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An Introduction to Scattering and
the Surface Property in TracePro

Presented by :




Current TracePro and OSLO Releases

TracePro 7.0.2

OSLO 6.5.2

Available for download from our website by users with
current maintenance and support agreements
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In this webinar you will:

Learn what scattering is and how it is measured

Discover what BSDF, BRDF, and BTDF mean and how
they apply to your TracePro model

*Gain an understanding of the different scatter models
available in each version of TracePro

*Find out how to use scattering data to create a Surface
Property in TracePro, including reflected and transmitted
scattering
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In this webinar you will:

*See how Surface Properties with different scattering
properties effect your results in TracePro

*Have your questions answered in the Question and
Answer session
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What is scattering?
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What is scattering?

Scattering is a general physical process where some forms of
radiation, such as light, sound, or moving particles, are forced to
deviate from a straight trajectory by one or more localized non-
uniformities in the medium through which they pass. In conventional
use, this also includes deviation of reflected radiation from the angle
predicted by the law of reflection. Reflections that undergo scattering
are often called diffuse reflections and unscattered reflections are
called specular (mirror-like) reflections.

Source: Wikipedia
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Surface Scattering vs. Bulk Scattering

Surface scattering is scattering that occurs on
the surface of an object. This could be reflected
or transmitted scattering.

Examples: Reflective coatings, paints, diffusers, polished
surfaces, etc...

Bulk scattering is scattering that occurs inside
an object.

Examples: Human tissue, fluids, opaque materials, etc...
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Surface Scattering

i} Mode{Transmitted scatter] oo

Model | Source |Radiance|

Reflected Scatter Transmitted Scatter
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Bulk Scattering
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In a perfect world, at least from a modeling point
of view, everything would be perfectly specular
or perfectly Lambertian

) Model{Reflected scatter] o o)== ) Model[Reflected scatter] =R |
- Grid 5 . Blackl _T \ I if
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Reality is somewhere in between
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How is Scatter Measured?
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How is Scatter Measured?

Where :

s Is the radiance scattered from an area dA, on the sample,
dE, is the incident irradiance on the area dA,,
r, is the incident direction,

r, is the scattered direction.

To measure scatter, illuminate an area dA_, measure incident flux @,

scattered flux @, and calculate the solid angle dQ subtended by the
measuring detector.
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How is Scatter Measured?
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What is BSDF, BRDF, and BTDF?

BSDF = Bidirectional Scatter Distribution Function
BRDF = Bidirectional Reflectance Distribution Function

BTDF = Bidirectional Transmission Distribution Function
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BSDF

The BSDF is defined as:
dL(r,)
dE; (r;)

f(riﬂrs):

where
dL, is the radiance scattered from an area dA, on the sample,
dE, is the incident irradiance on the area dA,,

r, is the incident direction,

r, is the scattered direction.

To measure BSDF, illuminate an area dA_, measure incident flux @,
scattered flux @, and calculate the solid angle dQ subtended by the
measuring detector. Then calculate dL, dE, and BDSF. The BSDF
reduces to:

BSDF = & /[®,dQcos(0)]
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Harvey—Shack BSDF

Shift—Invariant BSDF Representation

n
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i = incident, 0 = specular, n = surface normal
In the plane of incidence, |B - By| = sinB - sinB,
At normal incidence, B, = 0 and |B - By| = sin@

At normal incidence and small scattering angles, |B - B,| =~ 6
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ABg BSDF Model

« The ABg BSDF model is a modified inverse-power-law model. It has the form

BSDF(- ) = ———
B+ ‘)6 o /60

‘g

« where the B and B, vectors are from the Harvey-Shack BSDF model. In this
model, the beta vector is the projection of a unit vector in the scattering
direction onto the tangent plane, and the B, vector is a projection of the unit

vector in the specular direction onto the tangent plane. A, B, and g are fitting
parameters.

» In the ABg model, A determines the height of the curve, B determines the point
where the curve transitions from flat to sloped and g determines the slope.
The roll-off value is equal to A/B (when |B - B => 0 ).

« This type of scatter model implicitly assumes that the surface is isotropic, i.e.
independent of incident direction, because the independent variable |B - 4| is
independent of incident direction.
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ABg BSDF model
A=.0025, B=.001, g=1.8

1E3
Fower law

182 BSDF

1E1 BE Foll-off point
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Typical BSDFs

Polished surfaces
— Values of g from 1.5 to 3.5, but 2 to 3 is more common

— Bis small, 1e-6 to 1e-10, depending on surface statistics

Diffuse surfaces
— If g =0, BSDF is perfect Lambertian. Many baffle coatings come

close to this.
— If not Lambertian, typically B is large, 0.1 to 1, and g is large, 2, 3,
4,5,6...
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What does this mean in TracePro?

