
Stanford CS348b Spring 2022

Reflection Models I: Ideal Materials

Today


￭ The reflection equation


￭ The BRDF and reflectance


￭ Types of reflection models


￭ Ideal reflection and refraction


￭ Fresnel effect


￭ Diffuse reflection


Next lecture


￭ Rough surfaces and microfacet distributions

Lecture 8



Surface Appearance
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Illumination

Reflection
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Reflection Models 

Definition: Reflection is the process by which light 
incident on a surface interacts with the surface 
such that it leaves on the incident side without 
change in frequency.


Properties


￭ Spectral distribution


￭ Polarization


￭ Directional distribution

Lecture 8
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Spectral Reflection

Lecture 8

400 500 600 7000

0.25

0.5

0.75

1

400 500 600 7000

0.25

0.5

0.75

1

Illumination

400 500 600 7000

0.25

0.5

0.75

1

*

Reflection



The Reflection Equation
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BRDF Illumination
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The BRDF

Bidirectional Reflectance-Distribution Function

Lecture 8
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The BRDF

Bidirectional Reflectance-Distribution Function

Lecture 8
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Stanford Gonioreflectometer
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EPFL Gonioreflectometer

Lecture 1
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2D Slices of the BRDF: Eye

Fix lighting and vary viewing direction

Lecture 1
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2D Slices of the BRDF: Lighting

Fix viewing direction and vary lighting

Lecture 1
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Properties of BRDFs

1. Linearity


Lecture 8

From Sillion, Arvo, Westin, Greenberg
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The Light Stage

Lecture 1
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Leveraging BRDF Linearity: Relighting

Lecture 1

[Sun et al. 2020]
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Properties of BRDFs

2. Reciprocity principle

Lecture 8
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Scattered radiance does not obey reciprocity—why?
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Properties of BRDFs

3. Isotropic: BRDF is a 3D function


Lecture 8

<latexit sha1_base64="bVnlPWfCXD+CLh51PpoeACEiYZ0="></latexit>
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Anisotropic: e.g., brushed metal
(Wikiepedia CC-A-SA 3.0)
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Properties of BRDFs

3. Isotropic: BRDF is a 3D function


Lecture 8
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Properties of BRDFs

4. Energy Conservation

Lecture 8

Reflectance

0  ⇢  1
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Types of Reflection Functions

Ideal Specular


￭ Reflection Law


￭Mirror


Ideal Diffuse


￭ Lambert’s Law


￭Matte


Specular


￭Glossy


￭ Directional diffuse

Lecture 8



Law of Reflection
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Ideal Reflection BRDF

Stanford CS348b Spring 2022 Lecture 8
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Ideal Specular Transmission

Stanford CS348b Spring 2022 Lecture 8

n

սi

սt

֌i

֌t

<latexit sha1_base64="kYhnWjCOHXZB2fHjigxheEG4jZk=">AAACN3icbVDLSsNAFJ3UV62vqEs3g0VwVRIRdSMU3HQlFewDmlAm02k7dDIJMzdCCf0rN/6GO924UMStf+CkzcI+DgwczjmXufcEseAaHOfNKqytb2xuFbdLO7t7+wf24VFTR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6y/zWE1OaR/IRxjHzQzKQvM8pASN17XuPAel6IYGhClM+wZ7mEnswXJBv53KwOgeTrl12Ks4UeJm4OSmjHPWu/er1IpqETAIVROuO68Tgp0QBp4JNSl6iWUzoiAxYx1BJQqb9dHr3BJ8ZpYf7kTJPAp6q/ydSEmo9DgOTzDbUi14mrvI6CfRv/JTLOAEm6eyjfiIwRDgrEfe4YhTE2BBCFTe7YjokilAwVZdMCe7iycukeVFxryruw2W5WsvrKKITdIrOkYuuURXVUB01EEXP6B19oi/rxfqwvq2fWbRg5TPHaA7W7x9RD66m</latexit>

⌘i sin ✓i = ⌘t sin ✓t

<latexit sha1_base64="Cbhdl3neUx+OX4kzVFP/BOZLf/o="></latexit>

⌘ =
⌘i
⌘t

!t =
�!i

⌘
+

✓
cos ✓i
⌘

� cos ✓t

◆
n

Snell’s law:

