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Executive summary
The roll of the Showcases for Industry, Research and Education is to verify the results of the
development in BRICS and to prove the applicability of the project’s best practice approach. In this
deliverable, the different showcases are elaborated to provide evaluation platforms that are adequate
for the targeted user groups which have largely different expectations towards tools and methods for
robot development.
The showcase research will be based on the Care-O-bot 3 platform, a mobile robot system with a
seven-degree-of-freedom arm, an omni-directional mobile platform, and a network of advanced
sensors such as cameras and laser scanner. The software framework is based on ROS and the
interfaces and driver functions are published as open source code to enable comprehensive access
for research purpose. To account for the possibly wide spread requirements of researches the
example applications are taken from the RoboCup@Home challenge. The showcase research aims at
evaluating both, the results achieved through this best-practice approach and the development
process enabled by the standardized interfaces and the tool chain BRIDE.
The showcase industry aims at commercial application of mobile robots and the integration of robot
system. Especially, the selection of hardware and software is often imposed by the application. Thus,
during integration of robot system the developer has to connect subsystems which were never
designed to work together. The hardware used in this setting will be the rob@work 2 mobile assistant
robot, that was build around industrial hardware- and software components, i.e. a mobile platform, a
robotic arm, and an industrial NC-controller. The showcase will evaluate how the standardized
interfaces of BRICS components and development tools in the tool chain support developers to speed
up the integration of industrial robots system.
The showcase SME development is related to the industrial showcase where the SME development
goes further towards comparing an original application ordered by and developed for a customer and
the reimplementation of the project using the best practice approach. Thus, the cost reduction for a
small robot developing company has to be measured.
Finally, the showcase education highlights the use of the algorithm repository and the tool chain for
the use in teaching advanced robotics to students.

BRICS Deliverable D5.1

Page 1 of 26

BRICS – Best Practice in Robotics
Grant 231940

Deliverable 5.1
01/03/2010

1. Introduction (IPA)
The objective of the Showcases for Industry, Research and Education is to highlight the benefit of the
best practice approach for different stakeholders. The applicability of the “best-practice in robotics”
idea will be showcased with respect to the relevant communities:
•

Research: Evaluate BRICS hardware interoperability concepts and the BRICS robotics
integrated development environment BRIDE with respect to the needs of research, i.e.
openness for the wide field of experiments and openness to different research teams.
Furthermore, allow researchers to use standard algorithms from BROCRE for components
where no new solutions are targeted.

•

Industry: Evaluate BRICS hardware interoperability concepts and the BRICS robotics
integrated development environment BRIDE for an industrial showcase taking into account
industrial tasks and requirements resulting from a use case in manufacturing, such as logistics
or assembly.

•

Education: Provide support to teach students on advanced robotics hardware by providing the
tool chain BRIDE and the software repository BROCRE to rapidly setup academic experiment.

•

SMEs: to show the efficiency gain and the reduction of development time in the context of a
robot application development for an end customer by using BRIDE and BROCRE.

Furthermore, the showcases cover the verification of access models to Robotics RTD Platforms.
Therefore, the BRICS consortium arranges regular progress evaluation workshops to measure the
progress and success of the project. These evaluation workshops will start as soon as the first
complete prototypes of the tool-chain BRIDE and software repository BROCRE as well as the first
harmonized components for mobile manipulation are available around fall 2010. Different available
robotic platforms were provided which cover the specific needs of research, industry, education, and
SME robot development.

2. Procedure for Definition of Showcases
2.1. Procedure for Definition
The major focus of the showcases is to evaluate the robot development process including the
methods, components, and tools available. Nevertheless, this can only be performed considering
meaningful applications, which differ very much for the different showcases research, education,
industry, and SME robot development. To identify appropriate applications that involve the
development steps to be evaluated, a list of different applications was setup. In the second step it was
analyzed which development tools and technologies are needed for the application. By comparing the
different applications it is possible to check the number of dependencies for each application. These
dependencies were important for the last step of the definition procedure: For a seamless workflow in
the project the complexity and dependencies should be raised.
For the showcase research the challenges from RoboCup@Home (www.robocup.org) were exemplary
analyzed with respect to need for software component and methodical development in BRICS as well
as with their foreseen date of availability within the project. The aim of this table is to identify scenarios
that are well suited to apply software components and methodologies developed in BRICS. The
comparison is somewhat subjective but the main objective was to identify acceptable scenarios rather
than select one that is optimal in some way. The results of the selection procedure for the showcase
research were depicted in Fig 1 and Fig 2. The score related to each scenario is a measure for its
complexity. To start the evaluation in the showcase a medium complexity seems adequate. A similar
approach was used for the industrial showcase.
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Fig 1: Comparison of different tasks from RoboCup@Home w.r.t. technologies

Fig 2: Comparison of different tasks from RoboCup@Home w.r.t. development tools

2.2. Overview of showcase hardware
An overview of available hardware for the evaluation in BRICS is shown in Fig 3. In the following
sections detailed tables list the hardware components as well as the major software packages, e.g.
operating systems, real-time extensions, commercial motion planner, etc. used for each of the
considered showcase hardware. Details on the hardware configuration of the platforms can be found
in the tables of the appendix of this deliverable.
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c)

d)

Fig 3: Mobile robots used in the showcases. A) Care-O-bot 3, b) rob@work 2 c) Kuka omniRob
with LBR d) youBot

3. Showcase Specification
This chapter deals with the detailed specification of the four showcases, including the hardware of the
robots, the main software packages on the robots, the description of the application scenario, and the
evaluation criteria. Furthermore, a schedule is presented for each showcase indicating what
technologies and methods shall be implemented and evaluated.

