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We just did Ray Tracing (RT)!
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RT and EM Fundamentals

e Coreidea;
» Architecture and Challenges;

» Applications;
e Alternative methods.
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RT and EM Fundamentals
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RT and EM Fundamentals

Electrical and Magnetic fields

E (Vm™!) & B (T)
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Electrical and Magnetic fields

E (Vm™!) & B (T)



RT and EM Fundamentals

Electrical and Magnetic fields

where C(P) = H D;-a;-e %,
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Input scene
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RT and EM Fundamentals

Credits: SSonna authors, Nvidia.



RT and EM Fundamentals

dB

Credits; Sonna authors, Nvidia.



RT and EM Fundamentals

Channel impulse response realization
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Credits;: Sonna authors, Nvidia.




RT and EM Fundamentals

Challenge: number of paths.
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Challenge: number of paths.
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RT and EM Fundamentals

LOS +reflection
Challenge: coverage vs order and types.

Credits: Sionna authors, Nvidia.
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RT and EM Fundamentals

b

LOS +reflection + diffraction
Challenge: coverage vs order and types.

Credits;: Sonna authors, Nvidia.
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RT and EM Fundamentals
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LOS +reflection + scattering

Challenge: coverage vs order and types.

Credits;: Sonna authors, Nvidia.

12



RT and EM Fundamentals

Main RT applications:

O—

O_

O_

radio channel modeling;

sound and light prop. in video games;
inverse rendering in graphics;

lenses design and manufacturing.
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RT and EM Fundamentals

Most used channel modeling methods:

o— RT;

o— empirical models;

o- stochastic models;

o- fullwave models (e.g., finite elements).
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Motivations

Why Differentiable Ray Tracing?

o- RT 1s inherently static;

o—- but scenarios are becoming dynamic;
o- recomputing the "whole map" is bad,;
o- Differentiability should be a goal!
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How to trace paths

e Ray Launching vs Ray Tracing;
e Image Method and similar;
 Min-Path-Tracing;

* Arbitrary geometries.
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How to trace paths

(ED D

Not very efficient for "point-to-point" RT
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How to trace paths

GED D

Not very efficient for "point-to-point" RT
How to exactly find paths?
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How to trace paths
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How to trace paths

Ray Launching
Complexity O(Nr)

Paths missed Unknown

Scalability Good

Accuracy Good

Ray Tracing
O(N®)
None

Bad

Excellent

13



How to trace paths

What if we want to simulate something else
than reflection on planar surfaces?
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How to trace paths
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How to trace paths

Reflection

39.74°
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How to trace paths

Reflection
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How to trace paths

Reflection on metasurfaces

!3 9 . T l -

Trr = f(R,0)
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How to trace paths

Diffraction
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