Defining / Applying Properties

e A database of surface properties and material properties Is
maintained by TracePro

e The user can define custom surface and material properties
and add them to the database

* These custom properties become available for all
subsequent models

o The application of these properties is easily accomplished
and verified through the user interface
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“Optical” Properties

o Surface Properties

— Describes how light is reflected, transmitted, absorbed, and
scattered at a surface
 Energyisconserved: a+r+t+TISr+TISt=1

 Scatter portions (TISr, TISt) are described by Bidirectional Scatter
Distribution Functions (BSDFs)

— BRDF: Bidirectional Reflectance Distribution Function
— BTDF: Bidirectional Transmittance Distribution Function
« Material Properties

— Describes the material of the object in terms of its index of
refraction and bulk absorption coefficient

— Governs how light refracts into the object

Stray Light and Illumination Search 22
Analysis using TracePro Corporation




Material Property Editor

[ Matenal Property Editor

Catalog: |5|:|-||:|TT

[

= [=]
Add b atenial Property |

Interpolation

M arne: IBK? j W Read Only

Drescription: ISctht Glass

Interpolation: ISeIImeier

| Milspec: |51?542 Wy Range: |0

formula

|nzert Wavelength |

ta ID Inzert Mew Catalog |

a1 [1.03961212

a2 0231792344 a3 [1.01046945

ad IEI.EIEIEEIEIEIEEIE a5 IEI.EIEEIEH?EM ab |103.560E53

W avelength Ahbzorption

03 0.269414729593322

031 0.105526548416474

03z 0.042144 2062631305

0334 0.01025865887 75101

035 0.00281578437550033

03 0072038144651 26
037 0.0010025083647 0856 Catalog: IF'L.&STIE | Mame: |.&-:r_l,llin:: >| I EdtEnable  AddMaterial Property
038 0.000301 604273507 764 Description: I Insert Wavelength

Interpolation: ITaI:-IE

j Milzpec: I W Hange: IF"EIEI

ko |4|:||:| [msert Mew Catalog

W avelength Index | Absorption
0 4861 1495 |0

Discrete index 05893 T
[.ERE3 1.488

values
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Surface Property Editor

B Surface Property Editor

M arme: ILensF'erert_l,l

[

Dezcrption: IStandard AR

W Coating [ Polarization [ Fetroreflectar

W avelength I 1]

¥ Edit Enable

Add Surface Property |

Salve for: ITransmittance j Insertlncident.ﬁ.nglel

j Inzert wavelength |

=10 x|

Angle

abzorptance

zpecular refl

Integrated BROF

BRDF &

ERDFE

ERDF g

gpecular trans

Integrated BTDF

BTDF &

BTDF B

ETOF g

1]

0.m

0.01

0.0001 324053657553

1e-005

0.4

2

0979722606341

0.00071 443282871 27

1e-005

0.01
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If no specular data is entered, TracePro uses the Index from the
Material property to calculate Fresnel reflectance and transmittance

Coating allows specular data to be defined for wavelength and angle

Polarization allows S & P specular data
Retroreflection replaces Specular Transmittance
Solve for assures conservation of energy and quick scatter calculations
Data is relative to incident angle and wavelength

search
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Bulk Scattering

[ Bulk Scatter Property Editor O] x|
M arre: ITestScatter j [+ Edit Enakle Add Bulk. Scatter |
Dezcription: ISimpIe Test Scatter Inzert W avelength |

wiavelength Arizatropy [] Sizatter Coeff.[1/mm)
[1rist

—
e L\

 The bulk scattering property works in conjunction with an objects
material property. To use bulk scattering you must apply a material
property appropriate for the volume within which the scattering is to be
modeled and to apply a Bulk Scattering property.
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TracePro Properties

* Object or Volume Properties o Surface Properties

Stray Light and [llumination
Analysis using TracePro

Material —
Bulk Scattering —
Mueller Matrix —
Raytrace —
Importance Sampling —
Gradient Index (2.1) —
Class and User Data (2.1) -

