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Hyundai KEFICO Introduction

Company in numbers
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Hyundai KEFICO Introduction

ooo . .
ooo | Organization
sagsLrganization

4Centers /19 Teams /1Lab /1 TFT

No. of Equipment

Electrification

Development Center

= New business technology
- EV Charger,
Power Conversion System,
Micro-Mobility
= Advanced Technology Lab

12 Test Building / Office
2rd Test Building
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DESIGN

RESEARCH VALIDATION CALIBRATIO

Control Solution Center Design Center Reliability Center

= Control Unit Design (SW/HW),

Integration and Verification

= Product Design = Reliability Test / Evaluation

- Sensor, Actuator, Module
= CAE

= Prototype Development
= System Architecture / Platform = Control System Validation

Development
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R&D Objectives

Global Top Mobility Control Solution Specialist

Powertrain Control System Eco-friendly Control System
- Optimization and Stabilization - - Expansion with Variety -

@® Securing Cost Competitiveness ® Expansion of EV Charging System Portfolio

- Global new regulations for powertrain system - Power conversion & Charging control unit
- Fast charging system

@ Stabilization of EV 2-Wheelers Control system @® High-Performance Vehicle Platform Control (VPC-P)
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has a new business?
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New Business

EV Charging system

ﬂ

EV Two-Wheeler

ot POkt Operating Service |

Drive system |

( A Web Manager
=7 (Customer Service)
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e :-lvunom A Cloud Server
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” %.. Traction Motor Motor & CU
' 3 ‘- (In-Line) (In-Wheel) (combined type)
= 2 Channel Post 1 Channel Post
Control system J Cooling system J Key Component
o me >
Vehide Control Motor Control DC-DC Radiator Electric . —_— ;
Unit (VCU) Unit (MCU) o Wk DD Tank Power Conversion Power PLCCommumca’aon Charging Cable

System (POWER BANK)  Module Controller & Cooling system
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On-Device Al Feasiblility of Mobility Controllers

= Running a deep learning model
= Inference time

- Memory usage
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MATLAB & Simulink is easy...

= to integrate Al models with control logic designed with existing MBD

= to implement On-Device Al using code generation of MATLAB

= to development deep learning models
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On-Device Al Process using MATLAB & Simulink

||||||’|| Data cleansing
and preparation

Q Human insight

Simulation-
generated data

Model design and
tuning

Hardware

training

‘}k Interoperability

Integration with
complex systems

-D\EI System simulation

— x System verification
—+ and validation

Data Preparation Al Modeling Simulation & Test Deployment

2. Embedded
* devices

% Enterprise systems

¢ Edge, cloud,
desktop
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On-Device Al Process using MATLAB & Simulink

= Al for mobility detection

Data Preparation
Al Modeling

Simulation & Test

Deployment

[ Highway Lane Following Test Bench )

‘Vision Sen S O r Tracks Longitudinal Ve
. tracks 5 sy
i e FUSION =
Forward Vehicle Sensor Fusion Lane Following Decision Logic and Controller

Simulation 3D Scenaria

lane_boundaries,
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On-Device Al Process using MATLAB & Simulink

= |s the MATLAB version different?

= Integration on Simulink or Integration on C code

Train Model

Simulink Model Design

Code Generation

Modeling <\ Deployment

MATLAB EXPO
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Data Preparation

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

Pearson’s correlation coefficients

[r, p_value]

corrplot(data_corr)

Correlation Coefficient

Shows Strength & Direction of Correlation
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Correlation Matrix
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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;

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

for i=1:last : = o2 te3 v
X_d ata {1, 1} — [. .. input | output | input | output | input | output | input | output | input | output
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);

O 00 N U AW N =

end

iy
o

15



MATLAB EXPO

Al Model Design

= Using deepNetworkDesigner
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Al Modeling

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

layers = |
sequenceInputLayer(input_size,
"Normalization","zscore", "MinLength",5)
lstmLayer(hidden _size, "OutputMode", "last")
fullyConnectedLayer(output _size)
regressionlLayer]

layers =
CtE HES Zgst 4x1 Layer HHE:

1 'Y AEA 28 AFEA 24 (X 3IH)
2 "' LSTM LSTM (&4 #% 8JH)

3 ' A HZE 1 2™ HE HS

4 '' 37 ZZ mean-squared-error
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matlab:helpPopup%20nnet.cnn.layer.Layer

Al Model Training

maxEpochs = 20;

options = trainingOptions('adam', ...
'LearnRateSchedule’, "piecewise", ...
'LearnRateDropFactor', 0.5, ...
'LearnRateDropPeriod', 5, ...
"MaxEpochs',maxEpochs,
'ValidationData',{x _validation y validation}, .
'"OutputNetwork', 'last-iteration', ...
'InitiallLearnRate',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)

3 24 45(2023-10-17 16:09:58)

MATLAB EXPO

Al Modeling

4 B2y 1Y B
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Al Model Training
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Al Modeling
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MBD Design

Design of Simulink model for MBD-based code generation of learned Al model

L : . - 28 T240/8: predict X
o TR - 3 A2 4 @ b A Predict (mask) (link)
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MBD Design

Set buffer block for sequence data
Set buffer size equal to window size

Buffer overlap = window size - 1

MATLAB EXPO

Simulation & Test
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MBD Design

