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SHORT ABSTRACT:  23 

The protocol describes a method of predicting o-cresol concentration during the production of 24 

polyphenylene ether using near-infrared spectroscopy and partial least squares regression. To 25 

describe the process more clearly and completely, an example of predicting the o-cresol 26 

concentration during the production of polyphenylene is used to clarify the steps. 27 

 28 

LONG ABSTRACT:  29 

Unlike macroscopic process variables, near-infrared spectroscopy provides process information 30 

at the molecular level and can significantly improve the prediction of the components in 31 

industrial processes. The ability to record spectra for solid and liquid samples without any 32 

pretreatment is advantageous and the method is widely used. However, the disadvantages of 33 

analyzing high-dimensional near-infrared spectral data include information redundancy and 34 

multicollinearity of the spectral data. Thus, we propose to use partial least squares regression 35 

method, which has traditionally been used to reduce the data dimensionality and eliminate the 36 

collinearity between the original features. We implement the method for predicting the o-cresol 37 

concentration during the production of polyphenylene ether. The proposed approach offers the 38 

following advantages over component regression prediction methods: 1) partial least squares 39 

regression solves the multicollinearity problem of the independent variables and effectively 40 

avoids overfitting, which occurs in a regression analysis due to the high correlation between the 41 

independent variables; 2) the use of the near-infrared spectra results in high accuracy because it 42 

is a non-destructive and non-polluting method to obtain information at microscopic and 43 

molecular scales. 44 
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 45 

INTRODUCTION:  46 

Near infrared (NIR) spectroscopy (NIRS) has gained wide acceptance as a fast, efficient, non-47 

destructive, and non-polluting modern analytical technology; the method has been used during 48 

the past several years for product quality detection and analysis and chemical component 49 

measurement in industrial processes. The most essential specialty of the method is its ability to 50 

record spectra for solid and liquid samples without any pre-processing, making NIRS especially 51 

suitable for the direct and rapid detection and analysis of natural and synthetic products1,2. Unlike 52 

traditional sensors that measure process variables (e.g., temperature, pressure, liquid level, etc.) 53 

at a macroscopic scale and inevitably suffer the external noise and background interference, NIRS 54 

detects the structural information of the chemical composition at microscopic and molecular 55 

scales. Thus, essential information can be measured more accurately and effectively than with 56 

other methods3,4.  57 

 58 

Polyphenyl ether, as one of the engineering plastics, are widely used due to its heat resistance, 59 

flame retardant, insulation, electrical properties, dimensional stability, impact resistance, creep 60 

resistance, mechanical strength and other properties5. More importantly, it is non-toxic and 61 

harmless compared to other engineering plastics. At present, 2,6-xylenol is one of the basic raw 62 

materials for the synthesis of polyphenylene ether, and it is usually prepared by catalyzed 63 

alkylation of phenol with methanol method6. There are two main products of this preparation 64 

method, o-cresol and 2,6-xylenol. After a series of separation and extraction steps, 2,6 xylenol is 65 

used to produce polyphenylene ether. However, trace amounts of o-cresol remain in 2,6-xylenol. 66 

O-cresol does not participate in the synthesis of polyphenylene ether and will remain in the 67 

polyphenylene ether product, resulting in a decrease in product quality or even the substandard. 68 

At present, most companies still analyze the compositions of complex organic mixtures such as 69 

liquid phase polyphenyl ether products containing impurities (e.g., o-cresol) by physical or 70 

chemical separation analysis such as chromatography7,8. The separation principle of 71 

chromatography is the use of the mixture of compositions in the fixed phase and the flow phase 72 

in the dissolution, analysis, adsorption, desorption or other affinity of the minor differences in 73 

the performance. When the two phases move relative to each other, the compositions are 74 

separated by the above actions repeatedly in the two phases. Depending on the object, it usually 75 

takes a few minutes to a few tens of minutes to complete a complex material separation 76 

operation. It can be seen that the measurement efficiency is low.  77 

 78 

Nowadays, the measurement of product quality and the advanced control technology based on 79 

this analysis for the modern fine process chemical materials industry is the key direction to 80 

further improve product quality. In the process industry of polyphenyl ether production, real-81 

time measurement of o-cresol content in polyphenylene ether product is of great development 82 

significance. Chromatographic analysis clearly cannot meet the requirements of advanced 83 

control technology for real-time measurement of substances and signal feedback. Therefore, we 84 

propose the partial least squares regression (PLSR) method to establish a linear model between 85 

the NIRS data and the o-cresol concentration, which realize the online measurement of o-cresol 86 

content in the liquid polyphenylene ether product of outlet. 87 

 88 



   

