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Abstract. The following paper presents the ROS-I interface developed
to control Comau manipulators. Initially, the Comau controller allowed
users to command a real robot thanks to motion primitives formulated
through a Comau motion planning library. Now, either a ROS or a non
ROS -compliant platform can move either a real or a virtual Comau robot
using any motion planning library. Comau modules have been wrapped
within ROS and a virtual model of a Comau robot has been created.
The manufacturer controller has been innovatively used to drive both
the real and the simulated automata.
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Introduction

Nowadays industrial robots have to perform complex tasks at high speeds and
have to be capable of carrying out extremely precise and repeatable operations
in an industrial environment; however, robot manufacturers left their controllers
closed to the user who wants to improve their capabilities and to extend their
computational power. On the other hand, the scientific community asks for a
more open system in order to apply its researches on an industrial product,
and this process must be carried out in a very short period. Moreover industrial robots are designed with several requirements such as industrial standards,
safety regulations, user-friendly interface approach and cost reductions which
are not easy to combine with an open approach. Therefore there is a thriving
research activity on these new topics which involves both industrial robotics and
applications.
There were several attempts to open industrial controller such as in [11]
and [4]. In the late 1991 Comau Robotics began its effort to implement Open
features with the third generation controller (C3G); this was a first experience
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on the open control [5], but later this became the basis for more powerful implementations which gave the possibility to develop the forth generation open
controller called C4G Open. This system architecture allowed to give the robot
new features and capabilities such as sensory feedback control [9].
The next challenge in industrial robotics was to increase ease of use, flexibility and integrability of the open controller; in this context, Comau saw in the
ROS-I project the natural evolution of the Open control, where a standard interface, compliant with industrial use and reliable, was mandatory. Other robot
manufactures are involved in the ROS-I program3 : ABB, Adept, Fanuc, Universal Robot and Motoman. Only Motoman released production ready code. In
the other cases the software is not yet production ready code and it has only
some levels of unit-testing. For Adept and Fanuc only joint position streaming
is supported, with the controller currently overriding commanded velocity with
a constant one. Trajectory downloading, velocity or force control are note yet
supported. For ABB only trajectory streaming is supported [14]. The Motoman
driver controller interface, instead, provides a more high-performance interface
for controlling Motoman robots, and it meets qualitative criteria for being used
in production systems. The controller plans the movements using an existing
ROS-compliant motion planning library: MoveIt4 . And it provides a low-level
control of joint position, velocity, and path timing. Being ROS non real-time,
the computational load decreases robot speeds down to 20% and 70% of robot
capabilities. Following the Motoman example, this paper presents the ROS-I
interface developed to control Comau manipulators. The stack contains:
– ROS nodes implementing the communication with C4G Open (the Comau
industrial robot controller);
– the Comau Smart5 SiX robot model in the Universal Robot Description File
(URDF5 ) format for the simulated representation of the automata;
– the Open realistic Robot Library (ORL) (the Comau motion planning library).
These tools allow either a ROS or a non ROS -compliant platform to move either
a real or a virtual Comau Smart5 SiX robot. Both a position and a velocity
controller are supported and motion commands can be issued using both ORL
and any other ROS-compliant motion planning library. As above mentioned,
other manufactures offer packages suitable only for MoveIt. Moreover, in our case
both the real and the simulated automata are driven using C4G Open. Being it
real-time, the faithful control of the robot and its 100% speed are guaranteed.
The rest of the paper is organized as follows. In Section 2 existing standard
and open architectures will be presented together with an overview pf the ROSIndustrial standards. The integration of ROS-I within the Comau C4G Open
controller will be discussed in Section 3, followed by the experimental setup and
tests of Section 4. Conclusions and future works will be depicted in section 5.
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2.1

Overview
Open Control Architecture

The Open Robot Controller is a software and hardware control architecture
which allows the easy and safe integration of the Robot Control Unit with an
external Personal Computer. The integration helps programming the automatized robotic cell and lets the extraction of data from external sensors.
C4G Standard Controller The standard COMAU C4G controller consists
of a modular architecture with three different hierarchical hardware levels (see
Figure 1).

Fig. 1. Standard architecture for the Comau C4G robot controller.

