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Non-destructive Measurement of Acoustic Vibration Band Amplitude

Features to Evaluate Stiffness in Korla Pear

WANG Zhi-peng, WU Jie, ZHAO Zheng-qiang, LOU Lai-feng, ZHANG Hui
(College of Mechanical and Electrical Engineering, Research Center of Oasis Agricultural Mechanization, Ministry of
Education, Shihezi University, Shihezi 832003, China)

Abstract: A stable non-destructive detection method based on the band magnitude features of acoustic vibration response was investigated
for evaluating the stiffness of Korla pear. An experimental setup using piezoelectric beam sensors was developed and built for obtaining band
magnitude features of Korla pear. The stability of the experimental system was analyzed. The band magnitude parameters were acquired by the
normalized spectrum magnitude of response signal between 320 and 880 Hz. The correlation between eight band magnitude parameters and the
stiffness measured with M-T method was studied. The stiffness detection model was acquired by principal component regression (PCR) analysis
of the relationships between different band magnitude parameters and stiffness. The results of repeated excitation at the same point showed that
the experimental system was stable and reliable. A low correlation was found between every band magnitude parameter and stiffness and the
maximum correlation coefficient was only 0.63. The stiffness detection PCR model showed a good correlation. The correlation coefficient for
calibration and validation of the model were 0.77 and 0.66, respectively, while the root mean square error of calibration and validation was 1.23
and 1.59, respectively. The detection sensitivity of the model was 51.56%. The modified model with mass had higher correlation coefficients and
lower root mean square errors. The detection sensitivity (58.28%) of the modified model was more similar to that of M-T method for pear
stiffness measurement. Therefore, this model can be used for non-destructive measurement of Korla pear internal quality.
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Table 1 Material properties of Korla pear samples
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Fig.1 Typical force—deformation curve of Korla pear
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Fig.2 Change of stiffness of Korla pear with storage
time at room temperature
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Fig.3 Photograph of acoustic testing setup for evaluating the
stiffness of Korla pear
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Table 2 Stiffness of Korla pear in calibration set and validation
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Table 3 Correlations between different regression variables and

the stiffness with M-T method

BM, BM, BM; BM, BMs; BM; BM, SUM

ro-0437 053" -0.59" -0.42" 0.06 0617 063" -027"

E: %, p<0.05; **, p<0.01.
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Table 4 Correlation coefficient matrix of different regression

variables
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BM;  1.00
BM, 0.76" 1.00

BM; 0327 0.60” 1.00
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BM; 029" -0437-0.65" -0.76" -024" 0.77" 1.00

SUM -0.07 -0.01 -007 0.07 044” -0.002-0.20" 1.00

E: %, p<0.05; **, p<0.0l.
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Table 5 Results of collinearity diagnosis

BM, BM, BM; BM, BMs; BMy; BM, SUM

VIF 5.15 10.55 10.28 2097 10.31 23.09 1847 147

R 44 8 NMEMESECZ MM S TR, W]
PURIL 5 MBS EC MR R80T 0.75, 4
BM; 5 BMs 2 [AIAHR RECEL 285 0.83. T2 AMIE
B BAEEMA N, X4 SRURE S5 S E U0
FERNAZHTH MLR 572 K 51 R 5 B2 A S 45
BATME. K5 1 8 MEASHTIFLEEZH 4R
WRTH1, S BMo~BM, 75 ZEIKIR - (VIF) 3K
T 10, fAAE/PE LRV, X dt— 2Dl B IE{E S 4K

347




MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

ANFEAIE T MLR 2 Wi E AR 7Y

N T IR 250 2 B L2 i) R, AN
F2HUE B BRI RTHE N, RAH PCR
ST R AR A WAL ) 8 NS EREL G AT
FRIT o3, RIS RN 6 P . i Kaiser
HEM, PP A E O RHEE SR T 1 H R oTikEeis
B 80%LA L, FULFEE Fiv F A F3IX 3 ANERAE
Bk 8 M TR E, SRR Sy bRk
WEHRE Zowr 347 MLR 2047, 1X 3 NERMSME R
7 RS20 R R B RESR AR, AR

Zgsr =—0.37F, —0.09F, —0.26F, (6)

*®6 EMTIRAER

Table 6 The extraction results of principal components

E P AL FETREY% B R#HREY%

Fy 3.70 46.26 46.26
F, 2.08 26.02 7228
F, 1.08 13.44 85.72
Fy 0.63 7.83 93.55
Fs 0.27 3.32 96.87
Fs 0.13 1.64 98.51
F, 0.10 1.30 99.81
Fy 0.02 0.19 100

"7 ENDRYBIERE

Table 7 Principal component coefficient matrix

B BHATRACE H) 403

EN P
ZBM] ZBMZ ZBM3 ZBM4 ZBM5 ZBM6 ZBM7 ZSUM

Fy 028 038 046 036 -0.15 -0.50 -0.42 0.01
F, -042 -035 0.02 042 056 -0.08 -0.31 0.37
F 0378 034 -022 -028 025 0.09 -0.10 0.73

