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Senior Application Engineer at Lambda
Research Corporation for over 5 years. Prior
to that 20+ years at PerkinElmer, formerly
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working with xenon light sources and
systems.
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Agenda

e Designing LED lighting systems using SolidWorks and the TracePro
Bridge for SolidWorks

e Making a LED property source property using the information from
an LED datasheet

e Setting up and defining a 3D optical model for analysis and
optimization

e Optimization methods

e Reflector optimization

e Diffuseroptimization

e Creating IES files from the raytrace results

e Photorealistic rendering
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The Goal — Design and Optimize a LED reflector and

diffuser combination
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LED Luminaire Design Process — Typical Workflow

Set up Initial Model of Optic
(Lens or Reflector) in
Interactive Optlmlzer

Project Specification or
Design Goal

Calculate Source

Requirements TracePro, including Optic,

Source, and Target

Define Optimization Goals
and Targets

Set up In|t|aI Model in ]

Optimize Optic in Interactive

Model Source or get Ray File Optimizer

[ Choose Source
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LED Luminaire Design Process — Typical Workflow

Update Model and Make
Changes if Necessary

> 2

Deliver to Customer

Analyze Results in TracePro

Output Design, CAD Files,
Drawings, IES Files

Measure Prototype and Verify
Design Meets Design Goals

[ Fabricate Prototype
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Using SolidWorks to make the LED model —
Seoul Semiconductor Acrich2-13W
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Assigning optical properties to the LED model using the

TracePro Bridge for SolidWorks
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Exporting the model for analysis using the TracePro

Bridge for SolidWorks
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TracePro Bridge for SolidWorks

Live Demo
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LED model with color properties applied

& .~ Axrich2-13W LED
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LED Datasheet — Seoul Semiconductor Acrich2-13W

Product Data Sheet

CZI5)) SEOUL SEMICONDUCTOR

Integrated AC LED Solution
Acrich2 — 13W
SMJE-XV1ZW2P3

a8l 4

Acrich2 — 13W

ISEOUL SEMICONDUCTOR FProcict Tinka Shoet
AcnichZ — 13W

Spectral Distribution

ptive Spectral Distribution vs. W h Ch istic— G, H

Product Brief

Description
The Acrich2 seres of products are
‘gesigned to be driven direcily off of AC
Iina voltags, thesefors thay oo not need
the standard converter essential for
conventional general lighting products.
The converter or driver found In most
general lighting progdiucts can imit me
overall e of the product, but with the
Acrich2 serias of products the life of the
product can more cosely be estimated
from the LED fseif. This will also alow
for a much smailer form factor from an
owverall Niture dasign allowing for nigher
creathty In the Mxture.

E The moduies have a high power facior
‘which ¢an contribute i 3 higher enargy
‘savings in the end appilcation.

Table 1. Product Selection {CCT)

SMJE-ZVIIWIRE 120

SMLJE-IVIIWIFI 0

Features and Benefits

= Connects directly to AC Ine voltage
= High Power EMclency & Factor

- LowTHD

- Laong Life Time

- Simple BOM

- Miniaturization

- Lead Fres Product
RoHS Compliant

Key Applications

- Bulblight

- Down ight

- Factory Cefing lignt
- Inusiriai Light

Cool 4700~ 5100
Meutral 3700- 4200 E
Wiam 2500~ 3700

Table 2. Product Selection (Flux)

BME-IVIZW2P 120

SME-IVIZW2PI 220

Rev2. 1, January 15, 2014

WWW_5e0ulsEmIicon.com

300 4o 500 600 oo 00
Wavslengthinm]
ptive Spectral Distribution vs. W: h Ch. istic-E. F

TEVET, Fa

15,2014 €

WWW_5e0ulsEmIicon.com

SEQUL SEMICONDUCTOR

Product Data Sheet

Is Flux Characteristics

iant Pattern, T,=23T

AcrichZ - 13W

Rev2 1, January 15,2014 10

WWW_SE0UIEEMICON.COm
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Making a LED source p