Surface

Color

Prescription
Importance Sampling
Exit Surface
Diffraction

Surface Source
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Sources of Light

o Three distinct types of Sources are available in TracePro
— Grid Sources: independent of model geometry
— File Source (from Radiant Imaging and other sources)
— Surface Sources: directly tied to a surface in the model
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Grid Sources

=)
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File Sources

e ASCII file with position, direction and flux
* May be generated by hand, Excel, ProSource
* Incident Ray Table may be saved in Source Format

I'l Source file: C\TracePro\TraceProbDat a\ SF6Pri sm SF6Pri sm oni

TracePro Version: 2 00

Data for Prism Surface O

Linear Units in mm

Dat a generated at 11:19:54 Septenber 08, 1999

X Pos. Y Pos. Z Pos. X Vec. Y Vec. Z Vec. | nc Fl ux

Maodsl [SmpleSouice, ML)

Stray Light and [llumination
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Surface Sources

« Any surface may be made into a source
* Flux may be entered by power, irradiance or temperature

Impodance Sanping Esat Surlece Difraction
Raproceflag | Hushw Mo | Euk Scetming Raprace Flag | n!uum | Iﬂru:imlrdn
impotarcs Sarping | gaﬂnﬂn | Défrecsion Bk Sosbeing | Tempesse | Clawes snd User Dot
Molewd | Suface  SisceSoace | Prescrption | Cokr Molerad | Suface  SuisceSowce | Prescrphion | Cokr
Source Type: [Fue - | Soace Type | IEEE - |
Fhee [100 il i [I Wz TowRes [0
Wb of Flegs: |""-'I' Td-dP'nlurF
Vakse [ ['weght | Power fa)
Blackboady Giraptody e\ avsiengih Rangs
B | L T e R
from I n |'3 maToeE
[izapinosdy E ety
|1

V2.0 V2.1
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True Scatter 3D Scatter Models

ABg BSDF model
A=.0025, B=.001, g=1.8

1E32
Fower law

TE2 BSDF

1E1 T [Roll-off point |
4 =
: 1 —\-7-‘-'
w 1EO '% Roll-off value | ==
o) | =

1E.14— | ABgmodel | T

=
H"\.
1E-2 L
|Roll-off 6-Bo | =
1E-3 A
0001 001 01 1
|B-Go|
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Getting Output
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Analyzing the Results of a Raytrace

» TracePro has several ways to output data to analyze the
results of a raytrace
— Irradiance/llluminance Maps
— Candela/Intensity Plots
— Incident Ray Tables
— Ray Histories
— Surface Flux Reports

« All reports, maps, and tables can be exported for post-
processing
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Irradiance/llluminance

e [mportance Sampling example.

Fi, ThacePmn

fie Edt Y |ncet [lefre Anspoc fepcsr Jook: Hacin Windoss Hel

Dilal S| clwlw] o | slole| [+ olo] el SlE ol el

m] LY (=] o] [N BT
gl olaim ] p] Ol=]=]

#) o eleledsle] ol 2

M=

_[O] =] | #F Mol [Goeitiogilsiput OHL]

O bt 1
o — + Sulece D
_— 4 Sudaca 1
— 4+ Sudace 2
fanad 4 Sufece 3
- 4 Sudace 4
- 4 Sudece 5
L Eraly |
. Black
b | hilnsasial ko ¢ Honas i
e | Fiatanal ramm <Mons 48
i Objact 2
" + Sulece 0
bl
1.3 4+ Sudace 2
wHH 4 Sudace 3
Bl 4 Sudace 4
Gy + Gufece 5 ®
L Eniity 2
X Black,
Bu 1 Filgtanal o ¢ Monas
3 T — ' y  OmRALL iatanal rare < o
[ X5 T H)
Fasrmdeen e ] VR 00, g D D00 Toodal Vs Q0D 328 &1 DAL fscoasi Ca _ﬂ | _'l
Fow Help, press E1 00000 v 2 B3 F 15106 rellresien [ o
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Irradiance/llluminance

