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DA 5! 2HE X 2FA (Introduction to Organization and Business)

Hi g1t T2ME 72 (Background & Project Overview)

J

|=ZX9l S{Z 1X| (Project Goals and Challenges)
MathWorks £2M& 531 5jjZ ot g1 A (How did we get there and leverage MathWorks)
A1} 8! H2| (Achievements and Outlook)

ZE gl 99F (Concluding Remarks)



MATLAB BEXIPPO

ENT MUATY / VYXIGA ARTHLEE A

A E[Q1 2orofM 1012t 7| AX|LO|ZE 22O},
EMS H|of 2] 712t ATl 45 SiM 5o &H 2o E30dsUH.
X|29|= MBD(Model-Based Development)20fo||Af

Engineer®} AIZ2] ©9) X1 7|8 Al 42 TRAIA JHED B2 A28 X1 5o YBUIL
IHYUNDAI
TMOTOR GROUP FA— RCA  Comepe S

Mobility Device Mobility Service ~ Essential Fuel Cell Convergence

AU AoESIARE doi=2 | ARSQEANCEXSRING | Performance DRRORAZ| MSICeIS VAR $70l 0] 023 Aol Jl@
Welel 2y i 71? s } _,;?,‘.'-:: o] 24%1

[1] X https://tech.hyundaimotorgroup.com/kr/



E_I." rcnt-loading
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>
HIZ/HE 27

2. Virtual 7|8t H| & 7| 51 o|H

Virtual Physical
Part Part

=

bl

J J - Savel!

| |

HIEHE 2

Z£X: [1] Front-loading A§ g +7|&z2](Product Lifecycle Management) https://blog.naver.com/richscskia/221886879352

MATLAB BEXIPPO



MATLAB BEXIPO
3. CAE(Computer-Aided Engineering) 7||I:|_|- 7“%!- (1 D vs. 3D)

0 3D-Simulation 03 1D-Simulation

BE: EB MAHS =2/ EQS 24 89 BEHE AN S0 OF AA™M U HETH 7ty
CHE: ChSA|AE EA IHOH O M7 tHAof o3t B! 3D XYX Xpado] ZAR 7|0t & £
g3 ZEO| AIZHE H|ok o &+ 34 5718 GFAIAE HE o5y 24

1 Control Signals
1 Group Exlr'u:lar 2Rl

a1

Retract 2

“@ﬁm—
B

]

|

]

1 Inject 3 )

X Injector B
| Q2 H

x Backpr —F@ 81 E

X Nozzle

1 Power Unit —

1 Ncmla:l P @ s |
|

= | v ——e
I L]

1 Extruder . ]
X = || | Molten Plastic

Valve Fluid Properties

X Manifold [:
P

107 Cylinder Pressures.

1 Actuation Fluid || |
! Properties

fx)=0

“ Injection Molding Actuation System |~ S -
| 1. Plot pressures in injector chambers (see code)
1 2. Explore simulation results using sscexplore

1
o
u 3. Learn more about this example E
8005
] E
8
-0.1
T 1

Time (s)

1] 3D https://www.ansys.com/ko-kr/about-ansys/advantage-magazine/volume-xi-issue-3-2017/fuel-injection-breaking-up-is-hard-to-do
[2] https:/Iwww.mathworks.com/help/physmod/hydro/ug/injection-molding-actuation-system.html#responsive_offcanvas
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4. Calibration ©|=t

Calibration - Simulation2]

1D
Simulator

Simulation ID

Z£X: [1] https://www.hyundai.com/content/dam/hyundai/kr/ko/images/company-intro/info/history/history-2011-02-01-pc.jpg
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MATLAB EXF

5. 1D Yj{M o] AUur™ FEX}} Calibration2] 2| 0]
CSA[ARLO] CHTH o3 7]8t ATl E8S AREZE &717]

o8 2% F= s

Y i Simulation . . o

A
@ | Yuussusnomze | s
= CHCRER i J
o 1D Simulator > >
— ! 1




MATLAB EXX
6. IZEL =30 oA

== Calibration

Simulation




7. Z2

AS IS

E9| 712 - ACT Project 7|¥
=
-lE ~1 4% -
&~
@ E ()
(SR T8N
To Be
Traditional Process O ACT Process

VS.

