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Abstract

Hybrid legged-wheeled robots are gaining interest in various service applications, like surveillance or inspection in
hospitals. The autonomy of these robots is not only related to their power consumption, it mostly refers to their capabil-
ity to safely move in complex partially structured environments. This paper proposes to investigate the combination of
different moving strategies and sensors to enhance the adaptability and autonomy of a hybrid hexapod robot in specific
environments shared with humans. Namely, this paper proposes a locomotion strategy that combines leg motions and
Mecanum omniwheels with multiple sensory feedbacks to achieve safe obstacle avoidance during a service operation.
Several experimental tests are carried out by using Cassino Hexapod Ill in combination with sonar, IMU and Lidar sensors
at IRCCS Neuromed site in Pozzilli. Experimental results show the effectiveness of the proposed operation strategy with

Cassino Hexapod Il to avoid multiple obstacles.

Keywords Obstacle avoidance - Mobile robot - Experimental robotics - Service robotics

1 Introduction

In the last years many service operations are requiring a
higher degree of autonomy of the service robots to have
a better performance and autonomy. These service oper-
ations are tasks where the robot needs to interact with
the environment, facing obstacles, people or the rough
terrains [1]. Thus, the autonomy is becoming one of the
main features for service robots to carry out surveillance
tasks in a hospital, inspection/maintenance operations in
cultural heritage buildings or extraterrestrial service tasks
in Mars [2]. Nowadays, the autonomy of a service robot
does not only mean its operation time, it also means that
the robot is capable to move or displace over a surface
without falling and dodging the elements in the envi-
ronment, like obstacles, people or both [3]. For this, two
main features are necessary: a mechanical structure that
allows the robot to move over almost any surface, and a

suitable sensor implementation to detect and avoid spe-
cific obstacles. For the first mentioned feature there are
many developments of mobile robots with wheels, legs
or both to have a suitable displacement over different
kind of surfaces. Recently researches on mobile robots
indicate that Hexapod Walking Robots (HWR) are being
upgraded in their performance and motion capabilities
by adding a wheel as end-effector (EE) to the extremity of
each leg. These machines can move by using wheels, legs
or both [4]. By combining both kinds of locomotion the
robot is able to carry out a hybrid locomotion with com-
plex paths and gaits to adapt to uneven surfaces or avoid-
ing and overcoming different obstacles. Many advances
have been developed in wheeled-legged robots, like the
ATHLETE robot of the NASA, that have been designed to
carry out extraterrestrial service tasks, such as, inspection
and surveillance in Mars [5]. Another one is the shrimp
robot, that has been developed at EPFL-Lausanne, and
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it can overcome vertical obstacles up to twice its wheel
size and can even climb stairs [6]. There are other develop-
ments like the R3HC robot of the University of Huelva [7],
or the ASTERISK of Osaka University [8]; that are robots
for experimental research. There are also series of hybrid
hexapod robots, like The Cassino Hexapod Series, that
have been developed at the Laboratory of Robotics and
Mechatronics (LARM) of the University of Cassino, to carry
out several applications, including exploration of cultural
heritage sites or performing helping tasks in hospitals. The
Cassino Hexapod Robot lll, the newest version of the Cas-
sino Hexapod Robot series, is a six-wheeled-legged light-
weight hybrid hexapod robot with a mecanum-wheel in
each leg. This kind of wheels let it have an omni-directional
displacement.

The hybrid configuration of Cassino Hexapod Robot Il
allows it to overcome little obstacles by using the legs, and
to avoid bigger obstacles by using the mecanum-wheels.
For the second mentioned feature for a suitable autonomy
of a mobile service robot, there are many researches in the
implementation of different strategies for obstacle recog-
nition and avoidance by having a suitable sensor imple-
mentation of one, two or more different kind of sensors.
In [9], it is reported Automated Area Surveillance Robot
(AASR), a service robot with a 60fps camera, IR beam-
ers and ultrasound sensors for human detection during
a surveillance operation. Such robot is mainly designed
for military operations and inspection tasks of facilities in
companies. In [10], it is reported an autonomous neuronal
controller for autonomous robots, where a behavior initia-
tor to handle sensor activities for a high level of interaction
and information exchange with humans is proposed. Such
behavior initiator is basically a module of embedded sen-
sors. Most of the sensors implemented in a robot for ser-
vice operations are cameras and ultrasound sensors, this,
to increase their motion autonomy and object recogni-
tion. For example, in [11], an algorithm for face recognition
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using sparse interest points in smart surveillance robots is
proposed. The aim of this paper is to present the experi-
mental validation of a proposed obstacle avoidance
strategy, with Cassino Hexapod llI, for different service
operations, such as, surveillance and inspection, help or
guidance inside a hospital. It is discussed the implemen-
tation of a RP-LIDAR sensor for obstacle recognition, as
well as the feasibility and effectiveness of the proposed
strategy.

