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Agenda . mg

GRAND
CHALLENGE
= Challenge #1: Provide simple and fast data access R
Enabling simple and fast access to large amounts of Data ,
' Frankfurt
8.628km _

s

= Challenge #2: Handle arbitrary simulation data with acceptable performance and robustness

Handling of many and also sparse data with acceptable performance

= Challenge #4: Ensure process chain reliability, stability and fault tolerance

Implementing fault tolerant processes

= Challenge #5: Educate engineers & students to get skills beyond scripting
Empowering engineers to develop simulation processes and not just models

= Challenge #3: Provide reliable applications understandable by non data-scientists
Usability of applications that empower machine learning techniques
= Usability of SDM systems
= Example: automatic spot weld generation

= Challenge #6: Provide benchmark data to enable algorithm development and comparison

Development of algorithms with limited access to data

= Challenge #7:
Creating an environment where all the data is actually related to each other
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Challenge #1: Provide simple and fast data access m
Enabling simple and fast access to large amounts of Data GRAND

CHALLENGE

- System (scale) HPC

= Requirements

= Uncomplicated
= Fast

solving

external user 1 Internal user 1

m @ scale.server

RemoteSubmit
external user 2

service portal

= Challenges S internal user 2
= Security

= Data volume

= Amount of data

= Heterogeneous

store result data

. external supplier internal CAE-department
work environment
. Central data storage, synchronization with local workstations (c/loud like infrastructure)
= Collaboration Sync 8e > o I
decentralized m Encrypted transfer, encrypted storage (two factor authentication and encryption)
Offline handling of data (RichClient)
Offline / Online m Users/Teams are independent of servers and infrastructure
performance m Users work with local data

m  Good performance while application of preprocessing tools
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Challenge #2: Handle arbitrary simulation data with acceptable performance and robustness m
Handling of many and sparse data with acceptable performance GRAND
CHALLENGE
= Requirements = Reduction of data for transfer and storage
= Open files fast " |nputs: Deduplication = Results: [SDMZiE] factor of ~3

= Work with many files
= Solver independence

SIDACTembH

} factor of ~8

= Challenges
= FEA files are sparse = Desktop integration
= |t’s not known which " Instant access
files the user opens next to data
= Many simulation results = Fast loading
= Many different tools = Tight integration ]
of FEA tools R s ST 4 -1 2% LS B

Of@-:-I> -ERer B ‘uns
o

open data directly |Bgg =
H R H [ g % Fuse Box T i
into applications
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Challenge #4: Ensure process chain reliability, stability and fault tolerance %

Implementing fault tolerant processes
Every time something is GRAND
saved it will be checked CHALLENGE

" Requirements v Checks = Continuous testing
= Each simulations should l““ - [Result [ ne ] Description of model data
~ dynachec &

return valuable results v PRIMERd T z = Each time a change s
= |V|Od€| errors ShOUld be TA_BL 012_ ’ o Table <values= not monotonically increasi applled

detected upfront ser_defined_arrors o A Arbitrary checks can = Before each simulation
= Process errors should be e O be implemented = Customizable

easy to underStand and fIX Waming o grgizaggﬁggllgggilos?a_x_mwer_aumper_

Warning o The following 1SO-Codes are used for multi| . . .
Check results pop user_defined_errors ] u Tlght prOCESS monItOrlng
q 5 P check-hsp o
u Cha | |enges up immediately COMPONENT_MASS ) 1.40520647 = |nstant feedback to
. . . users

= Complexity of simulation

mOdEIS AUS13_2xx_B_BF___EU fzzl_16_2003_L__CD AZT links_ - Easy to underStand

. . e 6 [JSOLVING: FEM calculation: [sdyna: 0.09963ms of 6.0ms computed M gl error messages
. EEXhISt!tchatsd i t”u ;EELI\\:‘I”I:Sculation: lsdyna: 0.09963ms of 6.0ms computed ]
me 0 S Preparation
b </ (create Iinks for workdir: inks for workdir created ) H
= Complex HPC e s ) = Automated testing for
. o sdyna; U, ms o Mms Compute
enV|r0nmentS reparing LS-DYMNA Run processes
. Qy prep 9 . .
= Number of people working , lbne - ;JC?;:):C‘?St'”g for process
2 [J0.098963ms of 6.0ms computed )
On one mOdel & |:mo\.fing result files .

