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Soft Sensor Analytics

Data preparation
Make sure the data are prepared following the guidelines below:

• Prepare the dataset using Excel

• the first column of a spreadsheet always contains timestamps

• the first row of a spreadsheet always contains the name of variables

• The data for each variable are recorded in each corresponding column

• For the created spreadsheet, select the entire timestamp column, right-click on this column and go to

“format cells”, then go to “Time” or “Custom”, change the format of time information to a format 

similar to: “mm/dd/yyyy h:mm” or “yyyy-mm-dd h:mm:ss”.

• Save the dataset in .xlsx format
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Soft Sensor Analytics

To start
Make sure the data sets to be used are in the same folder

Click “SoftSensorAnalytics_v2.0.exe” to open the program
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Soft Sensor Analytics

An overview of the toolbox
We create this guide to help you minimize the learning curve. 

Data management
Import and delete data.

Data modeling

One-click modeling
Click to choose PLS or Gaussian 
Process Regression to build a model 
automatically
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Data visualization

Model management
Compare the performance of 
different models

Preprocessing 
methods

Modeling algorithms



Part I: Start Guide
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Soft Sensor 
Analytics
Quick Start Guide – Import data sets

2

Soft Sensor Analytics

• Click “Import Data”button

• Select data file “Data2.xlsx”

• Click “Import” button

1

“Data2” has been imported

Note: Please save data sets in the “.xlsx” format
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Soft Sensor 
Analytics
Quick Start Guide – A Case Study on Chemical Process (Data2)
The  case study is based on normalized data for a chemical process. Suppose our objective is 
to estimate “Chemical A” using soft sensors. The data is saved as "Data2".

Soft Sensor Analytics

Symbol Description

Chemical A Chemical A flowrate

FeedA Unit A Feed

FeedB Unit B Feed

FeedC Unit CFeed

FeedD Unit D Feed

UnderflowA Unit A underflow

UnderflowB Unit B underflow

UnderflowC Unit Cunderflow

UnderflowD Unit D underflow

Lab Chemical ratio value

DenN Chemical A Density

DenFr Feed Density
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Soft Sensor 
Analytics
Visualize the selected data

Soft Sensor Analytics

Note: Please close the current popup figures before taking next action

Drag-select to select variables for 

visualization

Hold “CTRL” to multi-select if they are 

not consecutive 

Click “Time Trend” to visualize 

the selected variables

4

• Click on the “Modeling” tab.

• Click on “Data2” from the left 

workspace (i.e., “Dataset” column) to 

select it

23

Can save each pop-up figure 
by clicking this button
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Soft Sensor 
Analytics
Visualize the selected data

Soft Sensor Analytics

Click “Histogram” to generate histogram for selected variables  

6
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Soft Sensor 
Analytics
Select an output for modeling

Select output from second list

• Choose a variable from the second list

• Click “Select a tag from second list as output” button 
to select this variable as the output for modeling

Soft Sensor Analytics
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Soft Sensor 
Analytics
Data preprocessing – Remove missing data and outliers

This step is to remove missing data from the dataset

• Select “Data2” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Remove missing data”; new data is “Data2_RM”

Soft Sensor Analytics

8 8
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Soft Sensor 
Analytics
Data preprocessing – Remove missing data and outliers

This step is to remove outliers in the dataset

• Select “Data2_RM” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Remove missing data”; new data is “Data2_RM_RO”

Soft Sensor Analytics
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Soft Sensor 
Analytics
Data preprocessing – Resample and estimate output delay

This step is to resample data (if two sampling rates exist) and estimate time delay between inputs and output

• Select “Data2_RM_RO” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Resample/Downsample”; a new window will pop up 

Soft Sensor Analytics
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Data preprocessing – Resample and estimate output delay

• Select “Chemical A” as the reference (because it is the output)

• Enter “0” as the percentage of interval for averaging

11
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12
• Click “Resample/Downsample” button 

Soft Sensor Analytics



Data preprocessing – Resample and estimate output delay
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Soft Sensor Analytics

A new dataset “Data2_RM_RO_RS” is generated for modeling



Soft Sensor 
Analytics
Data preprocessing – Split data into two parts for training and validation

Get a smaller dataset for training
• Select “Data2_RM_ RO_RS”
• Click “Customized Preprocess-->“, then Click “Select range"; a 

window will pop up, as shown in the next slide

Soft Sensor Analytics
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Soft Sensor 
Analytics
Data preprocessing – Split data for training

To split data enter the range of dataset for training, do the following:

• Click “Chemical A” on the left column

• In “Start”, Enter “1”

• In “End”; Enter “8000”

• Click “Insert”

Soft Sensor Analytics

13

Note: Please close the current popup figures before taking next action 17



Soft Sensor 
Analytics
Data preprocessing – Split data into two parts for training and validation

Get a smaller dataset for validation
• Select “Data2_RM_ RO_RS” again
• Click “Customized Preprocess-->“, then Click “Select range"; a 

window will pop up, as shown in the next slide

Soft Sensor Analytics

14
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Soft Sensor 
Analytics
Data preprocessing – Split data into smaller sets

To split data enter the range of dataset for validation, do the following:

• Click “Chemical A” on the left column

• In “Start”, Enter “8001”

• In “End”; Enter “16000”

• Click “Insert”

Soft Sensor Analytics

13

Note: Please close the current popup windows before taking next action 19



Soft Sensor 
Analytics
Soft Sensor Analytics

Generated data sets after pre-processing

Updated Dataset list

After preprocess two new datasets are generated

One can be used for training, other for validation
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Soft Sensor 
Analytics
A more flexible way to generate datasets for training/validation

Get a smaller dataset for training
• Select “Data2_RM_ RO_RS”
• Click “Customized Preprocess-->“, then Click “Select multiple ranges"; a 

window will pop up, as shown in the next slide. 

