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Task Description

* |In this example, we will use Ansys Speos and
Ansys optiSLang to optimize a prismatic
lightguide to fulfill the automotive Day-Time-
Running-Lights regulation (42 rules) and improve
the homogeneity of the lightguide to achieve a
better lit appearance in an automated way.

* This tutorial looks deeper into:
- Workflow automation of Ansys Speos
- Sensitivity Analysis
- Optimization
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Light Guide Parameters

* For the Optimization the trimming ratio of
the prisms at 5 control points on the
lightguide are considered

W

LED

Full pr_ism Partially cut Partially cut
Trim ratio 0% Trim ratio ~10% Trim ratio ~50%

e Further possible parameter could be:
Profile geometry (type / profile)

Prism geometry (start and end angle, number of prisms by step
value, offset, width,...)

Prism milling (bottom, top)
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Setup in Ansys Speos
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Ansys SPEOS Setup

For variation analyses with optiSLang it is necessary to publish parameters in the Speos
simulation model: Py

Publish
Parameters
1. Open the Ansys Speos project (Headlamp_LightGuide.scdocx) Spees
Definition Publish Parameters
@ |Lig|'rt Guide.1 | ublis! lame arent alue
2. Select the Workbench tab  Genera -G Gurve - oS — e—
Reverse dirsction  True eneral - Body/Profile diameter ight Guide.
. 7 ?eneml—Body Crouar sh General - Prisms Onentation/Refractive index Light Guide.1 1.45
3. C||Ck Publ’sh Parameters g@mﬁ inf;arsape General - Distances/Start Light Guide.1 30
7 s [Frieod oo General - Distances/End Light Guide.1 | 16
L Dvaction i tries/Step value ight Guide.
4. Select an Optical Pa rt Design featu re Or a Light Simulation featu re Ezt\:'c;}:,;;edion E;:E:;YNIS Erismzeometries-;oﬂcmltrimmingmntmlpoints['l].F'Dsition tig:tgui:e.:: 2

Refractive index 143

(Material, Source, Sensor, Simulation). o i T

| Prism Geometries/Bottom tnmming control points[1].Value | Light Guide.1 70

Prism Geometries/Bottom timming control points[2]. Position | Light Guide.1 ' 25

Type Curvilinear
Start 30 mm Prism Geometries/Bottom trimming control points[2] Value Light Guide.1 | 60
5 In the Pu bllsh Parameters pa nel a ||St Of the oss|b|e arameters End g Prism Geometries/Botiom trimming control points[3] Position | Light Guide.1 50
. p ) p p + Prism Geometries
Step Constant Prism Geometries/Bottom timming control points[3]. Value Light Guide 1 | 50

you can use in optiSLang appears. Bonomtimming  Cont pots
Peak trimming Constant

Peak trimming value 0 %
Offset Constant

6. Check the parameters to be used in optiSLang. e 2
(For this tutorial, all necessary parameters are already selected) | U= 2= v

Prism Geometries/Bottom timming control points[4]. Position | Light Guide.1 ' 75
Prism Geometries/Bottom timming control points[4] Value Light Guide.1 | 40
Prism Geometries/Bottom trimming control points[5]. Position | Light Guide.1 | 100
Prism Geometries/Bottom trimming control points[5]. Value Light Guide.1 | 20
0

Prism Geometries/Peak trimming value Light Guide.1

OO000r”O”ORORORODOOOn

Guide curve (1) Bottom trimming conirol poin] | * Prism Geometries/Offset value Light Guide.1 2.7
- Prism Geometries/\Width value Light Guide.1 | 2
* . Guide curve
7 . S a Ve yO U r . S C d O CX p rOJ e Ct . 3 Headlamp Demo Highest Ver_stp-FreePart: Prism Geometries/Start angle value Light Guide.1 | 85
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Workflow creation and
parameterization in Ansys
optiSLang
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Speos workflow in optiSLang

For variation analyses (e.g. optimization) it is necessary to automate your Speos project
including geometry creation and simulation. The Speos workflow in optiSLang consists of

3 nodes:
Parametric System
Ansys Speos Ansys Speos Core  Ansys Speos Output
Ansys Speos node: Ansys Speos Core node: Ansys Speos Output node:
* updates the geometry * launches and processes * extracts response values
based on SpaceClaim & the simulation from the Speos simulation
Speos parameter values report

* exports the Speos
simulation file (*.speos)
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Workflow creation

How to create the automated tool chain for a Speos analysis is shown in the following

section:
1. Open Ansys optiSLang Fle £t project View el ]
" EHE D Qv Mg &
2. Create a new Empty project 8 o |
New Project
G;_.ide: oo L Empty 2_.

Recent Projects

r Open
—' Load a previously archived
project.

Aynardo

)

/|
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Workflow creation

3.Save the optiSLang project
Best practices: save the project next
to the reference folder to allow
relative path in optiSLang

4.Drag and Drop the Solver
Wizard into the scenery

) *Unnamed project - optiSLang - O bd
File Edit Project Wiew Help
m : —-— s
"R EHE b mQ =
: 3 ° * Unnamed project D Jizzrds g x
- fs Solver wizard
ENEry Status owerview
~ i:ﬁ Sensitivity wizard
4% Optimization wizard
*b Robustness wizard
*:‘ Reevaluation wizard
4.
Modules Qg x
parametric @
' Systems
v [ Plain systems
E‘_—] Parametric System
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Workflow creation

B8 solver Wizard O x
Solver paradigma @
If your solver is not listed, consider to use "Common text based” A

5. Click on Ansys Speos to start the
Solver Wiza rd ﬁAnsysADDL Ansys CFX-Solver Ansys Discovery AnsysEDT Ansys EDT LSDSQ

S el
= Ansys Fluent-Solver Ansys LS-DYNA . Ansys Lumerical

Ansys SpaceClaim

é:; Ansys OpticStudio

@ Ansys ModelCenter

6. Select Speos input file and click on
Open

2

&
WB

e Ansys Speos Ansys Workbench

S

Ansys optiSLang

7. Wait until optiSLang has extracted s
the published parameters (can take R s B s DA Aesim [ s B #scosoer
1'2 m | n UteS) ’:“ AXSTREAM Sf*) CAESES ggf Calculator @ CATIA

@ ceoL (Beta)

Lo

.Selectinputfile e KalalliNal L‘ Cran 5?\ Frhvenn v
i < Prismatic_LG_23R2 » 01_Optimization » 01_reference » v | Search 01_reference 6' P Next = Cancel Help
COrganize = Mew folder == ~ [N o
Mame

7 Quick access
SPEQS input files

3 This PC SPEQS isolated files

=¥ Network E Headlamp_LightGuide.scdocx

< >

File name: | Headlamp_LightGuide.scdocx V| Speos projects (*.scdocx) ~

Cance'
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Workflow creation

8. Drag and Drop the parameters B S v —

Integrated Solver Settings Y.

tO th e Parameter pa n e to Specify integrated solver inputs and outputs '.5:5\’*
consider them in the variation orameter Ansys Speos Variables

=]
. TR_CP1 70
a n a | S I S - Relative to project ~||01_reference\Headlamp_LightGuide.scdocx =|+ | Open Edit
| TR_CPZ 60
B R Parametrization =~ Execution settings  Speos Simulations  Export
=]
TR_CP4 40 Parameters
9. Rename parameter names g :
TR_CP5 20 MName Value Type Unit
o
\{ELight Guide.1/Prism Geometries/Bottom trimming control points[3].Value 120 PrismGeometries Mone
2 Light Guide.1/Prism Geometries/Bottom trimming control points[4].Value 40 PrismGeometries Mone
Input slots 3 Light Guide.1/Prism Geometries/Bottomn trimming control points[3].Value 50 PrismGeometries Mone
Standard slot:
Fndard slets 4 Light Guide.1/Prism Geometries/Bottom trimming control points[2].Value 60 PrismGeometries Mone
5 Light Guide.1/Prism Geometries/Bottomn trimming control points[1].Value 70 PrismGeometries Mone
< >
Use as parameter -~
< >

< Back Cancel Help
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Optional: Workflow creation