3.1. Showcase Research
3.1.1.

Introduction

The objective of the showcase research is to demonstrate the use of the BRICS robot development
environment consisting of the tool chain BRIDE and the software repository BROCRE in a typical
research setting, where the Care-O-Bot®3 research platform serves as a vehicle to rapidly evaluate
and verify new algorithms and methods. To define possible tasks for the evaluation process different
robot-competitions have been examined. The tasks to be solved with the robot were finally designed
with the RoboCup@Home challenge as a prototype. It is also planned to examine whether the
competition itself can be integrated into the evaluation process. This approach would guarantee highly
comparable results as well as neutral measurements for the technical performance on the tasks.
Clearly, the development process has to be evaluated apart from the RoboCup@Home competition
since it is not part of it. But still this evaluation shall be embedded into the preparation phase for the
completion since this renders realistic development conditions.
To account for the special requirements of the showcase research, such as open access to drivers
and low-level hardware as well as safety and reliability, adaptations on software and hardware of
Care-O-bot®3 are undertaken. Additionally the Care-O-bot web-page (www.care-o-bot-research.org)
is expanded to open up the Care-O-bot project to third-party researchers. It is planned to
accommodate it for the needs of an open source project and to offer the possibility for internet based
exchange and benchmarking (inner circle in Fig 4) of algorithms. In the second stage, simulation
models are offered for offline programming and testing of software.
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Fig 4: Access levels for developers to provide a common evaluation setup

Last but not least the experiences of the DESIRE project regarding distributed development and the
therefore developed web portal will be incorporated into the showcase research. A concept of the
different access and integration levels is given in Fig 4.

3.1.2.

Hardware

The hardware used for showcase research shall principally enable thorough scientific work in various
scientific fields ranging from mobile manipulation over navigation in dynamic environments to
perception and human-machine interaction. The Care-O-bot®3 research platform enables
experiments in all of these fields. Additionally its close-to-product design and small footprint allows for
studies in realistic scenarios, e.g. it is possible to traverse even small doors (80 cm). Moreover the
availability of two systems allows whether to lend one system for work at a different site or to let two
teams compete and develop in parallel on identical hardware. As this is an interesting property
concerning the evaluation workshops Care-O-bot®3 will be used as a demonstrator in showcase
research. Last but not least it exists already a comprehensive software stack to operate Care-O-bot®3
on which can be built during the early phase of the BRICS project.
To adapt the hardware to the requirements of showcase research some modification will be
necessary, e.g., the existing arm will be exchanged by a KUKA LBR4. Beside technical reasons the
change the robot hardware, the procedure itself will be subject to an evaluation how the BRICS
approach support the exchange of system components.
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Fig 5: Major hardware components of the Care-O-bot 3

Technical data of Care-O-bot 3 are summarized in the following table.
Dimensions (L/W/H)

75/55/145 cm

Weight

180 kg

Power supply

Gaia rechargeable Li ion battery 60 Ah, 48 V
Internal: 48 V, 12 V, 5 V
separate power supplies to motors and controllers
All motors connected to emergency-stop circuit

Omni-directional platform

8 motors (2 motors per wheel: 1 for rotation axis, 1 for drive)
Elmo controllers (CAN interface)
2 SICK S300 laser scanners
1 Hokuyu URG-04LX laser scanner
Speed: approx. 1.5 m/s

Arm

KUKA LBR4
Payload: 7 kg

Gripper

Schunk SDH with tactile sensor
CAN interfaces for tactile sensors and fingers

Torso

1 Schunk PW 90 pan/tilt unit
1 Schunk PW 70 pan/tilt unit
1 Nanotec DB42M axis
Elmo controller (CAN interface)

Sensor head

2 AVT Pike 145 C, 1394b, 1330×1038 (stereo circuit)
MESA Swissranger 3000/4000

Tray

1 Schunk PRL 100 axis
LCD display
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Touch screen
Processor

architecture

3 PCs (2 GHz Pentium M, 1 GB RAM, 40 GB HDD)

The Care-O-bot 3 is designed to be simple and modular. Each of the following components can be
operated independently and can be plugged together by simply connecting few power and bus cables.
The use of many industrial components provides robust and reliable functionality and a good support
in case of any problems.
Omnidirectional Mobile Base: The robot is driven by four wheels. Each wheel’s orientation and
rotational speed can be set individually. This allows the robot to move in any direction, independently
from its current configuration. That enables very flexible and adaptive movements, which is for
example important in the context of human-machine interaction or mobile manipulation. Furthermore, if
treated decoupled, this potentially simplifies control of the complete kinematic chain (platform –
manipulator – gripper). The base also includes the Lithium-Ion battery pack (50 V, 60 Ah), 3 laser
scanners and a PC for navigation tasks.
Sensor Head: The sensor head consists of a high resolution stereo rig and a 3D time-of-flight camera.
It is located on a horizontal axis that allows rotation of the sensor head, such that he can be directed
to the back of front of the robot. This axis in turn is mounted on a 4 DOF manipulator, the torso, giving
enough flexibility to position the cameras. Additionally the torso can also be used for body gestures as
one mode for intuitive user feedback.
Manipulator: The Kuka Leichtbauroboter 4 (LBR 4) is an advanced seven degree-of-freedom
articulated robot arm. The controller and amplifier are integrated into the arm and connected through a
common SERCOS bus and logic and motor power supply. The maximum payload (including the
gripper) is about 7 kg.
Gripper: Care-O-bot 3 is equipped with the Schunk Dextrous Hand (SDH), which offers seven
degrees-of-freedom and integrated tactile sensors. Each of the three fingers has two axes, and two
fingers can be turned around one vertical axis. Thus different types of grasps can be performed, e.g.
cylindrical, spherical, parallel grasps. The single axes and the tactile sensors can be addressed via
CAN-Bus or a serial interface. The joints allow position and velocity control and force control can be
easily achieved by using the tactile sensor data. The gripper is a modular component that can be
easily attached to the manipulator via a fast changer system.

3.1.3.