Soft Sensor Analytics

21

This feature enables users to select discontinuous windows and connect 
them together to form a new data set for training and/or validation 



Soft Sensor 
Analytics
A more flexible way to generate datasets for training/validation

To select the first portion of the new data set, do the following:

• Click “Chemical A” on the left column

• In “Start”, Enter “1”

• In “End”; Enter “4000”

• Click “Select as one portion of new dataset”

Soft Sensor Analytics
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Soft Sensor 
Analytics
A more flexible way to generate datasets for training/validation

To select the second portion of the new data set, do the following:

• Click “Chemical A” on the left column

• In “Start”, Enter “5100”

• In “End”; Enter “9300”

• Click “Select as one portion of new dataset”

Soft Sensor Analytics

23

If the selected ranges seem to be good, then may click “Generate 
training data” or “Generate validation data” to generate a new data 
set that contains discontinuous windows of samples for training 
and/or validation.



Soft Sensor 
Analytics

Select data set for correlation analysis
• Click “Modeling” tab
• Select “Data2_RM_RO_RS_[1:8000]”

Soft Sensor Analytics

1 Choose method
• Click “Customized Preprocessing-->” on the right
• Click “Correlation Analysis”, a window will pop up

2

Preprocessing – Correlation analysis
Conduct correlation analysis to check the influential variables as well as the  co-linearity of the
data-set.
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Soft Sensor 
Analytics

Choose variables to analyze
• Drag-select (can hold “CTRL”) in the left list to select 

variables “Chemical A; FeedT; FeedA;…; 
UnderflowD”

• Click “Select variables”

Preprocessing - Correlation analysis

Soft Sensor Analytics

3
Selected variables

The variables that are selected manually for 
correlation analysis are shown in the right column

Correlation analysis

Click “correlation analysis”, a heatmap will be 
available, as given in the next slide

4
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Soft Sensor 
Analytics

Results

Variables are highly correlated to each other if the 
absolute value of the corresponding index is large. 

One can select more variables and get more 
information from the correlation test results.

Correlation analysis – Result

Soft Sensor Analytics

Note: Please close the current popup 

figures before taking next action
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Soft Sensor 
Analytics

If one would like to choose all variables (the number 
of the variables should not be too large), then can 
click “Select all”

Correlation analysis 

Soft Sensor Analytics

Selected variables

The variables that are selected manually for 
correlation analysis are shown in the right column

If one would like to deselect a few variables, then 
select in the right list, then click “Remove selected 
variable(s)” to remove the ones that you would like 
to deselect.

27

If one would like to add additional variables, then 
select in the right list, then click “Included additional 
variable(s)” to remove the ones that you would like 
to deselect.



Soft Sensor 
Analytics
Preprocessing– Mutual information analysis
Data preprocess: mutual information is a measure of the mutual dependence between the 
two variables. The analysis procedure is like correlation analysis.

Soft Sensor Analytics

28

Select data set for Mutual information
• Click “Modeling” tab
• Select “Data2_RM_RO_RS_[1:8000]”

1 Choose method
• Click “Preprocessing-->” on the right
• Click “Mutual information analysis”, a window pops up

2



Soft Sensor 
Analytics

Choose variables to analyze
• Drag-select (can hold “CTRL”) in the left list to 

select variables “Chemical A; FeedT; FeedA;…; 
UnderflowD”

• Click “Select variables”

Quick Start Guide – Mutual information analysis
Data preprocess: mutual information is a measure of the mutual dependence between the 
two variables. The analysis procedure is like correlation analysis.
.

Soft Sensor Analytics

3 Selected variables

The variables that are selected manually for 
mutual information analysis are shown in the 
right list

1

Mutual information analysis

Then, Click “Mutual information analysis”

4
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Soft Sensor 
Analytics

Results

Variables are highly dependent on each other 
tend to have larger indices based on the mutual 
information analysis.

Mutual information analysis – Result
.

Soft Sensor Analytics

Note: Please close the current popup 

figures before taking next action
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Soft Sensor 
Analytics
Preprocessing - Mutual information analysis

Soft Sensor Analytics

31

If one would like to choose all variables (the number 
of the variables should not be too large), then can 
click “Select all”

Selected variables

The variables that are selected manually for 
correlation analysis are shown in the right column

If one would like to deselect a few variables, then 
select in the right list, then click “Remove selected 
variable(s)” to remove the ones that you would like 
to deselect.

If one would like to add additional variables, then 
select in the right list, then click “Included additional 
variable(s)” to remove the ones that you would like 
to deselect.



Soft Sensor 
Analytics
Selection of inputs

Soft Sensor Analytics

3

32

Select data and go to auto input selection
• Select “Data2_RM_RO_RS_[1:8000]”
• Go to “Data Preprocess” and select “Auto input selection”,

a new window will pop up

1

2



Soft Sensor 
Analytics
Automatic selection of inputs

Soft Sensor Analytics

3

33

Choose an algorithm for automatic input selection
• Go to “Algorithm”
• Choose “Correlation analysis”

2

2

Adjust setting as needed
• “Reference output” is the output to be predicted
• “Threshold for correlation” is the lower bound for selecting 

inputs. This value should be non-negative, as absolute values of 
correlation coefficients are considered

• “Max number of inputs” is the upper bound on the number of 
inputs that can be used for modeling

3



Soft Sensor 
Analytics
Automatic selection of inputs

Soft Sensor Analytics

34

Make changes after automatic selection
• “Select as additional input(s)” can add more to the right list
• “Remove selected variable(s)” can remove variables from the 

right list

4

2

3

Save inputs selected automatically
• Click “Save selected inputs”
These inputs will be made available to modeling 
algorithms

5



Soft Sensor 
Analytics
Modeling – ordinary least squares

Choose dataset and modeling method

• Click the “Modeling” tab

• Click Data2_RM_RO_RS_[1:8000] (training)
• Go to “Modeling-->”, Click “Ordinary least 

squares…” , a window pops up as below

1

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

Soft Sensor Analytics

3

35
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Soft Sensor 
Analytics
Modeling – ordinary least squares (select inputs manually)

Soft Sensor Analytics

3

3
Options

Tick “Intercept” or/and 
“Normalize”.

