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Basic: Starting RAYWIZ

074 | biersioo] RAYWIZ 00| 22 Double-Click 5404 Al

Fa L = 200E

File Tools View Help
DB H|2mR|EGT icooioco0o0
BOBORI00OVIALrRH XQ0/R4R B ULLUULCA et I AN Lk

= [ <ProjectName>
[ Edits

[ Geomatry
[ Analysis
“-[ Images

J
!,

2005842008 JAllrights]reservea M

Project | Object |

E|
O

Task List | Error Output

Ready Ln 9998, Cal 9993 SCRL
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Basic: The RAYWIZ Window

RAYWIZ Main Menu Bar
File aﬁilil Izyiew E;;:Z: Iﬁ:rlﬂgirll-;l::ez Radiance Probe Window Help -« /l & Geometry TOOIbar
DS H RS T
2006240002042l “00/7248 HS ULLUUUL S r et O

olxl

= [§ GeometryDesign, rwz

= [ Edits - :
[ Geomeiry eometryDesjgfl.rwz
[ Analysis N .

- Oimages Light Creation Toolbar

Detector Creation Toolbar

00025 ior R

=1 Geometry Transformation Toolbar
0002g

00029 H

RAYWIZ Workspace

oo0zs £
00036 <8, 1.5, 8>, 1

00037 color <@, 1, 0>

00038 ior 1.5

00o3e surface {

o040 both {

00041 probabilistic_split on
00042

Workspace Tabs .

Task Output & Error Window

) v 4

pen] Geometry window.
>>Done Geometry compile.

>>[Close] Geometry window.

[E3 |

I Task List |Errur Output

Ready Ln 38, Col 12 SCRL
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Basic: Project File

|E RayWiz
File  View Help /% Comment ¥ Al : Script &2 LIS AIE5t2{8 AA
J = L | g 2 |§ qlobal_settings {
rays {
e . & 1 trace off_ratio 0.01
J n ﬂ & l @ N 2 total ray number 10064
T B [F B R Ll s 3 max_trace level 180
JJ LL JdbL | - 4 trace_path_view 100
Bl x| 5 split_ray off
= [Y <Projecttlame> }Q fresnel_area_effect on
[y Edits .
[ Geometry zFu;ceTpa:?lng EiF
Analysis gpolarization o
O Qunits millimeters
[4 Images y
%/ < Comment & : Script 42 LIES AMEdtHY AR
Fx
camera {
10 location <18, 18, 10> i
11 look _at <8, 8, 8> n
?
*F ¥
1. Light Source oA &6t Ray7F 3ol X|e Hopol =EE mf 71X YK MY
2. Simulationof| AFE& & Ray ’é’“
3. Object?| Zt Surfaceod| % 3|2 FE2 6| & &K MH
4. Simulationo| ZL}1H Geometry V|ew aof EAISHE Ray = 44
5. Ray’} Object?| Surface?l ¢Hgt= of offH Split A7 71| Ray2E ZA|ZHX| MY
6. Ray Zl&of A0 Frsnel Equatlon-—l HESHE NI MY
7. Uniformity Optimization2 <3t ZA Z4 Al 7|%§§
8. Surfaceol Jones Matrix& F0{5t Z 2 Polarization2 Ad%d. 9. A|AH 0| & 7|2 e

10. Radiance View?| ¢ x& MFH
11. Radiance View?2| Zaxd 2 MH
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RAYWIZ BASIC
- MENU -
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Basic: File Menu

lu-nay\"ﬂz - GeometryDesign.rwz

Eile Edit Miew Systern llurninance Radiance MWindow Help 1 File
%@_ wModel  CtrisN | = | ) -
Open Model  Cirl+0 2 Ed.
Close Model ﬁio.“'ﬁllrw. . it
5 Ctrl+3 L % -
e de AR IR T 3. View
Expart Y o= 4 S t
stem
Close Data ? E GeometryDesign.rwz - y
Print,.. Ctrl+P 00001 #% i
, 00002 global_settings { 5' I"umlnance
Exit o rays 4 _
00004 trace_off_ratio 8.01 6. Radiance
00005 total_ray_number 1668
00006 max_trace_level 18 -
00007 trace_path_view 188 7. Window
0ooos split_ray off
aanos H
ooo1o ¥ 8' Help

DOOTL *F

ooo12

NOOLS S =

Jo0ld camera

00015 location <18, 18, 16>

e Tt -+ S (] (L Y

R RN T
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Basic: System Menu

|E RayWiz - GeometryDesign.rwz e Script Editor : of Cle &2 =2 o|l=

Eile Edit Miew Systaqm llluminance FRadiance Window Help o Geometry View : Geometry EI’E{ 57[

DE W Script Editor . ‘I;iev:I Polivll'ntd: Gegmetryt EPE:]?{ELH EEAL AHE HE
- e Render Mode : Geometry 3HZ

J. ) . ¢ gieeivmsturiymvmw ! v 9 VAab ® . /Wirefraz1e

J L 0 i Eender Mode v | «at §I o | @ .] / Solid

Object v / Translucent 27| HZ
=T Goomory] Light Source v — e Object : ol|C|E{ &0l Geometry ObjectE A
2 [Y Edits Detector * € GeometryDesign.rwz e Light Source : do|C|E| &ol Light Sourceg 44

O Geome Lo @ = _ * Detector : ol CIE{| Fol| Detectors 44
% m:;y;s cCD 91“"3;;9:“"95 ¢ e Operation : o|C|E Z&of
Array trace_off_ratio 8.81 /UI‘IiOI‘I
Codin ot ray_runer s /Intersect
File 1/0 ' trace path_view 180 /Subtract
RBT ’ split_ray off /Immerse
Resalution » ) ; /Group Jé‘?ﬂ
Properties oy e Slab Outline : Slab Object 4 A
e CCD: AMAHE| AFEIE MY
- . e Array: W&o A3 E MM
location <18, 18, 16> e Condition: |32 2 AJZE MM
Toohootoomomm e File I/0: File Input/Output 232 E MM
e RBT: *.rbt T2 2SI AFEE MY
e Resolution : Geometry 5l &=

e Properties : Global Setting Cil S|-4A} A8
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Basic: Illuminance Menu

| RayWiz - GeometryDesign.rwz

File Edit Wiew Systern llluminance FRadiance Window Help
o = & Startkiirmulation Fq

. o ' ﬂ @ 4 Irradiance / lluminance Display

Radiant / Lurninous Intensity Display
spatial Radiance/Luminance
Angular RadianceLuminance

|
=
I

=-[4 GeometryDesign,rwz '
+-[f Edits
[4 Geometry
[ Analysis Save Data

4 Images . FaysTY,
trace off ratio 8.81
total ray number 1888

e Start Simulation : A|Z2{0|M A[Z}

e Stop Simulation : A|Z&[0[M FX|

e Irradiance/Illuminance Display : Illuminance A4t

e Radiant/Luminous Intensity Display : Radiance A4t

e Spatial Radiance/Luminance : Plane Detector 7} /2 &%
Luminance( x| &) A&

e Angular Radiance/Luminance : Plane Detector 7| J2 &%
Luminance(Zx 8) A&

e Properties : 5% Bin 2 37| £4 ¥ % Intensity Bar Range 4 #H

e Save current View Data : 7fE 2| Z3EA Zo| DatasE A&

e Save Data : Simulation2 &gt M Ray DatagE A&

< CHA| E8{E0 2E EMFES A = U2,

3
3
4
3

| ——= e
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Basic: Radiance Menu

|E RayWiz - GeometryDesign.rwz

File Edit Yiew Systern lluminance  Radiance  Window Help

J Moo= B | ¥ 2 |§ @ Start Simulation Fa
LI LY EY X b
T BIFBIE L| _% Resolution B 320X 240
AR - P N | v er2. 364
8l 640 X 480
Radi araph ,
--[§ GeometryDesign,rwz AHlance arEp 800 X 600 !
+-[Y Edits 1024 % 768
(4 Geomnetry 1280 1024
(4 Analysis Custom, .
4 Images I

trace off ratio 8.81
total ray number 1888
max_trace level 18
trace_path_view 188
split_ray off

e Start Simulation : A|S20|M A|X}

e Stop Simulation : A|[Z20|MH LA| HX]|

e Exit Simulation : A|E&0o|MH HX|

e Resolution : AT HA

e CIE Color Triangle, Radiance Graph : M2 24 %
e Save Image : Z3l0[0[X| & 845t o[o|X| X &
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RAYWIZ BASIC
- Object Geometry I -
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Geometry I: Primitive Object

|E + RayWiz - RWZ1 1.
File Edit Mew Swstern  llluminance Radiance Window Help
N = - acript Editor 2_
Geometry View F7 . .
.o.‘ Wiew Point C ? ) 3 E t3_
Bender Mode »
Object »  Box
— | Light Source ¥ Sphere 4.
-3 <NEW,P”:'J Detector ¥ Cylinder
+- [ Edits . 5
[3 Geome Operation Cone -
9 Analysi =lab Outline Lathe
4 Images ©CD Extrusion ['\\S 6
Array Torus )
Condition . Eﬂipsehr Ellipsoid 7
Bile /0 ’ aptical .
N
BBT Taper Box
Besolution Triangle 8-
Eroperties amooth Triangle
Polygon 9-
Sor
Elane

Box 12. Triangle

Sphere 13. Smooth Triangle
Cylinder 14. Polygon

Cone 15. Sor

Lathe 16. Plane

Extrusion

Torus

Super Ellipsoid
Mesh

10. Optical

11. Taper Box
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Geometry I: Create Your First Object — Box(1)

‘L RWZI - RWZ1 R O8O6%H0

/= systemn llluminance  Radiance  Window  Helg
global_settings { Script Editar
rays | 5 try View F7
trace off ratio 8.81 Leome
total _ray number 1808 I Wiew Point r ° ‘) A A "
max_trace level 18 Fender Mode *
trace_path_view 188 :
split_ray off Object »  Box [%
fresnel area_effect on 4 Light Source ¥ ophere
random_spectrum on I Detector b Cylinder
¥ Dperation Cane

System > Object > Box & &

force_parsing off | Slab Outline Lathe
polarization off 1 cep Estrusion =
units millimeters ] Torus Object Toolbar0i Al Box €
summary on Array = —
geometry intensity on Caonditian y  Super Ellipsoid
3 = hesh
Eile /0 k .
xf EET R Qptical
- Taper Box
f* Eesolution Trianale
camera { Properties 4 .
location <18, 18, 18> smooth Triangle
look at <@, 8, 8> Polygon
¥ Sar
* Object Script)t S0 Z < X0l Flane
J rip =UH= T

0IA 22610 CursorE 243}
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Geometry I: Create Your First Object — Box(2)

0 Cancel |

Boz EHWZI * g@
Basic | Spectrum | Material | Surface | :d9513r9 Box@ = [~
ox
{
Mame  [Box0 «~———| Box 0|8 ' -1, -1, -1>, <1, 1, 1>
spectrum {
Carnerl Corner? disFrete on
radiometric
1,
e ! P ! <558, 1>
¥
Py - Py ! ior 1.5
Pz |_] Pz |1 surface {
both {
probabilistic split on 1
} =
- - ¥
BoxE 745t XM BUMD SHM BN X,Y,Z HE £F y
2> 2, NIZ, =0| 20| 25 22 FFHXA
Box® ]

Q_ﬂWtzm Slide 14

gol2 2 Script Z0l| Box02l= Object7} Mo i,
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Geometry I: Create Your First Object — Box(3)

Box 3| X rwz1 - Mi==
&)

Basic  Spectrum | Material | Surface | Spectrum £& =+ By cieclare BoxB =
X% ¥ Enter A

noo2a £
o . . . 1. 1. 1>, <1. 1. 1>
" Color @ iopectrur & Radiometric ¢ Photometric gggg? spectrum {
- Colar |1 & User Defined ggggg dijt.:mt: on
= I—D radiometric
W avelength | Inkensity " From Folder Q0054 1,
G |1 550 1.0 |E=LLIE.5|:H: Ll ggggg . <558, 1>
B ID Laad,,, | 00037 ior 1.5
. Q00zE surface {
i Select File 00030 both {
Q0040 robabilistic split on
4 Spectrum I Load | 00041 y P —=P =
L”a'j"'_l 00042 }
" Standard gggjﬁ}
B £ 00045

ID— K 0o Box@ M

0k, Cancel | Apply

Color R,G,B {2 = BtAI S8 = F26tHLE Spectrum=

g Y=ol 28 = UL

ﬂg Wﬁm Slide 15 Advanced Optical Solution Provider ! ]I‘I?Idém




Geometry I: Create Your First Object — Box(4-1)

Box EHWZI = g@
Basic | Spectum Material | Surface | :]tg:clare Box8 = 0
{
f+ From Catalog = From Folder ¢ Formula " User Defined 1, -1, -1, A, 1, 1
cpectrum {
[T Catalog [SCHOTT +] Products [BK7 ~] Load.. | discrete on
. radiometric
Bt ™ H
- Bl.A by 1,
Wavelength|Den5|ty Fi I <CLRE. 13>
1 360 1.53726 Fl3 = I ’
7 370 1.53546 Fl4 | ? T: |
3 380 1.53381 EEE ;E:Faée {
4 390 1.5323 F3 both
5 400 1.53092 Fd M 0 { babilisti 1lit
- ol Losoe FE_ } probabilistic_split on L
7 420 1.52845 AF
5 430 1.5273 ! }
g 440 1.52634 Al | }
10 450 1.52539 N — 1
T 460 1.5245 Box B [ne]
1z 470 1.52367
= o, .« — [~ Congtant [OR

—

2K,

Cancel

| Apply

IOR (Index of Refraction) X|& S <& Tabl2 2

J|22t2! Constant IORE dll At GlassLt Formula0il &

RayWiz" sice 1
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Geometry I: Create Your First Object — Box(4-2)

CONRADY

EXTENDED-SCHOTT
HERZBERG
OPTICS1

OPTICS2

SCHOTT

SELLMEIER1
SELLMEIER2

SELLMEIER3

SELLMEIER4

ﬂQyWiZm Slide 17

. B, C I | N |
CONRADY1 ‘ ??(;L]I=A—E+F
A n
: F. G H J &k [
SCHOTT5X5 n{fi}'=A+B,i:—C,i"—Dﬁ,ﬁ+Eﬁ,E+?+?—?+?+ﬁ o Crown glass
o o ’ 1.52 —

n(A)=A+Bi’ +CA* + DA+ + .
HERZBRGRAX2 ‘ (4) (1°-0028) (A'-0.028)° 150 |- \thc

HoO1l ‘

HoO2 ‘

SCHOTT2X4

SELL3T

SELLMODG6 ‘

SELLAT ‘

SELL2TA ‘

E F —

n(AY = A+ B2} +—S_ 148 [
& A&_DL

n(A) =4+ B2 +—C2 146 1=

A=-D? =

I T R
n(A) =A+BA+—+—+—+ 400 500 600 700
A A

A, nm
© 2003 Thomson - Brooks Cole
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Geometry I:. Create Your First Object — Box(5)

Box = AWZI - =Jo/es
Basic | Spectrum | Material Surface :]tgzclare Box® = [as)
{
" Whole f+ Each -1, -1, -1, 41, 1, 13
R cpectrum {
surface Type | Selection [A diS[_:retE IEII'I
[ front_surface(Both) Mone radiometric
Ofront_surfacedln) Mone = 1.
Ofront_surfaceCOut) Mane <558, 1>
[¥] back_surface(Bath) Mone iur 1.5
O back_suracelln) Maone ;UI"'F-EI[-:E r
O back_surface(Out) Mone both ¢
[¥] left_surfaceiBaoth) Mone probabilistic_split on
O left_surfacedln) Mone 3 - =
Mleft_suface(Out) Mone vl 3
Mane =cattering, ., Coating,., | ;
Box@ [V]
0];8 Cancel | Apply

J|2&t2 Object 2 E Surface S42

Object2 2 Surfacel S4= ¢

cl &

st Ol A2l5t= WholeO| 8850 JA2Lt
EachE &Ei6l(d ScatteringO|L} Coating £

04

RayWiz" sice1s
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Geometry I:. Create Your First Object — Box(6)

|E + RayWiz - RWZ1

File  Edit Miew Svstemn

= DI%EKE HE

HE SRy |L'j) Rayitiz &SI

Mew hodel  Ctrl+M 'J I Digital Projector 2 Radiance_LED_Test,rwz
0 Madel Cirl+0 ' [)LED BLU Ca Radiance_Test.ruwz
pen kode trl+ Recent [0 OpticalFilmSystem 02 Smart_Slab.rwz
Close Maodel F [ Dutput
L ) RET
Save CHrl+5 HEZ St |03 BSDF rwz
Save A DE 2\ Tl CCFL_PrismLGP_NoteBook, rwz
= __.j E} GeometryDesign, rwz
Export 4 lH =M ©3 GeometryDesian_CAD. rwz
- E} GeometryDesign_CAD_Light, rwz
Cloze Data 1 ©a lluminanceOrRadiance, rwz
L 2&H C LDF. rwz
Brint,.. Ctrl+P . ;} LGP _Pattern_Import, racz
1 28 MLF rwz
Exit W HESS za n FirstObject.rwz E]@
I OIS | #declare Box@ = 2y
IH "A (T |RayWiz Files (= rwz; « bt = wl) | box
{

-1, -1, 1>, <1, 1, 1>
spectrum {
discrete on

radiometric
1,
<55a, 1>
:
File>Save E & &5l0] &3t 0|22Z Project ScriptE2 X & 8Ll ;3:;:“:3 .
724® Script2 2 Title0] NS 0|SEC2 HACM HJOSS & JiX both ¢
M2 Z B5HA = L. probabilistic split on
b =
b
b

Box@a M

RayWiz" sice1s
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Geometry I: Create Your First Object — Box(7)

File Edit “iew  Swstern  [luminance Rac

J M = H | Script Editar
Geometry YWiewrFY

J . . . ‘ Wiew Point [% »

J 1§ i5 1%y EHenderMode

-

Object "
B Light Source g
=-[3 FirstObject  poio i "
#-[4 Edits Oneration
-4 Geame .

[§ Analys slab Outline
[{ Images  CCD

Array s
Condition » \4{1;
File /0 [
BET 3
, [*. %. £1 = [1,519608, 1,642931, -0, 315204] o
Besaolution k
Propeties

|
JdibyydL[tar et s »5F

\ =21 =81 > AFE A
_ HES F21 =23
=S 3€ > s, =4
e Shift 7| +21 =21 > 2D XI70|=
o D|RA QEZ HE0|2 JdHMHY > HEETY

Wireframe/ Solid/ Translucent I
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Geometry I: Modify Your First Object — Spectrum & Scale

0.8

0.6

0.4

0.2

# FirstObject.rwz: 1 |:||§”X|

ono1e

00020 #ideclare BoxB =
000l box
oooz2 §

# Geometry Information

(10025 -1, -1, -1>, <1, 1, 1>
00024 color <1.1.1> 1

0002 ior 1.5

00026 surface {

ooo27 both {

oonzg probabilistic_split on
0oo2o ¥

00030 ¥

ooos1 ¥

oonE2

00 Box@

oonz4

0003
00036
00037

# FirstObject.rwz: 1

e
o020 #declare Box@ =

# Geometry Information

<-1, -8.5, -1>, {1.5, 8.5, 1>
- PrTT— - ™ color <1,1,1>
P ior 1.5
......... P . : surface {
| N | both {
N probabilistic_split on
P : ¥
L N — White | | H
Futta N A IR Red
! --- Green
E’" ------ Blue 07 Box@
r : 7 0034
: 00035
! 00036
L 1 - 00ozT
b
...... 1
el 1
P T H.__I i C L L e

[a Y. 21 = [-0.706195, 2.695111, -0.256232] A

&
400 450 500 650 700 750 800
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Workshop 1: Make Objects

WN =

DHLEX] ES QHEA|2,

. RayWizg Algdistn A mjl 2 2t=50 =Y Directoryol| “Workshopl.rwz” 2 X &5HA| 2,
. Menul} ToolbarZ 0[&235}0{ Sphere2 Cone 12|11 Cylinder2 ZMA 3| EA|2.
. Geometry ViewE A3l 50 0o} objectE0| PHt= P Ho| =AY SictH ScriptE X A S| =3 5104

4. Script2 $7%35l0{ Spherec 24, Cone2 £, Cylinderc T2t oz £XM3SIA 2,

I RayWiz

File Edit Mew Systern lluminance Radiance Window Help

D@ d| s me|(& e

jooo|lcoO|b s

POBORI00O®IILLAFEE

[ X8O/ |HSE

iUy dL|talletrd»HE

ol E Workshop1.rwz
=9 Workshopl,rwz [ Sphere®
"'D Edits 00035 ﬂ Geometry Infomation
# [ Geomefry i #declare
O Analysis 100 cone
[0 Images o003 {
0003s <@, @
00a4a color
00o41 1or 1
00o42 surfa
00043 b
00044
00045 3
00048 e
o047
00042
Project IObjBCt I

[ ¥, £] = [0.833111, 1,000000, 3,571513] : Object = CylinderZ

* T™
Ra Z Slide 22
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Geometry I: Translate

=

#declare Sphered =
sphere pr
{p % Geometry Information

<@, 8, 8>, 1

color<1,1,1>

ior 1.5

surface {

both {
probabilistic_split on

H

Sphered

[}, ¥, 2] = [-2,393376, -0,915296

EEX

fideclare Sphere@ =

[
H

[Ty

?phere # Geometry Information
<8, 8, 8>, 1
color<1,1,1>
ior 1.5
surface {
both {
probabilistic_split on
H
)3

translate <1.08, 6>

[+ %, 21 = [-1.430483. -0.890553, 0.000000]

iRﬂWiZm Slide 23
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Geometry I: Scale

=

#declare Sphered =

?phere % Geometry Information H|E|§|
<@, 8, 8>, 1
color<1,1,1>
ior 1.5
surface {
both {
probabilistic_split on
e
H
H

Sphered

[¥. Y. £] = [-2,393376, -0.9 f#ideclare Sphered =
sphere

{

44 Geometry Information

<o, 0, 0>, 1
color<1,1,1>
ior 1.5
surface {
both {
probabilistic_split on

¥
H
Jftranclate <10 6>
scale <1,2 1>
H

HHIHEAY XY, Z2 22 X
gdeozeE Hdl IIUHZ YS

28z HEol EHE A 84

< 8=

[, . £1 = [1,373058, -0,996998. 0,000000]
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Geometry I: Rotate

#ideclare Sphere@ =
sphere

{

# Geometry Information

<8, 8, 6>, 1

color<1,1,1>

ior 1.5

surface {
both {

probabilistic_split on

¥

b

fftranslate <1,8,8>

scale €1,2,1>

[x. %, £] = [1,373058, 0,996

f#ideclare Spheref =
sphere
{

# Geometry Information

<8, @, 8>, 1
color<1,1,1>
ior 1.5
surface {
both {
probabilistic_split on

BUHMEHS X,Y,Z ,

J|E2Z objectE 3

¥
fftranslate <1,8,8>
scale <91 .2 91>

rotate <8, 0, 45>

K

[%. %, Z] = [-0,043650, -1,607346, -0 000354]
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RAYWIZ BASIC
- Light Source I -
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Light Source I: Light Sources

|E RayWiz - PointSource.rwz ;{ (. O /f//' o)
File Edit Miew | Swstern  llluminance Radiance Window Help .
’* script Editar -
|0 @ d | T 1. Point Source
Geometry View 5
mOo®¢ 2YVYY ] |
Miew Point [
JU e Eender Mode O | -t o | @ l 2- Sphere Source
Ohject [
. Light Source »  Point [% 3- BOX Source
=0 PDPIEEISHDSWC Detector b Sphere
+ . -
[ Geome ~oEeraion Box ree.rwz 4. Cylinder Source
[9 Analys gl;%tlutlme %yhr!;ler
I Jdaral re SphereDetectord = -
H e RETe 5. Toroid Source
{
Condition [ <8, 8, 8>, 2
File 10 v detector { | 6. CSG Source
BET r radiometric
) bin size <18, 18>
Besolution [ y
Propeties 3
SphereDetectora

Light Source= Ray €2 & &X Z Objectl SEEZ EXE dl= A 22 Light2] & Xl
Surfacegt =XotXl &=CF.