2 Cassino Hexapod lll: features
and characteristics

Cassino Hexapod lll is the latest version of the Cassino
Hexapod Series, a family of wheeled-legged hexapod
robots that haven been designed and built at LARM labo-
ratory in Cassino since 2000.The main feature of this family
of robots is low-cost and user-friendliness as based on a
combinations of legs and wheels aimed to the inspection
and operation at non-accessible sites, such as Monte-
cassino Abbey, as well as surveillance, helping or guid-
ance tasks in hospitals, such as IRCCS NEUROMED. Cassino
Hexapod Il is a wheeled-legged hexapod robot, Fig. 1a,
with an omni-wheel in each leg as EE, Fig. Tb. Such omni-
wheel is a mecanum wheel, which means their rollers are
attached to the wheel circumference with an axis of rota-
tion of 45° to the plane of the wheel [12], Fig. 2. This robot
has a light-weight 3D printed body, on which six hybrid
legs are attached to its chest. Its body can fit into a box of
375x230x 200 mm, that allows to have two frontal legs,
two lateral legs (one on each side), and two rear legs; all
of them in frontal orientation, Fig. 3a.

Each hybrid leg consists in three servomotors, two of
them (180° servomotor) to actuate the pure motion of
the leg, and the third one (continuous rotation servomo-
tor), to actuate the motion of an omni-wheel, Fig. 3b. This

scheme [3], b a hybrid leg with
an omni-wheel [3]

Hybrid legs
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Fig.2 Orientation of the omni-wheels in Cassino Hexapod Il [3]

(b)

Fig.3 Cassino Hexapod lll: a photograph of the robot; b one hybrid
leg [15]

kind of legs allows to carry out displacements along any
direction over flat surfaces. The implementation of omni-
wheels instead of common wheels in the hybrid legs is
to easily avoid large obstacles by just rolling to any place
along a straight line, or to overcome small obstacles by
carrying out complex motion with the combination of
the motion of legs and wheels using the kinematic and
strategy described in [13]. The control hardware of Cas-
sino Hexapod lll is fully onboard. It consists in an Arduino
MEGA as the servo-controller, a servo-shield to connect
the eighteen servomotors, and a Li-Po battery (Full Power
4S) with a regulator to decrease the voltage to 5V [14],
Fig. 4.

One of the main features of Cassino Hexapod Il is its
capability to move or displace over different kind of sur-
faces, such as, flat surfaces and rough ones. This feature

allows it to carry out different service tasks where is neces-
sary to move faster with wheeled locomotion over a flat
surface; or to move slower, but with greater security [16].
Furthermore, with legged locomotion, it can face rough
terrains, or to avoid and overcome obstacles by rising one
or more legs during a wheeled displacement. This feature
of the robot is well presented in [14, 17], where the feasibil-
ity of a wheeled, legged, and wheeled-legged locomotion
is discussed. Since the robot has mecanum wheels, it is
also able to carry out complex displacements, where the
robot can follow a circular gait without changing its local
x or y local axis. Two new sensors have been embedded in
the prototype to improve the orientation control and the
obstacle and people avoidance strategies. For the former
strategy an IMU sensor has been embedded in the plat-
form as a feedback of its angular displacement; it has a
MPU6050 device combined with a 3-axis gyroscope and
a 3-axis accelerometer on the same silicon together with
an onboard Digital Motion Processor (DMP) capable of
processing complex 9-axis Motion Fusion algorithms [2].
Furthermore, it is very small size of 22x17 %15 mm and
low weight of 6 g, making it perfect for a portable device
[18]. For precision tracking of both fast and slow motions,
the parts feature a user-programmable gyro full-scale
range of up to+2000°/s (dps) and a user-programmable
accelerometer full-scale range up to+ 16 g. For the latter
mentioned strategy a LIDAR sensor has been chosen for
Bi-dimensional 360° real-time with its weight of 170 g and
its low power-consumption of 2.5 W. The Bi-dimensional
real-time mapping is based on laser triangulation rang-
ing principle and uses high-speed vision acquisition and
processing hardware. The system measures distance data
in more than 8000 times per second [19]. These new char-
acteristics improve the already validated performance of
Cassino lll Hexapod with its linear velocity while rolling of
14.16 cm/s, and while walking of 2.22 (cm/s); its average
angular displacement over z axis of 1.18° and its energy
autonomy of 3.5 h.