Bl solver Wizard o x

10. Optional: Under Execution Intgggg}yeatseg'r:teeg Ssilt::i;r'?:puts i outputs

settings you can add python

scripts for pre or post update e T — e |

>not mandatory for this tutorial | =TT e el sl eod 2.
11. Optional: Under Speos Simulation | = o e

you can select which Speos

simulation should be exported for _Input ot

the simulation

—>preselected and mandatory for

this tutorial
12. Optional: Under Export you can { ’

choose an additional export (e.g. — —

an image from the geometry)
13. Click on Next
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Workflow creation

B sobver Wizard O X

14. Adjust the parameter ranges in the parametize Iouts
pa rameter table Parametrize the inputs
(In Varlatlon ana/y SIS’ the p aramEterS Name Parameter type Reference value Constant Value type Resolution] Range | Range plot
are varied within the parameter range) 0 | [P

h
15. Click On Next 2 TR_CP2 Optimization &0 1 REAL Continuoud| 50 100 h
REAL Continuoud 30 20 | (AN

h
h

3 TR_CP3 Optimization 50 |
4 TR_CP4 Optimization 40 Il REAL Continuoud| 30 80
5 TR_CP3 Optimization 20 Il REAL Continuoud| 0 50

Import parameter from system -~

< Back Cancel Help
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Workflow creation

B solver Wizard O *

Criteria
Specify the algorithm criteria

16. Skip the criteria definition
(Responses and criteria's will be defined in e T

the next steps)
17. Click on Next mox s

18. Then Click Finish in the next window mos |

Criteria

19. The Speos WorkﬂOW Wi” automatica”y be Mame Type Expression Criterion Limit
created:

Evaluated expression

Headlamp_ LightGuide

YT = Create new

el > B _

s : : ﬁ‘d Variable ! Objective Dﬂlﬂﬂ Constraint / t Limit state
Headlamp_LightGuide.scdocx Ansys Speos Core  Ansys Speos Output : :

[ Instant visualization Import criteria from system -~

< Back Cancel Help
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Ansys Speos Node

Optional: All settings made in the wizard & Headlamp_LightGuide
can be reviewed and adjusted by double-
click on the Speos node

Headlamp_LightGuide.scdocx  Ansys Speos Core  Ansys Speos Output

Parameter A Ansys Speos L Variables =
° | TR.CP1 70 . : - - -
. Relative to project ~||01_reference/Headlamp_LightGuide.scdocx | = |~ | Open Edit
| TRCP2 60
B Parametrization = Execution settings  Speos Simulations  Export
® | TR.CP4 40 Parameters
® | TR.CP5 20 Name Value Type
1 Light Guide.1/Prism Geometries/Bottom trimming control points[3].Value 20 PrismGeometries MNone
2 Light Guide.1/Prism Geometries/Bottom trimming control points[4].Value 40 PrismGeometries None
Input slots 3 Light Guide.1/Prism Geometries/Bottom trimming control points[3].Value 50 PrismGeometries None
Standard slots
4 Light Guide.1/Prism Geometries/Bottom trimming control points[2].Value 60 PrismGeometries Mone
5 Light Guide.1/Prism Geometries/Bottom trimming control points[1].Value 70 PrismGeometries MNone
< >
Use as parameter -
< >
Show additional options Export settings |~ OK Cancel Apply Help
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2] Headlamp_LightGuide

o5

Headlamp_LightGuide.scdoox  Ansys Speos Core  Ansys Speos Qutput

Ansys Speos Core node

Optional: The default solver settings =
for the Speos simulation can be -
reviewed and adjusted:

Ansys Speos Core

Change settings 2.
Open external settings dialog and edit settings

1. Double-click on the Ansys Speos et s st
Core nOde Reset to default settings from custom script

2. Click on Change Settings ’
3. Check the SpeosCO re path g s C:\Program Files\ANSYS Inc\v232\Optical Products\Viewers 3,

Search for .sv3/.speos files v

4. Adapt command line arguments e

Command Line Arguments 4'

5. Click on Save to default -

GPU Solver (-G) o
6 CliCk Apply and OK Mumber of cores (-t) a0 ﬁl
Qwerwrite number of rays or pass I

Mumber of rays or pass (-r)

)
Load Defaults Save To Defaults Ok Cancel Apply
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B Headlamp_LightGuide

Ansys Speos Output node =

Headlamp_LightGuide.scdocx  Ansys Speos Core  Ansys Speos Output

Set up the Speos Output node [g Ansys Spe0s Ouput Variables - P—
in Order to extract the Relative to working dir ~ | «_ |\ SPEQSisolatedfiles \ LightGuidespeos \ LightguideReporthtml ‘ |- Load : | Average 4b. ;:zzz:

- - Outputs 2 2. | Maximum
simulation results: [Search for 24578
Mame Value | Number_of_rules_failed 0
1. Double-click on the Ansys Speos patomances Anais ) Nomberof s prssd fimited
Power_Report J RMSE_contrast 0.760728
OUtpL’t nOde v RESLIIr:?ehsity.'l:BE-‘iE
. hd ijd:llc:;:ﬂﬁ[ﬂ
2. Browse for the file v,t:e
‘e o - ) - Results.Radiance.1:33603.Area_1.Averagevalue 183056 >
nghthIde.'Report.html I n the M. Besuurl?s.Radiance.'l:33603.Area_1.Maximum.value 585268 cd/m’® oo d tDUtDUt slots
refe re n Ce fl IeS fo I d e r N Mm:;z:urrtllsﬂadiance.'l:33503.Area_1.Minimum.\ralue 22437.6 cd/m®
( ”O 1 refe ren Ce\S P EOS ISO | ate d RMSR_:;uTtt:F:dianceJ:33503.Area_1.RMS_contrast.vame 0.760728
. - . . ” Results.Radiance.‘l:33603.|ntegrati0n_ang|e 5
fl |eS\L|ghtgu Ide.speOS\ ) . SummaF‘risrL;I;sL;r;iic!:r;ce.‘l:33603.Wa\relength_number 13
3. Set the path to Relative to " ——————
. . Summary_regulations.Intensity.1:33242._Number_of_rules_passed_limited 0
working dir and set the orange Rediance.: 33603
path Spllt pOSItIOﬂ < Reload Parametrization
4. Define the res ponses via drag and Show additional options Export settings ~  OK | Cancel

drop and rename them
5. Click Apply and OK

Number of failed rules = Number of not passed regulations
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Optimization Criteria Definition

In the next step the wizards ask for the optimization criteria definition.

For the daytime running lamp the optimization goal is to:
- obtain a homogeneous lit appearance
- achieve all photometric regulations, consider national and customer specifications

The best practice to achieve this goals is to:

- Minimize the RMS-contrast (this is a measure of homogeneity: the smaller the value, the more
homogeneous is the lit appearance).

- Maximize the average luminance (to avoid that the optimizer optimizes in the direction of no lighting,
as this would mean the best homogeneity)

- Constrain the number of failed rules (not fulfilled regulations) to make sure that the design is
compliant with the regulations
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Criteria Definition

Define Optimization criteria’s as follow:

1.
2.

. Drag the responses onto the Constraint field

Double click on the systems head
Go to the Criteria tab

and then Less:
* “Number_of rules_failed”
* “Number_of rules_passed_limited”

. Drag the responses onto the Objective field:

* “RMS_Contrast” (Minimize)
* “Average” (Maximize)

. The new criterions appear in the

criteria list.

. Enter the limits for the two constraints:

(allow two not fulfilled customer
specification and zero not fulfilled national
regulation)

. Click Apply and OK

Headlamp_LightGuide 1.

E?jm- .

