Making a Sun Source Using the GridOfRays and CustomDiffuser
Functions

Example scattering function that has a user-defined Gaussian
distribution

m create data points

Pl ot [ Exp[ - x*2/ N . 5*Degr ee] *2], {x, - 2. *Degree, 2. *Degree}];

Z0.03 -0.02 -0.01 0.01 0.02 0. 03

scatterdatapoi nts = Tabl e[ {x, Exp[ - x"2/ N[ . 5*Degree] *2]}, {x, - 2. *Degr ee, 2. *Degr ee, 10. Degr ee/ 100.

. 0349066, 1.12535x10 '}, {-0.0331613, 5.35535x10 '}, {-0.0314159, 2.35258x10 °},

. 0296706, 9. 54016 x 10’6}, {-0.0279253, 0.0000357128}, {-0.0261799, 0.00012341},

. 0244346, 0.000393669}, {-0.0226893, 0.00115923}, {-0.020944, 0.00315111},
. 0191986, 0.00790705}, {-0.0174533, 0.0183156}, {-0.015708, 0.0391639},

. 0139626, 0.0773047), {-0.0122173, 0.140858}, {-0.010472, 0.236928},

. 00872665, 0.367879), {-0.00698132, 0.527292}, {-0.00523599, 0.697676},

. 00349066, 0. 852144}, {-0.00174533, 0.960789}, {8.67362x10'°, 1.}, {0.00174533, 0.960789},

00349066, 0.852144}, {0.00523599, 0.697676}, {0.00698132, 0.527292},

. 00872665, 0.367879}, {0.010472, 0.236928}, {0.0122173, 0.140858}, {0.0139626, 0.0773047},
. 015708, 0.0391639}, {0.0174533, 0.0183156}, {0.0191986, 0.00790705},
. 020944, 0.00315111}, {0.0226893, 0.00115923}, {0.0244346, 0.000393669},

.0261799, 0.00012341}, {0.0279253, 0.0000357128}, {0.0296706, 9.54016x10°},
. 0314159, 2.35258x10°}, {0.0331613, 5.35535x10 '}, {0.0349066, 1.12535x10'}}

m make interpolation function

scat

Inte

terfunction = Interpol ation[scatterdatapoints]

rpol ati ngFunction[{{-0.0349066, 0.0349066}}, <>]
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Pl ot[scatterfunction[x], {x,-2. Degree, 2. Degree}];

-0.03 -0.02 -0.01 0.01 0.02 0.03

m create diffuser plate with custom scatter function data
?Di f fuser

Di ffuser [scatteringparaneter, aperture, |abel, options] and D ffuser [scatteringparaneter,
aperture, thickness, |abel, options] denote a planar conponent that splits incomng rays into
di ffused rays using the ray scattering distribution pattern given in scatteringparaneter.

The scatteringparaneter can either be |light source function or a listing of one or nore angles
that describe the scattering behavior. If a light source function is specified, then the
ScatterRays function is called internally. An exanple of a |ight-source scatteringparaneter
i s WedgeOf Rays[90, Nunber Of Rays->1, MonteCarlo -> True]. OQtherwise, if a single nunber or a
list of nuneric scatter angles are passed in the scatteringparaneter, then AddRandonRayTilt
is called instead. Three exanples of this are: 90, {90,903}, and {{-45, 45}, {-45,45}}.

The thickness refers to the refractive substrate of the diffuser. If no thickness value is
given, the conponent is a single-sided diffuser. Diffuser weights the scattered ray
Intensity val ues according to seed ray Intensity values. For Lanbertian->True, the
scattered rays are oriented about the surface normal. For Lanbertian->Fal se, the scattered
rays are oriented with the incomng ray direction. The user-named | abel paraneter is
optional and can be omtted. Wien it is present, its text content is used to identify
the object in both the rendered graphics and the output cell expression. Wien it is
omtted, Rayica uses the default setting of the Labels option with the rendered graphics.