Total internal reflection: 
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sin ✓t =
⌘i
⌘t

sin ✓i > 1



Optical Manhole
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From Livingston and Lynch

nw =
4

3

Total internal reflection



Change in Radiance With Refraction
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n

ռi
ռt

BTDFs are not reciprocal!
<latexit sha1_base64="yGnLT5sZFLy0CUxXw4heJA6i/a4="></latexit>

ft(!o ! !i) 6= ft(!i ! !o)

Conservation of basic radiance:

<latexit sha1_base64="gENwuOuBlI+9q5au9htyLNfFC0o=">AAACN3icbVDLSsNAFJ3UV62vqEs3g0VwVZIi6kYouOlCpIJ9QBPLZDpph04ezNwIJfSv3Pgb7nTjQhG3/oGTNovaemDgcM65zL3HiwVXYFmvRmFldW19o7hZ2tre2d0z9w9aKkokZU0aiUh2PKKY4CFrAgfBOrFkJPAEa3uj68xvPzKpeBTewzhmbkAGIfc5JaClnnnr+JLQ9KbnBASGMkj5ZJI6DMhDdV7CV4s5WM5pqWeWrYo1BV4mdk7KKEejZ744/YgmAQuBCqJU17ZicFMigVPBJiUnUSwmdEQGrKtpSAKm3HR69wSfaKWP/UjqFwKeqvMTKQmUGgeeTmYrqkUvE//zugn4l27KwzgBFtLZR34iMEQ4KxH3uWQUxFgTQiXXu2I6JLog0FWXdAn24snLpFWt2OcV++6sXKvndRTRETpGp8hGF6iG6qiBmoiiJ/SGPtCn8Wy8G1/G9yxaMPKZQ/QHxs8vuHKvfg==</latexit>

Li

⌘2i
=

Lt

⌘2t



Wavelength-Dependent IOR
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https://refractiveindex.info
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Fixed Index of Refraction



@beeple

Wavelength-Dependent IOR



Fresnel Reflectance
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Dielectric (Glass   =1.5)

30 60 90

1

Fresnel

S (Perpendicular) Polarization

P (Parallel) Polarization

<latexit sha1_base64="Iygz5b4reqlRoCFlGBa4XtdvWac=">AAAB63icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPBS48V7Ae0oWy2k3bp7ibsToQS+he8eFDEq3/Im//GpM1BWx8MPN6bYWZeEEth0XW/ndLG5tb2Tnm3srd/cHhUPT7p2CgxHNo8kpHpBcyCFBraKFBCLzbAVCChG0zvc7/7BMaKSD/iLAZfsbEWoeAMc2kAyIbVmlt3F6DrxCtIjRRoDatfg1HEEwUauWTW9j03Rj9lBgWXMK8MEgsx41M2hn5GNVNg/XRx65xeZMqIhpHJSiNdqL8nUqasnakg61QMJ3bVy8X/vH6C4Z2fCh0nCJovF4WJpBjR/HE6EgY4yllGGDciu5XyCTOMYxZPJQvBW315nXSu6t5N3Xu4rjWaRRxlckbOySXxyC1pkCZpkTbhZEKeySt5c5Tz4rw7H8vWklPMnJI/cD5/AAyojkQ=</latexit>⌘

Incident angle

<latexit sha1_base64="dwiAv8/XOWCxDDmFdvnzo+K85yI=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJcFQbqsYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkobm1vbO+Xdyt7+weFR9fikq+NUEdohMY9VP8SaciZpxzDDaT9RFIuQ0144vcv93hNVmsXy0cwSGgg8lixiBBsr+fdDX2AzUSJT82G15tbdBdA68QpSgwLtYfXLH8UkFVQawrHWA89NTJBhZRjhdF7xU00TTKZ4TAeWSiyoDrJF5jm6sMoIRbGyTxq0UH9vZFhoPROhncwT6lUvF//zBqmJboOMySQ1VJLloSjlyMQoLwCNmKLE8JklmChmsyIywQoTY2uq2BK81S+vk+5V3WvUvYfrWrNV1FGGMziHS/DgBprQgjZ0gEACz/AKb07qvDjvzsdytOQUO6fwB87nD2XqkfI=</latexit>