LED datasheet

Surface Source Property Generator

roperty using the graphs on the

File ~ Export Tools » Help -

Beam shape profile editor

Radiation Pamern: Pattern &1 -

Control Points

W] Symmetricinput

Ta:zs'c

Deg Value
o

49.761898 | 0.648937

90 o

Origin point, ref pointl, and ref point2
cannot share 2 common value or angle

Coordinate System
:
Note:

-65.96595 | 0.417094

65.96595 |0.417094

Angular profiles selector

Wavelengths editor

Avaliable angular profiles

Table

o

I [¥] Show slice profile

Source beam shape 3D preview

Spectrum type: -

Spectrum data: @
Wavelength Weight Pattern =
.338206 -13 j Pattern #1 =

0347596 ;G 004337 |Pamern #1 ~|=

0.356987 ;.13.1310533 i Pattern #1 =

0.366377 'G 007243 |Pamern #1 =

os7sTee |0 “[Pattern 11 z

0385158 'B Pattern #1 -

03sasas o “[Pattem 11 x

0403939 'B Pattern #1 -

0.41333 !.13.1353065 i Pattern #1 =
042272 'ﬂ 170606 |Pattern #1 =
0432111 !.0.337222 i Pattern #1 =
0.441501 ;.13.874431 i Pattern #1 53 o

[¥] Relative Center Intensity SREEUEIPICHE ey

[¥] Spline

e

P
ff h

? 0

D /’
[ia]

e

Wavelength:
0.547 -m
1 12
Unit : Radiometric l:l T o
o )
g |
B2 |
§§ L --\)
£&
LI 0
§
: | \
02 f \ef
' O—G=o L
300 40
{0.405,1.702)

500 600 700 H00
Wavslengthinm]

SetRef1
SetRef2

Wavelength Intensity Auto Sample
03 1] 50

TracePrdi-

TracePro




Making a LED source property using the graphs on the
LED datasheet

Live Demo
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Setting up the system for analysis and optimization

[ Model:[Acrich2-13W LED Array, 4b solution.omi] (o=@ ]=]

-~ Aurich2-13W LED

--¢ Diffuser
. Target
[~ Reflector
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Setting up the system for analysis and optimization

B ModekAcrich2-13W LED Arry, 4b solution.om]
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. Target
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LED

Model I Source lLumfnance

ETracePro

a2




Analyzing the initial raytrace results

[ TracePro Expert =Tl X
File Edit View Insert Define Raytrace Analysis Reports Tools Utilities Macros Window Help
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.~ Target
Surface 0
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Optimization methods— Downhill Simplex vs. Variable
Scanning

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 testto 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.

The Variable Scanning method is used to scan or step through all
possible variable combinations. This can be used to define an
appropriate range of variables before starting a Downhill Simplex
optimization, or in the example used in today’s webinar, to step
through diffuser properties in a catalog to find the best option.
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Optimization methods— Downhill Simplex Method

Solution Space

Local minima

Best Solution
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Optimization methods— Variable Scanning Method

FEAE B BEBEEm
— Catalog
Add Catalog...

Eaiziog:lmmdtem_Test ;l Mame: | <Mone = ;l

Descrlpﬁon‘.l
Delete Catalog

Type: I Fresnel -

Hil

Delete Property

§
T
E
o

—Data Points ——
Sort by...

&dd

Delete, .,

I

Solve Far:

MNone

Flot Options

i,

The Variable Scanning method can be used to step through each of the
properties in a catalog of properties, in this case Mold-Tech profiles, to find the
best match for the optimization goal.
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LED Professional Symposium and Expo

Lambda Research Corporation will be presenting a symposium on

LED Luminaire Design Optimization - Theory, Methods, and
Applications

at the LED Professional Symposium and Expo
Bregenz, Austria, Sept. 30t-Oct. 2nd
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Optimizing the reflector — Downhill Simplex Method

a.l 3D Interactive Optimizer - C:\Users\djacobsen\DocumentsiWebinars\May 2014 - LED Professional Webinar\Webinar Reflector.io2

File Edit Optimization

Window

Tools

Help

a2 Surface list

[E=3

@-F]surface 0

Opacity

B e amn o 35 |E

3 Property editor

Description
D
Segment type

Surface catalog

Reflective?

Fresnelized?