£t System? 0{[H&t Objectti = /Xl 2 = UASMH LED Die2t 20| Material 20l < X
ANZ B0 % LightUld €28t Ray= SE&t &3 gl0| 22 20N &2 HSS JA=2
SimulationS & &tCl.
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Light Source I: Point Source(1)

% Geometry Information Global Setting
. Systern | Backward | Forward | Spectrum
Tracing

Total Ray Mumber  [q000 Trace Path View 100

Trace Off Ratio 0.0 ] 5plit Ray

Max Trace Level 10 [“]Fresnel &rea Effect
Miew Point 4
Bender Mode 4
Object L4
Light Source 4
Detector 4

[ 0K l [ Cancel

Condition 4
File I/0 L
RET +
Besolution 4
Properies h

- BE wee g We BY S5 D ATE XYt A SIS Fof
=
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Light Source I: Point Source(2)

Point Source

Basic | aim Region | Spectrurn | Distribution |

MNarme |F‘|:|intS|:|ur|:eI|

e
{« Radiometric ¢ Photormetric Power |1
—FPoint v Measured Whole # PointSource.rwz: 1
#declare PointSourcel =
Px [0 Total Flux2| £€3J0|&

light source

Py D { iahtol <
Pz i [ <o, v, &5 || Light2 9IX]
I spectrum {

1,
Radiometric(Watt) / Photometric(Ilm) <558, 1>
b
emittance
{

radiometric 1

r———EE———1 Cancel T m?aﬁured whole on
aim_sphere <8, 188>

angular distribution

1
uniform
H
H
point_at <8, 8, 18>
H
PointSource i
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Light Source I: Point Source(3)

Point Source

Basic  Aim Region |S|Jectrum| Distribution |
& FAim Spl
—&im Sphere
Upper &ngle |EI
Lower Angle |15[| %

point_at I ¢

z Rays not emitted in
this region

Rays emitted into
this annular zone

Aim Sphere

# PointSource.rwz: 1

#declare PointSourcel =
light source

<@, @, &
spectrum {
1!
<558, 1>
H
emittance
{
radiometric 1
measured whole on

| aim sphere <8, 188> |

angular distribution

{
uniform
H
¥
| point at <@, @, 18> |
~ | - b
~ el - )
Rays not emitted in FointSourcel I

this region

RayWiz" siceso
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Light Source I: Point Source(4)

Point Source

Basic | Aim Region Spectrum | Distibution |

" Spectrum & Radiometric ¢ Photometric ‘
~Calor l]— & User Defined
i ID_ | | #zvelength | Intensity ¢ From Folder
G [T [BLUE sec =l
] Lozd,,, |
" Select File
I
Load,., |
¢ Standard
[& I~
— «
o] I Cancel | Apply
——r

Color <0, 1, 0>0i diZdl= Spectrum22 B &

ﬂaﬂﬂzm Slide 31

e Ray? Spectrums RGBZ 3)Jts
e Illuminance Ray Tracing Al, RGB

Color= Spectrum2z HE,

# PointSource.rwz

oools 3

0o0o1é

00T ffdeclare PointS3ourced =
s light source

ooole {

o020 =<0, O, 0=

vt | eolor =0, 1, 0= |
o022 emittance

o023 i

oaoz4 radiometric 1

0a0z2s measured whole on
nO02é aim sphe;e =<0, 180=
00027 angular distribution
0oo2: i

onze lambertian
Qooz0 '

0ooz1 i

0oos2 point at <0, 0O, 10=
0ooz3 )

ooz

00035

100G Pointdourcel
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Light Source I: Point Source(5)

Point Source
Basic | &im Region Spectum | Distribution | _ Spectrum% me2 QojA Ao IHE o
H =2 NS F A O
'® Callsi @ EpEiiu %+ Radiometric " Photometric ‘ IntenSIty Eo Xl o-% Ll AAEl.' = A
Calor o— - oot Defineg - Spectrum 2 Grid0j| & & 238 & =&
R |
Wavelength | Intensity | @ From Foldag
G | 1 360 .000361411
2 384 000250277 |BLUE.3pc [
B | 3 388 0,00190529
4 392 0.00030529
5 296 0,00150325
6 | (T o .
7 _ Hdeclare PointSourceld = !
8 = YR |2 Rwwork x| & & E- 1ight source .
9 I LightSource 1 g —_— :
10 { B2 spacirum,spc :{ :
11 WEHZ 2M
12 ?[: i {I:I r D r D * i
2 HIE & ! spectrum | :
- | L i
=M ! <550, 1.3= '
e | ) ’
. 1
W Z=E - — -
o DirectoryJ} OtLIS 2UHEZZ H emittance
W HEDD Bz ; l |
. . '
R —— B LL] CEEETEErrr Lo-o, radiometric
f:#declare Fointdourceld 3 I | BoEre Poures X
—Elight Fource :_ | Basic | &im Region Spectrum ]DiStributiUn]
- 1
SpECtrumISpc l i{ : " Color * Spectrurmn
! {:D - I:I r I:I = y : Color
A : 1 o [Wiavelength] Intensity
1191 |_'_-||0|E-| T : spectrum | : [
Z 380 2.80E+00 ! "OWREWWorkh spectrum. spa” ! G
382 1.02ZE+401 ! 1 : &
4384 1.07E+01 ] emittance !
£ 386 1.11E+01 ! i '
6388 1.16E+01 ! radiometric 1 :
1
' i measured whole on !
LK = ' aim sphere <0, 120> | o A
I-&(nm) Intensity ] RN S : w |
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Light Source I: Point Source(6)

Point Source Bl
Angular Distribution m

Basic | Aim Region | Spectrum  Distribution

Longitude ——————————————— Latitude:
|’ Min 0 |’ Min IU—
& Point = Surface
Max ln— Max IU—
Light TS'IDE I Angmar I I~ | Coordinate Source: I~ Interpolation
iHaint lambertian
1 # PointSource.rwz

00015 }
a01ea
00017 #dezlare Pointd3ourcel =
Wi light source

00019 {

o020 =0, 0O, 0=

L&igasg;aaa; o veteed || color <0, 1, 0>

concel | TorlPhax [T |0 emittance
00023 I

(0] 4 | Cancel | Apply | 0024 radiometric 1

Q0025 measured whole on
0026 aim Sph3;E <0, 180=
00027 angular distribution
[I002E R {
oo2g lambhertian
a0z0 '
00031 1
00032 point at <0, 0, 10
Q003 4
noos4
Q0035
s Pointdourceel
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Light Source I: Point Source(7)

BRILEOUIEE [X] M Angular Distribution _
Basic | Aim Region | Spectrumn  Distribution | 2 < Data Boundary 2| Data Boundary ]
f* Point "
Light Type | angular "
ax 180 Max Iglji
[ Coordinate Source . %‘ = [ Inkerpolation
1 z| 3l 4| 5 o
1 1 1 1 1 1
z 0,999576 0,999575 0,999574 0,999574 0,999573
| 0, 999406 0,999405 0,999405 0, 999404 0, 999404
’Wl | 41 0.998579| 0,993576 0  0,993575 ) 0,998574  0,9958572
5 0,997459 0,997454 0,997451 0,997449 0,997444
6 0.,995392| 0,995336 0,995333 0.99583 0,995877
zr0) | 4 | | 7| 0.994031 0994022 0.994017  0.99401Z  0.994003
_____________________________________________________________ 8| 0991967 0991946 0991935  0.991925  0.991914
: emittance : 9 0,959425 0,959599 0,9893555 0,989572 0,959359
: { : '?‘I :_ 10 0.936518 0.93653 0,936561 0.936542 0.936523
i radiometric 1 i 11| 0.9833668 0983321 098329N 0.983274 095325
: measured whole on : 1z 0,979972 0,979907 0.979374 0,979542 0,9793209
! aim SphEEE <0 180> ! 13| 0.976072| 0,975995  0,975957 JOFE919 0,9758581
' — . i . ! 14 0.971818 0971727 0971681 071635 0,97159
i angular distribution i = e PP TPI R v I n,,nf
1 _ 1 < ’
| { | <
i "C:AZRWWorkhangular apodization.apo” i ) _— - _
! interpolation off : {7 Lambertian Unifarm * ser Defined
! coordinate source off !
i ) ! oK | Cancel Total Flux |2.831 Mazx |0.3532
1
I i |
: 1
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Light Source I: Point Source(8)

Longitude 90, Latitude 90

Longitude O, Latitude 90

[Latitude 180]

Point_at 5= Z )| 2 -X0lM -180=2 AIEGt0 180 =2
£3LHMH, A== Z ot -Z=S 180 == 4FEU.
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Light Source I: Cylinder Source - Volume(1)

- Geometry Infarmation

[=. %, £]1 = [-1,758975, 1, /98532, -0, 7620521

- 7|52 3VIE X EF &

- 7| 5o HELHHNMEE XS W2

- DE diskg skl W B =F 0 24T E X|HSH A std S F0f
He Hl= Ax 7Is35ict

- AR A Y Ao dhsknl M7 E X|™HE 5= ALt
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Light Source I: Cylinder Source - Volume(2)

fideclare CylinderSourcef =
Cylinder Source g| il{.ll_:]ht_Sl]l.ll"[:E
Basic ]Aim Region | Spectrum | Distribution | <@, 8, &
spectrum {
Marne 1,
<558, 1>
+ Radiometric ¢ Photormetric Power |1 ¥
object light
Radius ,]— v Measure Whole £
Base Point Cap Point yolume
Px m P [ cylinder
Py o Py . {
<@, 8, 8>, <8, 1, @, 1
Pz o Pz o ¥
¥
emittance
{
zol 3+ | | radiometric 1
measured_whole on
aim_sphere <@, 188>
angular distribution
{
uniform
" Surface ; ) ) )
volume_distribution
Light Type | Angular | ¢ .
Yolume lambertian N uniform
H
point_at <8, 2, @
H
CylinderSourceB
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Light Source I: Cylinder Source - Surface(3)

~# Geometry Information

(=, %, 21 = [-0, 716495, 0906182, 1,580742]

- 217|5 SOl M EE Yol Lizhs B
- 3749| oot Wol LizkALE oF Lz & 4 2Uck,
- 370e| © Zizlofl Mol waknt A7|E XIHE £ Uck,
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Light Source I: Cylinder Source - Surface(4)

x)

Cylinder Source

& CylinderSourceSurface. rwz

Basic | &im Reaion | Spectrum  Distribution ] y
object light
" Yolumne ¢ Surface {
Surface [ Angular | Spatial [ SUF{.:EEE
Ofront_surface unifarm unifarm cylinder
rear_surface unifarm uniform {

O cvlinder_surface unifarm unifarm <@, 8, 68>, <8, 1, 8>, 1
S
emittance
{

front_surface

{
Angular,,, | Spatial,., | off
S
rear_surface
go | g2 | msw | {
an
Angular Distribution [‘5_<| angular_distribution
Kol ¢
Longitude Latitude hnu:?:;yﬂ{1sﬂ>
Min -130 Mir 0 <@,186>
S
Max 180 Max 180 apodize_mesh{
{4, 0>
[ Interpolation 1,1,1,1,
1,1,1.1,
1,1,1.1,
JISUS MG AKX YO AT HFO| SAFS 1,111
Surface® SAIO2 510 H5tH 5/ Objecto SalS oordinate source offl
JIE2Z &t 3
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Workshop 2: Make Light

1. RayWizE Aldistn M mld & 3H=50{ = Directoryoll “Workshop2.rwz” 2 X &35 2.
2. MenuL} ToolbarE 0| &35}0 Surface Box LightE 2} 35l= +Y(Top_Surface)Z2t LIJIEE

MH3SIH aim_angle2 0T 45T 2 XIS FA|2.
3. Geometry ViewE 2 &3510{ Illuminance M0l A= >Start Simulation2 4&{5l0{ Ray=2|

T Weks BESA|2

# Geometry Information

(= %, £] = [1.063147, 0412101, -2, 27h76] Y
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RAYWIZ BASIC
- Detector I -

Wzm Slide 41 Advanced Optical Solution Provider ! 'I"ISIde:O:Oil:E



Detector: Detector Types

|E RayWiz - RWZ4

H%

File Edit Miew Systern

O = H

808

=Y <Mew Proj
+ D Edits

[ Geome

4 Analysi

[Y Images

Script Editor

Nlurninance

Geometry Yiew FT

Miew Paoint
Bender Mode

dbject

Light Source
Detector
Operation
Slab Qwtline
CCD

Brray
icondition
Eile 10
BBT

Resolution
Properies

% 3

-

Fadiance Windao

1. Box Detector

20j4 2. Sphere Detector

a7 A

Bou 1
Sphere )

Il

¥
force
polat
unit:
SUmm:
geoms

¥

®f

7=

camera {

Tnaemad

Total FluxE JI1E2 2 J|&tctd = F 00162 EF0 SAHHO0I
JIE0| &/ Box Detectors 2 A120| J|=0|H Sphere Detectors

22 ot =T
RAYWIZ

RayWiz" sice 22

= =2 A
— /T

JHel Detector& & 0| D} solCh.
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Detector: Box Detector(1)

Detector 0|2

Box Detector

Basic ]
Mame |Eh:u><[fleten:tnr[l
Cormerl Corner? I/’
P |—1 P |1
Py -1 Py I
Detector= . 1 . 1
A2 Surface . | 2 |

ront_suface(Z+) ~| ¢ Radiometric & Phaotometric Photometry &3 &€

Bin Size ¥ |10 ¥ {10 [~ Range Min | Max
7 \

| \ﬁgcm

N\

Detecting 2D Cell &+ ' 2] tO=2 DA Data

7
O, =&

bt
0
kil
:,_

1
[
A
|_
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Detector: Box Detector(2)

# BoxDetector.rwz: 1

¥
=/

# Geometry Information

#ideclare BoxDetector =
box

\
<1, -1, -8.1>, {1, 1, 8.1

detector {
= front_surface

photometric
bin size <18, 18>

b

BoxDetectord

t= S0l &K EAIDFLIEHE.

(=, Y. £1 = [-1,305495, 0405225, 1, 2564 75]
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Detector: Sphere Detector(1)

Detector 0|3

Sphere Detector

Marme
Center
P 0 Sphere Detector? ZAIZ 1} BHAS X H,
Py n
Pz n Radius
& Radiometic ¢ Photometic | Photometry | &€
Bin Size ¥ |10 |10 [~ Range Min | GER
P N\
/ 20| 2 4 1Y
)

Detecting 2D Cell == I

@Wzm Slide 45
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Detector: Sphere Detector(2)

Fr . | #ideclare 5SphereDetector@ =
% Geometry Information |- |® sphere g

{
<@, 8, 8>, 1
detector {
radiometric
bin size <18, 18>

b

SphereDetectori

[=. %, Z£1 = [0, 734078, -0,906113, 0,112035]
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Light Source 1I: Grid Light (1)

& Geometry Infomation

HH\\\\

[ %, £1 = [0,000000, -0,127258, -5,486747] [x. Y. £]1 = [-0.000000, 2511325, 5,670342]
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Light Source II: Grid Light (2)

B Grid_Ray.rwz g@
LY

global settings ¢
Fays {

trace off ratio 8_61
total ray_number 1868
max_trace_leuvel 18
trace_path_view 188
split_ray off
fresnel_area_effect on

random_spectrum on _
4 Comment i Al I
force_parsing off

polarization off
units millimeters
summary on

geometry intensity on

¥
Fx
camera {
location <18, 18, 18>
look_at <8, 8, &>
¥
*Ff M
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Light Source II: Grid Light (3)

Cylinder Source

X}

Cylinder Source

Basic | aim Region | Spectrum | Distribution |

Marme |Surface_CyIinder

+ Radiometric ¢ Photornetric

Power |l

Radius |]

~Base Point
Px |u
Py [d
Pz |u

v Measured Whole

Cap Point
s

——
—

m—

Py
Pz

Bagic  &im fegion | Spectrum | Distribution |

+ &im Sphere
—&im Sphere

Upper &nagle |D
Lower Angle Ip

&7

(0] I Cancel Spply | Qk I Cancel Apply
Cylinder Source m Cylinder Source
Basic | &im Region Spectrum | Distribution | Basic | Aim Region | Spectrurn Distribution |
" Color + Spectrum ‘ & Radiometric  Phatametric ‘  Yolume * Surface
- Colar [ = lser Defined Surface | Angular | Spatial |
R ID - Ofront_surface unifarm uniform
. | |wavelength | Intensity  From Falder EFear sitace g e
In |BLUE. spc =l O cvlinder_surtace uniform unifarm
B ID Load,,, |
" Select File
I
Load,,, |
" Standard Angular,., | Spatial,., I
B =
[0 K
0] I Cancel | Apply Ok | Cancel | Apply
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Light Source II: Grid Light (4)

¥ Grid_Ray.rwz M

(0025 #declare Surface_Cylinder = h]
[l light_source

00027 §

00023 <8, 8.5, @8>

o029 spectrum {

00030 discrete on

00031 1,

00032 <658, 1>

00033 ¥

00034 object_light

00035 {

00036 surface

nooz7 cylinder

0003s {

00039 <@, @, @8>, <8, 1, 8>, 1
00040 b M

E Grid_Ray.rwz M

00041 emittance h]
00042 {

00043 front_surface

00044 4

00045 off

00046 H

0oo47 rear_surface

0004z {

00042 on

000z angular_distribution
00051 {

00052 uniform

00053 H

noos4 spatial_distribution
00055 {
00056 grid

ooas7 boundary {
0005% £, &
0oos9 H

0oaa0 H

00061 H

00052 cylinder_surface
00063 {

0oo&4 off

00065 3

00066 H

0oa&7 ¥ M
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Light Source II: Grid Light (5)

E Grid_Ray.rwz

B=]¥]
[

0o0&% emittance

Qo0& 1

ooo70 radiometric 1
00071 measured_whole on
o072 aim_sphere <8, 8>
Q007s ¥

Qo074 point_at <8, 2, @>
0oo7s ¥

Q0076

U077 Surface_Cylinder

+YS

g}t

0Ok
|0
HU
™
(2

a
00t

1
0z

Optical ﬁ
Basic | Spectrum | Material | Surface |
Mame |TestLens
—Edge
Shape |Circu|ar vl Axis |>< vl Heightl |—1 Height2 |1
Center Thickness |D.B
~Front Curvature
I~ Plane
H|2 K|D A|D B|D C|D D|D E|D
Aperture 1 F o G |0 H o I o
~Rear Curvature
I~ Plane
R -2 K |0 A [0 B |0 clo oo E 0
Aperture |H F|D G|D H|D I|D
0K I Cancel | Apply