The pre-processing for NIRS plays the most important role prior to multivariate statistical 89 

modeling. NIRS wavenumbers in the NIR spectrum and the particle sizes of biological samples are 90 

comparable, so it is known for unexpected scatter effects that has influence on the recorded 91 

sample spectra. By performing appropriate pre-processing methods, these effects are easy to be 92 

eliminated largely9. The most commonly used pre-processing techniques in NIRS are categorized 93 

as scatter correction and spectral derivative methods. First group of methods includes 94 

multiplicative scatter correction, detrending, standard normal variate transformations, and 95 

normalization. The spectral derivation methods include the use of the first and second derivatives. 96 

 97 

Prior to developing a quantitative regression model, it is important to remove the unsystematic 98 

scatter variations from the NIRS data because they have a significant influence on the accuracy 99 

of the predictive model, its complexity and parsimony. The selection of a suitable pre-processing 100 

method should always depend on the subsequent modeling step. Here, if the NIR spectral dataset 101 

does not follow the Lambert-Beer law, then other factors tend to compensate for the non-ideal 102 

behavior of the prediction for predicted components. The disadvantage of the existence of such 103 

needless factors leads to the increase of model complexity, even most likely, a reduction in the 104 

robustness. Thus, the application of spectral derivatives and a conventional normalization to the 105 

spectral data is an essential part of the method.  106 

 107 

After spectral preprocessing, the NIRS data with a high signal-to-noise ratio and low background 108 

interference are obtained. Modern NIRS analysis provides the rapid acquisition of large amounts 109 

of absorbance over an appropriate spectral range. The chemical composition of the sample is 110 

then predicted by extracting the relevant variables using the information contained in the 111 

spectral curve. Generally, NIRS is combined with multivariate analysis techniques for qualitative 112 

or quantitative analyses10. A multivariate linear regression (MLR) analysis is commonly used for 113 

developing and mining the mathematical relationship between the data and the components in 114 

industrial processes and has been widely used in NIRS analysis.  115 

 116 

However, there are two fundamental problems when implementing an MLR for preprocessed 117 

NIRS data. One problem is the variable redundancy. The high dimensionality of the NIRS data 118 

often renders the prediction of a dependent variable unreliable because variables are included 119 

that have no correlation with the components. These redundant variables reduce the 120 

information efficiency of the spectral data and affect the accuracy of the model. In order to 121 

eliminate the variable redundancy, it is essential to develop and maximize the correlation 122 

between the NIRS data and the predicted components. 123 

 124 

Another problem is the issue of multicollinearity in the NIRS data. One of the important 125 

assumptions of multiple linear regression models is that there is no linear relationship between 126 

any of the explanatory variables of the regression model. If this linear relationship exists, it is 127 

proved that there is multicollinearity in the linear regression model and the assumption is 128 

violated. In multiple linear regressions, such as an ordinary least squares regression (OLSR), 129 

multiple correlations between the variables affect the parameter estimation, increase the model 130 

error, and affect the stability of the model. To eliminate the multilinear correlation between the 131 

NIR spectral data, we use variable selection methods that maximize the inherent variability of 132 