Value

7

Surface property

Spline

ALANOD

[ MIRO 27

]
|

Lower limit f

Pickup Upper limit

Type

) Object View

Mﬂpem« database had been linked to C\Users\djacobsen\AppData\Roaming\Lambda Research Corporation\TracePro\TracePro.db.

X:-0.0009765625 Y:113.2555 7:88 73966
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Optimizing the reflector

Operand list

5! 3D Interactive Optimizer - C:\Users\djacobsen\Documents\ el

File Edit Optimization Window Tools Help

1D Type Opt. Surface Range Weight Target value

[ 3 01 [IrrPrDﬁIe T |Similarity | ™ Receiver 10

gl Surface list

@[] Surface 0

Uz[ Flux |*| sum |+ Receiver | 00033

o3 Optimization dialog

Path: C\3D Optimizer Operand list
Prefix: LEDPro 1 D i Type Opt. .Surface Range | Weight
e 13 01 hrrPrDﬁle ¥ I Similarity | ¥ Receiver 10
Operation mode - e | | i
02 1 Flux = Sum = Receiver 0.0033 750
Variable list - - I L
: Included? ltem Object Var. type Value
» Position-¥ | Ctrl Pnt:0@Seg... |RelativeVariable | ¥ 47 ;! Irradiance target profile definer == i—]
Position-Z Crrl Pnu0@Seg... |RelativeVariable |* 75
: o Relstive Pos.  Value
-0.5000 0.0000
-0.4500 | 0.0000
-0.3330 1.0000
0.3330 | 1.0000
0.4500 0.0000 — = =
- a—oll | . [= = ]=]
| 0.5000 | 0.0000
ars
< | n |
- 05

Object list

0,0} 075 |
Qutput? 1D Object name Object type Mat. Catalog foalae |
oo N
» - | Pre-processor - Position:  (0,0) O T e o0 o 0w OR

& 1 Reflector cRadialsymmet... None he Direction

@ Horizontal () Vertical (0 Path

(0.465,1.954)

Discard ] I Apply

\_:

m:rpertv database had been linked to C:\Users'djacobsen\AppDatz\Roaming\lambda Research Corporation)\TracePro!\ TracePro.db. - |

X-1.008606 Y:4.014992 7:5.02359
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Optimizing the reflector - Video
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Analyzing the raytrace results after reflector optimization

& TracePro Expert s
File Edit View Insert Define Raytrace Analysis Reports Tools Utilities Macros Window Help
D[|6| S| &|%]|E| o~ o|e|e| o] »|v| || ORS(0|| <5 @
|Q|@|&|&|8|E]s] [+ ol elw] ol 2] ofs 1] B[ r| Bla] 2T 4[%] >
&ﬁMt_{AtﬁEﬁZ:BWLﬁ}-ﬂﬁﬁy;'w_eﬁﬁnjlcﬁi?nﬁiedmmﬁmﬂ @E@I &) Irradiance/llluminance Map:[Acrich2-13W LED Array, Reflector Optimized Result.oml] = (=[]
B/ Axrich2-13W LED Total - lluminance Map for Absorbed Flux
E} . Target Target Receiver Global Coordinates
+]- Surface 0
Surface 2
Surface 3
Surfaced
Surface 5
i Entity 2
i Block
[} Optimized Reflector 400  -200 200 400 500 1100
[~ Diffuser
1000
900
800 --
7004
600y--*
r 500
400
300
200
1111 S remsrneenna ]
0 : :
= -500 0 500
-400  -200 0 200 400 500 — Horizontal
X (milimeters) — Vertical
Min:22 617, Max:1080.4, Ave:656.93
Maodel I Source lLum;nance Total Flux:656.93 Im, Flux/Emitted Flux:0.657, 12725165 Incident Rays
Far Help, press F1 |%:315.503479 ¥:374.347504 7:630.844238 mm_ [X: 154.25532 ¥: 476.86833 7: 1155 | 692.7 lux [NUM
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Analyzing the raytrace results after reflector optimization

[S=f=]

&) Irradiance/Tluminance Ma m[Acrich2-13W LED Array, Initial Result.oml]

[S=]f=]

W] Irradiance/Tluminance Map:[Acrich2-13W LED Array, Reflector Optimized Result.oml]

