AFADET R
AZAYTE AN ARAFH AR
A3} 031-290-7199 / A=E : 011-9973-6983

Development of Automatic Firmness Measurement System for Major Fruits
using Vibration Characteristics
Jong—Seo Jun, Joong-kyu Kim

Dept. of Electrical&Computer Engineering, Sungkyunkwan University
E-malil : isjun_76@yahoo.com

Abstract
Characteristics of fruit vibrations are related to B37 2490 AMLH U 99 #PE ¥ A
the material properties of the fruit. A new method 23 MES T B AL § Y, AFEAL
for spectral analysis is developed and used for the 7t obd BERREAPO] Edm glemz tFEA g
non-destructive estimation of fruit firmness. The ol §o] AZIFHI Yt}

resonant frequency of the fruit is related to its

firmness. However, the determination of the resonant B =2die o ZA¥EL Aasr) st F
frequency is not easy. So the smoothing method is B4 GhdAe FHge ﬂ%—;zkg—g o] &3t ujmly
applied to the frequency spectra to obtain a robust Holm MN&EA BEE 7 9% 4x 2 4x
estimate for the resonant frequency. A& 388 nauA zsh:} AEE FEHd ALH
= doEES BAH 58S AU o= HEH
L A& olgd Ay FANY 7HE ol&scr ¥k a2 T
25 d(smoothing) 718 & &3 AFI ARG

AR

ZUase) BA4HDL H4F Aol FoA WY

X ey an 3
N one N T HUE A5 63 7| HE DR cesonant
Crew mEshe U 2RSS TRE A= 1 frequency)% . %ﬁ}ﬂ» & &A%} 744
%c} AR wNAY EFE CITAT ARAE ST pg 3} - weo dao Hud 2
Aol A% W HE w0 me AgY Fawn A T EEe TATE uwn wue s
Te® o e nFFIF é&‘ﬂ"# 2 #elE firmness

.]7} z=glojol ao]q, 2 g FUbe 41542
A8 713 @dha Qo 59 siAss F
2 Palo] B AF FHog JAHSE RojuA %
sgn zae WFd HujAe "1§45-£ g Aol
o gukdoz FAFe FAL AANE A48 A
%, ZAX(firmness) & Swd °l B7H5std, ot/

index2 349 735*‘ 2%t a8y 2REASE
ZA43s FANA Vlbrator—] gygoz AgHE g
NEE 7}3F711—]- e 4 g7t EHAYE &ulE
AL A& 5 gk 222 1757559 robust
estimation —r]zﬂ*ir: wEte Adgel e 9rtA
B4 AYe wrEET FRd gk o d w g

- 253 -



20019 iSIEXSES siAiSatatans] =28 M243 M1z

A MRS Fol7] A Mze 718e HEd
Aed oAl vt2 AFY(smoothing)olth A% o)
F ALY B UPe JvteR iy AFo Fo
T RELE YT 24ad BELS A o
FEg A g A7 A8 AHESE AzAY 7Y
ojth, o] £8Y JIEE& AMEFe] o FAE He
HAY 279 SHUEE FHof Fu Aoy, o
HetulE 9 gtell whel dlolgo] HEHE 289 A
=7t AAH7 Wtk UF g dolgs 28
HE P83 ARy AlgAng $E ln, £ 2 oy
el ZASoe H4sx e dHolg gEol AYe)
ALg-g

B =2 A9 AEZA gl BAY HHHQY
ol obd AFE ol &3 v B WY A3
Aot HelA 9o E AYn ofgy A¥Y sda
HA4g 2%9 HAgnHE Fir] 48 o8
estimation?) & AL8Fo2H AV &4 glo} &4

FE 43 A3 1{4FR5E S 5 AU
23 AF ALY J1ES Gwt F7) AzgdAd o
Hste] A23lE dE3Y Aday F2 /5
ez A9 A2¥e) F4E ¢ Jerz o $&4
2 Ao olF Fon N

&

0. 74 £29 4y
21 29 Fv 2wy

A% #A AXAL vibrator, sensor, A/D board,
computer2 FAEY. I F MR #Ao) e
vibrator, sensor setZ ofe] @1 el 4 Y
2L vibratorZ # Y] & 7bA Pl AFE 7}
3t3 12 A FE sensorZ Wolx A/DNEF F AF
H2 A5 &A%

vibrator

19 1. vibration, sensor set

WA FHEE ob) 1P2¢) eI

signal
generator

sensor

signal
processor

a9 2 49 74

A
3

o)