This is what TracePro uses to model scattering from a surface.

) Modek:{Reflected scatter]
B Blockl

Y
L&Z LZ
Model urce | Radiance

Default->Mirror Default->Diffuse White
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Surface Property Editor

PEEd @ BEBEEA
- Catalog Catalog: | Dafault v|  Mame: | ,l B
Add Catalog... |
Description: ISlandard bdirrar
Delete Catalog |
£:dd Propetty.. Type: [Tatle =] Seatter [uBg ™ Retroreflectar

[T Polarization
[elete Propertyl
Copy Property |

 Data Paints

Sortby... | L8
pdd.. |

S alve For 0 0 0 0.05 0.94867594634245 |0 00013240536575544 00001 0015 2 q 0 0 0

MHone

i

Flot Options

Default->Mirror Property

| | Absorptance | Specular Refl Specular Trans | Integrated BRDF ERDF A |ERDFE |ERDFg |-
0.05 0.94867594634245 0 0.0013240536575544 00001 0015 2 {
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Surface Property Editor

ce Property Edito fa s
FEM @ BBEEH®
— Catalog Eatalog:IDefauIt LI REWEH Diffuse White

o
Add Catalog... |
Drescription: IWhite, Lambertian, 99% reflectance
Delete Catalog |
Add Propesty | Type: | Table | Geater: [4Bg I~ Retroreflectar
[T Polarization
Delete Propertyl
Copy Property |

— Drata Paints

Sortby... |

Add...

Delete...

Temperature (K) | Wavelength (um) | Incident Angle
Salve For: 0 0 0

More

=g) | Absorptance | Specular Refl | Specular Trans | Integrated BRDF | BRDF A BROFE | BRDF g |Intlgrated BTDF |BTDFA |BTDFE BTDFgI
0.01 0 0 0.99 0.63025357464391 |1 0 0 0 01 0

|

Plat Options

Default->Diffuse White Property

1 | Absorptance | Specular Refl | Specular Trans | Integrated ERDF | BRDF A ERDFE |ERDF g
0.01 0 0 0.99 0.63025357464391 1 0 [
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Scatter Models in TracePro
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Scatter Models in TracePro

TracePro LC
*ABg

TracePro Standard & Expert

*ABg

Elliptical ABg (added to TracePro Standard in version 7.0)

Elliptical Gaussian (added to TracePro Standard in version 7.0)
*Table BSDF (added to TracePro Standard in version 7.0)
Asymmetric Table BSDF (added to TracePro Standard in version 7.0)

Full explanation of each scatter model is available in the TracePro User
Manual starting on page 7.15
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Scatter Models in TracePro

& | L BEEEE

—Catalog

| »

Catalog: IWebinar Examples -
Add Catalog... |
Drescription: |
Delete Catalog
£dd Property Type: | Table x| Soatter [2Bg [~ Fetrareflectar
™ Polarization

Delete Property

il

Copy Property

— Drata Points
Sort by...

i

1

add. |
Delete. .. I I Temperature (K} | Wavelength (um) |Incident Angle (deg) | Absorptance | Specular Refl | Specular Trans | Integrated BRDF | BRDF A |BRDFE | BRDF g |Integrated BTDF | BTDF A |BTDFE |BTDF g
Sl Eer 300 0.5 0 1 0 0 0 0 01 0 0 0 01 0

IHeerctance YI
Plot Optiong |
4 [ ]

ABg model
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Scatter Models in TracePro

FEL @ BEEM®

— Catalog Catalog: IW’ebinal Examples LI Mame: IW'ebinar Elliptical 48 LI B
Add Catalog..
Description: I
Delete Catalog |
Add Propaty.. Tupe: ITabIe | Scatter JEliptical 4Bg ™ Retrareflectar
. ™ Palarization

Delete F'rnpertyl
Copy Property |

— Data Points

Sortby... |

Add.. |
I Temperature (K} | Wavelength (um) | Incident Angle (deg) | Absorptance | Specular Refl | Specular Trans | Integrated BRDF | Peak BRDF | BRDF B, x |BRDFE, y |BRDF g, x |BRDF g, y |Integrated BTDF | Peak BTDF | BTDF B, x |BTDF B,y |BTDF g.x |BTDF g, y
Balve Fag 300 05 0 1 0 0 0 0 01 01 2 2 0 0 01 01 2 2

IF!eﬂectanca vl
Plot Optiohs |

Delete..

