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A 25-30 minute presentation followed by -;A‘:‘” o s
a guestion and answer session | O telephone
® Mic & Speakers Settings
. & MUTED i
@
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[Enter a question for staff]
Test Webinar
VWebinar ID: 288-580-616
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Additional Resources

Past TracePro Webinars

http://www.lambdares.com/webinars

TracePro Tutorial Videos

http://www.lambdares.com/videos

TracePro Tutorials

http://www.lambdares.com/features/tracepro-tutorials

Information on upcoming TracePro Training Classes

http://www.lambdares.com/training/software-training
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http://www.lambdares.com/features/tracepro-tutorials
http://www.lambdares.com/training/software-training

Upcoming TracePro Training

* University of Applied Sciences — Jena, Germany
e Introduction to TracePro — Mar. 10 -11, 2014
e Optimization with TracePro— Mar. 12, 2014
« Stray Light Analysis Using TracePro — Mar. 13, 2015

 Littleton, MA USA
* Introduction to TracePro — Mar. 23 — Mar. 24, 2015
e Optimization with TracePro — Mar. 25, 2015
« Stray Light Analysis Using TracePro — Mar. 26, 2015
« Scheme Macro Programming — Mar. 27, 2015
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Latest TracePro Release

TracePro 7.5.1
Released December 4, 2014

Customers with current maintenance and support agreements can
download this new release at:

http://www.lambdares.com/CustomerSupportCenter/index.php/trace-pro/current-release

ETracePro
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Agenda

* Introduction

* The need for an optimization process
* Optimization theory and methods

* Optimization parameters and settings
* Hybrid system optimization example
e Optimization tips

* Review and questions and answers
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Introduction
What is optimization?

* An act, process, or methodology of making something (as a design,
system, or decision) as fully perfect, functional, or effective as
possible. (Source: Merriam-Webster online dictionary)
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Introduction

What are some of the parameters that can optimized?

 Geometry
e Curvature
e Facets

* Position

* Angle

* Spacing

* Thickness

* Properties

\
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Introduction

What many people would like to see

TracePro
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Introduction

Or
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Introduction

What we can try to do
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Why do we need an optimization process?
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Why do we need an optimization process?

Why do we need an optimizer? - Brute force vs. Optimization algorithm —
The goal is to optimize the reflector shown below

=)

[ Model:[Acrich2-13W LED Array, Variable Scan.omi]

- Aorich2-13W LED

--\/ Target
[l Reflector

B B F 4 dwe (o
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Why do we need an optimization process?

Optimization Goal

IS

85 Optimization dialog
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Why do we need an optimization process?

Variable range — 40mm in Y-axis and 100mm in Z-axis

o) Surface list EI

@ Surface O

B @7 A dwn oo E|

Opacity i)
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Why do we need an optimization process?

Variable range — 40mm in Y-axis and 100mm in Z-axis

Scanning the entire variable
range in 0.1mm increments
would take 41 x 101 = 4141
increments.

If the raytrace time is 1-
minute per iteration, this
would take around 70-hours
to complete.
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Why do we need an optimization process?

Brute force — Optimization Log after 14-hours of raytracing
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Why do we need an optimization process?

Optimization algorithm — total time of about 2 hours 20 minutes with more
rays traced for each iteration - Video
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Optimization theory and methods

Generally there are 2 types of optimizers: Global and Local.

Global optimizers will search the entire solution space to find the best
solution based on the optimization goal or merit function.

Local optimizers will find the solution closest to the starting point of the
optimization process. Changing the starting conditions can change the
results of the optimization process.
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Optimization theory and methods

Examples of Global optimization methods include:

Global Explorer

Adaptive Simulated Annealing

Global Synthesis

Hammer optimization

Global optimization routines will generally have a function to allow them
to escape from local solutions and sample more of the solution space in
an attempt to find the best overall solution. Lens design programs such
as OSLO will typically have global optimization options.

S TracePro
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Optimization theory and methods

W1 Lens Drawing * =] =]
BRSSS B HE
Fused Silica Lithegraphic Lens UNITS: MM
FOCAL LENGTH = 2141 NA = 0.55%5 DES: Nikon
[ " UW1 - Lens Drawing * ,-g
BES6e PHE FES
Fused Silica Lithographic Lens UNITS: MM
FOCAL LENGTH = 2141 NA = 0.5595 DES: Nikon
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Optimization theory and methods

Examples of Local optimization methods include:

Damped Least Squares

Powell’'s Method

Nelder-Mead or Downhill Simplex Method

Variable Scanning

Local optimization routines do not have an escape function and will tend
to converge on the solution closest to the starting condition. Changing the
starting conditions will allow the optimization routine to sample more of
the solution space and see if better solutions are available. [llumination
design programs such as TracePro will typically feature local optimizers.
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Optimization theory and methods

Solution Space for optimization problem

Solution Space

ETracePro
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Optimization theory and methods

Solution Space for optimization problem with possible solutions

Solution Space

Local minima

Best Solution
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Optimization theory and methods

Solution Space for optimization problem with possible solutions

Starting Positions
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Optimization theory and methods

The Downhill Simplex, or Nelder-Mead, method for optimization was
proposed by John Nelder and Roger Mead in 1965.