See al so: ScatterRays, AddRandonmRayTilt, DiffuserMrror,
Spherical DiffuserMrror, CustonDiffuser, and CustonDiffuserMrror.

(*Note that Diffuser uses AddRandonRayTilt internally*)

?AddRandonRayTi | t

AddRandonRayTi | t [conponent, {{x1,x2}, {yl,y2}}, options] is a generic building bl ock
that introduces a randomfactor to the tilt direction of each propagated ray.

Here, the {{x1,x2}, {yl,y2}} paraneters specify the angular ranges of the ray tilt fluctuations
along the horizontal and vertical directions. Wen the random behavior is symetric about
the surface normal, then the single-valued full -angles x and y can be specified in place of
{x1,x2} and {yl,y2}. Wen the randomfactor is non-isotropic and only varies in x, then the y
paranmeters can be omtted. Three exanples of this are: 90, (90,90}, and {{-45,45}, {-45,45}}.

The Lanbertian option is also used by ScatterRays. For Lanbertian->True, the
scattered rays are oriented about the surface nornal. For Lanbertian->Fal se
the scattered rays are oriented with the incomng ray direction

See al so: Lanbertian, LimtScatter, and Lim tByReflection.
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Options[Diffuser]

{Label s - D, Label Positions —» Aut omati c, Conmponent Descri ption- Autonati c,

Tenper at ure - Tenper at ure, Tensi on - Tensi on, Conponent Medi um- BK7,

Transmittance » Transmi ttance, Refl ectance - Refl ectance, Lanberti an - Fal se,

Cosi neConpensat i on —» Fal se, RayScatterFuncti on- Automati c,

LimtScatter - True, LimtByReflection- Automatic, G aphi cDesi gn - Automati c,

Front Surface - True, Swi tchDirecti onOnRefl ecti on- Fal se,

Aut omati c - {SurfaceRendering - Trace, EdgeRendering - Mesh, CrossRendering - {{Fill, Trace}}},
Sket ch » {SurfaceRendering - {Mesh, Trace}, EdgeRendering - Trace, CrossRenderi ng - Enpty},
Wre - {SurfaceRendering - Mesh, EdgeRenderi ng - Mesh, CrossRendering - {{Fill, Trace}}},
Solid- {SurfaceRendering- {{Fill, Trace}}, EdgeRendering-Fill, CrossRendering - Enpty}}

?RayScatt er Functi on

RayScatt er Function -> scatteringfunction is an option of AddRandonRayTilt that
i ndi cates an angul ar dependent scattering function for diffuse optical surfaces.

Typi cal RayScatterFunction settings include: Function[Cos[r]] for cosine-dependant (lanbertian)
scattering, Function[Cos[t]*2] for non-lanmbertian scattering, and Function[1l] for uniform
scattering. RayScatterFunction -> {scatteringfunctionl, scatteringfunction2} can al so be used
to specify a different scattering function in the horizontal and vertical angular directions.
Finally, RayScatterFunction -> Automatic works together with the Cosi neConpensati on opti on.
In particular, with Cosi neCompensation -> True and RayScatter Function -> Automati c,
RayScatterFunction is internally set to Function[Cos[tt]]. Simlarly, w th Cosi neConpensation
-> Fal se and RayScatterFunction -> Automatic, Function[l] is used internally instead.

custondi ffuser = Diffuser[{4,4},{50, 50}, RayScatterFuncti on->scatterfunction, Runni ngConment ary
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Runni ngConment ary -> True for Conponent Foundati on.
Constructing single surface.

Constructing SurfaceFunction fornat.
Constructing synbolic val ues.

Constructing Synbol i cSurfaceFunction.
Constructing anal ytic SurfaceNormal Functi on.
Constructing Synbol i cSurfaceNormal Functi on.
Constructing anal yti c Jacobi anMatri x.
Constructing synbolic anal ytic Jacobi anMatri x.
Ext rapol at eSur f aceFuncti on -> Fal se.