Headlamp_LightGuide.scdoox  Ansys Speos Core  Ansys Speos Qutput

3
o
Parameter Criteria  Other Result designs
Parameter Responses
Mame Walue MName Walue
TR_CP1 70 Average 183036
TR_CP2 &0 Maximum 385268
TR_CP3 50 Minimum 22437.6
TR_CP4 40 Mumber_of_rules_failed 0
TR_CP5 20 Mumber of rules passed limited 0
RMS_contrast 0.760728
Criteria 5
[
Name Type Expression Criterion  Limit: Evaluated expression
I obj_Average Objective Average MAX 183056
! obj_RMS_contrast Objective RMS_contrast MIN 0.760728
& constr_Mumber_of_rules_failed Constraint Number_of_rules_failed = 0.99 §0 = 0.99
& constr_Mumber_of_rules_passed_limited Constraint Mumber_of_rules_passed_limited = 2 n=2
= Create new
| L A | [N A
1 11 1 P 1 i all 11 |
I f . 1 ! _— I Hllllil C el imi !
| {x) Variable i Objective | | i Limit state |
1 11 1 Less I Greater ! 1
[ [ ] -
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workflow extension

Optional: In order to increase the design understanding, export an image from the
XMP-Viewer and add it into the optiSLang postprocessing
1. Filter for Python under Modules and
i . Headlamp_LightGuide [oython
drag and drop it onto the green arrow in ‘—L 1 ———
1 Bl > » g » » K 1' v Integrations
the parametrlc SyStem Headlamp_ngtGwde.scdocx Ansys Sos Core  Ansys Speos Output \ F_

2. Rename the Python-node with F2
to “XMP to image”

Modules Q&=

3' Do Uble-CIiCk O n t h e Pyt h O n-n Od e 2 XMP_to_Image.py - D:/tdannenb!\Prismatic_LG_23R2\01_Optimization\01_reference - XMP to image - Python O X

Parameter ® Python B Variables 4 = Responses
4. B rowse fo r th e Pyt h OoNn SC ri pt o TRCP1 T Use file v kelative to project | |01_reference\XMP_to_Image.py | =|~] Open i
° | TR.CP2 0 8 ~

TR_CP4 40 11 from win3Zcom.client import Dispatch

»XMP_to_Image.py” in the reference e |l o g e St

4 o ” o PR 12
fl | eS fo I d e r ( O 1 refe re n Ce ) | TRCPS 20 13 f]def get_files_in_ diresctory(workingdir):
- 14 XMP_files =[]
15 - for root, ‘dirs, -files in -os.walk(workingdir) :
. 16 - - for -file in - -files:
CI k I d O 170 - - -if file.endswith(".xmp'):
5. Clic Appyan K ( 1% file.endswith(*.xm K

Input slots Neme Type Value . Output slots

Standard slots — Standard slots
1 emd  Aa .. C'taskkill
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workflow extension

6. Double click on the systems head
7. Go to the Other tab

8. Change the postprocessing settings to import
the images into the optiSLang Postprocessing
automatically

9. Click Apply and OK

Headlamp_LightGuide 6,

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image

':_'rj Parametric Systern 7

Parameter Criteria Other Result designs

Show working directory settings
Show design directory format settings
Hide postprocessing settings
Write optiSLang post-processor database file: | Never

I:‘ Show on termination
Register files

Images 8-

[ ] ANSYS Viewer fies
[ ] weoliab CAX / wehx fies

I:‘ Custom  Define custom filter...

Show evaluation settings

Show additional options

OK

Cancel

Apply
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Test Run

File Edit Project View Help

1. Save and Execute the project e -=e Dy Qe

2. Open the executed system by double click ;ia' ib

on the systems head

3. Check the results of the initial Design in the Headlamp LightGuide 2.

Result designs tab “T
ﬁ —

Headlamp_LightGuide.scdocx Ansys Spens Core Ansys Spens Output  XMP to image

PYTH |

B Headlamp_LightGuide - Parametric System 3 O *
.

Parameter  Criteria  Other  Result designs

Id Feasible Duplicates Status  TR_CP1 TR_CP2 TR_CP3 TR_CP4 TR_CP3 Average Maximum Minimum MNumber_of_rules_failed Mumber_of_rules_passed_limited  RMS_contrast obj_Average obj_RMS_contrast  constr_Number_of_rules_failed  constr_Number_of_rules_passed_limited

1 D‘I étrue Succeel ded 70 60 50 40 20 181405 606946 18168 0 0 0.761682 181405 0.761682 0<0 0<0.99

NOTE: If the Python node fails, please check the troubleshooting on the next slide
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Troubleshooting: Python node

* If the COM server for the XMP-Viewer is not registered in the windows registry, then the following error
message appears in the optiSLang message log:

Python interpreter error:
Traceback (most recent call last):
File "C:\Program Files\ANS5YS Inc\v231\optiSLang\libipythoni.7\lib\site-packages\win3i2com\client\dynamic.py™, line 81, in GetGoodDispatch
IDispatch = pythoncom.connect (IDispatch)
pywintypes.com error: (-2147221005, 'Inwvalid class string', Hone, Hone)

During handling of the abowe exception, anocther exception cccurred:

Traceback (most recent call last):
File "<string>", line 29, in <module>
File "C:\Program Files\ANSYS Inc\v231\optiSLang\lib\pythoni.7\lib\site-packagesi\wini2com\client_ init .py¥", line 95, in Dispatch
dispatch, userName = dynamic. GetGoodDispatchiAndUserHame (dispatch,userName,clsctx)
File "C:\Frogram Files\ANSY5 Inc\v231l\optiSLang\lib\python3.7\lib\site-packages‘\win32com\clienthdynamic.py”, line 33, in _GetGoodDispatchAndUserHame
return (_GetGoodDispatch (IDispatch, <¢loctx), userName)
File "C:\Frogram Files\ANSYS Inc\v23l\optiSLang\lib\pythond.7\lib\site-packages\winddcom\client\dynamic.py”, line 83, in _GetGoodDispatch
IDispatch = pythoncom.CoCreateInstance (IDispatch, None, clsctx, pythoncom.IID IDispatch)
pywintypes.com error: (-2147221005, 'Invalid class string', Hone, Hone)

ERRCR

* Solution: Set up the windows registry correct:
- Open ,Virtual Photometric Lab“ with admin rights manually in the used Ansys Speos version
- reopen optiSLang and try again
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Troubleshooting: Ansys Speos Output node

* Location of the Speos report (.html file):

1. With a manual solve of the simulation in Speos, the Speos report (.html file) will be written into the
“SPEOS output files” folder

2. With the automatic solve using the Speos integration in optiSLang the Speos report will be written
into the “SPEOS isolated files” folder

* For new projects, this report might not be existing in the “SPEOS isolated files” folder.
The best practices is:

1. Setup the workflow via wizard J
2. Deactivate Ansys Speos Output Node o E -
(right click on the node and click on ”Active”)/ . g
3. Run the workflow llllll I
4. Copy the generated Speos report (.html file) into your reference folder - e
5. Setup the Speos output node
6. Activate the Speos Output node and run the workflow .

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Troubleshooting: Solver Noise

* For variation analysis like Optimization, it is important to have a high simulation quality
in order to minimize the solver noise. Small Solver noise means that if the same
simulation is executed multiple times, the scattering of the output values should be
small.

* To ensure a high simulation quality and a good prediction for the optimization the
maximum difference between the output values should be less than about 5%.

* You could improve the simulation quality e.g., by increasing the number of rays

* Optional: There is an easy solution to fast check the solver noise within optiSLang.
How to do is shown in the Appendix at the end of the presentation in the section
“Check Solver Noise”
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Sensitivity Analysis
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What is a Sensitivity Analysis?

The Sensitivity Analysis in optiSLang creates
a design of experiments based on the given
parameter ranges of the input parameters.
The sampled designs are well distributed in
the parameter space. The designs are
automatically evaluated through the Speos
workflow.

. e v * ¢ 75
® g ® o
® * 4 70
L ] e hd .. [ —
o .‘ ) 65 =
L J ® T
o L ] e 605
o® e © 3
[ @ 554
L ™ .. =
o o & ¢ 509
L L ] e w
® Py . \ e ® 45
o 40
— L} L] ] 35

The Sensitivity Analysis will give you a high
design understanding:

Identifies all important input parameters that
have an impact on the device response

Creates Metamodel with best prediction of the
system behavior for a fast and efficient design
optimization

* Reduces optimization complexity for the
optimization task by considering only the
important parameter

Typical questions that can be answered:

» “Which screws do | have to turn to improve the
optical performance?”

» “In which parameter range are the best
designs?”

A\

“Where are my requirements / constraints met?”