4
Modeling

Click “-->Modeling” to 
perform regression
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Soft Sensor 
Analytics

Results

• Scatter plot and time trend are 
generated

• Model information is shown in
“Detail” column

Results – ordinary least squares

Soft Sensor Analytics

Save model

• Close all figures

• Click “Save” to save this 
model for validation.

5
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Soft Sensor 
Analytics
Modeling – Save current or Load previous set of inputs/output 

If any changes are made to the inputs or/and output, and if 
the performance is good, the set of the inputs/output 
variables can be saved by clicking “Save selected inputs & 
output”.

6

Soft Sensor Analytics

38

If previous set of inputs/output is better, it can be recovered 
by clicking “Load latest selected inputs &output”

Then, modeling can be conducted again

7



Soft Sensor 
Analytics
Modeling – partial least squares

Choose dataset and modeling method

• Click the “Modeling” tab

• Click Data2_RM_RO_RS_[1:8000] (training)
• Go to “Modeling-->”, Click “Partial least 

squares…” , a window pops up as below

1

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

Soft Sensor Analytics

39
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Soft Sensor 
Analytics
Modeling – Partial least squares (PLS)

Soft Sensor Analytics

3

3
Options

Tick “Normalize” if this is 
needed.

4
Analysis

Click “-->Analysis” to find a 
good number of latent 
variables

A figure will pop up as show in 
next slide
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Soft Sensor 
Analytics
Modeling – PLS (determine # of latent variables)

Choose number of latent variables  

Number of latent variables is a key hyper-
parameter of PLS. One optional analysis is  
provided to help you. 

By clicking ‘Analysis’, the left figure pops up. 
Based on MSE values, 5, 6, or 7 is a good 
choice.

Soft Sensor Analytics
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Soft Sensor 
Analytics
Modeling – PLS (determine # of latent variables)

Soft Sensor Analytics

Determine # of latent variables
• Close all figures
• Enter “6” in the “number of 

latent variables” box

5
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Soft Sensor 
Analytics

Regression
Click “-->Modeling” 
• scatter plot and time trend are 

generated
• model information is shown in

“Detail” column

Results – PLS

6

Soft Sensor Analytics

• Close figures

• Click “Save” to save this model

7
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Soft Sensor 
Analytics
Modeling – Gaussian regression

Choose dataset and modeling method

• Click the “Model” tab

• Click Data2_RM_RO_[1:8300] (training data)
• Go to “Modeling-->”, Click “GPR 

regression…” , a window pops up as below

1

Soft Sensor Analytics

3

44

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

2



Soft Sensor 
Analytics
Modeling – Gaussian process regression

Soft Sensor Analytics

3

3
Options

Enter different values if 
necessary, default is 
“0.0001”
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Soft Sensor 
Analytics
Modeling – Gaussian process regression

Soft Sensor Analytics

4
Kernel function selection

“1.0*RBF(1.0)” is selected as 
the kernel function
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Soft Sensor 
Analytics
Modeling – Gaussian process regression

Soft Sensor Analytics

3

5
Regression
Click “-->Modeling” 
• scatter plot and time trend are generated

as shown in the next slides 
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Soft Sensor 
Analytics

Results

• Scatter plot and time trend are 
generated

• Model information is shown in
“Details” column

Results – Gaussian process regression

Soft Sensor Analytics

Save model

• Close all figures

• Click “Save” to save 
this model for validation

6
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Soft Sensor 
Analytics
Modeling – nonlinear regression

Choose dataset and modeling method

• Click the “Model” tab

• Click Data2_RM_RO_[1:8300] (training data)
• Go to “Modeling-->”, Click “Nonlinear 

regression…” , a window pops up as below

1

Soft Sensor Analytics
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Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

2



Soft Sensor 
Analytics
Modeling – nonlinear regression

Press the “Show guide” button to see how 
to enter a model structure and other 
information about nonlinear regression

Soft Sensor Analytics

3
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Soft Sensor 
Analytics
Modeling – nonlinear regression

Set nonlinear model structure

• Enter model structure following the way in 
the red box

• Commonly used are given in the right table

Soft Sensor Analytics

4

button Math Operation name

a+b 𝑎 + 𝑏 addition

a-b 𝑎 − 𝑏 subtraction

a*b 𝑎 × 𝑏 multiplication

a/b 𝑎 ÷ 𝑏 division

a//b [𝑎 ÷ 𝑏] floor division (e.g. 5//2 = 2)

a%b 𝑎 𝑚𝑜𝑑 𝑏 modulo

-a −𝑎 negation

abs(a) |𝑎| absolute value

a**b 𝑎^𝑏 exponent

sqrt(a) 𝑎 square root

log(a) 𝑙𝑜𝑔(𝑎) natural logarithm

exp(a) 𝑒𝑎 natural exponent

sin(a) sin 𝑎 trigonometric sine

cos(a) cos 𝑎 trigonometric cosine

tan(a) tan 𝑎 trigonometric tangent

arcsin(a) sin−1 𝑎 trigonometric inverse sine

arccos(a) cos−1 𝑎 trigonometric inverse cosine

arctan(a) tan−1 𝑎 trigonometric inverse tangent

y=(a[0]+a[1]*x[0]**2)/(a[2]+a[3
]*x[1]**2+sqrt(abs(x[2])))

51

𝑦 =
𝑎1 + 𝑎2𝑥1

2

𝑎3 + 𝑎4𝑥2
2 + |𝑥3|

𝑎1 a[0]

𝑎3 a[2]
𝑥1 x[0]

𝑥3 x[2]

Note: this model structure is 

used as a simple example

Four initial values are chosen 
as the model involves four 
parameters a[0] - a[3]