Pl uggi ng toget her.

Cal cul ating SurfaceRaylntersectionFunction.
Cal cul ati ng SynbolicSurfaceRayl ntersecti onFuncti on.
Exi ti ng Conponent Foundati on.

Begi n Conponent Renderi ng.

Addi ng Magni ficati on.

Renovi ng any existing rendering information
Modi fyi ng Label s.

Cal | i ng Si ngl eSurfaceG aphi cs.

Exi ti ng Conponent Renderi ng.

i nputscatter = {4, 4}

Lanmbertian = Fal se

LimtScatter = True

Cosi neConpensation = Fal se

Li m t ByRefl ection = Fal se

{scatterx, scattery} = {{-2, 2}, {-2, 2}}
Construct code for two-di nensional scattering

Using isotropic scatter about the original
ray axi s and user-specified RayScatterFunction away fromray axis.

Di ffuser[{4, 4}, {50, 50},
{RayScat t er Functi on —» gaussi anscatterfunction, Runni ngCommentary - True}]
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m Build system to test performance

m standard performance without diffuser (*By inserting a focusing element, angles get converted
to position on the surface and we can use FindIntensity to measure a histogram of angular
distribution®)

standard = TurboPl ot [ {Gi dO Rays[ {20, 20}, Nunber O Rays- >{ 10, 20} ],
Move[ Pl anoConvexLens[ 200, 50, 10], 100],
Move[ Screen[ {50, 50} ], 302. 699] }1;
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Fi ndFocus|[ st andar d]

0.04+

-0.02¢

-0.04 ¢

-0.04 -0.02 0 0.02 0.04

{Screen - Move [Screen[0. 106825], 302.699],

TurboSystem- -traced system-, Focal Poi nt » {302.699, 0, 0}, FocusType - RVSFocus,
Wei ght edSpot Si ze - 0. 0108705, Spot Si ze - 0. 0108705, BackFocal Lengt h » 192. 699,
Focal Pl aneTilt - {1., 0, 0}, TurboRays - -ray intercepts of 1 surfaces-}

Fi ndl nt ensi ty[ st andar d, Pl ot 2D- >Tr ue] ;

Surface Infornmation :
{Conponent Nunber - 2., SurfaceNunber — 1., Nunber Of Rays —» 200, Snoot hKer nel Si ze - 0. 0130854}

Surtace Intensity
120000

-0.075 -0.05 -0.025 0.025 0.05 0.075

= normal diffuser
results = TurboPl ot[{G i dOf Rays[ {20, 20}, Nunber Of Rays- >{ 30, 30}],
Move[ Di f fuser[{4, 4}, {50, 50}, Runni ngComent ary- >True] , 50],

Move[ Pl anoConvexLens[ 200, 50, 10], 100],
Move[ Screen[ {50, 50} ], 302. 699] }];

Runni ngConment ary -> True for Conponent Foundati on.
Constructing single surface.
Constructing SurfaceFunction fornat.

Constructing synbolic val ues.



Constructing SynbolicSurfaceFunction.
Constructing anal ytic SurfaceNormal Functi on.
Constructing Synbol i cSurfaceNor mal Functi on.
Constructing anal ytic Jacobi anMatri x.
Constructing synbolic analytic Jacobi anMatri x.
Ext r apol at eSur f aceFuncti on -> Fal se.

Pl uggi ng toget her.

Cal cul ating SurfaceRayl ntersectionFunction.
Cal cul ati ng SynbolicSurfaceRayl ntersecti onFuncti on.
Exi ti ng Conponent Foundati on.

Begi n Conponent Renderi ng.

Addi ng Magni ficati on.

Renovi ng any existing rendering information
Modi fyi ng Label s.

Cal I'i ng Singl eSurfaceG aphi cs.

