnating the ripeness of the fruit are
di ff er entlOby jmat ipej, odenfipkrand rottére kewifruits eximtid Thierefor® Thetripendss dfd:he

o ng ¢ he. JEnIbGY eonotche Gisstininesed by the slastioiy value p&%&rﬂ: -elastiisy
exture of 8 Jhn'R A bolBled SURIAY, PEOSH TR, Pl WGeBhRERRl, o e
iM”E ﬁgﬁ f[ t %’08‘; X ﬁgn%% of"ﬂ}iérfitdlﬁqufg i ﬁ‘&féﬂﬁé&‘%? t?éinﬁ tiiELHaimﬁnigorﬁHo PEBSd R
the ripeness of the kiwifruits changes from “just ripe” to “over ripe” and to
15 “rotten” according to the increase of the damping ratio 1 as shown iri Fig. 3.
As déscri_b_ed above, by using the élasticity value E vv}hen the elasticity value E -
is larger thain-A, and the daniping rétig n when the élast_icity value is not -
llarger that A, _wide'range :t)f discrimination (.e., ﬁ'(_)m unripe to rottén) can be
: performed.. | _ _ | _
20 The value of A is 10x10¢ dyne/cm? in a kiwiﬁuit. Ho_virever, since the-
" value is different by the kind of fruit, fhe_ value havé' to be determined in
advarice by measuring many samples of each kind of fruit. Also, since the
damping ratios m and the elasticity values E of a fruit for discriminating the
o ripeness of the fruit are differér"it.by each kind of fruit, these ratios and values
25 have to be determined in advance on each kind of fruit. |
 Fig. 4 is a block diagram shbwing the structure of an 'appariatu's' for
measuring th_e ripeness and the texture of a fruit in the first ei:emplary
embodiment of the present irivénfi'on. | | ,
In Fig 4, a first vibration detecting unit 1 detects the intehsity of the
30 vibration of the surface of a fruit 2 to be measured without toi;ching to the -



8 fruit 2 and converts the vibration to the electric signal, a weight gauge
. 3 'measures the weight of the fruit 2 and generates the signal of the weight
measured, a vibration applying unit 4 applies a predetermined vibration to .
~the fruit 2, a second vibration detecting @it 5 detects the intensity of a
5 vibration applied to the fruit 2 and generate the signal of the

vibration detected, a secondary resonance point conputing unit 6 has

~functions for finding the transfer functional characteristic of the fruit 2

by “per f or ni ngfriite§uamd convertgsthe wibrationnta bhe wlegiuic signall &8 weightegaugesd
i brati on detecting it 1.and the seco [ ti d t.l it 5, d
Computi ng t nemeaERRIAe To1ERGobHhndEuRr 2 Rdh Epnerales ibp: Signal Of chacHesER:
secondary resgnance. peak .th it 2.and ' f f. X
Cepresont t hePRRutRtha slmpichy foplying ot Lot B RRernitll vibrilbg e
3dB | over thaghd B&i@3 Ny %c&%nﬁ?%ﬁ%ﬁéﬁé@% Uit 5 Febida the f‘x?t.%ﬂ@i%ﬁe%fng

~ peak, based on the transfer _ eristic of the fruit 2}

functions ¥ ofvibeatiohi aysplidtt tdathy Henit 2 ismd gehbratehthe|sighalc of théSvibrativa E

and the viscosity value c of the fruit 2 based on-the output signal of the

wei ght gauge @eteotbd; e seecanfeaycrasonbngce fpbint domputingl unitit6 diasi fupctions for

signals of the results conputed, also, displayi ng the output signals _ of the
16

results. The Brdng she dransles funetonak chapestesistignef the frask: Arly grerforming
fruit 2 by 20, the-apparatus, haw ng.,t he abqve stru [ i escribed .. .
~hereinafter. Frauency analysis hase E}heﬂﬁ%’ ;&ﬂsﬁ&&g%si@qaﬁg&&%ﬁ?mgf
the weight m UL ' ' Y Akt ’ ' ' o
‘unit 6. Afterﬁﬁglt #ﬁgﬁléé\%é rélt%%aﬁég'&d%?gﬁ‘gmﬁm t tﬁ?equent#‘ﬁﬁ‘gttg%%%d]ﬁ?o
the fruitl®2, resshbned iffsyueavyy (.esdfiequerey of secoaribirg! résondncarpeakplof the
ranging froma first 25 frequency (e.g., 20Hz) to a second frequenc

(e.g., 3KHz).frnit 2 and fregnencigsflans £2 whichirgyirgsent thei frequencies of/the fruited

i gnal ted by th d int . ti it 6.
O 2T hinel Selehae ok dvinaos e Faracioe B5b Mot SRS et Biot
detecting uni éhe%ec@ﬂﬁaf'jp ?es%hgﬂg% P%ék%ggsexdnﬁ %%é ?Parg_s%ze %x?&idn%lfcﬁgr#&%ﬁsﬁ;ﬁe, '

secondary resonance pol*nt conp : _
~of the fruit 2, and, functions for computing the damping ratio n, the elasticity

15 value E and the viscosity value c of the fruit 2 based on the output signal of
the vs}'e_ight gﬁuge 3 and the frequencieé fo, f1 and 2, and, outputting the
signals of the results computed, also displaying the output signals of the
results. - o _ _

'The process for measuring the ripeness and fhe texture of the fruit 2 by

20 the ai)paratus having the above structure is described hereinafter.

