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Neural Concept Shape: 1. Test Phase WoST
Agenda

» Introduction
» IT-Infrastructure

» Examples
» Window Lift Drive (structural mechanics)
» Control Edge (computational fluid dynamics)

» Summary

CR/AME3-Schirrmacher | 2020-11-26 BOSCH
OSSO ey




\nsys

Introduction WoST
Current status of machine learning at Bosch

» Bosch uses a variety of machine learning tools like

optiSLang, ASCMO (https://www.etas.com/de/) or Stochos . .
P 8 : (https:// : /de)) . Parametric models | Different
(https://www.probaligence.de/) in order to get a relation .

: topologies
between design parameters and key performance

indicators. A.d.d!tlo.nally,. Bosch has established an own Scalar  optiSLang/MOP,
center of artificial intelligence. outputs  Stochos,
Ascmo
» Since more than 10 years Bosch uses multi-objective Signal  optiSLang/signalMOP
optimization and has collected millions of designs with outputs
different topologies and different designs spaces.
Field SoS
» Neural Concept advertises with the possibility to learn from  OutPuts
all these designs and to predict/optimize geometry. In a first
step, the functionality of NCS was tested at more simpler
examples in the first half-year of 2020.
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Communication with NC e
@ Threads \‘\\::M_ﬁ1

» The communication with NC took place with
» Théophile Allard for technical aspects

Roland Schirrmacher 11:37 uhr
In a meeting with my colleague we found out that it might be the case, the

Theophile Allard 11:40 Uhr
Ok, sounds good. Thank you for the update regarding the planning. You hz
Also, should we get in touch directly with the team working on the pump ¢

» Pierre Baqué for organisational aspects

‘When you come back from your holidays, will you still be working on this |

Roland Schirrmacher 1147 Uhr
Yes, on Monday, 29.6 we will have an internal meeting where | present the
this project. | will ask the "pump”-colleague whether he wants to contact y

» The technical support of Théophile Allard was
excellent. He solved all problems and was available
the whole day.

Theophile Allard 11:57 Uhr

Ok great, thank you for the precisions. For the saved models we now have
integrations with any other software (design software, custom optimizatio
This feature is not fully released yet but we could already provide some dc

Theophile Allard 12:06 Uhr
Regarding the Tensorboard issue actually | tested different things, and it s¢
down your monitoring notebook

R L T B 111131=411 )

roland_ncs_training@roland-training:/workspace/hoi o ]
185 ago.

Are you online?

Roland Schirrmacher 22:03 U I
Please answer shortly if you are online. Thanks

» The following communication channels were used

» Slack for short questions, bug fixing information, new
Python tools, status, results, etc. N

12:01 | have stopped the new Skype-meeting and waiting ard, or kill {

Theophile Allard 22:12 Uhr
Hello, ok, this is because of an issue with the evaluat

Did the issue happen for both jobs? | suspect this is |
> Skype for discussion Of mOdeI data and reSUItS Actually | just logged in and saw there were errors fo

What | suggest is to use “eval_every_n_steps: 10000

Therefore for this training exceptionally we will deac

So it can run over the weekend
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I T-Infrastructure WesT
Hardware

» The software NCS could not be installed short-

term and eaSin On a GPU Cluster at BOSCh. @ training.neuralconcept.com:8888/tree/pump_v2/750_100_v1/notebooks/postprocessing#notebooks
Zeitwirtschaft fir Mita.. @ HR Global starten &% CRIS [ Ubersicht - RDO@B0S... [B BEQ E-AK031 B Search @ CF
“ Jupyter
» The GPU cluster of NC was used which allowed Files  Running  IPytnon Clusters
three para”el NCS runs Selectitems to perform actions on them.

do - W& pump_v2i 750_100_v1/ notebooks | postprocessing

http://training.neuralconcept.com:8888

» For the usage of NCS two different frontends
were Oﬂ:ered ck | bosch-support [ nc-bos X pump_v2/T50_100_v1/notebor X training.neuralconcey pt.com:2s X