The first level is the System Master Processor (SMP+) control board. At this
level, all high level processes take place: interpretation of user programs, management of operator interfaces, network communications, trajectory generation,
computation of dynamic model and management of assigned tasks, collisions detection, system diagnostics, high hierarchical level centralized adjustment process, axes synchronizing control, management of all I/O devices. The second
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level is the Model Predictive Control (MPC) board, inside: fine interpolation
of the manipulator trajectory, robot position adjustment, real time system diagnostics, master-slave axes management. The lower level is the Digital Signal
Processing (DSP) board, inside: control of electric motor currents and torque
generation process for individual axes control, power stage management, position sensor and acquisition of motor angular measurements, high speed digital
and analogical I/O management. The system architecture is based on a real time
communication. It has a frame rate of 1ms on an Ethernet network that uses an
UDP protocol, between the SMP+ board (client) and the MPC board (server).
Comau C4G Open Controller The standard C4G controller does not allow
sensors and devices connections to the robot. This restriction has been overcome opening the robot controller: a second server process has been inserted
introducing an external PC in the network (see Figure 2). The PC adds power

Fig. 2. Open Control architecture for the Comau C4G robot controller.

to the Robot Control Unit simplifying the implementation of complex manufacturing applications: programming automated robotics cells is easier and external
sensors integration is possible. In this way, writing custom applications where
standard control processes and trajectory generation interact with external sensors, devices or PCs is feasible. Mixing trajectories between open and standard
modalities is also possible, together with the possibility of programming the
robot using different open modalities such as: additional and absolute position
control, additional current control, trajectory management and modification of
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pre-planned trajectory. Different Open architectures have been presented in several European Projects (SME Robot6 and ARFLEX7 ) to correct a real trajectory
using vision systems or to integrate an inertial navigation tool. The C4G Open
Control is based on GNU/Linux Operating System and the real-time is achieved
by using the Real-Time Application Interface (RTAI) [6] module to extend the
standard kernel with real-time capabilities. On the other hand, in order to provide a real-time communication layer, C4G Open architecture uses Real-Time
networking (RTnet) [1] stack, an open source hard real-time network protocol
compatible with RTAI.
2.2

Open realistic Robot Library

The Open realistic Robot Library (ORL) has been developed in order to perform
operations on a virtual robot without having it. The motivation behind the
realization of this library is that C4G Open forces the user to program at a low
level in motor round references. The ORL allows the user to program at a high
level in order to let him develop custom applications with C4G Open (or C5G
Open, if we consider the new controller Comau is developing). The library allows
to perform the following operations:
– Initialization of the virtual robot on Linux (complete Comau robot family)
starting from a real configuration file
– Computation of Direct and Inverse Kinematics, for each Comau robot
– Error management of position and joint ranges
– Integration of Comau Trajectory Generator and Interpolator
– Computation of the Dynamic Model and Jacobian
All these operations are realistic, i.e. they describe what the robot would do if
they were performed via the Comau standard programming language (PDL2) on
the real robot. Performing direct/inverse kinematics allows the user to control
the real robot workspace in advance (e.g. joint stroke-ends, Cartesian avoided
positions). Routines for the direct motor rounds control are included, together
with motion functions able to convert and manage degrees or Cartesian references.
2.3

ROS-Industrial

Creating robust and general-purpose robot software is hard. Every task and every
environment has its own encoding and there is not a homogeneous solution to all
its instances. The Robot Operating System (ROS) [12] is an open-source project
that aims to develop a common framework for robotics applications thanks to
collaborations among single individuals, laboratories, and institutions. It is a set
of tools, libraries, and conventions collected to simplify the creation of complex
and robust robot behaviors across a wide variety of robotic platforms. ROS is
6
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utilized by the research community for service robotics applications, but its technology can be applied to other application areas, including industrial robotics.
For this purpose, ROS-Industrial has been developed . It extends ROS capabilities, such as advanced perception and path/grasp planning, enabling industrial
robotic applications previously technically infeasible or cost prohibitive. ROS
high-level functionalities are combined with the low-level reliability and safety
of industrial robot controllers creating a robust, reliable, and hardware-agnostic
software.

