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Study on Acoustic Characteristics of the Watermelon
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ABSTRACT

This study was conducted to investigate the relationships between parameters affecting internal quality of
watermelon and its acoustic characteristics. The measuring and analyzing system was established to study the acous-
tic characteristics of watermelon. Algorithms for analyzing sound signals were developed. Sound signals which was
detected with the microphone were filtered, and their spectrum was computed by means of the Fast Fourier
Transform. As watermelon changed from the unripe stage to ripe, acoustic waves in time domain became
complicated, and several components appeared in frequency domain.

The correlationship was investigated between some parameters affecting internal quality of the watermelon and
several peak frequencies. Results indicated that weight, density and sugar content had high correlations with several
frequencies(the first peak frequency, the second peak frequency, and the third peak frequency). And the sugar con-
tent and the volume of the watermelon were highly correlated with the third peak frequency.
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Fig. 1 Schematic diagram of measuring system for acoustic impulse responses.
Table 1 Specifications of measuring system for acoustic impulse responses
Items Specifications Remarks
microphone
HEWLETT PACKARD
« frequency response(+2dB):5Hz to 40kHz Model
el :
Microphone « dynamic range(3% THD):20 to 145dB
. HP ACOJ-7012XX
set » Sensitivity(dB re: 1V/pa): —36dB
. HP ACOP-9200XX
microphone power supply
. . HP ACOP4012XX
microphone preamplifier
Microphone reference tone:94dB SPL and 104dB SPL(£0.5dB) | HEWLETT PACKARD
calibrator output frequency:1 kHz(+2%) Model : HP ACOP-511EXX
SONITECH International, Inc.
DSP board DSP chip: TMS320C30, 40MHz emational, ine

Model : SPIRIT-30

Stereo Audio
Interface Box

o channel:2 channel A/D and 2 channel D/A
« signal coding: 16-bit linear
« sample rate:5.5, 6.6, 8, 9.6, 11, 16, 22.05, 32,

SONITECH International, Inc.

(SAIB) 441.1, 48KHz(software selectable) | T o0cl: SAIB-48
« full scale input:Line 2.8Vpp, Mlc .29Vpp
« IBM 586-100 MHz
Computer e hard disk:1.2Gb
= memory : 16Mb
Arbitrary wave- | * 10 standard waveform HEWLETT PACKARD

form generator

e built-in 12-bit 40MSa/s arbitrary waveform
capability

Model : HP33120A

Digital « sample rate max.:2GSa HEWLETT PACKARD
oscilloscope e sensitivity: 1 mV/div to 5V/div Model : HP54542A

Digital balance weighing range:5 kg to 25kg CAS Engineering, Model : SC-25P
Universal

Testing 500kg, capacity, 0.05mm/min loading rate accuracy | Deayoung

Machine

—59—-



FZFANARIA A23P A1Z 19989 29

ANZE AD dgA = 715S 8l= SAIB(Stereo
Audio Interface Box), i1%08 AZHIAZ sl
DSP(Digital Signal Processing) X =9} Al 54
& AEe 2 7Y

of. dEdd

1) U, BYAS BE B

Feto] FUe AAZ P} Qeks 7P et
Sl Agst ARG ¥ g el YR DTG
o.

2 dF

2 AFfAE JFEAA S 9FE AT 24
A4+E UTM(Universal Testing Machine)& A}-£3}o
38tk 3% AdETE 20mm/mino] gl o,
AP AR NE2 TR AR+
wE 2ol A kg FEFG FAFLE 281
AR AAY FUFE EF 3IXZ ANEAHT]
(cork borer)g o]§-3ko] FHF thF, 7 17.6mm,
Zo] 20mme] YFH A ¥ & HE AHE3T

FE FAL AFAPAN JHE NEozTH
Brix 3 =€ AH8-3to} S8kt

2) EtATO| ME, EMHZ2E, Ol0| T2 EQ| 9|

B2 7 A5t FFEH vAE 4FE 73
7] HAste BHATE 17.89g0 ot a2 T, 14.89g%)
UF T, 42.85g3 HFE AHgstgloH, =% €3
o A% 4TS 7YY At WERFez
0=%E 02707 §3E 94 488 sl

vt} A2 EQ] YA of upe} ubo] SRS
Asl7] Yato wlo]az S BHF oA A
Foz 90, 1805, 27052 M3 A} A /b A
& PR eH, FAAEQ] FuH nlo]|a2E
9] AglE 3mm~5mmE 34t}

it
oo o

3) UzAe

@ Fe4A

£ 499 zae FRAT 2L AY 8740 of
7] gEo] ZE A-S(Noise)o] =250} glom,

Sube A2 so] HYHE FET SRAEE

X

o IKHzE§ ol EASI W] Fos BHS

9% FFTAEAA oLy Wl Aoju

GES §7] f5el BT AAS] AgHdct
3

Te|EAAN LA dAdE I 542 19 2

- Filter Parameters
Sampling Freauency: [55125
Center Freauency: (1370
Bandwidth: 2500
Transition BW1: 100
Transition BwW2: 100
Stopband Attenuation: 40
Passband Ripple: 3
Filter Order N: 40

— Filter Type

~— Filter Design
HR Filters

© Elliptic

O Butterworth
© Cheby |

O Cheby I

FIR Filters
® Kaiser
O Parks McCleilan

O Lowpass
® Bandpass
O Bandstop

M Loo MasnitudeddB)

ise Response
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Fig. 2 Filter characteristics.
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Fig. 3 Blockdiagram for digital signal processing of acoustic impulse response.