Exi ti ng Conponent Renderi ng.

i nputscatter = {4, 4}

Lanmbertian = Fal se

LimtScatter = True

Cosi neConpensati on = Fal se

Li mit ByRefl ection = Fal se

{scatterx, scattery} = {{-2, 2}, {-2, 2}}
Construct code for two-di nensional scattering
Usi ng uni formscattering for x scattering direction.

Using uniformscattering for y scattering direction.

Findlntensity[results,2];
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Surface Information :
{Conmponent Nunber - 3., SurfaceNunber » 1., Nunber & Rays —» 900, Snoot hKer nel Si ze » 2}

Surface Intensity

-10 -5 0 5 10
Findlntensity[results, 2, Pl ot 2D >True];

Surface Information :
{Conponent Nunber - 3., SurfaceNunber — 1., Nunber Of Rays —» 900, Snoot hKer nel Si ze » 2}

Surface Intensity

-15
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m add custom diffuser

results = TurboPl ot[{GidOf Rays[ {20, 20}, Nurmber Of Rays- >{ 10, 20}],
Move[ cust ondi f f user, 50],
Move[ Pl anoConvexLens[ 200, 50, 10], 100],
Move[ Screen[ {50, 50} ], 302. 699] }1];

Findlntensity[results];
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Surface Information :
{Conmponent Nurmber - 3., SurfaceNunber - 1., Nunber Of Rays » 200, Snoot hKer nel Si ze —» 1. 32815}

Surtace Intensity

-4 ) 0 2 4
Findl ntensity[results, Pl ot 2D >True];

Surface Information :
{Conponent Nurmber - 3., SurfaceNunber » 1., Nunber Of Rays —» 200, Snoot hKer nel Si ze —» 1. 32815}

Surtace Intensity
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Example scattering function that has a custom-shaped
distribution

m create data points

Pl ot

[ Abs[ 1- Abs[ 30*x] ], {x, -5. Degree, 5. *Degree}];

scat

0.075 -0. 05 -0. 025 0.025 0.05 0.075

terdat apoints = Tabl e[ {x, Abs[ 1- Abs[ 30*x] ]}, {x, - 5. *Degr ee, 5. *Degr ee, 10. Degr ee/ 100. }]

. 0872665, 1.61799}, {-0.0855211, 1.56563}, {-0.0837758, 1.51327}, {-0.0820305, 1.46091},

. 0802851, 1.40855}, {-0.0785398, 1.35619}, {-0.0767945, 1.30383}, {-0.0750492, 1.25147},

. 0733038, 1.19911}, {-0.0715585, 1.14675}, {-0.0698132, 1.0944}, {-0.0680678, 1.04204},

. 0663225, 0.989675}, {-0.0645772, 0.937315}, {-0.0628319, 0.884956},

. 0610865, 0.832596}, {-0.0593412, 0.780236}, {-0.0575959, 0.727876},

. 0558505, 0.675516}, {-0.0541052, 0.623156}, {-0.0523599, 0.570796},

. 0506145, 0.518436}, {-0.0488692, 0.466077}, {-0.0471239, 0.413717},

. 0453786, 0.361357}, {-0.0436332, 0.308997}, {-0.0418879, 0.256637},

. 0401426, 0.204277}, {-0.0383972, 0.151917}, {-0.0366519, 0.0995574},

. 0349066, 0.0471976}, {-0.0331613, 0.00516233}, {-0.0314159, 0.0575222},

. 0296706, 0.109882}, {-0.0279253, 0.162242}, {-0.0261799, 0.214602},

. 0244346, 0.266962}, {-0.0226893, 0.319322}, {-0.020944, 0.371681}, {-0.0191986, 0.424041},
. 0174533, 0.476401}, {-0.015708, 0.528761}, {-0.0139626, 0.581121}, {-0.0122173, 0. 633481},

. 010472, 0.685841}, {-0.00872665, 0.738201}, {-0.00698132, 0.79056},
. 00523599, 0.84292}, {-0.00349066, 0.89528}, {-0.00174533, 0.94764}, {5.63785x107'%, 1.},
00174533, 0. 94764}, (0.00349066, 0.89528}, (0.00523599, 0.84292}, {0.00698132, 0.79056},

