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Abstract Multibody dynamics simulation is widely used for prototyping and testing
controllers. However, the transfer of controllers initially developed in simulation to
real mechatronics platforms requires updating the code in order to interface with
physical sensors and actuators. Due to this strong coupling with specific hardware,
the controller re-usability is often severely compromised.

In the present contribution, we solve this issue by adding a middleware between
the controller and the controlled platform (either real or simulated). This framework
decouples the controller from the hardware, allows fast controller developments and
eases collaborations on large scale projects. Moreover, it offers the possibility to
simultaneously control the real and the simulated robot from a unique controller.
This paper presents the interface of the Robotran dynamic simulator with the YARP
middleware. Robotran leverages symbolic generation of the multibody equations to
provide fast and accurate simulations of multibody systems. The speed and accuracy
of Robotran make it possible to test real-time controllers in a realistic simulation
environment. This framework is illustrated with applications using the COMAN
and WALK-MAN humanoid robots.
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1 Introduction

Simulation tools are widely used in prototyping and testing new technologies. By
providing a safe and controllable testing environment, they allow fast and cheap
software prototyping. In fields such as robotics or vehicle dynamics, mechanical
platforms are not always available for controller testing. Indeed, the mechanical
design of first prototypes requires time and resources. Moreover, the few platforms
usually built up are often subject to repair or maintenance. In addition, running
untested controllers turns out to be potentially dangerous for both the operators
(injuries) and hardware (damages). In this context, multibody dynamics simulation
is a tool being particularly appealing for the development of controllers for complex
mechanical systems.

Nevertheless, porting a controller initially developed in simulation to a real de-
vice is not straightforward. It typically requires to adapt the format of the input and
output signals of the controller to the actual actuators and sensors. Furthermore, in
a real setup, the communication and synchronization between the physical sensors,
processors, and actuators must be handled. Hence the controller must also interface
with the different communication protocols being used. Not only time consuming
and error prone, this coupling between the high-level controller and the mecha-
tronic hardware severely impacts the reusability and lifespan of the code. The code
stays with a specific mechatronic platform and usually gets obsolete as soon as the
hardware changes. This interfacing issue is thus an obstacle to the efficient use of
dynamic simulators for controller developments.

Interestingly, an interfacing burden is also faced in robotics when updating a
robot hardware or reusing some code initially developed for another robot. Each
time a piece of hardware (e.g. sensors, actuators) is changed, the controllers be-
come outdated and need to be modified. This is particularly burdensome in modern
projects deploying advanced devices being constantly improved and updated, espe-
cially within the research community. To tackle this problem, the use of a so-called
“middleware” emerged as a suitable solution to enhance code modularity and to en-
courage code reuse and collaborations across projects. Applying the principles of a
middleware from robotics to dynamic simulators may help to solve the interfacing
problem mentioned above.

The principle of a middleware consists in moving all of the code specific to the
hardware into an intermediary software lying between the controllers and the robot,
namely the middleware (see Figure 1). This software manages the communication
between the controllers and the actual device. It provides the controllers with an
interface to read sensors and drive actuators. Thus, the controllers become totally
independent of the hardware. People developing controllers can then focus on their
algorithm and are set free from the interfacing with the device. The lifespan of the
code is then extended as it does not need to be modified when some pieces of hard-
ware are updated or changed. By decoupling the controllers from the robot hard-
ware, it further allows a unique controller to work with different pieces of hardware
(e.g. joint encoders) as long as they are properly interfaced with the middleware.
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Fig. 1 Blue rectangles represent the piece of code being specific to the hardware. A) Controllers
directly commanding the robot, with their hardware-specific code. B) Controllers interfaced with
a middleware and having no hardware-specific code.

This approach can also be applied with a multibody simulator. Indeed, from a
controller perspective, a multibody simulator can be seen as a collection of virtual
hardware (actuators and sensors). Therefore, as for any physical device, the vir-
tual hardware of a simulator can be interfaced with a middleware that takes care of
matching the relevant input/output signals. Then, without changing a single line of
code, the very same controller can work with the simulator and with the real robot.