Software

Care-O-bot®3’s software architecture is composed from a small number of comprehensive software
modules which are interconnected and concerted by the self-developed scripting framework Python
GO. Examples are a fully-fledged navigation software including localization, path-planning, people
detection, tracking and following and trajectory control or the comprehensive manipulator control
software which includes seven DoF path-planning, obstacle avoidance, and basic grasp planning
tools.
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Fig 6: Current software-structure of Care-O-bot®3; Components are concerted via PythonGO
Yet, this structure is not well suited for incorporation of third party software or third party developers,
as it is needed for the showcase research. One problem is that the current software contains protected
intellectual property (IP) gained in earlier partly private funded projects which has to be kept occluded.
Another problem is that working in comprehensive software components usually implies a long time for
new developers to familiarize with the software-structure at hand. Last but not least a proprietary
structure complicates the exchange of algorithm’s and code samples thus excluding potentially
interested researchers from taking part in the project.
Therefore it was decided to refactor and decouple large parts – and especially all necessary drivers –
of the current software in a way that allows easier integration of third party code on the system.
Additionally a central idea was to ensure compatibility to current robotics frameworks such as Orocos
(www.orocos.org) or ROS (www.ros.org) without anticipating structure or properties of softwarecomponent models, which are currently developed in other activities in BRICS. To do so it is planned
to start from the current Care-O-bot 3 software by resolving the dependencies within the drivers and
create independent, easy to use driver-libraries, which can be easily included with a few adaptations in
various frameworks. Figure 7 shows a schematic of the planned repository structure.
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Fig 7: Planned Repository structure for the refactoring of the Care-O-bot®3 driver layer
To make the adapted code available to the community a public git-repository was set-up. First
Documentation and Tutorials on how to use this repository and the according components have been
created and are publicly available via the Care-O-bot 3 homepage (www.care-o-bot-research.org). The
derived structure currently draws from the ROS repository and build structure. This has the advantage
that it simplifies the generation of the different software-libraries significantly. Additionally users can
also access a large stack of software already provided by WillowGarage and their partners. E.g. it
already exists a simulation environment, that allows to work with quasi-omnidirectional kinematic
similar to that of Care-O-bot. This enables third party developers to work with the BRICS tools already
in a very early stage.
Starting from this point it is planned to grow the repository gradually. After porting the low-level drivers
work on simulation models will start. Similarly as with the drivers the task will be to restructure and
decouple the current models to provide not only a dynamic model of this showcase’s hardware but
also a template for future extensions by third-party developers.

3.1.4.

Scenario

The showcases for BRICS are organized in three evaluation workshops, the first lasting approximately
five days. The goal of the evaluation workshops is to invite researchers to develop a reference
application with BRICS or other state of the art packages (ROS, Player or alike). It is planned to
measure the success and progress of BRICS by evaluating the experiences of the external
researchers during the workshop. Experiences gathered during the first evaluation workshop will
influence the organization of the following ones
The participants of the evaluation workshops are separated in three groups. External researchers,
using BRICS or other state of the art software development frameworks to implement predefined
reference applications. The support team provides assistance to the external researchers, when facing
problems with hardware and software. The evaluation team to minute the activities of the external
researchers during the whole workshop
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For designing the scenarios which have to be integrated by the external researcher during the
evaluation camps current robotic competitions such as the Darpa Grand Challenge, the ELROB,
RoboCup and RoboCup@Home or the ICRA MobileManipulation Challenge, have been examined as
prototypes. As the domain of domestic service-robotics seems to address the different current
research issues most evenly it was then decided to focus on the according events. Therefore the
RoboCup@Home scenarios were closely investigated by attending the last competition as observer.
Analogously a close look was taken on the call for MobileManipulation-Challange taking place at the
2010 ICRA in which a team from IPA will also take part with Care-O-bot 3.
As the BRICS tool chain is going to develop throughout the whole project duration and thus in parallel
to the evaluation camps. We decided for a gradual ascending level of complexity of the scenarios. The
final scenario to be solved at the last evaluation workshop should include many of the above
mentioned scientific areas. A promising possibility could be a fetch and carry task, incorporating
elements such as door opening and traversing (mobile manipulation, symbolic maps, navigation)
fetching objects from inside a fridge (constrained path planning and obstacle avoidance) and handing
them to untrained users (human machine interaction).
These scenario seems promising to us as it – aside its algorithmic challenges – also incorporates
problems like resource management (grasping under constraints from a fridge), which implies
significant challenges to the underlying frameworks. An outline of the Scenarios with gradually
ascending degree of complexity and changing focus of evaluation as far as BRICS is concerned is
given in section 3.1.6.

3.1.5.

Evaluation Criteria

In order to facilitate an evaluation of the evaluation workshop activities, a set of goals and metrics
must be defined. We divided the evaluation in three parts: Evaluation of Software, Evaluation of the
researchers experience and minutes of the evaluation team.
3.1.5.1.

Evaluation of Software

The ISO 9126 norm is proposed as a good starting point for possible evaluation goals. It is an
international standard for the evaluation of software quality and classifies software quality in a
structured set of characteristics and sub-characteristics as follows (the source of definitions is found at
http://en.wikipedia.org/wiki/ISO_9126). Most of these quality measures are well suited to be used for
software evaluation in BRICS. However, it might be necessary to relax on the evaluation of one or
several due to practical reasons. E.g. assessing “Maintainability” by just looking at code generated,
without people using it intensively might be unpractical, especially taking into account the restricted
duration time of the project. Similar hindrances might be encountered regarding “Usability” or
“Portability”. Therefore the following metrics will be the basis for the evaluation:
•

Functionality
A set of attributes that bear on the existence of a set of functions and their specified
properties. The functions are those that satisfy stated or implied needs.

•

Reliability
A set of attributes that bear on the capability of software to maintain its level of performance
under stated conditions for a stated period of time.

•

Efficiency
A set of attributes that bear on the relationship between the level of performance of the
software and the amount of resources used, under stated conditions.
3.1.5.2.

Evaluation of the researchers’ experiences

The evaluation of the researchers’ experiences takes place on day 5 of the evaluation workshop
through an open discussion and a questionnaire. The researchers are asked to state their opinion
about the strengths and weaknesses of the BRICS framework. The information is used for evaluating
BRICS and improving the framework.
3.1.5.3.

Minutes of the evaluation team

The evaluation team accompanies the participating researchers during the evaluation workshop. They
measure the time needed for orientation, implementation and testing. They also measure how long the
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external researchers need to achieve a specific task e.g. to implement a tutorial. Additionally, all
problems occurring during the development process are reported by the evaluation team.

3.1.6.

