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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
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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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trainingStats = train(agent,env,trainOptions) ;

Training Progress ( 2019/03/23 14:24:13 )
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Neural State Space Live Task
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% Create a multistage nonlinear MPC controller with 6 states, 2 inputs and
% prediction horizon = 50. By default, it uses the "fmincon" solver.
planner = nlmpcMultistage(50,6,2);

% Configure it _to -use-the-c/gmres-solver-and--choose_solver settings

planner.Optimization.SolverOptions.StabilizationParamater = 1/p1anner:T§;\
planner.Optimization.SolverOptions.Restart = 30; )

\*\~\‘~ planner.Optimization.SolverOptions.MaxIterations = 200;

[mv, ~, info] = nlmpcmove(planner, x0, u9);

A 3 . automatica
SR Automatica
s t" = Volume 40, Issue 4, April 2004, Pages 563-574 -
ELSEVIER _

A continuation/GMRES method for fast
computation of nonlinear receding horizon
control

Toshiyuki Ohtsuka 2 =
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