   

the samples.  133 

 134 

Here, we propose to use the PLSR, which is a generalization of multiple linear regression that has 135 

been widely used in the field of NIRS11,12. The PLSR integrates the basic functions of the MLR, 136 

canonical correlation analysis (CCA), and principal component analysis (PCA) and combines the 137 

forecasting analysis with a non-model data connotation analysis. The PLSR can be divided into 138 

two parts. The first part selects the components of the characteristic variables and the predicted 139 

components by partial least squares analysis (PLS). PLS maximizes the inherent variability of 140 

principal components by making the covariance of the principal components and predicted 141 

components as large as possible when extracting the principal components. Next, the OLSR 142 

model of o-cresol concentration is established for the principal components selected. PLSR is 143 

suitable for the analysis of noisy data with numerous independent variables that are strongly 144 

collinear and highly correlated and for the simultaneous modeling of several response variables. 145 

Also, PLSR extracts the effective information of the sample spectra, overcomes the problem of 146 

multicollinearity, and has the advantages of strong stability and high prediction accuracy13,14.  147 

 148 

The following protocol describes the process of using the PLSR model for measuring the o-cresol 149 

concentration using NIR spectral data. The reliability and accuracy of the model are evaluated 150 

quantitatively by using the determination coefficient (𝑅2), the prediction correlation coefficient 151 

(𝑅𝑝) and the mean square prediction error of cross-validation (MSPECV). Moreover, to intuitively 152 

show the advantages of the PLSR, the evaluation indicators are visualized in several plots for a 153 

qualitative analysis. Finally, evaluation indicators of an experiment are presented in table format 154 

to quantitatively illustrate the reliability and precision of the PLSR model. 155 

 156 

PROTOCOL:  157 

 158 

1. NIR spectrum data acquisition with Fourier transform (FT)-NIR process spectrometer 159 

 160 

1.1 Install the liquid phase optical fiber probe of the near-infrared spectrometer at the outlet of 161 

the polyphenyl ether product. And open the OPUS software on the upper computer connected 162 

to the instrument and start to configure the measurement. 163 

 164 

1.2 Connecting to spectrometer 165 

 166 

1.2.1 On the Measure menu, select the Optic Setup and Service command, or click the icon 167 

from the toolbar. 168 

 169 

1.2.2 On the dialog that opens, click the Optical Bench tab. 170 

 171 

1.2.3 Check whether the spectrometer settings are ok. If yes, close the dialog. If no, continue 172 

with step 4. 173 

 174 

1.2.4 From the Configuration drop-down list, select the particular spectrometer type. 175 

 176 



   

1.2.5 Enter the spectrometer’s IP address into the Optical Bench URL entry field. 177 

 178 

1.2.6 Click the Connect button. 179 

 180 

1.3 Setting up measurement parameters 181 

 182 

1.3.1 On the Measure menu, select the Measurement command, or click the icon from the 183 

toolbar. 184 

 185 

1.3.2 On the dialog that opens, define the measurement parameters on the different tabs. 186 

 187 

NOTE: Details on the individual measurement parameters are described in the OPUS Reference 188 

Manual. 189 

 190 

1.3.3 Click the Accept & Exit button. 191 

 192 

1.4 Storing experiment file 193 

 194 

1.4.1 On the Measure menu, select the Advanced Measurement command. Then, click the 195 

Advanced tab. 196 

 197 

1.4.2 On the dialog that opens, define the resolution as 4 cm-1. 198 

 199 

1.4.3 Define the number of scans as 16 scans in the Sample/Background Scan Time entry 200 

fields. 201 

 202 

1.4.4 Define the path to automatically store the measuring data from 4,000 cm-1-12,500 cm-1. 203 

 204 

1.4.5 Determine the data type for the result spectrum as Absorbance. 205 

 206 

1.4.6 Click the Save button. 207 

 208 

1.4.7 On the dialog that opens, define a name for the experiment file and save this name. 209 

 210 

1.5 Measuring background spectrum 211 

 212 

1.5.1 On the Measure menu, select the Advanced Measurement command. 213 

 214 

1.5.2 Click the Optic tab. 215 

 216 

1.5.3 On the dialog that opens, click the Aperture setting drop-down list and select the same 217 

value used to acquire a sample spectrum. 218 

 219 

1.5.4 Click the Basic tab. 220 



   