The fruit 2 is placed on the weight .gaugé 3 and the Signa-l of the weight m

measured is fed into the secondary resonance point computing unit 6. After

~ that, the viirration applying unit 4 éequéntially' ‘applies, to the fruit 2, a

_ lvibration having frequencies of predetermined intewalé ranging from a first

25  frequency (e.g., 20Hz) to a second frequency (e;g., '3KHz). Inl thi's. case, the

vibration applying unit 4 is driven based on a sig'nall generated by the
secondary resonance point computing unit 6. " The vibration applied to the |

fruit 2 is detected by the second vibration detecting unit 5, and the signal of

the iribration detected is fed iﬁtp the secondary re_sonancé point computing

30  unit6.



9 Cn t he other hand, the vibration of the fruit 2 to which the vibration is:
applied is detected by the first vibration detecting unit 1, and the signal
of.the vibration detected is fed into the secondary resonance poi nt
conmputing unit 6.. Then the secondary resorgance point conputing unit 6 -
perfornms frequency 5 analysis by operating a frequency.response function
based on the signal of the vibration whi.ch is obtained through the

EASH’%‘;' P equenciGn the berbeatnfivwihrRERR y@t{' bt Agror b i Pl "
char act ef ts?afeﬁ‘ﬁwf Pt B TAE st VR Pedcil ﬁm{tﬁéﬁﬂ% HpEALore

.. relezg[‘f‘glc teypgt %?@mgé@gd‘ig gl q &&%ﬂ@%@&&é}& ﬂ%%ﬁ& péint @ohititing bait 6.

e viscosity value c of t frurt 2 based on the

out put  si gnaTh@h $He st@ndialry dRisgRanes pohet cmpnmmeuimﬁeupeﬁomsfﬁreqm}ncyf 1

and f2 which are conputed fromthe transfer functional characteristjc_of

E Eg 1; r ;u t5t 21 gnh]ysmhjlr ppe:fsatm;]e aﬁwmyaespmerf@mtms hased oncihesignal ebthey s
u u

tpe s;rgctur&brzlﬁ%gﬁws ¥ t e r }h@é’ggrts &Wgathl’ig ISP%%&I?%%?%S%‘&%[}%e

'hFig 5 %Sﬁyﬁﬁéénd@ﬁ??wﬁ%haaﬁ LR ik aheRERs drHAlteStinind

embodi ment, By bl &eﬁﬁ@n@gp% ithd SREnd e g@sidy, Rhbesbyon

these are om g&e second exenpl ary enbodi nent,. t he ‘appar at us

_conprises a mnasqmeorraﬁsm fuaectibaal charygtétistic ofiphe Ifrlly.tf2.l astshowmin fFhg. 2.
secondary resonance point conputing unit 6. 25 ~In Fig ser

fomo |t er2 1t/o b[) %ewt@ag@nﬂﬁmsfmwcemmt mrapﬁtmgdmlt ﬁecwwf&@é: f amyping
0 be neasured_w t hou t f
3eat ds: g?al FAe M, éii fé%%thlw B 2 tq:@?th%srs}i%sﬁ%&g Oflﬂée Te ifg seg on
enodul at or rt.s |
e 1 L SO B S R A b sty g
- mechani cal | yf§Wh]@ﬁh?&'cdlﬁpﬁtétPﬁJénf‘thé)ﬁ'a‘ﬂsféi*fuhbﬁoﬁéwhar&ctehsti@@ﬁﬂleafﬁdlt 2,

applies

then outputs the s1gna1s of the results computed and d1sp1ays the output
15 s1gna1s of the results. '

Fig. b is ‘a block diagram showing the structure of an apparatus for
_measuring the ripeness and the texture of a fruit in a second exemplary |
_ embodlment of the present invention. | _
20 In F1g 5, for the elements which are common to the first exemplary.
| embod1ment the same reference numerals are applied and the description on
these are omitted. In the second .exemplary embodlment, the apparatus
comprises' a microproceSSOr for realizing the computing function of the . A
: secondary resonance point computing unit 6. | | |
25  InFig.5,a laser Doppler vibration gauge 11 detects the v1brat10n ‘of the
surface of the fruit 2 to be measured without touchmg to the fruit 2 and
generates a beat s1gna1 which changes in proportion to the speed of the fruit 2, n
a demodulator 12 converts the beat s1gnal generated by the laser Doppler
'V1brat1on gauge 11 to a V1brat10n signal, a v1bratlon generator 41 1s'

- 30 mechamca]ly connected toa rack 44 on which the ﬁ'mt 2is placed and apphes



10 a predetermned vibration to the fruit 2 through the rack 44, an

- efectric power anplifier 42 generates a signal, which is fed into the

. Vvisbrati-on generator 41, for generating the vibration applied to the fruit
2; a signal generator 43 generates a signal which is fed into the electric
power anplifier 42, for 5 generating the vibration applied to the fruit 2,
arf accel eration sensor 51 set in the rack 44 detects the vibration applied
to the fruit 2, a fast, Fourjer transform:devjce (hereinafter referred to as
FFT) 61 perf @rmdﬁmmm@drwbrafmmﬂm Eﬁ%if 2theough the: %:kg%wgl elegtric pAWeRe