Map and Display Options
— lrradiance, Radiance (simple), CIE

Map Duds
Quarnlibes byl | by gdancs = 1"2""#"
— Incident or absorbed flux o B e
. Display Optiors
— Smoothing, colors, contours F ok MeCont 5
— Data size

I~ Contma Pin CobwMap [Gramcse  onflsck =]
¥ Logaith S ™ Gredent Dimpley
 Normal and Up Vector = I e
. . = r
— Selected surface is projected to a plane T e
— Normal is perpendicular to plane —— i
. . . ™ dutomaticaly caculsie Mol ard U Yeoton
— Up defines releatice +Y axis or Up on NamalVecin U Voct
screen. . — "
: i 0
«  Output Options S LS
— Text data, Bitmap or DXF via
File SaveAs
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Candela Plots

fi= Edt Y |noet [eire Anspoc: feportr Jook Macm WWindow Help

Dl &|| =5 =)= wlels] [T xln] wole] B =l Elel]
] - =TT RN T S e I I Y P |

elw| plamlcle| Ols]-]

LI | il 18

1500 A% ka2 171

] — i ka I

s rl — LT iR
[" I I . —

TR
S0 LT D00 .00 . fveg}
Ll g 2 RO BAT L

]
Wi LD AT, Takad Pl LONE W oL D2 R e DT Taks! Sl 20000 330 Cwyw

I Pnlar Nandela Diaknkvtee: Pol- [Geshnglutput, ML)

Foige Cpeguly [k @y los Fhl
Mirg Taes b

ihGR

T

[T E DT LH RS s ]

r -]
7.
- - ip g myeees &4 0N g o | Ryangl

T3 B
e ] MO Ti b Mac P19 Talal Ve IORLL S W

P H e Phastl

ol BT Waw ML Telsl"lem 3083 W 3311 Sam
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Candela Plots

« Candela is energy per solid
angle.

o TracePro uses the ray
direction to fill angular bins.

» [so-Candela data is collected
for a hemisphere and
projected to a plane.

» Rectangular Iso-Candela
data is projected onto a plane
and collected in to square
bins.

» Polar and Rectangular
distributions are collected
into bands.

Stray Light and [llumination
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Candizla Pl Dt

Gemeinl Candals Mot Ophors

W Smocthing [ ™ cd/im
™ Contou Pled Puummmmlﬂ

I Luinare mﬂu“ﬂhrml

B fun el Cobed ap ||Cociarbom) ontwise = |
Lewth

Frectarguiar lo-Cardsia Plok [ paons
W Smoothing |:“'i Hugldt sty |5l:I
[T Cordsur Pial ‘widih [dagl |'II

F ok ety ColorMape | Colnmbsos) on e )
L

Eill'll'l.l:ﬂl J Selachon | _]
Munter: [0 [ Wuarber [10 [
Mormal et Lip et R Salaction
:n:ll. - || T LUlse wisssd raps bor Candals Dada
'r‘:I' . |'1 T Ulge soitineg rass fnomn sedsciad surlsos [Ansiss Onkd
e ¥ zn T Uge sl rgss bnom sebsciad suriace o £l Siaface
el U pelita o DM
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Ray Sorting

» Allows selection of a subset of displayed rays.
— Selected Surface

Fie Edb Vowr [rost [ubrw fnsbes fimpots Jook Maco: Window Heo -

Dlzlel 8| s1%la] of | slelo| v sw| #l| DE @) @8]

- Scafteredrays pymisin) sieisiajal sf ofc slslslelel sl 41 20
— Wavelength 2 Lt p i) el

Olbgaei T

sutced o soiea T

a| Sunlase

4l Sulece 2 For tha porrenily pebacies] surfoos

a| Sinlese 3

o Siriaca 4 Sl T [Sivcle Scare =|
Warvsergh |41 =

a) Sislece 'S
& Snating g b0 Dkplag |'|"-|:'

