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Abstract—With new technologies caching up with the
new industrial needs, new technologies and fields of the
industry are being created and expanded.

This paper explains the concepts behind one of the
most widely used application in robotics, ”belt tracking”,
implemented on a sensitive robot and possible uses of such
robots in the industry with this application.

Index Terms—Robotics, Tracking, ROS, Motion plan-
ning, Computer Vision, Automation, Collaborative robotics

I. INTRODUCTION

THE use of conveyors, and robots operating on
them while in motion, is a common application of

material handling used on factories with high through-
put. This applications are done by fast robots such a
delta robots that preform applications known as ”pick
and place”, which are summarized into picking from
a moving belt and placing into a container or another
moving belt.

The presented solution was implemented on a ”col-
laborative robot” (see figure I). This type of robots are
rather new to the industry [1], their main characteristic
is the additional sensors allocated in their axis, which
allows them to gather information of the physical world.
Therefore, with the appropriate safety systems and pro-
graming, allows them to work simultaneously with a
human operator at the same space and time or to preform
complex task of assembly, that rely on the human sense
of touch.
This kind of robots allow line operators to interact with
the robot during the industrial process, which can benefit
the production, as this kind of application can mix the
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benefits of the human production with the reliability of
a robot.

”Pick and place” applications require high speeds,
which “collaborative” robots are not capable to reach,
due the nature of their intended application[2], which
rise the challenge of the use of such type of robots on
applications with conveyors.
The use of this kind of robot with conveyors should be
restricted to applications that do not rely on the speed of
the robot, but their sensibility such as assembly on the
line or inspection, by picking pieces from a non human
friendly belt and give it to the operator.

Fig. 1. Built demonstration system.

II. HUMAN-ROBOT COLLABORATION

Human-Robot Collaboration (HRC) are a type of ap-
plication that allows the interaction between workers and
robots while working. HRC applications can combine the
repeatability of a robot with the creativity and flexibility
of a human worker.
With HRC applications the robot no longer is intended
to substitute the worker; They are used as assistant for
the worker, to help them deal with non-agronomics jobs
or wearing the weight of heavy tools.



HRC applications can be classified into three subtypes:
Coexistence, Cooperation and Collaboration.

• Coexistence applications are all robotic cells where
no common workspace is shared, but contact be-
tween human and robot is possible but unlikely.
Such as fenceless cell.

• Cooperation application are conceived when the a
robot and a human work next to each other, sharing
the work piece; But, the work for each part is done
on a sequential basis, never working both at the
same time. Contact is not intended, but could well
be possible.

• Collaboration is the HRC category where the con-
tact is intended and the work is preformed on a
shared workspace and at the same time.

Coexistence and cooperation type application, although
being considered human-robot collaboration, do not re-
quire the use of a “collaborative” robot. But, to achieve
full collaboration, where the robot and operator can
share the same space, is only possible using a sensitive
robot. The goal in mind for the proposed application
is the implementation of a Collaborative application of
conveyor tracking, where the contact of human and robot
is intended.

III. HARDWARE USED

The application of conveyor tracking is usually divided
in three subsystems, those being: Sensing, tracking and
actuation. [4]

Sensing is the base of any automation application, the
input of data and measure of the physical world is key for
a precise and functional system. In a tracking application,
the basic information would be the movement of the belt,
the identification of pieces on the belt as well as their
first position and orientation.
The motion of the belts are usually read through encoders
on one axis of the belt, which reads the rotation and
speed.
The identification of the pieces and their first position is
done through a camera.

Due the real-time nature of Tracking, this task is
normally done on an external controller. This Controller
gathers all information from the sensors and processes it
into useful data for the actuators.
The assignation of position or pieces to actuators is also
done by the tracking manager, which according to the
application needs should be able to schedule jobs for
each actuator. However, the complexity of the scheduler

will increase the more manipulators are added to the belt
or the more complex the task done by the manipulators
are.

The Actuation is done via one or more actuator.
Which are hardware capable of doing an ”action” on the
physical world, such as a motor or a robot. The actuator’s
task is to move to the position given by the tracking
system. On our application a single sensitive robot (LBR
IIWA).

Fig. 2. Hardware relations.

IV. COMPUTER VISION

The computer vision system is a key component on
any tracking system, as it detects any entering pieces
on the system and measures the starting position and
orientation of the objects.
Usually any computer vision system is formed by the
light system, the sensor and the lens (see figure 3).