. . . J training.neuralooncept.com:8888/terminals/1
> \Ju pyter nOtebOOkS for monltorlng, pOStproceSSIng wirtschaft far Mita... @F;RGlnhalstarten &% CRIS [ Ubersicht - ROO@BOS... [ BEO E-Ako31 [ Search () CR/ARF1 & CR/ARF-wiki =
and editing of configuration files =~ Jupyter

» Linux for running pre-processing, training and
prediction
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Examples wesT
° M ° 1 H=8.0 # Deaktivi
Window lift drive gl M
RZ H=8.0 SW_RZ =1
R2 W=4.0 oy g3 =1
» Parametric R3H=8.0 gy p4 =1
) X X ) X A R3IW=24.0 oy grs =1
> Height and width of 12 ribs at 3 mounting points A RAEZSD sume =1
» Switch for activation/deactivation of the rib Rew=non ST

» Results

» Stress distribution on the outer surface of the ribs
generated by a torque load at B (field, static)

14 18
—

Y

» Reaction forces at the three mounting points A in
all directions and for all data types “Real/Imag”
(signal, harmonic) generated by a harmonic force
at the pole housing.

s 6 10
T

0.5 15
T

¥

-1.5 -0.5
T T

L I I L I
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x

» Velocity of the load point C (signal, harmonic)

5 10 IEY 20 25
>
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Window lift drive
Training and test setup

» Training data
» 3000 designs using Latin-Hypercube-
Sampling
» Test data

» 100 designs using Latin-Hypercube-
Sampling

» Signal types
» Total reaction force “RFO_ampl”
» Reaction force at each mounting point

» Reaction force for each mounting point, .* y
direction and data type (real,imag)
“RFO_1_3_imag”

» Outliers and incomplete designs were

25
=

1 sf
100 test data

.f/\'-,

20

10

[Ts]

=] 1 A L L L L | |l
. I | 1 I i = 400 500 &00 700 800 900 1000
deactivated :
x
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Status for harmonic signals using signalMOP (all ribs active)

» 3000 Designs using
Latin-Hypercube-
Sampling

» The accuracy (F-CoP)
for the reaction forces
has a range between
about 0.65 and about
0.85 at the peak values.

» The accuracy (F-CoP)
for the velocity at the
load point has a range
between about 0.65 and
about 0.90 at the peak
values.
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Window lift drive WoST
Results for RFO-ampl /1/ 3

» The training lasted 148 hours for 400000

2 Maximum value of RFO-ampl

max_walue_eror_global_signals, RFQ=ampl
-

iterations.
» The error of the maximum value of the sum of T — ,
all reaction forces is predicted very well. The . ;‘.;_i . T
medium error is less than 0.25 N S8, .%‘ | :
» The frequency of the maximum sum value is ¢ .
predicted very well, only 5 designs have a quite _
different frequency. P £ 00
> These “outliers” have the :* S
§““' 5 Frequency of max. RFO-ampl
peak value at the lower ¢ N \ 7
frequency limit and the / ™ \ g
prediction at the limits is 2 o e

not so good. N

Excitation frequency in Hz
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Window lift drive WOST
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Results for RFO-ampl /2/ : —

® train - R2=0.9719
\ —— Reference

» The R*2 value is very high (>0.95) for an 2 #96
accumulated signal. Only few designs with a .
bigger error exist. = Prediction
» The simulated and predicted (NCS) test Ls VS
Simulation

design match very well. The peak values are | I ! | . (=ground truth)
fou nd . Ground truth

Design:39 Design:111 Design:96

2r —siM 20| p—— 25 f —
4 deactivated ribs 4 deactivated ribs 4 deactivated ribs

201 20

15

15

107 10

Total reaction force RFO_mpl
Total reaction force RF OEmpI
Total reaction force RF OEmpI

51 5L

400 500 600 700 800 900 1000 400 % 500 600 700 800 900 1000 400 500 600 700 800 900 1000
Excitation frequency in Hz Excitation frequency in Hz Excitation frequency in Hz
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Window lift drive

Comparison of RFO-ampl with existing ML-tools

» Comparison between
» Simulation (Abaqus)

» NCS (Neural Concept Shape)

» STO (Stochos)

» Signal RFO-ampl for designs with a high
error of the maximum value of RFO-ampl
based on NCS error calculation.