<

Engineer knowledge

=] Ll
= fic-

Use Simulation Tool
for candidate evaluation

Collect data 1D
Using ‘ Simulator ]
Al Simulation Tool “—

Analyze data

A. Jmlm|¢ﬂ

Train MIMO .
WT BSFC
model e Q% s
Al e

Solve problem

‘Optimization
Al + Human L% rTargetiog

Refine the DOE 1

‘ ACT-Project ]

. MY
« Avuto-Calibration Tool
« AlIZ|HIIFEHEXMIF 22M

=T -
(A2 5482 ARHE F7171)

-] . Calibration

MATLAB BEXIPPO
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8. Ho|E] ¥FH O Z B Calibration?] &

-r=

O 1D 9§42 Calibration2 =} =3 7o AQ =2|H ZAS

{Input)

Must found out
Parameter, Variable
Unknown

......

L/

L\
W > 7/
SRAORIAONS
X NN
‘ A ‘ e \""0 ‘\ \J .‘l;‘
WIS ‘ SN ‘ ANV, 1)
Vol )% NG
/o..“f %’\\ / 4"0\
BN/
\ll' AV \
NN
w

48 1D-Swej
AobE/22N 7|5 2Y

{Output)

« Target

@&

Performance
« Known / Given

MATLAB EX



9. OFi

[ MISO (Multi-Input / Single-Output)
HE 28 58O =2

3

r oA

4

M

X
n.
X

P LY

=

= =
UG YE EMEY WO

[ —

[HES2|ZA| B 40| A2t AT

C}

=0 Y UHHLO| FHZIO| 49|
Outputs are
independent

MISO1 Out1

Model

MISO2 Out2

Model

MISO3 Out3

Model

=M ciE 2l 2E-MIMO

[ MIMO (Multi-Input / Multi-Output)
BHE: OF =272t HAE o1/ RE=E 274
Ct™: X|X3t 50A MISOL{H| o=2io| X2 &2

Interconnected outputs
(cross-coupling effects)

Single Outl
MIMO (O— Out2
Model O— out3

Multi-Inputs Hidden Multi-Outputs
Layer Layers  Layer

MATLAB
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MATLA

10. MIMO EME 7l 9]
0 GioIE £/t ML/DL7|% 24
- Input(X) : Xl A|E3[O|E] LAIA| LRt H
oladzt

- Output(y) : AT A[ZZ{|OIE{ M A=kl
- Model [v;,X;] : X, YHIOIE] 7|4 ML/DL | R& %8 o FO{T SEZ(V )0l B&GH= YA, )E MEY

- Target(V) : tFEH SHUCE AYUSZL / Performance metric : RMSEMin =Y |Y,,— V|

W Al Ol A Tato|E| (2 | 407H)
Ol

H A E JUHF

3 MIMO(Multi-Input/Multi-output) 2M E 7t
s A BE MY 2, OF =8 1 U RFEcte OF €U
(1.4|°]E{ A/g) AXI A|Z2f|o]M(1D-Simulator)oliM YE=Et == [X,,Y.]
(2.ML/DL 7|4t B AH4d) Model [v,, X]
= Olgiz}h E% [ical]

(3.Task &%) Ohz==HZHY [ ] > Model [v,, X, | - OF 2=k

— A|EY[O|E1E TPt &3 & Y, ,,=1D-Simulator [X,]
| — XA QXIHQIA Y, Ol &3t X, ME

=TH

ZF EFA
o

— X|& QX &0l RMSE_Min =Y |Y,, -
— QX A|g[o|M(1D-Simulator) [X,,;, Y] 22 A& AT

11



MATLAI
11. MIMO7Z[tE ATl A|Z8O|E| % Task &
0 1. BlOIE| 44 : AISHIOIE| 28 7 2. ML/DL 2% A4

X — 1D Simulator — Y Model

Yy — X(i)ﬂy(i) “‘
(X YO)} 2,

— X

(x®,y® )}21

3 3. Task $3 : t5 =2 SHZL » Model PPerformance Metric » L5 A2ZE == p 1D AXIA|E|0|E &4