Soft Sensor 
Analytics
Modeling – nonlinear regression

Set nonlinear model structure

• Enter model structure following the way in 
the red box

• Commonly used operations are given in the 
right table

Soft Sensor Analytics

4

button Math Operation name

a+b 𝑎 + 𝑏 addition

a-b 𝑎 − 𝑏 subtraction

a*b 𝑎 × 𝑏 multiplication

a/b 𝑎 ÷ 𝑏 division

a//b [𝑎 ÷ 𝑏] floor division (e.g. 5//2 = 2)

a%b 𝑎 𝑚𝑜𝑑 𝑏 modulo

-a −𝑎 negation

abs(a) |𝑎| absolute value

a**b 𝑎^𝑏 exponent

sqrt(a) 𝑎 square root

log(a) 𝑙𝑜𝑔(𝑎) natural logarithm

exp(a) 𝑒𝑎 natural exponent

sin(a) sin 𝑎 trigonometric sine

cos(a) cos 𝑎 trigonometric cosine

tan(a) tan 𝑎 trigonometric tangent

arcsin(a) sin−1 𝑎 trigonometric inverse sine

arccos(a) cos−1 𝑎 trigonometric inverse cosine

arctan(a) tan−1 𝑎 trigonometric inverse tangent

y = a[0]*x[0]**2+ a[1]*sqrt(abs(x[4]))+ 
a[2]*x[3]+a[3]*sin(x[1])+a[4]*log(abs(x
[2]))+a[5]*exp(x[8])+a[6]/x[7]+a[7]+a[8
]*x[5]+a[9]/x[6]

52

Ten initial values are chosen 
as the model involves ten 
parameters a[0] - a[9]



Soft Sensor 
Analytics
Modeling – nonlinear regression

Set initial value

• Enter “0,0,0,0,0,0,0,0,0,0” in the “Initial 
parameter” box

Soft Sensor Analytics

5
Set f scale value

• Enter “0.001” in the “f scale” box

6

53

10 zeros are given as we 
need to estimate ten 
parameters



Soft Sensor 
Analytics
Modeling – nonlinear regression

Choose loss function 

• Select “huber” 

Soft Sensor Analytics

7
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Soft Sensor 
Analytics
Modeling – nonlinear regression

Soft Sensor Analytics

8
Regression
Click “-->Modeling” 
• scatter plot and time trend are generated

as shown in the next slides 
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Soft Sensor 
Analytics

Results

• Scatter plot and time trend are 
generated

• Model information is shown in
“Detail” column

Results – nonlinear regression

Soft Sensor Analytics

Save model

• Close all figures

• Click “Save” to save model

8
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Soft Sensor 
Analytics

Validation of the models

Soft Sensor Analytics

All the saved models based 
on four methods are shown 
under the “Validation”

57



Soft Sensor 
Analytics

Validation of the models
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6

Select models for validation

• Click “Validation” tab on the top

• Click sequentially to select the four models for 
validation and comparison

1

Soft Sensor Analytics
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Soft Sensor 
Analytics

Validation of the models
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6
Select data set for validation

• Click “Data2_RM_RO_RS_[8001:16000]” to 
use it for validation

2

Soft Sensor Analytics
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Choose “Simulate” to continue

• Right-Click on the four models

• Click “Simulate…” button, a window will pop up

3
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Model validation

• Tick “With bias update”  box

• Click “Simulate” button

4
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Soft Sensor 
Analytics

Alternative way to process data quickly -- Automatic Preprocessing

Automatic Preprocessing

• Click “Automatic Preprocessing” button

2Under the “Modeling” tab, choose dataset to work on

• Choose original data “Data2” on the left list

The variables in this dataset will appear in the second list

1

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic Preprocessing

Threshold selection

• Enter a value between 0 and 1 as the lower 
bound on the correlation coefficients for input 
recommendation, 0.3 is the default value

4
3

Soft Sensor Analytics

63

• Click “Select all as inputs” button

All the variables except the output will be shown 
in the second column as candidate inputs



Soft Sensor 
Analytics

Automatic Preprocessing

Threshold selection

• Enter a positive integer as an upper bound 
on the number of inputs that will be included 
in modeling, 50 is the default value

5

Soft Sensor Analytics

64

Automatic Preprocessing

• Click “One-click preprocessing for modeling” button

6



Soft Sensor 
Analytics

Automatic Preprocessing
Results

• On the main window, two new datasets are 
generated. One is for modeling, the other one 
is for model validation.

Soft Sensor Analytics

65

Results – input selection
A set of inputs for modeling has also been generated. Next 
step when going to one of the regression algorithms, auto-
selected inputs will be shown

Then, modeling can be conducted with minimum effort



Soft Sensor 
Analytics

Another way to model quickly -- Automatic modeling

Automatic modeling

• Click the “Auto modeling” tab

1 Choose dataset to work on

• Choose original data “Data2” on the left list

The variables in this dataset will appear in the second list

2

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic modeling – inputs/output selection

• Previously selected output is shown on this window

• Select another output for modelling 

if that needs to be changed

3

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic modeling – inputs/output selection

Select inputs that may be used for modelling

• Click “Select all as input candidates”

Candidate inputs will be shown in the third list

4

Soft Sensor Analytics

Note: We can also use “Select as input candidates” button to select 

potential inputs from all variables based on available 

information/knowledge

The already selected output will not appear 

on this list when selecting all as inputs

68



Soft Sensor 
Analytics

Automatic modeling – inputs/output selection

The selected inputs can be modified

• Click “Remove selected tag(s) from the above 
list” to remove unnecessary variables

• Click “Select as additional input(s)” to include  
more variables 

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic modeling

Set threshold on correlation coefficient

• This is a lower bound on correlation coefficients 
for selecting input variables

• Set “0.2” as the threshold

5

Soft Sensor Analytics

70



Soft Sensor 
Analytics

Automatic modeling

Set max number of inputs

• Set “10” as the max number of inputs

6

Soft Sensor Analytics

One-click modeling using OLS

• Click “Modeling using OLS” to build 
a model

7
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Soft Sensor 
Analytics

Automatic modeling - Results

Soft Sensor Analytics

3

72

Results

• Scatter plot and time trend are 
generated

• Model information is shown in
“Details” column



Part II: Exercise
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Soft Sensor 
Analytics
The NIR data set (Data3.xlsx)
The other case study is based on NIR spectrum data (Data3) which is widely used to predict key 
specifications of product in Oil and Gas industry. In this case study the NIR spectrum is used to predict the 
cloud point (Target) of the diesel. 