» Stochos shows a similar accuracy as

NCS.

CR/AME3-Schirrmacher | 2020-11-26
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Window lift drive WoST
Comparison of VEL-1 with existing ML-tools

Design:106 w0 Design:43
» Comparison between — s ——

» Simulation (Abaqus)
» NCS (Neural Concept Shape)
» STO (Stochos)

25

2or

156

Velocity at load point
Velocity at load point
[~}
=1

10

> Signal VEL-l for deSignS With a high pes 500 o 700 a00 %0 1000 P 500 o 700 %00 %00 2000

Excitation frequency in Hz Excitation frequency in Hz
error of the maximum value of VEL-1 Designsz Design11

30

» Stochos shows a similar accuracy as
NCS. The approximation at the limits of
the excitation frequency range is also
similar to NCS.

Velocity at load point
Velocity at load point
[~
=]

a L L L L L | a L L . L L |
400 500 600 700 80D 900 1000 400 500 600 700 BOO 900 1000
Excitation frequency in Hz Excitation frequency in Hz
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Window lift drive

Results for static stress distribution /1{j

» The training ran predefined 400000 iterations.
The training lasted about 72 hours on the GPU
cloud of the company Neural Concept.

» The loss error (12 error) shows no overfitting of

the training. The convergence is not completely.

reached. =

tag: loss

018
0.16
014
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0.08
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004

0.02

0
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Window lift drive S latior WoST
Results for static stress distribution /2/ -
» The design #42 (2 deactivated ribs) shows the ‘ O'

(2

lowest error for the maximum stress.

prediction is very similar and mostly the absolute

error is less than 0.5 MPa. The maximum error is
about 1 MPa (about 3% error).

» The error is continuously distributed over the Prediction
mesh. I

0.8

» The stress distribution of simulation and " Max= 22 MPa ’“ I

18

l1.6

-
x u J .
>

0.6

9 10

Absolute error b
Q a
¥ ¥ 5 g
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Window lift drive WO ST

. . . . Simulation CONFERENCE

Results for static stress distribution /3/ =« = )

» The design #117 (4 deactivated ribs) shows the Z ‘ ¢
highest error for the maximum stress. *8 ”

» The stress distribution of simulation and

prediction is very similar and mostly the S % o
absolute error is less than 1.0 MPa. i :

» At mounting points with deactivated ribs the

error increases up to 5 MPa (about 7% error). Prediction

o
l *

o N
i AN
4
50 Fi 30
%0
]
2 ! ’ 3 20 25
p 4
29

,"I-Q 20
v ¥

Max=70 MPa i

& y ke 10
Absolute error Q

A a
.
P
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Examples west
Control edge m—— Setup 2

» Parametric — Stroke

» Setup 1: 1 topology, 10 parameters x,,y; 5 P i 7
5 stroke positions ' &= .
» Setup 2: 3 topologies, 0 parameters, only

geometry in STL format
20 stroke positions

» Results

» Aeff = stroke-dependent effective flow area
(signal, nonlinear)

» Sigma = stroke-dependent flow force factor
(signal, nonlinear)

H
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Control edge wesTt
Training and test setup 2909 training data

» Training data

» 2909 Designs using Latin-Hypercube-
Sampling

» Test data
» 99 Designs using Latin-Hypercube-Sampling

» Signal types
» Effective flow area , Aeff*

80

60
T
I

» Flow force factor ,sigma®“

40
T

» Outliers and incomplete designs were
deactivated

20
T

: | :

0.5 05 0.75 1 135 15 .75 2 0.5 05 .75 1 T8 15 175 7
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Control edge wesT

Setup 1: Results from optiSLang, Stochos and SoS (signalMOP)

» signalMOP shows a good approximation for
the effective flow area, but not for the flow
force factor.