E Grid_Hay.rwz

o0 #declare Testlens =
o optical

noogt §
000g2
no0g3
no0z4
N00g3
N0026
000E7
N00g:E
nooze
na0s0
na0s1
noog2
nooes ¥
naoa4

circular center_thickness 8.8

BE X
&

{2,1, 9, 6, 9, 6, 8, 8, @, 8, 8, 8}

{-2,1,8,8,0,8,0d,8,48,08,48,8;

color<i,d, @

ior 1.5 . .

surface { Optical Object=
both { - A A

probabilistic_split on TestLens ObJeCt 44

b

H

translate<d,5,8>

e TestLens

=
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Light Source II: Grid Light (6)

Script Editar Sphere Detector
Geometry View F7 Basic |
Miew Point r
Fender Mode » Mame |Angu|arDetectDr
Object b Center
Light Source r Px [0
Qetectl_jur P Box Py 75
Operation Sphere
Slab Outline Pz |0 Fadius iyl
CCh
Array ¢ Radiometric ¢ Photometric
Londition g Bin Size X [10 v [10 I~ Range Min | Max |
File /0 k
BET r
. 0] I Cancel | Spply
Besolution [
Properies

R Grid_Ray.rwz g@
(]

f#tdeclare AngqularDetector =
sphere

{
<@, 2.5, 6>, 18

detector {
photometric B Z&0IZ 2ol A Sphere
S
S
AngularDetector

Qﬂy‘mzm Slide 52 Advanced Optical Solution Provider ! irTsudé:-:oi-:E



Light Source II: Aim_Sphere, Aim_Point, Aim_Area (1)

# Geometry Infomation # Geometry Infomation

[, ¥, Z] = [-2,186216, 0,500582, -2, 101476] . [+, %, 21 = [-0.092719, 4261970, 3.815178]
<Aim_Point> <Aim_Area>
& AimPoint_AimArea.rwz |Z||E|rg|
} la
?
emittance
{

radiometric 1
measured whole on
f/aim_sphere <8, 188>
=3 | //aim_point
aim_area ¢
<08,3,8> <0,6,0> //<center point> {direction point>
ffcircular 8.1 // circular [radius]
rectangular 1, 3 // rectangular [width],[height]
}

Aim_Sphere,
Aim_Point,
Aim_Area &

ofLtE €38

H

point_at <@, 3, 6>
¥ 5
TestSource

154

#derlare TestDetertnr =
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Light Source II: Aim_Sphere, Aim_Point, Aim_Area (2)

m Cylinder Source ﬁ

Basic | &im Region Spectrum | Distribution |

Cylinder Source

Basic | Aim Region | Spectrum | Distribution |

 Color & Spectrum ‘ ¢ Radiometric ¢ Photometric ‘

Mame |Test80urcel i

“Calor——————— .
@ Radiometric ¢ Photornetric Power |l HDDrD I1 & User Defined
I = Fromn Folder

| |savelength | Intensity

Radius |1— v Measured Whole G Il IBLUE,SDC =]
—Base Point Cap Paint B |IJ Load,,,
P ||J P= ID )
 Select File

Py |U Py |I [

Pz |n Pz |D Load.,, |

 Standard
J&

~ L

—

5
(0] I Cancel | Apply | (0] I Cancel | Apply |

Cylinder Source w
Basic | Aim Region | Spectrum Distribution |
" Walume & Surface
Surface | Angular | Spatial |
Ofront_surface unifarm uniform
[¥lrear_surtace unifarm ., unitorm
Ocvlinder_surface uniform M uniform
Angular,,, Spatial,,,

0] I Cancel | Apply |
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Light Source II: Aim_Sphere, Aim_Point, Aim_Area (3)

B AimPoint_AimArea.rwz

#ideclare TestSource =
light_source
{
<@, 8.5, &>
spectrum {
discrete on
1

<658, 1>
¥
object_light
{

surface

cylinder

{

<4, @, 8>, <8, 1,
H

ax,

1

=0
&

B AimPoint_AimArea.rwz

L’Ray‘ﬂ)izm Slide 55

emittance

{

=/ oes
[l

front_surface

{
off
¥
rear_surface
{
on Rear Surface £t
angular_distribution Emitting
{
uniform
¥
spatial_distribution
{
uniform
H
¥
cylinder_ surface
{
off
¥

[
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Light Source II: Aim_Sphere, Aim_Point, Aim_Area (4)

& AimPoint_AimArea.rwz

=%

emittance

{
radiometric 1
measured whole on

f7aim_point
aim_area {
<0,3,8> <0,6,08:
ffcircular @8.1
rectangular 1, 3

H
H
point_at <2, 3, &
H
TestSource

/7aim_sphere <8, 188>

(]

//<center point> <{direction point>
// circular [radius]
// rectangular [width],[height]

Aim_sphere £ & comment X 2|6t
aim_point L} aim_areaE & & &tCt.
-Aim_point?! Z 2= point_at 2|
XEE OIXl Ol &4 &EQl Bl X ZEXNE
Ray=s &35 A?2IChL

-Aim_area?l 2= JIAo SH HH9|

& AimPoint_AimArea.rwz

SaFEW gerdy el JI2H22 20U
grdE 8ol d2otd RayE2 0l

fideclare TestDetector =

box
{
-5, 5, -5%», <5, 5.81,
detector {
bottom _surface
photometric
bin_size 1@, 18>
b
b
TestDetector

X &EE o020t Emitting St HIECH

5>

Box Detector=
& 2|6t Ray

PathE 2 &St}

RayWiz" sicese

Advanced Optical Solution Provider ! inside:-:oi-:E



Detector: Create Your First System (1) - File Creation

|E RayWiz C2 nlE2e= HE
File Edit \iew HE A |lf) Rayiiz 8 &0k j c¥ BE-
— Ca BoxDetectar, rwz
~u ca :
Ik L= ___j Ca CylinderSource, ruz
i Recent Ca CylinderSourceSurface, iz
n ‘ ‘“[‘ i FirstObject, rwz
O PointSource, rwz
T B E B HE 5t T2 SphereDetector. rwz
&_T T_z L% i 8N Ca TranslateScaleRotate, rwz
___f T2 Warkshop1, rwez
I 2M T2 Warkshop2 rwz
LH 21 FH
L UEAS 22
oH Q1= |FirstSystert) rwz ~|
I
=t Bl |RaylWiz Files (+,ruz; = rblags, wrl) |

E FirstSystem.rwz =

ﬂ(gyWiz““ Slide 57

Script Z0IMd Ot
>UncommentsS

>

_i

>
J2
Qﬂ
kJ

2E% HES S

Sunmary
geonetr

Copy Ctrl+C

Cut Ctrl+x
Paste Ctrl+
Delete Del
Cormment

Uncormngnent

Increasts |dent
Decrease |dent

Selact Al Ctrl+a,
Find Cirl+F
Beplace Ctrl+H
Goto Ctrl+5
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Detector: Create Your First System (2)

Object Creation

| RayWiz - FirstSystem.rwz

~# Geometry Information

Eile Edit Miew Systern  lllurminance
M= | Script Editor
. o ' 4 Geometry Yiew F7
Yiew Point
Bender Mode
Object
: Light Source
=Y FwstS'_\I.'ster Detector
i %Eiﬁ;e Operation
[3 Analysi Slab Qutline
[ Images CCD
Array
Condition
Eile 1/0
BBT
Besolution
Properties

Radiance

W

Box
Sphere
Cylinder
Cone
Lathe
Extrusion
Tarus
Super EII|psn|&
Mesh
Optical
Taper Box

Triangle

Srmooth Triangle
FPolygon

fuly

Plane

Window Help

[X. Y, 2] = [-0.105848, 0,008331, -0,042180]

ﬂ FirstSystem.rwz

=%

F

F*®

f#tideclare Torus@ = N
torus h |
1

1, 8.5, A, 36A

color <1,8,1>

/ ior 1.5
surface {
both {

probabilistic_split on
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Hl.%l-!& tII-D=|O| 10|
E%H-l Spectrum{i|
1,0,1>2 & 3&HC.

¥

¥

Torus@ jlad
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Detector: Create Your First System (3) — Source Creation

SCul Nluminance  Radiance Wi [ESSEEeS X Basic | Aim Region | Spectrum Disﬂju“on l

Script Editar Basic ]Aim Fegion | Spectrum | Distribution |
" Wolurme

Geometry Wiew Mame
Miew Point » . ‘ ‘) i - adimetie @ Protameti . - Surface [ Angular [ Spatial [
Rander Maode ¥ aatometne Pimetie oweEr Ofront_surface(Z+) uniform uniform
— ¥ Measured Whale Oback_surface(Z-) un!form un!form
Dbject » Min Cormer Max Carner a Inleft_sun‘ace(x—) un!form un!form

ToT EEIEe Oright_surface(X+) unifarm unifarm
Light Source P -1 P 1 [ top_surface+) uniform unifarm
Detector Py I — Py A E— O bottorn_surface(y-) uniform uniform
Operation

) Pz ’—]7 Pz ’]7
i Slab Cutline
Eesnlutlmn * Angular, . Spatial...
Properties N =) 22 | =sw |
H#ideclare BoxSourcel =
Basic  Aim Region ]Spectrum] Distibution | Basic | #im Region Spectrum light_source

{

<@, -5, » <«——— Light Source? S&2
« Color color <1, 1, 1> Y= digto2

object_light 0IS3IE 2 Script 28

Color
{
Upper &ngle |0 R ﬁ“““‘ surface
Loweer Angle IW box
€ 1

{

B l”i , <1, B8, 1>, <1, 8.1, 1>
emittance
{

photometric 188
measured whole on
aim_sphere <8, @8>

; P
% point_at <8, 3, > | +YLES oIS 43
b
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Detector: Create Your First System (4)-Detector Creation

-4 Geometry Information

=g luminance  Radiance  Wind
Script Editor

Geormetry Wiew .
| &9

Miew Point

Render Mode
Ohject b
Light Source »
Detector m .
COperation Sphere € -

. Slab Outline T
y CCD <8, 8,
Aewrs detect

Box Detector k E
Basic ]

Mame |PlaneDetectorl

Caornerl Cormner?
P [-2 P |2
Py 3 Py [3.01

[X. Y. Z] = [-1,228430, 2,856398, -3.665021] |l 22 Pz
/ ottorn_surface(y-) ﬂ (v Radiometric Photornetric
Bin Size % |10 ¥ [0 [~ Fange Min | Max |
Y= 280 SN a2 box detectorg 2|51

Bottom_surface (Y-)E detecting 222 J 9| — ar | =mw
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Detector: Create Your First System (5) — Simulation

Global Setting ~# Geometry Information

Systemn | Backward | Forward | Spectrum

heasure

Units Millirmeters L

Rarndorn Murnber

Reinitialize Randorm Number seeds

Geometry
sackarond |
[v] &xis Display On [JPlane Detectar View Angle On
[J&lab Display On Maw Slab B0000
[¥] Intensity Display On
Wiew lurminance
Muminance L
Lurminance
lllurninance RGE
Lurminance RiEE
[ (0] ] [ Cancel l [ Apply
Etﬁg Simulation Fa

[X. ¥, Z] = [-2,127607, -2,191814, -3,650667]

Irtadiance / Muminance Display
Radiant / Lurninous Intensity Display
Spatial Radiance/Luminance
Angular RadianceLuminance

- v v

save Data
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Workshop 3: Make System

RayWizE Ald35t0 M 1l 2 250 %Y Directoryol “Workshop3.rwz” 2 X &5HA| 2,

HIZ4 0] 2mm¢l Sphere objectE XM 350 1 ™2 2% & <0,0,6> 22 MHEHSIA 2.,

HFZ0| 2mmo|1 =0[7} 0.1mm¢! Surface Cylinder LightE ZHM3l11 Rear Surfaceo| Aot

Ray”| & ZISIE S 311 Lighte ¥1xE <0,0,0>22 MH3FIA 2,

4. +2= 2eke| FH 71 0.01mmo| 2 72, M 2 0|7} 2442 4mm Box Detector StLE A5t
back_surface(Z-)E detecting M2 2 X[H35l1 1 X[ <0,0,10>2Z MHFIA 2,

5. Ray numberE 10000022 A X351 simulation2 T8 5HA| 2.

W

4 Geometry Information

[, ¥, £] = [1,346342, -3,503572, 0,633305]
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RAYWIZ BASIC
Object Geometry I1
- [Operation] -
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Geometry II:

Script Editor

Geametry Yiew
Miew Point
Render Mode

.

Ohject [
Light Source 2
Detector k
=lab Outline !

CCh

Array

Condition k
File /0 »
BET *
Besaolution r
Properties

RayWiz" sice e

Operation

Operation

Marne

|CDmstiteOI:ujectEI

First Object |

f+ LUnion

" Imrnerse

(" Intersect

" Group

" Difference

Second Object

o]

Cancel |
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Subtract
Immerse

Group




Geometry II: Declare

#declare Boxf =

# Geometry Information

box
{
<1, -1, >, 1, 1, 1>
color <6, 1, 8>
ior 1.5
surface {
both {
probabilistic split on
b
b
s
#declare Spherei =
sphere
{
<8, 1.5, 8>, 1
color <1, 6, @
ior 1.5
surface {
both {

[, . 7] = [0,033277, —0.450971, -1, 462015] , probabilistic_split on

-

Operation0| A& ObjectS=S 2|5t
2 =L

ZE 40| Box2t W2t O] Sphere !
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Geometry II: Union

Script Editar

Geormetry View
Miew Point k
Bender Mode r

Operation E

First Object

{* Union

" Immerse

Second Object

Mame |CSG_O|:ueration

|Bm<D

" Inkersect

" Group

" Difference

|Spherel|

=1

>

Cancel |

Object [
Light Source k
Detectar r
Slab Outline !
CCh

Array

Condition k
Eile /0 »
BET »
Besalution k
Propetties

iRQ_yWiZm Slide 66

union

{

;

C5G_Operation

Union & ObjectE First Object? 242 MECH.

fideclare CSG_Operation

object { Spherel }
object { BoxB@ }

)
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Geometry II: Difference

acript Editar

Geaormetry View
Miew Point k
Bender Mode r

Operation E

First Cbject

" Union

" Immerse

Second Object

Mame |CSG_Operati0n2

|BDXU

" Intersect

" Group

+ Difference

Spherel

=]

Cancel |

Ohbject [
Light Source k
Detectar r
Slab Qutline !
CCh

Array

Condition k
Eile /0 »
BET »
RBesaolution k
Propetties

ﬂQyWiZm Slide 67

Difference & Object= First Object? =

@ECH.

First Qbject

" Union

" Immerse

Second Object

|S|:|herel

" Intersect

" Group

“ Diffe

Eox0

Operation @

Marie |C5G_Operation3

Cancel
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Geometry II: Intersection

Script Editor Operation
Geometry YWiew
YView Point ¥ Mame |CSG_Operatinn4
Bender Mode  »
\ First Cbject Spherel
Ohject r |
Light Source 4 ™ Union " Difference
Detactar [

" Immerse { Group

Slaﬂ Outline ! Second Ohject

Biox0

CCh

.f-‘-.rra'_.,.' [o/'s | Cancel |

Condition k

File 150 r . . . .

EBT v Intersection & Object= First Object2 2S4S
, L.

Resolution k

Properies

#ideclare CSG_Operation5 =
intersection
{
object { BoxB® }
object { Spherel }
i

C5G_OperationS
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Geometry II: Immerse

Script Editar #ideclare CSG_Operationd =
. immerse
Geametry YWiew g
Yiew Point ’ object { Box® }
Bender Mode  » object { Spheretl } HD
Object k }
Light Source ¥ CSG_Operationé
Detector k
=lab Outline !
CCh ~ -
N First Ob]ectE a2 %II otH Second Object
rrayl . O"
Condition r

Eila /0 y
RET +
bopies Hieslare 656 Spration? -
E immerse
{
defect {Spherel ) ImmE)>
object { Box@ }
b

CSG_Operation?
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RAYWIZ BASIC
Object Geometry I1
- [Slab Outline] -
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Geometry II: What is Slab ?

BLU 2| LGP2} BEF2 20| =%t /2| Object 7t HI5Xo2 OFE X0
thel Object Mol E£=0] A= ZF(Bump)Lt Object EHO| E==0{UE
Z<(Hole), .= LCD Color Filter-} Panel2 Pixel 2} Zto| EH=E X0l
A2 71X O 240| ClE Z2(Immerse) Slab_Outline W&ol E

AtE B L

Geometry View 4!0]| Slab Object2| ofatelotg I2|7| o £of
Geometry E3A|Z2I2 Y = A2, E35 AlgorithmO| H &= 0f
= Simulation 0| 735t g4 CL.
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Geometry II: Smart Slab

3D Texture

ULV GG SN

IT 2

b

' VO
il
W 1"1%

i;f

N
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Geometry II: Slab_Outline Grammar (1)

=
3
At

Objectt Slab2 2 AlEE|0f & £ /20 ZE Object Surfaceol| &2 7}535ict,
Ztekst macro 2ol 25 M of & "El o] Rx2t: & Ao| Jtssict.
A8 E|0{X|= Cube Surfaceo| M= A2 2 W 71X o[2| M &l & of 2fst

- o rin

B2 SAAIHEC),

=22 oo

SLAB_OUTLINE:
slab_outline

{
SLAB_TYPE CUBE_SURFACE_TYPE
[normal]
[SLAB_DETAILS...]
base { BASE_OBJECT }
slab { SLAB_OBJECT }

>

SLAB_TYPE:

bump | hole | immerse

CUBE_SURFACE_TYPE:
left_surface | right_surface | front_surface | back_surface |
top_surface | bottom_surface
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Geometry II: Slab_Outline Grammar (2)

SLAB_DETAILS:
SLAB_POSITION |SLAB_SIZE |SLAB_DEPTH |SLAB_SHIFT
SLAB_POSITION:
position_x|position_y {
Coefficient_NO (&%), Coefficient_N1(1x}),
Coefficient_N2(2x}), Coefficient_N3(3k}), Polynomial 5 3=+ &
Coefficient_N4(44x}), Coefficient_N5(5%})

¥

I
position { SLAB_POSITION_FILE_LOCATION } Xl g0l A= WX

8

SLAB_SIZE:
size_Xx|size_y {
COEffiCient_NO(}g'#‘lﬂd—), Coefficient_Nl(lif), Polynomial 3th 24 2|2
Coefficient_N2(2%}), Coefficient_N3(34})

3

I —
size { SLAB_SIZE_FILE_LOCATION } 301 g0l A= XS '
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Geometry II: Slab_Outline Grammar (3)

SLAB_DEPTH:
depth {
Coefficient_NO (&%), Coefficient_N1(1X}), - -
Coefficient_N2(2%}), Coefficient_N3(3%) | Polynomial 3t ji+ 212
>
|
depth { SLAB_DEPTH_FILE_LOCATION } 2001 240l Y= HAXE .
SLAB_SHIFT:
shift <X_Shift, Y_Shift>
NABE HO ANXES HE
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Geometry II: FirstSlab - Base Object & Slab Object

#ideclare Box@ =
box

{
-1, -1, B.1>, <1, 1, 8.5>

color <1.,1,1>
ior 1.5 Basez AIEE Box &Y I
surface {

both {
probabilistic split on

?

#declare Spherei =
sphere
{
<8, @8, 8, 8.1
color <1,1,1>
ior 2.8 Slab2 = AIE& Sphere &2
surface {
both {
probabilistic split on

?
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Geometry II: FirstSlab - Slab_Outline Operation

acript Editor Slab Outline Operation [z|

Geometry View
Miew Point
Bender Mode

-

Mame |Fir5tSIaI:uOutIine

-

Ohject L

Light Source » @ Bump ¢ Hole © Immerse

Detectar » front surfacelZ+)
- . back_surface(Z-)
Operation Base Object |Bu:uxEl left_surfacels-)

m right_surFace(¥+)
CCD Slab Object |Spherel top_surfacely+)

botkom_surfacely-)

o | QE | Cancel |
Condition »

File /0 * : Ll =

FET , # FirstSlab.rwz =l ["_<

— R #ideclare FirstSlabOutline = G
EESDﬂfD” slab_outline {

Eroperties

bump front_surface

position x {08.2, 8, 8, A, 8, 8 }
position_ y { 8.2, 8, 8, 8, B, B} X-Y PitchZ Slab2 Z AIS&
Spherel X\I§22 £F5IH

ffshift <2, 2>
Afsize ®x { B, 8.1
Afsize y { B, 8.1
Ffdepth { 8, -8.M1
base {Box@ }

slab {Spherei}

Y HHE = Bt=Ch

M W W
o @@=
o
o @@=
e
|

}

FirstSlabOutline| |

5.4

[
|
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Geometry II: FirstSlab - Geometry View

Script Editar
Geormetry View
Wiew Point 4
Bender Mode ¥
Dbject 4
Light Source 4
Detectar 4
COperation

Slab Outline

CCch

Array

Condition 4
File 170 ¢
BET ¢
Besolution 4
Propetties

ﬂaﬂﬂzm Slide 78

Global Setting

X}

System | Backward | Forward | Spectrum |

Measure
Units Millimeters ||

Rarmdorn Mumber

Feinitialize Random MNumber seeds

Geornetry
Background

n [#] Awis Display On_ [JPlane Detector View &ngle On
: %ST : Max Slab RO0an

ntensity Display On

Wi llurninance

\
[ 0K, | [ Cancel \] [ Apply ]

>

Slab0| 2EHX=F €850 A= E< =0

2 i MXE 8 ALX[0l CHet st
@ ct

> 1HEIEL HIZ2el2 20l

X H6| ZESHC.