Fr

Transmission:
<latexit sha1_base64="HfD9UXvFOQILCmUkGaFHbDCdI4c=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgxjIjoi4LgnRZwT6gHUsmzbShSWZIMkoZ+h9uXCji1n9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89iNVmkXy3kxi6gs8lCxkBBsrPXhnt/2ewGakRKqm/XLFrbozoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVUYkG1n85ST9GJVQYojJR90qCZ+nsjxULriQjsZJZQL3qZ+J/XTUx47adMxomhkswPhQlHJkJZBWjAFCWGTyzBRDGbFZERVpgYW1TJluAtfnmZtM6r3mXVu7uo1Op5HUU4gmM4BQ+uoAZ1aEATCCh4hld4c56cF+fd+ZiPFpx85xD+wPn8AUMAkmQ=</latexit>

1� Fr



@beeple

Reflect 0.5, Transmit 0.5



@beeple

Fresnel Reflection and Transmission



Sampling Reflection + Transmission
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<latexit sha1_base64="EI7Ib2rUnphLwOi6hNDHO/s198A="></latexit>

Lo(p,!) =

Z

S2

f(p,!i ! !o)Li(p,!i) cos ✓i d!i

=

Z

S2

✓
Fr

�(!i �R(!o, n))

cos ✓i
+ (1� Fr)

�(!i � T (!o, n))

cos ✓i

◆
Li(p,!i) cos ✓i d!i

= FrLi(p, R(!o, n)) + (1� Fr)Li(p, T (!o, n))



Sampling Reflection + Transmission
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<latexit sha1_base64="WPvL6s4uMPVGydK9I6XxmqYnLLg="></latexit>

Lo(p,!) = FrLi(p, R(!o, n)) + (1� Fr)Li(p, T (!o, n))



Sampling Reflection + Transmission

Stanford CS348b Spring 2022 Lecture 8

<latexit sha1_base64="WPvL6s4uMPVGydK9I6XxmqYnLLg="></latexit>

Lo(p,!) = FrLi(p, R(!o, n)) + (1� Fr)Li(p, T (!o, n))



Sampling Reflection + Transmission
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Exponential growth

in number of rays!

<latexit sha1_base64="WPvL6s4uMPVGydK9I6XxmqYnLLg="></latexit>

Lo(p,!) = FrLi(p, R(!o, n)) + (1� Fr)Li(p, T (!o, n))



Sampling Reflection + Transmission
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Monte Carlo: evaluate a single term using probability <latexit sha1_base64="oEHYRb+VKJomL98mir+9LSRFpPk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCmy4r2Ae0Y8mkmTY0yQxJRhmG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMb3O/+0iVZpG8N2lMfYHHkoWMYGOlh3g4ENhMlMjUDFWG1Zpbd+dAq8QrSA0KtIbVr8EoIomg0hCOte57bmz8DCvDCKezyiDRNMZkise0b6nEgmo/m6eeoTOrjFAYKfukQXP190aGhdapCOxknlEve7n4n9dPTHjjZ0zGiaGSLA6FCUcmQnkFaMQUJYanlmCimM2KyAQrTIwtKi/BW/7yKulc1L2rund3WWs0izrKcAKncA4eXEMDmtCCNhBQ8Ayv8OY8OS/Ou/OxGC05xc4x/IHz+QM7aZJa</latexit>pr
<latexit sha1_base64="1zQUrDS+zqRl4ZV9tx/NknSc0EU="></latexit>

Lo(p,!) = FrLi(p, R(!o, n)) + (1� Fr)Li(p, T (!o, n))

⇡

8
>><

>>:

FrLi(p, R(!o, n))

pr
, with probability pr

(1� Fr)Li(p, T (!o, n))