The Downhill Simplex method is a local optimization method,
meaning it will converge to the solution closest to the starting
point. It’s possible that a better solution is available. Changing
the initial starting conditions can be used as a test to see if a
better solution is available. This is a good choice when optimizing
geometry, position, and rotation where it is desirable to “jump”
around the solution space to find and then refine the best choices
for variable values.
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Optimization theory and methods

The Nelder-Mead method uses the concept of a simplex, which is a
special polytope of N+1 vertices in N dimensions. Examples of
simplicies include a line segment on a line, a triangle on a plane, and a
tetrahedron in 3-dimesional space.

A polytope is a geometric object with flat sides, which exists in any
general number of dimensions. A polygon is a polytope in two
dimensions, a polyhedron in three dimensions, and so on in higher
dimensions (such as a polychoron in four dimensions).

2 Variables = 2 Dimensions & 3 Vertices 3 Variables = 3 Dimensions & 4 Vertices

Source: Wikipedia E@Tracepro




Optimization theory and methods

A simple example for 2 variables:

For two variables, the simplex is a triangle. The algorithm compares the
error function at each vertex of the triangle, rejects the vertex where the
error function is highest, and replaces it with a new vertex. This forms a
new triangle and the process is repeated.

The process generates a sequence of triangles where the error function
at the vertices gets smaller and smaller. The size of the triangles is
reduced and the local minimum is found.

The method uses reflection, expansion, contraction, and shrinkage to
generate the new vertices.
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Optimization theory and methods

Methods for calculating new vertices

B

G

_ _ B = lowest error function
Reflection Expansion G = middle error function
W = highest error function

G

Contraction Shrinkage

Source: Numerical Methods Using Matlab 4™ Edition IS TracePro




Optimization theory and methods

Optimization Log showing Downhill-Simplex operations — 11 variables
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Optimization theory and methods

Variable Scanning method

* The Variable Scanning method is used to scan or step through all
possible variable combinations

e Scanning the range of a variable to find a suitable starting condition for
the Downhill-Simplex optimization method

* Moving a variable in fixed interval steps to monitor results

* Tolerancing

* Finding the best surface or material property for a given application by
automatically scanning through all properties in a catalog and showing

the simulation results for each

S TracePro
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Optimization theory and methods

Variable Scanning results examples — Selecting the best result by

scanning though a catalog of diffuser properties

D Em Var. Timz
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Optimization theory and methods

Variable Scanning results examples — Tolerancing example

Coupling Efficiency vs. Radius of Curvature
(25mm nominal radius of curvature)
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Optimization parameters and settings

Optimization parameters and settings

Variable list
Included? Item Object Var. type Value Lo Imt. Hi Imt.
. {_;"' RedPower <Mull> User-defined = 0.5 o i
[ J Varl ab I eS {_-J" GreenPower <MNull= User-defined % 05 o i
» l_;"' BlusPower <MNull= User-defined % 0.5 “ i
* Optimization operands
Imizall
e Optimization settings
Imizall I o SR
o5l Irradiance target profile definer = [t
Relative Pos. Value
[ = —— i -0.5000 0.0000
Configuration for Downhill Simplex algorithm &J e e
- 10 -5 5 || 04500
Random seed = 1000 || Generated by timer 0.5000
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") Determined by length Value= 01
0,0} : 025
Load BG
P Position: (0,0} 0 0y
slapcanditon Drection %5 o33 0167 00 0167 0333 0%
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0.504,0.665]
Iteration tolerance: 0.0001
Discard || Apply
Model refresh after optimization
@ Start point ) End point 7) Best point
QK || Cancel |
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Optimization parameters and settings

Variables are the parameters that are allowed to change during the
optimization process. These can include:

« Control point position in 1, 2, or 3 dimensions
e Curvature

e Conic Constant

* Rotational Angle

e Distance

e Separation

* Pick-ups

e Custom or User Defined

When the variable is defined the range of the variable is specified. The
range is how much the variable will be allowed to “move” during the
optimization process. The range of the variable can be set to limit or
control the size of the optical element.

S TracePro
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Optimization parameters and settings

Variables can be Absolute, Relative, or Pick-ups

* Absolute variables are defined using absolute or global coordinates of
the range of variables motion. If the original variable’s location is
changed, the range will remain fixed.

* Relative varies are defined relative to current variable’s location, so if
the variable is moved, the variable range will move with the variable.