3

Integration

As already stated, a real time communication channel is necessary to obtain a
proper interaction between the Comau C4G controller and the external PC providing additional capabilities. The communication is based on a real time thread
providing robot status information from the external PC to the robot controller
and viceversa. In this work, we extended the basic real time thread by developing several parallel threads in order to decouple the real time communication
process from the data provided in input, to control the robot, and in output,
to give back its status. With this aim, existing modules were wrapped in ROS.
The current ROS version is used: Hydro. As both the ROS framework and C4G
Open support the Ubuntu Linux distribution, its 13.04 version is used, maintaining RTAI and RTnet to satisfy the C4G Open requirements. The wrapper
maintains existing features. The user can still
– directly program the robot using the PDL2 language;
– use ORL functions to formulate robot motion primitives that the C4G controller will then convert into the equivalent machine code.
In addition, the user can now impose motion directives in the form of ROS
commands: a ROS message with the motion request is sent to the system, ROS
redirects the message to the motion library, and the latter answers with a ROS
message containing the motion primitives the controller needs to move the robot.
ROS integration makes ORL a simple form of the system: the library has to be
considered as any other motion planning library and for this reason, at any
time the user can replace it with any other ROS compliant motion library, e.g.,
MoveIt.
A TCP/IP connection was implemented to give non ROS compliant frameworks the possibility to interface to the proposed system. This type of protocol
provides reliable, ordered and error-checked delivery of data. The ordered data
transfer guarantees the robot to execute the motion primitives in the same order specified by the user. Reliability ensures the retransmission of lost packets
and the consequent execution of all motion primitives. As result, the robot will
executes all the desired motion commands in the desired order.
Enforcing a robot to directly execute a specific task can be inefficient. The
non-tested task can be impracticable: the imposed goal can be unreachable because of the robot joints limits; or it can cause damages: the robot can collide
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with the surrounding world. For the same reasons, testing an application directly
on the real robot can be expensive in terms of time and money. Performing tests
in a simulated environment is the solution. A virtual model of a Comau robot
was created, its use is guaranteed within any ROS compliant simulator (e.g.,
Gazebo [8] or VRep [7]); and a plug-in allowing the robot control inside Gazebo
was developed.
A description of the process adopted to make the system usable both in the
simulated and in the real environment follows.
3.1

Simulation

With the aim of replicating the motion of a Comau robot inside a ROS compliant
simulator, a virtual model of a Comau Smart5 Six robot was developed. The
virtual representation involves the creation of a package containing the robot
meshes and the URDF file describing the geometry, kinematics and dynamics
of the robot, such as joints masses and inertial matrices. In order to control the
robot virtual model within the Gazebo simulation environment, the following
tools have been developed: a plug-in connecting the Comau robot controller
to Gazebo, and a wrapper for ORL. The latter ensures the same trajectories
interpolation both for the virtual and the real robot, that results in the same
robot movements execution both in the virtual and in the real world.
3.2

Real robot

In order to command the real robot using ROS, the following problem must be
faced: the robot communication is hard real-time (it has a frame rate of 2 ms) and
ROS is non real-time. A communication node was developed. It includes both
a real-time and a normal priority thread. The former establishes the connection
between the controller and the real robot. The latter provides the controller
with the motion data: if a ROS compliant platform aims at controlling the robot
sending it specific motion directives, then the thread will deliver these motion
commands to the controller in the form of ROS messages. If a non ROS compliant
processor has the same request, the thread will send the motion primitives to
the controller in the form of TCP/IP messages. Performed tests show that the
proposed structure ensures the absence of robot/controller connection errors
and lets the user to control the robot both through a real and a non real -time
platform.
The Comau system is now compliant with the current ROS version and lets
users to control both a real robot and its simulated counterpart by using the
same motion controller. Figure 3 compares the initial and the obtained system.

4

Experiments

The system has been developed in order to fulfill the specifications due to different Robot Learning from Demonstration (RLfD) [3] [2] studies we are conducting
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Fig. 3. The developed system including the initial structure (red) and the integration
with ROS (blue)

(a) Human demo

(b) Simulated experiment

Fig. 4. The first experiment: use of a position controller

in our laboratory. The adopted RLfD frameworks involve challenging conditions
in terms of different tasks, objectives, interpolation algorithms, and motion controllers. These aspects are all crucial in a dynamic industrial environment, in
which the aims are heterogeneous and related to the goal to be reached.
In the analysed cases, humans teach to a Comau Smart5 SiX manipulator
how to achieve simplified industrial movements. The system is structured as follows: a human performs a task; an RGB-D sensor acquires the scene. A skeleton
tracking algorithm extracts the useful information from the acquired data (positions and orientations of skeleton joints). This information is given as input to the
motion re-targeting system that remaps the skeleton joints into the manipulator
ones. The collected data are used to train a Gaussian Mixture Model (GMM) in
order to retrieved a generalize motion trajectory by applying a Gaussian Mixture Regression (GMR). Subsequently, the robot motion controller interprets the
generated trajectory to make the manipulator reproduce robot movements sim-
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(a) Human demo

