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Fig.l1 Acoustic testing system for watermelon quality inspection

2.2.2 pHRfETRE

T, 4 6 MBS L AR TE R B, gk
I HM. e moaha sl R Ui
TR TG D o ARG, BRI 30° AL BRI /)
BRI RFEAR JT, A EAE S, Bk EALd SR Al
E O 1781 A7 WA =) S 3 Fc | R WY L B TN N g a [ R
RE ST =K.
2.2.3 AEEAW

VG I TF I S BE A . 2B Nz, K 2 AN BN

BV duEfE, SREHAA1) PR101 FREIT 4 4hpl
FEACI e B A, FH 3 IRECTH.
2.2.4 PSSR

FEPAEAN B AR s AR S R, fEA e
PBNIEHLT PRI 1 L AT AR DY, P RAE 75 P AE A
JHERR G DL ANBFIC RG-S A A i (R 7R I %
TR s SR8 L A g BN S8 A5 5 1 A ek A7
Sy A BUE T MR AR, R o AR A A
AR CRRRAIE S XN mEER AKX (D 3H5H
FHIE L

8, =A4,14, x100% (D
Kb, o ik SR i, BRI RGOS A A i A
MBI, Yo A, BN i WRAEs A, b dts 2 7 A
o [R)—A ge ohe A5 PR 75 3 R R A I = GRIR P3E
3.3 HUENH
3.3.1 R¥ UL 54 (SMLR)

ARICRA B 2 PRI (SMLR) PHSRAR k4 fiE
iR, IR IC S 2048 55, 2l HLIHAR AR s 49 2
SRR 5 B, Rk, 3R g —2 R 1024 A%
A TQ (thermo scientific) #fFH SMLR e E AT 40
FOSARIE, MFIE L R AE IR 2 6B R L
B R, AT S RSO 2 ) £ T
LRPEIRNA  BEMLIEE 10 ANFEAE D T4, H Tt
ST G OB FSE RS AR AR . St BB IE R A R B R T
P72 (RMSEP) AR IER T % (RMSEC) K
R A AL (R A
3.3.2 HHAESRR & AT 6T

Kl 2. 3. 4 SRR T 25 @B HAR s B S
DR 2 IEAH OC R 2L R B IE ) 7 it i 22 RMSEC FilTit
W) TR 22 RMSEP [R5 M1 Dl o 6 H — /> S 20 (1) e o
B4 (23,46,53) 5 DLz

12
10 b e . e e & o o & o & 8 u
£ 08
;ﬁf +(5B
;‘2 06 | -0,
52 —A—553
w04
B
02
ol v v
1 23456 7 8 910111213 141516171819 20

B A HUA
e 0 AFIEI A, ok R, ORI
B2 JEERERESAX R0
Fig.2 Relation of model calibration set correlation coefficients
with selected frequencies number

M 2 ArL, EERUR s AR, R A
KEABO . RSB 1 ~4 Z AN, HRRER /N
T 0.8 B7E 0.8 PiiT; MR s AE 4~10 Z I, AHK
FRHAE 0.85~0.95 Z[a]; M A= KT 10 25, MK
REFIKT 095,



533

eI T SRR RV JTORE BEAGHIN 2R 4t 285

wE 3 Frow, B ERE Y 7 AR 1R ZE (RMSEC) B 4l
BB Ik o AR SR AE 1~5 Z [, AR
IR IE X AR IR ZAE 0.5~1.08 Z[0], 2 J5 B W/ .

0.8 <
06
04

02

5 1IE #4977 H i 22 (RMSEC)

0

123456 7 8 9 10111213 141516 17 18 19 20
B A BUA
B3 EEFAAE S 5 ARIR Z RMSEC 8%
Fig.3 Relation of RMSEC of model set with selected frequencies
number

e 4 pros, BT R % (RMSEP) 42
W EARBHE 2 5 @B UR B B i oK. AR
1K) RMSEP L AE 7] 4 i B v F A 220K, H8 4K
AR LA 57 o U AN [ o A S s A S 7
SR PR 7 3 e 4 gt S A TR N T A 1) T R 2 S AR
Ko Il 4 v Wiili-F i gl & 46 RMSEP A2 (LT
FeE HAERUD .

—— 0y

—
(v

e
n

1 234567 89 10111213141516 171819 20
S A HUA

B 4 IFE R TN I ARIR Z RMSEP #9370
Fig.4 Relation of RMSEP of model set with selected frequencies
number

[=}

T 5 B iR 25 (RMSEP)
5

LA B 3 RN ] 4, Bt RS20 (1) 11 389 75 AR 22 (H BRI
RMSEC 5 RMSEP HHZE DI K . IR i 0
T 5 W, B AR AR OCEAN s AR s
T 10 I, AR FE RS AR AR 1 e A, R e AT
R HEIE R TR E M 6~10 YU AIEH .
3.3.3 mESRF-EA A H T