3 Obstacle avoidance strategy

The obstacle avoidance strategy is designed for service
operations of surveillance, hosting or guidance inside
hospitals. In this case, it is specially designed for the men-
tioned tasks inside IRCCS NEUROMED hospital in Pozzilli,
Italy. The main idea is to detect if any patient is having
a trouble or if there is happening something wrong in a
specific area of the hospital, to guide the patient from a
location to another, or simply carry needed object from
a site to another. The layout of the obstacle avoidance
strategy is presented in Fig. 5. In this strategy, the robot
is moving forward, and when it recognize a person or any
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Fig.4 Cassino Hexapod Il
schematic diagram of the
hardware control
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Fig.5 Layout of the proposed obstacle avoidance strategy

other obstacle it stops for few seconds to validate that the
obstacle continues there; then the robot turns 180° to its
back and continue moving forward, avoiding an obstacle
in front of it.

3.1 Sensors implementation

The sensors implementation is performed for two main
cases: the first, the use of an ultrasonic sensor, and the
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second, a RP LIDAR. Both sensors are able to sense the
distance between an object in front of them by using a
specific operation principle and technology. In the first
case, the ultrasonic sensor measures the distance by
calculating the time between a high-frequency sound
signal sent by the transmitter and its reception at the
receiver, after it is reflected by an object. In the second
case, the RP LIDAR measures the distance and the polar
position of an object by emitting a modulated infrared
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laser signal, when this signal is reflected by an object,
a vision acquisition system sample the returning signal
and it is processed to obtain the distance and angle
values between the object and the RP LIDAR. By imple-
menting both sensors for a simulated service operation,
their performance and results can be compared.

3.1.1 Ultrasonic sensor

The ultrasonic sensor implementation is carried out
with a different obstacle avoidance strategy from the
proposed one, since this sensor only can measure the
distance between an object and the robot, but not the
quantity of objects and their size. For this case, it is pro-
posed the operation strategy of Fig. 6a), where the robot
is rolling forward, and it stops when an object is sensed
in 150 mm or less, then, the obstacle avoidance strategy
starts. The obstacle avoidance strategy, Fig. 6b), starts
with an omnidirectional displacement of the robot, until
its Center of Mass (CoM) displaces 90°, then the robot
stops and starts to turn 90° counter-clockwise over its
own axis, and it finishes the avoidance strategy by stop-
ping. After the obstacle avoidance strategy finishes, the
robot continues rolling forward and sensing for a new
obstacle. Ultrasonic sensor is mounted in the front of
the robot, see Fig. 7. The connection schematic diagram
of the sensor is presented in Fig. 8. An Arduino Nano
is used as data acquisition interface for ultrasonic sen-
sor. The acquired data is sent to the servo controller
of Cassino Hexapod Il to carry out the obstacle avoid-
ance strategy; it is also sent to a PC via Bluetooth, with a
HC-05, to save the real-time data of the sensor for further
post-processing.

Fig.6 Obstacle avoidance ]

Fig. 7 Ultrasonic sensor mounted on Cassino Hexapod Il

3.1.2 RP LIDAR sensor

The RP LIDAR sensor implementation is carried out to
test the proposed obstacle avoidance strategy to dodge
people and objects during a service operation, like surveil-
lance, in IRCCS NEUROMED hospital in Pozzilli. The sensor
is mounted over the frontal part of Cassino Hexapod llI,
Fig. 9, so that the sensor can detect any object in front
of the robot. The sensor data acquisition system is fully
onboard with the control system of the robot, and it con-
sist of an Arduino MEGA as DAQ. The connection schematic
diagram for RP LIDAR and its DAQ system is presented in
Fig. 10, where it can be appreciated that the sample data
of the sensor is sent to the servo controller of the robot

strategy for using an ultrasonic i
sensor: a operation strategy, b
avoidance strategy