* Pick-ups define the position and movement of a variable based on the
value of another variable. For example, a variable can be defined as a
Pick-up to maintain a constant thickness in a material, or a specific
separation between 2 components.
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Optimization parameters and settings

Absolute vs. Relative variable examples

Relative Variable Absolute Variable

ETracePro




Optimization parameters and settings

Pick-up variable examples

= ol

Use to make both sides of the lens
7 the same radius of curvature

Use to maintain a constant
spacing between 2
surfaces/components

Tracepro




Optimization parameters and settings

Pick-up variable examples

Use to maintain a constant
wall thickness in a reflector

ETracePro




Optimization parameters and settings

Number of variables to use: Not enough variables example
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Optimization parameters and settings

Number of variables to use: Not enough variables example
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Optimization parameters and settings

Number of variables to use: Too many variables example
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Optimization parameters and settings

Number of variables to use: Too many variables example

S Modeb[Luminire Example, too many variables.omi] & | Trradiance/Miuminance Map:[Luminaire Example, too many variables.om]
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Optimization parameters and settings

Number of variables to use: Adequate number of variables example
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Optimization parameters and settings

Number of variables to use: Adequate number of variables example

ﬁ Model:[Luminaire Example, encugh variables, optimized, 2.oml]

[s=rs=

5 Iradiance/Tlluminance Map:[Luminaire Example, enough variables, optimized, 2.0ml] EiERE

-~ Axrich2-13W LED
- Target
|23 Reflector

Model I Source ILumiﬂanceI
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Optimization parameters and settings
Optimization Operands

Optimization operands are used to define the target or goal of the
optimization process. Some examples include:

o Flux

e CIE color coordinates

* [rradiance

* [rradiance Profiles
 Intensity

e Candela or Intensity Profiles
* Uniformity

« Beam Width

* User Defined or Custom

ETracePro
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Optimization parameters and settings

Varying the starting point of the optimization process — Initial design
and optimization goal
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Optimization parameters and settings

Varying the starting point of the optimization process
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Optimization parameters and settings

= Model[Luminaire Example, upper left start.oml]
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Varying the starting point of the optimization process

o Target
i . Reflector

el

Mudel | Source [Luminance

3 Modet]L uminaire Example, upper right start ami]
(& Amichz-13wW D |

k.

Model | Source [Luminance

a-a-n|E

o Amiche-13WLED
Taiget
i

Madr{l uminaire Example, knuwer right start.ami]

Mudel | Source [Luminance

el

ETracePro



Optimization parameters and settings

Varying the starting point of the optimization process
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Total - lluminance Wap for Absorbed Flux 100 Total - lluminance Map for Absorbed Flux
TargetRecelver Global Coordinates o Target Receiver Global Coordinates
500 o 500
400 200 0 200 400 Horizontal lux
Aimillimeters) vertical 400
280
260
-400 200 0 200 400 84 340 400,
800} - 220 5
- /‘/’%’W\&\ Min;47.815, Max 1078, Ave:597.47 W
7 N Total FlwcS97.47 Im, FlunEmitied Flucd 59753, 2248651 Incldent Rays N 00

\ 1220-
i ¥ 59.7%

(180
(160-
P

¥ (millimetersy
Y (millimetersy

500 0 500 100
-400 -200 0 200 400 — Horizontal
X (millimeters) — \Vertical 80-

-500 o 500
-400 -200 0 200 400 — Horizontal
X (millimeters) — Vertical

o
Min:52.027, Max812.2, Ave:485.01 48 . 5% 24 . 1% Min:35.85, Max:382, Ave:241.36

Total Flux485.01 Im, FluvEmitted Flux0.43506, 2187438 Incident Rays Total Flux:241.36 Im, FluwEmitted Flux0.24139, 1351648 Incident Rays
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Optimization parameters and settings

Improve the results by adding a second optimization target — use the
lower right corner starting condition from the previous example

Keep the Irradiance Profile target
from the previous examples, but
add an additional Flux operand
with a target goal of 750 lumens.

The two operands can be
weighted so that contribution of
each can be varied. In this case
the were set to have similar
contributions to the overall error
function.

S TracePro




Optimization parameters and settings

Improve the results by adding a second optimization target

B Axrich2-13W LED
- Target
.~ Reflector

ﬁ Model:[Luminaire Example, lower right start.oml]

-- ~ Target

Eﬁ Model:[Luminaire Example, lower right start, 2.oml]
B Axrich2-13W LED

- .~ Reflector

Initial Optimization

';L=-az

= B

After adding second optimization

.

operand

S TracePro




Optimization parameters and settings

Improve the results by adding a second optimization target

-

B Iradiance/Tlluminance Map:[Lurninaire Example, lower right start.oml] o |[=] 5] 2 Imadiance/Tlluminance Map:[Luminaire Example, lower right start, 2.0ml] @
Total - llluminance Map for Absorbed Flux Tgljal 5 |¥n:3\mmance Mg‘r fl;)rlgbso;pedtﬂux
Target Receiver Global Coordinates Algelecenel e L
I
1200
1140
1080
400 200 0 200 400 400 1020 400 200 O 200 400 1200
3 aB0 - &
350 1100
900 1000
300 840 900
260 250 780 ggg
w 720 w
240 g 200 g 600
220 Q 660 @
E = 500
= 150 500 =
E E 400
= 540 =
i 100 = 300
50 480 200
420 100
0 s TUEEE 0
— -500 ’ " -500
400 -200 0 200 400 —  Horizontal S 400 200 O 200 400 —  Horizontal
X (millimeters) — Vertical 240 X (millimeters) — Vertical
180
120
&0
2 O
Min:35.86, Max:382, Ave:241.36 ;
. ! = } Min:28.127, Max:1174, Aver711.63
Total Flux:241.36 Im, Flux’Emitted Flux0.24139, 1351648 Incident Rays Total Flux:711.63 Im, FluwEmitted Flux0.7117, 2646574 Incident Rays

Initial Optimization After adding second optimization

operand
g ETracePro



Optimization parameters and settings
Optimization Settings

The optimization settings can be used to control how the optimization
process runs. Changes in these settings can sometimes result in
Improvements in the final design. Wrong choices can lead to poor results.