 221 

1.5.5 On the dialog that opens, click the Background Single Channel button. 222 

 223 

1.6 Measuring sample spectrum 224 

 225 

1.6.1 Place the sample into the optical path of the spectrometer. The way in which this is done 226 

depends on the spectrometer configuration. 227 

 228 

1.6.2 On the Measure menu, select the Advanced Measurement command. 229 

 230 

1.6.3 Click the Basic tab. 231 

 232 

1.6.4 On the dialog that opens, define the sample description and sample form in the 233 

particular entry field. This information is stored together with the spectrum. 234 

 235 

1.6.5 Click the Sample Single Channel button to start online measurement. And save the NIR 236 

spectrum of each scan as OPUS file. 237 

 238 

1.7 Collect the polyphenylene samples every 6 h and test the o-cresol concentration with liquid 239 

chromatography in the laboratory of industry to obtain a chemical reference value.  240 

 241 

NOTE: Laboratory staff of industry field take each polyphenyl ether sample from the outlet of the 242 

liquid phase polyphenyl ether. The o-cresol content in each sample was measured three times by 243 

liquid chromatography. Then, the mean value of the results of the three times analysis was taken 244 

as the reference value of the o-cresol content to reduce the accidental error.  245 

 246 

1.8 Obtain 600 chemical reference values of o-cresol concentration in the laboratory. The 247 

calibration range of o-cresol concentration is from 42.1063 mg/1 g polyphenyl ether product to 248 

51.6763 mg/1 g polyphenyl ether product. 249 

 250 

1.9 Combine the NIR spectra at the given test times with the chemical reference values of the o-251 

cresol concentration.  252 

 253 

1.10 Use the software OPUS to read the original spectral set as shown in Figure 1. 254 

 255 

1.10.1 On the File menu, click the Load File command. 256 

 257 

1.10.2 On the dialog that opens, select the particular spectrum file. 258 

 259 

1.10.3 Click the Open button. The spectrum is displayed in the spectrum window. 260 

 261 

2. NIR spectroscopy data pre-processing 262 

 263 

2.1 With the spectral preprocessing function in, obtain spectral dataset preprocessed with first-264 



   

order derivative. 265 

 266 

2.1.1 Open The Unscrambler which is a multivariate data analysis and experimental design 267 

software, select the Import command under File. Import the OPUS file as original NIR spectral 268 

dataset. 269 

 270 

2.1.2 Select Transform command under Modify. And select the Savitzky Golay Derivatives 271 

under Derivatives. 272 

 273 

2.1.3 Define the Samples and Variables as All Samples and All Variables in Scope. And define 274 

the number of Smoothing points as 13 and the Derivative as 1st derivative in Parameters. 275 

 276 

2.1.4 Click OK to start the derivative. 277 

 278 

CAUTION: The increase of smoothness can reduce the sharp fluctuations of the curve, reduce the 279 

noise effect but also weaken the characteristics of the curve and make the curve distorted. 280 

Therefore, the appropriate smoothness selected according to the observation of the actual 281 

fluctuation intensity of the curve and the effect after processing. 282 

 283 

2.2 Perform vector normalization on the sample spectra to normalize the value of the 284 

absorbance.  285 

 286 

2.2.1 Select the Normalization command under Modify. 287 

 288 

2.2.2 Define the Samples and Variables as All Samples and All Variables in Scope. 289 

 290 

2.2.3 Select Vector normalization in the Type. 291 

 292 

2.2.4 Click OK to perform vector normalization. 293 

 294 

3. Establishment of PLSR model 295 

 296 

3.1 Creation of the NIR spectral data set  297 

 298 

3.1.1 Open Uncrambler.exe, select Export under File with the Matlab files to export the 299 

preprocessed spectral data set into .mat File and to obtain the spectral data set X automatically 300 

with 2203 variables. 301 

 302 

3.1.2 Obtain a complete NIR spectral dataset X (a matrix of 600 rows and 2203 columns) and 303 

the corresponding chemical reference values Y (a vector of 600 rows) in the form of .mat file for 304 

subsequent analysis and modeling. 305 

 306 

3.2 Selection of the appropriate number of principal components 307 

 308 



   