Table 2 Physical properties of watermelon used in experiment

Date of diameter weight density volume Sugar elastic
Grade full s s s content modulus
bloom | harvest (m) (kg (X10kg/m’) | (X107°07) | (Brix %) (MPa)
ripe 97.4.20 | 97.6.5 | 0.193~0.258 | 3.91~8.12 | 0.909~1.076 | 3.70~8.93 7.8~11.1 | 0.442~0.812
unripe | 97.5.22 | 97.6.5 | 0.147~0.194| 1.64~3.88 | 1.102~1.491| 1.10~3.52 4.5~ 7.3 | 0.575~0.737
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Fig. 4 Frequency spectrum obtained with an
FFT when the microphone locate on
90 degree of hitting point.

NS

Fig. 5 Frequency spectrum obtained with an
FFT when the microphone locate on
180 degree of hitting point.

Fig. 6 Frequency spectrum obtained with an
FFT when the microphone locate on
270 degree of hitting point.
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Table 3 Variations in peak frequencies of power spectrum according to the materials of hitting

ball and hitting angle

peak ) impact angle
material
frequency 20 30 40 50 60 70
wood 142.65 142.65 142.65 142.65 142.65 142.65
f, steel 142.59 142.59 142.59 139.90 139.90 139.90
acryl 142.59 142.59 142.59 142.59 142.59 142.59
wood 209.95 209.95 209.95 209.95 209.95 209.95
f, steel 209.85 209.85 209.85 207.16 207.16 207.16
acryl 207.16 207.16 207.16 207.16 207.16 207.16
wood 277.24 274.50 274.50 274.50 274.50 274.50
f steel 274.42 274.42 271.73 271.73 271.73 27173
acryl 277.11 277.11 277.11 277.11 274.42 274.42
wood 341.84 341.84 341.84 341.84 274.50 274.50
fy steel 341.68 341.68 341.68 338.99 338.99 338.99
acryl 349.75 347.06 347.06 341.68 341.68 341.68
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Table 4 Variations in magnitudes of peak frequencies of normalized power spectrum according
to the materials of hitting ball and hitting angle

. peak impact angle
material
frequency 20 30 40 50 60 70
fi 0.995 1.000 1.000 0.988 1.000 1.000
f 1.000 0.985 0977 1.000 0.984 0.967
wood £ 0.899 0.879 0.842 0.845 0.818 0.777
f, 0.722 0.695 0.700 0.685 0.687 0.650
f 1.000 1.000 1.000 1.000 1.000 1.000
stec] f, 0.932 0.920 0.950 0.951 0915 0.890
£ 0.692 0.646 0.600 0.552 0.498 0.455
f, 0.422 0.421 0412 0.408 0.370 0.342
fi 0.840 0.848 0.889 0.894 0.914 0919
acryl f 1.000 1.000 1.000 1.000 1.000 1.000
f 0.951 0.952 0921 0.876 0.839 0.815
f, 0.698 0.665 0.627 0.594 0.570 0.560
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Fig. 7 The digitized acoustic impulse response of the ripen watermelon and its frequency spec-
trum obtained with an FFT.

Fig. 8 The digitized acoustic impuise response of the unripe watermelon and its frequency spec-

trum obtained with an FFT.
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Table 5 Correlation coefficients between quality parameters of watermelons

P f, mf? | m?3p!i mf]  |m**p3f m**p'?}| volume cf)lrli:;t me(l)adslﬂzs
m  |-08603 06759 —05010 0.5611 09969 08149 ~04162
p —0.6169 08033 03186
f, - 0.4621} 0.9760] —0.4369| 0.6284 —09168/-0.8383 03516
mf? 0.2619 06527 0.6087|—0.3963
m? g 0.6823 0.8298| —0.5137| =0.4314] 0.0769
f, —~0.3671] 0.6961 0.5667 ~0.5076| —0.8499, 0.4022
mf} 0.2904{ —0.4943]* 07107 0.1138) 0.5368| 0.4148/—0.2102
m?p' 3 05713  0.0099] 07791 —04477|-0.4186| 0.1810
fy —06888) 0.5997)~0.9345/-0.8568 03778
mf? 0.1596] 0.7959] 0.7159] - 0.4105
m?p' 3 —0.4247| 03546  0.0569
volume W 0.4016
content —02978
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