Slab Display

Global Option<
Jl2gt2 SlabO| LIELIX
X == T UCH
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Workshop 4: Make Slab Object

1. RayWizE M35l M| mjel2 2H=0o| =Y Directoryol “Workshop4.rwz” 2 X &SHA[2.
2. Menul} ToolbarE 0| &35}0{ BaseZ AI2E 2mm x 2mm x 0.4mm ¢! Box ObjectE M5t
Slab2 = ALEE ':’._FX|%0| 0.1mm 0|1 0|7} 0.1mm¢! Cylinder 4 215IA|2

3. Slab Operation M =& 2 AlE3510{ T/ X[7} 0.4mm7} = =5 Base Box2| $t% Hol= 4t b Ho
BumpE 9l F Mol = JHHFHH"E:'-‘ZI Holes M 3SIA2
ﬂ Geometry Infomation E]@

[, %, £1 = [1,000000, 0,870620. 01361941 @ Object = SlabObject?
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RAYWIZ BASIC
Object Geometry II1
- [Complex Geometry] -
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Geometry II: Lathe

Box Bl Geometry Infomation Q@ Lathe 3
aphere Basic | Spectrum | Material | Surface |
Cylinder
Cone MName [Lathed
Lathe % Spline Type [Linear Spline ~| Paint Number [7
Extrusion
Torus Pugey  [pagry  fpatxy  [pain
. . Spline 1 0 0 z
Super Ellipsoid E— 2 0 2
Mesh Spline 3 2 1 1
-, Spline 4 1 2 z
Optical spline 5 z 3 z
Spline & 2 4 i}
Taper Box Spline 7 0 4 0
Triangle
amooth Triangle Load...
Palygon FE
SDE [x %, £] = [1 801426, 0 838891, 0,868829] @ Object = Lathe0
Plane L £ L ARGk DR - s [(=o ] =z | =sa& |
#declare Lathed =
lathe
{
linear_spline 7,
<@, 8>,
<2, o, _ -
<@, 1, - 3| & A
<1, 2>, —
<2, 3>, -YE2Z JAAZE HE 0|12= EXNEQ
2, W s}
¥ ZEE gD,
color G, 1, 1> - 3N E ddot=e ZRE X Bl E1t
surface ¢ OIS Hol X HEE S0t 2=
both { ;H =< u
probabilistic_split on o= Lt
H
¥
H
Lathe@
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Geometry II: Extrusion

Box ﬂGenmetry Infomation \__"Q‘E ooo2n #declare Extrusiond =
Sphera ol extrusion
Cylinder 00022 ¢ ) . .
Cane Qo023 linear_spline linear_ sweep
T nooz4 a, 2,
Lathe ooozs &,
Extrusion s We <-8.5, 8y,
Torus nooz7 <8, 8.5,
super Ellipsoid 00nzg {8.5, 8>,
Mesh nooze <-8.5,8>
Cptical o030 c_:nlnr £1,1,1>
Taper Box 00031 ior 1.5
Qoos2 csurface {
Triangle f/\“; 00033 both {
Smooth Triangle 00034 probabilistic_split on
Palygon [X. V. 21 = [0.058399_ 1112622 0.431601] ¢ Object = Extusiond | 00033 H
Sar 00036 H
P'EI_I'IE Extrusion |X| Qo037 }
= Q00=E

Basic |S|Jectrum| Material | Surface |

o Extrusion®

Mame  [Extrusion(]

Spline Type |Linear Spline LI Spline NumberiS
Sweep Type |Linear Sweep LI [~ Open
Height1%1) |D Height2(2) |2
1) [P1izy [Pagxy [Pzizy
Spline 1 -0.5 o
SDIInEZ .........
Spline 3

ﬂgﬂﬁzm Slide 82 Advanced Optical Solution Provider ! ]I‘ISIdém



Geometry II: Mesh Object — Corner Cube (1)

#ideclare Meshi =

# Geometry Information

mesh
{
triangle
{
<@, @8, 8>, <1, @, 8>, <@, 1, 8>
H
triangle
{
<@, 8, 8>, <1, @8, 8>, <8, 8, 1>
H
triangle
{
<@, 8, 8>, <8, 1, 8>, <8, 8, 1>
H
triangle
{
<1, 8, 8>, <8, 1, 8>, <8, 8, 1>
H
color <1, 1, 1>
ior 1.5
surface {
both ¢{
[, . 21 = [0, 067296, -0, 106312, 1.269343] , Probabilistic_split on
Mesh 3 ’
Basic }Spectrum] Materlal | Surface |
Hesh1
MNarme [Meshi]
t+ Triangle = Smooth Triangle Triangle Murnber |4
[
Triangl= 1 |P1 a o
Pz 1 0
P3 i 1
Triangle 2 |P1 1] o]
[ i 1
P3 i 0
Triangle 3 |P1 1] o]
Pz 1 0
P3 0 0
Triangle 4 |P1 1 o
[B i 1
Esl]
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Geometry II: Mesh Object — Corner Cube (2)
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Geometry II: Mesh Object — Corner Cube (3)

4 Geometry Information |:| |E| f'>__<| 4 Geometry Information |:| |E| f'>__<|

[, Y. 21 = [-0, 488064, 12 650030, 8,941087] (=, %, £] = [1,268822, 14, 136934, 13, 466654]
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Geometry II: Lens Surface Type

o

;
cr 2 2 2

i LML RIS

k=0 sphere

—-1=k=0] |ellipse with major axis on the z axis

k=-1 parabola
b= —1 hyperbola
k=10 ahlate sphere (not a true conic section)
a. Circle b. Ellipse c. Parabola d. Hyperbola

" 10

5 5 cr 2n 2 Do
Polynomial Aspheric &= + ) €y r=" where 17 = x4y

T
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Geometry II: Lens & Reflector (1)

Box

aphere
Cylinder

Cone

Lathe
Extrusion
Torus

Super Ellipsoid
Mesh

Optical

Taper Box %
Triangle
Smooth Triangle
Folyaon

Sor
Plane

& Geometry Information

[ %, Z1 = [0.000000. 0,821330, -0, 257300]

RayWiz" sicesr

Optical ['5__<|
Basic ]Spectrum] Material | Surface |
Marne |O|3tica|[l
Edge %
Shape [Circular | uis | | Heightt Height?
Center Thickness (0.4
Front Curvature
[~ Plane
R |1 k{0 &0 B |0 c o (1] E 0
Aperture [0E  F[0 &[0 H[® 10
Back Curvature
[~ Plane
R -1 K0 A0 B0 (on 1] Do E D
Aperture 05 F {0 G0 H |0 1|0
o #e | =msw |
ttideclare DOptical®l =
optical
{
circular center_thickness 8.4
{1, 8.5, @, 8, 9, 8, 8, @, 6, 9, 8, 8
{-1,8.5,8,0,0,0d8,8,483208,0 040a;

color <1, 1, 1>

ior 1.5
surface {
both ¢
probabilistic_split on
¥
¥
H
Opticala@
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Geometry II: Lens & Reflector (2-1)

4 Geometry Information

fideclare Opticall =

optical

{
rectangular center_ thickness 8.4
{1, 8%, 8, 0, 8, 8, 8, 8, 8, B, @, 0 }
{-1, 8.5, 8, 8, 9, B, @, 6, 8, 6, 8, 8}
color <1, 1, 1>

ior 1.5
(= ¥, Z] = [-0.318224, -0, 262832, -0, 308354] surface {
both {
# Geometry Information probabilistic_split on
¥
¥
¥
Opticald

[= W, 2] = [0,611548, -0,087545, 0, 308526]
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Geometry II: Lens & Reflector (2-2)

# Geometry Information

& Geomeiry Information

[X. ¥, 2] = [0.757133, 1,119544, -1,881713]

RayWiz" siceso

[%. %. £]1 = [3,883749, 1,208563, -0,079545]

#tmacro FlyEyelens{)
#declare ii=@;
#fuhile(ii<11)

ftdeclare jj=8;
#uhile(jj<11)
object{
Opticalt
translate<{{ii-S)=*sqrt{2)/2,8,{jj-5)=sqrt(2)/2>
b
fideclare jj=jj+1;
ftend
ttdeclare ii=1ii+1;
ftend
ftend
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Workshop 5: #declare, #macro, #while (1)

~% Geometry Information

[« %. £]1 = [-1, 842887, 4,865074, 0, 000000]

O 201 20002 8l XJI HAAO E S|&Gt] DIt HHH = HHE 2
#macro? #whileE2 +%6+01 Holl 2EAI2.
[2E8tE: 1, -1, Apetrue Size : 0.5]
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Workshop 5: #declare, #macro, #while (2)

f#ideclare HumlUnit=28;
fideclare HumScaleStep=HumUnit;
fdeclare Lens?Lens=0.5;

ftideclare LensUnit = #imacro LensArray(}
optical fideclare ii=8;
{ fwhile{ii < HumlUnit}
circular center_thickness 8.4 object{
{1, 8.5, 8, 6, 6, 8, 8, 8, 8, B, B, B LensUnit
{ -1, 8.5, 8, 8, 8, 8, 8, B, 6, B, B, B translate<d,Lens2Lens=*ii, 8>
color<i,1,1> scale{1/Humnit={ii+1},1,1>
ior 1.5 rotate<d,360/HumUnit+=ii, 8>
surface { 3
both ¢ fideclare ii=ii+1;
probabilistic_split on fend
¥ #end
¥
} LensArray( )|
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Geometry II: Lens & Reflector (3)

4% Geometry Information

[, %, £1 = [0113654, -0.800262, -1, 1662611

# Geometry Information

(X, %, 21 = [-0,819460, -0,198672, -0, 737296]
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Optical

Basic ]Spectrum] Material | Surface |

Mame  [Optical2

Aperure 05 F[0 G0 H[@T 1[0

Back Curvature
i~ ]

Aperture l— Fl_ Gl_ Hl_ ||_

Edge

Shape [Extrusion ~| awis[Z =] Height! [ Height? [T
Center Thickness |0.4

Front Curvature

[~ Plane

R K[E aff B cfp off  EF

Hl_ Kl_ .6.’_ Bl_ Cl_ Dl_ El_

X

by T sz |

ttdeclare Optical? =
optical

{

extrusion { z_axis, -1, 1 } center_thickness 8.4

{1, 85,898,898, 8,808, 8,84, 08,2024 0;
{89, 9,06, 8, 98, 6,8, 9, 8, 8, 9, 8}
spectrum {

1,

<558, 1>
¥
ior 1.5
surface {

both {

probabilistic_split on
H

H

Optical2
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Geometry II: Lens & Reflector (4)

# Geometry Information

#ideclare Optical3d =

optical

{
extrusion { z_axis, -2, 2 } center_thickness 8.4
{ -1, 8.5, 8, 8, 8, 8, 8, 8, 8, 8, 8, 8 }
{498,898, 98, 8, 8, 8, 8, 8, 8, 8, 8, 8 }

color silver
surface {
both {
reflectance{8.92}
transmittance{ 8%

Optical3

o
bl
0!
o
0o

[, . Z] = [0.033061, -2, 477777, 0.863321] - =5 38X Z IORS A NIGHLD EHAI StE
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Geometry II: Taper Box

Box
Sphere
Cylinder
iCone
Lathe
Ewxtrusion
Torus
Super Ellipsoid
Fesh
Optical
Taper Box

# Geometry Information

5

Triangle
armooth Triangle
Polygon

Sor

Plane

H#declare TaperBox@ =

taper_ box

{
bottom { <-1, @, -1>, <1, 8,
top { <-8.5, 1, -8.5>, <8.5,
color <1, 1, 1>

> ¥

1
1, 8.5 %

ior 1.5
[¥. ¥, 21 = [0.659782. -0,340016, -1,692288] surface {
both {
probabilistic_split on
Front_surfacelZ+) )
back_surface(z-) ¥

left_surfacel- 4

riiht surfaceikﬂi TaperBox@

bokkorm_surface(y-)
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Geometry II: Skew Object — BEF3

fideclare SkewXi=Skew val=sin{B.2+*ii);
Hdeclare XX=5kewis;
matrix<1,8,8,

a,1,0,

Skeul¥.,8,.1,

«— | translate I

X-Axis Skew I
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Geometry II: Skew Object

ayWiz

File Edit Miew System llluminance Radiance Window Help

D& =R (& 2 |looo||o00 ks
POBORHIOVOVIAALAIRE X&@0O/|HS
YU L|tp et s » @

olx

ﬂCumpIexGeumetrySkew_Simple.rwz = ||E m
=Y ComplexGeometrySkew _Sim - .
- [Y Edits (00ll #declare R_Object =
'"D Geametry L0l box
LD e L <e.5, -5, 1>, <0.5, 0.5, 1> [0 GeOmety Inamatan S e

00015 color<@,a,1>
0oo1é ior 1.5

ooa1? surface {
0oo1z both {

oome probabilistic_split on
00020 H
0o021 3
0oz matrix<1,8,d,
0o023 8,1,8,
00024 8.5,0,1,
0o025 a,8,8>
noo2é ¥
0ooz7
Z

[ R_Object

b

1l | [= %, £] = [0,284627, -0,500000, -0,0295594] : Object = R_Object
Projeck |Object|
E | [pn
ol |[View 3tyle] Transparent 3tyle

[View Style] Transparent Style
[View Style] Solid Style
[View Style] Transparent Style E

Task List | Error Output

Ready |Ln 21, Cal B [ | [
N
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Geometry II: Matrix_Mesh (1)

# Geometry Infomation

-

[X, Y. 2] = [2.697412, -0,723247, 13,303732]

# Geometry Infomation

[ . 2] = [-0.035275, -1./2110, -12,127789]

A

ﬂaﬂﬂzm Slide 97

# MatrixMesh. rwz

i FFFileE 20 HE o SHE

[0i% #fopen DataFile “exp.txt™ read
Jo0is #read{DataFile, HumR1, HumG1)
o000 #declare HumR=HumR1 ;

0002l #declare HumC=HumCi;

00022 #declare DatafArray = array[HumR][HumC]
O002s #declare I = 0;

(0024 #while { I < HumR )

00025 f#ideclare J = 8;

0o02é ttwhile {J < HumGC}

00027 #tiread (DataFile, HyData)

0002E f#ideclare DatadArray[I][J] = abs{MyData});

Qnoze f#ideclare J = J+1;
0ooz0 f#tend

o=l #declare I = I+1;
ooos2 #end

[00%: #Fclose DataFile

£

& MatrixMesh.rwz

0o0cs mesh_array  {
00036 boundary {

00037 <-18, 18>
000zE <-18, 18>
nnn3s H

00040 thickness 8.5
00041 DataArray

00042 color<1,1,1>
00043 ior 1.5

000 surface {

00045 both {
00046 probabilistic_split on
00047 3

nnods H

00049 //scale<1,1,13
nooso ¥

[
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RAYWIZ BASIC
Optical Properties 1
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Optical Property I. Specular & Diffuse (Scatter)

Specular Diffuse

e
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Optical Property I. Specular & Diffuse (Scatter)

Specular Diffuse
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Optical Property I: Specular [Ray & Surface]

Az 5 Component of Incident Ray Bz 8 Component of Feflected Ray
Ap : P Component of [ncident Ray Bp : P Component of Reflected Bay

Medimml : Refractve ndex

MMedimm? : Refractve index n;

11 - Angle of Incideny
fr: Angle of Reflacton
it - Angle of Transmission

Absorption Media

Tz - 5 Component of Transmirtted Bay
Tp : P Component of Transmimed Fay

Input Energy = Input Energy = )
Reflected Energy + Transmitted Energy Reflected Energy or Transmitted Energy

surface |
both

{

Frobabilistic split on

'

<Split_Ray On> <Split_Ray Off>
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Optical Property I: Scatter Models

e Rays spread after reflection/transmission

e Ray Propagation Direction can be Transmitted
(forward scatter), Reflected (back scatter) or both
e Specify scattering distribution

— Most distributions centered about the specular
(specular: direction of the ray that obeys Snell’s law)
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Optical Property I: Lambertian Scattering

e Random scattering surface (white paint)

e Each incident ray can scatter in any direction with the
same probability

e Scattering occurs about the surface normal and not
the incident angle

e Each scattered ray has the same energy

RﬂyWiZm Slide 103 Advanced Optical Solution Provider ! inSide:O:Oil:h:a



Optical Property I: Gaussian Scattering

e Each incident ray can scatter with the Gaussian
distribution given by

PO)=PF, exp[(_ ;Ig T ]

where

P(0) = intensity or radiance in the 6 direction

P, = intensity or radiance in the specular direction
o = standard deviation of the Gaussian

distribution, in degrees
o Useful for near-specular or narrow distribution scatter
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Optical Property I: Cosine Nth

10 -
coS
05 -
cos™ \
00 | , -
i I 0 I i
2 2 4 2
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Optical Property I: max_trace_level & trace_off_ratio

& Geometry Information eI # MaxTracelevel rwz:1
nooa1
[ global settings {
o003 rays {
00004 {___trace off ratio .01 i
00003 ___total ray number 1660
00006 | ___max_trace level 3 |
ooog7 trace_path_view 184
0000z split_ray off
aonos H
oooin
oot

-max_trace_level: Object& 2 4ol= 2

Surface(l RayJt £ ¥ = M JtXl tracing=
XEg AHoIXE 2 3.

\ - trace_off_ratio: RayJ} J‘H% % g AlEZQ
Ol Xl CHHI Z0iet22 HIEZ 24 | D)/ DN
[, . 21 = [7.084811, 9,907514, -1,347141] y tracingS g A2XE ZE.
-F I 3 222 g & o AELE

XD—{O

= lIl'D-
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Optical Property I: split_ray [on, off]

ftideclare Box@ =

~% Geometry Information ' hox
1
<-1, -1, 8>, <1, 1, 8.2>
color <1, 1, 1>
ior 1.5
‘surface { :
) | both { !
split_ray off i transmittance{B8.6},
' reflectance{@._4} i
i } |
S !
¥
global settings
rays §
- SurfaceE& BHLIA & MNEEC=Z trace_off _ratio 0.061

=JHo RayZ IHM Al

total ray number
max trace leuel 168

global settings {
rays {
trace off ratio 8.881
total ray number 1
max_trace_ leuel 18

split_ray on

[ %, 2] = [0.000000, -0.817866, -0.233934] 3
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Optical Property I. Scattering(1)

~% Geometry Information

#tdeclare Box@ =
box
1
=1, 1, 8>, 1, 1, 8.2>
color <1, 1, 1>
surface {
both{
reflectance{1.08}
b
front_surface {
both {
reflectance {
cosnth 18
b

scattering num 28

[, ¥, £] = [0,000000, 1, 434660, -0, 153230]

g{ﬂyWiZm Slide 108 Advanced Optical Solution Provider ! inside:-:oi-:u.:i



Optical Property I. Scattering(2) — Basic Function

<Lambertian Type>

W/sn)

3201
| I 28.81
25.61

2241

19.2

|I 16
12.8

9.602

6.402
I 3.201
(7]

Cross Section Line

.

