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Ansys

Why are Automotive companies (OEM & Supplier) choosing Ansys to
deliver autonomous & driver assistance technologies?

\nsys

Market leaders
Est. 50+ years for ADAS &
100+ offices electrification
4000+ employees simulation
(many in R&D & $23bn market cap

Engineering) >S1bn in recent
acquisitions
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Single largest
engineering

simulation company
in the world




Autonomous Vehicles simulation platform view

| Ansys SPEOS & HFSS |

System & Safety Closed-Loop Simulation
[ Ansys VRXPERIENCE Sensors ]

System Modeling » Sensor Framework
. Ideal, Stochastic, Physics-Based
Environment

[ Ansys SCADE Suite ]

FuSa, SOTIF
[ Ansys medini ]

Traffic Objects & Perception » Motic.)n Motic.)n
Scenario Creation Behavior Planning Execution

AV Software

Scenario Creation )
Motion & Lo - )
Range Definition Rendering « Vehicle Components & Vehicle Dynamics
[ Ansys VRXPERIENCE Driving Simulator]
Ansys VRXPERIENCE ]
Driving Simulator
Scenario Variation Result Analytics [ Ansvs optiSLan
World Modeling LRSI
: Scenario Variation Statistical Analysis .
World Modeling bl Confidence &
Simulation Orchestration Error Estimation Reliability Analysis
Ansys VRXPERIENCE W
Driving Simulator [ Ansys optiSLang
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Much wider breadth throughout the V-cycle

MIL or SIL on
Workstation

Driver Simulator HPC / Cloud

Preparation (scenario,...) Human in the loop testing Campaign testing against ECU control software testing

Millions of scenarios
Quick testing of control AD L2/L3 - Driver take over Non regression testing

software (policy) MIL or SIL and re-engagement Non regression testing
Validation

Situational awareness

Y \NnsYs
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Addresses all aspects of an ADAS system

Radar

Camera

Lidar

Ultrasonic

Virtual Conference



Moving from L2 to L3-L4 requires a technological quantum leap

No assistance Assistance sem Highly Automated  Autonomous Autonomous
Automated
(L 0) (L1) (L 2) (L 3) (L 4) (L 5)
Driver is responsible
Driver Only (Advanced Driver Assistance
Systems - ADAS)

Image Courtesy: BMW

—
Developing L3-L4 mainly requires mastering safety challenges

Y \NnsYs
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Case Studies
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'M. Ansys - BMW Group
‘D Technology Partnership

“Ansys And BMW Group Partner To Jointly Create The Industry's First
Simulation Tool Chain For Autonomous Driving”

New agreement drives development of autonomous driving technology
for the BMW iNEXT, the next-generation autonomous vehicle

* Long term agreement

Tencent B

e Level3 / 4 :,:EVEL l T R —
Iy [ :
* iNext Launch 2021 - T e g
SAFETYFEATUREs 0
. . . . . FIAT CHRYSLER AUTOMOBILES . . ti tal™d
Ansys will assume exclusive rights to the simulation tool G vobuAR AP T IV . GRS

chain technology for commercialization to a wider market MMAGNA Valeo

as part of Ansys Autonomy.

©2020 ANSYS, Inc. / Confidential


https://www.ansys.com/about-ansys/news-center/06-10-19-ansys-bmw-group-partner-jointly-create-simulation-tool-chain-autonomous-driving

ADAS L3 scenario based using reliability analysis

Daimler has implemented Ansys optiSLang
for automation of driving scenario-based evaluation

Result is a solid workflow considering robustness evaluation and reliability analysis
for parameterized driving scenarios in a way that is much more efficient than Monto-Carlo Sampling.