Examples of optimization settings that can be varied include:

Optimization type

Characteristic Length — Ratio of Limits and Length
Stopping conditions

Number of rays traced

Accurate source model — geometric or rayfile

S TracePro




Optimization parameters and settings

Optimization Method

Choose the optimization method that best suits the application.

*Optimizing geometry or position — choose the Downhill-Simple (Nelder-
Mead) method and allow the optimizer to search through a range of
variable.

ETracePro




Optimization parameters and settings

Characteristic Length

The Characteristic Length is an estimate of the size of the solution space
for an optimization process. It is used when defining the initial simplex.
Each vertex of the initial simplex is a variable set that is a function of the

Characteristic Length

and a random number.

Configuration for Downhill Simplex algorithm

|

Random seed= 1000
Characteristic length

@ Determined by ratio of limits Ratio= 0.5
7 Determined by length Value= (0.1

Stop condition

Maximum iterations number: 5000

Iteration tolerance: 0.0001

Model refresh after optimization

@ Start point ") End point ) Best point

[] Generated by timer

| ok || cancet |

ETracePro




Optimization parameters and settings

Different Characteristic Length Examples

Initial Simplex with varying Characteristic Length

140
130
120 -
Start Point
100 \\ // Variable Range
g % —Variable Range
E 80 \ // ——_ 4 —_—CL=01
E —Cl=1
;‘: N —CL =10
" 0 —Cl =100
/f )Q —CL =200
50
4 =—( =500
40 /\K \\
30 \\\
20
~)
= 10 20 30 40 50 60 70 alo gln 1clm 11|0 12|0 1éo 1;,0
Y Variable Value
S TracePro
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Optimization parameters and settings

2 Variable Simplex — Iterations

Simplicies for 2 Variables - First 12 Iterations

140

130

120

ZVariableValue
g 3

—
7._7\__

T T T T T T T T T T T T 1
10 20 30 40 50 60 70 BO 20 100 110 120 130 140
Y Variable Value
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Optimization parameters and settings

2 Variable Simplex — Iterations

Simplicies for 2 Variables - First 12 Iterations

a0

Start Point P

R
End Point \X
N\

40 T T T T
30 40 50 60 70 B0
Y Variable Value

=l
[=]

ZVariableValue

hh*__

50

S TracePro
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Optimization parameters and settings

Different Characteristic Length Examples

e =

= Characteristic Length = 0.1

P

Characteristic Length = 10

‘ Characteristic Length = 100

[ —m——

=

‘C_haracteristic Length = 200

‘ Characteristic Length = 500
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Optimization parameters and settings

Different Characteristic Length Examples

S Characteristic Length = 200

==

| Characteristic Length = 500

ETracePro




Optimization parameters and settings

Stopping Conditions

The stopping conditions determine when the optimization process will be
considered finished or complete. Possible stopping conditions include:

*Goal is reached — the process stops when the goal is reached

Number of iterations — the process will stop after a user defined number
of iterations

e|teration tolerance — the process stops when the variation in results from
one iteration to the next falls below a certain level

S TracePro




Optimization parameters and settings

Number of rays to trace

Trace enough rays to get an accurate result in the analysis tools. If too
few rays are traced the graphs can be “noisy” and the results will be
difficult for the optimizer to interpret.

= =)

Total - Irradance Map for Absorbed Fhu
Target Recever  Global Courdinates

1 Bt

¥ (milimaters)

5
X (milimeters)

Miry 8 5651¢-007, Max:2 8878, Ave 055501
Total Flu2 38 W, FludEmitted FlecD 80894, 5580 Incident Rays

Total - Irradance Map for Absorbed Fhu
Target Recever  Global Courdinates

X (milimeters)

Min0.0067056, Man:2 3208, Ave'0.59769
Total Fluc2 3808 W, FluwEmitted Fluc0 81258, 342115 incident Rays

Total - Irradance Map for Absorbed Fhu
Target Recever  Global Courdinates

1000 -5 500 1000
Harizartal

X (milimeters)

Min:0.011785, Max 2 1565, Ave-0 55646
Total Flux:2 3858 W, Flux/Emitted Fhoc0. 81082, 3414598 Incident Rays

3000 rays traced

300000 rays traced

3000000 rays traced
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Optimization parameters and settings

Accurate Source Model

It is very important to have a source model that is as accurate as
possible. Source models can include rayfiles, source property files, and
full 3D solid models of the source. A bad source model will lead to poor
results.