Over the years, several middleware frameworks were developed. Generic mid-
dleware like CORBA!, Ice? or @MQ3 provide complete communication backbones
and are widely used to communicate through the internet network. However, they
are rarely employed in robotics. Firstly, they are not easy to adopt by non-experts.
Secondly, they lack specific components for robotics such as interfaces for sensors
and actuators. For that reason, middleware being specific to robotics appeared, such
as Player [6], ROS [29], Orocos [4], YARP [25], Orca [24], OpenRDK [5], Mira
[11] or LCM [18] to mention just a few.

Player [6] is a hardware abstraction layer for robotic devices. It implements
drivers for a large collection of sensors and robots. The Stage simulator is also in-
terfaced with Player and offers to simulate a population of mobile robots in 2D

! http://www.corba.org/
2 http://www.zeroc.com/ice.html
3 http://zeromgq.org/
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[15]. It is not intended to simulate multibody dynamics but rather to test planning
algorithms.

ROS [29] can be seen as the evolution of the Player/Stage framework. It was
launched in 2007 and has gained a wide audience ever since. It is interfaced with
the Gazebo simulator [21] which was initiated as a 3D complement to Stage. Not
only a middleware, ROS also provides a rich array of toolboxes and packages for
robotics developed among a large community. ROS defines some standard message
formats for sensors and provides interfaces for controllers. The Player drivers can
be used in ROS.

Orocos middleware [4] builds its communication around CORBA. It is popular
in robotics for its kinematics and dynamics library (KDL) that can be easily in-
tegrated into controllers. Orocos direct dynamics module in addition with a time
integrator can be used to create a custom simulator [12]. However, contacts with the
environment are not included in this scheme. Orocos can also connect to the Gazebo
simulator through ROS.

YARP middleware [25] is mainly used in humanoid robotics, and most notably
for the iCub platform [26]. For such a kind of robot with many actuators and sen-
sors, YARP facilitates the code modularity by abstracting the hardware through in-
terfaces. It can be extended with device drivers to be compatible with a variety of
sensors and actuators. Originally, a dynamic simulator based on Open Dynamics En-
gine (ODE) was developed for the iCub [32]. However, it was not generic enough
to simulate other robots. Therefore, a plugin to use YARP with Gazebo was also
developed [17].

For more details about the different middleware used in robotics, the interested
reader can refer to the following surveys [22, 27].

Currently, the multibody research community is not sufficiently connected with
the robotics research community. In this regard, we believe that the adoption of
middleware in the multibody domain could facilitate collaborations. This would be
beneficial for both robotics and multibody researchers. On one hand, roboticists
would gain access to the state-of-the-art in multibody dynamics simulators. Indeed,
the middleware interface would guarantee an effortless transfer of their controllers
to new simulators. A strong current trend in robotics is to use simulators being ini-
tially developed for video games, like ODE and Bullet [19]. These simulators are
primarily targeting fast computation with results being visually-plausible rather than
physically correct. Therefore, adoption of simulators from the multibody commu-
nity should improve the accuracy of the simulations. On the other hand, the multi-
body community could improve the code modularity and reusability, and more gen-
erally, enhance collaborations using software development techniques coming from
robotics.

This work presents the interfacing of the Robotran multibody dynamics simu-
lator [9] with the YARP middleware [25]. Similar interfaces between middleware
and simulators already exist: for example YARP with Gazebo [17] and ROS with
Gazebo*. The Gazebo simulator is attractive and widely used in the robotics com-

4 http://wiki.ros.org/gazebo_ros_pkgs
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munity because it allows to model complex world and vision sensors. Moreover,
Gazebo and ROS communities are large, active, and partly overlap. However, none
of these existing solutions is satisfying enough to get accurate simulation in realistic
scenarios while remaining faster than real-time. This demanding tradeoff in terms
of computational speed and simulation accuracy is an incentive for using Robotran.
Indeed, thanks to its symbolic formalism, Robotran can generate for any given rigid
multibody model, its corresponding equations of motion in a form specifically tai-
lored for fast computation. By removing the unnecessary arithmetic operations of
a model, Robotran yields an optimal form of the kinematic and dynamic equations
and of the associated routines [9].

Importantly, the user should not lose the flexibility offered by the middleware
by being forced to use a single simulation environment. Therefore, a controller
developed with the Robotran-YARP interface remains totally compatible with the
Gazebo-YARP interface. Indeed, since the Gazebo-YARP and Robotran-YARP plu-
gins implement all the same drivers, the same controllers can also work with both.
This is precisely the objective of a middleware. Also, YARP has the capability to
interoperate with ROS. Therefore, our interface is also compatible with software
being developed by the ROS community.