Object distance
=< 150 mm

Robot starts omnidirectional
displacement

!
[ Displace until 90° ]

[ Robot stops

]

[ Avoidance strategy starts ]

[ Turns 90° over its own axis ]

[ Robot continuesrolling ]

|
(a)

(b)
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Fig.8 Connection schematic
diagram for the ultrasonic
sensor

ON BOARD CONTROL

BT MODULES

RP LIDAR

Servo Controller

BT MODULES

ON BOARD CONTROL

RP LIDAR

(b)

Fig. 9 RP LIDAR mounted over Cassino Hexapod lll: a top view, b isometric view

and to a PC via Bluetooth. On one hand, the data is sent to
the servo controller, where the obstacle avoidance strat-
egy is embedded, so the robot can take a decision about
its locomotion; on the other hand, the data is sent to a PC
for a visual representation of the acquired sample data. In
Fig. 11, the mounting position of the RP LIDAR over Cas-
sino Hexapod lll, and its sensing area is presented. Since
the RP LIDAR is in a continuous rotation and it can sense
objects around 360°, the sensing area is delimited to only
a part of the whole sensing range, Fig. 11b). Thus, the sens-
ing area is delimited to a range of 270°-90° (total of 180°)
with a radius of 800 mm, by this way the sensor is able to
detect objects only in the frontal part of the robot.
Before starting any service operation or experimental
test for the obstacle avoidance strategy, the functionality
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of RP LIDAR has been tested by carrying out an experimen-
tal test of mapping. Such test consists in mapping the area
in front of the robot without considering any limitation
in the sensing radius distance. Three different objects are
positioned in front of the robot for mapping, from left to
right: a carton box, a tool cart, and a wooden table, Fig. 12.

The results of the experimental test of mapping are pre-
sented in Fig. 13. It is possible to notice the location of the
objects surrounding the robot, the groups of points repre-
sent the faces of the object. Comparing Figs. 12 and 13 it
can be noticed that the sensing points represents the real
configuration. Since the acquired sample data is obtained
in polar coordinates, it is presented the overlay in polar
coordinates of the mapping in Fig. 13a). In such overlay is
appreciable that the three objects are inside of the proposed



SN Applied Sciences (2020) 2:329 | https://doi.org/10.1007/542452-020-2141-5

Research Article

Fig. 10 Connection schematic
diagram for the RP LIDAR
sensor

RPLIDAR Al

RP LIDAR

Sensing area

- -~

(@) (b)

Fig. 11 RP LIDAR on Cassino Hexapod lll: a sensor over hexapod
robot, b sensing area of RP LIDAR

Fig. 12 Experimental test for
RP LIDAR for mapping the
different objects in front of
Cassino Hexapod Il

sensing range, from 270° to 90°, and that their positions at
the graphic correspond to the real positions of the test. To
have a better appreciation of this, the polar coordinates have
been converted to cartesian coordinates. Also, it is necessary
to apply the rotation matrix for y axis (1), since the acquired
data is in mirror view due to the image acquisition of the
RP LIDAR camera. The result of conversion is presented in
Fig. 13b). In such figure, it is easy to appreciate in a carte-
sian space the position of the three different objects that are
sited in front of the robot.

cosd O sind
Ry(e): 0O 1 0 (1
—sind 0 cosf
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Fig. 13 Experimental results of the test for RP LIDAR, position of the mapped objects: a in polar coordinates, b in cartesian coordinates

To validate the obtained data from the RP LIDAR, the The operation strategy for the proposed obstacle avoid-
average dimension from the robot to the central object,  ance strategy is presented in Fig. 14. This operation strat-
the tool cart has been compared. The average obtained  egy is embedded in the servo controller of Cassino Hexa-
distance is 622 mm and the average measured distance  pod lll. According with Fig. 14, if the RP LIDAR detects a

is 626 mm.

Fig. 14 Obstacle avoidance
strategy for using RP LIDAR: a
operation strategy, b avoid-
ance strategy

SN Applied Sciences

A SPRINGERNATURE journal

point of an object in a distance less than 800 mm in the y

Object distance
=< 800 mminY
axis

Robot rolls backwards

l

[ Robot stops ]

l

Robot turns 180° over its own axis

¢Object distance
between -250 and
250 mm in X axis?