Postprocessing
e

Tight monitoring of
each process step
2019 carhs.training gmbh
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Challenge #5: Educate engineers & students to get skills beyond scripting %

Empowering engineers to develop processes and not just models

GRAND

CHALLENGE
AV

JF

: 5y He
. Programmmg should 5 J*c"”db dingungen Process scripts should be
be made easy -¥- (& Tools accessible for everybody

—— L} Accounting

Scripts are to be kept
" Req uirements : Sl | a'ongside the FEA data

Integration into

— P (&3 Checks (68 - Checks_AUDI_Pamcrash)
normal workflows

— P &3 Clusterskripte (852 - Clusterskripte_AUDI)
—— @3 ES1_Check (31 - ESL_Cheth)
— P [&3 GECO_Direktiven (156 - Postprocess

u Cha | |e ngeS —— @3 GECO_Skripte (49 - GECO_2015-12-02) for scripts and all
o |l related data
— P &3 Modulstrategie (71 - Modulstrategie_2016)

Full version control

= Education

—— |LJ| Parameter_fuer_Modulstrategie

= Multitude of —— |Ld| Parameter_fuer_Versagensskripte_Confail
programmlng tOOIS — Parameter_fuer_Versagensskripte_L18
—— (L Parameter_fuer_Versagensskripte_Shellfail
[ |
Tea mwork — tgzﬁ Postprocessing_Skripte (33 - Postprocessing_Skripte_STRUKTUR)

—— &3 Preprocessing_Skripte (50 - Preprocessing_Skripte_PamCrash_Explizit)
— H Reporting (1 - Reporting_2019-02-07_16:38:45)

— H Reporting_Skripte (2 - Reporting_Skripte_20153-02-07_16:45:01)

— [&3 versagensskripte (201 - Versagensskripte_AUDI)

= All data should be exposed by APIs SCALE™ carbs.

Empowering Engineers
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Challenge #3: Provide reliable applications understandable by non data-scientists %

Usability of applications that empower machine learning techniques
GRAND

CHALLENGE

= Requirements

" |ntuitive User
interface

= Responsiveness

M varis

< > E Yaris hd qﬁ Yaris_Default - D 897 [DEMO fur Opel] E Vehicle D Exterior ;T; Body in White

Browser X Attributes Historie

Pool-Version

version control for

. overall project version control for
@ ) DEMO multy diciplines Selected objects

FATIGUE Test

= Challenges
= Complexity vs.

Komponenten

Disziplin
ImpactLocatior
Position

Hand Drive

Short Description

4 [ » B Tools
Intu Itlveness ~ B9 vehicle & 13 Short description... <
| 5 air Filter CRASH key - — G 12 test <
= Huge data amounts Sp— s e . | © 1 changeswee
. @ g
» B Doors and lids o Battery CRASH key Z
£5 Body in White NVH_FATIGUE NVH,FATIC key I3
Body in White L CRASH  key EU I ) 7
product E— S
=g Body in White RL CRASH key EU r — ommenta
structure » > 0897_YARIS_EuroNCAP_Pole links_ s_20kmh 55 Crash Management System front CRASH  key us 2 € 5 shortdescription... <
> @897_YARIS_EuroNCAP_Pole_rtechts_s_29kmh 23 Crash Management System rear CRASH key uUs 8 'I 2 4 Attributes chang..
= PB97_YARIS_EuroNCAP_RW f_5ekmh 5 Crash Management System front CRASH key EU 2 @ 3 Shortdescription.
= @897_YARIS_FATIGUE 55 s_Door_Stummel_Mitte_oben front_left CRASH key 1 - ® 2 master
= @897_YARIS_FMVSS_RW _4ekmh =g s_Door_Seite rear_left CRASH k 4 2 neuer Stand; Up.
model - _YARIS_PMUSSRW______ T doknh___ o .
= @B97_YARIS_IIHS_SOL T_64kmh 3 Fuse Box CRASH key - - -
. — _ - — — Historie  Eigenschaften  Jobs
EIRERLS ! 4

model

D S
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Challenge #3: Provide reliable applications understandable by non data-scientists