The presented approach remains general and can be followed for other multibody
simulators and other middleware. Robotran was selected as the dynamic simulator
for its speed and accuracy provided by its symbolic formalism. YARP was chosen
for its openess and interoperability (e.g. fully compatible with ROS). The corre-
sponding code is open source and publicly available?.

This chapter is structured as follows. Section 2 outlines the main features and im-
plementation of the YARP middleware. Section 3 presents the drivers implemented
to interface Robotran with YARP. Then, section 4 details some applications enabled
by the proposed framework. To illustrate how the proposed framework can be used
for controllers of complex mechatronic systems, examples with the COMAN [33]
and WALK-MAN [1] humanoid robots are given. Finally, section 5 gives a brief
conclusion.

2 YARP Middleware

A major problem in robotics is that controllers can quickly get entangled with the
platform they are running on and the devices they are controlling. Moreover, many
modules are typically used to control a robot. Managing the inter-module commu-
nication can quickly become intractable and time consuming. In that context, the
YARP robotics framework has been developed to help reduce the time spent doing
infrastructure-level programming rather than actual research [13, 25].

5 in public repositories https://gitlab.robotran.be/walkman
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2.1 Motivation

A typical example of a middleware utility is raised in the WALK-MAN project,
aiming at developing a humanoid robot able to support rescue teams by perform-
ing activities in the most hazardous disaster zones® (e.g. Fukushima nuclear plant).
Example of tasks to be achieved are those proposed at the recent DARPA Robotics
Challenge, such as valve turning, stairs climbing or debris removal’. These tasks re-
quire integration of multiple modules of perception, locomotion and manipulation.
An overview of this high level control framework is presented in Figure 2.

This type of collaborative research project requires various developed modules to
be shared among multiple research groups located in different countries (in this case
Italy, Switzerland, Germany and Belgium). During the first months of the project,
the WALK-MAN robot was designed. Consequently, the first software develop-
ments were performed in simulation or by using other humanoids robots (e.g. the
COMAN [33]). Last but not least, some controllers and software tools previously
developed in other projects were expected to be reused.

Without using a middleware, all of the software developments and integration
achieved in a time period of 18 months would have been impossible.

Perception <

. Q Manipulation
Teleoperation

\L X Whole-Body

—>| Planning 2%

Middleware

.... Locomotion

Fig. 2 Overview of the control framework of the WALK-MAN robot. It represents a typical exam-
ple of the modules being used to control the humanoid robot performing the tasks of the DARPA
Robotics Challenge.

6 see www.walk-man.eu/

7 http://www.theroboticschallenge.org/
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2.2 Middleware Principle

The key idea of a middleware is to extract the hardware-controller interface out of
the controller code itself. As shown in Figure 1, all of the hardware dependent code
is handled by the middleware. The different controllers are then totally “agnostic”
with respect to the actual hardware being used.

The hardware dependent codes manage the direct operation of the hardware de-
vices, known as the device drivers. It can be for example the code requesting the
joint position measured by an encoder communicating through an I12C bus. It can
also be the code sending a desired voltage command through a CAN bus to the
power electronics driving a DC motor. Thus, for every actuator or sensor commu-
nicating with the controller, a driver must be implemented. All of the drivers of a
specific platform are gathered in the middleware.

In order to keep the controllers flexible to hardware changes, device interfaces
are used between the user controllers and the middleware. They consist of hardware
abstraction layers for families of devices. The idea is to provide a unique interface
for all the devices having the same functions, regardless of the technology they rely
on (see Figure 3). The user control algorithms are blind with respect to the actual
devices being used on the robot. The only relevant information they depend on is
the type of interface being available on the mechatronic platform. For example,
the encoder interface can be used for any sensor providing a measurement of the
joint position. If an upgrade of the platform requires to replace optical encoders
by magnetic encoders, the controllers are not affected. Programmers can write the
higher-level application code independently of the specific hardware of a particular
platform in a particular configuration.