» “Are my optimization metrics in conflict with
each other?”

» “What is the variation range of my optical
performance?”

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Setup Sensitivity Analysis

How to setup a Sensitivity Analysis and how to interpretate the results is shown in the
following section:

1. Drag the Sensitivity wizard onto the head of the solver chain

File Edit Project View Help
=21 200 Qe

* LG_optimization_AnsysSPEQS B Wizards
J@ Solver wizard

1 b& Sensitivity wizard
* L Optimization wizard

b ® Robustness wizard

Scenery  Status overview

Headlamp_LightGuide

I b:'l Reevaluation wizard

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image

Modules
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Setup Sensitivity Analysis

2. Keep the ranges and criteria
(click Next)

e - [m] x
Bl sensitivity Wizard O * B serstoty Wi
Criteria 2 b =i=‘
Parametrize Inputs Za . I Specify the algorithm criteria ° A
Parametrize the inputs i i
Parameter Responses
Name Value Name Value
TR.CP1 70 Average 183056
MName Parameter type Referencewvalue Constant  Valuetype Resolution Range Range plot TR CPZ) 60 Maimum 585268
TR.CP3 50 Minimum 2243756
1 TR_CP1 Optimizaticn 70 O REAL Continuo... 30 100 h TR CP4 4 Number_of rules_feiled 0
TR.CP5 20 Number_of_rules_passed_limited 0
2 TR_CP2 Optimizaticn ] O REAL Continuo... 30 100 _ RMS_contrast 0.760728
Criteria
3 TR—CP3 Opt|m|zat|nn 30 D REAL Continuo... 30 80 h Mame Type Expression Criterion  Limit. Evaluzted expression ~
1 obj_Average Objective Average MAX 183056
4 TR_CP4 Optimizatign Al l:‘ REAL Continuo... 30 B0 h ! obj_RMS_contrast Objective RMS_contrast MIN 0.760728
& constr_Number_of_rules_failed Constraint Number_of_rules_failed = 0.99 0=0.99
S TR_CPS Optimization 20 D REAL Continuo... 0 50 & constr_Mumber_of_rules_passed_limited Constraint Number_of_rules_passed_limited = 2 0=z
= Create new
ﬁx) Variable ! Objective m}lﬂu Constraint / t Limit state
Import parameter from system ~
[ Instant visualization Import criteria from system ~
Next > Cancel Help < Back Cancel || Help
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B sensitivity Wizard [m] X

Setup Sensitivity Analysis 3.

Specify the sampling method

Adaptive sampling
O @® Adaptive Metamodel of Optimal Prognosis (AMOP)
O O Bayesian Adaptive Sequential Sampling (BASS) (Beta)

Simulation runtime: Shert IO"i

P Show additional settings

. Keep the recommended sampling method

Q O Full factorial
O O Advanced Latin Hypercube Sampling

3
4. Keep the default postprocessing settings s
5
6

O O Other (see next page)
Plugins

. Finish the wizard T

O O While Loop

Start designs

. The sensitivity system AMOP will be created

o O Define start designs manually
automatically:
< Back Cancel Help

B8 sensitivity Wizard O X
AMOP 4 Additional options :i:
Define additional options 3 A
L ]
' hL. > T ] Algorithm Postprocessing
Headlamp_LightGuide.scdoot Ansys Speos Core  Ansys Speos Output  XMP to image @ L Show postprocessing during algorithm run
Postprocessing Minimum designs required: |1 >

Show Postprocessing on algorithm termination
[ Wait for user-interaction to continue
Show reduced data-set if available

5.
< Back Cancel Help

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Setup Sensitivity Analysis

Optional: Possibility to change the

number of created designs (samples)

- default = maximum 300 designs
- recommended minimum = 100

7. Open the AMOP by double click on the
systems head

8. Go to the Adaption Tab

9. Set Number of samples for refinement
to 50

10. Press Apply and OK

A

il i J =

F E i 54 R
Headlamp_LightGuide.scdocx  Ansys Speos Core  Ansys Speos Qutput  XMP to image | J
Postprocessing
L]
Parame: te Start designs Criteri Adaption MOP Other Result designs
Adapti
Refinement type: Global hd

Maximum number of samples: |ZDEI

Show advanced settings 9
Start iteration

[ Use start designs only

Sampling type: Space filing Latin Hypercube Sampli

ng

Mumber of samples: | 100

Refinemen t

Sampling type: Space filling Latin Hypercube Sampli

ng

Mumber of samples: |50

[ consider failed designs

Conwver gence cri teria

Target CoP: 0. |
Maximum iterati |3 |
Stagnation iterati 3

Show additional options

0K Cancel Apply

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Start Sensitivity Analysis

Save and execute the project

Click on Status overview to
check the progress for each
design

Double click on the AMOP and

go to Result designs tab to view
the results of designs that have
already been run

- Wait until the analysis is ready

File Edit Project View Help
L L . |\ib."f -

1a_. "

14

m Q ==
* LG_optimization_AnsysSPEQS

1b.

Scenery  Status overview 2

AMOP

R

Headlamp_LightGuide.scdocx  Ansys Speos Core  Ansys Speos Output  XMP to image

4

g

Postprocessing

— The optiSLang postprocessing will open automatically
(alternative, please right click on “AMOP” and click on “Show Postprocessing”)

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Sensitivity Analysis - Postprocessing

The results of the Sensitivity Analysis are shown in the optiSLang post processing window:

* The main concern when working with metamodels is the prediction quality on how good the model is
able to predict the outputs based on new given input values. optiSLang catches this in the Coefficient

of Optimal Prognosis, short COP.

* The best way to review the sensitivity study is to
review the COP matrix. The COP matrix shows:

- that all responses are well predicted
(shown in the column Total)

- the importance of the input parameters to the
responses.

* Since the prediction quality is high for average and
RMS contrast, the metamodels can be used to
optimize for homogeneity and average luminance.

RMS_contrast

Number_of_rules_passed_limited

Models

Minimum i

Maximum i

Average |

Total effects

s
145.9 %i 40.7 %

Number_of_rules_failed i

23.6 %

e

"\ 4

- Ya Ya

»

<

Y
\(
Y
\ 4

BY

4
.

“\ A
DA
b A

-

\ &

P

33.6 %,

[

7.8 %

1

\ﬁN \f
L)EJL ), . W
\ A

6.8 % l 74%' m

p-

1

C

23.7 %,

TR_CP1 TR_CP2 TR_CP3 TR_CP4 TR_CP5 Total
‘Parameter

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Sensitivity Analysis - Postprocessing

* Clicking on one of the Total values in the COP-Matrix shows the corresponding Metamodel of Optimal
Prognosis (MOP) in the Response Surface 3d plot

* The MOP approximates the response as function of all important input parameters. This plot is the
representation of the Metamodel based on the two main contributors and the remaining ones are set to
a fixed value. By using the sliders you can see the influence of the other dimensions.

e The MOP shows the variation of the

responses based on the variation of [reccor 752000 ] et o Pognoss ST
the input parameters % |
|Tr-Lc:'2: 750000 = | 1
" 0.9
4 l 0.8 g
|Tr-Lc:'5: 55.0000 = | 0.7
= i 0.6 §
0.5%
|TRC34: SE.0000 = | 0.4
o5 l 0.3
|TRC35: 25.0000 = |
% L
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Sensitivity Analysis - Postprocessing

The approximation quality is excellent for
RMS-contrast (97 %).

The most important inputs for RMS-contrast are
trimming ratio at control point 1 and control point 2

The trimming ratios at control point 4 and 5 have a
negligible impact.

A non-linear dependency of the trimming rations to
the RMS-contrast can be identified.

Linear Regression approximation of RMS_contrast
Coefficient of Prognosis = 97 %

Total effects

RMS_contrast

Number_of_ruIes_passed_limlted

Number_of_rules_failed

Models

Minimum

Maximum

Average

" ‘218%‘ 336%i 267%'

TR_CP1 TR_CP2 TR CP3 TR CP4 TR_CPS5 Total
‘Parameter

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Sensitivity Analysis - Postprocessing

Linear Regression a?proxmanon of Average
Prognosis = 96 %

Coefficient o

* The approximation quality is excellent for

- 1.9
average luminance (96 %). o
-1.8 3
* The most important inputs for average luminance 1753
are trimming ratio at control point 3 and control 17 &
. -1.65
point 4 .