Soft Sensor Analytics

Symbol Description Availability

WL1 Spectrum at wavelength 801mm Real-time

WL2 Spectrum at wavelength 802mm Real-time

WL3 Spectrum at wavelength 803mm Real-time

WL4 Spectrum at wavelength 804mm Real-time

WL5 Spectrum at wavelength 805mm Real-time

WL6 Spectrum at wavelength 806mm Real-time

WL7 Spectrum at wavelength 807mm Real-time

WL8 Spectrum at wavelength 808mm Real-time

WL9 Spectrum at wavelength 809mm Real-time

…………………………………………………

WL893 Spectrum at wavelength 1694mm Real-time

Target Cloud point ofdiesel 12 hours

74



Soft Sensor Analytics

Data preparation
Make sure the data are prepared following the guidelines below:

• Prepare the dataset using Excel

• the first column of a spreadsheet always contains timestamps

• the first row of a spreadsheet always contains the name of variables

• The data for each variable are recorded in each corresponding column

• For the created spreadsheet, select the entire timestamp column, right-click on this column and go to

“format cells”, then go to “Time” or “Custom”, change the format of time information to a format 

similar to: “mm/dd/yyyy h:mm” or “yyyy-mm-dd h:mm:ss”.

• Save the dataset in .xlsx format

75



Soft Sensor 
Analytics
Import data sets

2

Soft Sensor Analytics

• Click “Import Data”button

• Select data file “Data3.xlsx”

• Click “Import” button

1

“Data3” has been imported

Note: Please save data sets in the “.xlsx” format
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Soft Sensor 
Analytics
Current window with data3 imported

Soft Sensor Analytics

• Click on the “Data” tab.

• “Data3” has already been imported as 

highlighted in the right window“

31
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Soft Sensor 
Analytics
Variables in Data3

Soft Sensor Analytics

Choose Data3 to work on it

• Click on “Data3” from left workspace 

(i.e., column “Dataset”)

32

The variables in Data3 are shown in the 

right column. 

Scroll down to view all the variables.
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Soft Sensor 
Analytics

Click to select variables for visualization

Visualize several variables of Data3

Soft Sensor Analytics

3

79

Click “Time Trend” to visualize 

the selected variables

4



Soft Sensor 
Analytics

Click to select variables for visualization

Visualize several variables of Data3

Soft Sensor Analytics

5

80

Click “Histogram” to visualize 

the selected variables

6



Soft Sensor 
Analytics
Select an output for modeling

Select output from second list

• Choose a variable “Target” from the second list

• Click “Select a tag from second list as output” button 
to select this variable as the output for modeling

Soft Sensor Analytics

7 8
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Soft Sensor 
Analytics
Data preprocessing – Remove missing data and outliers

This step is to remove missing data from the dataset

• Select “Data3” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Remove missing data”; new data is “Data3_RM”

Soft Sensor Analytics

8 8

82



Soft Sensor 
Analytics
Data preprocessing – Remove missing data and outliers

This step is to remove outliers in the dataset

• Select “Data3_RM” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Remove missing data”; new data is “Data3_RM_RO”

Soft Sensor Analytics

9 8
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Soft Sensor 
Analytics
Data preprocessing – Split data into two parts for training and validation

Get a smaller dataset for training
• Select “Data3_RM_ RO”
• Click “Customized Preprocess-->“, then Click “Select range"; a 

window will pop up, as shown in the next slide

Soft Sensor Analytics

10
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Soft Sensor 
Analytics
Data preprocessing – Split data into smaller sets

To split data enter the range of dataset for training, do the following:

• Click “Target” on the left column

• In “Start”, Enter “1”

• In “End”; Enter “549”

• Click “Insert”

Soft Sensor Analytics

11

Note: Please close the current popup figures before taking next action 85



Soft Sensor 
Analytics
Data preprocessing – Divide data into two parts for training and validation

Get a smaller dataset for validation
• Select “Data3_RM_ RO” again
• Click “Customized Preprocess-->“, then Click “Select range"; a 

window will pop up, as shown in the next slide

Soft Sensor Analytics

12
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Soft Sensor 
Analytics
Data preprocessing – Divide data into two parts

To split data enter the range of dataset for validation, do the following:

• Click “Target” on the left column

• In “Start”, Enter “550”

• In “End”; Enter “1049”

• Click “Insert”

Soft Sensor Analytics

13

Note: Please close the current popup figures before taking next action 87



Soft Sensor 
Analytics
Soft Sensor Analytics

Generated data sets after pre-processing

Updated Dataset list

After preprocess two new datasets are generated

One can be used for training, other for validation

88



Soft Sensor 
Analytics

Select data set for correlation analysis
• Click “Modeling” tab
• Select “Data3_RM_RO_[1:549]”

Soft Sensor Analytics

1 Choose method
• Click “Customized Preprocessing-->” on the right
• Click “Correlation Analysis”, a window will pop up

2

Data preprocessing – Correlation analysis
Conduct correlation analysis to check the influential variables as well as the co-linearity of the
data-set.
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Soft Sensor 
Analytics

Choose variables to analyze
• Drag-select (can hold “CTRL”) in the left list to select 

variables “Target, WL1, WL50, WL100, … ”
• Click “Select variables”

Preprocessing - Correlation analysis

Soft Sensor Analytics

3
Selected variables

The variables that are selected manually for 
correlation analysis are shown in the right column

Correlation analysis

Click “correlation analysis”, a heatmap will be 
available, as given in the next slide

4
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Soft Sensor 
Analytics

Results

Variables are highly correlated to each other if the 
absolute value of the corresponding index is large. 

One can select more variables and get more 
information from the correlation test results.