This abstraction through device interfaces is actually borrowed from classic com-
puter operating systems. For example, a computer software can use an interface for
the clicking devices. The interface makes it unnecessary to re-install all computer
applications after plugging in a mouse or when using a new touch screen. Instead,
it is simply required to have the correct drivers for these devices while they have to
comply with the same interface.

2.3 Implementation

Practically in YARP, the device interfaces consist of Application Programming In-
terface (API) used to control actuators and read sensors data. They are implemented
in C++ as abstract base classes with a set of virtual methods. So, each type of sen-
sor (e.g. joint position encoders) is associated to a set of interfaces specifying the
collection of functions available to access the data (e.g. getEncoder()). Similarly,
each type of actuator (e.g. a joint DC motor) is associated to interfaces specifying
the functions to control it (e.g. positionMove(ref)). For more details about YARP
interfaces, see [13].
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Following the object oriented programming paradigm, device drivers are children
of the device interface classes. So for each device interfaced with YARP, a driver
should implement the corresponding interface classes. Drivers of different devices
belonging to the same family can implement the same interface. This allows dif-
ferent types of encoders to implement the same encoder interface and thus to be
compatible with the same controller. As written above, this architecture makes the
controller be device agnostic: it knows the interface functions, but does not need
to know which specific device implements them. The controller should only fulfill
the requirements regarding the type and format of the data it gets or needs to send.
So each device can implement interfaces when appropriate, with the requirement of
being compliant with the specifications, e.g. regarding the unit (degrees for angular
positions, Newton for forces, etc). This guarantees that the controller can work with
any platform implementing its interfaces, as illustrated in Figure 3.

In addition, for each interface, YARP implements generic network proxy de-
vices allowing the remote execution of the same code. Therefore, different controller
pieces can run on different machines. Thus, controllers on a user laptop can be inter-
changeably connected to the physical mechatronic platform or to a simulator with
no necessity to recompile the program. This offers for instance to rely on the spe-
cific advantages of specialized computers for specific computations (e.g. for vision
or intensive computation).
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Fig. 3 Different devices of the same family, Type A Motor and Type B Motor are controlled by the
same controller. Each motor has its own driver but both drivers implement the same interface.
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3 Robotran-YARP drivers

Since a simulator can be seen as a virtual robot, it is possible to implement drivers
for the simulated devices. This was performed for the Robotran simulator, as de-
scribed in this Section. This implementation allows to test controllers in simulation
and then to port them to the real robot without changing a single line of code. Figure
4 illustrates an example of this structure with the COMAN humanoid robot.
Robotran is particularly tailored to fast and accurate multibody dynamics simu-
lations [30]. To challenge the capacity of Robotran to produce fast and accurate sim-
ulations, the proposed interface aims at testing robotic platforms and controllers in-
volving large dynamical contributions (e.g. locomotion, whole-body control). Con-
sequently, the drivers for actuators and for the sensors measuring dynamics (i.e.
torque sensors rather than cameras) are implemented in the Robotran environment.

3.1 Control Board Driver

On a real robot, control boards are electronic boards supervising the joints actuation.
A control board often embeds a joint control algorithm implemented at the firmware
level. Different control modes are usually available (e.g. position or torque control).
As displayed in Figure 5, this low-level control algorithm drives the actuator and
receives a feedback from the joint encoder. If available, it can also acquire a torque
feedback from a joint torque sensor. These low-level joint controllers can usually be

Real ro,tzot

£
’ )
M\’l b

Sensor Data
Robot::getEncoder()

Control Command Control Command

User Interface:positionMove() @ﬁ[ﬂ@ Robot::positionMove()
Control
Algorithm Network

Simu robot
Sensor Data Control Command

Interface::getEncoder() Simulator::positionMove()

Sensor Data
Simulator ::getEncoder()

ueﬁj’&qo&

Fig. 4 Robotran-YARP control framework. The user control algorithm calls the interfaces func-
tions without knowing what device is behind. The real robot and the one simulated with Robotran,
have their own drivers implementing these interfaces. The very same controller can then be used
with both the real and the simulated robot.
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decoupled from the high-level control algorithms. While the high-level controllers
(e.g. locomotion algorithm) run on a central on-board PC, the low-level controllers
(e.g. torque control) directly run on the electronic boards. Typically, high-level algo-
rithms do not directly drive the motors but rather send references (position, velocity,
torque, etc.) to control boards that will, in turn, drive the motors (see Figure 5).
Therefore, a control board driver receives reference commands from the user con-
trol algorithm and translates it into commands being specific to the low-level joints
controller.