Example: automated spot weld generation

= Goal

= Create an intuitive to use tool for
creating initial spot weld designs

= Learn from existing data

FEM data of
existing projects

o
/‘On\ Training of

Input - Neuronal Net

automotive

CAE

CAD Software GRAND

(e.g. CATIA, ...) CHALLENGE
Visualization
user selects D ——
two parts of generated
to be spot welds
connected for vali-
dation
Request to create spot welds

for part combination IS
o
el
- Material A, B E
algorithm Sheet thick. A, B Knowledge DB ©
a (connection technologies 2
e iaT and parameters) -8
. L1 N ©
spot weld ¢ =
q )
generation Information =
2
L =
o
(]
<

Neuronal Net

CAD FEM

TR

v

spot weld data

(generic format for exchange)

Realization of spot welds

© 2019 carhs.training gmbh
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Challenge #3: Provide reliable applications understandable by non data-scientists

Example: automated spot weld generation

15t part recognition

(classification problem)

" |ndependent of

geometric representation

(CAD, FEM, ...)

= Robust to

= slight geometri
differences

= orientation
= spatial location

= State of the art

recognition accuracy

© 2019 carhs.training gmbh
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CAE

CHALLENGE
/I\/Iachine Leaming\
Algorithm
Training Prediction B-pillar
Point cloud PointNet!!!
T input  mip(6464) feature  MIp (64,128,1024) i
— — : max
C p transform > e transform -] ] bool (512,256,k)
< | | < 1024
O [ o % % S
2|y —* Z| shared | % [ —* % | shared % |
2 global feature
£ k
"'\_\_7 - - output scoris/f
3x3 64x64
transform trans

matrix
multiply

matrix
multiply

form |

[1] PointNet: Deep Learning on Point Sets for 3D Classification and Segmentation

Charles R. Qj, Hao Su, Kaichun Mo, Leonidas J. Guibas

TECHNISCHE
UNIVERSITAT
DRESDEN
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http://openaccess.thecvf.com/content_cvpr_2017/papers/Qi_PointNet_Deep_Learning_CVPR_2017_paper.pdf
http://openaccess.thecvf.com/content_cvpr_2017/papers/Qi_PointNet_Deep_Learning_CVPR_2017_paper.pdf

Challenge #3: Provide reliable applications understandable by non data-scientists %

Example: automated spot weld generation

O s GRAND
Part Identification of TOYOTA YARIS Model CHALLENGE
Number of parts 250 o /‘& S
. , [ e T
Number of points per 1024 | } ﬁ ,
part /
Training samples 10,000 ‘ il )7{ ;
Test samples 2500 ‘ - Vs 1
Epochs 300 P Y .«-»2”"‘ T
Training time ~30 hours . P Parts incorrecly identified

= 237 parts identified correctly

-
o
un

—— Train
. 0 d f . 0.8 1 4 —— Test
95 % identification accuracy > 0] 3
[{»] - w0
= w0
3
Y 0.4 9,]
Part identification < —— Train
021 —— Test 1
C'U T T T T 0_ T T : .
& one version of part only 0 100 200 300 0 100 200 300
Epochs Epochs

S i
TECHNISCHE —
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Challenge #3: Provide reliable applications understandable by non data-scientists %

Example: automated spot weld generation

pe b GRAND
Part Identification of AUDI Model CHALLENGE
1.0 ..
Number of parts 350 - — Train
Number of points per 1024 - 41 — Test
part ® 0.6 w31
Training samples 17,500 E 0.4 2, ]
Test samples 5000 0.2- — Train 1
—— Test I
Epochs 300 0.0 5 . — 0l : :
0 125 250 0 125 250
Training time ~48 hours Epochs Epochs
. . [ Examples of part versions
= 339 parts identified correctly P
Training geometry New version