* All trimming ratios have an influence on the average

luminance.
* Aslightly non-linear dependency of the trimming To s
ratios to the average luminance can be identified. @M.D

Number_Of_rules_passed_limlted ...D -

Number_of_rules_failed

Models

Minimum

ﬁ
Average
TR_CP1 TR_CP2 TR CP3 TR CP4 TR_CP5 Total
;;;;;;;;;
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Sensitivity Analysis - Postprocessing

Optional: Increase your design understanding by the help of the Parallel coordinates plot (PCP).

This plot helps you to identify parameter ranges that lead to good designs and identifies trade offs
between your objectives.

1. Dragthe PCP into the Postprocessing scenery
(to be found under Visuals on the right side of the Postprocessing window)

2. Optional: Right click in the PCP and deactivate Criteria to have a better overview

200 ( unfiltered ) of 200 ( active ) designs ( total : 200 ) Visuals g X
TR_CP1 | TR_CP5 | Maximum |INumber_of rules_failed| RMS_contrast »
| TR_CP2 TR_CP4 1 Average | Minimum TNumber_of _rules_pass..| Search for
Rescale Alt+R 79.75 49.75 19(0%22 82(2__8‘]1 1 10(4_341 0.5 0.5 1.008...
T [ T I i ' Approximation
Appearance 4 v P Data mining
Magnifying Glass Alt+G - G
Designtable
|+ 2D Anthill plot
B Parallel coordinates plot

Style ’ | Signal plot
Dimension Modifications 4 Activate/Deactivate Groups b ¥  Parameter Spider DIOI

Activate/Deactivate Dimensions .. ¥  Responses 45 nes
Export ’ tivate selected Dime te Criteria 2 || Parametrization

Activate all Dimensions Alt+A ™ Miscellaneous
Help F1

Activate Dimension Dragging o Optimization

Restore original Dimension Order = Rehabillty

=) (@=] (™) J = F
5025 3025 4 ] 158200 238480 425382 05 Statistics
Parameter Responses
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Sensitivity Analysis - Postprocessing

In the PCP, each line is one design.
Each column is an input parameter or

response or criteria. 14 (unfiltered ) of 200 ( active ) designs ( total : 200)
TR_CP1 | TR_CP3 [ TR_CP5 | Maximum |Number_of rules_failed| RMS_contrast
TR_CP2 | TR_CP4 | Average Minimum TNumber_of FuTes_pass..
. 99.75 99.75 79.75 79.75 49.75 190022 822811 104241 0.5 0.5
1. Move down the slider for RMS- L3 a « «

contrast to filter for designs with a
low value for RMS contrast

2. |dentify the ranges of the input
parameters that lead to a low
RMS-contrast

3. Check the relation between RMS-
contrast and average:
The applied filtering filters designs . * :
haVIng a hlgh ave rage |um|nance 50.25 50.25 Pa?aorﬁester 30.25 0.25 158299 238480 4253I'28ezsponse;0's
=» Trade off between RMS-
contrast and average luminance

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



Sensitivity Analysis - Postprocessing

File Edit WView Windows MOP Help
) M Manage windows...  J[] LI . .
- Si ’ HO &9 - &

Optional: Increase your design understanding
by adding the result plot Common settings

1. CIle WindOWS 9 Files 9 Hide dimension :rull:cliil'liif h vy t:z:zzﬂ:::;1:::1;?&112””99 1.
Lightguide.Radiance.1.bmp, SE—
in order to display the light distribution
in the postprocessing

Approximation L

File Edit View Windows MOP Help

AR Quee Q) HRT

2. Select Tile subwindows in the
postprocessing tool bar

Linear Regression approximation of RMS_contrast
Coefficient of Prognosis = 97 %

e All plots are connected, and pictures are
updated by clicking on a new design in the
Response Surface 3D plot

* Check physical phenomena appearing in the
design space

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Recommended Optimization-Strategy

 The recommended strategy for a Multi-objective optimization is to

1. perform a multi-objective pre-optimization based on the metamodels
 very fast optimization in order to find the pareto front

* the pareto front shows us the capabilities of the design and the possible
tradeoff within the defined design space

» global search approach

2. Perform a single, direct objective optimization, converting all except
one objective to constraints and define values for the constraints which
are acceptable

* can lead to a further improvement of the optical performance

* |ocal search approach by defining start designs with best designs identified
by the multi-objective optimization on the Metamodel

* Provides only one best design

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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v/ NLPQL
v/ ARSM

v/ Simplex
v EA
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Multi-objective Optimization
on Metamodel of Optimal
Prognosis (MOP)

Ansys



Setup Optimization Workflow

How to use the MOP for a fast design optimization is shown in the following section:
1. Drag the Optimization wizard onto the head of the sensitivity system

File Edit Project View Help
=N-R- 1 e - mQ #

LG_optimization_AnsysSPEQOS B Wizards

Scenery  Status overview 49 Solver wizard

1 A f:: Sensitivity wizard
: AMOP <« . — L‘-" Optimization wizard
ib Robustness wizard
’j 53‘ Reevaluation wizard
Headlamp_Ligthuide.scdncx Ansys 5|::-e.[:5 Core Ansys Speds Qutput XMP to i'mage - é
Postprocessing

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Setup Optimization Workflow

B8 optimization Wizard O x

Criteria "
Specify the algorithm criteria 2 b ° AU

2. Keep the parameter ranges and criteria
definition (Click Next)

Name Value Mame Value
TR_CP1 70 Average 183056
TR_CP2 &0 Maximum 585268
B optimization Wizard O d TR_CP3 50 Minimum 224376
P t . I ts TR_CP4 40 Mumber_of rules_failed 0
drametriZze 1npu |
. . ] TR_CP5 20 MNumber_of_rules_passed_limited 0
Parametrize the inputs Za . &U
RMS_contrast 0.760728
Parameter type  Referencevalue Constant  Valuetype Resolution Range Range plot Criteria
Optirnization 70 D REAL Trrmiforrs 51 100 l MName Type Expression Criterion  Limit Evaluated expression 2
_____________________ I obi_Average Objective  Average MAX 183056
2 TR_CP2 Optimization ] O REAL Continuous 30 100 _ ! obj_RMS_contrast Objective RMS_contrast MIN 0.760728
& constr_Number_of_rules_faied Constraint Mumber_of_rules_failed = 0.99 0=0.99
3 TR_CP3 Optimization 30 [l REAL Continuous 30 80 h & constr_Number_of_rules_passed_limited Constraint Number_of_rules_passed_limited < 2 02
o v
4 TR_CP4 Optimization 40 Il REAL Continuous 30 a0 h = (Crelie M
5 TR_CP5 Optimization 20 0 REAL Continuous 0 50 h f{x) Variable ! Objective Bﬂlﬂﬂ Constraint / 1 Limit state
Import parameter from system ~ [JInstant visualization Import criteria from system ~
<Back || Next> || Cancel Hel
Next = Cancel Help .
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Setup Optimization Workflow

. . . B8 optimization Wizard O X
3. Keep all default optimization
. . Optimization method AU
Sett| N gs I I ke . Specify the optimization method 3- ‘
* Using MOP Solver: running optimization on : o
t de| Using ® One-Click Optimization
metamo % ® MOP Solver % O Real run O Manual optimizer selection
e One-Click optimizer: automatic selection of the N breoptimized ~  M@ximum number of design evaluations:
best optimization algorithms ' .
P g Constraints violations: Not set v Start designs
* Maximum number of design evaluation: Failed designs: Not set S e del
Optimization algorithm will evaluate up to 4000 Solver nolse: None v] | © Define start designs manually Local search
designs on the Metamodel (without solver call) Simulation runtime: SIhO'T long  (© Receive best designs from system "AMOP
P Show additional settings
< Back Cancel Help
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Setup Optimization Workflow

4. Keep the default Additional
options
(best 20 designs will be
automatically validated with real

solver call)

