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Fundamental study on Acoustic Characteristics of the Watermelon
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Table 1. Physical properties of watermelon used in experiment

Date of densit volume sugar content elastic
Grade [ diameter(m) | weight(kge . Y 4 e sugar o modulus
harvest (x10%eg/m") | (x10"m? (Brix %)
bloom (MPa)
ripe [97.4.20| 9765 | 0.193~0.258 3.91~8.12 0.909~ 1.076 370~893 78~11.1 0.442~0.812
unripe | 97522 | 9765 | 0147~0.194 1.64~3.88 1.102~1.491 1.10~3.52 45 ~1.3 0575~0737

Note : volume : water displacement method by Archimedes theory.
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Table 2. Specifications of measuring system for acoustic impulse responses

Items Specifications Remarks
microphone HEWLETT PACKARD

. frequency response( *2dB) @ 5Hz to 40kHz Model :

) . dynamic range(3% THD) @ 20 to 145dB HPACQJ-7012XX
Microphone set o . L ~ .

. Sensitivity(dB re:1V/pa) © -36dB HP ACOP-9200X X
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 1 TMS320C30, 40MH> Model © SPIRIT-30
. channel * 2 channel A/D and 2 channel D/A SONITECH International, Inc.
Stereo Audio . signal coding @ 16-bit linear Model :SAIB-48
Interface Box . sample rate : 55, 6.6, 8 96, 11, 16, 22.05,
(SAIB) 32, 44.1, 48kHz(software selectable)

. full scale input : Line 2.8Vpp, Mic .29Vpp
. IBM 586 - 100MHz

Computer . Hard disk : 1.2Gb
. Memory ' 16Mb
Arbitrary wave- |. 10 standard waveform HEWLETT PACKARD
form generator |. built-in 12-bit 40MSa/s arbitrary waveform capability Model : HP33120A
Digital . sample rate max. : 2GSa HEWLETT PACKARD
oscilloscope . Sensitivity : 1mV/div to 5V/div Model @ HP54542A
Digital balace weighing range ' 5 kg to 25kg CAS Engineering., Model : SC-25P
Universal 500kgs capacity, 0.05mm/min loading rate accuracy Deayoung

Testing Machine

Power Power

source unit
L]
A

In Out A A

DSP board
H_ard Printer
disk

Fig. 1 Schematic diagram of measuring system for acoustic impulse responses.
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SENE HENY vho]l AR E(microphone), whrLEFE 2] 93 (microphone preamplifier), -1
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FFT(Fast Fourier Transform)$i4t& Fourierd§-& A8 s A9 DFT(Discrete Fourier
Transform)& AAMstEd o)$ E7AQ wdoltt, Fourierd$4jo] A& g4 78 HEQY @
W FFTAANA S §3F 4ot DFTY §843 Bd&Adel ofs ofdzlol4d(Aliasing) 840l ¢
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ZAA RN HAEdH Y22 vlo]A R E(microphone)S T  HEFHA N Efgz
(preamplifier) ]l ZZ& % SAIB(Stereo Audio Interface Box)olA A/D ®¥L AA
DSP(Digital Signal Processing) board2 %2 datag 38ttt ADEEA HEY FiFe

55125kHz01 21 2.8, Framesize= 20480 ¥ = &3to] dHo|€ & 3t=o] HAF3tATt.
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Filter Parameters ~ Fliter Type —Filter Desian
Sampling Frequency: 5512.5 O Lowpass R Filters
Center Freauency: 1370 ©® Bandpass O Elliptic
Bandwidth: 2500 O Bandstop © Butterworth
Transition BW1: 100 © Cheby |
Transition Bw2: 100 O Cheby I
Stopband Attenuation: 40 FIR Fliters
Passband Ripple: 3 @ Kaiser

1 Filter Order N: 20 © Parks McClellan
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Fig. 2. Filter characteristics.
Analog Input hegd A/D Converting FIR Filter 2048 point FFT
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Fig. 3. Blockdiagram for digital signal processing of acoustic impulse response.
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Fig. 4. The digitized acoustic impulse response of the ripen watermelon
and its frequency spectrum obtained with an FFT.

Fig. 5. The digitized acoustic impulse response of the unripen watermelon
and its frequency spectrum obtained with an FFT.
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Fig. 7. Relationship between peak
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Table 3. Correlation coefficients between quality parameters of watermelons
p f) mf {mt e fz mfs  Im™p 6 [ mfd | m | volume | R clastic
content | modulus
m | -08K0F| ~09249] 06759 | -0.5010 | -0.9155 | 05611 | -0.4336 | ~0.9427 | 08161 -04065 | 09969 | 0.8149 | -04162
p 08244 [-07648] 03053 | 0.8264 | -06169 | 02675 | 08723 |-08342| 02669 | -0.8580 | -0.8033 03186
f) -04627| 07313 | 0.9760 | -04368 | 06284 | 09787 |-06746| 05829 | -0.9168 | -0.8383 | 03516
mh’, 02619 | -0.4881 | 0.7404 | 02283 | -05559 | 09064 | 02360 | 06527 | 0.6087 | -0.3963
m* ' 06823 | 0.0942 | 08%63| 06397 |-00359 |- 082981 -05137 | -04314] 00769
£ -03671 | 06961 | 09681 |-06725| 05667 | -0.9076 | ~08499 | 0.4022
mf* 0.2904 | -04943 [ 07107 0.1138 | 05368 | 0.4148 | -0.2102
m*p* 05713 | 0.0099 [ -QX781:] -0.4477 | -0.4186 | 0.1810
f; -06888 | 05997 | 09345 1-08568| 03778
mis* 0.159 | 07950} 07159 | -0.4105
P -0.4247 | -0.3546 0.0569
volume - 07879 | o0.4016
sugar -0.2978
content
- Hetd HaFsse 9W 9E
A, ZA, 458 o= FE o2y
o 15 T dede Alad
? \ai%w 57534.4F “15373684 o2 4 ooy
g 1 Tl a¥ 8lE BE HaFns 3
gn ..‘ » . 7}'% %}&“4’2‘]7} nt }“33113‘;;}'3}'-)[:
w . .
s : so] BAE UehhAT
o 1 A i 1
200 250 300 350 400 450

Frequency(Hz), Peak #3

Fig 8. Relation between peak frequency(#2) and
sugar content for watermelon
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