(W/sr) 200 7

100

0.000 T
-90.0 -60.0 -30.0 0.000 J0.0 60.0 0.0

(Angle)

<CosNth Type>

& Total Flux = 100[¥att] - 3D Sphere Graph,:

W/ 50

47.5
|I 42.75
38

33.25

28.5
| I 23.75
19

14.25

2499
I 4.75
[

(W5

88.43
I 79.59
70.74

ale
53.06

IM.ZI‘
35.37

26.53

17.69
I 8.843
o

Cross Section Line

10.0 7

0.000
-50.0 -60.0 -30.0 0.000 0.0 60.0 90.0
{Angle)

<Gaussian Type>

750

W) 150

00

RayWiz" siide 100

Cross Section Line

-90.0 -60.0 -30.0 0.000 Joo 0.0 .0

(Angle)
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Optical Property I. Scattering(3) — Basic Function

<Composite Type>

X Total Flux = 100[Watt] - Radiant 3D Sphere Gr... [ |[0/23

w/sn) 80’

121.3

109.2

97.03

270

<Elliptical_Gaussian>

X Total Flux = 100[Watt] - Radiant 3D Sphere Gr... [ [0JE3

(W/sn 80

158.3

|I 1425
126.7
1108
95.01

I 79.17
63.34
475

31.67
I 15.83

o

270

& Total Flux = 100[Watt] - Cross Section - Carte... E]@

Cross Sectfion Line
150

] - H
120. — -

& Total Flux = 100[Watt] - Cross Section - Carte... E]@

Cross Section Line
180 )

- H
150. -

120. 7

(W/5r) 90.0

0.0 7

-80.0 -30.0 0.000 0.0 0.0 00.0
{Angle]

RayWiz" side 10
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Optical Property I. Scattering(4) — Basic Function

& BSDF_Sample.rwz MZ2 122 “BSDF_Sample.rwz”"2
global settings ¢ <—— N Z&0l1] Global_Setting commentE
rays { i MISt2 Tracing Ray Numbers
trace off_ratio 8.81 100000 22 £=&&tC}.

total_ ray_number 1680048
max_trace_leuvel 18
trace _path_view 188
split _ray off
fresnel_area_effect on
random_spectrum on

¥

force_parsing off
polarization off
units millimeters
summary on

geometry _intensity on
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Optical Property I. Scattering(5) — Basic Function

Box Source

Basic &im Region | Spectrum | Distribution |

X

Box Source

Basic | &im Region | Spectrur | Distribution |

f« Aim Sphere
— &im Sphere

& Radiometric ¢ Photornetric Power IIDD
Upper Angle |D

I~ Measured YWhole L Al
gle |D
~Min Corner Max Caorner

Pu -0.5 P |u.5
Py -0.5 Py |D.5
Pz 01 Pz |D.1|

Mame |TestSrc

’TI Cancel Apply

o] 4 I Cancel Apply

|

Box Source

)| |-

Box Source

Basic | &im Region Spectrum | Distribution | Basic | Aim Region | Spectrurn Distribution |

¢ Color i+ Spectrum & Radiometric ~ Photometric ‘  Yolume i+ Surface

~Colar I]— & User Definad Surface | Anaular | Spatial |

Fi | - [ front_surface(Z+) unifarm unifarm

. | | wavelength | Intensity ¢ From Falder O back_surface(Z-] uniform unifarm

I | A O left_surface(x-) uniform unifarm

B l_ Oright_surfacelx+) unifarm uniform

M Otop_surface(y+) uniform unifarm

i Select File O bottomn_surfaced-) uniform unifarm

|

1 1 e

Emitter &2

- Geometry &0210| 0|8t Red
ColorE JtXl= 650nm IHE & &

Ok I Cancel Apply | Ok I Cancel | Apply |
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Optical Property I. Scattering(6) — Basic Function

N BSDF_Sample.rwz

BE)<]

0o0ls #ideclare TestSrc =
(012 1ight_source

noo20 £

0oo21 <8, 8, 8>
nooz22 spectrum {
00023 1,

Qo024 <65a, 1>
00025 H

0002a object_light
00027 1

00022 surface
00025 box

0o0z0 {

0001 <-0.%, -8.5%, -8.1>, <8.5, 8.5, 0.1>
Qo0z2 H

]

)

B BSDF_Sample.rwz u@

00033 emittance hl
annz4 {

00035 front_surface

00026 {

00037 on

00032 angular_distribution
00039 {

00040 uniform

00041 ¥

00042 spatial_distribution
00043 {

0o044 uniform
00045 3

Q004a H

00047 ¥

00042 H

noo49 emittance

Q0050 {

00051 radiometric 188
00052 measured_whole on
00053 aim _sphere <8, 8>
Q0054 ¥ —p = -
G0 point_at <@, 8, 3> got= = point_at THH
00058 ¥

00057

fonss TestSre

b T™M
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Optical Property I. Scattering(7) — Basic Function

Box

&

Basic | Spectrum | Material | Surface |

Mame |LDF_BSDF

Cornerl Corner?
Py -2.5 P
Py -25 Py

Box

f+ Color [

~Colar
R |1

Basic  Spectrum | Material | Surface |

Spectrum

—

‘ = Fadiometric " Fhotametric

= lzer Defined

| Wavelength | Inkensiky

¢ Fromm Folder

G0
BT

|BLUE.spc

I~
Load,,, |

" Select File

Lozd,,, |
¢ Standard

B =
 «

’TI Cancel | Apply

[ Transmittance

¥ on

' Lambertian

" Gaussian |0
 Cosmth  |)
 Composite [ Lambertian

(i Gaussian |
0 Cos hth 0

il

" User Defined Load,,,

Intensity

x|

0] 4 I Cancel Apply
Box E
Basic | Spectrum | Material Surface | Sclaﬂering
i Whaole f+ Each ¥ Rebalancing Reflectance/ Transmittance Ratio
i Reflectance
Surface Type | Selection | I on —
[ front_surface(Bath) Scattring P
Cfront_surface(in) Mone - s
Ofront_surface{Out) Mone Seuselan |0
back_surface{Both) Mone © castith - fo
[ back_surface(ln) Mane ¢ composite [a Lambertian
O back_surface{Out) Mone i Gaussian |
[ left_surface{Both) Mone i Coshth [0
D left_surface(ln) Mone  User Defined Load, .,
M left_surface{Qut) Maone [ﬂ _I
Intensity
Mone | Scattering...[:I Coating, ., |
T
(0]9 Cancel | Apply |
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Optical Property I. Scattering(7) — Basic Function

» 8.3, 25, 18} FflLe:zGe:Ce Sigma Mth=/f

R BSDF_Sample.rwz
f#ideclare LDF_BSDF =
box
{
2.5, 2.5, 1>, 2.5, 2.5, 11>
color<1,8,1>
ior 1.5
surface {
both{
probabilistic_split off
H
front_surfaceq
both{
transmittance{1
lambertian
ffcosnth &
//gaussian 25
/fcomposite{8.2, A.5
//elliptical_gaussian 18 3@
H
reflectance{d}
H
H
H
H
LDF_BSDF

=X
(]

EAMSEH2 1 BHAL HIE TS0
JIS|otHUL Sk BHAH HIZ 0l CHEt

80| 12X Fresnel Equation3

JI&22 Simulation &tC}.
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Optical Property I. Scattering(8) — Basic Function

Script Editor Sphere Detector
Geometry View F7 Basic |
Miew Point r
Bender Mode k
Marmne |.f-‘-.ngularDetectur
Object k
Light Source » —Center
Detector P Box [%
Operation aphere [k‘ Px ID
Slab Qwtline Py ID
CCh . ]
Z '
Array I Radius |1|]
Condition 2
File /0 »
RET b & Radiometric ¢ Photometric
Resolution b Bin Size = |3Ei Y |3E1 [~ Range Min | P |
Properties
Ok Cancel | Apply
me BSDF_Sample.rwz g@
#declare AngularDetector = H
sphere
{
<@, 8, 8>, 18
detector {
radiometric
bin_size <36,36>
H
' (1]
AngularDetector| v
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Optical Property I:. Scattering(9) — Angle_Intensity

=163

# Angle_Intensity_Angle?_Intensity.rwz

box
{

#declare TestBox1 =

<-5, -5, 2>, <5, 5, 2.5>

color<{1,1,1>

ior 1.5

surface {
both ¢

probabilistic_split off

H

front_surface {

both {

transmittance {

angle_intensity {

//"angle_intensity.ain”

5, <@, 1>, <18, 8.8>, <28, 0.6>, <30, 8.4, <48, 0.2>
H

P
¥
3
H
p
< 3
angleZ_intensity _data, ain
L, %, £1 = [-3.227153, 0.000000, 0.686120] T
35
0
01i.0
10 0.5
Front_surface { 20 0.6
both { 30 0.4
transmittance { 40 0.2
angle2_intensity { 15
F#angle? intensity data.ain” 0 0.8
3, 5, 10 1.0
{ @8, <4, 1>, <18, 0.8>, <260, 8.6>, <30, 0.4>, <uB, B.2>} 20 0.8
{15, <8, 8.8>, <18, 1>, <24, 0.8>, <30, 0.6>, <4B, O.4>} 30 0.6
{ 38, <8, 8.4>, <18, 8.6>, <28, O.8>, <30, 1>, <48, O.8>} 40 0.4
30
3 ’ 0 0.4
3 10 0.6
3 z0 0.5
30 1.0
40 0.5
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Optical Property I. Scattering(10) — Angle_Intensity

4 Total Flux = 1[Wattl - Badiant 3D Sphere Grap...@@@

4 Total Fluz = 1 [Watt]l - Badiant 3D Sphere Grap... Q@@ 4 Total Flux = 1 [Watt] - Badiant 3D Sphere Grap... Q@@ 4 Total Flux = 1[Watt] - Badiant 3D Sphere Grap... Q@@

w/sn w/sn 80

i 1.199
l 1079
0.9591
0.8394 0.8392
0.7195 0.7193
0.5996 0.5994
! 0.4796 | 0.4795

0.3597

0.2398
I 0.1199
| —

0.3597

0.2398
I 0.1199
| 0

4 Total Flux = 1[Watt] - Badiant 3D Sphere Grap... Q@@ 4 Total Flux = 1[Watt] - Radiant 3D Sphere Grap... Q@@

| (W/sn)

| 1.199

l 1079
0.9503
0.8394

0.7195

0.5996

| 0.4796

0.3597

0.2398
I 0.1199
| —

270 270 270

<0 QAL> <20 QAl> <40 YAl> <60 Al>
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Optical Property I. Coating(1)

9 3
<9, 3= o
o, COATING: 450 0.0 0.9
e D
cetn 0oz 0. <Angle_Of_Incidence_Num, Wavelength_Num> [E--lR-R:Ny;
o, ’ Angle_Of_Incidence_1, 10
<450, 0.0, 0.9> <Wavelength_1, Reflectance, Transmittance> cen o e oe
<550, 0.1, 0.5 <Wavelength_2, Reflectance, Transmittance> G50 0.2 0.7
<50, 0.2, 0.7 z0
20, A
a0 0.0, 0.95 Angle_Of_Incidence_N, 450 0.0 0.3
<550, 0.1, O.g- <Wavelength_1, Reflectance, Transmittance> 550 0.1 0.8
<650, 0.2, 0.7> <Wavelength_2, Reflectance, Transmittance> oo m-eneT
30, ann . 450 0.0 0.9
<430, 0.0, 0.9 <Wavelength_N, Reflectance, Transmittance> 550 0.1 0.8
<550, 0.1, 0.8 } | 650 0.2 0.7
<50, 0.2, 0.7 . an ' '
an, coating {
<450, 0.0, 0.9> COATING_FILE_LOCATION cen o e oe
<550, 0.1, 0.5> } G50 D-E D-T
<650, 0.2, 0.7 50 ] ]

so,|

File Expression I
Script Expression .
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Optical Property I. Coating(2)

& Total Flux = 0.0521 [Watt] - RGB 2D Plane Gra... H#ideclare Box1 =
B T box
{
1.00 coating_data, txt <1, -1, 8>, <1, 1, 8.85>
color <1, 1, 1>
0.60 Dl Ll lll:ll L1l lor 1.5
9 3 surface {
- 0 both {
v 450 0.0 O probabilistic_split on
i EE50 0.0 ¥
b 650 0.0 1 back surface{
10 out{
e 450 0.0 O coating{ “coating data.txt" }
EE0 0.0 O H
"‘m?ao 0.60 0.20 -0.20 -0.60 -1.00 E 5 I:I I:I - I:I 1 }
X 20 H
450 0.0 O H
4 Geometry Information =50 0.0 1
R B50 0.0 0O Box1
k 30 emittance
450 0.0 0O {
2;3 E'E é radiometric 1
a0 ' measured whole on
450 0.0 1 aim_sphere <8, 68>
: angular_distribution
EE0 0.0 0O { -
550 0.0 0 uniform
=1} 3
L volume distribution
EE0 0.0 0O { -
:gu 0.00 uniform
p
... 7 3
[X. Y, 2] = [-1,128692, -0,080861, -0,233936] 4 point_at <@, 8, 1>
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Optical Property II: Bitmap Surface(1)

surface {

reflectance {

i |
lambertian

h

transmittance {

0
} -
zone { Zone 0| 12 Transmittance 2t

1] = " Reflectance X220 &3%(H JAS B
1bit.bmp My o =M OA

o T

>
/ /probabilistic_split off
/ /scattering_num N

zone { <10,10>, //HIEMALO[=
1, //BEY Z2} HE =

0,1,0,1,0, ....
1,0,0,1,.... //H|EY ool
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Optical Property II: Bitmap Surface(2-1)

#ideclare LGP =
box

{

2, -2.25, -26>, {181, 2.25,

color<1,1,1>
ior {"PHHA.mat"}
surface {

both {

probabilistic split on

¥
bottom_surface{
both{

reflectance {8.92 lambertian}

transmittance {8%

zoney

<18,20>, s/,

-
- = T =D =@ =
-

-
=
M =
-
™ a

-
- = T =D =@ =
-

[ = Y
=

-
-NE N ~RE R -
-
- -
-NE N ~RE R -
- L .
- = T =D =@ =
L . L .
-NE N ~RE R -

e b g ek D ek ) ek ) ek o ek =k
L ]

# Geometry Infomation

[%. %, 21 = [108,074417, 0,010000, -30,794334]

- = T =D =@ =

- = T =D =@ =

- = T =D =@ =

- = T =D =@ =

- = T =D =@ =

- = T =D =@ =
-

-NE N ~RE R -
- =T =D =@ =

-NE N ~RE R -
-NE N ~RE R -
-NE N ~RE R -
-

-NE N ~RE R -

-
-NE N ~RE R -
-
-
-

& Total Fluz = 19.82[Lumen] - Plane Graph : Pla... |Z||E|E|

o0 2020 4040 on.o0 o0
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Optical Property II: Bitmap Surface(2-2)

H ZonePatchBitmap.rwz | ﬁ

0o0ss #declare Check Array = array[18][28] w

0000 #local ii=e;

0009y #while (ii<1@) - o o= N
00093 #local jj=8; — 2|§map Typel= AIEE Array B
00093 #tuhile(jj<2m) 89|

00100 #declare Check_Array[ii][jj]l=mod{(ii+jj),2);

o010t #local jj=jj+1;

oo10z f#tend

oo103 #local ii=ii+1;

a0 #end M

H ZonePatchBitmap.rwz | ﬁ

Oois #declare LGP = m
00107 box

ooioe £

oo1o9 €2, -2.25%, 26>, {141, 2.2%5, 262>

oo1io color<1,8,8>

o011t ior {"PMHA_.mat"}

o011z surface {

00113 both {

oo114 probabilistic_split on

00115 #

ooile bottom_surface{

00117 both{

0o11g reflectance {8.92 lambertian}
oo119 transmittance {8}

00120 zone{

A
a0121 Check array «——| Array 8= Call '
001322 f/ftranspose

00123 invert on
o124 H

00125 H

001Za H

00127 ¥

oo1ze M

=
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LGP: Bitmap Surface(3)

~% Geometry Information

[ ¥, 2] = [-6,620627, 0,010000, 27,568705]

26.00

15.60

5.20

-5.20

-15.60

-26.00
0.00 20.20

surface {
both ¢
probabilistic split on
e
bottom surfaceq
both{
reflectance {0.92 lambertian}
transmittance {8}
Zone{
"InsideOptics.bmp"
invert on
H
H
e
H
surface ¢
both ¢
probabilistic_split on
¥
bottom surfaceq{
both{
reflectance {06.92 lambertian}
transmittance {8}
Zone{
"InsideOptics.bmp™
invert off]
H
¥
40.40 X 60.60 80.80 101.00 3
¥
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LGP: Slab Object - Geometry

2 E Geometry X &: J|2 Object,
CSG (Constructive Solid Geometry),
CAD Imported Geometry
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LGP: Slab Object - Property

S I I I o
o AR,

1
=

| 1)

f#ideclare TaperBox1 =
taper_box
{

back { «<-8.1, -8.1, 8>, <8.1, 8.1, 8> }
front { <-8.8%, -8.85%, @.85>, <6.85, 8.85, A.605> }
color<1,1,1>

ior 1.5
surface {
both {
probabilistic_split on
¥
front_surface{
in{
A reflectance{A.92 lambertian}
transmittance{ A}
H
H
, Different IOR & Different BSDF
< Immerse Slab
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Macro Grammar 1l
- Basic -
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Macro Basic: #declare & #local

DECLARATION: #declare IDENTIFIER = VALUE
#local IDENTIFIER = VALUE

#, Geometry Infomation |Z||E|r$__(|

& declare_local.rwz %
.S

fideclare A=1.2;
fideclare B=<658,1>;
fideclare C=<458.,1>;

fideclare SuperEllipsoid@ =
superellipsoid
{
<A, A>
spectrum {
discrete on
1,
B//<558, 1>
(%Y, 21 = [0,284615, 0,561610. 1,346807]

h

ior 1.5
surface {
both {
probabilistic split on

# Geometry Infomation

¥
¥ £

SuperEllipsoid8 Z

fla,y,z) = (lﬂ_.|{;=’_} + I;,al‘(%?')(:_'\’i 1)) —1=0

[X, ¥, Z] = [0,291089, 0,442470, 1,797853]
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Macro Basic: Math Functions & Pre-defined Math Values

Pi

True| False

degrees( FLOAT ) | radians( FLOAT ) |

val( STRING ) |

abs( FLOAT ) | int( FLOAT ) |

pow( FLOAT , FLOAT ) | sqrt( FLOAT ) |

ceil( FLOAT ) | floor( FLOAT ) |

sin( FLOAT ) | sinh( FLOAT ) |

asin( FLOAT ) | asinh( FLOAT ) |

cos( FLOAT ) | cosh( FLOAT ) |

acos( FLOAT ) | acosh( FLOAT ) |

tan( FLOAT ) | tanh( FLOAT ) |

atan( FLOAT) | atanh( FLOAT) | atan2( FLOAT , FLOAT ) |
exp( FLOAT ) | log( FLOAT ) | In(FLOAT) |

max( FLOAT , FLOAT, ... ) | min( FLOAT , FLOAT, ... ) | mod( FLOAT , FLOAT ) |
seed( FLOAT ) | rand( FLOAT ) |

strcmp( STRING , STRING ) | strlen( STRING )

Expression: -2.0 -4 34 3.4e6 2e-5 .3 0.6
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Macro Basic: String Functions

STRING:

STRING_

STRING_

STRING_FUNCTION | STRING_IDENTIFIER |

LITERAL STRING_LITERAL:
"up to 256 ASCII characters”
FUNCTION:

str( FLOAT , INT, INT) |
chr( INT ) |

concat( STRING, STRING, [STRING,...]) |

T™
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Macro Basic: #debug, #warning

#debug STRING | #error STRING | #warning STRING

# debug_warnimg.rwz

fideclare A=1;

fideclare B=2;

#ideclare C="Macro I - Basic';
#ideclare CC="0Output is "';

#debugq C
#debuq str{A+B,3,08)
#debuq concat{CC, str{sqrt{AsB),3,1})

#warning C
#warning str{A+B,3,08)
#warning concat{CC, str{sqrt{A/B}),3,1))

\:
x|
o | 3
Output is 8.7
Macro I - Basic
3
OQutput is 8.7
Task List | Error Output
Ready
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Macro Basic: #if, #else, #end

#if ( Cond ) TOKENS... [#else TOKENS...] #end

& if_else_end.rwz

Do0&1

0o0&2

0ooes #declare factor=8; /71 or 8, true or false
oogd #if (Factor)

000&5 box1

Lodes #else

00oET SuperEllipsoidi

0ooss #end

0o0&39

00070

By |

# Geometry Infomation

=

[x, ¥, £] = [1,272000, 0,226184, 0,177640] 7
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Macro Basic: #switch, #case, #range, #break

SWITCH_DIRECTIVE:

#switch ( Switch_Value ) SWITCH_CLAUSE... [#else TOKENS...] #end
SWITCH_CLAUSE:

#case( Case_Value ) TOKENS... [#break] |

#range( Low_Value, High_Value ) TOKENS... [ #break]

# switch_case_range_break.rwz

#ideclare TestUalue=1;
#iswitch({TestUalue)
Hcase(1)
Sphered
fibreak
#Hcase(S)
Box1
H#break
#irange{2,4)
Cylinderd
threak
fielse
#tend

# Geometry Infomation Q@@

[X. ¥, 2] = [2.095538, 1,268493, -1,269650]

N
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Macro Basic: #while, #end (1)

#while ( Cond ) TOKENS... #end

& while_end.rwz

#ideclare ii=8;
#while (ii € %)
objecty
MyObject
translate <2=ii,@,8>
i
#ideclare ii=ii+1;
f#tend

# Geometry Infomation

(=, %, 21 = [-1,764799, -1,444273, 0,000000]
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Macro Basic: #while, #end (2)

# while_end_2.rwz

fideclare ii=8;
#twhile (ii < 5)
fideclare jj=8;
#twhile (jj < 5)
object{
HyObject
translate <2=ii,2=jj,8>
H
fideclare jj=jj+1;
f#tend
fideclare ii=ii+1; # Geometry Infomation
f#tend

<

(= Y. 21 = [-3.67d518, 32598584, -0,000000]
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Macro Basic: function command & Pre-defined Macro

#local FUNCTION_IDENTIFIER = function(IDENT_LIST) { FLOAT }
#declare FUNCTION_IDENTIFIER = function(IDENT_LIST) { FLOAT }

& function_pre_macro.rwz [Z| [E| fgl
.S

f#ideclare AR
f#ideclare BB

function{z} {prod{ii,1,x,pow(2,ii}}}
function{xz) {sum{i,d,=,i)}

n
#ideclare HMyFunction = function{x,y,z) {sqrt{x)+powl{y,4)+log{z)}
#ideclare CC = HyFunction{%,5,18); Prod (i, a, n, F)
1=a

#idebug str{AA{5),3,3)
#idebug str{BB{18),3,3)
#debug str{CC,2,3)

b
n
x| E :
o| |Progress parsing... F Sum (i, a, n, F)
32768008
CL.a0a
628 .236 i:a
Ho objects in scene.