Feed-back

Probability
distributions

Test case Evaluation of

generat:on ﬁ Simulation q safety metrics!
(Egmﬁr for instance TTC

Logical
scenarios

L Risk assessment, including
S TN E avoidance criteria and
Evaluation probability of 3 g
S comparison with human
results safety violations
performance

Result
visualization

M. Rasch (Daimler AG), Simulative validation of automated driver assistance systems using reliability analysis, WOSD, Weimar, 2019

©2020 ANSYS, Inc. / Confidential
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Validation of safety critical
scenarios with
Reliability Analysis

Virtual Conference
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Functional vs. Logic Scenarios

Functional scenarios

Basis road:

highway in bend

Stationary objects:

Movable objects:

ego, jam;
interaction: ego approaches
end of jam

Environment:

summer, rain

Logic scenarios

Basis road:

number of lanes [2..4]
curve radius [0,6..0,9] kph

Stationary objects:

Movable objects:

End of jam position[10..200] m
jam speed [0..30] kph
ego distance [50..300] m
ego speed [80..130] kph

Environment:

temperature
droplet size

[10..40] °C
[20..100] pum

rain amount [0,1..10] mm/h

© PEGASUS | VDA Technical Congress | April 6, 2017
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How many miles ...

Table 1. Examples of Miles and Years Needed to Demonstrate Autonomous Vehicle Reliability

Benchmark Failure Rate

How many miles (years®) would (A) 1.09 fatalities per (B) 77 reported (C) 190 reported
autonomous vehicles have to be 100 million miles? injuries per 100 crashes per 100

= | driven... million miles? million miles?

[*]

& | (1) without failure to demonstrate with 95% 275 million miles 3.9 million miles 1.6 million miles

8 | confidence that their failure rate is at most... (12.5 years) (2 months) (1 month)

o

_8 (2) to demonstrate with 95% confidence their 8.8 billion miles 125 million miles 51 million miles

@ | failure rate to within 20% of the true rate of... (400 years) (5.7 years) (2.3 years)

.‘E (3) to demonstrate with 95% confidence and 11 billion miles 161 million miles 65 million miles
80% power that their failure rate is 20% better (500 years) (7.3 years) (3 years)

than the human driver failure rate of...

3 We assess the time it would take to compete the requisite miles with a fleet of 100 autenomous vehicles (larger than any known existing fleet) driving 24 hours
a day, 365 days a year, at an average speed of 25 miles per hour.

Source: Nidhi Kalra, Susan M. Paddock: Driving to Safety, www.rand.org

=
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Vehicle function evaluation based on simulation of scenarios

Workflow generation & automation capability

Input from safety Reduce number of designs
analysis including necessary for validation

* measurements,
e databases etc.

e Combine capabilities of several tools,

Standardize workflows &

e Reduce manual work

Logical
scenarios

Feedback to safety
analysis

Concrete
scenario [i]

VRX

SCADE

SPEOS

Evaluation of

safety metrics,
eg. TTC

Risk assessment,
including avoidance

criteria and comparison

with human performance

Quantification of
probability of failure

Identification of safety critical inputs
& input combinations

Identification of software
malfunction

Comparison of performance between
different software versions/ scenarios

Virtual Conference



Robust Design Optimization Strategy

Design Understanding Design Improvement

CAE-Data

Optimized,
Robust Design

Measurement
Data

Model Calibration Design Quality

Virtual Conference
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|

w) Robustness Evaluation

‘vj_l
Ensure your product quality!

- INPUT: DS_Rib_breadth_2 il
S 2%
NORMAL 1 S
S l INPUT: DS_Rib_height_2
= Vo
NORMAL 20 _
] a |
'ér\, INPUT: Young%oMgdulus Scale
o
NORMAL 002 5 = _a
2 Fitted PDF ]
dfllfs Histogram -t INPUT: DS_CE-’;LEI’_WIUIH
NORMAL 10 Limit line .Sil o
©7 370 275 280 285 280 295 300 305 310 315 0 20 a0 60 80
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Sensitivity vs Robustness vs Reliability Analysis

Sensitivity  “Optimization space” with equal Early in design Exploration of the not of interest
distribution of input parameters phase; parameter variation here
(all controllable) software function space, Identification of
testing during software malfunction,
development consistency checks
Robustness “Robustness space” with particular  Later in design Estimate variation range is usually
distribution of input parameters phase; software of output parameters, higher (10°
(controllable and not controllable) function Quantification of and higher)
validation probability of failure,

|dentification of critical
input parameters

Reliability = “Robustness space” with precise Later in design Quantification of is usually very
distribution of input parameters phase, software probability of failure, low (10° and
(controllable and not controllable), function Identification of critical lower)
Definition of a failure limit is crucial validation input parameters

