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Development of technology for measurement of fruit
hardness by ultrasonic parameter (II).
- Prediction models for bioyield strength of fruits.
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Table 1. Multiple linear regression equation for bioyield strength of the apple as a
function of ultrasonic parameters.

BS = axAl+bxA2+cxA3+dxAd+ex AS+{X AG+gx AT+hx A8+i 9
a b C d e f g h i R
Codfficiert | 30066 | 0705 | -145 | 2604 | 454 | 1008 | I | B2 | [P 0%
* Note : BS = Bioyield Strength (kPa), Al = Max. amplitude(V),
A2 = Spectrum density(AA11, 2000 Hz), A3 = Spectrum density(AA1l, 3000 Hz),

A4 = Spectrum density(DD11, 6000 Hz), A5 = Spectrum density(DD11, 8000 Hz),
A6 = Spectrum density(DD10, 6000 Hz), A7 = Spectrum density(DD10, 9000 Hz),
A8 = Spectrum density(DDI10, 12000 Hz), A9 = Spectrum density(DDI10, 15000 Hz)

Table 2. Multiple linear regression equation for bioyield strength of the pear as a
function of ultrasonic parameters.

BS = axAl+bxA2+cxA3+dxAd+exA5+f 9
‘a b o d e f R
Coefficient | -10065.267 —5.2256 2.9328 7663.9599 | 60485511 | 1863582 | 0.9864

* Note : BS = Bioyield Strength (kPa), Al = Max. amplitude(V),
A2 = Spectrum density(AA12, 2000 Hz), A3 = Spectrum density(DD12, 4000 Hz),
A4 = Spectrum density(DD12, 6000 Hz), A5 = Spectrum density(DD11, 15000 Hz)

Table 3. Multiple linear regression equation for bioyield strength of the peach as a
function of ultrasonic parameters.

BS = axAl+bxA2+cxA3+dxAd+exAS5+f 9
a b c d e f R
Coefficient 10081.5409 0529 | -852320% | -10030.87%1 2909236 | 41562 0.984

* Note : BS = Bioyield Strength (kPa), Al = Min. amplitude(V),
A2 = Spectrum density(AA11, 100 Hz), A3 = Spectrum density(DD11, 2500 Hz),
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A4 = Spectrum density(DD10, 3000 Hz), A5 = Spectrum density(DD10, 4000 Hz)
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Table 4. Principal component regression equation for bioyield strength of the apple.
Y = axPCl+bxPC2+cxPC3+dxPC4 R?

a b C d e

Coefficient -0.04866 | -0.10429 0.04303 65632x10° 51.13991 0.6532

Table 5. Principal component regression equation for bioyield strength of the pear.

Y = axPCl+bxPC2+cxPC3+dxPC4 9
a b ¢ d e R
Sample -84.8328 206.0954 124.2569 222.4455 15.8567 0.8343

Table 6. Principal component regression equation for bioyield strength of the peach.

Y = axPCl+bxPC2+cXPC3+dxPC4+e 2
a b c d e R
Sample 007142 -1.1678 -0.7017 06142 -0.0037 0.999

* Note : Y = Bioyield strength (normalized), PC1 = 1st principal component,
PC2 = 2nd principal component, PC3 = 3rd principal component, PC4 = 4th principal component
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Table 7. Correlation analysis between measured bioyield strength of apple and predicted one by ANN
at- several numbers of node in the hidden layer.

No. of node 2 4 6 8 10 12
Coefficient

of 04129 | 02919 | 05323 | 0.7070 | 0.6625 0.7277
correlation

Table 8. Correlation analysis between measured bioyield strength of pear and predicted one by ANN at
several numbers of node in the hidden layer.

No. of node 1 3 5 7 9 i1
Coefficient

of 07440 | 07657 | 03926 | 0.8464 | 0.9834 0.8934
correlation

Table 9. Correlation analysis between measured bioyield strength of peach and predicted one by ANN
at several numbers of node in the hidden layer.

No. of node 1 3 5 7 9 11
Coefficient

of 09127 | 09392 | 09559 | 09319 | 09512 0.9807
correlation
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Input node 1
Output node (BS)

Input node n

Input layer Hidden layer Output layer

Fig. 1. Artificial neural network.
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Table 10. Comparison results of bioyield strength of
apple among measured, multiple linear
regression, principal component analysis and
artificial neural network. Table 11. Comparison results of bioyield strength

of pear among measured, multiple

A time|Measured| MLR PCA ANN linear regression, principal component

181505 | 182,771 | 180.720 | 177.738 analysis and artificial neural network.

172.018 | 172507 | 178.394 166.442

182.422 | 183.054 | 180.014 182.293

170.712 | 170.792 | 176.308 183.375

189.843 | 190.614 | 185275 195.043

165509 | 166.323 | 186.178 170.067

194917 | 195.886 | 193.848 182.507

199.058 | 199.886 | 188.104 202.073

220.356 | 220.898 | 220.360 210.455

190.365 | 192.763 | 177539 196.746

- 0.9986 | 0.6532 0.7629

A time |Measured] MLR PCA ANN
144.350 | 163.247 | 148.681 | 167.246
138.8355 | 158.641 | 128.685 | 157.809
126.766 | 140.456 | 135.746 | 137.908
171.824 | 173.527 | 169.226 | 175.528
157555 | 170.357 | 153.915 | 168.939
137.203 | 157.736 | 139.600 | 159.545
155.832 | 188.540 | 156.614 | 185,511

- 0.6485 | 0.8343 | 0.6875

FojN@ (o [wleo |-
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* Note : Measured = Bioyield strength (kPa), MLR = Multiple linear regression,
PCA = Principal component analysis, ANN = Artificial neural network, 7 = Coefficient of determination
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Table 12. Comparison results of bioyield strength
of peach measured multiple linear
regression, principal component analysis
and artificial neural network.

MLR
272.453
188.938
152.548
181.584
142.623
114.906 |114.346
137.668 |132.597

2 - 0.9844

PCA
276.824
178.990
144.391
182.630
149.682
114.905
137.667

0.9999

ANN
277.056
180.517
145161
179.427
150.458
114,101
138.352

0.9991

A time | Measured
1 276.824
178.991
144.390
182.630
149.681
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Fig. 3. Calibration and prediction to bioyield strength of

pear by principle component regression,
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Calibration and prediction to bioyield strength of
apple by multiple linear regression.

Fig. 2.
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Fig. 4. Calibration and prediction to bioyield strength of

peach by artificial neural network.
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