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Selection of Sensors for Building a 3D Model of the

Mobile Robot's Environment

. 1 . 1
Svitlana Maksymova', Mykhailo Akopov
Department of CITAR, Kharkiv National University of Radioelectronics, UKRAINE, Kharkiv, Nauki Ave. 14, email:
mykhailo.akopov@nure.ua

Abstract: In this material, methods for constructing a
depth map were analyzed, and technical devices suitable
for this task were considered..

Key words: Mobile robot, Camera, Lidar, Stereo
Camera

[. INTRODUCTION

Since the invention of the first unmanned aerial
vehicles in 1933 until today, drones have become a part
of everyday life. From film production to military
applications, UAVs are more cost-effective than their
manned counterparts. Cartography remains one of the
current areas for the use of unmanned aerial vehicles. In
my master's thesis we will talk specifically about the
software necessary to perform cartographic work using
UAVs. Airplane and helicopter drones are used to carry
out cartographic work. Airplane-type UAVs are used to
process large area (over 20 km). Such devices are capable
of photographing hundreds of hectares in 1 hour in the
air. A quadcopter is suitable for exploring local areas.
This difference in application is due to the specific design
of the above-described types of drones. Aircraft-type
drones, due to the presence of wings, have an
aerodynamic lift force, which in turn arises when the air
flow flows. To create an oncoming air flow, it is enough
to give the structure a certain speed relative to the air
masses. Thus, the main energy consumption occurs
during takeoff and landing of the aircraft. These features
provide this type of UAV with better autonomy. On the
other hand, aircraft-type UAVs have worse
maneuverability and compactness compared to
helicopter-type UAVs. Helicopter-type drones most often
use a design with four rotors called a quadcopter. The
quadcopter body does not have aerodynamic abilities,
and lift into the air is carried out by electric motors and
blades installed on them. Thus, different types of UAVs
may be required to perform different tasks. Regardless of
the type of drone you choose, additional electronics are
required for mapping. Usually, these are a camera and
GPS sensors. Using a regular camera, it is possible to
obtain raw data in the form of video recording or a large
number of photos. Such data must be processed after the
UAYV returns. An alternative would be to construct a
depth map. On the basis of which, in real time, it is
possible to construct a map taking into account the
terrain. In this work, we will consider the hardware for
constructing a depth map.

II. METHODS FOR OBTAINING A DEPTH MAP

Structured Light camera. Let's start with, perhaps,
one of the simplest, oldest and relatively cheap ways to
measure depth - structured light. This method appeared
essentially as soon as digital cameras appeared, i.e. more

than 40 years ago and greatly simplified a little later, with
the advent of digital projectors. The basic idea is
extremely simple.[1-3] We place next to a projector that
creates, for example, horizontal (and then vertical) stripes
and next to a camera that shoots a picture with stripes, as
shown in this picture 1.1

Picture 1.1 — Structured Light Camera Operating Scheme

Since the camera and projector are offset relative to
each other, the stripes will also move in proportion to the
distance to the object. By measuring this displacement we
can calculate the distance to the object. This scheme is
hardly suitable for use on UAVs since, due to sunlight,
the designed grid will be illuminated and unreadable for
sensors.[4-7]

Time of Flight camera
The next way to get depth is more interesting. It is based
on measuring the round-trip delay of light (ToF - Time-
of-Flight). As you know, the speed of modern processors
is high, but the speed of light is low. In one clock cycle of
a 3 GHz processor, light can travel only 10 centimeters.
Or 10 clock cycles per meter. In fact, we need to measure
the delay with which light returns to each point, Picture
1.2.

Time-of-flight

Trigger Reflected pulse

Picture 1.2 — Scheme of Operation of the Time of Flight
Camera

The problems remain the same. There is a high
probability of the image being exposed to bright light.
Camera based on lidar technology [8-11]
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The first lidars (from LIDaR - Light Identification
Detection and Ranging), built as bundles of similar
devices rotating around a horizontal axis, were the first to
be used by the militaries, then tested in car autopilots.
They performed quite well there, which caused a
powerful surge in investment in the region. Initially, the
lidars rotated, giving a similar picture several times per
second, Picture 1.3.

Picture 1.3 — Example of Lidar Camera Performance

The problem with these devices can be considered their
relatively high cost. Putting together a compact and
inexpensive device is quite problematic. In addition,
bright sunlight reflected from surfaces may cause
incorrect data reading.
Light Field depth camera

The topic of plenoptics (from the Latin plenus - complete
and optikos - visual) or light fields is still relatively little
known to the general public, although professionals have
begun to study it extremely actively. The main idea is to
try to capture not just light at each point, but a two-
dimensional array of light rays, Picture 1.4, making each
frame four-dimensional. In practice this is done using a
microlens array

Image  Image
Sensor - Plane  Lens

Object
Plane

5

——=

i
3
i

5

4

s s

R

P, | wooon
Picture 1.4 — Light Field Camera Operation Scheme

Ios " I

The main disadvantages of plenoptics can be
considered the relatively low resolution and complexity
of software implementation.

Depth from Stereo camera [12-14]
Of the 5 methods under consideration for constructing
depth video, only two - this and the previous one (stereo
and plenoptics) - do not interfere with the sun and are not
interfered with by surface reflections. At the same time,
plenoptics is many times more expensive and less
accurate at long distances. Depth from stereo (Picture
1.4) - in terms of equipment cost - is the cheapest way to
obtain depth, since cameras are now inexpensive and
continue to become cheaper quickly.

34

KITTI 00 (Full SLAM)

N

_—
Picture 1.5 — Example of Depth from Stereo Camera
Operation

left video keyframe depth

The difficulty is that further processing is much
more resource-intensive than other methods. Despite the
disadvantages discussed above, this technology was
chosen as depth sensors for UAVs.

Waveshare IMX219-83
This stereo camera (Picture 1.5) was chosen due to its
high resolution of 3280 x 2464, compactness, and the
presence of additional sensors - accelerometer,
gyroscope, magnetometer.

Picture 1.5 — Stereo Camera Waveshare IMX219-83

To create a stereo pair, two compatible Pi
cameras would be suitable too, for example the
Raspberry Pi Camera Module 3 cameras (Picture 1.6).

Figure 1.6 — Raspberry Pi Camera Module 3

But in this case, it would be necessary to
synchronize the cameras, which would add extra load to
the computing module. To perform the calculations,
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Rasberry Pi CM4 and Carrier board were chosen for
it.[15-17]

ITI. CONCLUSIONS
Thus, various types of sensors that may be suitable for
the implementation of a system for building a 3D model
of the environment of a mobile robot were considered.
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