S?Sﬁii"saiﬁfjsqnpﬁﬁﬁ%g %%Séteqrsié'af’a% i, B0 285 Sy abiit e Bt 2

has function t (o] I h [ I E
and the vi sc?glltt en% c oft’:pﬁ g’?r w%é(g;get eefﬁ%lﬁei ogt% giSIg%#g atY:?

wei ght gauge g%n@mebhs sﬁEiEaﬁlwhi’é]ﬁ IQ%Mn%otdl@ ‘élé&ﬁ%%@@é@%ﬁ%ﬁé&n@z 6f
function for generating an electric signal for the vibration applied fo the
fruit 2, & digepesytingthe @il titinsapplied tdhesfrgite?, anl acceldration seasot 61 set in
rreasured whi ch the nicroprocessor._62 outputs. The ocess for neasuring -

t he ripeness tbﬁqu]ll’e %d@gecéwfhet Nibration anpbydtﬁe g@pﬁﬁh‘é % aalashgFewder

el gt gauge BT, 5@#%’?@91?%?&1@?9&1%@# oo T o, Pt et ririer
TE P opr 05 of " Atph il 120 SofiP B0 BBERARCR012" BEH HHo

Then the m croprocessor I ns ru e Si gna gener at or generate

the sign waveceélefation $bnddreSl espectifely, azdEutputd tlé sigﬁlaﬂﬁdhuéltﬁﬂslﬁﬁ'med
vi bration generator 41 throu&Q’ the electric power anplifier 42, by which

“the fruil02 pbacmicroprodessenc, the mscropmcasmr 62\has tﬁmnctuonﬁefortchmpntmath@n
~of the rack 44 is. detected b e accel er ensor 51 and the f
he 5 | vt br AeEpingria BythR cleatel i IunE FRd Be Beesa Ao &%ﬁgwef
FFT 61. At t 1 f t
ot coted by HgeR R thilfouti® SEHRR bEMnETwbihyoilgr s aha' BB Fith ol b

vibration delrgpeth ihe éigﬂalsrﬁo% WRdNhALoR f@ﬁ@c&&pfoﬂ‘g?eﬁehaﬁﬂgfaﬂ éRctric signal -
denodul ator 12 and the FFT 61. Then the m cr oprocessor 62 operates a

fr eq uency fr efpntheavib:aﬁbncappﬂmddn the frult 2, a display device 63 displays the s1gna1s .

- 15  of the results measured, wh1ch the microprocessor 62 outputs.
The process for measuring the ripeness and the texture of the fruit 2 by
‘the apparatus having the above st_ruéture is described hereinafter.
| The fruit 2 is placed on the weight gauge 3 and the signal of the weight m
is fed into the microprocessor 62. After_that, the fruit 2 is moved orito the
20 rack 44.- ‘Then the m'i'cropr_o_ces.sor 62 instructs the signal generator 43 to
| generate the sign wave of a first frequency (e.g. 20Hz), which_ié fed into the '
vibration generator 41 -fhrough the 'électric power amplifier 42, by which the
fruit 2 placed on the rack 44 is vibrated. At this time, the vibration of the
. rack 44 is detected by the acceleration sensor 51 and the signal of | the
25 - vibration detected is fed into the micrdprocessor 62 fhfough the FFT 61. At
~ the same time, the vibfation of the surface of the fruit 2 is detected by the
laser Doppler ﬁbration gauge 11 and the signal of the vibration détected is fed
into the microprocessor 62 through the demodulator 12 and the FFT 61.
Then the microprocessor 62 operates a frequency response function based

30 on the 1nput signals fed from the FFT 61 on respective sign  waves of



30, onthe input signals fed fromthe FFT .61 on respective sign -waves of

- predeterm ned interval frequencies ranging fromthe first frequency to a -
seeond frequency (e.g. 3KHz) which i.s higher than the first frequency. In
this case, the sign waves are generated byllhe signal generator 43
according to the instruction of the m croprocessor 62. As a result, the

m troprocessor 62 5 finds the transfer functional characteristic of -the

fruit 2 as shown in Fig., 2., In.this exemlary.enbpdi t,~a,SEgn wave is
Lsod as o si goiteldrid fitabvol' BleBpEnFisR Rieif Bot The’ Sk EAREAN, doSa e
effect is obtg ' I i ' i gral
for applying %écglﬁgrﬂ;%(?%’eﬁic?g(e?%eQ ru twg%%l%’ h?glﬁz‘?f?%arf ' lt?ﬁ(%i{?%g}eg}? ésgf;}
62 conput es t{lfs chf RRE SigavBe ategéndrated bl RBe bighdl génbAsiRE 43adcbRdinbase -
~transfer functthlgo.nal_-charag}eﬂgqsté: of et’shgly%rﬂﬁlks\ |rstli-)’é££ pr]%%ess forﬁghe
j udgment of t mgpmroéion of thehmitroproceds e Asi a resulocesmic®processor
descri bedréefﬁré%ghg%%o thf?g#‘efG \E/\F_/npi gg lis;fa fl_%\évc c&a}{;ﬁgh&m n%b';)he pr](.i)‘g:'esz(s1 for
judgi ng tRe rip  Lsm unctiopabcharackerigac o Hiloe 88 $SHPWEAN L'IE. t4e
case of a kiV\/ifr-.Tit. .I'n Fiu%? 6 thg &n’-cro rocessor 62 congu es the. al '
elasticity val ue'® HBHS §Renfplary ompodiment, o KighWave i§y ufeqd as popignal; for
uhi ch m r epr agiving B BEMARE 10thb Huif 3!l (HEwaRd, thE 'daknd BREESEBtaldled b
secondary res%ﬁg ce frequency ?i-.e., requency of secondary resonance y

peak) conput egsinkraoraddiin wdvanif £swbptsighoRave 86 a sighal fag h@glﬁhg@ vibratien
fruit 2. At the same tinme, the m croprocessor 62 conputes the danping ratio
[err] of the torthetfraitid. t he equation [err] = (f2 - f1 ) / f[err], in which
f2.and f1 (f2 > 1) represent the frgguenci'es of the fruit at whic