[ Points comparison starts ]

¢Object
detected?

Robot stops
Yes
[ Robot stops ] (b)
i
[ Avoidance strategy starts ]
!

[ Robot continuesrolling ]

(a)



SN Applied Sciences (2020) 2:329 | https://doi.org/10.1007/s42452-020-2141-5

Research Article

axis, and, between —250 and 250 mm in the x axis, taking
in account that 0 mm of the x axis is in the center of the RP
LIDAR, the points comparison starts. The points compari-
son allows to detect if the sensed points are part of a single
object or, if they are part of different objects. Thus, the
points comparison detects the continuity of the detected
points by adding up the points detected in the same area.
When the comparison determinates an object is in front
of the robot, the robot stops, and the obstacle avoidance
strategy starts. According to Fig. 14b), the obstacle avoid-
ance strategy consists in rolling backward, for 3 s, and then
stop, and turn 180° over the own axis of the robot, using

Z
YaW(_)

Pitch —E> X
v 7{ Roll

B

Fig. 15 IMU reference coordinate system on Casino Hexapod llI

«—— FrontSide

Fig. 16 Connection schematic
diagram for the IMU sensor

differential traction, and finally stops again to continue the
operation strategy.

3.1.3 IMU sensor

The IMU sensor implementation is performed to obtain
the angular position of the robot in real-time. IMU sensor
is mounted over the middle of the robot chest. The refer-
ence coordinate system of the IMU is presented in Fig. 15.
In such figure, each axis and its corresponding angle of the
reference coordinate system. For the obstacle avoidance
strategy is important to measure the Yaw angular displace-
ment, thus, the robot is able to stop in the correct angular
position. To implement the IMU sensor, an Arduino Nano
as DAQ system has been used. In such DAQ system, it is
embedded an auto-calibration process for the IMU, so that
it is ready to use every time the robot is started. A connec-
tion schematic diagram of the IMU is presented in Fig. 16.
According with such figure, the DAQ system sends the
sample data to the servo controller, and to a PC via Blue-
tooth. The signal is sent to the servo controller to control
the behavior of the robot during the avoidance strategy;
and to a PC for a further post-processing.

4 Experimental validation
To evaluate and experimentally validate the proposed

operation strategies for obstacle avoiding, a simulated ser-
vice task within a hospital facility is proposed. The chosen

IMU GY-87

Servo Controller
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simulated service task is to avoid people and/or objects
without losing sight of them avoiding unwanted injuries.
The robot maintains a distance within a security range,
when the person or obstacle is avoided it turns around
and distances itself from the warning area. The simulated
service task is carried out at Biomechatronics Lab at the
Technological Park of IRCCS NEUROMED in Pozzilli, Italy.

4.1 Ultrasonic sensor

In Fig. 17, the layout for the experimental validation of
the proposed operation strategy with an ultrasonic sen-
sor is presented. In such figure, it can be noticed that the
robot moves forward in straight line and stop fifteen cen-
timeters of a wall. After the robot senses the wall, it waits
2 s to stabilize its body, and then starts an omni-wheeled

Cam 2
[

Cam 3

Cam 4

—

Wall to avoid

o

Cam5

Fig. 17 Layout of the experimental test to avoid a wall using an
ultrasonic sensor

(€Y (b)

locomotion of one quarter of a circular trajectory. Thus,
the robot will be on the side of the wall. After this, the
robot will wait 2 s to stabilize the body and then turn 180°
around its own axis and start again a forward straight dis-
placement. Also, the cameras position to video record the
experimental test is presented in Figs. 17 and 18 presents
a photo sequence during the experimental test with Cas-
sino Hexapod lll, where four cameras are used to capture
different points of view. The test results are presented in
Fig. It can be noticed, Fig a), that the robot stopped in the
set condition, 148.7 mm, furthermore the displacement
is linear until the robot sensed the wall. In Fig b) is pre-
sented the comparison between the target and the real
avoidance gait, where is possible to appreciate the error
between them. In this case, it is shown that the robot has
a delay to start the avoidance gait, and that also the robot
took more time to reach the first value of the target, with
a minimal overshoot of 2.40°. Also, it is appreciated that
both gaits finished almost at the same time, with a dif-
ference of 0.78 s, an overshoot of —0.33° and an average
angular speed of 15.33°/s. The average measured values
are presented in Table 1 and the test is shown in Fig. 19.