[l R VAT F BN 52.14, pge<0.001.
MR IE SRR E AN e B R, e ¢ A AU
to0s.108 /9 1.98, [EIHRETT ¢ FELEE Rt ftol Mt 7351
N 11.55, 2.01 #14.36, HETimsHe, BtkHEEA
RS R RS SHOL R P R e RS
BB AT

S).7=10.02-9.92BM,-3.72BM,-2.20BM;-1.17BM;-
0.98BMs+1.86BM,+3.47BM7-0.05SUM @)

R (7)) RRIELMMRRE . N 077, 3
TRRZE RMSEC N 1.23. SEIFAERS BAMLL, 1
DRGSR R N 0.66, FFIK T 14.29%;
RMSEV S~ 1.59, ¥4KT 29.27%, FKHNZEARENGE
DIPERERUR, RRE s, XWART ARSI 7T
IR R ORI AR DA P, R 7 B G
MBRL G —PAE IR

348

24 FHREERVREELNERSGE

a 150
E o
g 125F =081 v
£ RMSEC=1.13 °
g 10.0F
&
fj 750 F
et
E 5.00F
1 1 1 1 ]
5.00 7.50 10.0 125 15.0
Ao R AEL Y2 A0 DU AE B/ (N/mm)
b 150,
,é\ .o
£ 125F r=072 .
Z RMSEC=1.44 °
g 10.0F
&
fj 750 F
et
E 5.00F
1 1

5.00 7.50 100 12.5 15.0
A5ty WA A N AE AE / (N/mm)
[E] 8 PCR {EIEIRAURIE SI0IELER
Fig.8 Calibration and validation results of the modified PCR
model

E: a ) PCR S EAAKIELE, b PCRASEHAAH
ELER

AR AR BTR . SRIEX H A PR SR A
kg, R AR R RIS NI
BEEERIER (7) #ATIBIE, TTRRERMEIERAN:

S'M1=Cy+C1(10.02-9.92BM,-3.72BM»-2.20BM;-
1.17BM4-0.98 BMs+1.86 BM+3.47BM7-0.05SUM)+cm
+c3q (8)

KF, o ABEDEFTRAOBRIE; ¢ oF ;A AGE
DEFRGRDEERE, m AFFRE, g g ARTBHRELL,

& 1E J5 1 R BE (A IE R AH R R B = 3 1
0.816, {EPRLRY el 528K ¢ Al , SRIBABELL ¢
([0 A R ¢ e e A 1,796, KT ¢ K eilie 5HE
BB IEEHRAIEATE, BRI ARLL 4,
WRARE PR SHEEFoaER (7) #ATIEIE, 195
BIERATTRE (9):

S'M1=-3.26+0.94(10.03-9.92BM,-3.72BM,-2.20BM;
-1.17BM4-0.98 BMs+1.86 BM¢+3.47BM7-0.05SUM)+0.03
m D)

BIERI R 77 18 825 A I F (oY 102.09,
Pp<0.001; 1277 R FRIABUEE B[99 SR A1) ¢ A48 Rl
ta Mt 209008 333, 12.64 A1 4.32, ETilmSHE, &



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

WHEIERATTAE RS . BB IERIE TR & S H0L R 8]
RS B A B 1E IS H A A B A MUY Ay -
"7=6.18-9.32BM-3.50BM,-2.08 BM;-1.10BM -
0.92BMs+1.75BM+3.27BM7-0.05SUM+0.03m  (10)
BIEJE AR (10) RS IESE. BRIFEAESS
W 8 Fis. SEEMEEAL (7) FLEL, 7 A7 25055
T 5.19%F1 9.09%, RMSEC K1 RMSEV 4y RIFAK T
8.13%F1 9.43%, K2 IEAE S UG UFE R AH ¢ RE S R
RERIZER AR T 22.25%F1 6.28%, Tk T2
ABLFE RV BIT T P s P DAL P 2 e AR v

[10]

2.5 FRE T B IT % 6 B

FT NS AR ENESL 28 d W
PEREAR A BRI . Nk 8 B, B IE AT AL I Fr
AU A BUREE N 51.56%, 15 IE JE A AR A Uk 2
THRE] 58.28%, 5 M-T Rl AIBUREL (62.14%)
ML, BUKEEEROUN 6.21%, RIUEIEERAH R
A ACHINAS AR o) 7 B FEE AR A0 B B e A DM

7 8 TRIREEANERI SRR
Table 8 Sensitivities of different stiffness detection methods