5. Finish the optimization wizard

£4 Optimization Wizard
Additional options

Define additional options

Algorithm Postprocessing

[] show postprocessing during algorithm run

Minimum designs required: |1

Show Postprocessing on algorithm termination
Wait for user-interaction to continue

Show reduced data-set if available

Validate best designs

4. KU

ik

Template: |Pr0ject system: AMOP

Select System | Select Template

Mumber of best designs to validate: _

< Back Cancel Help

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Setup Optimization Workflow

6. The workflow appears in the scenery, consisting of

a. the One-Click Optimization system

b. Nodes, filtering the 20 best design from the optimization system, validate them with a real solver call and append the
results to the optimization postprocessing

7. Click the Layout optimal

File Edit Project View Help

ol .- [&:’ - |I.',’f. | | Q _#‘
7. * LG_optimization_AnsysSPEQS
Scenery  Status overview
» & One-Click Optimization a ..»'a‘gl h— 6b
hd
» T T Filter designs
™ 53 i%; S e » ﬁ F—
; AMOP > | ; J mop salver validator System L
3 j [ B—B
] Append designsvalidator Postprocessing
B g g R
Headlamp_LightGuide.scdook  Ansys Speos Core Ansys Speos Output  XMP to image
Lph {\,
Postprocessing
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Setup Optimization Workflow

Optional: Speed up the design evaluation
on the Metamodel:

8. Double click on the MOP-Solver node

¥
i I» f\‘}/ 84—/!

T|[ ) MOP Salver

4 > One-Click Optimization »

»@» -

Filter designs
3 ﬁ r—
Validator System

’En@l"

H@

Append designsvalidator Postprocessing

4 AMOP.omdb - Di\tdannenb\Prismatic_LG_23R2\01_Optimization\LG_optimization_AnsysSPEQS.opd\AMOP - MOP Solver o X
Parameter v MOP Solver # Variables = Responses
1 H ° | TRCPT 70 ° ] A
ncrease the number of Maximum in TR onbseie st wcnioranc ~1=] gt 7]
° ° | TR.CP2 60 ° | Maximum
o Registration mode: Automatic ~ = MOP boundary handling: Use initial sampling bounds ~ ~ |
] ° | TR.CP2 50 © | Minimum
e Qutputs .
or parailiel execution e o | et
g Response Model Order Kemnel Ref. value \ g
° | TR.cPs 20 || ® | Number of rules p
- 1 Average Linear Regression 2 178449 | !
“ | RMS_contrast
1 O C | . k A I | 0 K 2 Maximum Isotropic Kriging 0 Constant influence, isotropic, exponential 652633 :
[] I C p p y a | l 3 Minimum Isotropic Kriging 0 Constant influence, isotropic, exponential 19461.3
$ 21 |4 Number_of_rules failed i P T 0 < >
Input slots Output slots
5 Mumber_of_rules_passed_limited Linear Regression 0 0

2023 ANSYS, In

Standard slots

o

RMS_contrast Isotropic Kriging 0

Constant influence, isotropic, exponential 0.837161

Show quality measure usage

< >

Hide additional options

Use as internal variable =~

Export settings |~ OK

<

Standard slots

>

Cancel

0
Maximum in parallel: [20] & o

Auto-save behavior: |No auto-save

[ Retry execution Number of retries: 0 - Delay between attempts: 0 ms E

t. Some input slots do not provide values. Define custom slot values.

1. Some input slots do not provide values. Define custom slot values.
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Start Optimization

1. Save and Execute the project

The optimizer will evaluate 4000 designs with different input parameter values on the
Metamodel. 20 of the best designs will be automatically validated with a real solver call.

After the Optimization has finished the Postprocessing opens automatically

File Edit Project View Help
e EHE = m Q &
1 d. 1 b o * LG_optimization_AnsysSPEQS

Scenery  Status overview

» & One-Click Optimization__ > &) b
R Filter designs
H> ﬁfy : » ﬂ —
AMOP » {[ ) mMop solver Validatnrsyste;*]v o -
| BB
Append designsvalidator Postprocessing

LPE »—»rﬂ >._..>E — D J -—J'—\I

Headlamp_LightGuide.scdocx  Ansys Speos Core Ansys Speos Quiput  XMP to i-mage

»b@

Postprocessin a

\nsys
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Optimization using the MOP - Postprocessing

Fast Optimization on Metamodel

Trade off between RMS-contrast and
average gets visible

The pareto front shows all best designs.

The responses and objective of the 20
best designs on the pareto front are
validated by a solver call (results are
shown in green dots).

» Due to local approximation errors in
the Metamodel the estimated
response value may differ from the
solver result

» validation of the best design is
necessary

-1.8

OBJ: ol%j_Average [1e5]

Objective Pareto Plot

-1.8 -1.84 -1.82

-1.88

-1.9

L ® No constraints violated
Pareto front
Validated designs

0.3

0.4

0.5 0.6
OBJ: obj_RMS_contrast

0.7
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Optimization using the MOP - Postprocessing

* Choose a Best Design
(in this case Design 2808 is choosen)

Response Data: (Best Design #2808)

RMS_contrast (calculated)
0.480383

RMS_contrast (MOP)
0.495746

pas(s)ed_limited (calculated)

Number_of _rules

5

e

Number_of_rules_pgssed_limited (MOP)

3

pons

Number_of_rulesﬁfailed (calculated)
Num ber_of_ru(l}es_failed (MOP)

4

Minimum (calculated)

30135
Minimum (MOP)
i 22072.7 !

Maximum (calculated)

Num?E)er of Res

2

Maximum (MOP)
373842
Average (calculated)
186831

Average (MOP
: g ( )

40 60
Relative Size to Response Range [%]

o
o
o

20

(0]
o

1

-1.82 -1.8

1.84

OB]J: obj_Average [1e5]
-1.88 -1 .86J ¥

-1.9

Objective Pareto Plot

Design 2683

T T v - T '
L ’

No constraints violated
“Pareto front
Validated designs

(calculated
values with real Design 2683
solver call) (predicted
I values by MOP)
0.3 04 0.5 0.6

OBJ: obj_RMS_contrast

0.7
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Single-objective direct
Optimization

Ansys



Single-objective direct Optimization

How to continue with single direct objective optimization is shown in the following

section:

1. Drag the Optimization wizard onto the head of the sensitivity system

File Edit Project View Help

o [ﬁ’f - |I"ill

m Q ==
LG_optimization_AnsysSPEQOS

AMOP = L

Wizards
#ﬁ Solver wizard

W Sensitivity wizard

—b
. A s

Scenery  Status overview
— B —
HeadIamp_Ligthuide.scdncx Ansys 5pe.[:-5 Core Ansys Speds Qutput  XMP to i'mage

o
L»@

Postprocéssing

L Optimization wizard

ib Robustness wizard

53‘ Reevaluation wizard

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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Single-objective direct Optimization

2. Keep the parameter definition and click Next © owmiorVed ... o x|

3. Change criteria type of Average from Specy the algorithm aiteria
Objective to Constraint Parameter Responses

v

MName Value MName Value
H M Trimming_Ratio_CPO 70 Average 183056
4. Set limit to greater than 1.6e5
Trimming_Ratic_CP1 60 Maximum 585268
. . Trimming_Ratic_CP2 50 Minimurm 224376
5 . Re n a l I le th e C rlte rI a n a I I le Trimming_Ratic_CP3 40 Mumber_of_rules_failed 0
Trimming_Ratic_CP4 20 Mumber_of_rules_passed_limited 0
6 . CI IC k N ext RMS_contrast 0.760728
. Optimization Wizard m} X
] Criteria
Parametrize Inputs "L!f‘
Parametrize the inputs B Name Type Expression Criterion Limit Evaluated expression *
& constr_Number_of_rules_failed Constraint Number_of_rules_failed = 0.99 0<0.99
Mame Parametertype Referencevalue Constant Valuetype Resolution Range Range plot & constr_Number_of_rules_passed_limited Constraint Number_of_rules_passed_limited = 2 0=2
: ptimization 70 O REAL Continuous 50 100 * ! obj RMS_contrast Objective  RMS_contrast MIN 0.760728
2 TR_CP2 Optimization 60 [l REAL Contmuons i 100 I bl constr_Average Constraint Average = 1.6e5 183056 = 160000
now - ~ 9
3 TR_CP3 Optimization 50 O REAL Continucus 30 80 * =] Create?ew 5 4
4 TR_CP4 Optimization 40 [l REAL Continuous 30 20 h
. , Variable ! Objective D&l&ﬂ Constraint / t Limit state
5 TR_CPS Optimization 20 | REAL Continuous 0 50 (N (*) !
Import parameter from system -~ [ Instant visualization Remove selected criteria -