Y \NnsYs
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Example of scenario based evaluation
Reduce the number of simulation by a factor of 1000

“jam-end” functional scenario = logical scenarios with 13 parameters = require 39.420.000 concrete scenarios using Monte-Carlo approach

v]amEnd

CH D @ = o

(A% ary @® Leading vehicle
aw Traffic

i
¢
g
)

4 Sty (D) D

Adaptive Sampling or ISPUD reduce the required concrete scenarios to obtain similar results in terms of probability of failure
=>» here: 28,500 simulation runs versus 39.420.000 simulations

Design of Experiments Mat'1¢n]atical SenSItIVItg of the - Multiple FORM for detecting = Multimodal Importance Sampling
regression model arame[er multlple failure areas : e :

for calculating the probability of failure

ot gkt fabars point

Q= © et S
..0" . ey pmiSte e
- ' .
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Scenario based evaluation (details)
Automated workflow in Ansys Autonomy platform

1. Define scenario and its 2. Derive parameter scatter
parametric and correlation

ViamEnd JtaCutlnVehiceSpeed)_
: ==
: [ oD @ :
! ' h.— i
S I . D D @B g
—— >
= Yae: D T T

: 0
H s Ego vehicle : - J
é. ) 40 -20

fo=" i sehic!
T,eﬂd_mgwehlde INPUT : deltaCutinVehicleSpeedd_t0
= Traffic

4. Automate simulation runs 5. Get parameter importance by
robustness analysis

o INPUT : jamOffset_lane2
0%
n INPUT : leadVehideTimePullout
35 1%
- = . . = %] A Ee I INPUT !Cdd\'L‘hlzclfFullnulOffsetx t1

7 43 g %
> IR/ by > 3| B p? B b Fas
L S n. 2

15

Em - INPUT : leadVehicleDecele: ration

g 90

- 2 ,

i i j z
Input Files Closed loop simulation Output files . E
10 v asao“vj..o © & INPUT : Ieaﬂ:?eré::iespeed?(_tﬂ
A MER0L gqiza 7 95 0 e
i3

o 10 20 30 40 50
CoP [%] of QUTPUT : TTC

3. Define criticality by means
of available KPIs, e.g. TTC

Ego Vehicle Lead Vehicle
Farward Collision Partial Braking | Full Braking
Warning (FCW) 2% stage
A 1% stage
Time-To-Collision
Trow Tras Teez Tra (TTC)

6. Uncertainty quantification by
reliability analysis

(e]

X (e
[e) (@]
@ A
© (@) OO / Random response
880 & L/ O—r» Satety
» e X1 T2 it
C e \

Fe
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Jam End Scenario: Random Parameters

Name PDF Type Distribution parameter Mean Std. Dev.
1 jem_end_speed TRUNCATEDNORMAL 20; 10; 0; 50 205078 934424
L 7 stochastic parameters 2 lead_vehicle_class DISCRETE 1:0.2:2;03; 3; 05 24 0781025
deSCFibing e.g. jam end Speed, 3 lead_vehicle_deceleration BETA 2,8252 533333 127128
lead vehicle speed & 4 lead_vehicle_pullout_direction DISCRETE 1,05 1;05 0 1
deceleration, |ead Vehicle 5 lead_vehicle_pullout_offset UNIFORM 0; 1 0.5 0.288675
C|ass’ pu”out direction & time 6 lead_vehicle_pullout_time LOGNORMAL -0.804719; 0472381 05 025
7 lead_vehicle_speed TRUNCATEDNORMAL 80; 10; 50; 110 80 9.86578
ViamEnd