2 _

respect i M gai ns The8, thasmigrgnrogesser 61 cogmuienthe Kipenpayad dthe texturp ‘thhﬁhe
d na, k. Jhen, the jud . of .t ' f the fruit

S o8 brt or AT 5 HabeEonEhe ahpet BavistlttioPl FRREACRRAR B he Filhe ange
where the el asti ity | - £ ] ol -t b, his frnk D

et ci ty var ue Bab, ik BFpdess Tob $h0hdpaRly U (Bl Apthedd SPUKTRRLL B by b

ri peness of tingeroprodesssr 62ddedeberibed "réferrinisttor Fig) 6 whekh ii§ 4 ow chart
elasticity value Eis.in the range of. 20 - 30x10[err] dine/cnR, the -
ripeness is jshhysagt dhee procesgsfoyyimdging pthe ripemgss foft ithe efrwit | 8i by the

15  microprocessor 62, in the case of a kiwifruit.

In F1g 6, the mi'crop_ro,cessorl 62 'computes'the' elasticity valﬁe' E of the
fruit 2 by f.he ,equation E = m?3 - £42, in which m represents the weight .of the
fruit 2 and fo represents the secondary resonance ﬁ'equency (i.é., ftequenby of
secohdary resonance peak) computed from - the transfer functional _

20 ° characteristic of the fruit 2. At the same time, the microprocessor 62

computes the damping ratio n of the fruit 2 by the equation 1 = (f2 - fl) / fo, in

~ which 2 and f1 2 > f1) represent the frequencies of the frﬁ.’;t 2, at which
i'espective gains are 3dB lower _thaxi the gain at the freq_tienéy fo of the

second__a’:ty fesopian_ce peak. Then, the judgment of the ripeness of the fruit is

25 performed by the microprocessor 62 as'fbllows. That is, in the range where

the elasticity value E is larger than 10x106 dirie/cm2, if the elasticity value E

isin the range of 10 -.20x106 dine/cm?2, the ripeness of the fruit is judged to be

“3”' (just ripé), and, if the elaétici_t_y Val_i;e E is in the range of 20 - 30x10¢

dixie/cmﬁ, the ripeness is judgéd to be “2” (slightly ripé), then, if the elasticity

30 - value E is -lérger than- 30x10¢ dine/cm?, the ripeness is judged to be “1”



30, value Eis larger than 30x10[err] dine/cnferr], the ripeness is judged
to be "1" 12.(unripe). In the range where the elast|C|ty value E is not
| arger ‘than 10x106 dine/cnferr], if the danping ratio [err] is smaller than
0..25, the ripeness- is judged to be "3" (jub ripe), and, if the danping
ratio_[err].is'in the range of 0.25 - 0.4, the ripeness is judged to be "4"
(over ripe), then, if the danping ratio [err] is larger 5 than 0.4, the

{Lﬂinﬁéisgfeyﬁ%é&rﬁ?@@% éxe%?ébes?asﬁe&%&é B g vot lrger th lraél Ixione
{petore o bl ifd dlmbhe P90 1 MR BMA L1528 it pebbet Poeedloc,
|0 he sane ROST A iflof TR b Hifhkhg Thiibh 1 HALKE rilize B JeP0JATRLNO

ratio for judgl ng peness usi e equations des

above first afifesasosdudsednbd afey‘ﬁmb@@h ﬁi@@) sthend if the dampihg rationgtis Mer
characteristic of the fruit of Fig. Fig. 7 through Fig. 9 showthe
vi scosi t y5val then @dd thhe'lpmmsusuu#geﬂhmbe “of (veirten)us Thexi the ripemesas of dhent

B et ?ﬁﬁt it d“e 7 e ‘éés{ ieipp odm i digplah ee‘?ﬁé%aﬁt”d. oventi on.
Fig. 7 c -
T8, s, 0 N0 B U6, HSRES A, 300t VoA b g8

exenpl ary. entdham 5 vaiud he ﬁo%ﬁﬁgtthb%ﬁﬂ&feo& tHe 02 cAn B Gomifedby e

absci ssas represent’s days (i.e i me) and the axi's of ordinates represents
the vi scosit ymwarbprocessbrt 62 inlthet saxmé )manheue asfint comprating rihiet elagtieitglatedue
_shown by an arrow A are those of viscosity values, and the data shown by an
arrow B d0e tanshdher damping cratio for (udsing theotinenessri by usingothe mgata@nsy