3.2.1 Open Matlab and import the .mat file containing the preprocessed near-infrared 309 

spectral data into the workspace by dragging the .mat file to the workspace.  310 

 311 

NOTE: The .mat file stores the near-infrared spectral data X as an independent variable and the 312 

o-cresol content of the product as a dependent variable in the form of two matrices. 313 

 314 

3.2.2 Open the programmed .m file in the Editor. Click Open under the Editor option, select 315 

the compiled .m file in the file storage directory, and then click Confirm. 316 

 317 

3.2.3 Extract 15 principal components according to the optimization objective of Equation 1 318 

and the OLSR model between the extracted principal components and the predicted values of 319 

the o-cresol concentration with the program containing the command plsregress() in Matlab. 320 

[XL, YL, XS, YS, BETA, PCTVAR, MSE] = plsregress(X,Y,ncomp,’CV’,k); 321 

Consult the MATLAB help document to get the usage details and the return value. 322 

 323 

NOTE: Cov(u𝑖, 𝑦) = √𝑉𝑎𝑟(u𝑖)𝐶𝑜𝑟(u𝑖, 𝑦) → 𝑚𝑎𝑥             Equation 1  324 

u𝑖 = 𝑋𝑝𝑖 , and  𝑝𝑖 is the ith principal components of the NIR spectral data; 325 

𝑉𝑎𝑟(u𝑖) is the projection of the ith principal components of the NIR spectral data; 326 

𝐶𝑜𝑟(u𝑖, 𝑦) is the Pearson correlation coefficient for the ith principal components and the o-cresol 327 

concentration. 328 

 329 

3.2.4 Obtain the 𝑅2 value of the NIR spectral data and the predicted values for the different 330 

principal components using Equation 2. 331 

 332 

NOTE: 𝑅2 = 1 −
𝑆𝑆𝐸

𝑆𝑆𝑇
                         Equation 2 333 

𝑆𝑆𝐸 is the sum of squares due to error and is defined as 𝑆𝑆𝐸 = ∑ (𝑦𝑖 − 𝑦̂𝑖)2𝑛
𝑖=1  ; 334 

𝑆𝑆𝑇 is the total sum of squares and is defined as 𝑆𝑆𝑇 = ∑ (𝑦𝑖 − 𝑦̅𝑖)2𝑛
𝑖=1 ; 335 

 𝑦𝑖 is the reference value of the o-cresol concentration of test dataset; 336 

 𝑦̂𝑖 is the predicted value of the o-cresol concentration of test dataset; 337 

𝑦̅𝑖 is the mean value of reference value of the o-cresol concentration of test dataset; 338 

 𝑛  is the number of samples of test dataset. 339 

 340 

3.2.5 Determine the 𝑅2  values and the trend with increasing number of principal 341 

components as shown in Figure 2. Select 10 as the appropriate number of principal components 342 

with the 𝑅2 value of 0.9917. 343 

 344 

NOTE: 𝑅2 value is the proportion of the variance in the dependent variable that is predictable 345 

by the independent variables. The higher the 𝑅2 value is, the higher the goodness-of-fit is and 346 

vice versa. 347 

 348 

3.3 Validation of the goodness-of-fit and accuracy of the PLSR model with 10 principal 349 

components by using the command plsregress(). 350 

 351 



   

3.3.1 Repeat the modeling process with 10 principal components as steps 3.2.1-3.2.5 with 10 352 

principal components.  353 

 354 

3.3.2 Evaluate the model based on a 10-fold cross-validation using the plots of the percent 355 

variance explained in the NIR spectral data, the residuals, and the MSPECV. 356 

 357 

3.3.3 Plot the percent variance explained in NIR spectral data, the residuals, and the MSPECV 358 

as Figures 3, 4, and 5.  359 

 360 

3.3.4 Tabulate the evaluation indicators of 𝑅2,𝑅𝑝, and MSPE of 10-fold cross validation for 361 

the PLSR model for a quantitative analysis as shown in Table 1. 362 

 363 

NOTE: The equations of  𝑅𝑝 and MSPE are shown as Equation 3 and Equation 4. 364 

                                𝑅𝑝 =
𝐶𝑜𝑣(𝑦𝑖,𝑦̂𝑖)