Schedule for development of the showcase

To continuously incorporate the experience and knowledge gathered during the evaluation workshops
the design of the workshops shall be adapted according to the method of continuous planning with
rolling horizons. Accordingly, first internal evaluations to assess the state of the current hardware stack
regarding, modularity and accessibility by third party developers have already been undertaken. Within
each following evaluation workshop the complexity of the scenarios and the circle of the participants
will be expanded.
Internal evaluation (-1) (October 2009)
Fraunhofer IPA has provided and tested first software components based on Orocos and ROS for
hardware access and simulation for Care-O-bot 3 in cooperation with KUL. The work provides a
starting point for the following evaluation workshops starting in October 2010.
Evaluation workshop 0 (May 2010) – Detection and traversal of doors
Within this scenario, the robot is located within a typical household environment including an open
door. The task of the robot is to detect the door and properly plan a path through the door passage.
Finally, the robot executes its planning results to traverse the door.
This evaluation workshop is planned to be performed with internal participants only. The goal is to
check the progress in making the Care-O-bot®3 hardware accessible via easy to use open source
drivers to determine the operative state of BRIDE and BROCRE and reveal potential shortcomings
which have to be addressed before the first real evaluation workshops. Additionally this evaluation
workshop will be used to check the evaluation process itself. Currently it is examined whether this
activity can be connected with a participation of some of the BRICS partners at the RoboCup@Home
German Open.
Evaluation workshop 1 (4th quarter 2010) – Detection, Opening and traversal of doors
The first evaluation workshop is concerned with the same scenario as the first evaluation workshop.
Additionally to the door traversal, the door might also be closed. Therefore the robot must be capable
to capture the state of the door i.e. open or closed in order to manipulate the door handle to open the
door if necessary. Due to the limited operating range opening the door will involve mobile manipulation
capabilities to allow a concerted movement of platform and manipulator.
This time external participants shall realize the scenario with the support of the BRICS tool chain
(BRIDE) and the algorithm repository (BROCRE). Specifically, this builds upon the refactored
algorithms for mobile manipulation. The whole development process is documented. Close attention
will be paid to the situations in which additional support by BRICS personal was necessary or if
participants used third party open source frameworks to complete a task. Thus, detailed insight on the
advantages and limitations of BRICS in relation to other existing software development frameworks
shall be assessed.
Evaluation workshop 2 (3rd/4th quarter 2011) – Basic fetch and carry with door traversal
The scenario of the evaluation workshop 2 extends the tasks integrated in the proceeding evaluation
workshops with basic fetch and carry applications like fetching a bottle, plates or glasses. The objects
of interest are known to the robot in advance. Also their approximate location e.g. on the table is
known. Using this information the robot is supposed to detect and grasp the designated objects.
The goal of this evaluation workshop is to examine the openness and flexibility of BRICS software.
Different navigation algorithms for traversing the door and different 3D object detection algorithms
have to be applied to solve the task. Especially the concept of Model-Driven Engineering integrated in
the Eclipse framework is showcased by rapidly exchanging the algorithms used to solve a specific
task. Again, the whole development process is documented by the members of the evaluation team.
Evaluation workshop 3 (3rd/4th quarter 2012) – Fetch and carry with door traversal and humanmachine interaction
The scenario of evaluation workshop 3 extends the scenario of evaluation workshop 2 by requiring the
robot to solve more complicated manipulation and perception tasks e.g. some of the objects are not
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freely accessible and occluded by other objects. Additionally it is planned to incorporate humanmachine interaction aspects, e.g. receiving orders and delivering the drink to an untrained person.
The goal of the evaluation workshop 3 is to showcase hardware component interchangeability, robust
autonomy and Resource management using BRICS. To showcase hardware component
interchangeability, different manipulators are used during the workshop showing to which extend
BRICS enables rapid hardware reconfiguration. Robust autonomy could be showcased by intentionally
causing errors, which have to be captured by the use of architectural design patterns supported by
BRICS. Resource management is showcased through the usage parallel processes using a single
resource like a camera.

3.1.7.

Integration of other WP’s into the showcase

In the following, the integration of other WPs into the showcases is outlined.
WP 1 - KUKA
Integration of the KUKA LBR4 into the Care-O-bot 3 experimental platform is planned for the
evaluation workshop 0. This includes some adaption of the mechanical and electrical subsystems of
Care-O-bot 3 as well as software modifications to account for the specific drivers and interfaces of the
KUKA controllers.
WP 2 - BRSU
Input from WP2 is not scheduled before the second evaluation workshop. Beginning with the second
evaluation workshop it is planned to incorporate the device interface for the hardware components
which are provided by WP2. For evaluation workshop 2 and 3 additionally the incorporation of robot
control architecture, workbench and software platform is scheduled. However, to ensure close
collaboration and later on a fast integration it is planned to strongly integrate WP2 (BRSU) already
within evaluation workshop 0, e.g. as the internal researchers using the so far available tools for
developing code on Care-O-bot®3
WP 3 - GPS
Input from WP3 will be required starting from the first evaluation workshop. To allow external
researchers solving the problems at hand in only 5 days it will be absolutely necessary to provide an
easy to integrate library of refactored mobile manipulation algorithms. These libraries should include
collision free path planning for manipulator and mobile base as well as basic pattern recognition
algorithms to detect a door. From the second evaluation workshop on the refactored libraries shall be
integrated within the BRICS tool chain to allow for easier access. Then, for the third evaluation
workshop additional refactored algorithms for collision free path planning (arm) as well as algorithms
for 3D object detection will be required. Other nice-to-have algorithms (see technologies table) are not
mandatory and integrated if possible.
WP 4 – KUL
Tool chain support for model based engineering including models of hardware is required until the
second evaluation workshop. For evaluation workshop 3 and 4, the incorporation of the Model-Driven
Engineering tool chain to support the complete development cycle for the targeted software systems
within the evaluation workshops is scheduled.
WP 6 – UTwente
Incorporation of context-dependent methods for achieving robust autonomy is planned until evaluation
workshop 3 and 4.
WP 7 – UBergamo
WP7 will be integrated in the evaluation workshops in so far as it is an important input for deriving
metrics to assess the development progress during the evaluation workshops.
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3.2. Showcase Industry
3.2.1.

Introduction

The showcase industry aims at evaluating BRICS hardware interoperability concepts and the BRICS
robotics integrated development environment taking into account industrial requirements resulting from
a use case in industrial logistics, production engineering, or inspection. Recent developments towards
realizing advanced robotic products are difficult since there is very little supply of packaged functions
including software components and compatible hardware. The showcase industry aims at
demonstrating that the BRICS tool chain and the code repository BROCRE are capable to overcome
these shortcomings by shortening the development time of robotic systems. Scenarios in several
industrial applications have been considered including typical tasks like inspection, maintenance,
security, manufacturing, and assembly. A comparison of different scenarios is presented in Fig 5.
Taking into account the technologies and functionalities under development in BRICS, loading and
unloading of machines is adequate to evaluate the BRICS approach.

