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What?

A Goal: Create photorealistic images

A Applications
A Movies and games
A Design and architecture
A Visualization and simulation
A Optimization, inverse rendering

A Al and machine learning
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Who?

A Instructors
A Philipp Slusallek

A http://graphics.cg.uni -saarland.de/slusallek/

A Karol Myszkowski
A http://www.mpi_-inf.mpg.de/~karol/
A Gurprit Singh

A http://people.mpi -inf.mpg.de/~gsingh/

A Teaching Assistant

A Pascal Grittmann

A https://graphics.cg.uni -saarland.de/people/grittmann.html

A Tutor
A NN
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Administrative information

A Type

A Advanced lecture

A 9 credit points

[=]1.1

A Prerequisites
A Interest in math, physics
A Basic programming experience in C++

ADpsf! mfduvsf! dzDpngvufs! HsbqgijdtL)l sfdpnnfoefe!cvu!

A Web-page: https://graphics.cg.uni -saarland.de/courses/ris -2024/

A MS Teams (Join via link on the webpage)
ABoopvodfnfout-!R"B-1A

A Assignments posted and submitted
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Grading

A Exam admission requires
A 50% of the total points across all assignments

A 30% of the maximum points in every assignment

A Final grade
A Assignments: 50%
A Final exam: 50%
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Assignments

A lrregular rhythm

A Sometimes 1 week, sometimes 2

A Type
A A few theoretical assignments

A Mostly practical ones

A Teamwork
A Can be done in groups of two

A Make sure you understand everything your partner worked on!

A Published, handed-in, and graded via MS Teams
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Reading materials

A Pharr, Jakob, and Humphreys. Physically based rendering: From theory to implementation.
Morgan Kaufmann, 2016.

A Free e-book: http://www.pbr -book.org/

A More listed on the website
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Applications

Where are the things you will learn here used?
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Movies: Visual Effects (VFX)

Avatar: The Way of Water
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Game of Thrones

entury Studios
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Movies: Animated Films
r

The Sea Beast
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The Lion King (2019)

© Netflix e ey
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Video Games

Valheim
-

© CD Projekt RED
Cyberpunk 2077

© Iror__1 Gate Studios
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Simulation

/

[ ]
© Thomas AngukICL
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Design and Engineering

HDR photograph

HDR simulation

© IES

940 cd/m2

470 cd/m2

0 cd/m2

© MIT
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Product Visualization and Advertisement
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© Nissan
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Architecture

© PixelcraftWork
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Optimization and Inverse Rendering

© Schwartzburg et al. 2014
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Course overview

What will you learn?

SIC

Saarland Informatics Clokm  UNIVERSITAT o _ _
Cambus (Pl oes Realistic Image Synthesis 2024 - Lecture 1: Introduction
P WM SAARLANDES

19



Course Overview

A Core concepts A Advanced effects
A Rendering equation A Volume rendering
A Radiosity A Radar / Spectral
A Probability theory and Monte Carlo integration A Perception and imaging

A BRDFs and path tracing A HDR and tone mapping

A Advanced sampling A Perception and modern display technology

A Bidirectional and adaptive algorithms A Machine learning

A Bidirectional methods A Denoising

A Markov chain Monte Carlo
A Path guiding

A Differentiable rendering

@@
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Rendering Equation

Outgoing light

Incident light

Emitted light (recursively given by the same equation) Projection

Vo oL
L oh 0D (ch )Q1 hh Al-6Q

/ \

Integral over all directions BSDF: Material properties
(computes reflected light)

Si
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Monte Carlo Integration and Path Tracing
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Advanced Sampling
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Bidirectional Methods
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Adaptive / Learned Sampling

Initial training samples

Guided samples
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Volume Rendering

Y

http://coclouds.com

http://wikipedia.org http://commons.wikimedi.r
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HDR and Tone Mapping
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Denoising

Noisy image and features

Denoiser

Denoised image
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Differentiable Rendering

Differentiable Differentiable
physical simulation objective function
y = f(x) z=g(y)
+ + P zcR
dy 0 (x) Jdz d ¥)
, = Jdx Ox dy dy

Input parameters Output 0z
shape & position of objects, materials, \ Update scene rendered image &

light sources, camera pose, etc.

© Jakob et al. (https://mitsuba.readthedocs.io/ )
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Beyond this course

How and where can you apply what you will learn?
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Reflection & Refraction

A Visualization of a car headlight

A 1t reflects and refracts light almost entirely from the environment. Up to 50 rays per path are needed to
render this image faithfully (800k triangles).
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Instant Global lllumination
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RealTime Photon Mapping

A Reaktime performance with procedural textures and density estimation. Interleaved sampling
allows to reduce computation by a factor of 10.
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Photon Mapping

A Car headlight used as a light source

Photons are emitted and traced until they hit a wall. Density estimation is used to reconstruct the illumination. The
results run at 3 FPS with 250k photons on a cluster of 25 cores (in 2004). Visualization without running the
simulation achieves even 11 FPS (lower center) and compare well to a real photograph (lower right).
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Light Transport Simulation

AWpml t xbhfo!t! mbshf! Dpsgpsbuf! Wjtvbmj{bujpo! Dfc
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Massive Models

A The original CAD model of a Boeing 777 consisting of 365 million polygons (30 GB). Ray tracing
was the first method to allow real -time visualization of such models.
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Massive Models

Visualization of large outdoor scenes (300x300m2)

with 365k plants and several billion triangles.
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Massive Models

A Much larger outdoor scene (80x80 km?) with realistic lighting and full vegetation (90*10 12 triangles)
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High-Performance Simulation

A Advanced rendering techniques in games
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Physically-Based Image Synthesis
with Real-Time Ray Tracing
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AnyDSL Compiler Framework

a N N N )
Computer : Ray Parallel
Vision ngg:_cs Tracing Runtime X
DSL DSL DSL

- RN RN RN RN )

Impala Language & Unified Program Representation

- Developer

AnyDSICompiler Framework (Thorin)

CPUs Accels
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Importance Caching

A lliyan Georgiev, et al. Eurographics 2012]

Importance caching
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Monte-Carlo vs Density Estimation

A Vertex Connection & Merging, llijan Georgiev[SiggraphAsia’12]

A Formulating Density Estimation algorithms as a Monte -Carlo (MC) techniques

Bidirectional path tracing (ReRTiiRe stiliftengsessive photon mapping (PM)

Same time (1 minute)
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