1� pr
, otherwise



Sampling Reflection + Transmission

Stanford CS348b Spring 2022 Lecture 8

<latexit sha1_base64="ZI5th0AbPGSljoxO0FJpK16BfdI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KkkRdSMU3HRZwT6gCWEynbRDZyZhZiKUEHDjr7hxoYhbf8Kdf+OkzUJbD1w4nHMv994TJowq7Tjf1srq2vrGZmWrur2zu7dvHxx2VZxKTDo4ZrHsh0gRRgXpaKoZ6SeSIB4y0gsnt4XfeyBS0Vjc62lCfI5GgkYUI22kwD5OAo8jPZY8kzm8gV4kEc7cPGvkgV1z6s4McJm4JamBEu3A/vKGMU45ERozpNTAdRLtZ0hqihnJq16qSILwBI3IwFCBOFF+Nvshh2dGGcIolqaEhjP190SGuFJTHprO4l616BXif94g1dG1n1GRpJoIPF8UpQzqGBaBwCGVBGs2NQRhSc2tEI+RSUGb2KomBHfx5WXSbdTdy7p7d1Frtso4KuAEnIJz4IIr0AQt0AYdgMEjeAav4M16sl6sd+tj3rpilTNH4A+szx/Jg5eh</latexit>

pr =
1

2



Sampling Reflection + Transmission
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Monte Carlo: evaluate a single term using probability <latexit sha1_base64="oEHYRb+VKJomL98mir+9LSRFpPk=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuCmy4r2Ae0Y8mkmTY0yQxJRhmG/ocbF4q49V/c+Tdm2llo64HA4Zx7uScniDnTxnW/ndLa+sbmVnm7srO7t39QPTzq6ChRhLZJxCPVC7CmnEnaNsxw2osVxSLgtBtMb3O/+0iVZpG8N2lMfYHHkoWMYGOlh3g4ENhMlMjUDFWG1Zpbd+dAq8QrSA0KtIbVr8EoIomg0hCOte57bmz8DCvDCKezyiDRNMZkise0b6nEgmo/m6eeoTOrjFAYKfukQXP190aGhdapCOxknlEve7n4n9dPTHjjZ0zGiaGSLA6FCUcmQnkFaMQUJYanlmCimM2KyAQrTIwtKi/BW/7yKulc1L2rund3WWs0izrKcAKncA4eXEMDmtCCNhBQ8Ayv8OY8OS/Ou/OxGC05xc4x/IHz+QM7aZJa</latexit>pr

Best approach: 
<latexit sha1_base64="zTqTK/c5v5DxKoG38eeoDMEgeCE=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUlE1I1QEKTLCvYBbQiT6bQdOpOEmYlQQhdu/BU3LhRx60e482+ctFnU1gMDZ865l3vvCWLOlHacH6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOwFWlLOQNjXTnHZiSbEIOG0H49vMbz9SqVgUPuhJTD2BhyEbMIK1kXy7HPs9gfVIilRO0Q26W/j6dsWpOjOgVeLmpAI5Gr793etHJBE01IRjpbquE2svxVIzwum01EsUjTEZ4yHtGhpiQZWXzo6YolOj9NEgkuaFGs3UxY4UC6UmIjCV2YZq2cvE/7xuogfXXsrCONE0JPNBg4QjHaEsEdRnkhLNJ4ZgIpnZFZERlphok1vJhOAun7xKWudV97Lq3l9UavU8jiKU4QTOwIUrqEEdGtAEAk/wAm/wbj1br9aH9TkvLVh5zzH8gfX1C/g/mFQ=</latexit>

pr = Fr

<latexit sha1_base64="AqWwaaYBnsMJHF92YskIc3r5H1M="></latexit>

Lo(p,!) ⇡
(
Li(p, R(!o, n)), with probability Fr

Li(p, T (!o, n)), otherwise

<latexit sha1_base64="1zQUrDS+zqRl4ZV9tx/NknSc0EU="></latexit>

Lo(p,!) = FrLi(p, R(!o, n)) + (1� Fr)Li(p, T (!o, n))

⇡

8
>><

>>:

FrLi(p, R(!o, n))

pr
, with probability pr

(1� Fr)Li(p, T (!o, n))