Vhe ki nier i 1o6BBACH Yu¥ SHtFCREECABY, SRl kRIS, oliBiimebte AR Hie o'
to pulp on ars}%aﬁ%fe‘fﬁﬁﬁl‘fi&h?%ragﬁc s‘éﬁﬁfﬁ ‘?rﬁft tglp;ﬁei asticity val ue means .

that the fle of. the ruit ones so e decrease of the

v: scosity val ;Je P BilireaghtHig. 9 ehew%wmmﬁ@a@sleé and. the@@&smesevarues of
gl-uti nousness
varlous frults in measurement performed by the apparatus for measuring the

15 ripeness and the texture of a fruit in the second exemplary embodiment of the

present invention. | |

Fig. 7 shows daily change of the v1scos1ty value and the elastlmty value of

a k1w1fru1t in measurement performed by the apparatus in the second

exemplafy embo_dinlenf of the present invention. In F1g 1, the axis of

20 abscissaé represents days‘ '(i..e.., time) and the axis of ordinates represents the

| viscosity valne and the elasticity value of the kiwifruit_. The data shown by

an arrow A are those of viscosity values, and the data shown hy an arrow B

are those of elasticity values.  As s_hown in:Fig'. 7, both viscosity value and

the elasticity value decrease _da'iljr. " In 6ther word:s, lthe flesh of the kiwifruit

25 becornes soft and the juiciness increases daﬂy,_ and rots to pulp on and after

* 18th days. The decrease of the elasticity value means fhat the ﬂesh- of the

kiwifruit becomes soft, and the decrease of the viscosity value means that the
Julcmess 1ncreases G.e., decrease of glutinousness).

Fig. 8 shows the dally change of the V1sco31ty value and the elast1c1ty

30 value of an apple in measurement performed by the apparatus in the second



.FLg 8.shows the daily change of the V|5005|ty val ue- and t he elast|C|ty 30
vdl ue of an apple in neasurenent perforned by the apparatus in the second
. 13-exenplary enbodi ment of the. present invention. The axis of abscissas
 represents days (tinme) and the axis of - ordi8nates represents the viscosity
val ue and the elasticity value of the apple. The data shown by an arrow A
ar'e those of viscosity values, and the data shown by an arrow B are those

o o aceebmAJebE RS SRRNTk T Spolah ekl ‘Bpbeof FPbEReR
f he ki J h,.
bocomeaar i orehitisbatd d8vd ikl 888 186 skdifol %@%@%ﬁ%&ﬁ?ﬁ e kieabity Shipe
in the appl €andhehe’ eRfivityy vARIUES Ghe tpPId.| OPHe Id3%5 SHAen Qﬂsé‘rrbﬁeAhar%e-

juiciness of the flesh 10" decreases and-the flesh becomes”dry, thou

el asticity vahose dfahismsity eslues, hhd tlesdatd shbarkbyi 41 dirkowf BFag tHosd:bﬂ "'
9 shows the relations between vi scosi t% val ues and elasticity values in

| var: ous kgndelﬁgicﬁmvabw@i ds shown @e ithe tvsscos1tpreva:1uw incxgases qmbtlseh
P opar at e v Baﬁﬁtar?e@%ée g N A
K frun s ariviRl b iR %*ttﬁevﬁ%éf%e%da%% P8 chE HEH FReBinol MBE
unripe ki wi f gHhésh R fleBR W6 mbL 8565 daga%%rldayer Tn'bthleR ¥ords OFPEHd #iaigpl\éﬂ 13113

the ripe kiwfrurts. In other words, int Kiwifruits, there iIs endency

that the 20 vyscesmyltralueabﬂetlﬁeﬂeehsmrems bbeawéeasheijmnessuﬁ' tkeresies,
‘the juiciness increases when the flesh becones soft. In the apples,

-t her e is1@ t decrsasys andithetflesh b@@mewdxbaltheughcthea%estlmnalueed@raeses(:as y
val ue decreases, which S a i ci ness decreases when the flesh
becomes soft?nihePﬂﬁﬁﬁﬁiggﬂa ]ﬁgtt f@ endency that the viscosity val ue
decreases 25 | I

ect B, S EPd Fntiok8 oiEndBh " AOR8Ry Pl bAR, GRSHARY elios

kiwi fruit, whi ch ur Cl'ness 1 ncreases .
soft. In the iRYAIHRS, klhﬁﬁ of BRESS (ileY, Mﬁhﬁ@sklwﬂ'rﬁ:lﬂé' %ef]ﬂ’bvrfﬁﬁtse bdatd, Gpples

val ues conparing with
and peaches) The data are obtained by measurement performed by the
15 apparatus in the second exemplary embodlment of the present invention.