. 00872665, 0.738201}, {0.010472, 0.685841}, {0.0122173, 0.633481), {0.0139626, 0.581121},
. 015708, 0.528761}, {0.0174533, 0.476401}, {0.0191986, 0.424041}, {0.020944, 0. 371681},

. 0226893, 0.319322}, {0.0244346, 0.266962}, {0.0261799, 0.214602), {0.0279253, 0.162242},
. 0296706, 0.109882}, {0.0314159, 0.0575222}, {0.0331613, 0.00516233},

. 0349066, 0.0471976}, {0.0366519, 0.0995574}, {0.0383972, 0.151917},

. 0401426, 0.204277}, {0.0418879, 0.256637}, {0.0436332, 0.308997), {0.0453786, 0.361357},
. 0471239, 0.413717}, {0.0488692, 0.466077}, {0.0506145, 0.518436), {0.0523599, 0.570796},
. 0541052, 0.623156}, {0.0558505, 0.675516}, {0.0575959, 0.727876), {0.0593412, 0.780236},
. 0610865, 0.832596)}, {0.0628319, 0.884956}, {0.0645772, 0.937315), {0.0663225, 0.989675},
. 0680678, 1.04204}, (0.0698132, 1.0944}, (0.0715585, 1.14675), {0.0733038, 1.19911},

. 0750492, 1.25147}, {0.0767945, 1.30383}, (0.0785398, 1.35619}, {0.0802851, 1.40855},

. 0820305, 1.46091}, {0.0837758, 1.51327), {0.0855211, 1.56563), ({0.0872665, 1.61799}}
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= make interpolation function

scatterfunction = Interpol ati on[scatterdatapoi nts]

I nt erpol ati ngFunction[{{-0.0872665, 0.0872665}}, <>]

Pl ot[scatterfunction[x], {x,-5. Degree, 5. Degree}];

20.075 -0. 05 -0. 025 0.025 0.05 0.075

m create one-dimensional diffuser plate with custom scatter function data

custondi ffuser = Diffuser[10, {50, 50}, RayScatt er Functi on->scatterfuncti on, Runni ngComment ary- >T
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Runni ngConment ary -> True for Conponent Foundati on.
Constructing single surface

Constructing SurfaceFunction fornat.
Constructing synbolic val ues.

Constructing Synbol i cSurfaceFunction
Constructing anal ytic SurfaceNormal Functi on.
Constructing Synbol i cSurfaceNormal Functi on
Constructing anal yti c Jacobi anMatri x
Constructing synbolic anal ytic Jacobi anMatri x
Ext rapol at eSur f aceFuncti on -> Fal se

Pl uggi ng toget her.

Cal cul ating SurfaceRaylntersectionFunction
Cal cul ati ng SynbolicSurfaceRayl ntersecti onFuncti on.
Exi ti ng Conponent Foundati on.

Begi n Conponent Renderi ng.

Addi ng Magni ficati on.

Renovi ng any existing rendering information
Modi fyi ng Label s.

Cal | i ng Si ngl eSurfaceG aphi cs.

Exi ti ng Conponent Renderi ng.

i nputscatter = {10}

Lanmbertian = Fal se

LimtScatter = True

Cosi neConpensation = Fal se

Li m t ByRefl ection = Fal se

{scatterx, scattery} = {{-5, 5}, {0, 0}}

Construct code for one-di nensional scattering
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Di f fuser [10, {50, 50},
{RayScatterFuncti on - I nterpol ati ngFuncti on[{{fo. 0872665, 0.0872665}}, {2, 0, True, Real, {3},