𝜎𝑦𝑖
𝜎𝑦̂𝑖

                         Equation 3 365 

                            MSPE =
1

𝑛
∑ (𝑦𝑖 − 𝑦̂𝑖)2𝑛

𝑖=1                    Equation 4 366 

𝐶𝑜𝑣(𝑦𝑖, 𝑦̂𝑖) is the covariance of reference value and predicted value of o-cresol concentration; 367 

𝜎𝑦𝑖
 is the standard deviation of reference value of o-cresol concentration;  368 

𝜎𝑦̂𝑖
 is the standard deviation of predicted value of o-cresol concentration.  369 

 370 

REPRESENTATIVE RESULTS:  371 

The predicted value of o-cresol Impurity in polyphenyl ether products is obtained by PLSR-based 372 

near-infrared spectroscopy. Figure 2 and Figure 3 respectively show the reliability of the method 373 

in the feature selection stage from the curve of the decision coefficient and the error 374 

interpretation percentage increasing with the number of principal components.  375 

 376 

Specifically, please note that in the selection of the principal components, in order to minimize 377 

the complexity of the model, generally, when the two indicators do not increase significantly with 378 

the number of principal elements, the subsequent principal elements with less information can 379 

be discarded. In this paper, according to the two curves, when 𝑅2 is 0.9917, it is the threshold 380 

to discard subsequent principal components. 381 

 382 

Visually test the accuracy and stability of the method for predicting the purity of o-cresol 383 

products by means in shown Figure 4 and Figure 5. Based on the training set and test set 384 

generated by the o-cresol samples obtained from industrial field and their corresponding near-385 

infrared spectroscopy data, we compared the residual and mean square error of the predicted 386 

and reference values of the purity of polyphenyl ether products.  387 

 388 

The residual here refers to the difference between the o-cresol content reference value and the 389 

PLSR model estimate (fitted value). Using the information provided by the residuals can help us 390 

examine the rationality of the established PLSR model assumptions and the reliability of 391 

collecting near-infrared spectral data. It is shown that PLSR method effectively reduce the 392 

residuals to an acceptable range. Moreover, the PLSR has a small fluctuation range from -0.2 to 393 



   

0.2, while the calibration range is from 42.1063 mg/1 g polyphenyl ether product to 51.6763 394 

mg/1 g polyphenyl ether product. The residual plot data let us conclude qualitatively that the 395 

PLSR for the measurement of the o-cresol content based on the NIR spectral data has high 396 

accuracy. 397 

 398 

The cross-validation mean square error is a measure of the degree of difference between the 399 

reference and the predicted o-cresol content. This can help us evaluate the degree of change in 400 

the predictive data. The smaller the value of MSE, the better the accuracy of the predictive model 401 

describing o-cresol content. Figure 5 indicates that the MSPECV for the o-cresol concentration 402 

measurement based on the PLSR decrease as the number of principal components increases and 403 

reach an acceptable minimum at 10 principal components. Moreover, the error decreases 404 

significantly and the descent process is relatively stable. This proves that the PLSR results in high 405 

stability for the measurement of the o-cresol concentration using NIRS. 406 

 407 

The model evaluation indicators for a 10-fold cross-validation are shown in Table 1. The 𝑅2 of 408 

0.98332 is pretty high for the PLSR, indicating that the model based on the PLSR well reflects the 409 

linear relationship between the NIR spectral data and the o-cresol concentration (i.e., the model 410 

has stronger explanatory power). The Pearson correlation coefficient 𝑅𝑝 is a statistic used to 411 

reflect the degree of linear correlation between two variables. The larger the absolute value of 412 

𝑅𝑝 , the stronger the correlation. This can help to quantitatively observe a linear correlation 413 

between the predicted o-cresol content value and the chemical reference value to confirm the 414 

reliability of the model. The mean relative prediction error (MRPE) of 0.01106 is very low for the 415 

