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Abstract— With the widening availability of stable robotic platforms, there has been a great effort in devel-
oping good programming frameworks in robotics. Unfortunately, most of these efforts are done in parallel and
the resulting frameworks are completely independent from each other. This paper presents a methodology for
integrating two of these frameworks: ROCI and Player. The main objective is to create a mechanism that allows
developers to benefit from the strengths of both platforms when developing software for different robots.
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1 Introduction

In recent years, there has been an increasing in-
terest in the software side of robotics. With the
widening availability of stable robotic platforms,
developers can focus on software issues such as
modularity, code reuse, algorithm efficiency and
software architecture. The general goal is to be
able to abstract from the hardware, writing pro-
grams that are not tied to specific architectures
and can be easily reused with different robotic
platforms.

With this general objective in mind, dif-
ferent programming frameworks have been pro-
posed in the robotics community. For example:
Player (Gerkey et al., 2001), Carmen (Montemerlo
et al., 2003), ROCI (Chaimowicz et al., 2003),
CLARAty (Nesnas et al., 2003), Miro (Utz et al.,
2002) and, more recently, the Microsoft Robotics
Studio (Microsoft, 2006). Despite some efforts for
creating standards (RETF, 2003) and integrat-
ing some these platforms (Côté et al., 2004), it
is still very difficult to use them in conjunction
and benefit simultaneously from the strengths of
each framework.

In this paper, we present a methodology for
integrating two of these programming frameworks:
ROCI and Player. ROCI (Remote Object Control
Interface) has been developed by the GRASP Lab-
oratory at the University of Pennsylvania – EUA
with the collaboration of the Vision and Robotics
Laboratory (VeRLab) at UFMG – Brazil. It is
an objected oriented, strongly typed program-
ming framework that facilitates the development
of distributed applications for dynamic multi-
robot teams. On the other hand, Player is one
of the most used frameworks in the robotics com-
munity. It allows the control and simulation of
several robotic platforms and incorporates vari-
ous algorithms for robot navigation, localization,
mapping, etc.

For us, this integration is particularly impor-
tant for two reasons. Firstly, we want to be able
to use some of the robotic platforms already tar-
geted by Player, including Player’s 2D and 3D
simulators Stage and Gazebo, with ROCI code al-
ready developed and used in other robots. Sec-
ondly, we intend to further investigate the chal-
lenges of robotic software integration, starting a
path that will eventually allow the development
of more generic, reusable code in robotics.

This paper is organized as follows. In the next
section, we describe ROCI, the software frame-
work we have been developing. Section 3 gives an
overview of the Player framework. Section 4 dis-
cusses the methodology used for integrating these
frameworks while Section 5 shows some experi-
ments preformed for validating this methodology.
Finally, section 6 brings the conclusion and direc-
tions for future work.

2 ROCI

ROCI is a self-describing, objected oriented,
strongly typed programming framework that facil-
itates the development of robust applications for
dynamic multi-robot teams (Chaimowicz et al.,
2003; Cowley et al., 2004; Cowley et al., 2006). In
ROCI, each robot is considered a node which con-
tains several processing and sensing modules and
may export different types of services and data to
other nodes.

Each node runs a kernel that can be consid-
ered a high level OS. This kernel mediates the
interactions of the robots in a team, handling
task allocation and execution, managing the net-
work and maintaining an updated database of
other nodes in the ROCI network. ROCI tasks
are encapsulated in this kernel providing a very
lightweight and efficient way of identifying rele-
vant processes running on the nodes and giving



users remote control over them. Also, the kernel
automatically load, in runtime, all the modules
necessary for running a certain task. No extra step
is necessary during compilation to link several ob-
jects, which is common in frameworks that deal
with several source code libraries. A new task in
ROCI can be “built on-the-fly” dynamically con-
necting independent modules.

The control functionality needed by such ker-
nel is made possible by self-contained, reusable
modules. Each module encapsulates a process
which acts on data available on its inputs and
presents its results on well defined outputs. Thus,
complex tasks can be built by connecting inputs
and outputs of specific modules. A ROCI task is
a way of describing an instance of a collection of
ROCI modules to be run on a single node, and
how they interact at runtime. It is defined in
an XML file which specifies the modules that are
needed to achieve the goal, any necessary module-
specific parameters, and the connections between
these modules. At runtime, these connections are
made through a pin architecture that provides a
strongly typed, network transparent communica-
tion framework. A good analogy is to view each of
these modules as an integrated circuit (IC), that
has inputs and outputs and does some processing.
Complex circuits can be built by wiring several
ICs together, and individual ICs can be reused in
different circuits.