The sensor is the electronic component which captures
the light generated by the light system and reflected
from the piece and belt. The sensor limits the maximum
resolution of pictures taken, which will be processed into
useful data by an external component on by the camera
itself.

The Light system is critical in any computer vision
system, as the shadows produced by the piece onto itself
or the background may difficult the analysis of the data
captured by the sensor.



Fig. 3. Direct light setup for computer vision.

The lens ara a mechanical contraption that focus the
light emitted by the light system into the sensor. Depend-
ing on the properties of the lens, and their position from
the sensor and the object, the light can be focused into
the sensor to adjust the focal plane, the field of view or
induce chromatic aberrations [5].

V. TASK PLANNING

In order to plan the robot motions and minimize the
loss of pieces by the robot, all pieces passing through
the belt must be tracked. This task is done through an
external computer, which communicates with the camera
and the position sensors of the conveyor (encoders), to
keep a record of each piece detected by the camera and
calculate it’s position on the belt through an interpolation
of the readings of the encoder.

The relation of the internal modules of the tracking
unit, used on the experimental cell, where made in ROS.
In the block chart (figure 4) it is displayed the relations
between nodes and the data transferred between them.
Those being:

• CVision: The communication with the camera.
• tsk manager: Interpoler and tracking process.
• Last pose: Message of cameras transmitted posi-

tion.
• lbr client: Communication between robot and com-

puter.
• PiecePose: Position transmitted to the robot.
• EncoderData: Update of the encoder value.

The tracking system is highly dependant of the con-
veyor system used; For simple belt setup, the position

Fig. 4. ROS node relations.

interpolation is a lineal relation between the position of
the encoder and the conveyor geometry.
The piece position interpolation equations [Eq. 1], in
case of a straight belt moving on the ’X’ direction.
Where ’X0’ and ’Y0’ are the starting coordinates cap-
tured by the camera, ’m(φ)’ is the lineal advance of the
belt in function of encoder position (’φ’) in degrees.[

X
Y

]
=

[
m(∆φ) +X0

Y0

]
(1)

The displacement of the belt depends on the radius of
the axis ’R’, where the encoder reads directly from.

m(φ) =
2πR

360

∆φ

dt
(2)

With all the information of the present pieces, the
position is transmitted to the robot. The position is
assigned to each robot by the scheduler accordingly to
their priority. The priority of the tasks are assigned, in
our system, using the Deadline Monotonic (DM) type
scheduler; Where the shorter the deadline is the more
priority is assigned to the task [3].
Although, this type of scheduler is not the most opti-
mized, it works optimally on systems where there is only
one processor present, in our case the processor would
be the only robot on our application.

VI. ROBOT PROGRAMMING

Once pieces are being tracked by the external com-
puter, the computer transmits to the robot the position
of the piece assigned by the scheduler. Is the robot
application’s job to move the robot to the given position,
take care of collisions and the end use for the tracked
objects.

For the collaborative robot LBR IIWA, from KUKA,
the robot application are written in JAVA using the
manufacturer API ”KUKARoboticsAPI”. The applica-
tion translates the positions transmitted by the external
computer to actual physical positions.

In order to move the robot to the positions commanded
by the tracking unit, the robot must know the reference
point used by the tracking unit. With this point known
by the robot, it can be calculated the necessary transfor-
mations, for the robot usage.



In the figure 5, it has been drawn the coordinate systems
used in the developed application.

Fig. 5. coordinate systems.

1) The robot’s World coordinate system in located in
the robot’s base.

2) The Tool coordinate system “TCP” (Tool Center
Point), is the transformation from the robot flange
to the tool point.

3) The conveyor base is located at the end of the
vision area.

4) The vision system is defined in a fixed point over
the belt.

The robot’s World, which is the base of all transforma-
tions made by the robot. The “bases”, which are user
defined, are static relative coordinate systems that hang
from the robot world. The Tool is the coordinate system,
are dynamic transformations that get updated with the
robot position in relation to world or a base.
The Vision System only uses one coordinate system,
which all positions transited by the camera hang. The
Origin of the camera is set by the user, usually using
a physical world reference, that allow the measure for
other systems.
The pieces position received by the robot are interpreted
as frames from the camera base, and transformed to
conveyor positions. Then the robot moves the tool to
positions over the conveyor, moving the TCP respect
robot World.
Those transformations are feed to the motion planer loop
at each update.