D D
| b @
* Atputtou (D) (e 3

@ Ego vehicle
é-*x @® Leading vehicle

a® Traffic

Y \NnsYs
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Jam end scenario variation with optiSLang

e Collaborative work possible because all information is everywhere available,
here: input parametrization in Postprocessing

| Parametrization

Parameter Responses Criteria

Activation Name Parametertype  Reference value Constant PDF Type Mean Std. Dev. CoV
jam_end_speed Stochastic 15 O A—._ TRUNCATEDM... 20.5073 934424 45.5643 %
lead_vehicle_class Stochastic 2 filtered DISCRETE &3 (A 3385765

lead_vehicle_deceleration Stochastic 2 O /_\ BETA 333333 127128 23.8366 %
lead_vehicle_pullout_direction Stochastic 1 filtered DISCRETE o 1 1003
lead_vehicle_pullout_offset  Stochastic 05 filtered [ ] uniForm B:5 f:288675 S7.735%
lead_vehicle_pullout_time Stochastic 0.5 filtered _/\____ LOGNORMAL 0.5 0.25 509
lead_vehicle_speed Stochastic 90 O ___/'\_ TRUMCATEDM... 80 9.86578 12.3322%

e Determine concrete critical scenarios, export & visualize them
" Designtable El@

tivati Id Feasible plical Status Style jam_end_speed ead_vehicle_clas: vehicle_deceler: =hicle_pullout_din rehicle_pullout ¢ vehicle_pullout_ :ad_vehicle_spee time_ to'collslon !

10 0.26  true Succeeded 5.74507 0.55558 743366 3.9571

— \nsys
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Jam end scenario variation with optiSLang

Reliability analysis:
e 3 most important parameters can explain 99.5%
of variation

e TTC can be represented by lambda distribution
very well

e However, extrapolation into region TTC <=0 is
not confident

1]

B

w

time_to_collision

T
")

OUTPUT : time_to_collision

n Fitted PDF - LAMBDA
= 1T Histogram
Failure Limit ® _o—— .
A i — | O '90 80 70
<4 100 i eed
- \ead vehicle_sp
Total effects
LLm i
L=
o / b
o 5
$3
2o 73.8 % 25.4 %
— = o
S| E
oH . 4 ~ !
0 1 OUTPZUT ti ¢ |:? . 4 jam_end_speed Iead_vehicle_decelerstlon tlead_vehicle_speed Total
. time_to_collision arameter

\nsys
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Detection of software malfunction

e Partially low local Coefficient of Prognosis (CoP)
Isotropic Kriging approximation of TTC

e Assumption special physical and control Coefficient of Prognosis = 92 %
mechanisms in these regions

e Some output parameters are used for the steering
and therefore have impact on other output
parameters

e Analysis provided excellent indication which
parameters are used for steering

Local CoP
1.00

0.98

0.96

1 0.94

— 0.92

—1 0.90

=~ 0.88

0.86

e 9998 ( unfiltered ) of 10000 ( active ) desi )
leadvehi...|jamEgoLanesp...leadvehicleSpe...| AREQ2 | DELTA W_deriv | TTC_deriv  [lim_5
. leadVehicleDec... jamOffsetY_la... | AREQL | AREQ3 | THW TTC 1 w_colc
P 10 30 1 100 -9.55 -1,05... 11.3137 130131 -0.00... 14,6077 -0.00... 20.6889
e, = Ak ! -] e - |

gns ( total : 10000
d | TH 0.84

0.82

— 0.80

0.76

0.74

0.72

0.70 |

30 25 20 15 10 5
JamEgoLaneSpeedX

- = = L ] - L) - ] -
8.881... -1 35 -0.27... e 4] -998%... 0 -974.... 0 !
Parameter Responses eria

Y \NnsYs
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Safety Assessment

Unsafe domain

/ {' Safe domain
‘D -
.
. - -.