Some factors to consider in a source model include: size, shape, angular
distribution, spatial distribution, spectrum/color, and number of rays.
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Optimization parameters and settings

Accurate Source Model

f1. Model:[ TIR Hybrid Lens with Point Seurce] [ = | | = Rectanguler € i it ==
Total - imadiance Map for Absorbed Flux Rectangular Candela Distribution Plot
=/ Target Normalized to average emitted irradiance (grid and surface sources) Using Rays Incident on Target Receiver
= Surface 0 ‘arget Receiver - Global Coordinates —
m
& Surface 2 (WImE(Wim?) 100 80 60 40 20 0 20 40 & 680 -100 0
Entity 1 3.6e-027- 00, : T
CylfCone 3.4e-027- YV S r
3
v Lons 1 320027 o0
3e-027- |
2.8e-027- 20
2.6e-027- 300
2.4e-027-
2.2e-027- _ 260
2e.027- s =
® =
1.8e-027- =
E
1.6e-027 > 50
1.4e-027
1.2e-027-
fe-027- 1207~
8e-02
Be-02 & /
60: e
4e-021 I
2e-026 o i
100 B0 80 40 20 O 20 40 60 B0 100 , :
X (milimeters) o H i = i
Min.1.5737e-040, Wax 3 4725¢-027, Ave.8 28e-029 20 18 %6 M 12 10 8 6 4 2 0 2 4 6 8 W 12 M 6 18 20
Model [ Sowrce | Radince Total Flux0.828 W, FudEmitted Flux0 828, 107953 Incident Rays Degrees
fi. ModeL:[ TIR Hybrid Lens with File Source] & = | Rectangular Candela Distribution Plot{TIR Hybrid Lens with File Souresomi] = =N
. Total - iradiance Map for Absorbed Flux Rectangular Candela Distribution Plot
= Target Normalized to average emitted irradiance (grid and surface sources) Using Rays Incident on Target Receiver
“ Surface 0 Target Receiver Global Coordinates 9%5.- R 0o
=
+ Suface o e @ 0 20 0 A 40 ® 0 0
Entity 1
CylfCone \ I S r
= o lenst =TV
o
< =
£ =
E
>
0r-deen e - - - - - oo
00 5
100 80 60 40 20 0 20 40 60 80 -100
X (millimeters) b -
Win'5.2146e-011, Max 116,76, Ave:24.17 20 18 16 14 1210 8 6 4 2 0 2 4 6 8 10 12 14 16 1B 20
Model [ Source | Radince Total Flux0 75831 W, Flux/Emitted Flux0. 75031, 415596 Incident Rays Degrees
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Example: Hybrid System — Lens and Reflector

The Goal: Optimize the shape of a side emitting LED lens and reflector
combination

S TracePro




Example: Hybrid System — Lens and Reflector

Set-up the side emitting lens

a5’ Surface list =n =R ="

@] Surface 0
®-[¥surface 1

ETracePro




Example: Hybrid System — Lens and Reflector

Optimization Goal — Candela profile from 45 to 80 degrees and from
-45 to -80 degrees with as little output between those lobes as possible

a5 Optimization dialog

Path: C\3D Optimizer

Prefic: SEL
Operation mode:  8falyirEialely]
Variable list
Included? ltem Object
(3 il [ Position-Y . Ctrl Pnt:0@5|
- Position-Z . Ctrl Pnt:0@s5|
| | Position-Y . Ctrl PRt:1@5|
& | Position-Z . Ctrl PRt:1@5|
4| 1
Object list
Output? D Object name
Pre-processor
&) 2 Lens E
3 &) 3 Object 3

|E Operand list
[5] Type Opt. Surface Range Weight Target value
- » 01 |Can Profile (= [Similarity | ™ Exiting ray : 10
- |Conﬁg |—|| |—|
o Candela target definer l = |E dE-J
Profile chooser [¥] symmetric input
Angle Value
-90.0000 | 0.0000
10 i S & |[|-80.0000 |1.0000
-70.0000 | 1.0000
075 -45.0000 |0.0000
45.0000 0.0000
|
05 70.0000 1.0000
80.0000 1.0000
095 90.0000 0.0000
weD 130.0000 | 0.0000
Selected azimuth: 0 0.0¢ PIE Y ay d s 4
4:%(50 -120.0 d-ﬁ[l(%" 0.0 "EOO b12DU IS‘D’O
Plottype
@ Rectangular ) Polar 57.379,1.428)
Discard ‘ l Apply ‘

‘ Start
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Example: Hybrid System — Lens and Reflector

Optimization Log

D Em Var. T *
247 0.111723% 12.00448458397 309 6. 12257 250057631,5. 330244 230480 ... | 9257201
248 0.11169%3 13.00448785883427 6. 122054 23507288 5 329389354034 | 9/25/201:
245 01117542 1300445824 3255 6. 122080087 20358, 5. 3230088515398 | | 9/25/201:
250 01117363 13,0044 78250 29357 6. 1 2205908503315, 5. 328035453245 . | 9/25/201:
{23 D04E001TTR05 6. 12206502384514 5.320
252 01117606 13.00447330551331 8. 122087 30502633 5. 329784934380 | 9/25/201:
253 01117484 13.0044785375684 6 177968044 14107 5. 3208883387510, .. | 9/25/201:
254 01116979 12.004467 974555999 5. 12295250551436, 5. 323400851568, .. | 9/25/201:
255 01117071 13.00445786514443 6 12205305002685 5 320425713465 . | 9/25/201:
258
257
258