Performance Metric & For loop
RMSEMin=Y |V — " | AXI HE E/§°| HtFH

Model v

Uy —X_ , — i — V v/ — 1 — v/
{ (X My (i))}m X_.i 1D Simulator Yoa X 1D Simulator Y
‘ i=1

—_—

X'..; @RMSE.Min

12



12. Matlab7|dt ACT 33 HoF QI Workflow

Design DO

Simulation

Parallel computing

Computng Serve

-(8
=3

-

£ N

If necessary,
refine DOE using results from
Sensitivity Analysis

L e _r

Visualize &
Analyze data

Data visualization
Predictor ranking
Sensitivity analysis

Y =

catiel Corrputrg

@Train MIMO models @

N
L,"\ff \J BSFC
> EVT o—’ Power
Displacement O—> Emissions
Intake port length

@ Use model for targeting problem

81[ Optimization )J

MATLAB EXIPC

@ Visuvalize & ‘
Analyze data

@ Train MIMO

® Targeting

@ Refine DOE

13



13. ACTL &83% Matlab ML&DL ¢112|Z

‘ Algorithms

Machine
Learning

Need Support

Automation

Artificial
Intelligence

Machine
Learning

v

By itself (1]

==

Unsupervised Clustering

Classification

Supervised

Regression

Deep Learning
Statistics and Machine Learning

[ ]Used in this project

|K-Means |
Hierarchical
Neural Networks

Gaussian Mixture
Self-organizing map

Discriminant Analysis
K-Nearest Neighbor
Naive Bayes

Decision Trees
Ensemble Learning
Neural Networks
Support Vector Machine

Linear Regression

GLM

Non Linear Regression
Decision Trees

Ensemble Learning

Neural Networks|

Support Vector Regression

[Gaussian Process Regression

EX : [1] AI9] H|A| https://www.quora.com/Can-you-explain-briefly-about-machine-learning-deep-learning-Al-neural-network

MATLAB BEXIPPO
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14. ACT 7|tF &8y 2

Create & Train Model

-—vn-- n—.nmm-

iy (AT e

14514.

Pre-process data
(remove outliers, clustering)

-"-.4..\..... e et |

? ‘_“‘
z|’

] ACTapp. v g9

IR PEMME R R

3 ACT AppOata_and _Suate for Test DOE T3
‘wimmm'arm,o 02 Speedioad Gnd

‘mlwomndsm‘oﬂnu 16
' ACT Maoual

" ACT Manwal 0Id200406)

) analyze CLG

nalyze_Emission_Precict_TestSheet 200327

1 aralyze MECTaningOsta
1 analyze 01,02 speed grid coly

analyze 01,02 speed Joad grd
analyze T3 Bxp

geoneaeiaon
nonicensun CL6

1 nonicondun 01 02

noniconfun_TGT_ 1
obFun_alSpeeds
obyfun CL6
obyfun 01 02
obyFun TGT

ACT Tool e

Post-processing
(Sen5|t|v1ty)

Auto-DOC

LT L T —

s
- —

{
P 2 I

=] LK

o

-
’

I e 7 7

ACT-App.

Point-by-Pomnt Targeting Problem Single Speed Targeting Problem ilBGIqu&n

DOE Excel data uses GT-POWER labels Inputs Outputs
engine_speed ~  combst
T3_Exp_Compare_Ong_Modi_SendF_proce | View m_diffusion combdl
ssed xisx m_entrant comb02
m_ignition combS0
m_premoced <0010
A nem_cyl » 1090
Speed Label engine_speed v | | Piot X.Y Data i L4 xn
Load Label | airflow v Surface Plot Paraliel Piot
790 arflow. 31.00581 -
Other Label | engine_speed v
1000 arflow: 59 468

Number of load points per each speed point
1.1,21,1212

1500 airflow. 129 0546
1500 arflow: 203 2058
2000 arflow: 100.3813
2500 arflow: 330 6108

(il by S o PORS | .

Lower Bounds | [0.40,0.50,0.40,0 20,0 20,0.01,1.00.0.10,0.10,0.10}
Upper Bounds | [250,200.1.50.1.20,1.40,1.20,3.00,1.00,1.00,1.00)

Cost Function | obfFun_TGT EdtFen

Nonknear Constraint | noniconFun_TGT_1

Solve TargetingProblem (Optimization) ~

EdeFcn

MATLAB BEXIPPO
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15. ACTLT et

Traditional Process

i, =]
1
—
‘
°
=2

Engineer knowledge

VS.