As shown in Fig. 9, both _elasticity values a_r‘id viscosity values of unripe
ki_wifruits are .larger than those of ,lripe kiwifruits, which means that the
unripe kiwi_fruits have harder fleshes and lower juiciness comparing with the
ripe kiwifruits. In other words, inthe kiwifruits, there is a tendency that the

20 viscosity value decreases when the elasticity value decreases, i.e., the
juiciness increases when'the ﬂesh becomes soft. In the apples, there is a
tendency that the viscosity value 1ncreases when the elast1c1ty value
decreases, which means that the j Jmcmess decreases when the flesh becomes
soft. In the pears, there is a tendency that the v1scos1ty_value decreases

256 - when the elasticity value decreases as m the case of the kiwifruit, which
| means that juiciness increases when the flesh becomes soft. In the peaches,
the v1scosﬂ:y values. are high' for the e1ast1c1ty values comparmg with the
pears, which means that the j Jmce of the peaches is more viscous than that of

the pears. As descn_bed above, the texture of ‘a fruit can be found by
80 measuring the viscosity value of the fruit. Also, by using both viscosity value



pears, which means that the juice of the peaches is nore viscous than that
“of the pears. As described above, the texture of a fruit can be found by 30
measuring the viscosity value of the fruit. Also, by using both viscosity
val ue 14 and elasticity value of the fl4iit, nore exact texture of the
fruit can be shown. Also, since the texture of a fruit changes according to
the ripening of the fruit, the ripeness of the fruit can be judged by :
measuring the texture of the fruit. For jnstan

_ . . Fc ce, as shown in Fig. .9, :
unripe ki wi fand el:aséanrquu? of the finit.qngre exartiexyrefit %Pé&a&bge[ $hORyr der
[ f th | asticity Ma f Lmately 22x10[ d
e vi scost ty. v sucedfi (Fxhen BB S Fhemers ROfordiit Jo tHY AP GlibE drlthe™"

above, the r#ﬁggﬁ% r?é]eerﬁag% ofithe Q?t)ﬁt\?gﬂulg@%éhde‘bi WedhotrifRy 6 téXiRire [dTShe

viscosity valu astici rurt are conpared with the

dat a whi ch- afeRitD" TR ipdtdriteady 3RoRMOM FiA D) niritgpd Réwikbuity addadpe kiwifruits
and the elasticity val ues of the sanples of the same kind of fruit, whose -
ripeness § s ¢erpvibe wiserinainated t by dhe abordenidines befd thisoedasticity pyaliwntof

Loxtur e of  vapRTRmRHEC2 Bt L0Y dyhe/cmitnian Shh BAGRS VAL O OROBALRN
dth [ d the text .of 2 1 i '

gl o t he 40 € bipel Syt AberBog ilbler ty Hehess of A thit Yhh 1 fudged

val ue of. theyfLesh, Ghahher KAt the PidestPPakddcand 8h6 bRisticitycvaloRalf the fruit

characteristic, the secondary.-resonance peak and the weight of the fruit to
whi ch a vi br géd @mpsredowitbethe ddtzowhicinare prepareddnesaivamcd hynmensuringdhef - a -

fruit can be quantitatively 20 neasured by the apparatus of the present -
i nvent i G0 wi viscesityiuphuesi and she glastinioualuessef thegsamnplesef thensama £

fruit, the texture of a new kind of fruit in ant, breedi ng can be quickly
and exactly Yy IOSRHIRIPEER AR %@hﬂgéﬁk%%hb‘? d#)ar‘re needed for the |
i mprovement of - g f gl bided ABvel tR8 prRk&E idention can provide an apparatus for -

'm'easuriﬁg the ripeness and the texture of various kinds of fruits, which can

exactly measures with high speed the ripeness and the texture of each of the
15 fruits without damaging the fruit, by 6oﬁ1puting the viscosi_ty value and the
elasticity value of the flesh of the fruit, based on the transfe'r functional
characteristic, the secondary resonance peak and the weight of the fruit to
which a vibration is dpplied. |
- Also, since tﬁe ripeness.'ahd' the texture of a fruit can be quantitatively
20 | measured by the appératus of the present invention without depending ona
sénsuous test and without damaging the fruit, the texture of a new kind of
fruit in plant breéding can be qﬁickly and exactly judged, Whi(:h enables the

decrease of time needed for the improvement of a fruit in the plant breeding.



V\h:att_ is clained is: 1. A met hod- f or measuri ng the ri pen'ess and the texture
of ‘a fruit, the nethod conprising: (a) a step for applying a vibration '

havi ng sequentially changing 5 frequencies to a frui (b)
a-step for neasuring the intensity of thel&ibration am"mmumgﬂmi“}ﬂ“w t .
and the intensity of the vibration of said fruit; (c) a steptfodtr rfeasuring

t he weight of said fruit; (d) a step for finding the transfer functional

. characteristjpc of, f@lﬁd frpuit 10 by perform ng frequency analysis based on
the intensit tis W%{%i on applied to said fruit and the intensity of.

the vibration of, sai.d firui n tin e ry,r napceefr. ency

flerr] (i.e., f rlédtgéﬁ%@mgf E.‘O%' e@gg%%ﬁﬁgﬁégoﬂgﬁgggspgggﬁ%g tegcgﬁ_ge_ 10? & Pjuéﬁgﬁle'

~ frequenci es §tRBd chhpMiing represent the frequencies of said fruit, at .
whi ch respective gains are 3dB lower than'the 15 gain at the frequency

flerr] of the sec@)dar gteredfonaapplypepka Vibsationnhawing tsequehtialliushanging

characteristic of said fruit; (e) a step for conputing the danping ratio

[err] defd nefreaypenciesdoatfruit todremeasyred;- 1) / f[err] and the elasticity

L D T Syl B bt S
cllast o1y vt an che Filenett, R PRl e “and by usi ng s o

danping ratio [er(da foPhibaBuping tHel welsdlt W€ shid fuit | arger than said
predet ermi ned val ue; ('g? a step for conputing the danping ratio [err]
defined by said e()a step foerfinding the-trahgfer fuhtiondl eharactaristios ot saidi firpit
val ue ¢ defiged by an equation ¢ = k flerr] ,m[err]. and the elasticity -
val ue E Hbfi BEPeforming ngy gnalysisebased onathe infmsity ofrthe pibragiony

step for determ.ni theg pexture and.the ripe s of said frui.ty froJr

el ati on bot ARBHES FPorABRE AR, BRK) intEncity” BE.HRR bedfibg of S, Bl amd.