Total - llluminance Map for Absorbed Flux
Target Receiver Global Coordinates

400 500 1300
1200
1100
1000

400 200 0 200
945 ; :

882
819
756

Y (milllms.tars)

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

63

Min:35.392, Max:1250.4, Ave:642.82
Total Flux:642.82 Im, Flux/Emitted Flux:0.64288, 12441219 Incident Rays

Total - llluminance Map for Absorbed Flux
Target Receiver Global Coordinates

1101
104!
991
93!
a8 -400  -200 0 200 400 500 1100
825 1000
770 800
800
75
7004-
B60 i 6001--
@

605 - E 500

551 = 400

E

49 o 300
44 200

a8 o ;

a i i
i 500 0 500
27 -400  -200 0 200 400 500 — Horizontal
X (milimeters) — Vertical

22

16!

11

5!

Min:22.617, Max:1080.4, Ave:656.93

Total Flux:656.93 Im, Flux/Emitted Flux:0.657, 12725165 Incident Rays

Before Reflector Optimization

After Reflector Optimization
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Testing the results by re-optimizing with a different
starting condition

a3 Surface list |- (s Eg Dpﬁmization Lﬂg = =] g S

B

-
E D Em Var. -
g |2 | semsess | paccorzessiesse 10r.atossarerse; | aarm0te
i | 27 | seesoste | 47 7590728134917, 106, 719860145042} | artaro0n.
N | 28 | semstats | {47.4354347953075,103 SISHTERZAOTS] | ar1ma01.
a | 2 | seermssr | 47 8506900011141, 107 293902343042] [ anaraon
| 0 | sesrms | 47 7804206058212, 105. 91863772683} |artaa0n:
[ 3 [ sesmt | 47 TTS0838827383, 1065, 11894 3331458] [anaron
| 22 | semssos | 7591975998235, 104, 1696365157AT) |artarante
| 3 | sesessm | {47 7936169007915, 105 512835685818) angraon__
| 3¢ | see30s6 | {47.725043B004688,105 73172074 | 418201
|35 | semosssr | {47 7697458506564, 105, 319248935986} ezl A
| % | sessamt | {47 63600085501 1,104, 757116021836} anenr| || i
Ol 7 | seemus | {47 BA94372081724, 105, 147645250451) 4118720 5
El |-_ i d ¥ I

View #em: 25010
Sum -
Cobor s . 20.000
mismpiex [ | 2
3 | L
Opacity ] | Refierfion
10.000
Expansion - '|: M
5563 lin o
corscion [ 1 10 20 30 37
snmkaze [ lteration count
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Testing the results by re-optimizing with a different

starting condition

E] Trradiance/Tluminance Ma pi[Acrich2-13W LED Array, Reflector Optimized Result.oml]

[=Ef=]

[ =f=]

& Irradiance/Tluminance Map:[Acrich2-13W LED Array, Initial Result, Different Start Condition.oml]

Total - llluminance Map for Absorbed Flux
Target Receiver Global Coordinates

Min:22. 617, Max:1080.4, Ave:656.93
Total Flux:656.93 Im, Flux/Emitted Flux:0.657, 12725165 Incident Rays

lux

1101
104!

99

93

88 -400  -200 0 200 400 500 1100

825 1000

770 900

800
715
7004-
B60 i B00Y--
@
B05 - E 500
H&l = 400
E

49! & 300

44 200 :
a8 L boemomenn o

i :
i 500 0
a7 -400  -200 0 200 400 500 — Horizontal
X (millimeters) — \Vertical

22

16

11

5

Total - lluminance Map for Absorbed Flux
Target Receiver Global Coordinates

-400  -200 0 200

400 500 1400
0l

Y (millimeters)

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

Min:20.659, Max:1342 9, Ave:651.75

Total Flux:651.75 Im, Flux’Emitted Flux:0.65182, 12784935 Incident Rays

First Optimization Start Condition

Second Optimization Start Condition
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Optimizing the choice of diffusers to improve

performance

o5l 3D Interactive Optimizer - C:\Users\djacobsen\Documents\Webinars\May 2014 - LED Professional Webinar\Optimizing Surface Property, Video Example.io2 h