The main interface between a human opera-
tor and the robot team is the ROCI Browser. The
browser displays the multi-robot network hierar-
chically: the operator can browse nodes on the
network, tasks running on each node, the mod-
ules that make up each task, and pins within those
modules. The browser’s main job is to give a user
command and control over the network as well
the ability to retrieve and visualize information
from any one of the distributed nodes. Specifi-
cally, using the browser, the user can start, stop
and monitor the execution of tasks in the robots
remotely, change task parameters, send relevant

Node

Task
Module

Pin

Node

Task

Task

Figure 1: ROCI Architecture: tasks are composed
of modules and run inside nodes. Communica-
tion through pins can be seamlessly done between
modules within the same task, modules in differ-
ent tasks, or in different nodes.

control information for the robots or even to tap
into and display the outputs of pins for which dis-
play routines exist. Also, elaborated missions can
be constructed within the browser using scripts.
Mission scripts can be generated online or offline,
and specify a sequence of actions that should be
performed by a team member.

ROCI has been actively used in various
projects, ranging from vision-based control (Rao
et al., 2004) to multi-robot missions in outdoor
environments (Chaimowicz et al., 2005). As men-
tioned, once the modules have been implemented,
it is very simple to reuse them in different tasks:
the user simply has to specify the desired modules
and their pin connections in the task declaration.

To illustrate this, we present two task dia-
grams that use the same controller module in dif-
ferent scenarios (Figure 2). Basically, we have a
high level controller module that drives a robot
through a series of waypoints. This module re-
ceives two inputs: the robot pose (x, y, θ) and a
list of waypoints (Xi, Yi) and outputs velocities
(v, ω) to the robot’s low level controller. This way-
point controller is completely self-contained and
can be used in combination with different mod-
ules that export and import the correct pins.

Figure 2(a) shows an implementation where
the waypoint controller receives input from a GPS
and a waypoint planner and outputs velocities
to a clodbuster robot. This configuration was
used to navigate teams of robots in urban en-
vironments as part of the DARPA - MARS2020
project (Chaimowicz et al., 2005). The waypoint
controller (the exact same module) has also been
used for some indoor demos in the GRASP Labo-
ratory in the configuration shown in Figure 2(b).
In this case, instead of GPS, an overhead camera
is used for localization: the robot is tagged with a
colored blob and a color blob detector is used to
compute its position. The waypoint list is given
by a user interface running in the ROCI Browser
and the robot being controlled is a Segway. It is
important to mention that some of the modules
are running in different machines but, since the
pin architecture is network transparent, the pro-
grammer can abstract from this.

3 Player Framework

The Player framework is a collection of tools that
enables research in robotics. It is composed by
the Player Device Server, a 2D simulator called
Stage, and a 3D simulator called Gazebo. Its
main goal is to simplify software development
and reuse in robotics, specially for multi-robot
systems (Gerkey et al., 2003). Player is one of
the most used programming frameworks in the
robotics community and has drivers to a wide
range of robots. This is why it was primarily cho-
sen in this work.
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Figure 2: Diagrams of two tasks using the same
waypoint controller module: (a) outdoors with a
GPS and a planner; (b) indoors with an overhead
camera and an user interface.

3.1 Player

Player is a device server that provides a power-
ful, flexible interface to a variety of sensors and
actuators. Each robot or sensor is linked to a de-
vice through a specific driver and is accessed by
a client program using the interface provided by
that driver. In this way, Player acts as a hard-
ware abstraction layer. There are standard inter-
faces which are supported by many drivers, one for
each type of robot or sensor. For example, the po-
sition2d interface is supported by several drivers,
such as the p2os for Pionner robots and the rflex
for RWI robots. Among other things, this inter-
face can control linear and angular velocities and
feedback odometry information. A program that
uses it is able to control, without any change or
recompilation, different kinds of robots. The only
modification would be in a configuration file, used
by the player server, that contains the declaration
of each device and its respective driver.

