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Predicting the Soluble Solids of Apples by Near Infrared
Spectroscopy (1)
— PLS and ANN Models -
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ABSTRACT

The PLS(Partial Least Square) and ANN(Artificial Neural Network) were introduced to develop the soluble
solids content prediction model of apples which is followed by making a subsequent selection of photosensor. For
the optimal PLS model, number of factors needed for spectrum analysis were increased until the convergence of
prediction residual error sum of squares. Analysis has shown that even part of the overall wavelength with no
pretreatment may turn out better performing. The best PLS model was found in the 800 to 1,100nm wavelength
region without pretreatment of second derivation, having R?=0.9236, bias= —0.0198bx, SEP=0.2527bx for
unknown samples. On the other hand, for the ANN model the second derivation led to higher performance. On
partial range of 800 to 1,100nm wavelength region, prediction model with second derivation for unknown samples
reached R2=0.9177, SEP=0.2903bx in contrast to R?=0.7507, SEP=0.4622bx without pretreatment.
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Table 1 Selected wavelength and pretreatment for NIR analysis

Case Wavelength range Input data No. of wavelength Analysis interval

I log(1/R) 176

400~1,800nm
I d?log(I/R) 1 ; w300m 176

8nm

m log(1/R) 38

800~1,100nm
v dlog(/R) ,, ;-30mn 38

* d%: 2nd derivative, R : reflectance
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Table 2 Conditions of ANN modeling
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Fig. 1 Determination of optimal no. of factor
in PLS regression between NIR
spectrum and soluble solids content
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Fig. 2 Calibration and prediction using PLS model in the 400 to 1,800nm wavelength region.
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Fig. 3 Calibration and prediction using ANN model in the 400 to 1,800nm wavelength region.
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Fig. 4 Determination of optimal no. of factor
in PLS regression between NIR
spectrum and soluble solids content
(case II).
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Fig. 6 Calibration and prediction using 2nd derivative ANN model in the 400 to 1,800nm

wavelength region.
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Fig. 8 Calibration and prediction using 2nd derivative PLS model in the 800 to 1,100nm

wavelength region.
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Fig. 9 Calibration and prediction using ANN model in the 800 to 1,100nm wavelength region.
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Fig. 12 Calibration and prediction using 2nd derivative ANN model in the 800 to 1,100nm
wavelength region.

Table 3 Comparison of PLS and ANN models

Case 1 il m v
Wavelength range 400~1,800nm 800~1,100nm
Pretreatment log(1/R) dYlog(1/R) log(1/R) dslog(1/R)
No of input data 177 177 39 39
PLS No of optimal factor 20 19 8 9
Conditions Output layer 1 1 1 1
of model ANN Hidden layer 13 13 7 7
Input layer 177 177 39 39
) PLS 0.8612 0.8611 0.9380 0.9378
R
Calibrations ANN 0.8193 0.9119 0.7795 0.9348
model PLS 0.3459 03379 0.2304 0.2307
SEC(bx)
ANN 0.5575 0.3687 0.4649 0.2491
- PLS 0.8860 0.8338 0.9236 0.9177
ANN 0.8243 0.8856 0.7507 0.8992
Prediction PLS 0.0172 —0.0206 —0.0198 —0.0089
bias(bs) :
model ANN —0.0352 -0.0274 —0.0593 —0.0265
PLS 0.3101 0.3729 0.2527 0.2634
SEP(bx)
ANN 0.4906 0.3091 0.4622 0.2903
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