The control board driver is thus in charge of several devices and implements
many device interfaces. The main interfaces implemented for the Robotran control
board driver are:

e [Encoders: returns the joints position, velocity and acceleration.

e [OpenLoopControl: sends a voltage command to the DC motors in open loop
(without feedback control). This mode thus bypasses the low-level controller
mentioned above, allowing feedforward control.

e [PositionControl: controls the joint position. It can implement either a PID con-
trol (stiff mode) or a joint impedance control (compliant mode).

e [VelocityControl: controls the joint velocity. It can implement either a PID control
(stiff mode) or a joint impedance control (compliant mode).

e [TorqueControl: controls and measures the joint torque.

e [ControlMode?2 and IlInteractionMode : select respectively the control mode (po-
sition, velocity, torque, open loop) and the interaction mode (stiff or compliant).

e [PidControl and IImpedanceControl: control respectively the low-level PID con-
troller gains and the virtual impedance stiffness and damping.

o [AmplifierControl: feeds back the electrical current in the motors.

In order to make the simulation environment compatible to the real hardware,
two add-ons were implemented in the Robotran simulation suite (and more partic-
ularly the devices presented in Figure 5). These add-ons are generic in the sense
that they can be reused for different Robotran multibody models by adapting some
configuration files.

DC Motor
Control board
YARP voltage J 4 passive
reference compliance
. Control ||
High-level ]
troll board '
controfier driver &+— | Low-level - Joint
sensor position E d
data controller ncoder
Torque

torque sensor

Fig. 5 The control board is a key bridge between the high-level controller and the actual joints. It
contains a low-level controller directly controlling the actuators.
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The first add-on consists of joints controllers mimicking the firmware low-level
controllers of the real robot. This allows to specify for each joint the desired type
of control (position, torque, impedance and open-loop). The PID gains can also be
modified through this module.

The second add-on consists in a compliant actuator model, which is particularly
useful to simulate compliant robots like COMAN [33] and WALK-MAN [7]. It
provides the constitutive laws of a DC motor and the mechanical model of a se-
ries elastic actuator (SEA). This model is combined with the multibody dynamics
through the Robotran user derivatives feature. The latter allows integration of the
additional differential equations of the DC-motor and the joint compliance together
with the set of multibody dynamic equations. All the details can be found in [8, 34].

Based on these add-ons, the Robotran Control Board Driver is implemented. At
each simulation time step, joints position, velocity and torque are read by the driver
and sent to YARP. The desired joints position or torque are then received from YARP
and sent to the Robotran low-level controller.

3.2 Force-Torque Sensor Driver

A 6-axis force-torque sensors measure the wrenches acting on a body, i.e. the 3 force
components (Fy, Fy, F;) and the 3 torque components (7, Ty, T;) expressed in a body
fixed frame.

On a real robot, this type of sensor is typically made of strain gauges capturing
small deformations. In Robotran, this can be simulated by means 6 locked joints at
the sensor location. The Lagrange multipliers computed by Robotran provides the
force or torque being required to keep these joints locked [30]. Assuming that the
body deformation due to the strain gauge stretching are negligible, this technique is
a good approximation for modelling this sensor.

This driver thus implements the IAnalogSensor interface which outputs 6 values
representing the forces and torques components.

3.3 IMU Sensor Driver

An Inertial Measurement Unit (IMU) measures the orientation, velocity and accel-
eration of a body.

This physical sensor usually combines accelerometers and gyroscopes [10].

In the simulation environment, the same information can be retrieved using the
Robotran forward kinematics module [30]. Placing a Robotran sensor at the same
location as the IMU sensor provides position, orientation, velocity and acceleration
of this point in space. Note that Robotran provides the body orientation by means of
a rotation matrix. It must be converted into Euler angles to comply with the YARP
format.
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In summary, this driver implements an IAnalogSensor interface which outputs
the orientation, the angular velocity and the linear acceleration of a body.