Task List | Error Output

%

Ready
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Macro Basic: #macro, #end (1)

#macro IDENTIFIER ([PARAM_IDENT] [, PARAM_IDENT]... ) TOKENS... #end

# macro_end.rwz

#macro MyMacro{Posy,PosZ,Humy ,HumYy)
#local ii=@a;
#while{ii<Humx}
ftlocal jj=8;
fiwhile(jj<Hum¥)
object{

Unitobject

translate <PosX+2xii, 0,PosZ+2x*jj>

H
#local jj=jj+1;
ftend
#local ii=ii+1;
ftend
ftend

MyMacro(2,2,3,3)
MyMacro(-6,-6,3,3)|

8=1E

# Geometry Infomation

[+ %. 21 = [15.097402, 0500000, -1, 6669421

CEX
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Macro Basic: #macro, #end (2)

# macro_end_2.rwz

(00 fdeclare R1 = ceed({180680); Y
ooo=y tmacro MyMacro{Posy,PosZ ,Hum ,HumY ) )
Do03E #local ii=a;

Doz fuwhile{ii<{Humi)

00040 #local jj=8;

000 #iwhile{jj<{Hum¥}

DOoD42 object{

DO043 UnitObject

Qo044 #ilocal RUal=rand{R1};

00045 Hif(B.5<=RVal<=1)

0004a flelse

Qo047 #ilocal RUal=1;

DO0E #end -
0049 scale<RVal,1,RVal> # Geometry Infomation
0o0s0 translate <PosX+2#*ii, 0,PosZ+2=]j>

Doos51 H

00052 #local jj=jj+1;

00053 #tend

00054 #local ii=ii+1;

Q0055 #tend

000 sa #end

00057

oo0ss MyMacro(8,8,20,208)

DoDs9

0. V. 2] = [26,034804, 17, 448313, -13,792230] A
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Macro Basic: #declare, #local array

ARRAY_DECLARATION:
#declare IDENTIFIER = array[ INT J[[ INT]]..[ARRAY_INITIALIZER] |
#local IDENTIFIER = array[ INT J[[ INT ]]..[ARRAY_INITIALIZER]
ARRAY_INITIALIZER:
{ARRAY_ITEM, [ARRAY_ITEM, ]... }
ARRAY_ITEM:
RVALUE | ARRAY_INITIALIZER

# array.rwz L

fideclare LocationArray = array[4][18] 77u=t(8 ~ 3) 188 (8 ~ 9)

=y

# Geomelry Infomation

#macro Sphevrefrray{n,B)
object{
Sphered
translate<B8,Locationfirray[a][B], 8>
scale<1,1,LocationArray[A][B]>

¥
H#end

Spherefrray(2,3)
SphereArray(3,1)|

o

[=. Y. £1 = [7.407927, -0,5259580, -2, 873347]
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Macro Basic: #include

#include "filename"

00022 =F

00023

0024 #include "include_target.rwz™
o02s IncludeMacrod? , 8,83

o002 IncludeMacrof 8,2 ,8)

002t IncludeMacrof{ 8, @, 8)

Doo2g

Doo29

Dooz0

& include.rwz X & Geometry Infomation
LS

[ i

[X, Y. Z] = [3.405454, -1,423338, 0,000000] 4

%Wzm Slide 140 Advanced Optical Solution Provider ! ]I‘ISIdém



Macro Basic: #fopen, #fclose

FOPEN_DIRECTIVE:
#fopen IDENTIFIER "filename" OPEN_TYPE
OPEN_TYPE:
read | write | append
FCLOSE_DIRECTIVE:
#fclose FILE_HANDLE_IDENTIFIER
READ_DIRECTIVE:
#read (FILE_HANDLE_IDENTIFIER, DATA_IDENTIFIER[,DATA_IDENTIFIER]..)
DATA_IDENTIFIER:
UNDECLARED_IDENTIFIER | FLOAT_IDENTIFIER | VECTOR_IDENTIFIER |
STRING_IDENTIFIER
WRITE_DIRECTIVE:
#write( FILE_HANDLE_IDENTIFIER, DATA_ITEM[,DATA_ITEM]...)
DATA_ITEM:
FLOAT | VECTOR | STRING
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Macro Basic: #fopen, #fclose - #write

# fopen_fclose_write.rwz

fideclare DatafArray=array[4][3]
1
£1,2,3%,
£4,5%,6%,
{7,8,9},
£18,11 12}
e
ffFiles HHESE D HIEE A&
#ifopen DataFile "data_write.txt" write
#ideclare HumR=4;
#ideclare MHumG=3;
#write (DataFile, MumR, ",", HumC, ",")
fhwrite (DataFile, "'Wn'')
H#ideclare I = @;
#iwhile {( I < HumR )}
fideclare J = A;
#while {J < HumC)
#if(I+J < HumR+MHumC-2}
fiwrite (DataFile, Datafrray[I][J], *,"")

flelse
fwrite (DataFile, DataArray[I][J])
ftend
fideclare J = J+1;
#tend

#hurite {DataFile, "Wn")
#ideclare I = I+1;
ftend
#fclose DataFile

B
.t

data_write, txt

||||I|||:I'||:|||||I|||2|I:I||||I|||3|:I
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Macro Basic: #fopen, #fclose - #read

& fopen_fclose_read.rwz

f/FileE 20 HIE0 =
#ifopen DataFile "data write.txt" read
#iread{DataFile, HumR1, HumC1}
#ideclare HumR=HumRA1;
#ideclare HumC=HumCA;
H#declare Datafirray = array[HumR][HumC]
f#ideclare I = 8;
#twhile { I < HumR )
fideclare J = 8;
f#twhile {J < HumC)
#iread {DataFile, HMyData)
#ideclare Datafirray[I][J] = HyData;
fideclare J = J+1;
#iend
fideclare I = I+1;
#end
#ifclose DataFile

objecty
Spherelnit
scale<DatafArvray[ 8][ 8] ,Datafrray[1][1],Datafrray[2][2]>

# Geometry Infomation

Qaymzm Slide 143

[x. Y. £1 = [-4, 378546, -8,8958571, 0,329194]

Advanced Optical Solution Provider ! \Fsﬂém



Macro Grammar 11
- RBT: [Sequence, Loop] -
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RBT: Syntax (1)

RBT
[RBT_TYPE] .
[RBT_STATEMENT]
RBT_TYPE:

[ SEQUENCE | LOOP | OPTIMIZE ]

RBT_STATEMENT :

SEQUENCE :
Number of files,
{ "FileName” , [OUTPUT TYPE]}
{ “FileName” . [OUTPUT TYPE]}

LOOP :
Number of Loop Variabiel, Number of Loop VariablaZ, ---, Number of Loop Variab/leN,
FILE { “"FileName” . [OUTPUT TYPE] }
SCRIPT  string
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RBT: Syntax (2)

OPTIMIZE :
LIMIT number
SCRIPT_FILE “FileName”
OBJECT IVE_FUNCT ION { [OBJECTIVE FUNCTION]}
TARGET_VALUE { [INTENSITY_VALUE number | CIE_VALUE <va/, va/>] }
DELTA number
VAR ABLES
{
Number of variables,
<Lower bound, Upper bound,
<lower bound, lpper bound,
}
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RBT: Syntax (3)

OUTPUT TYPE :
RAW_DATA | DETECTOR_DATA | RASTER_DATA | SPECTRUM_DATA | IMAGE_DATA [mu// | ALL]

OBJECTIVE FUNCTION :
DETECTOR_NUM
{

“Datector Name 1 ",
[VALUE TYPE] [CONDITION] [COMPARE] [VALUE]

}

{
“Detector Name N

[VALUE TYPE] [CONDITION] [COMPARE] [VALUE]
}
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RBT: Syntax (4)

VALUE TYPE :

[ Illuminance | Spatial_Luminance | Angular_Luminance |
Luminance CIExy | Intensity | Intensity ClExy | Total_Flux ]
CONDITION
[TOTAL | FUNCTION]
TOTAL : Total
FUNCTION :
Function_Express © [OPERATOR] [Bin Index] + [AMumber]
COMPARE :
= | < | > <= | >
VALUE : Number
OPERATOR

[ (| )|+ =1=*1/1sart | sar | exp | pow | sin | cos | tan ]

i2] | meanbin[il ~ i2, j1 ~ j2] | totalMax | totalMin | totalMean
i,j +0..N

Il luminance ClExy |

Bin Index : bin[i, j] | bin[i1 ~ 2, j1 ~ j2] | maxbin[i1 ~ i2, j1 ~ j2] | minbin[i1 ~ i2, j1 ~
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RBT: Sequence

# sequence.rbt

00D sequence

o000z 3 4

s 4Msequence_target_1.rwz2™, raw_data}
ooona {"sequence_target_2.rwz', raw _data}
ooons {"sequence_target_3.rwz', raw _data}

Irradiance A llluminance Display
Radiant / Lurninous Intensity Display
Spatial Radiance/Luminance
Angular RadianceLuminance

v vy v r

Propeties
Save Curent View Data

save Data

« RayWiz - sequence.rbt |Z”EHZ|
File Edit Miew Systern  llluminance Radiance Window Help

EXEIEE R jlooo|e s
2080 R40OBR™YYIssr /ol ERRYLIE:E

U G @Flata 2lat 3=

Bix|
=-[4 sequence.rbt = seguence.rbt
e[ Edits (000 sequence
[ Geomelry 00002 3,
[ Analysis s {"sequence_target_1.rwz", raw data}
[ Images Ua4{"sequence_target_2.rwz", raw_data}
Lo {"sequence_target_3.rwz", raw _data}
Project -
x|
o
Task List Error Ouiput I
Ready |Ln &, Col 36 l_l_l_

4 T™
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RBT: Loop (1)

# loop_target.rwz

¥

emittance
{
radiometric 1
measured whole on
aim_sphere <8, B+{nextstep-1}+5>
angular_distribution
{

uniform

¥

volume distribution

1
uniform
H

¥
point_at <8, 5, @:

atart Simmulation

& loop.rbt
loop Irradiance # lurminance Display k
c, Radiant / Lurninous Intensity Display »
file {"loop target.ruwz", raw data} Spatial Radiance/Luminance L
| &ngular RadianceLuminance L

Save Data
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RBT: Loop (2)

4 loop_multi_target.rwz |:| |§| [X|
LS

#declare SuperEllipsoidi = 1
superellipsoid
{
{1.@8+5x0=8.1, 1.0+3x1=0.1>
Egiu:f;ﬁ 12 £ Microsoft Excel - loop_multi.csv
surface { ] mEE HEE) B JEO MA0 BRI
both { : . | T 3 s
probabilistic_split on =J1§H:&A—Jﬂlﬁﬁl|?ﬁ|*"’é‘ﬁ'jl' N
0 B m =
translate<s,2,o> AlD - 5
} s | e | c | D |
v 1 | Index $c0 $u
2 1 1 1
3 2 2 1
4 loop_multi.rbt |:||E|r>__<| g ﬁ ? ;
loop 6 5 2 2
3,3,
file {"loop_multi target.rwz", raw data} ; ? ? g
| 9 g 2 3
10 9 3 3
11
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Macro Grammar III
- RBT: [Optimization] -
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Optimization in RAYWIZ
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Optimization: Center Intensity Maximization

|7 RayWiz - Optimize_| . !?
File Edit Miew Systern llluminance Radiance Window Help
DEHE| e ae EXXIEEEINE

XY Y EY YIS Y =) 10072 |HS
gt ar et 3N

ol x|
B B Optimize_BEF,rbt
[ Edits n0ptimize_BEF.rht ; é E
[ Geornetry 00006 1 -
D Analysis ooy {
[ Images 0000z “FarFieldDetector",
00009 Intensity function_express “meanbin[ 8“8, 8361 >= 88
aooin H
o011 ¥
00012
00013
0014 .
00015 ‘ 85% =
00016 | S0
00017
gggig Stop | | Cancel | E BEF.rwz M
a0o20 ’ _
0oool #declare Apex_Angle=$x@; f/Z 2| S A2
(oo0s #declare Pitch=0.0858; Hpr‘iSm pitch (mm} E
Ooo0s declare BEF_IOR= 0 IEE,I }'~T,| gﬁ =
00004 #tdeclare PET_IOR=1.64; HJ‘IIH“—' E =EE
Project |0b1'ect| 00005
x| (000 global_settings {
of 1 BOX caaaa 188{WATT) 1e8(LUNE) rays {

Simulation input : [91.829972587297689] [1.575]
Simulation result : [54.8382891] I
489 objects parsed.

0000z trace off _ratio 6.81
Qonng total ray_number SO080
oao1n max_trace_level 18
nooi1 trace_path_view 188
0o012 split_ray off

00013 fresnel_area_effect on
00014 random_spectrum on

00015 b ) M

Task List | Error Outputl

Ready

Wzm Slide 154 Advanced Optical Solution Provider ! 'I"ISIde:O:Oil:E



Optimization: Color Balance

///q\ & RGGB4inl.rwz:1 =
s e —— e ————
v | #tdeclare CupBaselIn_ Y = 2=Pixel Y;

f#ideclare CupBaseOut_X = CupBaselIn_X+1;
ftdeclare CupBaselut_Y =
ftdeclare CupDepth = 9.2;
f#ideclare Power = 188;

#declare Ratio_R = $x@+1;//ex)lumen 28:25:5
#tdeclare Ratio G = $x1+1;
#ideclare Ratio B = $x2+1;

CupBaseln_¥+1;

AVG x = 0.20
A¥G ¥ =011

#declare Power_R Power=Ratio R;
ftdeclare Power_G = PouwerxRatio_G;
t#tdeclare Power_B = Power=Ratio_B;
#ideclare LED_Space_X = 18; //10mm
#declare LED_Space_¥ = 18; //65mm
#declare Display X = 2%25_4*4/18.3576; //NumLED_X=LED Space_X;
fideclare Display_ Y = 2=25.4=4/18.3576; //NumLED_Y*LED_Space_¥;

& Optimize _BGGB4in1.rbt

optimize
limit 188
script_file "RGGB4ini1.rwz"
objective_function
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.5 0.9 ¢ “PlaneDetector"”,
‘5‘5‘35_53 332 BRI L1 332 553 I1luminance_CIExy function_express
X "(Bin[4,4]+Bin[5,5]+Bin[%4,5]+Bin[5,4]) /4"
}
target_value { CIE_Value <8.31,8.31> }
delta 6.61
:arlahl Microsoft Excel - Optimize_AGGB4inl _opt20070324123018.csv
I I 3, E] IRNE BEE =220W 40 M40 ERD HOEQ@ S ES_(H  Adobe POFE)
2:_1 SHRSISR V@ 45BR- S 9-0-18 % -3 M6 !%%
a8 AV¥G x= 034 <1,s.5'@@ﬁ!
1 AVGy = 035 ’ cad i £
1 A B | C \ D [ E [ F |
332 ] | 1 |Calculation | WarlableQ Variable 1 Variable2 Objective Value1 | Objective Value2
T | 2 |Temporal 17 17 17 0,198596263 0,109218364
1 | 3 |Temporal 1717 17 17 0,199062179 0,109393266
1 |4 |Temporal 17 1717 17 0.198561985 0.10867629
L1 | 5 |Temporal 17 17 1717 0,198173283 0,108593443
1 | 8 |Temporal 17 17 17 0,198696263 0,109218364
Y ] | 7 |Temporal 17.17 17 17 0.189062179 0.104343266
] | 8 | Tempaoral 17 1717 17 0,198561995 0, 10967629
-1L11] 2 |Temporal 17 17 1717 0,198173283 0,108593443
] | 10 |Temporal 2554718441 26,79011467 1 0.377244996 0.384158487
1 | 11 | Step 2554718441 2679011467 1 0, 198596263 0,108218354
1 | 12 |Temporal 26,54718441) 26,79011467 1 0.377244936 0,384168987
-3.327] | 13 |Temporal 25,80265625 ) 26,79011467 1 0.378562708 0.383809361
1 | 14 |Temporal 2554718441 2705801582 1 0.376524715 0385432241
1 | 15 |Temporal 26,54718441) 26,79011467 1.01 0.376931381 0,383680425
bl 0.1 0.2 0.3 0.4 0.5 06 0.7 0.5 09 | 16 | Temporal 24, 12463981 8802872876 2.73590881 0.323867017 0322682265
'5‘5{553' ZZRBISENE RS OC RN IZRETA | 17 | Step 24,12463981 2802872676 273590881 0.377244996 0384158987
) ’ Tox : ) | 18 |Final 2412463981 2802872676 2,73590831 0,377244936 0,384168987
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Optimization: Uniformity

13738.46
10990.77
8243.07
(LuX) 5405 35
2747.69 480 'y
-14.40

0.00
98.034'00

5.00 23.60 42.20 60.80 79.40

(Lux)
b

42.20 60.80 79.40
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Optimization: Lens System

Hif

-
i

|
E

eLens_opt200703241 53649, csv
S MA0) EXD) HOEND EW SSH Adode PDF(E)
NEEBS SR VEI BB 9 o8z -2Adlme B

E‘E‘]@ﬁ!

124 A A

A B [ C I 5 I E I F [

Calculation Type | YariableQ Variable 1 Variable2 Variable3 Obiective Yalue1
Tempotal 0 1 0,034699999
Temporal 0.001 0] 1 0.25 0.034599999
Temporal 0 0,001 1 0,25 0,0346999499
Temporal Q 0 1.01 0.25 0.031899999
| 6 |Temporal 0 0 1 0,2525 0,033499949
Temporal a 0 1 0.25 0.034699999
Temporal 0.001 0 1 025 0.034590993
Temporal a 0.001 1 0.25 0.034699999
Temporal Q 0] 1.01 0.25 0.031699999
| 11 |Temporal Q 0 1 0,2525 0.033999999
Temporal -05 0 0 0 0.0004
Tempotal -05 o] a a 0,0004
Temporal -0.230815196 0 0538363508 0,134592402 Q.0077
| 15 | Temporal -0,082688031 0 0834603938 0,208650985 0,953399376
Step -0.082698031 0 0834603938 0.208650985 0.034699999
Temporal -0.082698031 0 0834603933 0.203650985 0.953399976
| 18 |Temporal -0.081698031 0 0834603938 0.208650985 0.954399976
Temporal -0.082698031 0.001 0834603939 0,203650985 0.952899976
Termporal —-0,082698031 0 0842949978 0,208650985 0972699975
Temporal —-0.082698031 0 0834603938 0.210737495 0.958399976
| 22 |Temporal -0,078921838| -0,001883086 0,843336287 0,21770005 0985599975
| 23 |Step -0.078921838| -0.001888086 0843338287 0.21770005 0.953399976
| 24 |Final -0,078921838| -0,001883086 0,843336237 0,21770005 0,953399376
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RBT Optimization: Focusing (1)

E Geometry Infomation

(=%

K

Lo,

\[e W, 21 = [-0.2212681, -0,553145, 1,626608]

ﬂ SingleLens_Target.rwz

(001% #declare LightSrc =
0001c light_source

00020

0021 <@, -8.5, &>
anozz2 spectrum {

00023 discrete on
0024 1,

00025 <658, 1>
00026 H

onnz7 object_light
Q002E {

Qoo surface
00030 cylinder
00031 {

00032 <@, @, 8>, <8, 8.1, 68>, 0.48
00033 H

=

E Geometry Infomation

Ky

L.

DX v, 21 = [-0,221281. 0603964, 1,930646]

X TM
Wﬁz Slide 158

-
ﬂ SingleLens_Target.rwz

ooo34 emittance

00035 {

00036 front_surface
ooo3T {

0o03E off

ooo3s H

ooo4a rear_surface
0041 {

0042 on

00043 angular_distribution
00044 {

00045 uniform
0004é H

o047 spatial_distribution
00048 {

00042 uniform
oaosa ¥

0o051 H

00052 cylinder_surface
0oas3 {

0oos4 off

000ss H

00056 H

0aas?y H

insideles]!
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RBT Optimization: Focusing (2)

HEingIELens_Target.rwz HEingIELens_Target.rwz - |I:I m

O005E emittance [00zs #declare FocalPlane = h]

0009 { H00s T box

000aD photometric 1080 ooozg 4§

n0oal measured whole on QooEs <-0.825, 1.75, -8_9825>, <0.0825, 1.751, @.0825>

000a2 aim_sphere <8, @ Qo020 detector {

a00&3 b anos bottom_surface

000a point_at <@, 2, @ oo photometric

000&5 ¥ o093 bin_size <21, 21>

000&& 00024 S

[0y LightSrc 0oo9s ¥
0009 E]
e’ FocalPlane M

HEingIELens_Target.rwz = = ﬁ

looes #declare SinglelLens = £y

(000 optical

ooo7l £

00072 circular center_thickness B.12+4x80 <—— Optimization (& H4[$x0~$xn]

00073 {$x1, 8.5, 08, 0, 08, 98, 8,8, 8, 0,0, 0} He zJ1u20

ooy { 4x2, 8.5, 8, 8, B, B, B, B, B, B, B, B

00075 color<@,8,1>

0007a ior 1.5

Qoo csurface {

noorE both {

oo probabilistic_split on

] H =

n00E1 H

00o0z2 ¥

ooEs

(o4 5inglelens M
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RBT Optimization: Focusing (3)

X

ﬂ Optimization_S5inglelLens.rbt g@
optimize _ - — = —
limit 108 < oiE &Il A&t 20 5lE =+
script_file "Singlelens_Target.ruz"
objective_function

1
1
1
“FocalPlane®,
total flux total >= 168
} =/ T/ /M

Start Simulation % F3
target_value { INTENSITY UALUE 8 } <«—— =2X g}

3:&;;&;21 ez A= . Irradiance / luminance Display *

{ Radiant / Lurninous Intensity Display k
3, Spatial Radiance/Luminance r
{-8.1,8.2> <« Angular Radiance/Luminance G
1,2,
-3,-1> L

[ v|

save Data
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RBT Optimization: Focusing (4)

X8 = [B.1375383]
%1 = [1-124533) — 2Lt Y NFIYY
X2 = [-3]

Optimize result data saved at 'Optimization SinglelLens opt2B807 08826212419 _.csu’
Done Simulation.