(b) Real experiment

Fig. 5. The second experiment: use of a velocity controller

ilar to the human ones. Motion commands are imprinted using ROS messages.
Experiments were performed both in virtual and real world, and two different
scenarios were treated, each one by utilizing different motion planning libraries.
The first scenario consists of the displacement of a piece. A human demonstrator moves a box along a line from the beginning to the end of a 45 cm long
table; the manipulator reproduces the same task both in the real world and in
simulation (depicted in Figure 4). More details can be found in [10]. The task
requires very accurate robot movements, so that the manipulator is controlled by
setting joint positions. The interpolation of robot motion are computed by ORL,
that offers high reliable functions to command a robot in position. Accuracy and
repeatability tests were performed by measuring the different displacements performed on a box. In the real world the robot moves the same box as the actor,
and the table is replaced with a white paper sheet situated on the floor. On 25
attempts, the system obtained an average displacement of 54.332 +/- 0.7547667.
Instead, in simulation the virtual box has the same characteristics of the real
one, while the table is longer and larger in order to avoid singularities when the
box reach the end of the table. In this case, the accuracy is even better with
an average of 45.011 +/- 0.402 cm. The simulated replica is then faithful to the
real human demonstration and the real robot displacement has a gap of about
10 cm. The alteration is due to the different frictional forces: the material of the
support surface used in the real experiment has a friction coefficient lower then
that of the tables used for the demonstration and for the simulated representation. Having a lower friction coefficient facilitates displacements. Finally, both
the real and the virtual variances are negligible: small existing variations are due
to sensors and motors noises or to an imprecise manual positioning of the box
at the beginning of every test.
The second scenario simplifies the arrest of a piece before its extraction from
the conveyor belt. A subject stops a Lego Mindstorms NXT8 robot performing
a uniform rectilinear motion on a 60 cm long table after 20 s from the motion
8
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Fig. 6. Robot joint positions and velocities during the second test.

start. The action can be interpreted as the block of an object after a certain
event. A velocity controller is required in order to make the robot moving within
a certain time interval. A custom interpolator has been used to compute the
velocities with respect to the joint positions [13]. It is worth to notice that no
other element has been changed in the system. Figure 6 shows positions and
velocities of the three joints controlled by our framework during the experiment.
In the real reproduction, a Pioneer9 robot with a box on its top moves at
constant velocity in front of the manipulator robot, the latter has to “stop”
the former within a certain period of time blocking the box situated on its
top (depicted in Figure 5). In the simulated environment, robot movements are
tested and ROS commands are formulated in order to coordinate the start of the
two robots. The experiment does not require measurements because precision is
not required. The robot stopped the box in time in all the 25 performed trials.
The analysis of the proposed cases shows that the created ROS-I interface
is reliable: motion commands are imprinted using ROS messages and robots
properly perform the imposed tasks. This means that no message was lost or
received in disorder. Robots movements match both in the virtual and in the real
world, proving the proper utilize of a unique controller in both realities. Finally,
moving the robots using two different motion libraries evinces the versatility of
the proposed system by testing different controllers as easily replaceable modules.
9
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Moreover, users are not required to use the Comau motion planning library, but
they can use any open-source or customized library.

5

Conclusions

The paper presented the method used to extend the Comau SpA controlling
system. The initial system was composed of a robot controller, the C4G Open,
and a motion planning library, ORL. The latter was used to send the former
the motion commands robots needed to move. The final system preserves these
characteristics; in addition, it is ROS-compliant, it lets the user to control both
a real robot and its simulated counterpart using the same controller, and it lets
him to replace the Comau motion planning library with any library of the same
type. To test the system, a Comau Smart5 SiX robot was ask to perform two
different tasks, both in simulation and in the real world and both using ROS
commands. The former involved the displacement of a static box and required
the development of a position controller. The latter considered the capture of a
moving object and a velocity controller was used for its attainment. The experiments choice is easily justifiable: it permits to test the system using two types
of motion planning libraries. In fact, the position controller requires the sending
of position commands to move the robot; ORL includes this function and for
this reason it can be used in the experiment. The velocity controller, instead,
needs velocity commands. ORL does not includes this function and an ad-hoc
motion planning library must be developed and used. Experiments showed that
both the real and the virtual robot performed the same movements during the
execution of both assignments. This proves that using the same controller in
both environments guarantees the same trajectories interpolation. The detected
movements precision proves the good functioning of the system itself, the proper
development of the ROS-I interface and the possibility to use any type of motion
planning library. Having a ROS-I interface makes the Comau system re-usable
by the entire ROS community, and having a replaceable motion planning library
is an essential characteristic to make the system freely accessible and usable not
only at an industrial but also at a research level.
The developed code has been released as a Open Source software10 in order
to foster research in the field.
As future work authors aim to extend the implementation to the new Comau motion controller, the C5G Open. In this way, Comau will maintain its
ROS compatibility solving existing C4G Open limitations. Developing a ROS-I
interface for the C5G Open will lead to an innovative product leader both in the
research environment and in the industrial context. Nowadays more and more
flexible and smart applications will be able to use it integrating sensors and
complex algorithms.
10

At the moment of writing, the source code is in the develop branch
of the following GitHub repositories: https://github.com/iaslab-unipd/c4g_
controller, https://github.com/iaslab-unipd/smart5six_description, https:
//github.com/iaslab-unipd/smart5six_gazebo_plugin .
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