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Acoustic Characteristics of Watermelon According to
Impact Conditions
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ABSTRACT

This study was conducted to investigate the effects of impact conditions on the acoustic characferistics of a
watermelon. The study was crucial to develop a device for nondestructive internal quality evaluation of a
watermelon by an acoustic impulse response method.

An impact device was constructed with a pendulum to hit the watermelon, a microphone to detect the
acoustic impulse responses, and a digital oscilloscope and computer to store and analyze the data.

The selected samples were Guemcheon cultivar watermelons(Citrulus Vulgaris Schrad) harvested on Oct.
20,1998. Sixty watermelons were tested on four different types of sample holders, with four kinds of ball
made of different materials, at four levels of the angular position of the pendulum and distance from the
watermelon to the microphone.

Since the magnitudes of frequencies obtained by hitting with the steel and rubber ball were relatively small
at the bandwidths of above 500 Hz, it was shown that the steel and rubber ball were not suitable for a
hitting ball in the pendulum to get informations on internal quality of the watermelon. In case of using both
of the wood and acryl ball, almost the same and good acoustic responses were shown on the wide range of
frequency bandwidth. Therefore, it seemed that the acryl ball was more suitable to the test than the wood
ball in considering its mechanical properties. The acoustic characteristics of the watermelon were not shown a
significant difference between the types of sample holder. The amplitudes of the acoustic signals and the
magnitudes of frequencies from the whole samples increased with increase of the angular position of
pendulum and with decrease of the distance from the watermelon to the microphone. However, the resonance
frequencies of the sample were almost the same regardless of the angular positions and the distances.
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Fig. 1 Schematic diagram of measuring system for acoustic impulse responses.
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Table 1. Physical properties of watermelons used in the study

. Date Diameter Mass Density Volume Sugar
Producing
district Grade full content
e bloom | Navest | (m) (kg) | (X 10%kg/m’) | (x10 'm’) | (Brix %)
Unripe 98.7.24 | 98.8.20 |0.153~0.210|2.05~5.55[0.803~0.965|2.25~ 6.60| 44~10.6
Namyang Ripe 98.7.11 | 98.8.20 |0.213~0.250{5.70~9.30| 0.899~0.952| 6.05~10.05 | 8.6~11.2
Inside-cavity | 98.7.11 | 98.8.20 |0.210~0.228{5.90~6.75|0.862~0.915| 6.45~ 7.60| 9.9~10.6

Table 2. Variations in peak frequencies of power spectrum according to the material

types of hitting ball

Peak frequency(Hz)
Material
f| f2 f} f4 f5 f6 f7 fg f9 fI 0
Acryl 151.37 | 205.08 | 263.67 | 341.80 | 434.57 | 493.16 | 556.64 | 727.54 | 908.20 | 986.33
Rubber 151.37 | 205.08 | 263.67 | 356.45 | 424.81 | 502,93 | 590.82 | 712.89 | 756.84 | 966.80
Steel 151.37 | 205.08 | 258.79 | 346.68 | 429.69 | 473.63 | 649.41 | 727.54 | 786.13 | 913.09
Wood 151.37 | 205.08 | 263.67 | 336.91 | 444.34 | 493.16 | 551.76 | 727.54 | 834.96 | 913.09

Table 3. Variations in magnitude

of peak frequencies of normalized power spectrum

according to the material types of hitting ball

Magnitude of peak frequency(relative)
Material
f1 f2 f3 f4 fs f(, f7 fs f9 fI 0
Acryl 0.120 0422 1.000 0.550 0.253 0.222 0.083 0.033 0.006 0.002
Rubber 0.171 0.608 1.000 0.582 0.075 0.038 0.032 0.004 0.003 0.001
Steel 0.537 1.000 0.463 0.048 0.027 0.017 0.001 0.003 0.003 0.001
Wood 0.108 0.419 1.000 0.585 0315 0.393 0.185 0.147 0.015 0.021
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Fig. 3 The acoustic signals and their fre-
quency spectra in a watermelon
according to the material types of
hitting ball.
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Table 4. Peak frequencies according to the various holders for watermelon
Fruit Holder Peak Frequency(Hz)
No. type fi f i £, fs f
A 151.37 214.84 283.20 356.45 449.22 493.16
B 146.48 219.73 283.20 356.45 439.45 483.40
] C 146.48 214.84 283.20 361.33 444.34 507.81
D 146.48 214.84 288.09 361.33 454.10 493.16
A 141.60 205.08 273.44 351.56 429.69 517.58
B 141.60 205.08 273.44 346.68 429.69 502.93
? C 136.72 205.08 273.44 356.45 439.45 610.35
D 136.72 200.20 278.32 346.48 449.22 595.70
A 161.13 224.61 292.97 371.09 444.34 502.93
B 161.13 229.49 297.85 361.33 434.57 498.05
’ C 161.13 229.49 302.73 371.09 458.98 541.99
D 156.25 224.61 297.85 371.04 458.98 527.34
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Fig. 4 The acoustic signals and their fre-
quency spectra in a watermelon
according to various holders.
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Fig. 5 Effect of hitting angle on acoustic

signals of the watermelon.
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Table 5. Statistics analysis for the effect of various holders for watermelon