] ] 3 Grid Plot

Elliptical ABg model
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Scatter Models in TracePro

H@EAL & BOES
Catalog———
Add Catalog. |
Delete Catalog | -
: - g FRetoreflector
Add Property. . [ee: ITabIe _I Seatter ITabIe BSDF -
™ Palarization
Delete F'rnpertyl
Copy Property |

— Data Points

Sortby... |

Add...

Catalog: IW’ebinal Examples

] »

Description: I

Delete.. Temperature (K} | Wavelength (um) | Incident Angle (deg) | Absorptance | Specular Refl | Specular Trans | Scatter Beta | BRDF | BTDF

Solve For: 300 05 0 1 0 0 Integrated: 0 0

IF!eﬂectanca vl 0
Plot Optiohs |

-~

n [

Table BSDF model
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Scatter Models in TracePro

=N BEEEBH

~ Catalog

Add Catalog...
Delete Catalog

Eatalng:lwehinar Examples ;I Mame: IAsymmetlic Table BSDF ;I

| »

Description:l

Type: ITEHB LI Scatter IAsymmenic Table BSDF I PRetroreflectar
I Polarization

Delete Property
Copy Property

— Data Points ——

Sart by,

add. | P
|

Delete... Temperature (K} | Wavelength (um) | Incident Angle (deg) | Absorptance | Specular Refl | Specular Trans | Scatter Beta | Scatter Azimuth | BRDF | BTDF

300

0.5 1] 1 1] 0 Integrated: 0 0

0

Solve For

I Reflectance » l
Plat Options

1 {1} L3

Asymmetric Table BSDF model
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Making a Surface Property in
TracePro using Scatter Data
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Making a Surface Property in TracePro
using Scatter Data

BSDF-Beta plot

Auto fitting ABg parameters

T4

0100

4
1.0x10

BSDF (1/sr)

75210 = n oo om0 ]

0.010 0.100 LODD 2.000
| B-BO |

A 0030587 B 0042433 o 2030241 Lpdate Error:0.9962 Estimated BSDF Integral: |0.21251583 |

TracePro BSDF Converter Utility

i

3’ Lambda
Trace = g{esearch
orporation




Making a Surface Property in TracePro
using Scatter Data

4} TracePro Expert
File Edit View Insert [Define| Raytrace Analysis Reports Tools ies Macros Window Help

NEEE] ﬂ Aute Importance Sampling... ﬂ %” O&Em ‘ | FE v =|e|w| &JE
® e |6 e @IQ Apply Properties... e H nlulmel rlp || v EI

Edit Property Data Surface Properties... I

20|

Material Properties..
Bulk Scatter Properti

Surface Source Editor

Grid Source... Gradient Index Properties...

Surface Source... RepTile Properties...

File Source... Fluorescence Properties...

Luminance/Radiance... Surface Source Properties...

Thin Film Stacks...

1] Surface Property Editor
@ EBEEEE
e Catalog, IWebinarExamples LI Mame: |<Nona> LI -
Add Catalog... I
Delete Catalog |
Tope: [Frecrel =] Seatter: [Nore I Fetrareflectar
Delete Fropertyl
Copy Property I
-~ Data Paints
Sort by... I
Add... I
Delete... I

Description: |

Praoperty Narme;

IWEhinar Example

{idding to Catalog. Webinar Examplss

Scatter Model: None hd

Flat Options

o
EE
S|&
.
=]
4
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TracePro Surface Property Editor
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Making a Surface Property in TracePro
using Scatter Data

Edito

2. Surd

‘ace Prop
AL @ BEBE®
~Catalog Catalog: IWebinar Examples ;I Mame: | Reflective webinar Example ;I 3

Add Catalog... I
Drezcription: |
Delete Catalog I
£dd Property I Type: ITabIe LI Scatter: IABg [” Retrorsflector
™ Polarization
Delete Propertyl
Copy Property I

— Data Points ——

Sort by... I |

Add..
Temperature (K) | Wavelength (um) | Incident Angle (deg) | Absorptance | Specular Refl Specular Trans |Integrated BROS |BRDFA |BRDFE |BRDF g [Wntegrated BTDF | BTDF A | BTDFE |BTDF g
0.5 0 0.05 0.63732850632294 |0 0.3126714936 0030597 0.042433 | 2030241 0 01 0

m

4

%

Solve For:

