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iy This example shows a reduced order modeling (ROM) workflow, where we obtain a low-order nonlinear state-space model that serves as a surrogate
tH NeuralStateSpaceModel_O...

) NeuraiStteSpaceMode, OutputFenlacabianm of a high-fidelity battery model using deep learning. The low-order model takes current (charge or discharge) and state of charge (SOC) as inputs and

" NeuralStatesgaceModeI:St... predicts voltage and temper%e of an electric vehicle (EV) battery module while the battery is being cooled by an edge cooled plate with constant

£ NeuralStateSpaceModel_St... flow rate coolant. The low-order model, represented by an "idNeuralStateSpace” object, is trained by the "nissest" command and deployed in

%) NeuralStateSpaceModel_St... Simulink using a "Neural State-Space Model" block.

£ SyntheticDataGeneration.m

Motivation of ROM

Batiery RONWINSS i A7 27070 = The high-fidelity battery model is built in Simulink using Simscape Battery and Simscape Fluids blocks. High-fidelity models help engineers in various
IR ® ways such as system design validation and simulation based training. In terms of control system design and analysis, however, high-fidelity models
&3 & are typically either too expensive to run or too big to analyze due to its large size and high order. In addition, if we intend to use it as the prediction

model in model predictive control (MPC) and nonlinear state estimation, it would be too slow for real-time applications. Therefore, having a low-order,
medium-fidelity and codegen-friendly surrogate model is much more desirable for control system design, analysis, and deployment in rapid
prototyping, which is exactly what reduced order modeling (ROM) can help with the model-based design workflow.

Among many ROM approaches, using a deep network to describe a dynamic system has two significant advantages:

= A deep network, such as the Multi-Layer Perceptron (MLP) network used by "idNeuralStateSpace" model, is a universal approximator of an
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The estimation result “estsys2” is created in the Linear Analysis Workspace. .
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RESPONSE OPTIMIZATION
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j E B New v L.@ Design Variables Set: DesignVars ~ /' El [’1 @ D 5
0 y A A Data to Plot: v LR 8% 41% 1% 0%
pen Save B select Evaluate Uncertain Variables Set: None ~ Sensitivity Plot Model | Options | Optimize =
Session ¥ Session ¥ Reguirements Analysis ~ (@] Nodata.. Response v v Status | CPU | Memory | Disk | Network | Power
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~ Data i |Z Time plot3 X
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Z| Time plot 1 X 2 =| Time plot 2 X i ABWebUI 0% 107.7 MB 0 MB/s 0Mbps Very
ABWebUI 0% 441 MB 0MB/s 0Mbps Very
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g U et i e e e e B T | Optimization Progress Report — ] X AB 0.1% 2,999.5 MB 0MB/s 0Mbps Very
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40— ——— i i o | 96 3738 1.1311e+03 AB 0% 2,998.4 MB 0MB/s 0Mbps Very
0 5 10 15 20 25 I
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—
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Motor_control_seminar_| 99 3774 1.1299e+03 \TLAB 0.1% 3,001.1 MB 0 MB/s 0Mbps Very
100 3786 1.1299¢+03 TLAB 0% 2,990.0 MB 0 MB/s 0Mbps Very
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@
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eady
Phase one: Finding a feasible solution Il Provider Host 0% 3.6 MB 0 MB/s OMbps  Very
Phase two: Minimizing objective... | PSS PO B Y anane Ave o
- ‘ >
| Save Iteration... | | Display Options... | | Optimize | details
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Device name

Processor Intel(R) Xeon(R) CPU E5-2697 v4 @ 2.30GHz 2.30
GHz (2 processors)

Installed RAM 120 GB
Device D

Froduct ID
System type bd-bit operating system, xb4d-based processor

Pen and touch Windows specifications

Edition Windows 10 Enterprise
Version 1909

Rename this PC
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I (agent)
STATE, AGENT A LIDARMp IOXT wx J p h.
OBSERVATION. 1 ACTION i (state, observation)
Policy update A ) A . ]1 D 3 6 HB q
Reinforcement [ (environment)
Learning AlTtT3pO"Yn. M1 KAEn@
Algorithm . _
I (action)
A (state)T wywx (action)o B9
REWARD T (p0|lcy)
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ENVIRONMENT I (reward)
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Reinforcement Learning Toolbox
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A https://www.mathworks.com/help/reinforcement-learning/examples.html
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trainingStats =train(  agent,env,trainOptions );

Training Progress ( 2019/03/23 14:24:13 )

E p I S O d e 1 Episode Reward for riSimplePendulumModel with iDQNAgent 2 (™ &

|7 Stop Training |

Episode Information
Episode Number

08| Episode Reward
Episode Steps
o7k Episode Q0

Total Number of Steps

o
@
T

Average Results
Average Reward
Average Steps
Window Length for Averaging 5

Episode Reward
o
o

e
IS
T

Training Options
Hardware Resource cpu
03} Learn Rate 0.01
Maximum Number of Episodes 1000
Maximum Steps per Episode 500

02}
Final Results
01} Training Stopped by
Training Stopped at Value ..
Elapsed Time
0 L L L L L L L L L
0 0.1 0.2 0.3 04 05 0.6 07 0.8 0.9 1

Episode Number
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