» The CoP shows mostly good results for all 5
stroke positions.

» Stochos has always a higher CoP value than

optiSLang. » The signal COPs are lower than the scalar

COPs.
Response variable JoptiSLang|Stochos optiSLang algo _
Aeff stroke pos. 1 0.999 1.000|Kriging il
Aeff stroke pos. 2 0.997 0.999|Kriging Al
Aeff stroke pos. 3 0.995 0.999|Kriging )
Aeff stroke pos. 4 0.987 0.997|Kriging ol
Aeff stroke pos. 5 0.988 0.993|Kriging &

Sigma stroke pos. 1

| OBGS 028 vioving Least Square

CR/AME3-Schirrmacher | 2020-11-26

F-CaP([Total] T
Sigma stroke pos. 2 0.948 0.978|Kriging e
Sigma stroke pos. 3 0.974 0.993|Kriging B ) O B
Sigma stroke pos. 4 0.966 0.989|Kriging
Sigma stroke pos. 5 0.962 0.990|Kriging m




Control edge

Setup 1: Comparison of sigma with ex

» Comparison between
» Simulation (CFD)
» NC2 (Neural Concept Shape — variant v2)
» NC3 (Neural Concept Shape — variant v3)
» STO (Stochos)

» Signal sigma for four designs with a
medium error for the maximal value.

» NCS and Stochos can approximate the
signal quite well, but NCS is clearly
better.

CR/AME3-Schirrmacher | 2020-11-26
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isting ML-tools
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Control edge west
Setup 2: Results for effective flow area /2/

» The training was saved after 38 hours for . ' S
705000 iterations.
» The R*2 value of 0.998 for the effective flow .
area (Aeff) is very high. ¥«
» The simulated and predicted Aeff curves are :
pIOtted for N 10 20 30 40 50 60 70 80 g0
» The lowest (#59) and highest (#6) loss error Sttt
» The lowest (#5) and highest (#39) error of the
7 o Prediction . .
7 Simulation : .
(=ground truth) zn
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Control edge west

Setup 2: Results for flow force factor

*  test- R2=0.9764
* train - R2=0.9921

» The R*2 value of 0.976 for the flow force factor
is high, but lower than for the train data. g o
» The simulated and predicted sigma curves are
plotted for
» The lowest (#82) and highest (#51) loss error e
» The lowest (#63) and highest (#45) error of the
maximum value.
g ™ | Prediction g -
g‘ 0.7 Vs. g’i > —_—
§ Simulation g e
(=ground truth) /
0.2 0.4 0.6 0.8 glcbaL:‘gnaIS.st;ie 1.4 1.6 1.8 2 I]\\y %o 0.2 0.4 0.6 0.8 g‘Obaleigmals‘st;ie 1.4 1.6 1.8 2
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Summary WoST
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» NCS could be applied successfully to all examples.
» In comparison to existing solutions at Bosch, the results of NCS are
» clearly better than optiSLang

» similar to Stochos from Probaligence for long, smooth signals (Window Lift Drive),
but better for short, discrete signals (Control Edge).

» new and accurate for the training of signal and field outputs of different topologies.

» NCS requires a GPU-cluster in comparison to optiSLang and Stochos. The computing
time for training is significantly longer than for optiSLang and Stochos.

» The usage of NCS needs highly skilled users in setting up parametric models, setting
up workflows, scripting, knowledge of 3D deep learning, etc. There are a lot of tasks to
do until an optimization/sampling can run.

Preprocessing

Training

» Bosch is currently applying NCS for another application for shape optimization of
different topologies.
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