4.2 RP LIDAR sensor

For the experimental validation of the proposed opera-
tion strategy for obstacle avoiding using a RP LIDAR, the
robot is leaved in the laboratory with two people walk-
ing around it, thus the robot must sense and recognize
them, as well as the objects in its surround. Figure 20
presents moments where the robot has detected an
obstacle in the security rage, in this case the people,
and it started the operation strategy. Figure 20a, b shows

Table 1 Average measured values of the proposed simulated task
for an obstacle avoidance strategy for service operations using an
ultrasonic sensor

Trajectory final Stopped dis- Angular speed Linear speed
error in yaw tance (mm) (°/s) (mm/s)
-0.33° 148.7 15.33 91.4

(@

Fig. 18 Photo sequence of the experimental test for obstacle avoidance using an ultrasonic sensor: a robot stops in front of the wall, b robot
starts the avoidance gait, ¢ the robot stops, d robot starts again straight forward displacement
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Fig. 19 Test results: a linear displacement of the robot before it started the avoidance gait, b comparison between target and real angular

displacements of CoM

the experimental environment with the robot and the
people. Figure 20¢, d presents the real-time acquired
data with the RP LIDAR and a graphic interface devel-
oped with Processing software. In Fig. 20e, f the post-
processed acquired data is presented. It is important to
emphasize that in both moments the legs of the people
were sensed and shown in the plot, and that sensed
points are inside of the measure range. Furthermore, it
can be seen that the graphics of the real-time acquired
data and the post-processed data are almost equal. The
test result is presented in Fig. 21; the figure presents the
comparison between the target and the real avoidance
gait, where is possible to appreciate the error between
them. In this case, it is shown that the robot has a delay
to start the avoidance gait, and that also the robot took
more time to reach the set value of the target, with a
minimal overshoot of 2.10°. In addition, it can be noticed
that both gaits finished almost at the same time, with
a difference of 0.54 s and an average angular speed of
40.73°/s.

By comparing the test results by both sensors, it can
be appreciated, since the RP LIDAR can give a higher
precision to detect the obstacle and its size, that the
implementation of the operation strategy, as well as the
performance of the RP LIDAR sensor, is superior to the
ultrasonic sensor for an obstacle avoidance for a service
operation with human interaction.

Finally, Table 2 Resumes the performances of the
prototype during the experimental campaign. These

characteristics show a very high autonomy and satisfac-
tory results required for the desired task.

5 Conclusions

This paper reports a successful experimental validation of
an obstacles avoidance strategy that has been specifically
developed for a complex human-shared environment.
The proposed strategy refers to a hardware composed of
a hybrid legged-wheeled hexapod robot with sonar, IMU
and RP Lidar sensor feedback. A wireless acquisition sys-
tem has been successfully developed to detect the objects
in front of the robot, and to measure their distance and ori-
entation from the robot. The main merit of the proposed
strategy is the versatility to cope with several obstacles
as well as the increased autonomy in unpredictable envi-
ronments as also demonstrated by preliminary tests in a
hospital environment. The presented strategy is sensor-
based strategy using pre-established trajectories while
maintaining safety distances with pre-set safety param-
eters. Operation strategies and paths, which can benefit
from omni-wheels in complex human-shared environment
proved their effectiveness avoiding obstacle and always
maintaining the pre-set safety distance. Furthermore, the
prototype has proved is high grade of portability due to is
very light weight and optimal autonomy.

Future work will systematically test the proposed
method in clinical environment implementing the
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Fig.20 Acquired data of two moments during the experimental
test for obstacle avoiding strategy by using a RP LIDAR: a photo
of the first moment; b photo of the second moment; ¢ plot of the
real-time acquired data during the first moment, d plot of the real-
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Fig.21 Comparison between target and real angular displace-
ments of CoM during the experimental test

Table2 Average measured values of Cassino Hexapod Il perfor-
mances

Steering  Angular  Linear Maximum Auton- Weight
radius speed speed step high omy (h)  (kg)
(mm) (°/s) (mm/s) (mm)

800 40.73 91.4 60 >2.25 >3

proposed operation strategy for several tasks such as sur-
veillance patrolling and/or patient guidance.
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