File Edit Optimization Window Tools Help

ol Surface list \rﬂ§_| ol Property editor

@-F]surface 0

Lower limit f

Pickup Upper limit

Type

Description Value
E Diffuser
= ID [
E Loca I.Erig'm [0,0:15{3)
Fy At Tireenter ©o0)
“ Tilt X Angle 0
N TiltY Angle 0 |
@ Ttz Angle. 0 1
Tilt then Shift [
Material catalog Plastic -
Material property Acrylic T
Refractive index i5
.Steps | 0

. Object View

Il o fuser]

Opacity 1

Mﬂpﬂ'ﬂ' database had been linked to C\Users\djacobsen\AppData\Roaming\Lambda Research Corporation\TracePro\TracePro.db.

X:0Y:29.73295 Z:-71. 77627
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Optimizing the choice of diffusers to improve
performance — Variable Scan Method

Path: C:\3D Optimizer

Prefix: VariableSurface

Operation mode:

Variable list

Included? Item Object Var. type Value Lo Imt. Hi Imt. Steps

b Surface <Mull= ~ User-defined = 1 1 7 T

IS TracePro




Optimizing the choice of diffusers to improve
performance — Scheme Macro Code

(p-nt:-perh,»r apply-name (caddr(entity:faces(entity:get-by-name "Diffuser™))) "Front™) And

Syntax

propname ="MoldTech_"+cstr(cint(var("Surface™))) sl [pUr Aeiobit o, ool Bl(obis wame) :
i Tr o Description

applypmperty( Front”, "Moldtech_Test", propname) This command is equivalent to (boolintersect), which can pe

(window:refresh-model) Applymaterial

Syntax

applymatenal{objname, catalog, name)

Description

Applies the specified material to the specified object.

Applyproperty

Syniax

applyproperty(sufacename/surface, catalog, propertyname)

Description

Applies the specified surface property to the specified surfac

Closemodel

Syntax

closemodel ()

Description

Close the currently active model in TracePro.

Copy

Syntax

copy (ob] _id/obj_name, copied name)

Description

This command can copy the specified object indicated by id _

Malade Ml
T .




Optimizing the choice of diffusers to improve

performance - Video

Model | Source [Luminance|

lteration count

AW
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Analyzing the raytrace results after diffuser optimization

TracePro Expert

|
File Edit View Insert Define Raytrace Analysis Reports Tools Utilities Macros Window Help )
D|S|6| &|| 48| o | w|e|e| 8] &% ]| OR(BIm]| <[5 wE =l @e]s] Ll 2
Q|8|a|&|&|a|&]a] [+ ]| o] 2w = [H]] D]3[e] ] r] Bla]|[T]] 4[] |
EﬁM{M&HZQEWLE}AnW;Opﬁﬁﬁz:’dM.om = EcE = &1 Irradiance/Tlluminance Map:[Acrich2-13W LED Array, Optimized Result.oml] = (===
. Axrich2-13W LED Total - llluminance Map for Absorbed Flux
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Analyzing the raytrace results after diffuser optimization
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Analyzing the raytrace results after optimization
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Choosing from a catalog of arbitrary diffusers

Arbitrary Diffuser Profiles
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Choosing from a catalog of arbitrary diffusers
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Optimizing other parameters

Numerous additional parameters are open to
optimization, including:

*Position

*Thickness

*Rotational angle

*Reflector surface properties including reflectivity and scattering

Diffuser material property

ETracePro




Generating an IES file
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Viewing a lighting report in the IES/LDT Analysis Utility
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Photorealisticrendering results: with and without
diffuser

Without Diffuser With Diffuser
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Summary and Questions

TracePro streamlines the illumination design process and
accelerates product time to market with:
v Afamiliar CAD interface as well as the TracePro Bridge for SolidWorks

v’ Superior raytracing performance
v Tools and utilities optimized for the lighting and luminaire designer
v Powerful 2D and 3D optimization capabilities

v Comprehensive visualization and analysis tools
For more information or to sign up for our free 30-day trial please visit us at:

www.lambdares.com

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

For questions about the topics in this webinar please contact Dave Jacobsen

at: djacobsen@lambdares.com
ETracePro
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