01117357 13.00445038607595 6. 1Z295987520502, 5. 325090504872 .. | 9257204
01117087 13.00445442462431 6. 12295191743903, 3. 3282903 31102. .. | 9/25/2014—
0.1116958 13.00447 249052 104.6. 12295500190706, 5. 329689003561 ... | 9/25/204

' [ | 3
Graphs | Trend chan
View iem; 1.140
Sum - 1.000
Color des
_
i, simgpiex 2
W gse0

ol
o112 = P R T BT T

[ |
convacson [ 1 75 150 25 264
[ |

lteration count
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Example: Hybrid System — Lens and Reflector

Candela Profile— Before and after optimization

X Rectangular Candela Distribution Plot:[Side Emitting LED Lens Example, 1, before.oml]

[E=8 Eol

-
(X Rectangular Candela Distribution Plot:[Side Emitting LED Lens Exarnple, 1, after.oml]

(== =]

Rectangular Candela Distribution Plot
Using Missed Rays

cd

Degrees

Rectangular Candela Distribution Plot
Using Missed Rays

Degrees

Before optimization

After optimization
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Example: Hybrid System — Lens and Reflector

Lens Profile— Before and after optimization

Before optimization

After optimization

IS TracePro




Example: Hybrid System — Lens and Reflector

Add a reflector to the lens assembly

S TracePro




Example: Hybrid System — Lens and Reflector

Set-up

. Surface list @

Fepskima i

Tracepro




Example: Hybrid System — Lens and Reflector

Optimization Goal — Uniform Candela Profile from +/- 20-degrees falling

to zero at +/- 25-degrees

o5 Optimization dialog

Operand list

¥} Type Opt Surface

01 |can Profile |L||5imi!arib,' |L|

Range

Weight

Exiting ray : 10

Target value

-

[ |

Path: C\3D Optimizer |E
Prefix: SEL Reflector
Operation mode:  [8fsjalyiirejulsly - |m
Variable list =
T Object -l Candela target definer
» i [ Position-¥ Ctrl Pnt:0@Sez. Bl b
Position-Z Ctrl Pnt:0@5eg.
Position-Y . Ctrl Pnt:1@5Seg.
Position-Z . Ctrl Pnt:1@5eg |
Position-Y . Ctrl Pnt:0@5eg |
& . Position-Z . Ctrl Pnt:0@Seg,
& . Position-Y . Ctrl Pit:1@Seg |
. Position-Z . Ctrl Pnt:1@5eg |
4 mn
Object list
Output? 1D Object name Oy .
Selected azimuth: 0
Pre-processor
s} 2 Lens cRa| Plottype
4 n 3 DEECES Ra @ Rectangular Polar
] 4 Objectd  |cRa

[¥] symmetricinput

Value
0000 Ry
-25.0000 |0.0000
1.0 e © |[-20.0000 |1.0000
20.0000 1.0000
075 25.0000 0.0000
180.0000 |0.0000
05
025
Ooéa 2 o q
1800 1200 -60.0 0.0 60.0 1200 180.0
(74.23,1.428)
Discard l ‘ Apply

‘ Start

S TracePro




Example: Hybrid System — Lens and Reflector

Optimization Log

D Em Var. T *

119 0.0199202 {1.79053731687621,2.54612160714185,4. 832046127497 ... | 9/26/20%
120 0.0171559 {1.77307953357855, 5. 523857354 34377 4 852554455030 . | 9/26/200
121 0.01764932 {1.77305807210708, 5. 5967518156108, 4. Y7053828 18242 | 9/26/20%:
122 0.0169358 11.77505833562437 5.60028714794 389 4. T7R036847050. . | /26200
123 0.0169553 {1.77178588755396, 5. 5357 1202554856 4 872162501818, .. | 925,201

0.0151074

126 | 00189741  |{1.76%80050711756,5 55723427085197,4, 841335458496 .. | 9/26/204:
127 | 00158545  |{1.77224370585571,5 58687 16T944500,4 TAE2IT5STSE02. . | 91280201
128 | 00185382  |{0.77374877003519,5 58435553016715,4 591595200295 . | 9/28/201:
129 | 00174084  |{1.75854519221555,5 6659775342138 4 6522 18TRGE ... arze.rzmqﬂ
130 | Evaluaing.) |{1.77631303136533,5 57602050553131,4 8234231614, . arzarzma':

< i ¢
Graphs | Trend chan
View iem: 0,600
Sum -
Coler des. L 0400
mampiex I |2
LLl
Retecton £.200
Expansor [l i it}
o015 L -
convacson [ 1 2 @ & B 100 120
snczge [ lteration count