PLSR and the prediction correlation coefficient 𝑅𝑝 of 0.99161 is large; therefore, the PLSR model 416 

is of great prediction stability and accuracy.  417 

 418 

FIGURE LEGENDS: 419 

Figure 1. Original NIR spectrum taken with FT-NIR spectrometer. The figure shows the non-420 

preprocessed spectral dataset collected over a period of time by the FT-NIR spectrometer.  421 

 422 

Figure 2. Determination coefficient for the o-cresol concentration determined by PLSR. The 423 

figure shows the trend of the determination coefficient for the o-cresol concentration with 424 

increasing number of components.  425 

 426 

Figure 3. Percent variance explained in the NIR spectral data for the PLSR. The figure shows the 427 

percent variance explained in the NIR spectral data for the principal components under the PLSR.  428 

 429 

Figure 4. Residual of the PLSR for the test set. The figure shows the residuals of the 200 test set 430 

samples for the PLSR.  431 

 432 

Figure 5. MSPECV of the PLSR. The precision of the PLSR model was evaluated with a 10-fold 433 

cross-validation; the MSPECV of model is shown in Figure 5.  434 

 435 

Table 1. Evaluation indices of the model. Table 1 shows the model evaluation indicators for a 436 

10-fold cross-validation. 437 



   

 438 

DISCUSSION:  439 

This protocol describes the process of performing the PLSR on the measurement of the o-cresol 440 

concentration remaining in the liquid product of polyphenylene ether with NIRS.  441 

 442 

The two critical steps in this process are the pre-processing of the original NIR spectral data and 443 

the variables selection of the high-dimensional NIR spectral data.  444 

 445 

Generally, the non-systematic background interference leads to the non-systematic scattering 446 

deviation or baseline drift of NIR spectrum. Proper NIR spectral pre-processing method 447 

(derivative, normalization, multivariate scattering correction, etc.), as the first critical step, 448 

eliminates background interference and increases the signal-to-noise ratio of data.  449 

 450 

Multiple linear correlations existing in the high-dimensional NIR spectral data introduces 451 

unnecessary computation and reduces the operation efficiency of the regression model. 452 

Moreover, there are redundant variables that have weak or even no correlation to the o-cresol 453 

content in liquid polyphenyl ether products. The variable selection based on PLS, as the second 454 

critical step, solves the above two problems, which reduces the complexity of the model and 455 

enhances its robustness compared with the direct use of OLSR for modeling. 456 

 457 

In addition, the technology has its limitations as following. Firstly, it requires that there is no 458 

significant nonlinear correlation between the various dimensional variables of the NIR spectral 459 

data. As the PLS algorithm mechanism is based on the expectation of maximizing the variance of 460 

NIR spectral data variables and maximizing the Pearson correlation between the selected 461 

principal component and the content of o-cresol. Therefore, the operation of the algorithm on 462 

data is essentially a linear combination of high-dimensional variables, which does not include the 463 

possible nonlinear relationship between data15. Secondly, due to the offline modeling, it cannot 464 

be self-updated. Our work has not yet covered the effects of interaction between o-cresol and 465 

solvent molecules or other impurity molecules on NIRS. The interaction between o-cresol and 466 

solvents or other impurity molecules may have an unexpected effect on NIRS, but we still have 467 

not found an appropriate method to quantify this effect. Thirdly, the change of environment, 468 

working condition and other factors may lead to the concept drift of the model. 469 

 470 

However, for the existing methods such as physical or chemical separation analysis for the 471 

measurement of chemical substance content in the chemical material industry, NIRS detects 472 

composition and structural information about chemical substance content from a microscopic 473 

molecular perspective. In general, the qualitative transition at the macroscopic level is caused by 474 

the quantitative change at the microscopic level. Therefore, this technology has stronger 475 

accuracy, timeliness and sensitivity than other methods. Moreover, the combination with data 476 

analysis technology can effectively utilize industrial big data, which is conducive to industrial 477 

automation and even intelligent construction. 478 

 479 

In the future, this technology can be flexibly applied to online measurement of various liquid or 480 

solid phase chemicals content in other fine process industries where the measurement of general 481 