Correlation analysis – Result

Soft Sensor Analytics
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Soft Sensor 
Analytics
Automatic selection of inputs

Soft Sensor Analytics

3

92

Select data and go to auto input selection
• Select “Data3_RM_RO_[1:549]”
• Go to “Data Preprocess” and select “Auto input selection”,

a new window will pop up

1

2



Soft Sensor 
Analytics
Automatic selection of inputs

Soft Sensor Analytics

3

93

Choose an algorithm for automatic input selection
• Go to “Algorithm”
• Choose “Correlation analysis”

2

Adjust setting as needed
• “Reference output” is the output to be predicted
• “Threshold for correlation” is the lower bound for selecting 

inputs. This value should be non-negative, as absolute values of 
correlation coefficients are considered

• “Max number of inputs” is the upper bound on the number of 
inputs that can be used for modeling

3



Soft Sensor 
Analytics
Automatic selection of inputs

Soft Sensor Analytics

94

Make changes after automatic selection
• “Select as additional input(s)” can add more to the right list
• “Remove selected variable(s)” can remove variables from the 

right list

4

2

3

Save inputs selected automatically
• Click “Save selected inputs”
These inputs will be made available to modeling 
algorithms

5



Soft Sensor 
Analytics
Modeling – ordinary least squares

Choose dataset and modeling method

• Click the “Modeling” tab

• Click Data3_RM_RO_[1:549] (training data)
• Go to “Modeling-->”, Click “Ordinary least 

squares…” , a window pops up as below

1

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

Soft Sensor Analytics

3

95

2



Soft Sensor 
Analytics
Modeling – ordinary least squares (select inputs manually)

Soft Sensor Analytics

3

3
Options

Tick “Intercept” or/and 
“Normalize”.

4
Modeling

Click “-->Modeling” to 
perform regression
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Soft Sensor 
Analytics

Results

• Scatter plot and time trend are 
generated

• Model information is shown in
“Detail” column

Results – ordinary least squares

Soft Sensor Analytics

Save model

• Close all figures

• Click “Save” to save this 
model for validation.

5
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Soft Sensor 
Analytics
Modeling – Save current or Load previous set of inputs/output 

If any changes are made to the inputs or/and output, and if 
the performance is good, the set of the inputs/output 
variables can be saved by clicking “Save selected inputs & 
output”.

6

Soft Sensor Analytics

98

If previous set of inputs/output is better, it can be recovered 
by clicking “Load latest selected inputs &output”

Then, modeling can be conducted again

7



Soft Sensor 
Analytics
Modeling – partial least squares

Choose dataset and modeling method

• Click the “Modeling” tab

• Click Data3_RM_RO_[1:549] (training data)
• Go to “Modeling-->”, Click “Partial least 

squares…” , a window pops up as below

1

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

Soft Sensor Analytics

99
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Soft Sensor 
Analytics
Modeling – Partial least squares (PLS)

Soft Sensor Analytics

3

3
Options

Tick “Normalize” if this is 
needed.

We don’t Tick this time

4
Analysis

Click “-->Analysis” to find a 
good number of latent 
variables

A figure will pop up as show in 
next slide

10
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Soft Sensor 
Analytics
Modeling – PLS (determine # of latent variables)

Choose number of latent variables  

Number of latent variables is a key hyper-
parameter of PLS. One optional analysis is  
provided to help you. 

By clicking ‘Analysis’, the left figure pops up. 
Based on MSE values, a number between 16 
and 20 is a good choice.

Soft Sensor Analytics

10
1



Soft Sensor 
Analytics
Modeling – PLS (determine # of latent variables)

Soft Sensor Analytics

Determine # of latent variables
• Close all figures
• Enter “18” in the “number of 

latent variables” box

5

10
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Soft Sensor 
Analytics

Regression
Click “-->Modeling” 
• scatter plot and time trend are 

generated
• model information is shown in

“Detail” column

Results – PLS

6

Soft Sensor Analytics

• Close figures

• Click “Save” to save this model

7

10
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Soft Sensor 
Analytics

Automatic modeling using Gaussian Process Regression

Automatic modeling

• Click the “Auto modeling” tab

1 Choose dataset to work on

• Choose original data “Data3” on the left list

The variables in this dataset will appear in the second list

2

Soft Sensor Analytics

3

10
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Soft Sensor 
Analytics

Automatic modeling – inputs/output selection

• Previously selected output is shown on this window

• Select another output for modelling 

if that needs to be changed

3

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic modeling – inputs/output selection

Select inputs that may be used for modelling

• Click “Select all as input candidates” in the 
second list

4

Soft Sensor Analytics

Note: We can also use “Select as input candidates” button to select potential 

inputs from all variables based on available information/knowledge

The already selected output (Target) will not appear 

on this list when selecting all as inputs
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Soft Sensor 
Analytics

Automatic modeling – inputs/output selection

The selected inputs can be modified

• Click “Remove selected tag(s) from the above 
list” to remove unnecessary variables

• Click “Select additional input candidates” to 
include  more variables 

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic modeling

Set threshold on correlation coefficient

• This is a lower bound on correlation 
coefficients for selecting input variables

• Set “0.3” as the threshold

5

Soft Sensor Analytics
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Soft Sensor 
Analytics

Automatic modeling

Set max number of inputs

• Set “50” as the max number of inputs

6

Soft Sensor Analytics

One-click modeling using GPR

• Click “Modeling using GPR” to build 
a model

7
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Soft Sensor 
Analytics

Automatic modeling using GPR - Results

Soft Sensor Analytics

110

Results

• Scatter plot and time trend are 
generated

• Model information is shown in
“Detail” column



Soft Sensor 
Analytics

Automatic modeling - Results

Soft Sensor Analytics

Two datasets are generated and saved

• The first half “Data3_for_training” is used for modeling

• The first half “Data3_for_validation” can be used for validation

111



Soft Sensor 
Analytics

Validation of the models
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6
Select models for validation

• Click “Validation” tab on the top

• Click sequentially to select the three models 
established for Data3

1

Soft Sensor Analytics
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Soft Sensor 
Analytics

Validation of the models
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6

Select a data set for validation

• Click “Data3_for_validation” for validation

2

Soft Sensor Analytics
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Choose “Simulate” to continue

• Right-Click on the two models

• Click “Simulate…” button, a window will pop up

3
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Model validation

• Tick “ “Without bias update” box

• Click “Simulate” button

4
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Model validation

• Tick “With bias update” box

• Click “Simulate” button

5
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Part III: Case study on Hot 

Lime Softener

117



Soft Sensor 
Analytics
Hot Lime Softener
Hot lime softener is used to remove hardness (Ca, Mg), silica (SiO2) and alkalinity before going through 
filtration and ion exchange process to meet feed water quality for once through steam generator. 

