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Development of measurement system for bioyield strength
of fruit using ultrasonic technology
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Fig. 1. General view of the measurement system for mechanical property of fruit.
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Fig. 2. Main measuring and moving parts of the measurement system for
mechanical property of fruit.

Table 1. Specification of the ultrasonic pulser

TRANSIT TIME MEASUREMENT
Range(u1s) 0.1 ~ 9999
Resolution(its) 0.1
TRANSMITTER
Energising Pul Nominal 1.2 kV or 500 V
rergising Fuse 1.5 ps switch selected
QUTPUT
Pulse width equal to transmit time available from
Analogue Pulse
BNC socket on rear panel.
POWER SUPPLY
Battery Internal rechargeable Ni-Cd battery.
Mains 105/125, 210/250 V ac 50760 Hz
ENVIRONMENTAL
Dimensions 186 x 130 x 186 mm
Weight 3 kg
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Table 2. Specification of driving part of moving block

Servo Motor
Capacity (W) 100
Power Supply Voltage 200VAC
Serial Encoder 13-bit incremental type
Design Revision Order Standard
Shaft end Specifications Straight, no key
Brake, Oil Seal Specifications No brake, no oil seal
Servodriver
Usage Temperature 0C~ 5 T
Speed Control Range 1 1 5000
Repeatability 2 %
Reference Input Voltage 6 VDC
Position Control Bias Setting 0 ~ 450 r/min,
Reference Input Pulse Line driver type(+5 V)
Position Signal O Phase A, Phase B,
osition Signal Qutput Phase C(Line driver)
Communication Interface RS-422 A port for PC
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Table 3. Specification of NI5052 digitizer
ACQUISITION SYSTEM

Resolution 8 bits
Bandwidth 15 MHz
Number of channels 2

1 GHz repetitive,

Maximum sample rate
mp 20 MS/s single shot

Onborad sample memory 663,000 samples
Max waveform buffer 663,000 samples
vertical ranges 50 mV to :5 V

TIMEBASE SYSTEM
20 MS/s to 1kS/s with 20,000
intermediate rate

Fig. 3. Load cell mounted on the RX Interpolator resolution 1 ns
Frequency <20 MHz with a 50% duty cycle

sample rate range

transducer.
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Fig. 4. Graphic user interface of program (ver.0.l1) Fig. 5. Flowchart of program (ver.0.1) for
for analyzing the hardness of fruit. analyzing the hardness of fruit.
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Table 4. Multiple linear regression equation for bioyield strength of the apple as a function of
ultrasonic parameters.

BS = axAl+bxA2+cxA3+dxAd+ex AS+fxA6+gxAT7+hxA8+
a b c d e f g h i
Coefficient|338.0096|0.72265] -1.4495 |5.6004 | -4.8574| 10.0684 | -87.3583 1 -345.5222| 88.4342 | 0.9986

RZ

* NOTE : BS = Bioyield Strength (kPa), Al = Max. amplitude(V), A2 = Spectrum density(AA11, 1000 Hz),
A3 = Spectrum density(AA1l, 2000 Hz), A4 = Spectrum density(AAll, 3000 Hz),
A5 = Spectrum density(DD10, 6000 Hz), A6 = Spectrum density(DD10, 9000 Hz),
A7 = Spectrum density(DD10, 12000 Hz), A8 = Spectrum density(DD10, 15000 Hz)
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Fig. 6. Prediction of the bioyield strength for apple by multiple linear regression.

34 287 8434 A9 A%

253 EXEF FA9 data acquisitionF s EHFS 1Y 73 zow, 19 82 A9
AEA FEFEREY T2 £¥IU L RoFy

Fig. 7. Performing data acquisition of measurement system for bioyield
strength of fruit.
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Fig. 8 Display of analysing program for bioyield strength of fruit.
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