   

sensors and laboratory measurement is difficult or unable to meet the industrial requirements16.  482 

Moreover, this technology can be widely combined with advanced control technology due to the 483 

real-time feedback of analysis variables and thus meet higher industrial requirements17-19. 484 
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Zihao Chen, Niannian Zheng, Xiaoli Luan*, Fei Liu 

First of all, we would like to express our sincere appreciation to the editor and reviewers for their 

insightful comments and suggestions again, many of which have been incorporated into the revised 

manuscript such that the revised version of our paper is more interesting and informative. Our 

response to the reviewers' comments (in the manner of one by one and 1:1 correspondence) is given 

as follows: 

Editorial comments: 

Changes to be made by the author(s) regarding the manuscript: 

1. Step 1.9: Please ensure that all text is written in the imperative tense. 

Response 1: 

Thanks. We have modified this step into the following imperative tense: 

1.9 Combine the NIR spectra at the given test times with the chemical reference values of the 

o-cresol concentration. 

 

2. 3.2.2, 3.2.4, 3.3.4: Is a software used in this step. If yes, please mention what button is clicked 

on in the software, or which menu items need to be selected to perform the step. If no, please 

add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how 

is the step performed? 

Response 1: 

Thanks. Starting from 3.2, our work has entered the part of building a regression model 

based on pre-processed near-infrared spectral data using the Matlab program. Matlab, as a 

matrix computing software we use, focuses on the simulation programs we actually use. Its 

software operation simply involves the import of .mat files with near-infrared spectral data and 

the opening of the simulation program, which we have given in the protocol section below: 

 

3.2.1 Open Matlab and import the .mat file containing the preprocessed near-infrared spectral 

data into the workspace by dragging the .mat file to the workspace.  

 

Note：The .mat file stores the near-infrared spectral data X as an independent variable and the o-

cresol content of the product as a dependent variable in the form of two matrices. 

 

3.2.2 Open the programmed .m file in the Editor. Click Open under the Editor option, select the 

compiled .m file in the file storage directory, and then click Confirm. 

 

3.2.3 Extract 15 principal components according to the optimization objective of Equation 1 

and the OLSR model between the extracted principal components and the predicted values of the o-

cresol concentration with the program containing the command plsregress() in Matlab. 

 

Note:[XL,YL,XS,YS ,BETA,PCTVAR,MSE] = plsregress(X,Y,ncomp)  

This command returns a 2-by-ncomp matrix PCTVAR containing the percentage of variance 
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explained by the model. The first row of PCTVAR contains the percentage of variance explained in 

X by each PLS component, and the second row contains the percentage of variance explained in Y. 

Also, it returns a 2-by-(ncomp+1) matrix MSE containing estimated mean-squared errors for PLS 

models with 0:ncomp components. The first row of MSE contains mean-squared errors for the 

predictor variables in X, and the second row contains mean-squared errors for the response 

variable(s) in Y. 

 

In order not to destroy the regularity of the contents of the protocol, the focused simulation 

program is given in the form of a note of its core command plsregression(). Some of the more 

lengthy visualization programs are not appearing in the protocol. 

 

3. 3.2.3: Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. 

Response 1: 

Thanks. As mentioned above, the specific algorithm implementation involves Matlab code and 

compilation. We have provided the core command plsregress() for 3.2.3 and subsequent steps 

and the key data that can be fed back after execution. We believe that the presentation of a large 

number of Matlab simulation code in the protocol section is not suitable for the overall format. 

In particular, most of the code is used to visualize data. 

 

4. Lines 363-410: These are figure and table legends. For representative results, please include at 

least one paragraph of text to explain the Representative Results in the context of the technique 

you have described, e.g., how do these results show the technique, suggestions about how to 

analyze the outcome, etc. 

Response 1: 

Thanks. We have modified the Representative Results and add some notes in the Protocol of 

the revision to explain the Representative Results in the context of the technique you have 

described, e.g., how do these results show the technique, suggestions about how to analyze the 

outcome, etc. Please read the 361-454 lines of revision. 

 

 