PSR Wb i T P = i o Rl 1 B S N G e 231
RALEI 6~10 M S A E R R 2 ookt
AV FE, B2 fl s ORI AL T I R N,
SRAFRST MBI TEAHOC R =7, RMSEP #1 RMSEC i
ARG AT/ s T 2 s e RIS Ak T AH AR A N
P RAF R DAL R A 1EAH O¢ R B, RMSEP Fil RMSEC
AR ARON K o 3 B R A 2 e oy AR S A 1 )
PEE R, RS T RN TER, A T
R BR AER AR TR SE I IR RRE, DRI A S 4 b

J P TR JSE (10 S AR DL, T 24 ok o R WA s b T A
ABALE I, A 5 MR B AR R R0 AR
PEANGE, S m0 7RISR KRS B A Ak 2 0 i o 4 £
T X Bhi - B R 1 46 Ml -Hl R 5 64 S LT,
P EER IR 1.

x1 BE-ERSESHENER

Table 1 Statistic results of proper tapping and receiving points

LIEICL 8 M G O iR R RMSEC RMSEP
46 0.80753 0.646 0.655

° 64 0.84703 0.582 0.894
46 0.84922 0.578 0.664

’ 64 0.87166 0.537 0.874
46 0.87901 0.522 0.736

’ 64 0.8925 0.494 0.805
46 0.90749 0.46 0.73

’ 64 0.90505 0.466 0.813
46 0.93148 0.398 0.94

10 64 0.92439 0.418 1.03

MR 1 W LUE R, R SRS 6~10 2,
- R A G 46 P Bid! S B a4 i A5 64
FRRE s AEm -S4 A 46 @i v, L
EH 6 AN S I R A P R LR 9 AN
AR IR P I AR P ST A AR AH OGRS, (H HT
TS J5 AR R 2% (RMSEP) FIEE 134 77 % % (RMSEC)
I3 0.646 1 0.655, MZER/DN, MK REE . Frid
SRR R A, KSR

- R A 46 TG-S A A 64 A T H
e A A I R R AT B S R I AR ORI AT G 3 45
RTINS, 7V AR KO R b, BT &
i, 2B PE BT, BRI TSR A il H 1%
RUPIAEER ERAG, P8R PO A, BE AR X FH
TG . 15 fURT 2 5 093 T G IR AR R 8 5, 0K
2 N EBASE 1R P I T SRR A ZE 350K, 6 30 SN BIA) &0
K, TR IO R J5, TS Ry 3, W R A A A 22
K. 45 1A 65 AWK, Y. R 4
PRI REAR— S0, TR 72 U A ) fof Je ook v B A —
B, A ARSI BE AR AR B — 3, PR A DU
PR BESRAF A 1 45 o [RIINE, AR e R A7, ikt
B A 4L 46 71 H ARSI B JC 75 B30 74 IS, Al 2
(A 22 TR AR, DR BRI A 1 A S S £ 1) e o -4
WA s
3.3.4 B R AFRINE BB MR

B TQ %A SMLR pR % H 2 1k Bl A 45 SR KR,
i i - A2 B 46 XL FIHT 6 ANREAE A2 25 5353l A «
752, 869. 1001. 4556, 322. 3950 Hz, HXf M [K)=
B RSHT N 61 02 O3+ 04 05y O Bne B 5
Formdi-BRCE A S 46 FFIE R R AT IE Lk [H]
HE .



286 ek TR 244

2012 4F

81 R
B A

TRIHE EEAE

4
2
0 2 4 6 8 10
SEERH R
A5 6 AMMFAERE B0 F B B3 5 69 B RAE A 25 14
=) )2 AE A

Fig.5 Regression model with 6 characteristic frequencies for
watermelon sugar content
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Pan Leiqing, Tu Kang, Zhao Li, et al. Preliminary research of

Acoustic detecting system for sugar content of watermelon

Wei Yanjun®, Rao Xiugin'*, Qi Bing?
(School of food and biology of Zhejiang University, Hangzhou 310058, China)

Abstract: An acoustic system was developed to detect the sugar content of watermelon nondestructively, which consists
of a steel ball wrapped with rubber, 6 piezoelectric accelerate sensors, an electricity amplifier, an optical trigger, a data
acquisition card and a computer. Acoustic transmissivity can be calculated from the amplitude spectrum. And 6
characteristic frequencies, 752+ 869. 1001. 4556 322. 3950 Hz, were chosen with the function of SMLR (Stepwise
Multiple Linear Regression) using TQ software. The acoustic transmissivity at frequencies were used to setup a multi
regression models for the detection of watermelon sugar content. 47 watermelons were tested, and the results showed
that the best detection model can be obtained by tapping the equator part and receiving the signals from the opposite side
with watermelon being put in its growing position, the R value was 0.80753, RMSEC was 0.646, RMSEP was 0.655. The
research proved the possibility of the system in detection of sugar content of watermelon and can provide a reference for
further research in this area.

Key words: acoustics, testing, models, watermelon, sugar content, acoustic transmissivity, stepwise multiple linear
regression