Robustness Analysis Reliability Analysis

 Check variation of  Define specific failure criterion
Inputs & responses  Perform reliability analysis

 Check plausibility in MOP (Importance Sampling) until defined
to proof simulation model accuracy is reached

 Eventually reduce parameter number « 10000 — 20000 samples

« 200 — 500 samples * In case of fulfilled safety

 Check different safety limits requirement: proof the result with

« Stop if failure probability is large different approach

Y \NnsYs
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Jam end scenario variation with optiSLang

 Definition of the limit state function to be analysed for a concrete scenario with the defined input
parameter variation range

| Parametrization l=| = |3 [ Parametrization =N =5
Parameter Responses Criteria Parameter Responses Criteria
Criteria Activati Name Parametertype Referencewvalue Constant PDF Type Mean Std. Dev. CaoV
Name Type Expression Criterion  Limit ~ Evaluated expression m_end_speed Stochastic 15 O TRUNCATEDM... 20.5078 934424 455643 %
lirn_st_tirne_to_callision Lirmit state time_to_collision = 0 0.644133 = 0 2 lead_vehicle_class Stochastic 2 O DISCRETE 2.3 D.781025 33.9576 %
new 3 lead_vehicle_deceleration Stochastic 8 d BETA 5.33333 1.27128 23.8366 %
4 lead_vehicle_pullout_direction  Stochastic 1 O DISCRETE i} 1 100 %
- CreatEnen 5 lead_vehicle_pullout_offset Stochastic 0.5 d UMIFORM 0.5 0.288675 57735 %
jlc‘] Variable Objective Dﬂ:ﬂﬂﬂ Constraint f i Limit state ] lead_vehicle_pullout_time Stochastic 0.5 O LOGNORMAL 0.5 0.25 50:%
7 lead_vehicle_speed Stochastic 90 d TRUNCATEDM... 80 G.86578 12.3322 %

[[] instant visualization  Import criteria from fle = Apply

Y \NnsYs
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Jam end scenario variation with optiSLang o (X)

6 G Limit state
Reliability analysis: Adaptive Sampling

e Time to collision as limit state, TTC <= 0.0 s

e 10% accurracy with 5 iterations each having 1000 samples

Probability of Failure : 9.36376e-7
Standard deviation error : 5.4826/e-8
Reliability Index : 4.76669

Number of designs
Total : 5000 b5
Safe domain : 3219 §
Unsafe domain : 1781 o
O
F G
c o
IS @
el =
£
=]
=0 g
g Z
a3
Z
S
8o
o
a
poy
3° —@— Failure probability
L @  standard deviation

0

1000 1500 2000 2500 3000 3500 4000 4500 5000
Number of calculated designs
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VRX Driving Simulator &
optiSLang

Virtual Conference
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Scenario: Car-to-Bicyclist Nearside Adult 50% — CBNA 50

Description:
A collision in which a vehicle travels forwards towards an bicyclist crossing its path cycling from the nearside and
the frontal structure of the vehicle strikes the bicyclist when no braking action is applied.

Type of test AEB
VUT speed [km/h] 10 - 60
VUT direction Forward
T — 15 _'
Impact location [%] 50 - B e omb . s e
Lighting condition Day E

Y \NnsYs
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Optimization Task

Parameter

e VUT speed

e Collision threshold

e Default Breaking Force
 Detection Range

e EBT visual

e FOV Horizontal

e Speed threshold

Axes
A4 — Trajectory of bicyclist target crank shaft
BB - Axis of centreline of Vehicle under Test

Distances

C - Bicyclist target crank shaft, acceleration distance
{not within Field of view of VUT)

D - Bicyclist target crank shaft, steady state distance
ta 50%-impact

Points
E - Impact position for 50% nearside scenarios

Objective functions
e distance to collision > 2m
e deceleration < 3 m/s?

\nsys
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VRX Driving Simulator & optiSLang: Example scenario (CBNA50)

Manh Tuan Bui M7

=T ; Scenario: Car-to-Bicyclist Nearside Adult 50% — CBNA 50

26— " Description:
e A collision in which a vehicle travels forwards towards an bicyclist crossing its path cycling from the nearside and
the frontal structure of the vehicle strickes the bicyclist when no braking action is applied.

et Type of test AEB
o VUT speed [km/h] 10-60
g VUT direction Forward

= Target speed [km/h] 15

e Impact location [%] 50

. Lighting condition Day

apan
E
2

&  Scenasio: Car-to Bicyclist Farside Adult 505 — CBFA 50 m 2

Y \NnsYs
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RX Driving Simulator & optiSLang: Example scenario (CBNA5O)