56 An appar absaphfing B Aoy Pesonlants Fsq @iyt ﬂe(ife?,xﬁ’éﬁﬁeﬁéy of Tsfel'_,‘bﬂdar_tyhe
" resonance peak) of said fruit and frequencies f2 and. f1 which represent the

frequencies of said fruit, at which resp’éctive gains are 3dB lower. than the
15 gaiin' at the frequency fo of the ‘secondary 'resonancé peak, based on said
* transfer functional characteristic of -Said. fruit; - |
~ (e) a step for cbmputing the damping ration deﬁﬁed by an equafion M =
(fZ - f1) / fo and the elasticity value E defined by an equation E = m273 - o2, of
said fruit, _wherein m réj)resents-the Weight of said ﬁ'ult, o |
20 . ' .(i) a étep for determining the ripeness of éaid fruit by using said
elasticity value E when éaid elasticity value E is larger than a predetermir_led_
value, and by using said dan'ibing ratio m when said elasticity value E is not
" larger than said.predeterm.ined value; ‘ |
' | (g) a step for computing the 'damping ratio 'r|' defiried by said equation n
25 =(2-1l)/ fo', the Viscdsity -value,é defined by an eq1_iati0n c=k-fo-m-mand
the elasticity VAlue E defined by Said' équétion E = m?3 - £, of said fruit;
- (b astep fbr deférmining the texture and the ripeness of said fruit from

relation between said viscosity value ¢ and said elasticity Vafue E.

- 30  2.An apparatus for measuring the ripeness and the texture of a fruit, the



appar at.us conprising: (a) vibration- appl yi ng means for applyi ng a vibrati on
toa fruit to be neasured; (b) second vibration detecting nmeans for .
detecting the intensity of the 5 vibration appli ed

generating the signal of the vibr ation det g6t ed; ’mmmlnj"mam ﬁ
detecting nmeans for detecting the intensity of the ViFbr at 1ion 071 sSal frw
to*which said vibration is applied, and generating the signal of the
~vibration detected; 10 - - (d) wei ght gauge -for.measuring the wei ght of
said fruit, aappseatasebmpyigihg: si gnal of the weight neasured; (e) secondary
resonance p0|nt conputing nmeans_having: (e-1) functions for finding the
transfer functiona(@)cribratiow applyingomesns for applying aibratiomgo fr fyuk e pe

-anal ysi s based on the output signals of said 15 first vibration detecting
‘means and sai B BB‘ﬁﬁ vi bration detecting nmeans, and, conputing secondary

resonance frequency,f C I A4S0 108

and frequenci es flﬁg %%é&\$¢r%10§r fe%gig% %g?égﬁfﬁ%%?z@?ﬁggﬁe [ﬁ%?lsb\&@%
respect i ves gayibtatiod pidPWB! sdidfuit) arfiRigdnatatifi® thecsighar off i Vibrationhe
~secondary resonance peak, based on said transfer functional characteristic
20 of said fdetectedand. (e 2). functions for conputing the danping ratio .
[err], the elasticity value E and the viscosity value-c of said fruit based

on the output si gnéed ﬁﬁstsubuauemgiﬂteqan@enams Jor detedting ithe dntensity jof the
and f2 and ou in he t he ,resul t.s co al.so di spl ayi,n
the output i BibRboBrotenid Treddorubish! sdrphraton 3 Rlad, and cpocrain yi ’
nmeasuring theg %ﬂﬁ?ﬁfﬁfe g%gahpﬁ &e‘t&%ﬂ&e of a fruit, the apparatus

aser

conpri si ng: er vibration gauge for detecti ng the vi brati on.

of dt he 3010 s u rfac e(&)fw@ight ghiigé oM caBasinEahe\Wéighy bf baidcHriuig aind Qévhdi'atllhlgl t
and generatin -
J &e s1gna1 of the weight measured

(e) secondary resonance pomt computing uzeans haﬁng'

(e-1) functlons for ﬂnd_mg the transfer functional characteristic of

~ said fruit by performmg frequency analysis based on the output sxgnals of said

15 first vibration detecting means and said second v1b_rat10n detecting means,
and, ;oomputihg secondary resonance frequency fo (ie., ﬁequeuoy of secondary -
re_so'uance peak) and frequencies f1 and 2 which are ﬁ'equencies of said fruit,

- at which respective gains are 3dB lower than the gei'n. at .the- frequency fo of

the secondary resouauce peak; based on said transfer functional charaoteristic

20  of said fruit; and | | |

(e-2) functions for computmg the dampmg rat1o 1, the elast1c1ty value

E and the viscosity value c of said fruit based on the output signal of said
weight gauge and said -ﬁ'equencies fo, f1 and 12, and outputting the si'gnals of

the results computed also dlsplaymg the output s1gnals of sa1d results

- 2B computed

' 3.An apparatus for nieasuring the ripeness and the texture of a fruit, the
apparatus compnsmg |
- (a) a laser Doppler vibration gauge for detectmg the V1brat1on of the