1� pr
, otherwise



Sampling Reflection + Transmission

Stanford CS348b Spring 2022 Lecture 8

<latexit sha1_base64="zTqTK/c5v5DxKoG38eeoDMEgeCE=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUlE1I1QEKTLCvYBbQiT6bQdOpOEmYlQQhdu/BU3LhRx60e482+ctFnU1gMDZ865l3vvCWLOlHacH6uwtr6xuVXcLu3s7u0f2IdHLRUlktAmiXgkOwFWlLOQNjXTnHZiSbEIOG0H49vMbz9SqVgUPuhJTD2BhyEbMIK1kXy7HPs9gfVIilRO0Q26W/j6dsWpOjOgVeLmpAI5Gr793etHJBE01IRjpbquE2svxVIzwum01EsUjTEZ4yHtGhpiQZWXzo6YolOj9NEgkuaFGs3UxY4UC6UmIjCV2YZq2cvE/7xuogfXXsrCONE0JPNBg4QjHaEsEdRnkhLNJ4ZgIpnZFZERlphok1vJhOAun7xKWudV97Lq3l9UavU8jiKU4QTOwIUrqEEdGtAEAk/wAm/wbj1br9aH9TkvLVh5zzH8gfX1C/g/mFQ=</latexit>

pr = Fr



Thin Dielectric BSDF
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Glass (ռ = 1.5)

Air (ռ = 1)

Air (ռ = 1)
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Air (ռ = 1)
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Thin Dielectric BSDF
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Glass (ռ = 1.5)
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R

R

T

T



Thin Dielectric BSDF
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Glass (ռ = 1.5)

Air (ռ = 1)

Air (ռ = 1)

R

R

T

T

<latexit sha1_base64="e6Yw4b/k4nVxERbUzZTDJ54BSFY=">AAACAXicbVDLSgMxFM34rPU16kZwEyyCIJQZEXVZcNNlLX1BO5RMJtOGZjJDckcopW78FTcuFHHrX7jzb0yns9DWA8k9nHMvyT1+IrgGx/m2VlbX1jc2C1vF7Z3dvX374LCl41RR1qSxiFXHJ5oJLlkTOAjWSRQjkS9Y2x/dzfz2A1Oax7IB44R5ERlIHnJKwEh9+7iOL3Cj3sjuelZ7NIhB9+2SU3Yy4GXi5qSEctT69lcviGkaMQlUEK27rpOANyEKOBVsWuylmiWEjsiAdQ2VJGLam2QbTPGZUQIcxsocCThTf09MSKT1OPJNZ0RgqBe9mfif100hvPUmXCYpMEnnD4WpwBDjWRw44IpREGNDCFXc/BXTIVGEggmtaEJwF1deJq3Lsntddu+vSpVqHkcBnaBTdI5cdIMqqIpqqIkoekTP6BW9WU/Wi/VufcxbV6x85gj9gfX5A1NOlEs=</latexit>

R+ TRT + TRRRT + · · ·

<latexit sha1_base64="0lqIz53e1LU9h+d/NarzAMXYrxs=">AAACBHicbZDLSgMxFIbPeK31Nuqym2ARBKHMiKjLgpsua5leoB1KJpO2oZnMkGSEMnThxldx40IRtz6EO9/GtJ2Fth4I+fj/c0jOHyScKe0439ba+sbm1nZhp7i7t39waB8dt1ScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjO9mfvuBSsVi4elJQv0IDwUbMIK1kfp2yfPQBfIajfxaQI+EsVZ9u+xUnHmhVXBzKENe9b791QtjkkZUaMKxUl3XSbSfYakZ4XRa7KWKJpiM8ZB2DQocUeVn8yWm6MwoIRrE0hyh0Vz9PZHhSKlJFJjOCOuRWvZm4n9eN9WDWz9jIkk1FWTx0CDlSMdolggKmaRE84kBTCQzf0VkhCUm2uRWNCG4yyuvQuuy4l5X3PurcrWWx1GAEpzCObhwA1WoQR2aQOARnuEV3qwn68V6tz4WrWtWPnMCf8r6/AFUwJVj</latexit>

TT + TRRT + TRRRRT + · · ·



Thin Dielectric BSDF
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Glass (ռ = 1.5)

Air (ռ = 1)

Air (ռ = 1)