Hot lime softener process

118Figure from www.tiwsteelplatework.ca



Soft Sensor 
Analytics
Objective

119

Hot Lime Softener Components Concentration Prediction 

Objective: to predict the concentrations of alkalinity and
silica based on inlet water quality, HLS operating data and
chemical dosage.



Soft Sensor Analytics

Data preparation
Make sure the data are prepared following the guidelines below:

• Prepare the dataset using Excel

• the first column of a spreadsheet always contains timestamps

• the first row of a spreadsheet always contains the name of variables

• The data for each variable are recorded in each corresponding column

• For the created spreadsheet, select the entire timestamp column, right-click on this column and go to

“format cells”, then go to “Time” or “Custom”, change the format of time information to a format 

similar to: “mm/dd/yyyy h:mm” or “yyyy-mm-dd h:mm:ss”.

• Save the dataset in .xlsx format

120



Soft Sensor 
Analytics
Import data sets

2

Soft Sensor Analytics

• Click “Import Data”button

• Select data file “HLS_data_SS_Std.xlsx”

• Click “Import” button

1

“HLS_data_SS_Std” has been imported

Note: Please save data sets in the “.xlsx” format

121



Soft Sensor 
Analytics
Current window with HLS data imported

Soft Sensor Analytics

• Click on the “Data” tab.

• “HLS_data_SS_Std” has already 

been imported as highlighted in the 

right window“

31
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Soft Sensor 
Analytics
Variables in the dataset

Soft Sensor Analytics

Choose Data3 to work on it

• Click on “HLS_data_SS_Std” from left 

workspace (i.e., column “Dataset”)

32

The variables contained in the data set are 

shown in the right column. 

Scroll down to view all the variables.
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Soft Sensor 
Analytics

Click to select ”ALK” and “Si” for visualization

Visualize some of the variables 

Soft Sensor Analytics

3

124

Click “Time Trend” to visualize 

the selected variables

4



Soft Sensor 
Analytics

Click to select variables for visualization

Visualize some of the variables 

Soft Sensor Analytics

5
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Click “Time Trend” to visualize 

the selected variables

6



Soft Sensor 
Analytics
Select an output for modeling

Select output from second list

• Choose a variable “Alk” from the second list

• Click “Select a tag from second list as output” button 
to select this variable as the output for modeling

Soft Sensor Analytics

7 8
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Soft Sensor 
Analytics
Data preprocessing – Remove missing data

This step is to remove missing data from the dataset

• Select “HLS_data_SS_Std” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Remove missing data”; new data is “Data3_RM”

Soft Sensor Analytics

8 8
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Soft Sensor 
Analytics
Data preprocessing – Downsampling

The dataset contains both offline lab samples and online 
measurements. This step is to downsample the data.

• Select “HLS_data_SS_Std_RM” from Dataset column

• Click “Customized Preprocess -->“ on the right

• Click “Resample/Downsample”; a window will pop up

Soft Sensor Analytics

9 8
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Soft Sensor 
Analytics
Data preprocessing – Downsampling

• Select “Choose to manually downsample considering delay” radio-button

• Choose “Alk” as the reference variable (lab sample)

• Assign “Delayed samples between online and lab” to be “5” (This means that each lab sample is aligned with the 6th fast 
sample within a slow sampling period)

Soft Sensor Analytics

129
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Soft Sensor 
Analytics
Data preprocessing – Downsampling

• Assign “Percentage of interval for averaging” to be “0.15”

• Click “Resample/Downsample” button, then a new dataset 
“HLS_data_SS_Std_RM_RS” is generated and shown under the 
“Modeling” tab

Soft Sensor Analytics
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11



Soft Sensor 
Analytics
Data preprocessing – Remove outliers

This step is to remove outliers in the dataset

• Select “HLS_data_SS_Std_RM_RS” from Dataset column

• Click “Remove outlier“ on the right; then a new dataset 
“HLS_data_SS_Std_RM_RS_RO” will be generated and 
shown as in the screen capture below

Soft Sensor Analytics

12 8
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Soft Sensor 
Analytics
Data preprocessing – Split data into two parts for training and validation

Get a smaller dataset for training
• Select “HLS_data_SS_Std_RM_RS_RO”
• Click “Customized Preprocess-->“, then Click “Select range"; a 

window will pop up, as shown in the next slide

Soft Sensor Analytics

13
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Soft Sensor 
Analytics
Data preprocessing – Split data into smaller sets

To split data enter the range of dataset for training, do the following:

• Click “Alk” on the left column

• In “Start”, Enter “1”

• In “End”; Enter “300”

• Click “Insert”

Soft Sensor Analytics

14

Note: Please close the current popup figures before taking next action 133



Soft Sensor 
Analytics
Data preprocessing – Divide data into two parts for training and validation

Get a smaller dataset for validation
• Select “HLS_data_SS_Std_RM_RS_RO” again
• Click “Customized Preprocess-->“, then Click “Select range"; a 

window will pop up, as shown in the next slide

Soft Sensor Analytics

15
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Soft Sensor 
Analytics
Data preprocessing – Divide data into two parts

To split data enter the range of dataset for validation, do the following:

• In “Start”, Enter “301”

• In “End”; Enter “546”

• Click “Insert”

Soft Sensor Analytics

16

Note: Please close the current popup figures before taking next action 135



Soft Sensor 
Analytics
Soft Sensor Analytics

Generated data sets after pre-processing

Updated Dataset list

After preprocess two new datasets are generated

One can be used for training, other for validation

136



Part III-A: Prediction of Alkalinity
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Soft Sensor 
Analytics
Modeling – Lasso regression

