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Introduction
Exwayz is a French start-up company based in Paris. At Exwayz we develop an SDK to
accelerate autonomous systems development. We provide innovative real-time tools to
allow these systems to locate and understand their environment through 3D LiDAR data
processing. On top of that, our product works with any 3D LiDAR sensor on the market.

Classified point cloud with object detection and tracking (red : pedestrians, purple : cars,
gray : ground, yellow : structures) with Exwayz functions

We target autonomous robots, needing perception for interacting with their environments
such as delivery robots, logistics…
The Center for Mathematical Morphology (CMM) is an image processing research
laboratory of MINES ParisTech engineering school. The CMM carries out theoretical and
applied developments in various fields, such as medical imaging, industrial control or point
cloud semantization, very often in collaboration with industrial partners.

Context
3D LiDAR processing is a rough task. Those innovative sensors produce 3D point clouds
that are collections of (x,y,z) coordinates. Their inherent lack of structure makes it difficult
to define the “neighborhood” of a point, in opposition to images where the neighbors of a
pixel are adjacent pixels.
At Exwayz, the data processing has two more specificities :
●

Point cloud anisotropy due to the radial sampling of the data. In particular, the
farther, the sparser.

●

Processing has to be done real-time : our algorithms have to run at least at the
sensor rate, meaning 50ms for processing more than 100 000 points.
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Left : Cognata simulation environment (image courtesy of Cognata). Right : LiDAR simulation within AURELION
simulation framework (image Courtesy of dSpace).

The context of this PhD is 3D LiDAR data simulation. Today, simulation has shown a
growing interest in the development of autonomous systems. Simulation can produce
extensive amounts of data at a very low cost. In addition, simulation can be used to
produce edge scenarios. Today’s simulators are more and more realistic and recent
developments have seen LiDAR data integrated into them, as depicted in the figure above.
Nonetheless, today’s simulators need virtual 3D scenes as input. Building 3D scenes and 3D
scenarios is an expert task and takes time and resources. Our goal in this PhD is to address
this problem by making a simulation from real-world captured data. The main industrial
interest is to “automate” the creation of virtual scenarios representing the real world. Thus,
mobile robots can be trained specifically for their future deployment environments, i.e. a
warehouse or an industrial site.

Most simulators use a geometric approach based on ray tracing of the scene geometry, this
is the case of CARLA [1] simulator. Recent developments with conditional GANs [2,3]
allowed to improve the realism of RGB synthetic images produced by the graphic engine of
a video game. These methods need 3D models as input which is an expert task and takes
time. [4] focused on mixed reality approaches by integration of synthetic 3D models in real
life scanned 3D scenes. This method is interesting, however the path of the robot is fixed
and cannot be simulated, so the number of scenarios possible is low.

RGB view synthesis by neural radiance fields. The a NeRF model is optimized from a collection of registered input
images. The model can be queried from a new viewpoint to synthesize a novel image. (Figure taken from [5]).

In this PhD we focus on recent developments in Neural Radiance Fields1 [5]. Neural
Radiance fields have shown a growing interest in the past 2 years. As depicted in the figure
above, these methods are used to reconstruct the complex volumetric light response of an
existing scene, from a collection of RGB images. This function is highly complex because
the light response of a given object depends on the position of the viewer. Recent
developments

made

them scalable2 [8], faster to train and render (GitHub -

NVlabs/instant-ngp: Instant neural graphics primitives: lightning fast NeRF and more) and
also usable for both 3D reconstruction [9,11] and path planning [10].
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Paper video:

Block-NeRF

Top: LiDAR depth image. Middle: LiDAR ambient noise image. Bottom: LiDAR intensity image.

LiDAR is an active sensor technology that relies on time of flight measurement of lasers. As
depicted on the figure above, LiDAR measures both depth and intensity images. The goal of
this PhD is to design a new framework integrating LiDAR into the recent work on Neural
Radiance Fields (NeRF) [5]. It will allow us to simulate new LiDAR measurements in a
previously scanned environment.
Work phases:
●

Design LiDAR based NeRF framework.

●

Simulate static scenes (intensity (+ambient) + depth).

●

Include moving objects (deformable nerfs [6,7]).

●

Leverage semantic information in the simulation framework .

●

Simulate dynamic scenarios for mobile robotics.
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