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Digital twin

A digital twin is a computer-based mathematical representation that

simulates the behavior of a given process. Digital twins are used to

interact with and simulate real-world processes [1].

Physical Asset

• Specifications

• Sensors

• Actions/Reactions

• Asset Tags

• Work Orders

• Records

• Insights on Conditions

• Predictions on Outputs

• Simulate Operations

• Data Collection

• Analytics

Digital Twin
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Sparse identification of nonlinear dynamics (SINDy)

The SINDy uses a three-step sparse regression framework to

automatically discover the underlying governing equation of

dynamic systems from the process data [2].
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Sparse identification of nonlinear dynamics (SINDy)

Unknown dynamics Data collection

A library of candidate 

model terms

Solve sparse 

regression problem
Identified 

system models

https://www.codecogs.com/eqnedit.php?latex=%5Cbegin%7Bbmatrix%7D%201%26x_1%26%5Chdots%26x_1%5E2%26%5Chdots%26x_n%5E5%20%5Cend%7Bbmatrix%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Cmathbf%7B%5CTheta(X)%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Ccdots#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbegin%7Bbmatrix%7D%5Cxi_%7B1%7D%26%5Cxi_%7B2%7D%26%5Chdots%26%5Cxi_%7Bn%7D%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7B%5CXi%7D#0
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Feature generation

Data-driven feature generation:

Hybrid feature generation:  
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Feature selection 

https://www.codecogs.com/eqnedit.php?latex=%3D#0
https://www.codecogs.com/eqnedit.php?latex=%5Ccdot#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7BY%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7B%5CTheta(X)%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cmathbf%7B%5CXi%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Ccdots#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbegin%7Bbmatrix%7D%201%26x_1%26x_2%26x_3%26x_1%5E2%26x_1x_2%26x_1x_3%26x_2%5E2%26%5Chdots%26x_3%5E3%20%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbegin%7Bbmatrix%7Dy_1%26y_2%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=%5Cbegin%7Bbmatrix%7D%20%5Cxi_1%26%5Cxi_2%5Cend%7Bbmatrix%7D#0
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Research Motivations

1. SINDy has been applied to successfully identify governing equations in various 

fields, including to fluid dynamics [1], biology [3], chemical process [4], etc. 

2. SINDy’s feature engineering procedure allows users to combine first-principles 

information and data-driven techniques seamlessly. 

3. SINDy is limited to identify linear-in-parameter relationships. 

4. Artificial neural networks are more applicable to capture complex nonlinear 

relationships, such as rational relationships and implicit relationships.
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Artificial Neural Network



Neural network and SINDy 

integrated algorithm for 

digital twin identification
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Neural network and SINDy integrated algorithm for digital 
twin identification

Feature 

generation

Feature 

selection

Digital twin 

identification
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Neural network and SINDy integrated algorithm for digital 
twin identification
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Case study
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Diesel hydrotreating (DHT) unit example



16

Diesel hydrotreating (DHT) unit example

Data availability 

Real operational 

data

First-principles 

data

Sample number 8161 142

Number of input 

variables

37 13
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Diesel hydrotreating (DHT) unit example

Feature generation
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Diesel hydrotreating (DHT) unit example

Performance comparison among the SINDy, the conventional single-layer 

neural network, and the proposed algorithm in terms of MSE
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Conclusions

• A neural network and SINDy integrated algorithm is proposed to automatically

identify the complicated nonlinear digital twin model combining both first-

principles knowledge and data-driven techniques.

• Compare to SINDy, the proposed method is more applicable to identify large-

scale complex nonlinear relationships.

• Compare to traditional neural networks, the proposed approach combines both

first-principles knowledge and data-driven techniques to improve the prediction

accuracy and prevent overfitting.
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Thank you and 
Questions?
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