M vafhik

BEEAR — o o
. M-T % S EAARARR (5 E A RARE
717 '
Swmr Swmr

SR

BB (Ps) 514 51.56 58.28
%

3 ZEip

AR SR i % A B Bl ) SR A5 ) A
5, TEEALE— AU SRR, SRR e 8
{55 F5E; 1F 320~880 Hz % Bt L 80 Hz A4l kil 4> ]
B, AR 8 M IRESE, MR S &R
M-T SEDUREE A AR, Femif 0.63. it 3=
B AT, EEAL T 3T 8 M IRE S
Fr AU PEA IS, 2R IE ARSI AE I AH G &R
53028 0.77 F10.66, 3277 LR 75510 1.23 F11.59,
o A A RS DURRURR BE A 51.56%, R AUAIN 4 A
YR, RENEZE. IINRESHEIEE, RAERIE
£ W IIAHR R mI = E] 0.81 A10.72, 3477
MR AR ZE 7 IBEAR A 1.13 A1 1.44, SR REAG I B0 R T
mE] 58.28%, 5 M-T Lkl B fRUs B 22 AN
6.21%, HERUKT I e AR E VB AR, AT LUE
TR A TSI

BH IR

(1]

MRIBUE, FARE A R X 7R 37 B A A 5 PR 22 57 0],
LI 74 5RA#,2007,5:42-43

LIN Min-juan, WANG Zhen-lei. Study on quality of korla
sweet pear in different areas [J]. Shanxi Fruits, 2007, 5: 42-43
XFe 2, B R A SUR SO I A A R R
S T FEMAATIRL]. P LAY “#412,2005,25(10):1965-1968
LIU Ling, LI Jiang, QIN Wei-ming. Stone cell development
and its effects on the sarcocarp of Kuerle fragrant pear [J].
Acta Bot. Boreal-Occident Sin., 2005, 25(10): 1965-1968
AR, N KR T it SO LA MG TC S e I 7 2k
JE[T]. 7 05'%,2008,35(8):1123-1130

HAN Dong-hai, WANG Jia-hua. Review of nondestructive
measurement of fruit quality by means of near infrared
spectroscopy [J]. Chinese Journal of Lasers, 2008, 35(8):
1123-1130

SR AT [ BRI, 5 Rl v R BORFE AR T Bk
DA e R[] W0l S 404H,2013,43(9):990-996

WU Long-guo, HE Jian-guo, HE Xiao-guang, et al. Research
progress of hyperspectral imaging technology in
non-destructive detection of fruit [J]. Laser & Infrared, 2013,
43(9): 990-996

BUARIE, 27, R AR AL 5 D MR AR TE K R it B 457
LI RS2 [ ALk TR 241%,2007,23(11):280-285
HONG Tian-sheng, LI Zhen, WU Chun-yin, et al. Review of
hyperspectral image technology for non-destructive
inspection of fruit quality [J]. Transactions of the CSAE,
2007,23(11): 280-285

Armstrong P R, Stone M L, Brusewitz G H. Peach firmness
determination using two different nondestructive vibrational
sensing instruments [J]. Transactions of the ASAE, 1997,
40(3): 699-703

Stone M L, Armstrong P R, Chen D D, et al. Peach firmness
prediction by multiple

Transactions of the ASAE, 1998, 41(1): 115-119

location impulse testing [J].

Diezma-Iglesias B, Ruiz-Altisent M, Barreiro P. Detection of
internal quality in seedless watermelon by acoustic impulse
response [J]. Biosystems Engineering, 2004, 88(2): 221-230
FeTE AR AV, 1 B, 55 B T BMV ARHAE PR 78 IO E TG 437
R FILI] A TRE41%,2010,26(8):326-330
GAO Guan-dong, TENG Gui-fa, XIAO Ke, et al
Non-destructive detection method of watermelon maturity
based on BMV features [J]. Transactions of the CSAE, 2010,
26(8): 326-330

Wen Zhang, Di Cui, Yi-bin Ying. Nondestructive

measurement of pear texture by acoustic vibration method [J].

349



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.12

[11]

[12]

[13]

350

Postharvest Biology and Technology, 2014, 96: 99-105

Galili N, Shmulevich I, Benichou N. Acoustic testing of
avocado for fruit ripeness evaluation [J]. Transactions of the
ASAE, 1998, 41(2): 399-407

Macrellia E, Romani A, Paganelli R P, et al. Piezoelectric
transducers for real-time evaluation of fruit firmness. Partl:
Theory and development of acoustic techniques [J]. Sensors
and Actuators A: Physical, 2013, 201: 487-496

Macrellia E, Romani A, Paganelli R P, et al. Piezoelectric
transducers for real-time evaluation of fruit firmness. Part II:

Statistical and sorting analysis [J]. Sensors and Actuators A:

[14]

[15]

Physical, 2013, 201: 497-503

TROR I, SN, 1 MG, 55 2 7K 7 Bl 2 i S 5 1
THFE[I] AR B A H,2015,31(3):71-76

XU Hu-bo, WU Jie, WANG Zhao-peng, et al. Characteristics
of the dynamic spectral response of Korla pear [J]. Modern
Food Science and Technology, 2015, 31(3): 71-76

05 4 PR A B O AL HFK) SPSS SEBL[I]. e it 5
%.2011,5:157-159

GUO Cheng-quan, CHEN Xi-zhen. SPSS realization of
principal component regression [J]. Statistics and Decision,

2011, 5: 157-159



