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Abstract. Implementing methods that allow trajectory tracing for an
autonomous robotic system is a topic that covers several fields of study
since different parameters must be taken into account to locate obstacles
to ensure proper navigation in environments where there is a moderate
traffic of people. For this purpose, different methods of trajectory tracing
will be implemented, which take as a reference the distance at which peo-
ple are located. In addition, there are added human image recognition for
avoid exposing people to UVC light. As a result, it can be observed that
the methods implemented for the trajectory tracing give quite acceptable
”pathing” results, since the main criterion to determine the efficiency is
the SII, and thanks to the T265 and D435i sensors, it was possible to
determine the presence of people in terms of image processing.
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1 Introduction

Autonomous robots have gained a lot of popularity in the last years and not
only in the industrial area, also in the different imaginable areas including the
disinfection. There are some methods for disinfection like using chemicals or
irradiation like UV light [15], these lights, being capable of inactivating agents
at the cellular and molecular level, can inactivate viruses and bacteria, but also
cause damage to cellular tissue, since UVC light according to the ISO-21348
standard is between the ranges of 100 to 280 nm[6] which is dangerous because
it is in the ionizing light range, this radiation can cause damage mainly in the
vision and skin, additionally this generates ozone which is considered a toxic
substance for humans, so the devices that work with this type of light must
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carry the corresponding signage and must be operated by trained and aware of
the dangers that may result from exposure to light and ozone generated[1].

For implementing this function there was considered some security factors
because there will be an interaction between pedestrians. To guarantee that a
system works correctly, the cooperation between physical systems and computer
systems, the synergy between the physical system with the information network
system and finally the synergy between the computer system with the informa-
tion network system in order to have a correct interaction in real time[19]. Using
internet as a medium of data transmission it has to be considered that it still
takes a long time to take it as a reliable method since there may be problems
with bandwidth, random delay times and data loss which causes poor perfor-
mance in our application, the problems that can be generated when using the
internet as a data transmission medium cannot be easily determined, but mainly
depend on the network load[7].

Most accidents are related to failures in the recognition sensors or data loss
during the operation causing collisions, a personal assistance robot does not have
the strength to push a person but if there have been cases where they caused
bruises, the risk is greater if it were to collide with a child[18], most of the
accidents are associated with the movement of the robot either by not stopping
before the minimum distance or by having sensors at a height that do not allow
the detection of objects under it[8].

In this work, mechanisms are implemented to avoid exposing people to the
different risks involved in implementing an AMR1 with UVC2 light system, dur-
ing navigation to the point to disinfect a SFM3 is implemented, once reached
the goal, a trajectory planner is implemented and at the same time the image
is processed to detect people in order to stop the disinfection process. Subse-
quently, an analysis of the effectiveness of these mechanisms is carried out by
means of the SII4, surveys and interpretation of the robot’s behavior.

2 State Of Art

Nowadays exists some systems adapted to autonomous robots, for example
robots that prepare samples for detection of SARS-CoV-2 [12], robots used in
pharmaceutical vaccines production, robots used to disinfect areas with UV light,
etc. Robots with UV system has a 99% effectiveness, due this the use of these
robots will growth the 400% - 600% [17].

Most robots need techniques that allow them to navigate around a space,
fortunately, today there are numerous methods that allow to efficiently plan a
trajectory to be followed by a robotic system, which according to its charac-
teristics and limitations must interact in a specific way. Some of these methods
depend on factors such as the initial position of the robot, or the trajectories it

1 Autonomous Mobile Robot
2 Ultraviolet C
3 Social Forces Model
4 Social Interaction Index
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traces when it moves, since the position between the initial and final points is
determined based on this. All these methods are governed by a basic structure
since they have to accomplish the task of moving from one point to another.
Therefore, a strategy was determined that allows the development of new com-
putational methods to be used, since they take into account the various systems
that are part of a robot.

In order to reach a secure navigation there must be implemented obstacle
avoidance algorithms, for a social navigation a popular model used is the SFM
[9], which is based on the model proposed in [4], this is the simplest model,
but the original considers effects on people, for example, attraction by another
persons or objects, this generate additional potentials and also a fluctuation is
added due the unpredictable behavior of an human being [5], another variation
considers adding an extra force to the model in the same side of conduction
convention for avoid collisions, left side for British and right side for American,
this induces a force in the robot that provokes that in the major of the cases the
robot pikes the defined side for pass the pedestrian [10].

