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ABSTRACT

For more than twenty years, Ray Tracing methods have continued to improve on both accuracy and
computational time aspects. However, most state-of-the-art image-based ray tracers still rely on a
description of the environment that only contains planar surfaces. They are also limited by the number of
diffractions they can simulate, owing to the complexity introduced when solving for paths. In this paper,
we present Min-Path-Tracing (MPT), an alternative to the well-known image method that can handle
diffractions seamlessly, while also leveraging the possibility to use different geometries for surfaces or
edges, such as parabolic mirrors. MPT uses implicit representations of objects to write the path finding
challenge as a minimization problem. We further show that multiple diffractions can be important in
some situations, which MPT is capable to simulate without increasing neither the computational nor the
implementation complexity.
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I. CONTEXT

Over the past decades, Ray Tracing (RT) has gained in-
creased interest in computer graphics [1]–[4] and telecom-
munication fields [5]–[8]. In both cases, RT offers accurate
solutions for problems that require the simulation of electro-
magnetic (EM) waves, including light, interacting with the
environment. Due to its high precision, but also its high
computational cost, RT is mainly used as a reference solution
when compared to stochastic or hybrid models, or by operators
that have greater computational power available. Generally
speaking, using a telecommunication terminology, RT’s goal
is to compute every possible path between two nodes, and
later apply appropriate physical wave propagation rules. In the
field of radiocommunications, the knowledge of those paths
can help to determine a channel model for communication
between those nodes, e.g., between base station (BS) and
user-equipment (UE). Then, the channel model can be used
to derive some important metrics, such as the delay, power
attenuation or interference level. A variety of RT implemen-
tations can be found, either with deterministic outcomes (e.g.,
Image RT) or stochastic (e.g., Ray Launching), as well as
hybrid versions that try to combine both methods to obtain
the best compromise: an accurate and deterministic solution
at a relatively low cost. However, regarding image based RT,
it seems that modern ray-tracers suffer from limitations on
both the number of diffractions and the type of geometries
they can handle, i.e., mostly planar surfaces (e.g., polygons)
[9].

II. CONTENT DESCRIPTION

In this paper, we describe Min-Path-Tracing (MPT), an
alternative to the image method that allows us to generalize
the path finding process, i.e., the computation of all possible
paths between two nodes, regardless of the type of geometries
of 3-D scene or the number of diffractions encountered along
the path. Our technique leverages, if available, the implicit
equations of surfaces and edges in the scene to construct
a minimization problem. Then, the paths coordinates—the
collection of path interaction points on each surface—are
obtained as solutions of this problem. As with the image
method, MPT is only concerned with finding the path between
two points that performs a certain list of interactions with the

environment. Our method does not take into account possible
obstructions that could be caused by other objects. This will
be the role of the "validation" step and will be discussed in
the paper. Even though our contribution is mainly focused
on the path finding problem, we provide many details on all
important steps in RT so that the interested reader can produce
a functional RT simulation from this document. The structure
of this work is organized as follows. First, we summarize the
main components of modern radiocommunications-oriented
RT engines and in which context our contribution takes place.
Next, we establish the problem we are solving by defining
appropriate mathematical objects. Since both MPT and the
image-based method first require defining a list of interactions,
we describe how we generate all possible lists using a directed
graph-based approach. Next, we detail how the image method
and our alternative work in practice, and we also provide a
basic Python implementation that is made available to the
reader in open access and shows on a simple example that
both methods yield the same solution. After, we summarize
the main steps of the computation of paths between the
BS and UE nodes in a single algorithm. Then, we compute
electric field contributions from different paths, in a simple
urban scenario, to highlight the importance of intermediate
and multiple diffractions in radiocommunications. Finally, we
discuss the differences between the image-based method and
the MPT method, and we give a few applications where our
method could be useful, as well as future prospects.

III. CONCLUSION

We presented MPT, a method that overcome the inherent
limitations of the image-based method in RT by both allow-
ing for any number of diffraction and arbitrarily complex
geometries. We also showed that multiple diffractions paths
can play an important role in radiocommunications and being
able to account for such paths is key. After, we discussed the
different pros and cons of our method, such as the difficulty to
compute diffraction coefficients in the situation where multiple
diffractions are chained [10], [11] or how we can obtain
implicit equations of every object in our 3-D scene. Finally, we
explained how one could extend MPT to handle ray refraction,
and other future improvements.
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