R

R

T

T

<latexit sha1_base64="+C/q9H4VrAHpzChLno4lh+EtNxk=">AAACIHicbVDLSgMxFM3UV62vqks3wSIKYpkpYt0IBTdd1qEvaKclk8m0oZnJkGSEMvRT3Pgrblwoojv9GtPpLLR6ILmHc+4luceNGJXKND+N3Mrq2vpGfrOwtb2zu1fcP2hLHgtMWpgzLroukoTRkLQUVYx0I0FQ4DLScSe3c79zT4SkPGyqaUScAI1C6lOMlJaGxap9Cm+gDc9h026mt53WPva4kpnV9wXCSXNQgfYssS7sQWU2LJbMspkC/iVWRkogQ2NY/Oh7HMcBCRVmSMqeZUbKSZBQFDMyK/RjSSKEJ2hEepqGKCDSSdIFZ/BEKx70udAnVDBVf04kKJByGri6M0BqLJe9ufif14uVf+0kNIxiRUK8eMiPGVQcztOCHhUEKzbVBGFB9V8hHiOdhtKZFnQI1vLKf0m7UrauytbdZalWz+LIgyNwDM6ABaqgBuqgAVoAgwfwBF7Aq/FoPBtvxvuiNWdkM4fgF4yvbzfwni8=</latexit>

R0 = R+ TRT + TRRRT + · · · = R+
T 2R

1�R2

<latexit sha1_base64="KKR/szVGf5Xadox6oWi6iaqocWs=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2CRKmKZEVE3QsFNl7VML9AOJZPJ1NBMMiQZoZQ+gxtfxY0LRdy6cufbmLaz0NYDIR//fw7J+YOEUaUd59vKLS2vrK7l1wsbm1vbO/buXlOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGNxO/NYDkYoK7ulhQvwY9TmNKEbaSD37xCvBG+h58BR69Xp2zaCLQ6GVcV14Buulnl10ys604CK4GRRBVrWe/dUNBU5jwjVmSKmO6yTaHyGpKWZkXOimiiQID1CfdAxyFBPlj6YrjeGRUUIYCWkO13Cq/p4YoVipYRyYzhjpezXvTcT/vE6qo2t/RHmSasLx7KEoZVALOMkHhlQSrNnQAMKSmr9CfI8kwtqkWDAhuPMrL0LzvOxelt27i2KlmsWRBwfgEBwDF1yBCqiCGmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP2V9/gCqq5h7</latexit>

T 0 = TT + TRRT + TRRRRT + · · · = 1�R0



Thin Dielectric BSDF
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<latexit sha1_base64="+C/q9H4VrAHpzChLno4lh+EtNxk=">AAACIHicbVDLSgMxFM3UV62vqks3wSIKYpkpYt0IBTdd1qEvaKclk8m0oZnJkGSEMvRT3Pgrblwoojv9GtPpLLR6ILmHc+4luceNGJXKND+N3Mrq2vpGfrOwtb2zu1fcP2hLHgtMWpgzLroukoTRkLQUVYx0I0FQ4DLScSe3c79zT4SkPGyqaUScAI1C6lOMlJaGxap9Cm+gDc9h026mt53WPva4kpnV9wXCSXNQgfYssS7sQWU2LJbMspkC/iVWRkogQ2NY/Oh7HMcBCRVmSMqeZUbKSZBQFDMyK/RjSSKEJ2hEepqGKCDSSdIFZ/BEKx70udAnVDBVf04kKJByGri6M0BqLJe9ufif14uVf+0kNIxiRUK8eMiPGVQcztOCHhUEKzbVBGFB9V8hHiOdhtKZFnQI1vLKf0m7UrauytbdZalWz+LIgyNwDM6ABaqgBuqgAVoAgwfwBF7Aq/FoPBtvxvuiNWdkM4fgF4yvbzfwni8=</latexit>

R0 = R+ TRT + TRRRT + · · · = R+
T 2R

1�R2

<latexit sha1_base64="KKR/szVGf5Xadox6oWi6iaqocWs=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2CRKmKZEVE3QsFNl7VML9AOJZPJ1NBMMiQZoZQ+gxtfxY0LRdy6cufbmLaz0NYDIR//fw7J+YOEUaUd59vKLS2vrK7l1wsbm1vbO/buXlOJVGLSwIIJ2Q6QIoxy0tBUM9JOJEFxwEgrGNxO/NYDkYoK7ulhQvwY9TmNKEbaSD37xCvBG+h58BR69Xp2zaCLQ6GVcV14Buulnl10ys604CK4GRRBVrWe/dUNBU5jwjVmSKmO6yTaHyGpKWZkXOimiiQID1CfdAxyFBPlj6YrjeGRUUIYCWkO13Cq/p4YoVipYRyYzhjpezXvTcT/vE6qo2t/RHmSasLx7KEoZVALOMkHhlQSrNnQAMKSmr9CfI8kwtqkWDAhuPMrL0LzvOxelt27i2KlmsWRBwfgEBwDF1yBCqiCGmgADB7BM3gFb9aT9WK9Wx+z1pyVzeyDP2V9/gCqq5h7</latexit>

T 0 = TT + TRRT + TRRRRT + · · · = 1�R0

R’

T’

[Stokes 1860] On the intensity of the light reflected from or 
transmitted through a pile of plates.