Fig 8: Decision matrix for selection of scenarios

3.2.2.

Hardware

For the showcase industry the rob@work 2 system is used. The rob@work 2 system was designed to
allow for time-sharing and workplace sharing use of the robot. This is reflected by the use-modes of
the robot which incorporate cooperative use-modes for workplace sharing and setup of time sharing as
well as autonomous use-modes for time sharing:
•

Relocation of the platform: Used in time and workplace sharing

•

Calibration Mode: Workplace-sharing or setup of time-sharing application

•

Automatic mode: Mostly used in time-sharing use-cases

The selection and arrangement of specific components in the implemented prototype reflects the
design decisions made to enable time-sharing use of the robot:
•

Physical Separation of Workspace and Interaction Interface: The touch screen assembly (see
also Fig 9) physically separates the working area of the robot and the human machine
interface. This isolates the workspace of the robot from people working in close vicinity to the
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robot and allows time-sharing without interruption of regular production tasks of the production
site.
•

Big touch screen: The big touch screen of the system allows displaying information regarding
the status of the robot that can be perceived without entering the workspace of the robot.

•

Robot payload: The payload of the robot arm of 5 kg is sufficient to handle most tools that can
be used by humans over a long period of time to perform production tasks. This makes the
robot physically capable of performing most assembly tasks carried out by humans without
specific tools, i.e. in a workspace that has designed for humans originally.

•

Mobile platform with autonomous navigation: Due to the mobile platform of the rob@work 2
system the robot can easily be relocated. Simple relocation tasks can also be performed
autonomously. This allows using rob@work 2 in human workspaces that require mobility.

•

Remote access to the robot: Through the possibility to remotely access the control computer
of the platform position and status information of the robot can be obtained for automatic
monitoring purpose while the robot is autonomously performing production tasks.

Fig 9: Hardware of the rob@work 2 assistant system

3.2.3.

Software

In the following the software structure of the rob@work 2 system is outlined. The relevant software
modules and their functionalities are explained. The software architecture of the rob@work 2 system is
build around the key functions, i.e. the NC-kernel which is responsible for trajectory generation, the
PLC-system which handles the logic connections of the sensors devices, and the navigation system
that operates the platform. The former two software systems are integrated in a common real-time
environment capable of exchanging control data in full interpolation cycle time. Extensions to realize
custom tasks can be implemented into the NC-controller language, as PLC program, as a program in
the Win32 operating system, or as a combination of the first three methods.
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Fig 10: rob@work 2 subsystems and components

The real-time PC contains a CoDeSys soft-PLC, a machine tool NC kernel for trajectory generation
and Cartesian control of the robot, and application specific programs for human-machine interfaces.
PLC and NC kernel run in parallel on an IPC. For deterministic and reliable operation a real-time
operating system is used. This is achieved through the RTX real-time extension for Windows. The
main units within the NC-kernel are the motion control (MC) and the axis control (AC). The motion
control manages hereby the different channels (currently one channel) and the axes control performs
the cyclic data transfer to the servo controllers through the CAN bus.

Fig 11: Real-time and non-real-time communication of motion generator (NC-kernel) with PLC,
with graphical user interface, and with hardware

The communication between the NC-kernel and soft-PLC is realized with a shared memory (called
High Level Interface, HLI) which holds all relevant process data. The shared memory is organized as a
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complex data structure that arranges the axes, the commands, the confirmations, and the status
information. Programs running in Windows can access the real-time states in the shared memory.
However they are not synchronized with the cycle time of the NC-kernel. Currently the cycle time of 4
ms is applied, i.e. every 4 ms the set values are transferred to the motors of the robot arm via CAN
bus.
The human machine interface of the robot controller is based on the machine tool control BOSS
(Baden-Württembergs offenes Steuerungssystem, engl. Baden-Württemberg’s open controller system)
offered by the ISG, Stuttgart. The NC-kernel was adapted to the special needs of rob@work 2. The
controller calculates includes modules for trajectory generation and interpolation for set values
generation of the actuators of the robot arm. Then the rotary units have an internal servo controller
which performs the low level position control for each axis. Further digital input and outputs can be set
on a relay board.
The standard GUI shows the current mode of operation of the NC-kernel. The GUI elements are
based on the Windows GUI, i.e. is consists of buttons, edits, und graphical windows. Soft-button offer
different functionalities related to the current context. These buttons can easily be operated through
the touch-screen.
Totally there are five modes of operation. After initialization the controller starts in stand-by-mode. At
this stage, no motions can be executed but the controller already sends set position to drives. The
mode Reference is needed to calibrate the axis and to correct to absolute position. In the mode
manual the execution of motion can be issues by peripherical devises e.g. through a jog wheel or
buttons. In automatic mode it is possible to execute a full NC-program. Finally in MDI-mode, single
commands can be sent to the controller and are executed by the controller.
Fig 8 shows the internal architecture of the controller system. The central module is the NC-kernel. It
runs in parallel with the CoDeSys software PLC by S3 in the real-time extension of the Windows XP
operating system. The main units within the NC-kernel are the platform which collects the global
functions of the kernel, the motion control (MC) and the axis control (AC). The motion control manages
the different channels (currently only one channel is needed) and the axes control performs the cyclic
data transfer to the servo controllers through the CAN bus.
3.2.3.1.

Methods to interact with the NC-kernel of rob@work 2

To execute programs it is naturally necessary to have a connection to the available hardware. Since in
the considered use case the robot arm and also the gripper are controlled by NC, it is only necessary
to establish a connection to one control. The access has to be designed openly considering various
scenarios of use, which means that regardless of existing interfaces of the control there are basically
two possible options: firstly, to make use of a network protocol and secondly to use common
programming libraries.
In this special case there are three ways to access the control. The first possibility is to use external
variables that can influence the execution of a program. Using the high level interface the shared
memory between the NC kernel and the PLC can be addressed. Using the human machine interface
there is direct access to the NC kernel. These principles are introduced below, analyzed in respect of
their usability and the most suitable of them is chosen.
External variables
External variables allow the exchange of values between the NC, the user interface and the PLC. In
the global memory the variables can be stored either exclusively for a single NC channel or globally for
all NC channels. The initialization of the external variables is done in the start-up lists, executed during
the start of the NC.
Access to the external variables is possible reading and writing out of an NC program. This way the
operation of a program started in BOSS interface can be affected by dividing single actions into
subroutines. These subroutines are then executed by the main routine according to the value of an
external variable. Furthermore external variables can be used to set the parameters of coordinates.
Because of the fact, that it is still necessary to develop an NC program and also call this program in
BOSS interface, the usage of external variables to access the control is not the best solution when the
aim is to provide the user with a simple programming system, which shall be capable to support further
devices too
Shared memory communication (so-called high level interface)