2.2 Heolg 24

A As2E AERE ALsHen 100HzAA
4000Hz74A) F34& dFsA HI3ANANH Qsts
Ao 438 2472 $#43=d Visual C++6.0%
Abgstg on, deolelE 2437 Yd@ME MATLAB
& Ahgstgth 2Eg bstm YA Aol A X
2000789 wlolElE IR R Fog oA s
7} 98l 512-point fast Fourier transformation(FFT)
ek

23 Hlol¥ 2% Y (smoothing)

2592 FAgA FojW  wlelEj e random
variationel €& AAE F2AI717] Y& AR )
Yo}, o] ARXE FUS FAHAUFE Fo|VAE
e Ang 471 AsA spectral Heolgel 284
Z1¥8E  HE Uy AFd9e w¥oZ  moving
average’t Y. moving averager AL A&AHQ
tole setE9 HIEE T3l AA dlolee] HEF
t}. moving average®] UwrA g o (1)of JEMAY
=3

M;=[ Xt'i" Xt—l+---+ Xg_N+1]/N (00

- 254 -



npRle| UEEHE 0|88t Fate dYofAe] HE=EH
m A3 9 E9
3.4 ¥ 3(800Hz)2! smoothing

guel BB 7IAE VB A, Feold 59
% BB NG PE HY= AN 4YS 49
ot g8 22+ 100Hz-4000Hz] A& & AMg-3tgidh

=2

~

}{300Hz)

31 78

o1 bI5h
%l YITAR

L N P I

bN:c ShERIR Bt
o

PRy

o

05 &

Renzn 6 N

41 BRLEPET VAW TLY

LIS PEIIT g AT
g v

2¥EY

Al

a8 7. 2¥ 69 3-point moving

average

198 8 19 69 5-point moving

average

29 9. 19 69 7-point moving

average

- 255 -



20019T CHSiEXIS e SIAIEREEIS] =2 243 M=

aY 345% 93 7HA d¥€Azeg 2 AFE A
 Z A Uetd Zolxn, 1Y 6& ¢ I E
800Hz$! AAH2 7HPLMe FuF 2HEHS
Bl Aotk (= & Ainput, BFA:soft, WA firm). 2
g 789 19 60l W3 HE L RolstAl 719
moving averageE #&# A#AE JYehdg g 2%
o agxuc 5-point AFRES FF A W=
72 397 ooed Ade o & FREAA T2 &
4 sk

V. 2E

o] EEAME U AEE HTIH PEez
243 wid A AP 4ges de
£4EY dolEe] 279g ALy Ad a1¥A o
e Wut gud Hd F2 FdE o LA
FEREE £ gen 289 XJEE 2 Fol 94
A A3 B A& € 5 A

o

(=¥ Reference)

r g

a5

[1] De Baerdemaeker J; Lemuaitre L; Meire R(1982).
"Quality detection by frequency spectrum analysis of
the fruit impact force.” Transactions of the ASAE,
25(1), 175-178

[2] De Ketelaere B; De Baerdemaeker J](1999).
"Non-parametric smoothing: theory and application
to spectral analysis.” Proceedings of 3rd
IMACS/IFAC International Symposium, ppl61-165
[3] Peleg K(1999). "Development of a commercial
fruit firmness sorter.” Journal of Agricultural
Engineering Research, 72, 231-238

[4] Abbott J A; Massie D R; Upchurch B L;
Hruschka W R(1995). “Nondestructive sonic firmness
measurement of apples.” Transactions of the ASAE,
38(5), 1461-1466

5] Perry J $(1997). "A
firmness(NDF) testing unit for fruit” Transactions
of the ASAE, 20(4), 762-767

[6] Rohrbach R P; Franke J E; Willits D H(1982).
"A firmness sorting criterion for blueberries.”
Transactions of the ASAE, 25(2), 261-265

[71 Stephenson K Q, Rotz C A, Sin® M(1979).
techniques.”

nondestructive

"Selective  sorting by  resonance

Transactions ASAE 22(1), 279-282

[8]Bower D R; Rohrbach R P(1976). "Application of
vibrational sorting to blueberry firmness separation.”
Transactions ASAE 19(1), 185-191

- 256 -