IHeerctance vl
Flot Options I

4 ] 3 Grid Plot

Enter A,B, and g values, an absorption of 0.05, and then Use Solve For:
to find the Specular Reflectivity

Property must conserve energy:
Abs+Refl+Tran+Sr+St = 1
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Making a Surface Property in TracePro
using Scatter Data

4} TracePro Expert = g

File Edit View Insert Define Raytrace Analysic Reports Tools Utilities Macros Window Help
OSE & & @3 o ||| ] & %] £|| DlBD]| <5 Bl o =le|s| BE| 2
& Q|8 ®| &8 & 8] #| ol ] ] 2| e[ v e 1] | B[2]E ] P BT <% |

W) Model:[Reflected scatter] 1] Polar Candela Distribution Plot: :[Reflected scatter] [= = [=]
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Making a Surface Property in TracePro
using Scatter Data

Normalized BSDF
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Transmissive diffuser with 30-degree Gaussian distribution
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Making a Surface Property in TracePro
using Scatter Data

Catalog: Iwebinar Examples ;I Mame: IBD-degree diffuser ;I

Add Catalog...
Description:
Delete Catalog
Add Property Type: | Table x| Seatter g I™ Retoreflector
™ Polarization
Delete Property
Copy Property

m

—Data Paints ——

Sort by... L
Add.. | [ & =2
i Temperature (K) | Wavelength (um) | Incident Angle (deg) | Absorptance | Specular Refl | Specular Trans | Integrated BRDF | BRDF A | BRDF B | BRDF g | Integrated BTD | BTDF A |BTDFB |BTDF g
010335444174368 0.1 26

0.5 0 0.05

Salve For:

I BTDF hd
Plat Options

Enter A,B, and g values, an absorption of 0.05, and then Use Solve For:
to find the BTDF

Property must conserve energy:
Abs+Refl+Tran+Sr+St = 1
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Making a Surface Property in TracePro
using Scatter Data

@ Tocebo Eper I
File Edit View Define Raytrace Analysis Reports Tools Utilities Macros  Window Help
D|@d] & 4|%|E| o~ «|efe] 6] x|¥] & O@lSm|| <5 HE ol @] KT
&|8|8|R|&|8E]&] +| <= =] o =] |k|v|:i|| Bl HENER u|ﬁ|| R
W} Modek[Diffuser scatter] | /= || @ | 2 | | %7 Polar Candela Distribution Plot Diffuser scatter] [ |- ]
=.Blockt ...y PolarCandela Distribution Plot
- Sufaced (. HEEs @ Using Missed Rays
-Surfa(el
= eottom) I
. - Surface Data from: Webit fsr
! ace Property: 30-deg — 00
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Effect of Different Scattering
Surfaces on Model Results in
TracePro
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Effect of Different Scattering Surfaces on

TracePw:

Model Results in TracePro

oo ==

--------

s

Model | cccccccccccccc ’—

bt
7

Parabolic Reflector with Small Cylindrical Source




Effect of Different Scattering Surfaces on

Perfect
Mirror
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Model Results in TracePro
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Surface Properties

Ahsorptance | Specular Refl | Specular Trans Pe rfeCt

’ ! ’ Mirror

Absorptance | Specular Refl | Specular Trans | Integrated BRDOF | ERDF A BRDF B | BRDF g | Integrated BTDF | BETDF A |BTDFE |ETDF g AlanOd
0.05 09 0 0.05 0.017507043740108 01 0 0 0 01 0 Miro2
Absorptance Specular Refl 5pecu|ar Trans Integrated ERDF | BRDF A ERDFEB |BRDF g Integrated BTDF |BTDFA |BTDFE |ETDF g AIanOd
0.06 0.23109297736943 0.1 Miro8
Absorptance | Specular Refl | Specular Trans | Integrated BRDF | BRDF A BRDF B | BRDF g |Integrated BTDF |BTDFA |BTDFB |BTDF g Diffuse
0.01 0 0 0.99 0,63025357464391 1 0 0 0 01 0 White
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Irradiance Maps

& Imadiance/Mluminance Map:{Paraboloc Reflector] & Imadiance/Mluminance Map:{Paraboloc Reflector] | e
Total - iradiance Map for Absorbed Fiux Total - Iiradiance Map for Absorbed Flux
Targe! Recewver Global Coordinates Target Receiver Giobal Coordinates

100 50 0 -50 -100 -150 -200 150 100 50 0 -50

200 150 200 -100 -150 -200
200, 00, 2

Alanod
Miro2

Perfect
Mirror

Y (milimeters)
Y (milimeters)