Once the tool is near enough to the commanded
position, it will lower the tool to a range where it can
actuate over the object. Once the tool is actuated it
depends on the desired application what to do with the
object.

The collaboration comes from the behavior of the
robot on workers contact and the end application. The
robot moves along the tracking with an impedance mode,
which makes the robot react to a external force as it was
driven by springs, damping any small hit or resistance.
If a major impact or resistance is present, at any point
of the execution of the application, the robots stops
immediately.
For our example application, the piece is picked and
displayed to an operator, at a save distance from the belts.
The operator may inspect the piece while the robot holds
it. If the worker wishes to move the piece to different
angles, he/she can touch the robot to guide the motion.
At the end of inspection, the operator can choose to
dispose the piece or accept it. By giving the instruction to
the robot, through a specific gesture, the robot proceeds
to follow the command with the same impedance motion
and safe measures.

For instance, a common application, the robot awaits
until a senor placed on the belt activates on piece in range
of the robot’s range and wakes the waiting robot. The
robot awaits until the piece is in its range and starts the
movement to an ”approximation” point near the position
given by the tracking system. Once the robot is close
enough to the ”approximation” position then starts the
final approach to the ”pick” position where the robot
meets the tracked object. From this point the action of
the robot depends on the application, usually the robot
picks the piece and moves to another position.

VII. RISK ASSESSMENT

Once the application is functional, in order to be
marketable or useable in the industry it is necessary to
certificate it.
The certification is an evaluation, done by a third party,
which test the safety of the automatic system. The most
simple way to make sure that the cell will be safe, is to
make it under the directives of the local normative, in
spain it would be:

• “UNE-ENISO 10218-1”
• “UNE-EN ISO 10218-2”

And for collaborative systems the technic specification:
• ”ISO/TS 15066”



Risk evaluation is a cyclic process based under four
steps:

1) Limits delimitation: Identification and delimita-
tion of the capabilities and ranges of the automated
system presented.

2) Hazard identification: Identification of the pos-
sible hazards that a user can suffer directly or
indirectly from the use of the system.

3) Hazard estimation: Probability of happening of
the risks identified on step 2.

4) Valuation of risks: In case of accident, how much
damage can the operator suffer from the identified
hazard.

With all this information, it is checked the compliance
of the cell with the minimum levels of the local laws.
If the system pass, the system is ready to get certified.
However, if does not pass, it is needed a fifth step:

5) Risk reduction: Modifications done to the cell,
by the implementor, in order to reduce one of the
points above so it enters acceptable levels.

Once the adjustments have been made (change of con-
figuration, remove of unsafe features, adding safety
measures, etc.) the process should be started again from
the first step, and repeat until no longer is needed the
application of the fifth step.

VIII. CONCLUSIONS

Analyzing the resultant cell made as an example we
have extracted the following conclusions.

In order to minimize the risk estimation of any impact,
the surface of all moving parts, in human reach, must be
increased as much as possible. Edges should be rounded
with a minimum radius of 5 mm. So the force done by
the robot is divided across the surface.
The speeds of the robot are highly reduced to ranges
where an impact is not damaging, or the operator can
react on robots movements (<= 250mm/s).

The gripper have to be capable to exercise sufficient
force to carry with the application, but capable to detect
entrapment of human parts, so it doesn’t squish them.
The shape and design of the gripper ave a big weight
when the application is intended for human interaction.

In order to assure future scalability is recommended de
use of Object Oriented languages. This languages allow
an easier extension of the system.
The use of compiled languages help with the timing de-
termination and repeatability of Time sensitive systems.

The belts are one of the most unsafe device of the
application. Unlike the robot, they have no sensors
that allow them detect entrapment, and long conveyors
exercise tremendous forces. Therefore, is strongly rec-
ommended the use of additional safety devices to ensure
a safe behavior, if access to them are granted to human
operators.
A collaborative robot may be used as interface between
the belts and the human operator, ensuring the safety in
the workplace.

A collaborative robot should be used for collaborative
applications, as their characteristics are tuned for this
kind of applications, and don’t preform good for standard
application that require speed or excessive force.
Conveyor solutions for collaborative robots could be
used as interface for unsafe zones or conveyors and
the operator, inspection tasks, quality checks, agronomic
help or assembly tasks.
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