3.4 Clock Driver

This driver gets the simulation time in order to synchronize the controllers with the
simulation environment. Such a driver is thus specific to the simulation environ-
ment, and does not exist in the physical counterpart. Indeed, a simulated time clock
is not always constant. It might run faster or slower than real time. If the controllers
and the simulator are not synchronized, they will display unrealistic behaviors. All
the interconnected systems should thus follow the same clock managed by the sim-
ulator clock driver. This driver distributes the clock through the network to all the
involved machines and applications. Note that this does not prevent fast simulators
like Robotran to run tests of real-time controllers even faster than real time. Indeed,
running the simulator clock faster than real-time is possible, as long as all intercon-
nected systems stay synchronized.

Moreover, the Robotran library provides a tool to control the simulation time.
The clock can be artificially slowed down in order to carefully observe the device
behavior during highly dynamical events, for example, an impact with the ground or
an object. Moreover, this central clock even offers to rewind a simulation backward
in time, a feature that proves to be very useful when debugging.

4 Applications

The Robotran-YARP framework offers a wide range of applications. Its standard-
ized interface enhances the code reusability and eases the transfer of a controller
from a simulation environment to an experimental setup. Moreover, it can be used
to simultaneously run a controller on the simulator and on the experimental setup.
Finally, the use of a middleware can also facilitate the benchmarking of multibody
simulation tools. These different examples are detailed in the sections hereunder

4.1 Code reusability

YARP clearly specifies the interface of the control modules. To (re)use a control
module, the only request is to connect it to the correct inputs-outputs through the
corresponding YARP communication ports. This “plug and play” architecture eases
the software reuse across projects.

As an example of module reusability, Figure 6 shows the Robot Motor Gui mod-
ule controlling the simulated COMAN. This YARP module implements a graphical
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user interface to interact with the control boards. It offers to test different low-level
joint controllers. It is interesting to note that, at the time this module was written,
no interface between YARP and Robotran existed. Nevertheless, as the module was
designed to be compliant with YARP, it could be reused in Robotran simulated plat-
form without any modification. Moreover, this module was initially developed for
another robot, namely the iCub [26] and was imported here without changing a sin-
gle line of code, despite a very different hardware. This illustrates the potential of
code reusing and cross-projects collaboration brought by our framework.

left_arm | all

Joint 0 (POSITION) Joint 1 (POSITION)

Home | Ppsition: Home | Posigion:

1dle idle | =
Velocity: Velpcity:

Run! | |4 Run!

@ 1.2 deg @ 52.3  |deg
BID. 1114 JNm L PID 4.052 |Nm

Joint 6 (POSITION) Commands:
Home | Rpsition: Opensequence tab

Idle RunAll

Vigpcity:
Bunt Homeall
@ 00 |deg

PID 0.005_|Nm

IdleAll

Fig. 6 The COMAN humanoid simulated in Robotran is controlled by a classical YARP-module,
the ”Robot Motor GUI” through the Control Board interface.

4.2 Code transfer

Our framework further allows to seamlessly transfer a module from simulation to
real hardware and vice versa. Thanks to the middleware decoupling, the controllers
do not need to be recompiled when switching from one environment to the next
(simulated or physical). Furthermore, this seamless transfer to simulation makes
possible to write regression tests in order to verify that patches or new developments
do not modify the expected behavior of the robot software. Controller testing can
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thus be automated, as prescribed by the software continuous integration methodol-
ogy [14].

As represented in Figure 7, a squatting task was run on both Robotran and the
real WALK-MAN robot in order to compare the simulated model of WALK-MAN
with experiments. The position, torque and the 6 DoF force torque sensor data were
logged for comparison. The data is presented for 30 seconds where the robot squats
down by 30 cm and returns to its initial posture every 7 seconds, completing a full
cycle. In terms of position tracking, once the low-level PID controllers are prop-
erly tuned a suitable tracking performance is obtained. Regarding the knee torques,
there are some differences between the simulation data and the experimental results.
The experimental data is more oscillatory. This is due to parasitic movements in the
other joints, while this is better controlled in the simulation. Also the average torque
profile is slightly higher in the experiment. This is due to unmodelled shock ab-
sorbing plastic covering the robot body and to electrical wires and electronic boards
adding weight of the actual robot, while this extra weight was not initially captured
in the model. This difference is indeed reduced after adjusting the modelled torso
weight, as shown in the figure. Note that a better prediction should likely require an
extended system identification for refining the model.
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Fig. 7 Squatting task performed by a simulated and real WALK-MAN robot. The leg joints are
controlled in position to move the robot from the standing up to the squatting posture. Top left
figures show the real and simulated robots in the squat posture. Top right figure represents the
evolution of the position tracking of the Hip joint. Bottom left figure represents the measurement
of the vertical force in the foot sensor. Bottom right figure compares the experimental and the
simulated torque in the knee joint.
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4.3 Parallel execution