80 surface of a fruit to be measured without touching to sa_1d fruit and generating



a peat signal which changes.i n-proportion to the speed of said fruit; (b) a
denodul ator for- converting said beat signal into a vibrati ' :

—€) a
wei-ght gauge for neasuring the weight” of said fruif i the - N
siignal of the weight neasured; 5 (A7 a vi br ﬂ'mﬂmm%ﬂﬂ;ﬂlﬁfm chis
- mechani cally connected to a rack on which said frui't*i ¢ placed,s

generating a vibration applied to said-fruit through said rack; (e) an :

|l ectri lifi f ti 31 | . whi js .f.ed jnt id .
Ui br at i on' gorfobaRioAEnRD Whian RAREAsGRGERBOTHOR db o6 SRR PRRIAGRU o frui 1
10 f ' I \eraj f ti. ' L.,whigh is fed into ..
said el-ect I(’I23 Sompgrﬁ#ﬁ‘ﬁg?, Ci'1[f8f 8@%%5%%&3’&?‘5g’iﬁ%ﬁéﬂoq%l"gﬁﬁkﬁgﬁ%éﬂ °
caid fruit: | : : oo : .. y
aemsor, wni chl s <ST R R R podduting the ReRAROL sl Sl Bnd AL AR

said fruit; Ithe signal of(the wsightéapurpdy f ormi ng fast Fourier transformon
the out put signals of said denbdul ator and said accel eration. sensor
-respectivély, and (@@aevibration genersitgnawhbichhissmechanicallyeannegtpddo a rack on

m croprocessor_ having: .(j.-1) functigpgns for conputipg the dagpi,ng ratjq .
ot Che” o rbiohe By 636,38 RIAced, LR HoMroiBBC NibFatiet, aPpURrl tsaid fpit
" based on the . Sl of sai'd wei ght gauge and said FFT, and ,

generating thti&éﬁgﬁg_?g&gﬁa&?he results conputed;. and. (j-2) a funection for
generating an el ey hf cle&rRl p&?é%?ﬂﬂé’@!f&f‘géﬁéﬁtﬂi?& 3lgii), FMRCH RfifdOintai d
fruit is generated; and 25 . .. (k) a display device for displaying the
out put si gnalsaidfvibredion gerrator, o goneratihgrsaid wbratissapplied torsmidafmit; at us
accor di _nq@t o claim3, wherein said viscosity value_ is _.conputed bz/i_ an .
equationl® = k f[ iy p signpkeeneratpe for gengrating & sigmal; mhighigHedomtgmaid
said fruit, f errl represen t he secondary resonance frequ r‘tcy of .said
fruit, and [ g(ftr ¢ popger amplifier, for génerating said vibration applied to’sai fruit;
'  (g) a rack on which said fruit is placed; '

(h) an a_cce'lefation sensor, which is set in said rack, for detecting the

vibration applied to said fruit; | -

15 @) an FFT for performing fast Fourier transform on the output signals |
of said demodulator and said acceleration sensor respectively, and generating
the signals thus transformed; | |

() a microprocessor having: _ _
(-1) functions for computing the damping ratio 1, the elasticity value
20 E and the viscosity value ¢ of said fruit based on the output signals of said
weight gauge and said FFT, and generating the signals of the results
computed; and_, o ' o
(-2) a function for generating an electric signal based on which said
vibration applied to said fruit is generated; and B
25- - (k) a display device for displaying the output signals of results

computed by said microprocessor. -

4. The apparétus according-- to claim 3, wherein said viscosity value is.
computed by an equation ¢ =k - fo - m - m, wherein, m represents the Weig_ht of

30 . said fruit, fo represents the é"eco_ndai'y resonance frequency of said fruit, and n -



represents t he darrpl ng.ratio of the secondary resona&ee—ei-s%and
k represents a constant,” 5. The. apparatus according ',m m l m 4, where

satd constant k is 2[err]. 5 6. The apparatus -accor ” mlmherel n
the elasticity value of said fruit is condl8 ed. base d the
secondary resonance frequency of said fruit, -and, the texture of said fruit
i s” measured by using both of said elastici ty val ue and said viscosity val ue
of the sane nonent. 10 7. The apparatus according to claim2, wherein tl"f'

ri peness of gep¥esents t egia.mger@dm af the gecondaxy aesenance: ofcsaid fxnite and

val ue and the visco |ty va of said fruit, which are obtained by .

measuri ng t hd®PE ® cFPng “fruit, are compared with a predeterm ned

el asticity value and a predeterm ned 15 viscosity value respectively.

~ 5.The a_pparatus according to claim 4, wherein said constant k is 2.

5
6. The apparatus according to elaim 2, wherein the elasticity value of said
| fruit is computed based on the weight and the secondary resdnance'frequen'cy . '.
~ of said fruit, and, the texture of said fruit is measured by usmg both of said =
elastlmty value and said vxscos1ty value of the same moment ‘
10

7. The apparatus accordmg to cla1m 2, wherein the ripeness of sa1d fruit is
measured in such a manner that the elastlclty value and the viscosity value of
said fruit, which are obtained by measuring the texture of said fruit, are
compared with a predetermined' elasticity value | and a predetermined

15 viscosity value respectively.