A client-server architecture allows programs
to access and control the physical devices. Client
programs connect to the player server that, as ex-
plained above, connects physically to every device
in the system. Typically, clients have methods
for reading and writing data and configuring the
devices using the interfaces explained above. Con-
sequently, clients have access to the hardware in
a simple and transparent way. All communica-
tion is done using a Transmission Control Pro-
tocol (TCP) socket. Since communication follows
that standard, player clients can be written in any
language that supports sockets.

As mentioned before, there is a configuration
file that informs the player server of each device,
its respective driver, and which port it is con-
nected to. Note that there can be more than

one server and a client may connect to multiple
servers. For every server, each interface is pro-
vided with an index such that there can be multi-
ple interfaces of the same kind in the server. Fig-
ure 3 shows an example of a configuration file.
It declares drivers for a robot (p2os) and a GPS
sensor. The GPS declaration could be interpreted
as follows: there is a device on the /dev/ttyS18
port controlled by the garminnmea driver that is
accessed through the gps interface with index 0.

driver (

name "p2os"

provides ["odometry:::position2d:0"]

port "/dev/ttyS0"

)

driver (

name "garminnmea"

provides ["gps:0"]

baud "19200"

port "/dev/ttyS18"

)

Figure 3: Example of a Player configuration file.

3.2 Stage

Stage is a 2D simulator that provides virtual
Player robots which interact with simulated rather
than physical devices. Various sensor mod-
els are provided, including sonar, scanning laser
rangefinder, pan-tilt-zoom camera with color blob
detection and odometry. In Stage, each simulated
entity acts like its real counterpart. One of its
main objectives is to provide data that represents
as close as possible the data given by real robots
and sensors. Even the data transmission ratio of
specific devices is simulated. In addition, player
clients can not tell the difference from real hard-
ware to Stage’s device simulations, so tests and
real experiments can be done using the same pro-
grams. Another important feature is that Stage is
scalable to large robot populations. Consequently,
it is widely used in multi-robot simulations. Stage
can provide a simulation very close to the real ex-
perience, saving a lot of time and effort when de-
veloping and testing the programs.

3.3 Gazebo

Gazebo is a 3D simulator for Player applica-
tions. Like Stage, it is capable of simulating
robots, sensors and objects, but does so in a three-
dimensional world. It generates both realistic sen-
sor feedback and physically plausible interactions
between objects (it includes an accurate simula-
tion of rigid-body physics). Therefore, Gazebo
can simulate environments with much more de-
tails. Because it deals with a 3D environment,
Gazebo usually is used with small numbers of
robots, due to the heavy image and physics pro-
cessing.



4 Platform Integration

ROCI and Player are equivalent in the sense that
their main objective is to allow the development
of modular and reusable code for robotics. But,
as described in sections 2 and 3, they have several
features that complement each other. As men-
tioned, our primary interest in this integration is
to take advantage of these complimentary features
in the development of new applications. Specifi-
cally, in the near future, we want to target some
Player enabled platforms (such as the Pioner AT3
robot and the stage simulator) with our outdoor
navigation modules developed in ROCI.

The proposed solution for integrating ROCI
and Player relies on a client-server structure. Ini-
tially, we want to use data generated by ROCI
modules to control robots through a player inter-
face. So, ROCI will act as a server, exporting
data to player clients. For this, we are using TCP
Sockets which allow a transparent multi-platform
networked communication. Moreover, this client-
server structure is very general and may allow
other clients developed in other frameworks to get
data from ROCI as well.

As described in section 2, objects called pins
are responsible for the communication between
modules in ROCI. All data produced and con-
sumed by the modules is encapsulated in these
objects. Thus, on the ROCI side, we created a
specific module called TCPServer for exporting
pins. This module receives a pin, converts this
pin from its internal strongly typed format to a
raw text message and sends it over the network.
This module may work with any type of pin by
calling an abstract method that converts it to raw
text. This method is declared in the pin base class
and redefined in each of the pin classes that inher-
its from it. This ROCI module is also responsible
for establishing network connections: besides the
pin conversion it has a thread that keeps listening
to connection requests from clients.

On the Player side, we implemented a sim-
pler solution. We placed the code for receiving
ROCI data directly on the the player client pro-
gram. Basically, the program connects to the
ROCI server module, gets the data and uses it to
control player devices through the player server,
using the default interfaces (for example, the in-
terface position2d for moving the robot). Figure
4 shows a diagram of the integration: a specific
module in ROCI is responsible for sending data
over a TCP/IP network. This data is received di-
rectly by the player program that interfaces with
the devices through the player server.