In the other hand for an non social navigation there are some kinds of al-
gorithms for obstacles avoidance, for example the ”Follow The Gap Method”,
which constructs an array around the robot and calculates the best heading
angle and at the same time considers the goal point [13], the ”Dynamic Win-
dow Approach” incorporates the robot’s dynamic and reduces the searching of
velocities as result of having these dynamics constrains [3], the ”Vector Field
Histogram Method” that implements two staged of data reduction, this method
identify three levels of data representation, the first one contains the description
of the robot’s environment, the second level construct a Polar Histogram and
the last one is a representation [2].

3 Methodology

before continuing, it should be noted that this work is a continuation of [14] with
the repository at https://gitlab.com/sasilva1998/amr.

3.1 UVC System Control Through ROS or App

To control the UVC lights system through an application, an ESP32 with mi-
cropython installed on it was used, the way to transmit the commands is through
a MQTT broker, in this case there was used the shiftr.io cloud where the Pub-
lisher is the cell phone and the Subscriber is the ESP32, in the case of the Pub-
lisher, it sends the command to turn off the lights to the ”stop” topic. For setting
the disinfection time there was used a ROS topic that establish a connection to
the MQTT broker and sends the activation time to the topic ”activationTime”;
it’s also possible set the activation time from the App, this can be considered in
case that the desired behavior of the robot not be 100% autonomous, in Fig. 1
it’s represented the necessary connections for implement the system.
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Fig. 1. Conection for the UVC lights implementation

Fig. 2. UVC System implemented in a differential robot
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3.2 Navigation And Distancing From Pedestrians And Obstacles

According to the theory, four zones of social interaction are identified in human
beings, intimate, personal, social and public. Other types of defined personal
spaces are also mentioned, such as social distance and the peripersonal zone, but
these are different concepts; it should also be mentioned that the measurement
of these areas differs according to culture and age[11], as an exact value cannot
be estimated, it was proposed that the The robot must not be close to the
person less than 0.5m away, in order to carry out this task, a Social Force Model
(SFM) is implemented which causes the point of arrival to exert an attractive
force and pedestrians and obstacles generate repulsive forces while the robot is
moving, this acts as an obstacle evader. To identify obstacles, the LiDAR sensor
is used, with this, obstacles are identified and by means of a ROS node called
leg_detector5, with this the legs of pedestrians are detected and the distance
they are at is estimated, also for validating human detection darknet_ros6 node
is used . It is worth mentioning that both people and objects are considered as
obstacles and the system is established to avoid the nearest obstacle; a simple
representation of the model at work is shown in Fig. 3.

Fig. 3. Representation of the SFM at work

The model implemented is shown a continuation:

5 http : //wiki.ros.org/leg detector
6 http : //wiki.ros.org/darknet ros
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fa (t) = m · 1

τ
·
(
v0 · ê− v (t)

)
(1)

Where m is the robot’s mass, τ is the relaxation time, v0 is the desired speed, ê
is the unit vector and v is the actual velocity. In other hand, the repulsion force
is defined as:

frij (t) =

Q0∑
jεQ0

A0 · e−dij/B0 · d̂ij (2)

Taking A0 as the intensity of the interaction, B0 as the range of the interaction
and dij is the normalized vector of the distance between the entities.

3.3 Analysis of the SII

To determine if the social navigation was successful, there was used the SII
used in [16], this Social Individual Index evaluates if the robot generates un-
comfortably and exposes to danger to the pedestrians, for this evaluation it’s
necessary determine a radius that represents the personal area of a human, in a
few words this area must no be invaded by the robot, the area selected to carry
on this experiment was a circle of 0.5m radius from the center of the person.
The expression for the SII is shown in Eq.3:
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σp0 =
dc
2

(4)

Where (xpi , y
p
i ) represents the human’s position and (xr, yr) the robot’s, σp0 is

the dc half, this last is a value major that the distance between the human and
the robot, this value varies across cultures. Another technique used to avoid
obstacles is the ”Dynamic Window Approach”, which evade obstacles during
the disinfection process.Trajectory planning is done through a ROS node called
global_planner7, this computes the trajectory between the start and end point,
in Fig. 4, describes the functioning of the system.