Simulator ]
/)
£ D
Use Simulation Tool
for candidate evaluation

@ ACT Process

Collect data @ |
Using
Simulation Tool “——

‘ Analyze data

il | €3

4\ Train MIMO u,,:% .
v o>

1D
Simulator

model evr Powst

Displacement o_> Emissions
Intake port length

‘ Solve problem I

<\ Refine the DOE 1

Optimization
Or Targeting

MATLAB BEXIPPO
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16. ACT £% ™7} Test sheeet

27

A

1 o
SEEAIAR) gy aes Eﬁrauwﬁ At)

&7] EGR H{7| Z0f Qlojy Ax

o AX|Ljo] £F

X Xy X3 oo Xo @XM
STENT])

MATLAB BEXIPPO
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17. ACT £%% A} (LHE Atd])

AU Hl (37)

123

IS

14

173 R (¥
120 119 118

12

13

S Hw (17)

H
L _ y y L b -

01 02 03 04 05 06 07
H BEHuman  ®A]|
L

08 09 010 011 012

H ® Human m Al
L

013 014 015 016 017

MATLAB BEXIPPO

S

VS.
Al Prediction Avg, error Number
Input 9.23% 31
Output 3.96% 17
Air (kg/h) 1.0%
Btq (Nm) 1.9%
Out;_)ut In/Ex Pressure (Bar) 0.2%
(detailed)
Exhaust Temperature (K) 0.9%
Combustion (deg) 0.5 deg

18




18. ACT 7|8t =2 A =& o1}

Q) ACT= AIX|LoiQ| Calibration £F& SX|SIHAE [HEUE]
TEMN ZHOM £ AZHE 50%7HE Y + U=71? [BE84]

o BN

MATLAB BEXIPPO

~50%V

v Refine Big Data
U// ACT-Calibration ‘

«<— Big Data-Collection

19



19. ACT 7|t M3 =2 M| A M H|ot

-—
:'
El

1D
Simulator

77—

Traditional Process

STEP1 (Engineer)

Select design candidate
from database or using
engineer knowledge

STEP2 (Engineer)
Use GT-POWER model
for candidate evaluation

y

STEP3 (Engineer)
Iterate STEP1 and 2
until goal is attained

1D
Simulator

ACT Process

STEP1 (Engineer)
Using a DOE, simulate many
potential designs and collect data

STEP2 (Al) @\

Analyze data

(select important features,
visualize and cleanup data, etc.)

X
STEP3 (Al) @\
Train MIMO model with STEP2 data

STEP4 (Al) 4\
Use trained model to solve
Optimization & targeting problem

v

STEP5 (Engineer + Al) <\
Refine the DOE and go to STEP1

MATLAB EXF




MATI

1.931 58X
Calibration BZ=3 9 O R9 gior p A7 2 M A JHM 7153 ZE P ACT Project
2, A1 AE
(1) Al Calibration(11%) £2M42 AX[LO{Q 7|1 JAITH +ZAUE HFY
L X{&@XH= Calibration 710|E / D& XM= WAL &0l £ €8 7t

(2) AI71dt W73 T2NA IHM J7t528 S &olst

C BIoE] T4 AR P AREILKY EH9)), SRS HIAISH: AlZio] ) B (Tholuy)
(3) ACT Projecte IX|Lo{2] X|Alof &/ S HQ

L 1X} BIHIOIHE &34 MO A|, AIX|Lof X|A 7|4F 2X} HIG[o[E| M T ohg EQ
(4) Attt M4 Ztel R X|4del ALK H2

L obH O ofd HAS T, AT TED U HT O AAH

3. A9 FFH/HEH it
(1) Calibration & Optimization 7|dt EtX{3t Al EEH C 7j4t
(2) Al E#E X4 7|18 &5 LA oI5 / Al 7|HE P EHI* 7HM

4. AR ItX|t FF A AE
(1) ‘M2L =X’ ‘A2l l‘*‘“’”’EI AEE
(2) T2MA HZH+ TR 7|58



Thank you for your attention.
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