0f
3 -200 200 200  -100 0 100 200

-200! 1200 o - A
200 150 100 50 0 -50 -100 -150 -200 200 -100 0 100 200 252 200 150 100 50 0 -50 -100 -150 -200 —  Horizontal
X (millimeters) — Horizontal —  Ventica X (millimeters) —  Vertical

Min:0.031897, Max:139 01, Ave:5 129 Min:0 043425 Max 125 15, Ave 4 6583
Total Flux 0. 82064 W, Flux/Emitted Flux 0 82064, 821021 Incident Rays Total Flux-0 74533 W, Flux/Emitted Flux 0 74533, 827704 Incident Rays

'+ Imadiance/Bluminance Map:[Paraboloc Reflector] '+ Imadiance/Bluminance Map:[Paraboloe Reflecter] o G-

Total - Iradiance Map for Absorbed Flux 1 Total - Iradiance Map for Absorbed Flux
Target Receiver Global Coordinates Target Receiver Global Coordinates

Wim#*
18!

1444

200 150 100 50

0 50 -100 -150 -200
1 1200

i) 1.292- 200 150 100 S0 0 -50 -100 -150 -200
1216 4 &L i
] .

““4e | Diffuse
White

Alanod
Miro8

(‘ | 0912——

/ 1 0.7
ok 0684

Y (milimeters)
Y (millimeters)

052
04
200 oo as —

150 200 100 0304 200 150 100 50 0 -50 -100 -150 -200 —  Horizontal

X (millimeters) —. Vafcs

022

018

oon

0 100 200

-200 I
200 150 100 50 0 50
X (millmeters)

100

—  Horizontal

Min 0.2286, Max:39 88, Ave2 251 Min.0.31185, Max 1.5186, Ave:1.1382
Total Flux 0 38016 W, Flux/Emitted Flux 0 38016, 1175892 Incident Rays Total Flux0.18212 W, Flux/Emitted Flux-0 18212, 187996 incident Rays
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Perfect
Mirror

Alanod
Miro8

Polar Iso-Candela Plots

Polar Iso-Candela Plot
Using incident rays an Target Receiver

15 ] us

a388383¢8

Min:0 Wisr, Max 233.29 Wisr, Total Fiux.0.82102 W
821021 Rays
Data covers +- 90.000 degrees from Normal

Polar Iso-Candela Plot
Using incident rays on Target Receiver

15 5

Min:0 Wisr, Max 209 97 Wisr, Total Flux0 74581 W

Data covers +/- 90 000 degrees from Normal

Wisr

Polar Iso-Candela Plot
Using incident rays on Target Receiver

15 A s

Min.0 Wisr, Max 65.589 Wisr, Total Flux.0.36247 W
1175892 Rays

Data covers +/- 90.000 degrees from Normal

Polar Iso-Candela Plat
Using incident rays an Target Receiver

15 345

Min:0 Wisr, Max 0.37832 Wisr, Total Flux0.18524 W
187996 Rays

Data covers +/- 90 000 degrees from Normal

Alanod
Miro2

Diffuse
White

Lambda
Researc

Corporation




Perfect
Mirror

Alanod
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Polar Iso-Candela Plots

Polar Iso-Candela Plot
Using incident rays on Target Receiver

5

180 195
Min-0 Wisr, Max.437.85 W/sr, Total Flux.0.80555 W
B05552

Data covers +/- 4000 degrees from Normal

Polar Iso-Candela Plot
Using incident rays an Target Receiver

Min:0 Wisr, Max 394.07 Wist, Total Fiux.0.72515 W
808545 Rays

Data covers +/- 4.000 degrees from Normai

Polar Iso-Candela Plot
Using incident rays an Target Receiver

Min:0 Wisr, Max 122,65 Wisr, Total Fiux.0.22629 W
817154 Rays

Data covers +/- 4.000 degrees from Normai

Polar Iso-Candela Plot
Using incident rays an Target Receiver

Min.0 Wisr, Max 3.3301 Wisr, Total Flux.0.004701 W
4775 Rays

Data covers +/- 4.000 degrees from Normai
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Thank You
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Questions and Answers
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Additional Reading

TracePro 7.0 User Manual
In TracePro Help->TracePro User Manual

Optical Scattering Measurement and Analysis
John C. Stover, SPIE Optical Engineering Press
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For Additional Information
Please Contact:

Lambda Research Corporation
Littleton, MA

978-486-0766
www.lambdares.com
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