Cancel Help < Back Cancel Help

o
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Single-objective direct Optimization

7. Choose Real run for Optimization

8. Keep the recommended One-Click
Optimization
(the used optimization algorithm is chosen
automatically in the background)

9. Click on Next

. Optimization Wizard

Optimization method
Specify the optimization method

Using 8-

€ O MOP Solver g% @ Real run

Analysis status: Preoptimized v
Constraints violations: |Not set i
Failed designs: Not set v
Solver noise: Not set v
Simulation runtime; ~ Short Ioni

» Show additional settings

® One-Click Optimization 9 o

O Manual optimizer selection
Maximum number of design evaluations: 200 o

Start designs
O Use reference design
® Define start designs manually Local search

Receive best designs from system "AMOP"

Date Time Log level Hid

1 2023-Jun-01 13:12:23.193611 WARNING

Message

The criteria are no longer the same as those of the predecessor
system. Automatic connections are therefore not created!

e W o

< Back Cancel Help

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.
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B8 optimization Wizard O *

Single-objective direct Optimization |% ,
Specify start design(s) for the algorithm l

Id  Feasible Duplicates Status TR_CP1 TR_CP2 TR_CP3 TR_CP4 TR_CP3

10. Click on Import Start values from :
system to reuse the already calculated
designs for the optimization

Import start values from system 10

11. Choose AMOP and click OK T Cancel ] [ Feip

B import designs *
lick in the wizard wind | ec d
Select system: Select designs to import:
12. Click Next in the wizard window ct sytem: gns tolmp
v & LG_optimization_AnsysSPEQS Id Status TR_CP1 TR CP2 TR_CP3 TR ~
1] Headlamp_LightGuid
&) Headlamp LightGuide 1 01 Succeeded 80.25 7575 7935 4225
& validator System
) One-CIicl-ipTization 2 02 Succeeded 7275 99.75 63.75 40.25
7 AMOP
v a . 3 03 Succeeded 53.25 92,75 35.25 51.25
7 7 J0.7
B Optimizstion Wizerd O ¥ 4 04 Succeeded 79.25 86.25 55.75 70.75
i 5 03 Succeeded 9475 51.25 35.75 36.75
Start design(s) '\I)“
Specify start design(s) for the algorithm l 6 06 Succeeded 93.25 58.75 4075 63.75
7 07 Succeeded 98.25 63.25 64.75 4425
ld  Feasible Duplicates Status TR_CP1 TR_CP2 TR_CP3 TR_CP4 TR_CP5 HAverage & 8 0.2 Succeeded 91,75 57.25 7175 32.75
101 true Succ... 80.25 75.75 79.25 42325 14.75 176324 9 09 Strmies 57T 7T TS T
202 tue Succ... 725 2075 63.75 025 33.25 176027 B S f— - T -
303 tue Succ... 53.25 9875 35.25 51.25 2475 181720 v
11 011 Snrrreded a7 75 AG 25 54 25 435
4 04 e Succ... 79.25 86.25 55.75 075 3025 172081 v < d
S * @® Result designs O Reference design
Import staixﬂues from system - Filter systems: |Has result designs 1 1 b v
L
< Back Cancel Help Cancel
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Single-objective direct Optimization
Finish the wizard

13.

14. The workflow appears in

the scenery.
15.
16.

Click the Layout optimal

Save and Execute the
workflow

- Wait until the analysis is
ready

- The optiSLang
postprocessing will open
automatically
(alternative, Double Click on

Headlamp_LightGuidescdocx  Ansys Speos Core  Ansys Speos Output  XMP to image

. Optimization Wizard a X
Additional options AP
Define additional options &
Algorithm Postprocessing
[ Show postprocessing during algorithm run
Minimum designs required: |1
Show Postprocessing on algorithm termination
Wait for user-interaction to continue
Show reduced data-set if available
13.
< Back Cancel Help
File Edit Project View Help
‘reu >16b Q&
Ga 1 5 * LG_optimization_AnsysSPEOS
Scenery  Status overview °
B BB ow B
Headlamp_LightGuidescdocx  Ansys Speos Core Ansys Speos Oufput  XMP to image W L Append designsvalidator Postprocessing
MOP Solver >z >y —
Validator System
" :
> % b
Filter designs
¢ One-Click Optimization (1) »
po— J
g m R B 8

Postprocessing (1)

“Postprocessing(1)”)

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

\nsys



Single-objective direct Optimization

* The history plot shows the convergence of the
optimization. The optimization converge very fast

* The best design is #370:

Number of Parameter
2 3 4 5

1

Best Design #370

i TR_CP5
15.6894

| TR_CP1
92.6609

TR_CP4
67.1027

85.3106

0

20 40 60 80 100
Relative Size to Parameter Bounds [%]

6

ponse
5

4

Number of Res
2 3

Response Data: (Best Design #370)

— RMS_contrast
| 0.114856

Maximum
228532
Average
i 166575 .
20 40 60 80 100

Relative Size to Response Range [%]

Objective History

#  Constraints fulfilled

N e e

,?.T t T * 4 # Constraints violated or failed
»

el I 1L tel | 'T —*— Convergence line

no .-r’ t ole [T A . A

'“C"_s?"f'gl Hitr e *.,.i History line (obj RMS_contr...

s Ll A | HI

=l .;'G'ht ”:.,",.;,m TR

S, .'-‘“‘ [Pag®y {:‘ f',;g Q."II I q."“‘ Ty o*u

Yo | Il 11| L |l Il [ I Ry I ‘

Zc e DI NB e E s | L

RN T Y PR LA ¢

= |4 1 o (TIAH (e l\ [ *

o I + & I d | | d “

e LI L et vl

83 ot |

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited.

\nsys



Summary

\nsys



Summary Recommended Workflow for Multiple Objectives

1. Define parameter types and ranges, responses, objectives and constraints

2. Perform a sensitivity analysis using DOE and MOP to identify important input
parameters, detect conflicting objectives, get information about failed or infeasible
design regions, get suitable start population for the optimization

3. Perform a multi-objective optimization for all conflicting objectives

4. Derive weighting factors after

selecting a suitable design Definition - Multi-
inputs, Sensitivity obiective
5. Run single-objective optimization objectives, analysis opti:nization
using weighted objectives or constraints
changing objectives to constraints
6. Get your optimal design ingle-
y P & Optimal Sl.nglt.e Weighting of
) objective - ..
design objectives

optimization
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Summary

* Due the Sensitivity Analysis and Optimization:
- the best possible trade off between RMS contrast and average luminance could be found
- the homogeneous lit appearance could be significantly improved
- all photometric regulations and customer specifications could be achieved

0.25<0.48<1.00 0.115
RMS contrast 0.74 (2.1x improvement) (6.5x improvement)
Average luminance [kcd/m?] 183 150 < 187 < 190 167 > 165 (fulfilled)
Number of not fulfilled regulations 0/42 (fulfilled)

Initial Design best trade off best design

dddddddd

nnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnnnn

nnnnnnnnnnnnnnnnnn

nnnnnnnnnnnn
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Overview of Tutorials

* Light guide tutorial: Optimization of a prismatic light guide (headlamp)
v" Workflow automation of Ansys Speos
v’ Sensitivity Analysis

v' Optimization

* Further applications for optical design optimization:
:

- T.L'-!_ —

If you have any questions on this tutorial, do not hesitate to contact:

©2023 ANSYS, Inc. Unauthorized use, distribution, or duplication is prohibited. \nsys



https://optics.ansys.com/hc/en-us/articles/9216542212115
https://optics.ansys.com/hc/en-us/articles/9098002328595
https://jam8.sapjam.com/groups/aTzqDwHTh6DSU87LDcs7Fz/overview_page/DEsViqUiZZwvmND6AM1izw
mailto:support@ansys.com
https://jam8.sapjam.com/groups/aTzqDwHTh6DSU87LDcs7Fz/overview_page/DEsViqUiZZwvmND6AM1izw

Appendix
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Check Solver Noise

How to setup the system in order to control the solver noise is shown in the following

1. Drag the sensitivity wizard onto the head of the solver chain

File Edit Project View Help
"EEHEIPp-ED R N Q
& * LG_optimization_AnsysSPEQS B Wizards

Scenery  Status overview J‘ Solver wizard

1 fa Sensitivity wizard

L‘“ Optimization wizard
Lll Robustness wizard

L’? Reevaluation wizard

Modules
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Check Solver Noise

2. Keep the ranges and criteria
(click Next)

e - [m] x
Bl sensitivity Wizard O * B serstoty Wi
Criteria 2 b =i=‘
Parametrize Inputs Za . I Specify the algorithm criteria ° A
Parametrize the inputs i i
Parameter Responses
Name Value Name Value
TR.CP1 70 Average 183056
MName Parameter type Referencewvalue Constant  Valuetype Resolution Range Range plot TR CPZ) 60 Maimum 585268
TR.CP3 50 Minimum 2243756
1 TR_CP1 Optimizaticn 70 O REAL Continuo... 30 100 h TR CP4 4 Number_of rules_feiled 0
TR.CP5 20 Number_of_rules_passed_limited 0
2 TR_CP2 Optimizaticn ] O REAL Continuo... 30 100 _ RMS_contrast 0.760728
Criteria
3 TR—CP3 Opt|m|zat|nn 30 D REAL Continuo... 30 80 h Mame Type Expression Criterion  Limit. Evaluzted expression ~
1 obj_Average Objective Average MAX 183056
4 TR_CP4 Optimizatign Al l:‘ REAL Continuo... 30 B0 h ! obj_RMS_contrast Objective RMS_contrast MIN 0.760728
& constr_Number_of_rules_failed Constraint Number_of_rules_failed = 0.99 0=0.99
S TR_CPS Optimization 20 D REAL Continuo... 0 50 & constr_Mumber_of_rules_passed_limited Constraint Number_of_rules_passed_limited = 2 0=z
= Create new
ﬁx) Variable ! Objective m}lﬂu Constraint / t Limit state
Import parameter from system ~
[ Instant visualization Import criteria from system ~
Next > Cancel Help < Back Cancel || Help

23 ANSYS, In rized use, distribution, o plication is prohibited. \nsys



Check Solver Noise

3. Choose Full Factorial as Sampling method
and click Next

4. Disable Create MOP
5. Finish the wizard

6. The new sensitivity system will be created
automatically:
d

E=
g — E%{ Postprocessing (3)

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Qutput  XMP to image

Sensitivity 4

—_

2023 ANSYS, In

B8 sensitivity Wizard m} x
Sampling method ﬁ:
Specify the sampling method 3 L
[]
Adaptive sampling
Simulation runtime: Short Ioni
O O Adaptive Metamodel of Optimal Prognosis (AMOP)
» Show additional settings O O Bayesian Adaptive Sequential Sampling (BASS) (Beta)
Sampling method
QO @ Full factorial
O O Advanced Latin Hypercube Sampling
O O Space filling Latin Hypercube Sampling
O O Other (see next page)
@ Number of samples: 243
Select "Other" to set the number of samples manually.
Plugins
O O Replace Constant Parameter
QO O While Loop
Start designs
@® No start designs
O Define start designs manually
< Back Cancel Help
B8 sensitivity Wizard O X
Additional options =i=
Define additional options A

Algorithm Postprocessing
[ Show postprocessing during algorithm run

Minimum designs required: 1 -

Show Postprocessing on algorithm termination
O Wait for user-interaction to continue
Show reduced data-set if available

[ Create MOP 4 .

Tested metamodels | Polynomial + MLS + isotrop. Kriging
Variable reduction |Filter minor important

Show postprocessing

Inputs Qutputs
Paramete mportance Response Use  Minimum Vax
TR_CP Selectable ®  Average

2 10 (02 Calactan

5.

< Back Cancel Help
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Check Solver Noise . — X

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image

7. Open the Sensitivity system by double
click on the systems head

Go to the Dynamic sampling Tab

. - ° & Sensitivity O pe
Disable Dynamic sampling 8.

Parameter Start designs  Criteria  Dynamic sampling  Other  Result designs
L1 Dynamic sampling 9

Sampling type: Full factorial

Number of levels: |3

Number of designs: 243

Show additional options OK Cancel Apply
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Check Solver Noise . — X
d -~

) ») &(Z ,_I > Postprocessing (3)

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image

10. Go to the Start designs Tab
& Sensitivity 10 O %

11' Right CIiCk in the fi rSt Iine to add Parameter  Start designs  Criteria  Dynamic sampling  Other  Result designs
reference design Id Copy Cupec TRCPZ TRCP3 TRCP4A  TRCPS

1 Paste Ctrl+y W design  new design | new design | new design

Duplicate selected designs Ctrl+D |

12. Mark line one and duplicate the first

line 5 times (e.g., using Ctrl+D) eetst

Resize columns to contents

Add design
& Sensitivity O 3 Add reference design 1 1 |
Parameter  Start designs  Criteria  Dynamic sampling  Other  Result designs 1 2 ]
ld  Feasible Duplicates Status TR_CP1 TR_CP2 TR_CP3 TR_CP4 TR_CP3 Average Maximum Minimum Import start Values frOlTI SYStem v
1041 : T0 60 50 40 20 183036 585268 224376
21 Pen.. 70 60 50 40 20 183056 585268 224376 Show additional OpthnS |
32 Pen.. 70 60 50 40 20 183056 585268 224376
43 Pen.. 70 60 50 40 20 183056 585268 224376
54 Pen.. 70 60 50 40 20 183036 585268 22437.6
& new design | new design | new design | new design | new design | new design new design new design 1
< >
Add reference design  ~
Show additional options OK Cancel Apply
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Check Solver Noise

Sensitivity 7 *

& 3 J”» 9
i ) &% ,_] > Postprocessing (3)

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image

13. Go to the Other Tab
& Sensitivity O *

14- Enable SOIVe duplicatEd dESignS Parameter  Start designs  Criteria  Dynamic sampling  Other

Show working directory settings 13 .

15 . P Fess Apply an d O K Show design directory format settings

Show postprocessing settings

16. Save and Execute the workflow e
Solve duplicated designs 14.

Solve violated input constraints

Result designs

[ Solve start designs again

[ Solve reference design

[ Preserve start design IDs

File Edit Project View Help 16
R e Qo '

* LG_optimization_AnsysSPEQS

Scenery  Status overview OK Cancel Apply
& Sensitivity _ )

=), B
— E% Postprocessing (3)

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image
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Sensitivity 1 7 °

Check Solver Noise

. d
By —) &2 '—I Postprocessing (3)

Headlamp_LightGuide.scdocx Ansys Speos Core Ansys Speos Output  XMP to image

17. Open the Sensitivity system by double
click on the systems head

B Sensitivity O e
18. Go to the RESUIt dESignS Tab Parameter ~ Gtart designs  Criteria  Dynamic sampling  Other  Result esgg'ns
_______ ld  Feasible Duplicstes Status TR.CP1 TR.CP2 TR.CP3 TR.CP4 TRCPS Average RMS_contrast
101 | true Succeeded 70 60 50 40 20 183720 0.761296
2 nz --------- true Succeeded 70 60 50 40 20 182810 0.75861
Check the scattering of the output values oz B oceadm @ o o ke I o reseio
(Average + RMS contrast). To ensure a high 404 e Succeeded 70 60 S0 40 20 183050 0.750125
simulation quality and a good prediction for 505 tue Succeeded 70 60 50 40 20 182207 0.76478
the optimization the maximum difference
between the results should be less than
about 5%. . .
Selection mode: ® Designs O Columns O Individual Cells [ Instant visualization Use as start design(s) -
Show additional options OK Cancel @
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