Peak Mean freq. . F-test o Tukey's Studentized range test
freq. F-value | foos (3,19) MSD-value | Ranked order

fi 150.60 0.0359 0.19 8.66 0.904 21.479 ABCD

f> 218.19 0.0411 0.21 8.66 0.885 25273 BCAD

f3 289.11 0.0050 0.03 8.66 0.994 31.806 CBDA

fy 364.93 0.0690 0.37 8.66 0.775 30.635 CABD

fs 452.05 0.0534 0.28 8.66 0.838 37.989 CDAB

3 524.00 0.2086 1.32 8.66 0.305 66.697 CDAB
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Table 6. Peak frequencies of power spectrum according to the position of microphone

Peak frequency(Hz)
Position
fi f2 f3 f4 fs f6 f7 fz fo fio

5° 146.48 | 209.96 | 268.56 | 336.91 | 385.74 | 454.40 | 507.81 | 546.88 | 615.23 | 678.71
45° 146.48 | 205.08 | 268.56 | 346.68 | 468.75 | 571.29 | 634.77 | 698.24 | 79590 | 883.79
90° 151.37 | 214.84 | 268.56 | 312.5 | 385.74 | 419.92 | 468.75 | 556.64 | 605.47 | 732.42
135° 205.08 | 268.56 | 332.03 | 478.52 | 532.27 | 576.17 | 805.66 | 834.96 | 903.32 | 966.80
180° 151.37 | 209.96 | 263.67 | 32227 | 356.45 | 424.81 | 483.40 | 659.18 | 742.19 | 966.80
225° 136.72 | 209.96 | 268.56 | 332.03 | 380.86 | 493.16 | 556.64 | 659.18 | 708.01 | 776.37
270" 151.37 | 205.08 | 268.56 | 312.50 | 390.63 | 419.92 | 473.63 | 576.17 | 625.00 | 722.66
315° 141.60 | 209.96 | 278.32 | 33691 | 419.92 | 541.99 | 634.77 | 678.71 | 795.90 | 908.20

Table 7. Magnitude of peak frequencies of
position of microphone

normalized power spectrum according

to the

Position Magnitude of peak frequency(relative)
fi ) f; fs fs fs fr fg fo fio

5° 0.054 | 0359 | 0.587 | 0.881 0.943 1.000 | 0715 | 0526 | 0.425 | 0.16]

45° 0.015 | 0.129 1.000 | 0.526 | 0.254 | 0.128 ; 0.132 | 0.084 | 0.059 | 0.024

90° 0.236 | 0.102 1.000 | 0.103 | 0.661 0.408 | 0.146 | 0.101 0.077 | 0.064
135° 0.000 | 0.304 1.000 | 0356 | 0.342 | 0260 | 0.196 | 0.013 | 0.013 | 0.005
180° 0.104 | 0.338 1.000 | 0.554 | 0.381 0375 | 0.199 | 0.010 | 0.017 | 0.002
225° 0.005 | 0247 | 0.678 1.000 | 0327 | 0.281 0.364 | 0.106 | 0.063 | 0.018
270° 0.277 | 0.070 1.000 | 0.231 0.778 | 0.639 | 0.254 -| 0.089 | 0.077 | 0.125
315° 0.045 | 0.491 0.162 | 1.000 | 0563 | 0.182 | 0.158 | 0.085 | 0.015 | 0.006
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Table 8. Peak frequencies of power spectrum according to the distances from micro-

phone to watermelon

Distance Peak frequency(Hz)

(mm) fi f f £, s f f f fio
2 15137 | 209.96 | 263.67 | 327.15 | 420.69 | 498.05 | 673.83 | 737.31 | 78125 | 844.73
4 15137 | 209.96 | 263.67 | 32227 | 424.81 | 502.93 | 727.54 | 77637 | 898.44 | 952.15
6 15137 | 209.96 | 263.67 | 32227 | 424.81 | 502.93 | 727.54 | 77637 | 898.44 | 952.15
8 15137 | 209.96 | 263.67 | 327.15 | 429.69 | 493.16 | 737.31 | 927.73 [1,118.16 |1,191.41
10 15137 | 209.96 | 263.67 | 327.15 | 429.69 | 498.05 | 737.31 | 786.13 | 917.97 | 1293.95

Table 9. Magnitudes of peak frequencies of normalized power spectrum according to the
distances from microphone to watermelon

Distance Magnitude of peak frequency(relative)
(mm) f f i £, £ f; fs f, fio
2 0.102 | 0342 1.000 | 0.644 | 0433 | 0.256 | 0.011 0.021 0.015 0.004
4 0.112 | 0.309 1.000 | 0483 | 0298 | 0.169 | 0.013 | 0.012 | 0.003 0.002
6 0.112 | 0309 1.000 | 0483 | 0298 | 0.169 | 0.013 | 0.012 | 0.003 0.002
8 0.146 | 0311 1.000 | 0526 | 0340 | 0.221 0.013 0.002 | 0.002 0.002
10 0.112 | 0314 1.000 | 0482 | 0283 | 0217 | 0.017 | 0.007 | 0.002 0.003
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Fig. 6 The acoustic signals and their fre-
quency spectra in the watermelon
according to the distances from
microphone to watermelon.
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