BRICS Deliverable D5.1

Page 16 of 26

BRICS – Best Practice in Robotics
Grant 231940

Deliverable 5.1
01/03/2010

The “High level interface” builds the interface between the NC and the PLC. The memory of this
interface is shared memory that is accessed by both systems. Between the two systems a lot of data
is exchanged. For example technology instructions from the NC are written out and acknowledged by
the PLC or instructions from the user interface can be verified by the PLC before being executed.
Using this interface it is also possible to access the NC from the PLC and for example execute
programs. However, this method is only suitable, when there is extensive access to the PLC,
respectively adequate interfaces are configured.
Human machine interface
The Human-Machine-Interface forms the gateway between the NC and the user interface. Basic
communication is established between the computer and the control via the TCP/IP protocol by log
data units (protocol data unit, PDU). First the computer must request a connection to one or more
interface objects, which is answered by the control. Subsequently the objects, depending upon their
type, can be read or written. The computer can acknowledge them positive or negative or return a
value to read object. There are two types of objects: Read and write objects. That means that an
object can either be read or written but cannot have both features. Therefore it can be directly
recognized from the objects name if it can be read (object name ends with “_r”) or written (object name
ends with “_w”).
Since this interface offers all possibilities for the interaction with the control and the existing BOSS
interface interacts in this way with the NC core, the HMI is recommended for the further use in the task
level programming. The whole program sequence can be created and executed in a programming
tool, only the necessary control commands have to be sent via the HMI to the robot, the processing of
these can be acknowledged likewise. Thus a program sequence can be provided independently of the
used component.
The handling of the TCP/IP protocol can be avoided by the use of a program library. The HMI server
encases the TCP/IP and the communication is established with the help of a shared program library
(HMI-DLL). This intermediate step has the advantage, that the handling of the TCP/IP and the
complex PDUs can be avoided, when connecting user interface and control. So a similar functionality
is achieved with the use of a simple to integrate program library. The functions and parameters for the
access on the HMI are presented in the following table:
Function

Parameter

connect_channel

char *p_channel

disconnect_channel

char *p_channel

get_next_changed

char *p_object_name

set_object_value

char *p_object_name, char *p_object_value

get_object_value

char *p_object_name, char *p_object_value

set_sampletime

char *p_object_name, char *p_sampletime

Fig 12: Functions for communication the NC-kernel of rob@work 2
At the beginning of the access a connection to the according NC channel has to be established. To do
so, the connect_channel function is called. Afterwards, using the get_object_value, the value of a read
access object can be collected or, using the set_object_value function, the value of a write access
object can be set. Using set_sampletime the request interval of an object can be defined. Thus the
HMI server is instructed to check the kernel object for changes in this interval. The object name is
transferred with the next call of the get_next_changed function. The connection to the NC channel is
disconnected using disconnect_channel.
As mentioned earlier the control has five operating modes that are managed by the motion control
manager. For each of these modes a state chart exists, whose transitions are represented by HMI
objects. To execute a program the automatic and the MDI operating modes are generally suitable.
Considering the aim of task level programming, which is not, to create a ready to execute NC program,
which is called afterwards, but to create a reactive program, which shall in the future also be capable
of e.g. processing sensor data etc., then generating single NC sequences is the better option. For this
reason for the further work the manual mode of the control is used. The sequence to be executed is
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transmitted to the control as a string and executed using a start command. The movement can be
interrupted and resumed.
The state chart of this operating mode is shown in Fig. 6. The transitions are triggered by writing the
corresponding HMI objects. When activating the operating mode, the control is in state SELECTED, a
change to another operating mode is only possible in this state.

Fig 13: State machine of the mode of operation MDI

The procedure, when executing an NC set looks like follows: The control is in state SELECTED. Using
the HMI object mcm_msi_prepare_w the NC set to be executed is sent to the control and the state
READY is activated. From this state, using HMI object mcm_mdi_start_w the execution of the
movement can be started and during execution time the control is in state ACTIVE. The action can be
interrupted using object mcm_mdi_stop_w and be either resumed using mcm_mdi_resume_w or be
entirely aborted using mcm_mdi_abort_w. In case that the execution of the NC set is finished by the
control a transition back to state READY is carried out. Using mcm_mdi_clear_w (or alternatively
mcm_mdi_reste_w) a transition back to state SELECTED is carried out and a new sequence can be
sent.
When an error occurs, that could for example be caused by an incorrct NC sequence; the control
jumps to the error state ERROR and if necessary aborts the current movement. An exact error
description can be read using mc_error_message_r object. To acknowledge the error, object
mcm_mdi_reset_w has to be written and the control then is again in the initial state SELECTED.

3.2.4.

Scenario

Goals: refactoring / development of BRICS components and interfaces, that apply to the different
constraints frequently found in the chosen scenario
Considered changing constraints will be
•
•
•
•

Different hardware (arm, gripper)
Different arm control (ISG / KRC@LBR)
Changes in the environment
Changes in the task

3.2.4.1.