Choose dataset and modeling method

• Click the “Modeling” tab

• Click HLS_data_SS_Std_RM_RS_RO
_[1:300] (training data)

• Go to “Modeling-->”, Click “Ordinary least 
squares…” , a window pops up as below

1

Soft Sensor Analytics
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Soft Sensor 
Analytics
Modeling – Lasso regression

Select inputs

• Hold “CTRL” and select five input variables 
“In_ALK”, “Super_Ca”, “Super_Alk”, “LIME”, 
“CAUSTIC_PPM”

• Click “Inputs” button

• If having high confidence in the inputs selected, 
click “Save selected inputs & output” button

2

Soft Sensor Analytics
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Soft Sensor 
Analytics
Modeling – Lasso regression

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

Soft Sensor Analytics

3
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Soft Sensor 
Analytics
Modeling – Lasso regression

Soft Sensor Analytics

3

3
Options

Set “Alpha” as “0.0005”.

4
Modeling

Click “-->Modeling” to 
perform Lasso regression
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Soft Sensor 
Analytics
Results – Lasso regression for predicting alkalinity

Soft Sensor Analytics

Save model

• Close all figures

• Click “Save” to save this 
model for validation.

5
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Soft Sensor 
Analytics
Modeling – Save current or Load previous set of inputs/output 

If any changes are made to the inputs or/and output, and if 
the performance is good, the set of the inputs/output 
variables can be saved by clicking “Save selected inputs & 
output”.

6

Soft Sensor Analytics
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If previous set of inputs/output is better, it can be recovered 
by clicking “Load latest selected inputs &output”

Then, modeling can be conducted again

7



Soft Sensor 
Analytics

Validation of the models
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6
Select model for validation

• Click “Validation” tab on the top

• Choose “HLS_data_SS_Std_RM_RS_RO[301:546]”

• Click “Model_0 (Lasso)” to validate this model

1

Soft Sensor Analytics
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Soft Sensor 
Analytics

Validation of the model
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6

Select a data set for validation

• Choose “HLS_data_SS_Std_RM_RS_RO[301:546]” 
for validation

2

Soft Sensor Analytics
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Soft Sensor 
Analytics
Validation of the model
6

Soft Sensor Analytics

Choose “Simulate” to continue

• Right-Click on the two models

• Click “Simulate…” button, a window will pop up

3
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Soft Sensor 
Analytics
Validation of the model
6

Soft Sensor Analytics

Model validation

• Tick “ “Without bias update” box

• Click “Simulate” button

4
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Soft Sensor 
Analytics
Validation of the model
6

Soft Sensor Analytics

Model validation

• Tick “With bias update” box

• Click “Simulate” button

5
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Part III-B: Prediction of Silica
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Soft Sensor 
Analytics
Change output to be predicted

Change the output to be predicted

• Go to the “Modeling” tab

• Choose 
“HLS_data_SS_Std_RM_RS_RO[1:300]” 

• as the dataset

• Click “Si” in the second list
• Click “Select a tag from second list as 

output” button

1

Soft Sensor Analytics
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Soft Sensor 
Analytics
Modeling – Lasso regression

Choose dataset and modeling method

• Click the “Modeling” tab

• Click HLS_data_SS_Std_RM_RS_RO
_[1:300] (training data)

• Go to “Modeling-->”, Click “Ordinary least 
squares…” , a window pops up as below

2

Soft Sensor Analytics
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Soft Sensor 
Analytics
Modeling – Lasso regression

Select inputs

• Hold “CTRL” and select five input variables 
“In_ALK”, “Super_Ca”, “Super_Alk”, “LIME”, 
“CAUSTIC_PPM”

• Click “Inputs” button

• If having high confidence in the inputs selected, 
click “Save selected inputs & output” button

2

Soft Sensor Analytics
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Analytics
Modeling – Lasso regression

Selected inputs and output are loaded automatically

If any change is necessary, the highlighted buttons 
can be used to add/remove variables

Soft Sensor Analytics

3
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Analytics
Modeling – Lasso regression

Soft Sensor Analytics

3

3
Options

Set “Alpha” as “0.0005”.

4
Modeling

Click “-->Modeling” to 
perform Lasso regression
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Soft Sensor 
Analytics
Modeling results – Lasso regression for Silica

Soft Sensor Analytics

Save model

• Close all figures

• Click “Save” to save this 
model for validation.

5
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Soft Sensor 
Analytics
Modeling – Save current or Load previous set of inputs/output 

If any changes are made to the inputs or/and output, and if 
the performance is good, the set of the inputs/output 
variables can be saved by clicking “Save selected inputs & 
output”.

6

Soft Sensor Analytics
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If previous set of inputs/output is better, it can be recovered 
by clicking “Load latest selected inputs &output”

Then, modeling can be conducted again

7



Soft Sensor 
Analytics

Validation of the model
Model Validation: the models based on different methods can be validated based 
on the second dataset. 

6
Select models for validation

• Click “Validation” tab on the top

• Choose 
“HLS_data_SS_Std_RM_RS_RO[301:546]”

• Click “Model_3 (Lasso)” to validate this model

1

Soft Sensor Analytics
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Soft Sensor 
Analytics

Validation of the model
Model Validation: the models based on different methods can be validated based 

on the second dataset. 

6

Select a data set for validation

• Choose “HLS_data_SS_Std_RM_RS_RO[301:546]” 
for validation

2

Soft Sensor Analytics
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Soft Sensor 
Analytics
Validation of the model
6

Soft Sensor Analytics

Choose “Simulate” to continue

• Right-Click on the two models

• Click “Simulate…” button, a window will pop up

3
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Model validation

• Tick “ “Without bias update” box

• Click “Simulate” button

4
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Soft Sensor 
Analytics
Validation of the models
6

Soft Sensor Analytics

Model validation

• Tick “With bias update” box

• Click “Simulate” button

5
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