{033, {{—O. 0872665, -0.0855211, -0.0837758, -0.0820305, -0.0802851, -0. 0785398,
-0. 0767945, -0.0750492, -0. 0733038, -0.0715585, -0.0698132, -0.0680678, -0. 0663225,
-0. 0645772, -0.0628319, -0. 0610865, -0.0593412, -0. 0575959, -0.0558505, -0.0541052,
-0. 0523599, -0.0506145, -0.0488692, -0.0471239, -0.0453786, -0.0436332, -0.0418879,
-0. 0401426, -0.0383972, -0. 0366519, -0.0349066, -0.0331613, -0.0314159, -0. 0296706,
-0. 0279253, -0.0261799, -0.0244346, -0.0226893, -0. 020944, -0.0191986, -0. 0174533,
-0.015708, -0.0139626, -0.0122173, -0. 010472, -0. 00872665, -0.00698132, -0.00523599,

~0. 00349066, -0.00174533, 5.63785x10 '8, 0.00174533, 0. 00349066, 0. 00523599,

[cNeoNoNoNe]

. 00698132, 0.00872665, 0.010472, 0.0122173, 0.0139626, 0.015708, 0.0174533, 0.0191986,
. 020944, 0.0226893, 0.0244346, 0.0261799, 0.0279253, 0.0296706, 0.0314159, 0. 0331613,

. 0349066, 0.0366519, 0.0383972, 0.0401426, 0.0418879, 0.0436332, 0.0453786, 0.0471239,
. 0488692, 0.0506145, 0.0523599, 0. 0541052, 0. 0558505, 0.0575959, 0.0593412, 0. 0610865,
. 0628319, 0.0645772, 0.0663225, 0.0680678, 0.0698132, 0.0715585, 0.0733038, 0. 0750492,
0.

{10,

0767945, 0.0785398, 0.0802851, 0.0820305, 0. 0837758, 0. 0855211, 0.0872665}},
1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101},

(1.
. 14675, 1.0944, 1.04204, 0.989675, 0.937315, 0.884956, 0.832596, 0.780236, 0.727876,

. 675516, 0.623156, 0.570796, 0.518436, 0.466077, 0.413717, 0.361357, 0.308997, 0. 256637,
. 204277, 0.151917, 0.0995574, 0.0471976, 0. 00516233, 0.0575222, 0.109882, 0.162242,

. 214602, 0.266962, 0.319322, 0.371681, 0.424041, 0.476401, 0.528761, 0.581121,

. 633481, 0.685841, 0.738201, 0.79056, 0.84292, 0.89528, 0.94764, 1., 0.94764, 0.89528,

. 84292, 0.79056, 0.738201, 0.685841, 0.633481, 0.581121, 0.528761, 0.476401, 0.424041,

. 371681, 0.319322, 0.266962, 0.214602, 0.162242, 0.109882, 0.0575222, 0.00516233,

. 0471976, 0.0995574, 0.151917, 0.204277, 0.256637, 0.308997, 0.361357, 0.413717,

. 466077, 0.518436, 0.570796, 0.623156, 0. 675516, 0. 727876, 0. 780236, 0.832596, 0. 884956,
. 937315, 0.989675, 1.04204, 1.0944, 1.14675, 1.19911, 1.25147, 1.30383, 1.35619,

. 40855, 1.46091, 1.51327, 1.56563, 1.61799}}, {Autonati c}], Runni ngComment ary - TrueH

e NeolololoNoNoNeNoN

61799, 1.56563, 1.51327, 1.46091, 1.40855, 1.35619, 1.30383, 1.25147, 1.19911,
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m Build system to test performance

m create custom diffuser

results = TurboPl ot[{GidOf Rays[ {20, 20}, Nunber Of Rays- >{ 50, 50}],
Move[ cust ondi f f user, 50],
Move[ Pl anoConvexLens[ 200, 50, 10], 100],
Move[ Screen[ {50, 50}], 302. 699] }1;

Findlntensity[results, 1., Pl ot2D >True];
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Surface Information :
{Conmponent Nunmber - 3., SurfaceNunber - 1., Nunber Of Rays —» 2500, Snoot hKernel Si ze > 1. }

Surtace Intensity

10 20



