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Introduction & Motivation idea & Implementation

* Physics-Based Rendering (PBR) has achieved remarkable image fidelity
and advanced simulators (such as Mitsuba 3 [4]) facilitate synthetic
Image generation

* Ultrasound simulation is critical for designing/improving reconstruction
algorithms, transducers, and training ML models.

* However, wave-based solvers such as k-space methods [1] are
computationally intensive, and their high accuracy is not always
required.

* By using a Monte-Carlo ray tracing approach multiple nested integrals
can be solved computationally efficiently

 We are building on top of Mitsuba 3 [4] — a modular framework that
allows us to add modules (e.g. transducer) but also customize and adapt
existing software (e.g. integrator)

* Faster convolution-based tools such as Field Il [2] or delay-based
simulators like SIMUS [3] cut runtime yet still take minutes per B-mode
frame and assume weak, single scattering.

=> UltraScatter replaces waves with ray fronts and leverages highly Pipeline

parallelized Monte-Carlo ray tracing to model multiple scattering,
attenuation and absorption in seconds.

Methodology

We are interested in the received pressure P at element e over time t:

Depth (mm)

P(e,t) =f fPi(x, t,w;) fg(w;)dwda,
/4
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Following the methodology of free flight delta tracking with null interactions
(Woodcock tracking [5]):

—_—

U "‘-’ il
o0

r: iy AN l i
Ml \ "
! ’_l M' i o

il

i
!
|
.‘.)_:\‘I’,
U -'l- b %‘%
o '.‘.“‘ i

-'-‘fl.'- "!’ o
L RN R RS
Al i i,t i |y
T ) R B

* The distance s a ray is travelling until an interaction is triggered is sampled
based on the extinction majorant u (largest defined extinction value) and a
randomly sampled variable € ~ U(0,1):

S = Smin — Eln(l — )

e This interaction can lead to a real or null interaction event based on the
extinction value at the sampled position x:

, o (x) . . . .
¢ < = real interaction, else null interaction
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* In case of a real interaction event the scattering amplitude defines whether

the ray is absorbed or scatters

If the ray is scattered, secondary rays are cast to all individual elements

The phase function p defines the subsequent direction w, of the primary ray

CONCLUSION

e UltraScatter approximates wave propagation using parallel ray tracing,
enabling clinical-like B-mode imaging at a fraction of the cost of frequency-
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