* Interactive Postprocessing for data analysis

Eile Edit View Windows MOP Help

FEE Cw Q DHE 49- 29! 98 &-

Comman settings g x | . Preferences g x
: [* Response surface 3D plot =0 Eeh %Y | Residual plot = |l =] ] &3
(~) Hide dimension selection Isotropic Kriging approximation of V_ ImpacLVUT QUTPUT : V_Impact_VUT Shows properties for: | Currently active plot  ~
A Coefficient of Prognasis = 86 %
1st: | IN_Vsetpaint_VUT b [ [ Property Value A~
2nd: | EBT visual MR 4 Application
3rd: |V_Impact_VUT - = Select la... Classic layout
() Hide plot settings Render ... Auto-detect
/
b Preserve.. | | False
Show settings for: | Currently active plot - =] .
o Minimu... 10
. Response surface 3D plot E Ask befo... [] False
o Choose ... True
Resolution: 30 s Ca
esalution & Selectb... [ | False
Isolines: - Global c... Linear correlation
Palette data: Values v S = True
4 True
[
) Hide design selection ? - T
= U : ; 3 z : Show re... True
Select all Invert selection >| o 10 20 D 3'? 40 50 R
ata values Show pl... All designs
Design selection: () show statistical data 4 Subwindows
N
(&) Show details 4 Resnonse surface 30 nlot v
() Show design activation =+ CoP matrix = | [ | &3 Visuals & X
— Total effects Search for
‘\':/I Hide parameter values arch for

["] Show deactivated parameters

3 ; : ] 3 4 = Approximation o
min_distance L_] -C]-' 4} Approximation designta...
4 Approximation model in...
42.5 %J 38.2 %

Update values

2
.75 P =" 40 ¢
. . " 30
7 20 25 it
. Ve
AT
ent design values collisionOccured [| 28.8 %

& Approximation history

Use
»
2 .
Collision_threshold: 115162 = 3 = Res'd?'?' plot ]
S |- Coefficient of Prognosis = | [@ | &3 V_Impact_VUT | 23.3 % -- - Coefficient of Prognosis
Cueﬁ\cufenltls ofé’rlogeogis (ggl‘l&g MOP) [z CoP matrix
= ull model: CoP = h
EBT_visual: 2.00000 2 : = : \( | . [ ]( )( ) |, Response surface 2D plot
MaxDeceleration_VUT 0.5 o F4.0 % 749 %
" o : i - Response surface 3D plot

& am INPUT : Ccél:lisloinithrsshold _ ‘ [ p P

2 ) S T 5 = + |®. Response surface topvie...
IN_Vsetpoint_VUT: 34.8636 = Il = 2 c = @ ) ini

8N INPUT : EBT visual g ] g < > i 4 I Data mining
fx] 5 39 % f,‘ £ 5 g = " Designtable

z = = w .

- Z c 3= 51 il i .
detection_range: 34.5564 = i INPUT : INJXS;tpointﬁVUT E’ g’ % 5"‘ L;a jg ?rthgl F|IO:
- A 5 a =z L oud plo
=] 4 : ; : ; ¢ Parallel coordinates plot
1] 5 10 15 20 25 30 35 40

<need threshald: 5.48943 a] ¥ CoP [%] of QUTPUT : V_Impact_VUT Parameter Spider plot v
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RX Driving Simulator & optiSLang: Example scenario (CBNA5O)

° Implement Images Fiel| Edit | View Windows MOP Help

(ad ‘ External files and processes...

x 00

O %e- @98 8-
Edit limits...

Edit characteristic values (Beta)... [» Respanse surface 3D plot [=][=]Ba 4 result_graph.png [=][=]x]

Isotropic Kriging approximation of V_Impact_VUT
@ ! Edit dimensien groups... P Ougfﬂ%ienep::f Prognosis = 86 %p - flesult Plotong

Edit palette (Beta)...

