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Introductory Chapter: Autonomous
Mobile Mapping Robots — Current
State and Future Real-World
Challenges

Janusz Bedkowski

1. Introduction

The concept of autonomous mobile mapping robots is composed of many
technological advances, such as Al (Artificial Intelligence), sensors, locomotion, path
planning, and data fusion. A great example of the research journey to autonomous
robots is the autonomous car concept related to a certain level of autonomy. The first
level assumes the driver support functionalities improving overall safety and the last
level of autonomy assumes no driving wheel inside the vehicle. Obviously, mapping
the world by single car is rather impossible due to the coverage required to build such
digital representation. For this reason, autonomous cars will use existing maps and,
if necessary, they will provide updates to them. A great example of an autonomous
mobile mapping robot is a drone capable of executing flying missions and delivering
data for further offline 3D map processing. This robot flies autonomously truth a
predefined path and records all necessary data. Most of these robots are not capable
of avoiding obstacles, but it is not relevant since the sky is rather empty space in most
of the applications. Another example of an autonomous mobile machine is a cleaning
robot performing cleaning mission on a predefined path. In this application, robot
could be equipped with Al (Artificial Intelligence) capability to redefine the path
according to sudden events, such as obstacle, not defined dirt on the path, etc. Most
of the potential applications of the autonomous mobile mapping robots are related
with the scenarios where human activities have to be reduced or even impossible to
perform, such as space exploration or NPP (Nuclear Power Plant) inspection, during
high radiation determined by accident.

Recent advances in robotic perception, such as non-repetitive scan pattern lidars
[1], show a great decrease in the lidar cost, making it an affordable solution for
massive autonomous robotic mobile mapping applications, such as aerial 3D map-
ping [2]. Non-repetitive scan pattern lidars are comparable with multi-beam lidars
within the context of accuracy and temporal stability [3]. It is evident in the literature
a great interest in this affordable perception plays an important role in expanding
building 3D maps [4] in many applications. During last years, it was not so obvious
that these narrow field-of-view lidars will be competitive with multi-beam lidars. Due
to an integrated IMU (Inertial Measurement Unit), it is possible to perform online
lidar odometry [5] without any additional engineering effort. Thus, recent advances
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in mobile mapping algorithms show great improvement in lidar 3D mapping even
looking from the perspective of other applications such ADAS (Advanced Driver
Assistance Systems) [6] (related to future autonomous driving).

Autonomous mobile mapping robots play important roles in many commercial appli-
cations, such as aerial mapping, underground mapping, search and rescue applications,
space exploration, delivery robotics, and many others. These applications produce 3D
maps with the trajectory as a core component. A trajectory is a set of consecutive poses
(translation and rotation) with timestamps. These timestamps are crucial for retrieving
poses for every measurement. Once we have the trajectory and calibration parameters
of the mounted sensors (lidars, IMU, and cameras), it is possible to reconstruct the
map. It is important to mention that we do not consider that the single source of truth
(e.g., derived from GNSS signal) exists, thus a SLAM (Simultaneous Localization and
Mapping) problem-solving is considered. Obviously, on one hand, we can consider
GNSS as ground truth, on the other hand, we can find in the literature a comprehensive
study that such a single source of truth can be improved by a data fusion approach [7].
Autonomous mobile robots equipped with multi-modal sensors (lidar, camera, and
IMU) should consider the fact that a single source of truth does not exist, thus these
machines should be equipped with the capability of data fusion. This solution provides
an optimal result by combining trajectory calibration, observations, and maps.

2. Historical perspective

The core component of the autonomous mobile mapping robot is SLAM capa-
bility [8, 9]. The term SLAM [4, 5] corresponds to the so-called “chicken and egg
dilemma”—what was first the chicken or the egg? For this reason, at the same time,
robot should be equipped with efficient map representation to localize within this
map, and at the same time the robot should provide accurate localization for building
the map. SLAM is considered as an already solved mathematical problem, but it is
evident looking at many robotic challenges that an efficient implementation does not
exist. Recent advances in lidar technology show a great positive impact.

3. Real-world challenge

Mapping of large constriction sites and large urban buildings is a potential
application for autonomous mobile mapping robots. An example is the boiling water
reactor of the Zwentendorf Nuclear Power Plant (NPP Zwentendorf, Figure 1), which
is the world’s only nuclear power plant that has been completed but never put into
operation. Thanks to EnRiCH [10] robotic trial it is evident that Zwentendorf areas
are easily accessible, which in other NPPs can only be visited under severe difficulties.
In active nuclear power plants extensive safety precautions are needed for human
personnel due to the high level of radioactivity. Instead, in the NPP Zwentendorf
engineers have transformed the plant and turbine halls into a training facility. Repair
and dismantling measures but also critical incidents and disaster scenarios can be
trained under realistic conditions, also autonomous mobile mapping robots are tested
once every 2 years in so-called EnRiCH—European Robotics Hackathon [10].

To demonstrate the complexity of the mapping challenge Figure 2 shows photos
from a mapping survey performed with an affordable mobile mapping backpack
system [11]. Figure 3 shows that more than three-kilometer length trajectory is
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Figure 1.
Lavge urban building—the boiling water reactor of the Zwentendorf Nuclear Power Plant.

Figure 2.
Mapping survey performed with an affordable mobile mapping backpack system [11].

required to cover the entire scene. The result of the mapping—registered 3D point
cloud representing the Zwentendorf Nuclear Power Plant is shown in Figures 4 and 5.

This challenge shows fundamental requirements for an autonomous mobile
mapping robot that should be capable traverse a 3.5 km length trajectory, including 15
levels of stair. At the current stage of robotic technology, only a swarm of ground and
air robots can reach such a level of autonomy and coverage.

4. Conclusion

On one hand, we can observe that SLAM problem is already solved, on other hand
many real-world challenges [12, 13] in autonomous mobile mapping robots prove
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Figure 3.
The move than three-kilometer length trajectory required to cover the entive scene of the Zwentendorf Nuclear
Power Plant.
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Figure 4.
Perspective and top view, the vesult of the mapping—registered 3D point cloud representing the Zwentendorf
Nuclear Power Plant.
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Figures.
Result of the mapping—vegistered 3D point cloud representing the Zwentendorf Nuclear Power Plant.

great interest in this domain. The main problem is the cost of the robot capable of per-
forming missions in hazardous environments. For this reason, this research activity is
not so popular, therefore the technological improvements are rather incremental than
revolutionary. An opportunity is in the autonomous car driving domain and delivery
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robotics since it requires collecting high volume, large scope data, and executing

SLAM by many agents. To conclude, autonomous mobile mapping robots are fascinat-
ing and require many efforts to deliver satisfactory results.
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