On top of that, the simulation can also run in parallel to the real robot (See Figure
8). Indeed, the modular interface of the middleware offers to simultaneously control
areal robot and a simulated one (the commands being duplicated).

This offers the possibility to add an infernal model in the control scheme, i.e. a
framework with a strongly bio-inspired ground [20]. As sketched in Figure 9, an
internal model consists in a dynamic simulator receiving a copy of the commands
sent to the real platform. It can then predict the state of the robot. Such a model
provides a particularly useful tool to perform state estimation, model identification
and predictive control [3, 16, 23, 31].

Among others, we plan to use this tool in the next future to support robotic tele-
operation with low bandwidth and noisy communication channels between the robot
and its operator.

Fig. 8 Real and simulated COMAN humanoid controlled in parallel by a unique controller.

4.4 Benchmarking

Finally, our framework can also be used to support the benchmarking of multibody
simulators. Indeed, in the same way a controller can be transferred from a simulated
to a real robot, a benchmark test could be transferred from a simulation environment
to another. Provided that the simulators are interfaced with the same middleware,
any benchmarking test could be performed with no adaptation of the controller code.
Following this approach, it is guaranteed that the benchmark is performed in the
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Fig. 9 Control scheme using a forward internal model (in red, in our case represented by the
simulator). The internal model receives a copy of the command and predicts the expected sensory
output. This information can then be used for system identification and state estimation. (adapted
from [31]

same conditions for all the simulators under test. This is similar to the benchmarking
in [2] and [28] using a physics abstraction framework to switch from one simulator
to another.

5 Conclusion

In conclusion, a clean interface between Robotran and YARP was developed in
a generic library. The use of a middleware interfaced with a multibody simulator
offers many advantages for software development.

Firstly, the YARP middleware provides all the tools being necessary to create
modular projects. It decouples the high level controllers from the controlled plat-
form (real or simulated). This modularity eases the creation, maintenance and reuse
of the software modules. This naturally supports collaborations and enhances the
code durability.

Secondly, the integration of a dynamic simulator provides a powerful testing en-
vironment. It allows to perform early and regular tests in a safe and cheap environ-
ment. It is important to recall that, in the proposed framework, the code tested in the
simulation environment is exactly the same as the one ported to the real platform.
Interestingly, the bugs can further be replicated! This testing capability is key to
produce high quality software modules.
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Finally, the adoption of middleware among multibody research groups could
tighten the link with robotics researchers: the middleware being the glue between
the multibody simulation environments of the ones and the high level controllers of
the others.

The modularity and testing capabilities enabled by our framework were success-
fully implemented with the WALK-MAN and COMAN robots. Fast software proto-
typing could thus be achieved thanks to the reusability brought by the YARP inter-
face. Moreover, the transfer of a controller tested in a simulation to the real platform
is now straightforward: the exact same code can run in simulation or on a real ex-
perimental setup. More advanced applications such as the parallel execution of the
same controller in both the simulation and in the actual robot are also possible. This
allows to perform state estimation and online system identification ,i.e. two features
being critical for robots working in unknown environments. We also envisioned that
this framework could be used for the benchmarking of multibody simulators.

Future works will consist of further extending the collection of robots available
to other platforms, like the iCub humanoid robot [26]. We also plan to use it to
perform online system identification of the robots and its environment. Drivers for
other sensors might also be implemented (tactile sensors, camera, etc).

The proposed framework allows to improve and foster software developments
among large collaborative projects such as the WALK-MAN project. We hope it
can benefit to other research consortia. Therefore, we released the open source code
of the Robotran-YARP plugin together with the simulators of the COMAN and
WALK-MAN humanoids in a public repository (https://gitlab.robotran.be/walkman).
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