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* Modern high-performance ray tracing
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* Gradient field tomography




SOLAR RT Consortium — November 2020

e Update — multi-hit ray traversal
* Update — gradient field tomography
 Standardized ray-based simulation API
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e Standardized ray-based simulation API

SOLAR RT Update — November 2020

Modern high-performance ray tracing engines enable
(new and improved) solutions to problems in physical simulation



Update — Gradient Field Tomography

* Multi-pass curved ray traversal

* GTC 2021
* Ray Tracing Gems Il

* Interactive performance
* Direct visualization
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ABSTRACT

We present an implementation of curved ray traversal through volumes of
spatially varying refractive indices. Our work is motivated by problems in
gradient field tomography, including simulation, reconstruction, and
visualization of unknown compressible flows. Reconstruction, in particular,
requires computing, storing, and later retrieving sample points along each
ray, which in turn necessitates a multi-pass traversal algorithm to overcome
potentially burdensome memory requirements. The data structures and
functions implementing this algorithm also enable direct visualization,
including rendering of objects with varying refractive indices. We highlight a
GPU implementation in OWL, the OptiX 7 Wrapper Library, and demonstrate
sampling for reconstruction and interactive rendering of refractive objects.
We also provide source code, distributed under a permissive open source
license, to enable readers to explore, modify, or enhance our curved ray
traversal implementation.

INTRODUCTION

Geometric optics, or sometimes ray optics, models light propagation as
independent rays traveling through and interacting with different optical
media according to a set of geometric principles. Here, a ray is simply a line
or curve perpendicular to the propagation wavefront.

Geometric optics makes several assumptions about these rays to provide a
straightforward but practical model of the underlying physics. In particular:

> Rays follow straight paths in a homogeneous medium.
> Rays follow curved paths in a medium with varying refractive indices.

> Rays bend (and, in some circumstances, split) at the interface between
two different media.

> Rays can be scattered or absorbed by a medium as they propagate.
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Ray Tracing Gems Il
A Marrs, P. Shirley, I. Wald (eds.), Ray Tracing Gems Il, https:/ /doi.org/10.1007/978-1-4842-7185-




Update — Gradient Field Tomography

* Multi-pass curved ray traversal

* Interactive performance
* Permits fast volume sampling
 Shifts compute bottlenecks

* Direct visualization




8 16
HSFB 382 mbunny

Our multi-pass curved ray traversal algorithm achieves up to
12M samples/second with volumes up to 2243 voxels



Update — Gradient Field Tomography

* Multi-pass curved ray traversal
* Interactive performance

* Direct visualization

e Reconstructed volumes
* VVoxelized models










Update — Gradient Field Tomography

* Multi-pass curved ray traversal
* Interactive performance
* Direct visualization

Ray tracing continues as the basis of
advanced industrial applications




Update — Take-Home Messages

* Multi-pass curved ray traversal enables sampling of 3D refractive
index fields for gradient field tomography

* Multi-pass curved ray traversal also enables direct visualization
of 3D refractive index fields for interactive rendering
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Update — Take-Home Messages

Hardware accelerated ray tracing improves performance and flexibility
of applications in ray-based physical simulation
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