TracePro




Example: Hybrid System — Lens and Reflector

Candela Profile— Before and after optimization

5 | Rectangular Candela Distribution Plot:[Side Emitting LED Lens and Reflector Example, 1, before.oml] = | Rectangular Candela Distribution Plot:[Side Emitting LED Lens and Reflector Example, 1, after, 2.0mi] [
Rectangular Candela Distribution Plot Rectangular Candela Distribution Plot

Using Missed Rays Using Missed Rays

cd

Degrees Degrees

Before optimization After optimization
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Example: Hybrid System — Lens and Reflector

Lens Profile— Before and after optimization

ﬁ Model:[Side Emitting LED Lens and Reflector Example, 1, before.oml]

= | & Model:[Side Emitting LED Lens and Reflector Example, 1, after, 2.omi]

.~ LED Baze

.~ LED Emitter

. Optimized Lens
.~ Initial Reflector

Model || Source ILumman{g

-
—
|
/’)’(—F
o
/'/
0
//
LY
el
~ |
¥
~L | |
L =L

-, » Optimized Reflector
-~ LED Base

. LED Emitter

-~ Optimized Lens

Model | Source [Luminanc

¥
L—tz

e

(N

A

i

Before optimization

After optimization
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Example: Hybrid System — Lens and Reflector

The Goal: Optimize Lens and Reflector as a system
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Example: Hybrid System — Lens and Reflector

Set-up

o Surface fis =8 =R

- D

¥ Surface 1 E
o
=
=

@ IZ‘ Surface 2

FeeseEa

Tracepro




Example: Hybrid System — Lens and Reflector

Optimization Goal — Uniform Candela Profile from +/- 20-degrees falling
to zero at +/- 25-degrees

o5l Optimization dialog
Path: C\3D Optimizer
Prefic: SEL Reflector
Operation mode: Optimization
Variable list
Included? Item Object
» | [ Position-Y Ctrl Pnt:0@5eg...
E Position-Z . Ctrl Pnt:0@5eg...
& Position-Y . Ctrl Pnt:1@Seg...
™ Position-Z . Ctrl Pnt:1@5Seg...
] Position-Y . Ctrl Pnt:0@Seg...
& Positionz | Cirl Prt0@seg...
# Positiony | cirl Prtl@seg...
7l Position-Z . Ctrl Pnt:1@Seg...
4| 1
Object list
Output? 1D Object name obijd|
Pre-processor
2 Lens cRad
» 3 Object 3 cRad
4 Object 4 cRad|

|E Operand list
[5] Type Opt. Surface Range Weight Target value
g 3 » 01 |Can Profile |~ |Similarity | ™ Exiting ray : 10
- |Conﬁg v |—|| |—|
o2 Candela target definer =HEER X
Profile chooser [V] symmetricinput
Angle Value
-130.0000 [V
-25.0000 |0.0000
10 2 o> & |[|-20.0000 |1.0000
20.0000 1.0000
075 25.0000 0.0000
180.0000 | 0.0000
05
025
Selected azimuth: 0 00k o5 4
-Iéﬁﬁ -120.0 -60.0 0o L=, 60.0 1200 18\3)0
Plot type
@ Rectangular Polar 109.056,1.422
‘ Discard | | Apply

‘ Start
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Example: Hybrid System — Lens and Reflector

Optimization Log — Combined optimization

D Em Var. Time
22 0.0120452 12.08826248704555,5. 1331 1571061494,5. 436519388779, | 93072014 121
] 0.0122286 1211422807 162778, 5.17023850308062, 5. 504443583648 . | H/I0M2014 12:4
el 0.0117545 12 098008TAT252,5 1319400753089, 5 449511736646, . | /3002044 12:1:
25

2%

001122 {2.12943392510403,5. 160582027 28438, 5 515604 188623 .. | H/30/2014 12:2
00112118 12 1163523874342 5 14363031450146 3 4871029476265, . | S/30/2014 12:2

{ 32

prii] 0.0106691 12 1254219669029,5 1527 3677278261, 3. 5208286145675, .. | 9302014 123

-] 0.0113296 12.14544623120845,5. 174664 24648279, 5. 555201301969, .. | H30/014 12.3

230 0.0110579 12.15328085118785,5. 1835677 5069393, 5. 566270265848, .. | S/30/2014 12.3

0.010824 12.1662378707255,5. 1900153700601, 5.60600151124261... | D/30r2014 12:3)

12.18454662579519,5. 20792422358173,5. 633731454263, . | W30r2014 12:4/

12.23758700262766,5 23021 27T 385, 5. TMTIITITT ... | 930r2014 124 ~
1 | e

Mk

100 150 200 131

lteration count

TracePro




Example: Hybrid System — Lens and Reflector

Candela Profile— Before and after combined optimization

X Rectangular Candela Distribution Plot:[Side Emitting LED Lens and Reflector Example, 1, before, both.... | = || =

X Rectangular Candela Distribution Plot:[Side Emitting LED Lens and Reflector Example, 1,after, botho.. | = || =

