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New Business
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On-Device AI Feasibility of Mobility Controllers

▪ Running a deep learning model

▪ Inference time

▪ Memory usage



1010

MATLAB & Simulink is easy…

▪ to integrate AI models with control logic designed with existing MBD

▪ to implement On-Device AI using code generation of MATLAB

▪ to development deep learning models
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On-Device AI Process using MATLAB & Simulink

Model design and 

tuning

Hardware 

accelerated 

training

Interoperability

AI Modeling

Integration with 

complex systems

System verification 

and validation

System simulation

Simulation & Test

Data cleansing 

and preparation

Simulation-

generated data

Human insight Enterprise systems

Embedded 

devices

Edge, cloud, 

desktop

DeploymentData Preparation



1212

On-Device AI Process using MATLAB & Simulink

▪ AI for mobility detection

Vision

Control
Plant

Sensor

Fusion

AI Modeling

Simulation & Test

Data Preparation

Deployment



1313

On-Device AI Process using MATLAB & Simulink

         Modeling       Deployment

Train Model

Simulink Model Design

Code Generation

Code integration &

ROM generation

Deploy

to Mobility Controller

Verification

on Actual Mobility

C-Code

▪ Is the MATLAB version different?

▪ Integration on Simulink or Integration on C code
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Data Preparation

▪ Model 1. LSTM model for battery-related variables prediction

▪ Model 2. Binary Classification model

▪ Pearson’s correlation coefficients

[r, p_value] = corrplot(data_corr)
Y

SoC

current

voltage

temp
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Data Preparation

▪ Sequence data set

ex) Prediction of 1 data in the future using 5 data in the past(window size)

win_size = 5;
last = size(voltage, 1) - win_size;

x_data = cell([last 1]);
y_data = zeros(last, 1);

for i=1:last
  x_data{i, 1} = [...
    voltage(i:i+win_size-1)';...
    soc(i:i+win_size-1)';...
    temp(i:i+win_size-1)'];
  y_data(i,1) = Y(i+win_size);
end
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AI Model Design

▪ Using deepNetworkDesigner

▪ LSTM Long Sort-Term Memory

input_size = size(x_train{1}, 1);
output_size = size(y_train(1), 1);
hidden_size = 8;

layers = [
 sequenceInputLayer(input_size, 

"Normalization","zscore", "MinLength",5)
 lstmLayer(hidden_size,"OutputMode","last")
 fullyConnectedLayer(output_size)
 regressionLayer]

layers = 
  다음 계층을 포함한 4×1 Layer 배열: 
    1 '' 시퀀스 입력 시퀀스 입력 (차원 3개) 
    2 '' LSTM LSTM (은닉 유닛 8개) 
    3 '' 완전 연결 1 완전 연결 계층
    4 '' 회귀 출력 mean-squared-error

Data Preparation

AI Modeling

Simulation & Test

Deployment

matlab:helpPopup%20nnet.cnn.layer.Layer
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AI Model Training

maxEpochs = 20;

options = trainingOptions('adam', ...
    'LearnRateSchedule', "piecewise", ...
    'LearnRateDropFactor', 0.5, ...
    'LearnRateDropPeriod', 5, ...
    'MaxEpochs',maxEpochs, ...
    'ValidationData',{x_validation y_validation}, ...
    'OutputNetwork', 'last-iteration', ...
    'InitialLearnRate',0.01, ...
    'Plots', 'training-progress', ...
    'Verbose',0)

net = trainNetwork(x_train,y_train,layers,options); 

save(“lstm.mat”,'net')
exportONNXNetwork(net, “lstm.onnx”)

analyzeNetwork(net)
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AI Model Training

predict(net, x_train,'MiniBatchSize',1)

Data Preparation

AI Modeling

Simulation & Test

Deployment
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MBD Design

▪ Design of Simulink model for MBD-based code generation of learned AI model
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MBD Design

▪ Set buffer block for sequence data

▪ Set buffer size equal to window size

▪ Buffer overlap = window size - 1
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Simulation & Test

Deployment
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MBD Design

▪ Set concatenate block for sequence data

▪ Input size = 3

▪ Dimension combining = 2

Data Preparation

AI Modeling

Simulation & Test

Deployment
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Code Generation

▪ Using Embedded Coder

▪ Code Mappings

– Inports: ImportedExtern

– Outports: ExportedGlobal

▪ Set target device etc…

▪ Click [Generate Code]

Data Preparation

AI Modeling

Simulation & Test

Deployment
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Deploy to Mobility Controller

Data Preparation

AI Modeling

Simulation & Test

Deployment

Code 

Generation

CPU
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Library

ARM Compute 

Library

Any CPU

No Library needed
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Deploy to Mobility Controller

▪ Is the MATLAB version different?

▪ Integration on C code
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Deployment
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Deploy to Mobility Controller

▪ Integration of generated code with existing code

▪ Mobility ROM generation A2L & Hex → Memory usage satisfaction

Insert

Code

ASW1)

Function Folder

Declare

Variables

Input / 

Output

Call

AI Function

Main

Function

Generate

ROM

A2L /

HEX

1) ASW: Application S/W

Data Preparation

AI Modeling

Simulation & Test

Deployment
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Verification of Real Time Inference Performance on Controller

Classification LSTM

Inference

Time

[ms]

ARM 

Cortex-M4F
0.1 ~ 0.2 11 ~ 14

ARM

Cortex-A53 
0.005 ~ 0.068 0.121 ~ 0.212

Train Parameter

[#]
62 393

Model

Structure

▪ Input Layer: Feature = 3

▪ FC Layer: Output Size =10

▪ Relu Layer

▪ FC Layer: Output Size = 2

▪ Softmax Layer

▪ Output Layer: Classification

▪ Input Layer: Feature = 3, Window Size = 5

▪ LSTM Layer: Hidden Size = 8

▪ FC Layer: Output Size =1

▪ Output Layer: Regression

Verification Result Completion of AI model calculation within mobility control logic calculation cycle
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Verification of Real Time Inference Performance on Controller

▪ Measurement by ETAS INCA Tool 

Input_1

Input_2

Input_3

Output_Predicted

Output_Reference
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▪ Conclusions

– The AI model was developed using MATLAB & Simulink and deployed to our mobility 

controller.

– The feasibility of AI model execution was confirmed on our mobility controller.

▪ Mild increase in memory usage before and after deploying AI model

▪ Completion of AI model calculation within mobility control logic calculation cycle

▪ Future Work

– AI model compression using MATLAB & Simulink

▪ Quantization

▪ Knowledge Distillation

▪ Pruning

Conclusions and Future Work
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