An alternative solution on the Player side
would be to define ROCI as a device inside the
player server architecture providing some inter-
faces to access it. As mentioned, Player already
uses standard sockets and TCP/IP connection to
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Figure 4: Integration between ROCI and Player.

communicate client programs and devices, so this
would be a natural solution. But for now, since
our main objective is to create player clients to
control robots based on ROCI data, we opted
for making things simpler and connect the player
client directly to ROCI instead of going through
the burden of writing new devices and interfaces.
This will eventually be necessary for developing
more complex applications, in which bidirectional
communication is necessary.

5 Experiments

In order to test the integration mechanism de-
scribed in the previous section, we performed a
couple of experiments in which a ROCI task was
used to guide simulated and real robots interfaced
through Player.

In these experiments, a single robot was tele-
operated from a remote computer using a joy-
stick. The ROCI task was composed by three
modules: one module to get the information from
the joystick, another to translate the joystick data
to linear (v) and angular (ω) velocities and a
third one, the TCPServer module explained in the
previous section, to send these velocities as raw
byte streams over the network to the player pro-
gram. As mentioned in Section 2, a task in ROCI
can be started and monitored through the ROCI
Browser. Figure 5 shows the browser during the
execution of this task. Specifically, the tabs on
the bottom shows the modules that make up the
task and the popup window displays the inputs
and outputs of the TCPServer module.

On the Player side, we implemented a client
program that receives these streams, converts
them back to velocities and sends them to the
robot through a specific interface. As discussed
in Section 3, one of the greatest benefits of the



Figure 5: ROCI Browser during the execution of
the task.

Player framework is the possibility of using the
same program to control both simulated and real
robots. Taking advantage of this feature, we per-
formed two sets of experiments. Firstly, we use the
ROCI task to guide a simulated robot in Stage.
Figure 6 displays a snapshot of the stage simula-
tor with the trajectory performed by the robot in
a virtual environment.

Figure 6: Robot trajectory in the Stage simulator.

The second set of experiments were performed
using a Pioneer 3 All Terrain Robot (P3AT),
shown in Figure 7. It is a four wheel, differ-
ential drive robot equipped with GPS, encoders,
gyroscope, laser range scanner among other sen-
sors. An on board laptop is responsible for run-
ning the player code. During the experiments, we
logged the linear (v) and angular (ω) velocities
commanded by the joystick and the velocities ex-
ecuted by the robot. The results, presented in
the graph of Figure 8, show that the robot pro-
grammed in Player is able to follow the remote
commands received from the ROCI task. The
corresponding robot trajectory navigating in an
indoor environment is shown in Figure 9.

Figure 7: Pionner 3 All Terrain (P3AT) used in
the experiments.
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Figure 8: Linear and angular velocities com-
manded by the joystick (dashed) and executed by
the robot (solid).

These experiments successfully demonstrated
the integration between ROCI and Player. More
sophisticated experiments, including sensor based
navigation in outdoor environments, are being
planned to fully take advantage of the benefits of
both frameworks.

6 Conclusion

In this paper, we presented a methodology for in-
tegrating two robotic programming frameworks:
ROCI and Player. The main advantage of this
integration is to allow the use of features and
code from both frameworks, leveraging the no-
tion of code reuse. We used a client-server ap-
proach, in which ROCI acted as a server sending
data to player programs responsible for interfacing
the robots. Experiments with simulated and real
robots were successfully performed demonstrating
the feasibility of this integration.

Future work is directed towards two different
fronts. Firstly, we want to improve the proposed
methodology to allow bidirectional communica-
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Figure 9: Trajectory performed by a P3AT robot.

tion. This would allow, for example, that data
gathered from player sensors be feedback to ROCI
modules, or that a robot controlled by ROCI have
inputs generated by a player program. The second
front is to use the ROCI-Player integration for de-
veloping other robotic applications. For example,
we have a multi-robot scenario in which we want
to use the outdoor navigation tasks developed in
ROCI (Chaimowicz et al., 2005) with a group of
Pionner robots controlled by Player. In this case,
the reuse of large portions of code will simplify the
programmer’s job and allow them to focus on the
implementation of application specific code.
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