7 https : //wiki.ros.org/global planner
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Fig. 4. Block diagram where the operation of the system is detailed



8 Ronald Velez et al.

4 Results And Discussion

4.1 SII results

SII applying teleoperated method This graph (Fig.5) is the representation
obtained when performing a movement controlled by an operator, in which it
can be observed that the trajectory followed by the robot is linear, that is to
say, it does not present abrupt changes in its movement. In addition, the ”map”
of the place is not disturbed due to the movements. And in the figure of the SII
(Fig. 6) it can be determined that the robot does not invade the personal space
of the people since it does not exceed the value of 0.5.

Fig. 5. Trajectory of the teleoperated method

Fig. 6. SII of the teleoperated method

SII applying a planner When performing the proposed movement, the robot
is able to detect the ”obstacles” that may arise, which allows it to redirect
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its path and determine the best route taking into account the minimum safety
distance, see in Fig. 7, in the graph it’s observed a smooth movement. But when
analyzing the SII graph it can be concluded that the robot invades the safety
zone in a small space of time, see Fig. 8.

Fig. 7. Trajectory of the planner

Fig. 8. SII using a planner

SII applying the SFM The results of the experimentation using the SFM are
visible in Fig. 9 and 10, the first thing to take in account is that the trajectory
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isn’t perfect a possible reason is that during the experimentation other persons
were transiting the area near the robot and this may have induced another
forces to the robot, the second thing to take in account is that the map is not
aligned with the simulated one, the main reason is that the robot during evasion
maneuvers it gets disoriented. In the other hand the SII result in Fig. 10 shows
that the model worked good, there’s no moment where the robot invaded the
personal area of the testing agent.

Fig. 9. Trajectory using the SMF for avoiding obstacles
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Fig. 10. SII of the SFM

4.2 Human detection during UVC disinfection

Fig. 11. Human detection during UVC disinfection

As can be seen, the 3 methods implemented allow to the robot get from an initial
point to a final one, always taking into account the obstacles that may exist in the
terrain, however the trajectories generated are not the same because for example
in the teleoperated method the robot don’t invade the human’s personal area,
but this can’t be taken as the best option because this will always depend on
human error, and there are many factors that can influence in the results, as
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the operator’s skills, the angle of view, the mood, etc. At the planner test, it’s
possible to see that the trajectory is soft, this is because the planner takes the
shortest path, but in this case, keep the correct distance from the human is the
priority, but in this case it’s supposed to work during the disinfection so it has
been assumed that during this operation nobody is around the robot; and in the
SFM test the robot moves in an abrupt way, but keeps the correct distance from
the human. In the other hand human detection worked successfully but it’s not
100 percent safer because still depends of the internet connection.

5 Conclusions

The methods implemented to determine the trajectory of the robot were able
to perform the main task, which is to take the robot from one point to another,
taking into account the obstacles that may occur in space. Even though the
methods show different levels of efficiency as far as the SII is concerned, they
still maintain the working characteristics, i.e. the map they have registered and
the safety parameters. That is why the trajectories differ so much, as they have
different criteria for their movement. That is why the SFM is the one that
presents more changes in its trajectory, since the amount of variables to take into
account is greater than the other models, it is also influenced by the model of the
robot, since, being a differential robot, it presents restrictions in the movement
that add more parameters that must be taken into account at the time of tracing
the trajectory. Since it is used the T265 and D435i (integrated cameras) as
obstacle detection methods, which allow us to obtain very accurate data in terms
of mapping and detection of people, in addition to the system has a stop system
which is activated when a person enters the safety space of the robot. In terms
of the solutions implemented to determine the trajectories of the robot, we can
determine that it is possible to trace trajectories depending on the parameters
required in the movement and the assigned work space, which is obtained by
mapping. Thus the robot is able to reach its final position. In the SFM the
robot took several attempts to determine its trajectory, so it rotated on its
own axis, this was because the space where it had to move was limited, so
it was constantly redirected, this can be corrected by applying changes in the
programming algorithm, taking certain assumptions that allow it to obtain more
accurate movements.
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