Rectangular Candela Distribution Plot
Using Missed Rays

cd

-90 -80 -70 -60 -50 -40 -30 20 10 0 10 20 30 40 50 60 7O 80 90
Degrees

Rectangular Candela Distribution Plot
Using Missed Rays

-90 -80 -70 60 50 40 -30 20 10 0 10 20 30 40 50 60 V0 80 90

Before optimization

Degrees

After optimization
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Example: Hybrid System — Lens and Reflector

Lens and Reflector Profile — Before and after combined optimization

~ Model | Source _|_Lumi nnnnn

= Model{Side Emitting LED Lens and Reflector Example, 1. before, both.oml] ol -E |3
.+ LED Base
[~ LED Emitter
-- . Initial Lens o=
[~ Initial Reflector ;
= -
|
/
/
—
|
/
LT
/‘fﬂ_ﬂ_'-
i O
et ||
H“x_
||
[
1|
H“"m_._\_\_\_
= L] =

ﬁ Model:[Side Emitting LED Lens and Reflector Example, 1,after, both.oml]

P2 LED Base

[~ LED Emitter
-- .~ Optimized Lens
-~ Optimized Reflector

[ = ]
o
e j/
v
=7 |~
%///
|
|1 e
_//
[
//
__;,___F'—P”F_Ff
=
L
s —— F | | | |
F=]
[l
H"‘“‘-h;___
o] H"‘“—H—__ﬁ
T Mt
[
Q‘“‘H—«.H
H""'\-\.
"“RQH
e

Before optimization

After optimization
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Example: Hybrid System — Lens and Reflector

Candela Profile — 2 different optimization procedures

[N Rectangular Candela Distribution Plot:[Side Emitting LED Lens and Reflector Example, 1, after, 2.oml] i_E_i!_E!i_i_l [X| Rectangular Candela Distribution Plot:[Side Emitting LED Lens and Reflector Examiple, 1,after, both.o.. | = {=1,
Rectangular Candela Distribution Plot Rectangular Candela Distribution Plot
Using Missed Rays Using Missed Rays
— 00 — DO
o ]
G ©
0: 1 : 1 H H . : H . : 1 . H H H 1
-90 -80 -70 -60 -50 40 -30 -20 10 0 10 20 30 40 50 60 70 80 90
Degrees Degrees

Separate optimization Combined optimization
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Example: Hybrid System — Lens and Reflector

Lens and Reflector Profile — 2 different optimization procedures

ﬁ Model:[Side Emitting LED Lens and Reflector Example, 1, after, 2.oml] EI@ ﬁ Model:[Side Emitting LED Lens and Reflector Example, 1,after, both.oml] El
H- .+ Optimized Reflector B | ED Bacze
#-.~ LED Base -~ LED Emitter
-- .~ LED Emitter — - .~ Optirnized Lens o
B Optimized Lens ?/ -~ Optimized Reflector é/
/
ety
/__f— ;_/ /’_‘,—
//
/
| |1 =
e /"Fd hd _/,__//
|~
L1
/
- | 1 [l =
= Lot LT |
B e =
L | =
: e o o s A
_____-—_h—_hi"‘“mh EH“‘“——E____%
___q___q___“"‘“x‘ I e o =l I
L5 ] |
—__——__h% HH“‘*»__“_\_E
R
E“‘"‘“———_ ™) HEE
\i.r ""-\-\.\_\_\_\_\_\_\—; T, H"""\\_\_\M q‘""‘-\-\._\_\_\_\_\_\_
""'\-.._\_\_\ _\_\_\_\_\H—\
e [
L—oZ L L z e
x‘“—m._ e
| Model | Source ]_Luminance_ _ Model | Source _|_Lumi nnnnn

Separate optimization Combined optimization
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Example: Hybrid System — Lens and Reflector

Photorealistic Rendering — 2 different optimization procedures

Combined optimization Separate optimization

S TracePro




Example: Hybrid System — Lens and Reflector

Photorealistic Rendering — 2 different optimization procedures

Combined optimization Separate optimization
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Optimization Tips

Start with a good initial design if possible
Use accurate models including geometry and properties
Use accurate source models

Define enough variables so that the model is not over or under
constrained

Set the Characteristic Length to adequately sample the solution space

Define achievable optimization operands or goals

ETracePro




Optimization Tips

* Trace enough rays so that the analysis maps are not noisy and the
optimizer can make accurate decisions

* Change optimization parameters to check for better solutions

* Know the capabilities of your optical analysis and optimization software

ETracePro




Summary and Questions

Software based optimization allows the user to easily search a large
range of solutions to find the best result for a given problem:

v Luminaire design process time can be shortened considerably

v Designs can be tested “virtually”, cutting down on the need for physical
prototypes

v" A large number of solutions can be searched in a short period of time

v" In addition to geometric shape optimization can also include position,
rotational angle, and properties

v Tolerancing can also be accomplished

For more information or to sign up for our free 30-day trial please visit us at:

www.lambdares.com

Phone: +1 978-486-0766 E-mail: sales@lambdares.com
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