= 96 % identification accuracy

= New version of 13 parts used
for evaluation

/Part version identification | |
& Parts of one model only II

S i
TECHNISCHE —
2019 carhs.training gmbh UNIVERSITAT S C A L L . | Carhs'
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Challenge #3: Provide reliable applications understandable by non data-scientists %

Example: automated spot weld generation
GRAND

. . CHALLENGE
Estimation of spot weld
Spot weld

design parameter Part identification parameter predictor

(prediction based approach) : using PointNet!!!
£y e e = =\ Partid
| Su pport for .:',':' n_. s 12268
geometric and :
non geometric Part id
information )
= Extendable to _ “ Architecturg 22115015011
«  Error function: Mean Squared error
more Complex « Gradient descent optimization
spot weld design 75 | d.<2
p g a2
parameters =
2 20-
o 63.2%
c
S 151
i
o
= 10 A
} &
a -
0.0 2.5x10° 5.0x10°
< dg< 10 >
Epochs
D S
TECHNISCHE
2019 carhs.training gmbh [1] PointNet: Deep Learning on Point Sets for 3D Classification and Segmentation BRE‘;%'}SJTKT S C A L E _I_| ggrli;l:glig;

Charles R. Qi, Hao Su, Kaichun Mo, Leonidas J. Guibas


http://openaccess.thecvf.com/content_cvpr_2017/papers/Qi_PointNet_Deep_Learning_CVPR_2017_paper.pdf

Challenge #3: Provide reliable applications understandable by non data-scientists %

Example: automated spot weld generation

CAD Software GRAND
i (e.g. CATIA, ...) CHALLENGE

G O a I user selects Visualization

. - f d

= Create an intuitive to use tool for two parts oy

to be
creating initial spot weld designs connected forvel-
= Learn from existing data

autom.
spot weld
generation

user opens data directly
from SDM system

generated spot welds are
saved back to SDM

S i
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Challenge #6: Provide benchmark data to enable algorithm development and comparison

Development of algorithms with limited access to data

= Requirements

= Data is needed to
develop algorithms

= Data sets for training SDM Client at Supplier
. e.g. LoCo
should contain as many
data as available

develop algorithms

_@&{

= Challenges

= OEMs want to protect
their IP

= Amount of data that
would have to be
transferred

= Resources for training
of data

= Security requirements

2019 carhs.training gmbh

direct access to limited
amount of data

=]

SDM System at OEM

6;1 data

of all projects

(e.g. LoCo)

all data of

y all projects

i

automotive

CAE

GRAND

CHALLENGE

sync back algorithm as part of data

SCALE_:
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Challenge #7:
Create an environment where all the information is related to each other GRAND
CHALLENGE
- o interactive
Re q uireme ntS E{'ﬁfﬁf’f&f;ﬁ:mn | visualization
= All knowledge needed to develop machine G '

learning algorithms has to be captured

= Relations between applied changes and
observed effects are to be captured

. .
Assessments for applied changes -
changed behavior

SIDACTombH | o Descripton

. Cha”enges %’23 g;lstm;l:‘g:‘tectm increased intrusions
. . . Evaluation: 95%
= Implementation at OEMs is challenging Do tome: 3
= Human users are needed for creating togs for measures related to privous similar events
lag [+] ; WOTSe ) o
assessments increase thickness 62% | 63% afy 27% Q
= “Chicken or egg” problem... thenoys parl 2% | e% oy 42% )
there is currently no such related and/or i Gl

assessed data _
suggestions based on
previous assessments

D S
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Conclusions ma

GRAND
CHALLENGE
= Simulation Data Management is the basis for gathering and providing the data
needed for Machine Learning Applications

" Creating truly related data in the right format and with the correct amount of
data reduction is essential

= Application of machine learning approaches will help to solve many “small” problems
of the whole picture

= Current machine learning approaches can already be very valuable and many things
remain to be done in order to harvests the full potential offered by the field of
artificial intelligence. However we are still far away from strong artificial intelligence”.

(*there won’t be any time soon an automat that’s able to take over the entire development of cars from us and be better in it than we humans)
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so long, and thanks for all the fish ...
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