Functionalities subject to the scenario

Model-based Simulation
Software development in robotics becomes often laborious due to the strong interconnection of
hardware (-errors), software (-errors), and functional components (-errors). To allow fast softwaredesign it is necessary to provide simulative models of the robotic hardware. This allows the users fast,
target-oriented design of their software-components.
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Intuitive Interfacing with C/C++, Matlab, etc.
There exist various powerful tools for the different aspects of robotics. Yet it is often strenuous to
transfer a solution derived for one specific tool to another, to get it running on your robot. To allow
faster software-design it is necessary to sustain this process of transfer from one framework to another
or to deliver the possibility of a direct interconnection.
Calibration & Referencing
The process of determining a system predominant parameters (Axis-Offsets, Base-Position, etc.) can
take a significant amount of time. Thus it is necessary to provide tools for fast identification of these
properties.
Component Integration
The integration of hardware-components (writing drivers) takes a significant part of the time needed for
the development of a robot. This amount of time can be reduced when uniform interfaces are defined
and reused. To allow fast HW/SW-Integration it is additionally necessary to provide ready-made
drivers for the employed hardware.
Mobile Manipulation
The process of controlling a manipulator under uncertainties originating from the usage of a mobile
base (localization; dynamic and partially unknown environments, etc.). This also covers aspects of
synchronous actuation of mobile base and manipulator, including the resulting dynamic
interconnection of the components.
Visual Servoing
In context of the uncertainty connected to mobile manipulation and dynamic environments it becomes
necessary to incorporate exteroreceptive (e.g. visual) sensors into the control loop of the manipulator
or mobile base.
Intuitive programming
If robots shall be deployed in small enterprises (e.g. workshops) it is necessary to provide tools that
allow adapting the functions of the robot in a way that is easy to understand for non-professionals (e.g.
works not educated to use robots).
Safety
A major prerequisite for deployment of a robot in industry is, that it is no harm to its users. This can be
achieved by design of the hardware or safety measures, such as sensors, electronics or software.
Component exchangeability
To sustain rapid prototyping processes it is constitutive to allow fast adaption of the system’s SW- and
HW-components. Thus components (HW + SW-Drivers) should be designed with enough local
intelligence to allow exchanging similar systems without adapting the higher level processes.
Force Control
In many applications it is necessary not only to guide a robot to a certain position but also to control
the force it exerts at this position (e.g. for assembly tasks).

3.2.5.

Evaluation Criteria

The appropriateness of BRICS with respect to industrial needs should be evaluated based on
•
•
•
•

3.2.6.

Overall development time
Applicability and reliability of the result
Support and integration with industrial hardware as well as support for existing standards
Appropriateness of the component model and the interfaces defined for special purpose
software components (such as path planners etc.) for usage in industrial tasks

Schedule for development of the showcase

An overview of the schedule for the showcase industry is given in Fig 14.
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Fig 14: Schedule for showcase industry

3.2.6.1.

1st stage: „Basic system for unloading“

Required functionalities (preferably already modeled as BRICS components):
•
•
•

Calibration
Path planning
Mobile Manipulation

•
•
•

3.2.6.2.
2nd stage: „Extension to loading and unloading“
Required functionalities (preferably already modeled as BRICS components):
Object localization
Grasp planning

3.2.6.3.

3rd stage: „Flexible system adaptable to changing constraints“

Functionalities (based on BRICS components and tool-chain):
•
•
•

3.2.7.

Fast calibration and re-configuration
Intuitive programming / interaction
System status visualization

Integration of other WP’s into the showcase

1st stage: „basic system for unloading“
•
•

Algorithms for calibration, path planning, mobile manipulation (WP3)
Well-defined interfaces for the first components (WP2 / WP4)

2nd stage: „extension to loading and unloading“
•
•
•

Passive platform ready (WP5)
Common interfaces allowing the exchange of components (WP1 / WP4)
Algorithms for object localization and grasp planning (WP3)

3rd stage: „flexible system adaptable to changing constraints“
•
•

Full integration of the tool chain (WP4)
Robust autonomy (WP6)
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3.3. Showcase Education (BRSU)
3.3.1.

Introduction

Educating good robotics software developers is a real challenge, in computer science in general as
well as in educational programs more specifically targeting robotics or autonomous systems. Software
development is a skill that can only be learned by practice; theory-affine lectures have limited longterm value unless balanced by exercises and projects which develop and deepen understanding of
concepts by the students and help to turn shallow knowledge into practical skills. However, preparing
well-designed exercises that students can solve in reasonable time frames is difficult and time
consuming. For this reason, even programming exercises often tackle only very small problems.
Students therefore lack experience in developing full-fledged, complete systems. This is even more
true in robotics and robotics-related education. Setting up exercises for students to work with real
robot hardware is even more cumbersome and time consuming than for an exercise on programming
a new GUI feature. The complexity of robot control architectures and robotics software development
frameworks is usually an insurmountable barrier for educators to overcome.
With the education showcase, BRICS tries to set a few examples that change this situation. An
intuitive and easy-to-use software development platform consisting of an IDE, which is built upon
Eclipse as the most widely used software development IDE and BROCRE as a resource for choosing
from a wide range of standard algorithms, is an essential prerequisite for the education showcase.
Thus, the main objectives of BRICS are providing the base upon which the education showcase can
be built. Work for the education showcase is focusing on three major areas:
•

Ensuring that the best practice libraries of algorithms contain also examples of algorithms
required for educational purposes. Especially when introducing new concepts and ideas, a
matured algorithm not representing the state of the art any more can be of great educational
value.

•

Providing educational material, in particular slide sets and exercise problems.

•

Disseminating the material in the educational community.

3.3.2.

Hardware

The main hardware platform we target is the new youBot system developed by KUKA. Due to internal
management decisions at KUKA because of the economic crisis, development and marketing of this
system was delayed for some time. The partners know enough about the system to consider it a
premium product for educational purposes, but details cannot be revealed until after the prototype
development is finished. The system will consist of an omnidirectional mobile platform with a 5-DoF
manipulator and will be sufficiently small to allow its use in small lab environments and in classrooms.
All drives will be connected by the EtherCAT field bus and allow for position, velocity, and current
control modes. This system offers great potential for studying and teaching mobile manipulation. A
concept for extending the system with sensors needs to be developed after the system becomes
available.
In addition, we will look into the use of some of the available BRICS research platforms for educational
purposes as well, e.g. the Johnny or Care-O-bot platforms.

3.3.3.

Software

The software to be developed and used in the education showcase mainly consists of the BRICS
software platform, including BRIDE and BROCRE. Additional software will be developed in the form of
standard or default solutions for a limited set of exercises.

3.3.4.

Scenario

We provide several use cases as scenarios for the education showcase. The use cases are currently
taken from the course program of the Master of Autonomous Systems program at BRSU, an
international master program with a strong focus on robotics. A subset of the curriculum was selected,
and for each course we will investigate how BRICS technology can be beneficially used in that course.
The following list very briefly describes each course to get an idea of the topics treated by the course:
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•

Autonomous Mobile Robots: general introduction to robotics, kinematics for mobile
platforms, behaviour-based control, exploration, mapping, and SLAM, path planning and
navigation.