Task List I Error Output

RayWiz
File Miew Help
D= 2z e |locoo|lcoo|r s

POBORHOOO®GVNILAFRHE
JI_T CLUYHE | 2let ¥ I NF

I¥X@O/ 2 |HS

= <ProjectMame>
----- [ Edits
----- [4 Geometry B B _ —
..... 0 Analysis S HHA: | Macra x| & =¥ B
""" [0 Images — Ca LED_Lens_Target, rwz
L,J .Optlmlzallun LED_Lens,rbt
Recent .Optlmlzatlon S\ngIeLens rbt
[t = = O
- ol gt0l Ol2c2la0l EXHoI2=
Ef 5404 I (=4
e J Hames 2018
W EM
lH E&H
HUES 3 &3
=N NS |SingleLens_Target,rwz |
3 N TI— O ST [Fayiiz Flles (= rwz: =rbt = wil) =1 Ep
Project [[object |
E|
=]
Task List | Error Qutput

Ready Ln 21, Cal 1
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RBT Optimization: Focusing (5)

Start Sirmulation % F3
Stop (Resurme) Sirnulation

Irradiance ¢ lluminance Display
Radiant / Lurninous Intensity Display

3
3
Spatial Radiance/Luminance k .
Geometry Infomation = || O
&ngular Radiance/Luminance L ﬂ - [—"—lm

Froperties
Save Curent View Data

Save Data

Script Editor

-

Geometry Yiew F7
Miew Point 1%
Bender Mode

-

Object r
Light Source k
Detector 2
Operation

Slab Qutline

CCh

Array

Condition r
Eile 1/0
BET »

(= %. £1 = [0, 360658, 0,106053, -0,308633]1 : Object = SingleLens i

-

Resolution k
Properties
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RBT Optimization: Focusing (6)

@ Microsoft Excel - Optimization_SingleLens_opt20070825211219.csy
E_I] OFCEY  TEEY  HEHI70 &Rl A0 ESHTY OI0IEDy =i E==E(H) Adobe

PN g A S SV L B S8 F -] iy 2 XAl 20| B
HyrSlee iR N
ficte - # Final
& | B | ¢ | Db | E |

19 |Temporal | 0.063076 1.035877 -3 0 45,1000007
20 |Temporal | 0.064076 1.035877 -3 0 45, 4000007
21 |Temporal | 0,063076 1,046235 -3 0 48,8000007
22 |Temporal | 0.063076 1.035877 -2.97 0 45,5000006
25 |Temporal | 0.063076 1.035877 -3 0.001 45,1000007
24 |Temporal | 0.137538 1.124533 -3 0 91,5000014
o5 |Step 0,137538 1,124533 -3 0 91,5000014
26 |Temporal | 0.137538 1.124533 -3 0 91,5000014
27 |Temporal | 0.138914 1.124533 -3 0 91,5000014
28 |Temporal | 0.137538 1.135778 -3 0 91,5000014
29 |Temporal | 0,137538 1,124533 -2,97 0 91,5000014
50 |Temporal | 0.137538 1.124533 -3 0.001 91,5000014
31 lSten . : : - 0 915000014
SrBCinal 0137538 1124533 -3 | 0 915000014

Chat Bia= ol 2 gtel B3}
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RBT Optimization: Angular Profile (1)
BEX)

CH4& Point

E Geometry Infomation

ﬁ Geometry Infomation

[, ¥, 21 = [-3.978817, 0,000000, 6,223791] 4 | [, ¥, 21 = [-3.477707, 0,000000, 6, 163658] A

mux = 95.29[Lumen] - Cross Section - ... M
!
wili
) i
!
|

\ {
1 !

S
i - I". !
Il§ = an\ / t

T00. 7

0.0

(%)

40.0 7

1 Y

:: rf \_F,ww\zﬂ

=120 -100 -@¢ -EB0 40 30 & 20 40 @0 ED 1D 130

200 7

00711 s o e o e e
-120. -60.0 0.000 60.0 120

(Angie}

Angular Digplacement |[Dagraez)
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RBT Optimization: Angular Profile (2)

ﬂ LED_Lens_Target.rwz g@
global settings { -
rays {
trace off ratio B8.888881

total_ray_nunber Sjp080
max_trace level 18
trace_path_view 188
split_ray off
fresnel area_effect on
random_spectrum on

b

force_parsing off

polarization off

units millimeters

summary on

geometry intensity on

’ vl
ﬂ LED_Lens_Target.rwz g@
#ideclare DieBase = 2y
box
¢ El
<-8.%, -8.5, @, <8.5, 8.5, B.1> =
color <1,8,8:
surface {
both < «——— EALA OIS 2 IOR &5 AR

reflectance {1 gaussian 5}
transmittance{ 8}
H

H
translate<d, 8,2 L4499

y ™
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RBT Optimization: Angular Profile (3)

E LED_Lens_Target.rwz u@ﬁ
]

OO0 f f=xxx Basebup xxx
Oonss #declare Cup=

el differenced
00035 cylinder{<{@8,8,8>, <8,08,2.5>, 4} = = 25 =
L cylinder{<0.0.2.05, <0.8.95. 3} Cylinder € 0| &8t CSG Object
NI color <@,0,8:
onza surfaced
00039 both
00040 1 —
0004 transmittance{@: & LED_Lens_Target.rwz u@
00042 reflectance {@} D)/ f %% Lens e 2y
00043 S (004: #declare Lens=
00044 ¥ [has lathef
00045 ¥ 00050 linear_spline
a00z1 14,
nons2 {@,8r,<2.8,8>,<2.8,1.2>, //base vertical

00053 €2 73,1895 ,42.6,1.68>,<2.4,1.9>,42.32,1.96>,
€2.17,2.088>,<2.84,2 _ 17>,{1.91,2.24>,
£1.01+5x08,2.4>,//41.5,2.4>, //1st variable
£2.8+5%1,2.5+582>,//742.3,3.9>, //2nd variable
£0B,4+5x3>//740,2.4>, //3rd variable
<@, |
ior 1.49
color <1,8,1>
surface {

both

{

Probabilistic split on
s

¥
rotate <9@8,0,0>
translate <@8,8,2.801>

™
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RBT Optimization: Angular Profile (4)

B¢ LED_Lens_Target.rwz g@
&)

fideclare Dielight =
light_source

{

Box Surface LightE & 2|51
Spectrum EZ 2oz 43

<@,8,8>
color <£1,1,1>
object_light

{ =
Ea:i‘ace ﬂ LED_Lens_Target.rwz g@
{ emittance |~
£-8.5, -8.5, 6>, {8.5, 8.5, B.1> {
3 front_surface
1
on
angular_distribution
1
lambertian
b
spatial distribution
1
uniform
b
b
b
b
emittance
1
photometric 188
measured_whole off
aim_sphere <8, 98>
b
point_at <8, 8, 1>
translate <8.8,2.6>
} (]
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RBT Optimization: Angular Profile (5)

B¢ LED_Lens_Target.rwz g@
&)

#ideclare AngularDetector =
sphere
{
<8, 8, 8>, 2%
detector{
photometric
symmetry on e
bin _size <18,18>

for
i
o
o
|0
Hu
X
0x

¥
¥

Cup
DieBase _
— AN BB

DieLight ) - o
Lens Object == Call

AngularDetector

)
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RBT Optimization: Angular Profile (6)

ﬂ Optimization_LED_Lens.rbt g@
optimize -
limit 186
script_file "LED Lens Target.rwz"
/783 <—- 5
/28,8 {-- 15
script Editor FF13.8
FF13.6
Geaometry View F7 7726.7
Miew Point [ 7752 .4
Bender Mode k /f78.5
Object v ::::1‘?“4“ SHg X
Light Source k 77146
Detector 2 Fi0.7
Operation f7a.8
Slab Qutline //8.0
CCh Fra
J78.2
Array //78.8
Condition 4 fFfa.0
File /0 3 /8.8 {-- 175 M
BRET »  Loop
i Sequence
Resolution T ;
) Optimization  * Nurninance
Properties . .
Spatial Nurminance

&ngular Luminance
lluminance CIE
Luminance CIE
Intensity

Imtensity CIE %
Total Flux
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RBT Optimization: Angu

ar Profile (7)

ﬂ Optimization_LED_Lens.rbt

ﬂ Optimization_LED _Lens.rbt g@
objective_function [’y
{

6
{
“"AngularDetector",
Intensity function express
"pou{abs{bin[1,8]/totalHax-8.3),2)+
pow({abs{bin[2,8]/totalHax-28.8),2)+
pou{abs(bin[3,08]/totalHax-13.68),2)" = @
b
1
“"AngularDetector’,
Intensity function_express
“pow({abs{bin[4,8]/totalHax-13.6),2)+
pou{abs(bin[5,8]/totalHax-26 _7),2)+
pow({abs(bin[6,8]/totalMax-52.4),2)" = B
¥
{
“"AngularDetector",

Intensity function_express
"pou{abs{bin[¥,8]/totalHax-78.5),2)+
pow({abs(bin[8,8]/totalHax-188),2)+

pou{abs(bin[9,08]/totalHax-41_4),2}" = @
» v

{

“"AngularDetector",
Intensity function express

"pou{abs{bin[18,8]/totalMax-14.6),2)+
pow{abs(bin[11,8]/totalHax-8.7),2)+
=@

pow{abs(bin[12,8]/totalMax-8),2)"

“"AngularDetector",
Intensity function_express
“pow{abs{bin[13,8]/totalMax-8),2)+

pow{abs(bin[14,8]/totalHax-8._1),2)+
pow{abs(bin[15,8]/totalMax-8.2),2}" = @

“"AngularDetector",

Intensity function express
"pouw(abs{bin[16,8]/totalHax-8),2)+
pow{abs(bin[17,8]/totalMax-8),2)+
pouw{abs(bin[18,8]/totalMax-8),2)"

=X
&)

ﬂ Optimization_LED_Lens.rbt

target _value { IHNTEWSITY UALUE @ }

delta 6.81
variables
1
8, « B gk el
<-1.5,8>,
<-1.5,8>,
<@8,2.5>,
<-2.5,0> (]
y ™

RayWiz" siide 170
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RBT Optimization: Angular Profile (8)

lu RayWiz - Optimization_LED_Lens.rbt ?
File Edit ‘iew Systern llluminance Radiance Window Help
D E|: =228 2 |locoO0||C0O &

XY XY XY XIS Y9 Y S ] | ®*oQ/ P

8%

gL 2le«t 3508

ol
E‘D ODtimiZatiDn_LED_LEHS.rht ﬁ
"'B Edits Optimization_LED_Lens.rbt
~[Y Geometry |
...... O Analysis 00062 "AngularDetector”,
------ [ Images 00063 Intensity function_express

0064 “pow{abs({bin[16,8]/totalMax-8),2)+
ao0as pouw(abs{bin[17,8]/totalMax-8),2)+
i pouw(abs{bin[18,8]/totalMax-8),2)"
0o0o&7
00&E
ooae
oo
0oa71
0oaz2
0oa7s
0074 | | Cancel
00075

0007a <8,2.5>,

ooy <-2.5,8>

ooaze ¥

[alnlnbryl

Projeck | Object |

=
E|I Simulation input : [-8.74161168892474864] [-89.79085987631587262] [1.2478727451652198] [-1.168B58606680882952]
Simulation result : [21968.3883]
8 objects parsed.

Task List | Error Output

Ready Ln 71 Col 10|
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RBT Optimization: Angular Profile (9)

X0 = [-8.7825561]

X1 = [-8.7567785]

X2 = [1.182156]

X3 = [-1.238782]

Optimize result data saved at "Optimization LED Lens opt2887 8825214755 . csu’

Task List | Error ﬂutputl

RayWiz
File Wiew Help
s E|s 20|82 |locoo|[coo|p s
[FOB6R400%N34ARH X80/ H®
g dE|dafler 8T8
Bix
= <Projecttamez =
-4 Edits
[ Geometry e fE |@ Macra Il
[ &nalysis [EEY
- [ Images ' {2 Opfimization_LED-Lens.rbt
Optimization_SingIeLens.rbt
T3 SingleLens_Target.rwz

_Lens__'[arg et rwz:

|LED,LEHS,Targ et rwz

|RayWiz Files (xrwz; «rbt; =)

Project I Obiect I

x|
ol

Task List I Error Outputl
Ready Ln 79, Cal 1
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RBT Optimization: Angular Profile (10)

uminance “

CIE Calor Cross Line | Data
llumninance Contig | Spatial Radiance / Lumninance | Cantaur

~Detectar Mesh Dimensions

Detector |Angu|arDetectm =1
I~ User Defined Meshilze:

¥ Azimuth)] bins Base IZ Bl
E GEDmElr? Inlﬂmﬂllﬂn ; Iﬁﬁ .
Y(Polary |17 bing W Symmetry
B [~ dwerage Ovar
2, %, y Rehzimuthi[ T bins
[t \ ; _ WPolar) [T bins
o) | -
= T e — —h ,}‘ 3 -.____..-

|» Far-Field Radius |25 Limnit Angle 5

[~ Cos Correction

~Display
v Auto Adjust detail 4 -
Scalar Bar Color  [Blue->Red 256 %

~&s%is Ranges
[~ Auto Range W Percent(%)

Max | 1] Min | 1]
Max | 120 Min | -120

’TI Cancel | Aoply |

It

ota ux = . umenj - Lross asection - L...

100. 7

(=, %, £1 = [4, 185143, 0.000000, 2, 547170] y

60.0

(%)

40.0

200 -

007 e e s o s e s e L ' e
-120. -60.0 0.000 &0.0 120

(Angie)
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RBT Optimization: Angular Profile (11)

|| Microsoft Excel - Optimization_LED_Lens_opt20070822185117.csv ==l
] IE) EEE BN M0 ANQ ERD HOED W SS2(H)  Adebe PDFE) EEEEEERNES -_ 3
RN NS =R S SEEN- R AR - R 1 W A | ! |
P ) )
a1 - A& Calculation Twvpe

A B | ¢ | b [ E F [ & [ w©w [ 1 [ 4 | ® [ L |
79 [Temporal | -0,4733 -0,50983 0,796406 -1,65028 0 0 0 0 0 0 21986,15
80 |Temporal | -0,64168 -0,69109 1,079549 -1,34818 0 0 0 0 0 0 2197535
81 |Temporal | -0,70256 -0.75678 1.182166 —1,2387 0 0 0 0 0 0 21967.81
82 | Step -0,70266 -0.75678 1.182166 -1,2387 0 0 0 0 0 0 21967.81
83 |Temporal | -0.70256 -0.75678 1.182166 -1.2387 0 0 0 0 0 0 21967.81
84 |Temporal | -0,69553 -0,75678 1,182166  -1,2387 0 0 0 0 0 0 2196822
85 |Temporal | -0,70266 -0,74921 1,182166 —1,2387 0 0 0 0 0 0 2196971
86 |Temporal | -0,70266 -0.75678 1,193977 -1.2387 0 0 0 0 0 0 21970.98
87 |Temporal | -0,70256 -0.75678 1,182166 -1,22632 0 0 0 0 0 0 21969.47
88 |Temporal | -0,70256 -0,75678 1,182166 -1,2387 0,001 0 0 0 0 0 2196781
89 |Temporal | -0,70286 -0,75678 1,182156 —1,2387 0 0001 0 0 0 0 2196781
90 |Temporal | -0,70266 -0.75678 1.182166  —1,2387 0 0 0.001 0 0 0 21967.81
91 |Temporal | -0,70266 -0.75678 1.182166 -1,2387 0 0 0 0001 0 0 21967.81
92 |Temporal | -0.70256 -0.75678 1.182166 -1,2387 0 0 0 0 0,001 0 21967.81
93 |Temporal | -0,70256 -0,75678 1,182166  -1,2387 0 0 0 0 0 0001 2196781
94 | Temporal -1.5 -1.5 0 2.5 0 0 0 0 0 0 22048,96
95 | Temporal -1.5 -1.5 0 2.5 0 0 0 0 0 0 22048.96
96 |Temporal | -1.0607 -1.09057 0.651231 -1,80517 0 0 0 0 0 0 22001.84
97 |Temporal | -0,83836 -0,88335 0,980834 -1,4535 0 0 0 0 0 0| 21989,88
98 |Temporal |~ -0,7512 -0,80211 1,110045 -1,31564 0 0 0 0 0 0 21978,44
99 |Temporal | -0,71914 -0,77224 1,167666 -1,26494 0 0 0 0 0 0 2197167
100|Temporal | -0.7082 -0.76204  1,173792 -1,24763 0 0 0 0 0 0 21971.13
101|Temporal | -0,70393 -0.75806  1.180119 -1,24088 0 0 0 0 0 0 21969.4
102|Temporal | -0,70281 -0,75701 1,181782  -1,2391 0 0 0 0 0 0 21967.95
103|Temporal | -0,70263 -0,75685 1,182049 -1,23882 0 0 0 0 0 0 2196777
RN = LY S i S 2w 1 1821068 =l 2387 0 0 0 0 0 0 21967.77
105 | Final -0,70266 -0.75678 1.182186 -1,2387 0 0 0 0 0 0 21967.77
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Radiance
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Radiance: Basic Concept (1)

Light source missed by
global reflected ray

Local contributions from light source

RayWiz" siide 176

| | Bi-Directional Ray
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Radiance: Basic Concept (2) — Perspective View

edges same size,
with farther ones smaller

parallel edges
converging

R JWZW Slide 177 Advanced Optical Solution Provider ! nsdem



Radiance: Basic Concept (3) - Orthographic View

Frojection
plane
(top view)
/f
_al Projectors for
P e side view 4

Projectors //
for top view —
’J_,-r"'

= — -

Projection
? /’/ - plane
Projectors for (side view)
front view
e
Projection
plane

(front view)
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Radiance: Camera (1)

4 Geometry Infomation % Bay tracing completed.

[X. ¥, 2] = [0,733268, -15,930095, 14,926627]

4 Bay tracing completed.
Camera

{
Perspective | orthographic
Location < X,Y.Z >
Direction < X,Y,Z >
Look_at < X,Y,Z >
Up<XYZ>
Right < X.Y.Z >
Angle degree(Z} %)
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Radiance: Camera (2)

fideclare SampleSize=58;
#ideclare FresnelPitch=1;
#ideclare LentiPitch=1;

global settings {
rays {
trace off ratio 6.08060681
total ray_number 1680068
max_trace_leuvel 1488
trace_path _view 188
split _ray off

H

H

camera ¢
location <8, 188, @8>
look_at <@, 8, 8>
angle 38

H

#ideclare FresnelHaxHeight=FresnelPitch/2;
#tideclare Fresnel_Lens =

lathe

1

linear_spline 2=int(SampleSize/FresnelPitch/2)+1,

ftideclare i=8;

#twhile (i < int{SampleSize/FresnelPitch/2))
<i*FresnelPitch, 6>,
{i=FresnelPitch+FresnelPitch=08.85, FresnelHaxHeight:,
<i*FresnelPitch+FresnelPitch, 6>,

#declare i=i+1;

#tend

<a, 8>

color <1, 1, 1>

ior 1.5

surfaceq

both{
probabilistic_split on

r
H

fideclare HumLentiPitch= int{Sample3ize/LentiPitch);
#ideclare Lentilnit =
extrusion
{
linear_spline linear_suweep
8, SampleSize,
12,
<-LentiPitchs/2, 6>,
<{-LentiPitch/2+LentiPitch/18, 1.5*LentiPitch/18>,
<-LentiPitch/2+2=LentiPitch/18, 2_7+=LentiPitch/16>,
{-LentiPitch/2+3=LentiPitch/18, 3.7=LentiPitch/18>,
<-LentiPitch/2+4=LentiPitch/18, 4.5+#LentiPitch/16>,
{-LentiPitch/2+5=LentiPitch/18, 4.7=LentiPitch/18>,
<-LentiPitch/2+6=LentiPitch/18, 4.5+#LentiPitch/16>,
<-LentiPitch/2+7=LentiPitch/108, 3.7=LentiPitchs/18>,
<-LentiPitch/2+8=LentiPitch/18, 2.7=LentiPitch/18>,
<-LentiPitch/2+9=LentiPitch/108, 1.5=LentiPitch/18>,
<-LentiPitch/2+LentiPitch, @8>,
<-LentiPitchs2, 8>
rotate <-9@,0,08>
color <1, 1, 1>
ior 1.5
slab

RayWiz" siice 180
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Radiance: Camera (3)

#imacro LentifArray()
#ideclare Count_i=8;
#twhile {Count i < HumLentiPitch)
objecty
Lentilnit
translate <-SampleSize/2+Count_i=lentiPitch,FresnelHaxHeight+LentiPitch/18+8.81,5ampleSize/2>
b
#ideclare Count_i=Count i+1;
f#tend
H#tend

#ideclare LentiScreen=

union
{
slab outline on
object{LentiBase}
uniond
slab outline on
Lentifirray()
¥
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Radiance: CCD (1)

# Geometry Infomation

Window Help

Start Simulation
Stop (Resume) Simulation

Exit Simulation . . "

Besolution 30 % 240
ZIE Color Triangle v 512 % 364
Fiadiance Graph y| bl 4al
Save Imane a0 X 600

| mag arserece—ore 1024 X 68

10099 standard_e 1280 1024

0100 3

10101 ior 1.5

nina curfara S
Custom Hesolution

width |2

Height |4|:||:| Cancel

i,

X, V. 2] = [1.665572, -0,106478, -0,445211] Y

|ojlo 0|k »

Fa
-, Q Start Radiance Analysis
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Radiance: CCD (2)

~& Ray tracing completed.