Comm|

ist:

N
d
rs

Show preferences
B :

(~) Hide plot settings

Show settings for: |Currently active plot -

Response surface 30 plot

Isalines: |

@ Hide design selection

Ego acceteration

[ Select al |[ 1vert selection

Design seecton:
@ Show details

(%) Show design activation

40
‘Senulation tene

(~) Hide parameter values

[] show deactivated parameters

[ CoP matrix [=][=]]

Total effects

‘ Update values

28.8 % 13.5 % 42.5 %
[IN setpoint VUT: 346635 |~ Coefficient of Prognosis [=][=]>] ————
= Coefficients of Prognosis {using MOP) _Impact .

full model: CoP = 86 %

‘ Use current design values

0
o
@
B

min_distance

<>

‘Cn\\isinn_threshn\d: 11.4041

<[>

[EBT_visual: 2.00000
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C |
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—_ e INPUT : CD{';%%"J“"ESHOM MaxDeceleration_VUT [ 10.6 %) 74.0 %
@
T
[speed_threshold: 548943 3| E 5 = o = =
o jo j5 2 3 s
= & INPUT ; EBT visual g 2 £ 3 ]
5 S 5 8 i >
T ] = 5 =
H | | =1 o
= 5 3 ]
- INPUT : IN_Vsetpaint_VUT K] 8 ©
74 % . 3 3
a
T T T &
0 5 10 15 20 25 30 35 40
CoP [%] of OUTPUT : V_Impact_VUT Parameter
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VRX Driving Simulator & optiSLang: Example scenario (CBNA50

- Visualize the impact of the other parameters not illustrated in the 3D plot

Common settings g X

@ Hide dimension selection

|* Response surface 3D plot

Isotropic Kriging approximation of ¥_Impact_VUT
Coefficient of Prognosis = 86 %

1st: [IN_vsetpoint_vuT -
2nd: |EBT_V|5uaI - 4
3rd: [V_Impact vuT -
@ Hide plot settings
Show settings for: |Currenﬂy active plot .
Resolution: 30 %
Isolines: | |

Palete data;

@ Hide design selection

| Selectall | | Invert selection

Design selection: |6 3

@ Show details
@ Show design activation
@ Hide parameter values

[] show deactivated parameters

| Update values ‘

| Use current design values ‘

Collision_threshold: 4.7882 2
-
[EBT_visual: 2.00000 &l

—

BE-
L]

©2020 ANSYS, Inc.

Common settings 0 X

@ Hide dimension selection

1st: [IN_Vsetpoint_vuT .
2nd: |EET_wsuaI w4
3rd: [V_Impact_vuT -
@ Hide plot settings
Show settings for: |CL.4rrEr1th-I active plot L4
Resolution: 30 T
Isolines: | |

Palette data;

@ Hide design selection

| Select all | | Invert selection

Design selection: |63;
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VRX Driving Simulator & optiSLang: Example scenario (CBNA50)
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VRX Driving Simulator & optiSLang: Example scenario (CBNA5O0)

- Cluster analysis to detect correlations between input-output, output-output
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VRX Driving Simulator & optiSLang: Example scenario (CBNA50)

Understand your design
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|dentify Calibration Parameters

 We begin with the original demo:
- SCADE defines a deterministic model of the software controller
- SCANeR defines the driving scenario with the controller in the loop

 We then select all SCADE variables to be used as calibration parameters
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Define Criteria for System Response

 The controls engineer defines the desired characteristics for system response

T T L e ST p——

v

FEEED

e These criteria are entered into optiSLang
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Define the Optimization Strategy

e optiSLang runs the driving scenarios in succession to compute optimal calibrations
- The driving scenarios are set up to run in batch mode with “Drag-and-drop” integration
- optiSLang provides a robust feature set of optimization methods to choose from
- Our strategy in this example uses standard best practices to tune Kp first and then Ki
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Execute the auto-tuning

e optiSLang exercises the optimization strategy
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- The best design is confirmed after 22 runs (total execution time ~= 10 minutes)
- More complex control laws scale up very well: an example with 10 cals took a few hours
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Automatic Controller Calibration
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