Thin Dielectric Reflectance
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Thin Glass
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Thick Glass
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Fresnel Conductor: Gold
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Ideal Diffuse Reflection

Assume light is equally likely to be reflected in 
any output direction

Lecture 8

,r df c=

<latexit sha1_base64="BUXDXHpD0ajTUi7k0VwIz3JEmjI="></latexit>

Lo(!o) =

Z
fr Li(!i) cos ✓id!i

= fr

Z
Li(!i) cos ✓id!i

= frE
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⇡
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R
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=
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=
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E
=
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“Diffuse” Reflection

Theoretical


￭ Bouguer - Special micro-facet distribution


￭ Seeliger - Subsurface reflection


￭Multiple surface or subsurface reflections


Experimental


￭ Pressed magnesium oxide powder


￭ Almost never valid at high angles of incidence 


Paint manufactures attempt to create ideal diffuse

Lecture 8
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Experiment

Reflections from a shiny floor


Reflection is greater at glancing angles

Lecture 8

From Lafortune, Foo, Torrance, Greenberg, SIGGRAPH 97
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Coated Diffuse BRDF

Lecture 8

Diffuse

Ideal Specular

?
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Coated Diffuse BRDF

Lecture 8

<latexit sha1_base64="6HszLglseY6w12oMjZE6xtrwiA0="></latexit>

fr(!o ! !i) =Fr(!i)
�(!i �R(!o,n))

cos ✓i
+ · · ·

Diffuse

Ideal Specular
Fr

֌i
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Coated Diffuse BRDF

Lecture 8

<latexit sha1_base64="iAbU3xEmOFgIISb1aT+xkfHPLtc="></latexit>

fr(!o ! !i) =Fr(!i)
�(!i �R(!o,n))

cos ✓i
+

(1� Fr(!o))
⇢d
⇡
(1� Fr(!i)) + · · ·

Diffuse

Ideal Specular
Ti=1-Ri

֌i
֌o

To=1-Ro
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Coated Diffuse BRDF

Lecture 8

Diffuse

Ideal Specular
Ti=1-Ri

֌i
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Coated Diffuse BRDF

Lecture 8

Diffuse

Ideal Specular
T=1-R

How much light is reflected downward at the interface?
<latexit sha1_base64="kiS+JJgI3C0Ir0CS/Dglsn2aubM="></latexit>

r̃ =

Z

⌦
Fr(!, ⌘) d!
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Coated Diffuse BRDF

Lecture 8

Inter-reflection inside the layer:
<latexit sha1_base64="r5L6gMyJB129U1649dCmR1ttxhI="></latexit>

fr + fr r̃ fr + fr r̃ fr r̃ fr + · · · = fr
1� r̃fr

Diffuse

Ideal Specular
Ti=1-Ri

֌i
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Coated Diffuse BRDF

Lecture 8

<latexit sha1_base64="HgH87CLOixqVPWeN103kWAzbvpo="></latexit>

fr(!o ! !i) =Fr(!i)
�(!i �R(!o,n))

cos ✓i
+

(1� Fr(!o))
fr

1� r̃fr
(1� Fr(!i))

Diffuse

Ideal Specular
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Diffuse BRDF



Coated Diffuse BRDF
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Lambertian Generalizations

Lecture 8

d’Eon, E. 2021. An Analytic BRDF for Materials with Spherical 
Lambertian Scatterers.


Heitz, E. et al. 2016. Multiple-Scattering Microfacet BSDFs 
with the Smith Model.
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Spherical Lambertian Diffuse

Lecture 8

d’Eon, E. 2021. An Analytic BRDF for Materials with Spherical 
Lambertian Scatterers.



