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Motivation

» Ultrasound simulators are used for physician training, transducer design

Pipeline

optimization, and the generation of training data for deep learning.
» Existing wave-based simulators such k-Wave [1] are accurate but slow.

» Ray tracing-based ultrasound methods are faster than traditional approaches,
but prior methods simplify the wave propagation by adding echoes without

veritying their return paths.

* In parallel, physics-based-rendering (PBR, [2]) has gained prominence, and

powerful simulators (e.g. Mitsuba 3 [3]) have been developed to enable quick
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and convenient simulation of natural images.

Ray Emission Transducer Sampling

We model the received pressure P at one individual element over the
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Using Snell’s law with n = Z, /Z, and Z being the acoustic impedance we can Sample BSDF for ray weight
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Scene Setup Real Acquisition Baseline [4] UltraRay

The intensity I (and amplitude A) for the respective rays are given by the Fresnel
equation:
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When a scene interaction occurs, a randomly sampled emitter is selected, and
a secondary ray is cast to that emitter.
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Summary

We present UltraRay, a fast and flexible framework for ultrasound reflection simulation

After a secondary ray reaches the transducer element a transmit pulse is
written into memory:2

s(t) = sin(2mf.t) exp (— v

based on ray tracing. Its main features include:
G)

Full-path ray tracing that tracks rays from emission to reception, using a
transducer sampling strategy for efficient ray return after interactions.
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