— Percentage of rays

Entdp 1

Blazk
gl o b |_ Fhes Dizplay
o il el M o Bl i e
l:II.||-|5|.1.IE' i ATl Fipe: e [ mypd
) Surlee I
T I| 203 Ao+ |0 EBEERER
a) Sunlece 2 r T I_-
e A (o3EEA
a) Sunlece 3 i -

4] Sunleced

5 SulueS Updar |
Enlilp I
Blach
T sl By v < Reore
W bl sl o M i
2l sl x
Fi Halp, preciaF1 00000 2 0232 3 5106 il (000000 TEE. -
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Ray Tables

* Incident Ray Tables display rays for a selected surface.
» Ray History Tables display ray path from source to selected surface.

I Incident Ray T able:[Getting0utput. OML] - | Ellﬂ
Object 2 Surface 1

Fay Mumbe | ‘W avelengtt | Start Bay | Ray Mode | Type Higtary | Flus = Poz. " Poz. £ Poz. | X Yec. Y Wec. £ Wen, -
1 0.54E1 1 3 IrpR efl 5.93493e-006 | -0.297043 |268444 [25 0.0891174 | 0655364 | 0.750037
2 0.54E1 2 3 IrpFefl B9E136e-006(-0.282217F |275324 (25 -0.0853465 [0DEEFOR3  [0.740105
3 0.5451 K] K] ImpFefl 5.9991=-006 | 01237 341885 |25 00314641 (0759797 | 0.649398
4 0.54E1 4 3 IrpR efl B.02066e-006( 0225032 |2704382 (25 00683663 [0EEOEYE | 0747552
i 0.54E1 & 3 IrpFefl B.O5173e-006( 0167363 |282623 (25 00807346 [0EB0182 0731286
C 0 EACT C 3 [Ty =1r] E 77117 nnel 0 ARCANE  |ooooeg [0 122121 ne7A74a |0 7oea4q i

= Ray History Table:[GettingOutput. OML]

Wwiavele | Ray Mode | Start Bay | % Poz. | Y Pos| £ Pos. | Flux OFL # Wec. T Wer, £ Wer. Type Higtamy Object | Surface
05461 1 1 1] 3 0 1 N N -1 N Ermitted

05461 | 2 1 1] 0.5 0 1 25 00891174 [ 0655364 | 0750037 | ImpFefl Object 1 [ Suwrface 4
05481 |3 1 02370 26844 25 5.93433e-006 | 583317 |0 n N At Surface | Object 2 | Surface 1
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Flux Report

« Display summary information for all surfaces and objects in the mode.
» Provides options for wavelength selection.

B Flux Report:[GettingOutput. OML]

Dizplay fluw report for: I wavelength totals j

Object Mame Mumber | Incident Abzorbed Lost Surface Area Catalog | Matenal Froperty
Surface Mame aof rays [waatts] [waattz] [waattz] [2q mrm] Surface Property
Ohject 1 I} <Moner | <MNones

Surface [ 1] 1] n 1 1 <Mone:

Surface 1 1] 1] n 1 1 <Morer

Surface 2 1] 1] n 1 1 <M ores

Surface 3 1] 1] n 1 1 <Mone:

Surface 4 1141 1141 57.0493333333359 | 1083.94053573839 1 kdirrar

Surface & 1] 1] n 1 1 <Mones

Dbject 2 1 <Moner [ <Moner

Surface 0 105 0.00193893467009391 |0 0.007193899467009391 |1 <Mone:

Surface 1 1142 0.00814260574813184 |0 1] 1 <Mones

Surface 2 1 0.00131 775645450247 |0 1] 1 <Mone:

Surface 3 52 0.000304547287062333 |0 000030454 7287062333 |1 <Mones

Surface 4 935 0.00E92011689571367 |0 0.00E92011689571367 |1 <Mones

Surface 5 51 0.00029660:27497 74495 |0 0.0002966027497 74495 |1 <Mone:
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