= Set concatenate block for sequence data
= Input size = 3

= Dimension combining = 2

#3 Istm/Subsystem * - Simulink

= oeEN - o] = =7 AR [=om0 A
[ af . ] f - 4 @© P %) )
szxe gzmgy B AE - alol=azl ds ol :3: ) osm gm 2w HOIE! =2l
- - @ - ateH Bl - HE WAL 2~ -~ ooz clamE  =ao
zgm nel 2iol=aial = NEA0IH 23 1s
" o W lstm Subsystem X
*
[ @ |Falism ¥ Fal subsystem
0l
a | .
ol | &
a
=
=] 0.002 EI
[ -]
! E_I n
‘ E
i
B 2
»
2| 122%

Concatenate
S2E 0SS 2 AMSE ZEtotH s 4 &S
MASHLICH WH T= O3 Y D& eS|

Yy QEWM D= U5 MS= HE
S| SHLES! [Mx1] 20|HLH, &0
& 3l

= 20

HEHe Ae EHE WHYLICH 2 = #0| oLt

£E& 20| §: Vector Concatenate

ofLEC! &) HEH S| &

20| otLtel 20| StLict: 2CSH E22 242t 3
#HZ0|HLE 20| otLtel B LICH

ChAte DEGA &5 HHE0

e Zst

22 Zetoled® Z& i

nreole

S I

I
ol

'S ALSELICE O

o

1]

H g

PC: O

A
=

o
]

it

FE HHE

2

MATLAB EXPO

Simulation & Test
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Code Generation

= Using Embedded Coder
= Code Mappings

— Inports: ImportedExtern

— Outports: ExportedGlobal

= Set target device etc...
= Click [Generate Code]

Falsm ik
N

firs

1=l Bl oven Report ~ 74 'Ig

View S Remove Highlighting | Verify | Share

gressionoutput

>

s
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1
voltage
2 1 ] sequenceinput
soc
s
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&

Code = -
BESULTS YVERIFY | SHARE
—
Code

Istm.c ¥ Q Search

* File: lstm.c
* Code generated for Simulink model "Istm’.

* Model version : 2.6

* Target selection: ert.tlc

* Code generation objectives: Unspecified

* validation result: Not run

#include "lstm.h"

#include "lstm_types.h”
#include "rtwtypes.h”
#include <math.h>

#include <string.h>
#include "matrixMultiplyl.h”
#include "lstm_private.h”

/* Exported block signals */
25 int16_T V3 [* "<Root>/¥"

/* Block states (default storage) */
Di_lstm T lstm_DW;

/* Real-time model */

ctatis DT MANEL lrdm T Tedm M-

D: tcodetmat labhl stm_23080881 stn_sop_Jinput _hd2lstn_ert _rtwllsto,

imulink Coder wversion : 24.1 (R2024a) 19-Nov-2023
* C/C++ source code generated on : Thu Apr 25 15:51:@@ 2024

* Embedded hardware selection: ARM Compatible->ARM Cortex-M
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Deploy to Mobility Controller

Code
Generation

@ ZYNQ i

E intel.

Any CPU
No Library needed

<3

NVIDIA.

oneDNN
Library

) I S77

- life.augmented

I3 TEXAS

INSTRUMENTS

ARM Compute
Library

MATLAB EXPO

Deployment
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Deploy to Mobility Controller

= |s the MATLAB version different?

= Integration on C code

Train Model [ J

Simulink Model Design

Code Generation

Modeling <\ Deployment
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Deploy to Mobility Controller

= Integration of generated code with existing code

= Mobility ROM generation - Memory usage satisfaction

Call Generate
Al Function ROM

Insert Declare
Code Variables

Main A2L /
Function HEX

ASWD Input /
Function Folder Output

1) ASW: Application S/W 25
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Verification of Real Time Inference Performance on Controller

ARM
Inference Cortex-M4E

Time
[ms] ARM
Cortex-Ab3

Train Parameter
[#]

Model
Structure

Verification Result

Classification LSTM
0.1~0.2 11~14
0.005 ~ 0.068 0.121~0.212

62 393

Input Layer: Feature =3
FC Layer: Output Size =10

Input Layer: Feature = 3, Window Size =5
LSTM Layer: Hidden Size =8

Relu Layer FC Layer: Output Size =1
FC Layer: Output Size =2 Output Layer: Regression
Softmax Layer

= Qutput Layer: Classification

Completion of Al model calculation within mobility control logic calculation cycle

26



Verification of Real Time Inference Performance on Controller

= Measurement by ETAS INCA Tool

800+ 6.5 - 3000 -
0 B2 2200 -
-B00 - 56 1400 -
600 600 -
-2400 - 4.4 - -200
-3200 384 1000
-4000 - 324 1800
4800 - <2600 -
5600 - 3400 -
6400 - -4200 -
-7200- 0s8-  -5000
&

4800 -

4000 -

3200

2400

Dty recuced

s

MATLAB BXIPPO
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Conclusions and Future Work

= Conclusions

— The Al model was developed using MATLAB & Simulink and deployed to our mobility
controller.

— The feasibility of Al model execution was confirmed on our mobility controller.
= Mild increase in memory usage before and after deploying Al model

= Completion of Al model calculation within mobility control logic calculation cycle

= Future Work
— Al model compression using MATLAB & Simulink

= Quantization
= Knowledge Distillation

= Pruning
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