&, Geometry Infomation

Global Setting X

System] E\ackward} Forward Spectrum I

Spectrum & X¥Z & RGE
[~ Jse CIE-1964 Color Maiching Funciion{ defauli CIE=T95T}
RGE Mormalize

[X, Y, Z] = [D. ?34351, —D. ???991 D. ?EDSQE] W Mormalize Max Y¥to 1 [~ Small xyz [ Intensity
RGE Colar Wide Gamut - Gamma |22 2 5
~4 Ray tracing completed.
Reference White  [lluminant & =] | K

Color Matrix,
Gamma,

Reference White(|
M2 sHe XA Jd=

QK Cancel
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Radiance: CCD (3)

# Geometry Infomation

REGIEREN Window  Help

Start Simnulation
Stop (Resume) Simulation

Exit Simulation © 1

Resolution k

& Bay tracing completed.

CIE Colar Triangle
Radiance Graph
Save Image

J1G 5 g

a014
iois ¥

r@

[X. Y. Z] = [0.997320, 0.531328, -0.503748] A

4 Badiance Bed Analysis

& Geometry Infomation (Nit)

| 74.32
IIO&O?

5946

[, %, £1 = [0,420646, -0, 426045, 1,022593] |
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Radiance: CCD (4)

: ) o | (B | H#ideclare ImgBox =
# CCD-Image.rwz = || [z box 9
f#ideclare Lens_Flag=1; - {
3 -1, -1, 8.1>, <1, 1, 8.15>
global settings { = spectrum {
rays { discrete off
trace off ratio 6.81 standard_e
total ray number 106088 b3
max_trace level 18 ior 1.5
trace_ path_view 188 surface {
split_ray off both {
fresnel area effect on probabilistic split on
e b
force_parsing off front_surface{
polarization off both{
units millimeters zone{
3 = transmittance{1.8}
= reflectance{ 8}
< t) "RayWiz .bmp"
camera { H
ccd H
width 8.15 H
height 8.15 H
aim_area ¢ H

<8, 8, 2> f/ Center Point
<8, 8, -1» /f Direction Point
circular @8.8881 /4 Radius
ffrectangular Width_VUalue, Height_Ualue
H
location <8, 8, 2.1>
look_at <6, @6, 6>
up <@, @, 1>
right <1, 8, &>
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Radiance: CCD (5)

f#ideclare BL =
light source
{
<8, 8, &
spectrum {
discrete off
standard e

¥
object light
1
surface
box
1
-1, -1, 8>, <1, 1, 8.1>
¥
emittance
1
front_surface
1
on
angular_distribution
1
lambertian
¥
spatial distribution
1
uniform

¥
¥
back surface
{
off
¥
left_surface
{
off
¥
right_surface
{
off
¥
top_surface
{
off
¥
bottom_surface
{
off
¥
¥
} -
emittance
1
radiometric 1
measured whole on
aim_sphere <8, 98>

¥
point_at <8, 8, 3>

iRﬂy‘MZm Slide 186

Advanced Optical Solution Provider ! I”ISlde:O:Oil:E



Radiance: CCD (6)

fideclare TestlLens

optical

{

circular center_ thickness 8.1

{ 8.2, 8.1, 8, 8, @, 6, B, B, 8, @, @, 0 }
{-8.2, 8.1, 8, B8, 8, @, 0, 0, B, 8, B8, @ }

spectrum {
discrete off
standard_e

¥
ior 1.5
surface {
both {
probabilistic split on
¥
b
rotate<92@.,8, 08>
translate<d,d,1.85>
b
BL
ImgBox
#if{Lens_flag)
TestlLens
flelse
ftend

RayWiz" siide 167
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Image RBT
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Image RBT: Target System (1)

e Simple.rwz ['x # Geometry Infomation
Y

global settings {
rays
trace off ratio 6.81
total ray number 180840
max_trace level 14
trace_path_view 188 —
split_ray off

h

camera {
location <18, 18, 18>
look_at <@, 8, 8>

H Loop Index ZJt0i et
- - =] 3 |

//nextstepl| 2|5t BFE HE} 23

#ideclare radius1 = 8.5 + nextstep = 8.5; Spectrum

#tdeclare distance1 = Flux H 3}

A

/

Loop Index SIt0f Mt

[X. . 7] = [1,820091, -0,095996, 1. 724094] 4

nextstep=108;

[ £

Btd EJt nextstep =1 ~n
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Image RBT: Target System (2)

f#ideclare SphereSourcef =
light_source
{
{8, 8, &
ff S0 el AHEE HEL
spectrum {
3!
<upe, $x8 -1 >,
<558, $x1 -1 >,
<650, $x2 -1 >

/

Loop Index ZJt0f [t
spectrum AlJ| X B35}
$x0=1~n
$x1=1~n
$x2=1~n

object_light

{
surface
sphere
{
<@, B, B>, radiusi
H
emittance
{
angular_distribution
{
lambertian
H
spatial_distribution
{
uniform
H
H
H

RayWiz" siide 100
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Image RBT: Target System (3)

emittance

{

b

} Loop Index ZJt0l @et

Spherelourced ;I):g(;dlil?:}
$x1=1~n
$x2=1~n

* ™
RayWiz  sice191

measured_whole on
aim _sphere <8, 188> \
point_at <8, @8, 2>

A4 ¢ Hat
radiometric 5x@ + %x1 = 48 + %$x2 = 108
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Image RBT:

& Simple_Loop_And_Script.rbt

f/f Loop [max loop of vard1], [max loop of var2],..., [max loop of wvarH],
ff total loop = numi * num2 =... = numHd

loop 2,2.2,

// image_data all <= make one image together

FILE { "Simple.rwz", image data all ascend}

OIOIXIE E0l= =MZ &Xt,
A1t &3 (ascend, descend)

@ C:#Program FilesWhMATLABWR2006b¥ workWINSIDEOPTICSY... [= (8K

©OOEy HEE) 20 SHEAE D ESEH "
_— Q- O B3P |m
Start Simulation AR Simple. w2
o2 2 E4 =Y & ) Simple_Loop_And_Script_20070610184114,csv

&) Simple1.bmp
&) Simplez.bmp
&) Simple3.bmp
&) Simpled.bmp

| Eﬂ]‘lﬂil M 20 BrE
e EOE AN HA

Irradiance / lluminance Display

Radiant / Lurninous Intensity Display
Spatial Radiance/Luminance
&ngular RadianceLuminance

mave Data

KQyWiZm Slide 192

v v w v

£z =0 22

ZIEF 1A
icy Radiance

O W 2
& B8 =M
3 W 2EE
@ W HEYS 2

&) Simples.bmp

&) Simpleg.bmp

&) SimpleT.brmp

&) Simpled bmp

| &) 5impie_Caap_&nd_Script brp:
Simple_Loop_And_Script, bt

l.Cl
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Color Mix
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Color Mix: Pixel - Lambertian R,G,B (1)

# Geometry Infomation

(=, %, 21 = [0.070470. -0.085603. 0.061576]

E[=]E

[= %, 2] = [0160138, 0,082756, -0, 156965]

RayWiz" siide 104

& Single_Pixzel.rwz

#ideclare
f#ideclare
f#ideclare
#ideclare
f#ideclare
#ideclare
f#ideclare
f#ideclare
#ideclare
#ideclare
f#ideclare
#ideclare
f#ideclare
f#ideclare
#ideclare
f#ideclare
#ideclare
#ideclare
f#ideclare
#ideclare
#ideclare

|A

TestObject_Flag = 8; ~
AimAngle End = 98;
PlaneDetector_Pos = 8.81;

SubPixel W = 0.858;

SubPixel H = 6.188;

SubPixel T = B.881;

SpaceW = B.828;

Pixel W = SubPixel W=3+Spacell=3;

Pixel_H = SubPixel_H+Spacel;

NumWl = 1;

HumH = 1;

Display_W = HumW=Pixel W;

Display H = HumH=Pixel H;

Power = 108008;

Ratio R = 26;

Ratio G = 60;

Ratio_B = 14;

Power_R = Power/(HumWxNumH)=({Ratio R/(Ratio_R+Ratio G+Ratio B));
Power G = Power/{MumW=NumH)=({Ratio G/{Ratio R+Ratio G+Ratio B)});
Power_B = Power/{NumW=NumH)=({Ratio_B/{Ratio_R+Ratio_G+Ratio_B));

Substrate T = 8.685; g

| >

global settings {
rays {

trace off _ratio A.008061
total ray_number 1600608
max_ftrace_leuel 188
trace_path_view 188
split_ray off
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Color Mix: Pixel - Lambertian R,G,B (2)- Plane Color

& Total Flux = 468.5[Lumen] - RGB 2D Plane Gr... (= |[B]X]

lNluminance [%

lllurninance Config | Spatial Radiance / Luminance | Contour | Cross Line | Data |

—Detectar Mesh Dimensions
Detector | 4PlaneDetector |
[~ User Defined MeshSize
X(Azimuth)|35 bins ¥ Real ScaleView

Y(Polar) |35 bins

[~ Awerage Over

X(Azimuth)h bins

Yi{Polar) 1 bing

~Display

v Auto Adjust detail |3 vl

Scalar Bar Color  [Blue->Red 256 ~ |

— Colour Depth

Colour 24

] 4 I Cancel Apply

<Luminance RGB>
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Color Mix: Pixel - Lambertian R,G,B (3) — Angular Color

llluminance X & Total Flux = 1000[Lumen] - RGB 3D Sphere Gr... [Z |[8]X]

llurninance Config | Spatial Radiance / Luminance | Contour | Cross Line | Data |

Detector Mesh Dimensions

T
XAzimuth]] bins Base [ d|
Y(Polar) bing [~ Symmetry

[~ Average Over

K Azimuth) bins
Y¥(Polar) bins
Display

v Auto Adjust detail
Scalar Bar Colar  [Blue->Fed 256

Colour Depth
Calour 24 -

oK | Cancel | Apply

# Badiance Spectrum Graph : AngleDetector Detector

A¥G x = 016
AVG y= 017

Y\

(R I
380 420 460 500 540 580 620 660 700 740 7F&0

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
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Color Mix: Pixel - Lambertian R,G,B (4)

# Geomeiry Infomation

# Single_Pixel.rwz

0000t #declare TestObject_Flag = 1;
(o002 #declare AimAngle_End = 98;
(oos #declare PlaneDetector_Pos = 8.81;

(o004 #declare SubPixel W 8.858;

0000 #declare SubPixel H B.188;

ooogs #declare SubPixel T = 8.801;

(oo0T #declare SpaceW = B.828;

Ooo0: #declare Pixel W = SubPixel W=3+Spacellx3;
0000 #declare Pixel _H = SubPixel_H+Spacel;

gooin #declare HumW = 1;
ool #declare HumH = 1;
(o0l #declare Display_ W = HumW=Pixel WU;
00015 #declare Display_H = HumH=Pixel_H;
[+ . 21 = [0.157008, 0.082464. -0,154910] Y 00014 #declare Power = 1888;
oonis #declare Ratio R = 26;
& Geometry Infomation (onis #declare Ratio G = 60;
R 00017 #declare Ratio B = 14;

0onis #declare Power_R = Power/({NumW=NHumH}={Ratio_R/{Ratio_R+Ratio_G+Ratio_B});
(oo #declare Power G Power/(HumW=HumH)}=({Ratio G/{Ratio_R+Ratio_G+Ratio_B));
(o000 #declare Power B Power/ {Humi=HumH)=(Ratio B/{Ratio_R+Ratio_G+Ratio_B));

(002l #declare Substrate_T = 8.85;

0> Y. 21 = [0,200152, -0,002413, -0,094438] Y
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Color Mix: Pixel - Lambertian R,G,B (4) - Plane Color

4 Total Flux = 572.1[Lumen] - RGB 2D Plane Gr... [Z |[B]&X]

[lluminance

lluminance Canfig | Spatial Radiance / Luminance | Contour | Cross Line | Data |

—Detector Mesh Dimensions
Detector | APlaneDetector ]|
[ illser Defined MeshSize:

X(.-’-'n.zimuth}l|35 hins W Real ScaleVigw

Y(Polar) |35 bins

[~ Average Ower

X(Azimuth)ll bins
Y(Polar) 1 bins -
<Illuminance RGB>

~Display

v &uto Adjust detail |3 vl

Scalar Bar Calor |Blue->Fed 2586 ~| i
W

& Total Flux = 572.1 [Lumen] - Spatial BGB 2D PI... Q@@

— Colour Depth
Colour 2 -

k. I Cancel Enply

<Luminance RGB>
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Color Mix: Pixel - Lambertian R,G,B (5) — Plane Color

llluminance

Detector Mesh Dimensions

Detector | AngleDetector
[~ User Defined MeshSize

i dzimuth) bins Base

[ &werage Over

HKEazimuth) bins
Y(Polar) bins

Display

Calour Depth

Colour -

=
F—

Yi{Polar) hing [ Symmetry

v Auto Adjust detail
Scalar Bar Color  [Blya—>FRed 256 -

lluninance Config | Spatial Radiance / Luminance | Contour | Cross Line | Data |

X

Cancel

Apply

.. . il
360 420 460 500 540 580 620 660 70O

Ll ‘
740 780

# Hadiant CIE Color xy Graph : AngleD...

AVG x= 029
AVG ¥y = 041

0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.8

RayWiz" siide 100
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Color Mix: Pixel - Lambertian R,G,B (6)

#ideclare SubPixel R =
light_source

{
<8, SubPixel T/2, @8>
spectrum {
discrete off
“RED.spc™
h
object_light
{
surface
box
{
{-SubPixel_W/2, B, -SubPixel H/2>, <SubPixel Ws2, SubPixel T, SubPixel H/2>
¥
emittance
{
Front_surface
{
off
H
back_surface
{
off
H
emittance
{
photometric Power B
measured whole off
aim_sphere <8, AimAngle End:
b
point_at <@, 1, 8>
b
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Color Mix: Pixel — Lambertian R,G,B (7)

fimacro ArraySubPixel R()
#local Count i=8;
fiwhile (Count i < HumW)
##local Count_ j=8;
fiwhile (Count_ j < HumH)
object{
SubPixel R
translate <-Display_ W/2+3paceW/2+3ubPixel W/2+Pixel_ W+<Count_i, @, @8>
translate <@8,8,-Display_H/2+Spacell/2+SubPixel_H/2+Pixel_ H=Count_j>

b
#local Count_j=Count_j+1;
f#tend
#local Count_i=Count_i+1; )
f#tend #ideclare TestObject =
ftend cylinder
{
<@, @, -8.1>, <8, 8, 81>, 8.84
Al Sub spectrum o
ArraySubPixel R(} discrete off
ArraySubPixel G{) standard_e
ArraySubPixel B{) H
ior 1.5
surface {
both {
probabilistic_split on
b
b
translate<d.8.085%, 8>
b
f#if(TestObject_Flag)
TestObject
fielse

Hend
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Color Filter
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Color Mix: Geometry

Plane Detector :
Zeo et AXIE A "HAE

-
\| Lambertian White Light '

(=, %, 21 = [-0,324397, 0.092847, 0,229250]
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Color Mix: Script (1)

fideclare Pixel W=8.360;

fideclare Pixel H=8.3608;

#ideclare Pixel T=8.818;

#declare SubPixel W=8.098; Pixel 2} SubPixel2| x| & 2|
fideclare SubPixel H=8.30808;

fideclare SubPixel T=8.0811;

fideclare Space W=(Pixel W-SubPixel Wx3}/3;

fideclare Space H=({Pixel H-SubPixel H}/2Z;

emittance

{
radiometric 1
measured whole on
aim _sphere <8, 98>

Emitting 2t XISt I
y

point_at <@, 8, 3>

AN
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Color Mix: Script (2)

fideclare Pixel W=8.360;

fideclare Pixel H=8.360;

fideclare Pixel T=8.818;

fideclare SubPixzel W=-0.898; Pixel 2} SubPixel2| %=
fideclare SubPixel H=8.388;

fideclare SubPixel T=8.611;

fideclare Space W={Pixel W-SubPixel W=3}/3;

fideclare Space H=(Pixel H-SubPixel H}/2Z;

=

spectrum {
discrete off

standard dé5 < HEZZ2 D65 white
4
emittance
4

radiometric 1
measured whole on

aim sphere <8, 928> < Emitting 2t T XI5 I
b

point_at <@, @8, 3>
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Color Mix: Script (3)

#tideclare SubPixel R

box
{
{-SubPixel W/2?, -SubPixel H/2, -SubPixel T/2>,
color <1, B, 8>
ior 1.5
surface {
both {
transmittance{1}
reflectance{ 8}
¥
front surface{
in{
coating{ "Red Filter.coa"™ } < Surface Spectrum m%'.
¥
¥
¥
translate<-SubPixel W-Space W,0,08>
¥
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Color Mix: Coating File Format

” Fied_Filter, coa |

| I 1 | I S
13 17 - AL M, A M
zo €
3375 0 0.1945 AT 0%
4 400 0 0.0688
5425 o o
& 450 o o
7 475 o o
2 500 o o
3 525 o o
10 550 0 0
11 575 o 0
1z 600 o 0.5924 ) It&, BtAH &1t
13 625 o 0.9073
14 650 o 0.8856
15 675 o 0.9514
1€ 700 a 0.9065
17 725 0 0.9364
1 750 o 0.9491
13 775 o 0.9245
20 10 < QAT 105
21375 0 0.1945
zz 400 o 0.0688
23 425 0 0
z4 450 0 0
25 475 0 0
26 500 0 o
27 525 0 o
23 550 o o
z3 575 o 0
30 600 o 0.5924
31 625 o 0.9073
32 650 o 0.8858
33 675 o 0.9514
34 700 0 0.9065
35 725 0 0.9364
36 750 o 0.9451
37 775 o 0.9245
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Display Image Simulation
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Display Simulation: [Open 50%, R:G:B=2:4:1, 1:1:1]

X TM
Wﬁz Slide 209

.50
-21.00

-22.50

-12.60 -4.20

-13504

-4.50
450 -
13.50

2250

~.21.00

-12.60

-4.20

Y

4.20

4.20

12.60

12.60

21.00

21.00

-22.50

-13.50

-4.50

4.50

13.50

22.50
-21.00 -12.60 -4.20 4.20 12.60 21.00

-22.50

-13.50

-4.50

4.50

13.50

2250
-21.00 -12.60 -4.20 4.20 12.60 21.00
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Display Simulation: [Open 50%, R:G:B=2:4:1, 1:1:1]

(Lux) (Nif)

3.676E+007 1.376€E+007

3.308£+007

123964007
2.941E4007 110162007
257364007 it
2.206E4007 $:257Ei006
1.838£+007 EaRTEN
1.476+007 SEEiin
1.103E+007 DR
7.352E+006 275285006
6766000 1.376€+006
0

(Nit)

(Lux)
1.136E+007

3.106€+007
1.022E+007

2.796E+007
9.085E+006

2.485E+007

Sstivisie 7.95E+006

— 6.814E+006

155364007 0.670E+006

e 4.543E+006

9.319E+006 3.407E+006

6.212E+006 2.271E+006
3.106E+006 1.136E+006

0 x 0

-21.00 -12.60 -4.20 4.20 12.60 21.00
Y
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LED Packaging
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LED BLU Design: Emitting Unit Design (2)

ﬁa}ﬂ’ﬁzm Slide 212

80’

s
1.60 ey

ALk

&

24

'
-1.60 K2

34

-
-4.80
-8.00 \
o - o - - : 270
:
8.00 8.00 90
480 480
1.60 1.60
Y
-1.60 -1.60
-4.80 -4.80
-8.00 -8.00
8.00 480 1.60 -Lé0 480 -0 . . 1.60 160 480 80

270

- X - X
<Illuminace R,G,B> <Luminance R,G,B>
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LED BLU Design: Emitting Unit Design (3)

'l | Bead Size 500nm

8.00

90

8.00

800 4.80 1.60 -1.60 -4.80 -8.00 800 4.80 L -1.60 -4.80 -8.00
X X

<Illuminace R,G,B> <Luminance R,G,B> 270
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