•

Control and Systems Theory: various control concepts

•

Learning and Adaptivity: course on machine learning, including decision tree learning,
reinforcement learning, self-organizing maps and competitive learning, neural networks,
genetic algorithms

•

Planning and Scheduling: course on AI task planning, covering various planning approaches
including state-space and plan-space planning, graph-based planning, satisfiability-based
planning, HTN planning, temporal planning, etc..

•

Robot Manipulation: course on manipulator control, kinematics and dynamics of robot arms,
path planning and trajectory control.

•

Neural Networks: intensive course on various neural network approaches.

•

Computer Vision: course introducing computer vision foundations with a focus on application
in robotics.

•

Dynamics and Control of Mobile Manipulation: a project-oriented course focusing on
various mobile manipulation issues, including control of multiple actuators, path planning and
trajectory following in high-dimensional spaces, etc.

The last course is one that was just recently introduced and will be lectured jointly by teachers from
KUL and BRSU. Needless to say, we seek further cooperation, both within the consortium and in the
wider community, as BRCS technology becomes available. The senior investigators Bruyninckx (KUL),
Prassler (GPS/BRSU) and Kraetzschmar (BRSU) are all members of the EURON Education and
Training Board and well positioned for dissemination activities.

3.3.5.

Evaluation Criteria

The main objective of the education showcase is to increase the use of actual robotics systems in
educational settings and to increase the practical encounters of students with state-of-the-art robotics
hardware and software. Consequently, this should be the main evaluation criterion, and it can be
measured by listing courses with robotics-related content at university level, which make use of BRICS
technology in exercises, lab experiments, or student projects. This criterion is expected to improve in
the medium- and long-term only and depends on a successful dissemination effort.
Two main barriers for the more frequent use of robotics systems in course settings have been
identified:
1. The effort needed by teachers to prepare exercises, lab experiments, and student projects
involving robots
2. The effort required by students to acquaint themselves with the technology and to effectively
use it to solve the problems posed by the teachers.
Both of the above present more immediate evaluation criteria, which are measurable independently of
the success of a dissemination strategy.
The effort depends strongly on the learning curve of both teachers and students to become effective
and efficient users of BRICS technology. Therefore, we intent to pay great attention to provide welldesigned and easy-to-use material for getting started with BRICS, guidelines for exploring the
BROCRE repository from various perspectives, and guidelines and examples for setting up exercises
and lab experiments.
Once a teacher knows her/his way around in BRIDE and BROCRE, the time needed to actually set up
an exercise, lab experiment, or student project is the essential criterion upon which adoption depends.
If it is small enough, we expect teachers to rapidly adopt BRICS technology, as most robotics
researchers/educators seem to be keen for integrating more practical experiments in their teaching. A
secondary measure could be a qualitative evaluation of the exercises and lab experiments, e.g. to
which degree experimentation or benchmarking by students is required, whether environmental
variations are considered, etc.

BRICS Deliverable D5.1

Page 22 of 26

BRICS – Best Practice in Robotics
Grant 231940

Deliverable 5.1
01/03/2010

For students, the time needed to effectively solve exercises on practical robots or to perform lab
experiments is an essential criterion. Moreover, an analysis on what students spend their time on
during solving an exercise or performing an experiment would be helpful, in order to demonstrate that
students spend most of their time on solving the problem and improving the solution, rather than
spending much time in setting up, doing maintenance, etc.

3.3.6.

Schedule for development of the showcase

The schedule for the education showcase is roughly as follows:
T19: Getting the showcase hardware ready. Providing an initial BROCRE repository and BRIDE
version for use in the first BRICS evaluation workshop in October.
T24: Fully developing one scenario, i.e. for one of the courses Autonomous Mobile Robots, Control
and Systems Theory, Robot Manipulation, or Dynamics and Control of Mobile Manipulation. Decision
on which course will be taken latest at the first evaluation workshop.
T30: Developing further scenarios.
T36: Further scenarios and dissemination.
T42: Further dissemination and evaluation.
T48: Final reporting.
We plan to refine the schedule about every year and fine-plan activities for the next period only,
because activities in the education showcase depend strongly on the available hardware and software
as well as the outcomes obtained from the first scenarios.

3.3.7.

Integration of other WP’s into the showcase

WP1 is providing the showcase hardware. The youBot platform is developed by KUKA. BRSU, GPS,
and KUKA will jointly develop concepts for adding sensors. The research platforms Johnny (BRSU),
Care-O-Bot (IPA), and the platform from the former DESIRE project (IPA, KUKA, GPS) are considered
candidates for use in education as well.
WP2, WP3, and WP4 provide the software, in particular BRIDE and BROCRE. BRSU and KUL have a
focus all basic software technology, robot control architectures, and the tool chain, GPS supplies
libraries of best-practice algorithms. BRSU and KUL will work together to tune BRIDE and BROCRE
for educational use, BRSU and GPS will cooperate to ensure the extension of BROCRE libraries with
algorithms which are of interest from a educational perspective.
WP6, WP7, and WP8 are indirectly involved by ensuring the cross-cutting concerns in their focus are
appropriately considered and reflected in the design and implementation of the software provided by
WPs 2, 3, 4. The guidelines to be developed by each of WPs 6, 7, 8 (UTwente, UBergamo, KUL) will
serve as educational material for teaching students to design robotic software well.
Educational material will be developed and evaluated jointly by the academic partners BRSU, KUL,
UTwente, and UBergamo.

3.4. Showcase SME application development
Detailed information concerning the three possible applications in the showcase SME application
development are detailed in the confidential appendix of the deliverable since these descriptions
involve confidential information on third party projects. It is foreseen that the more information can be
presented at a later stage of the project. Still, the following sections summarize some general issues
on the approach.

3.4.1.

Introduction

The goal of the showcases is to prove the efficiency in term of reduction of development time achieved
by using the tools developed within BRICS. The method used is the following:
•

Several typical application developments are identified.

•

One application is chosen.
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•

The development is implemented following BlueBotics standard processes and using
BlueBotics tools and resources.

•

The development is again performed using BRIDE, BROCRE and the harmonized hardware
and software interfaces.

•

Both developments are then compared.

BlueBotics has found, and analyzed three possible scenarios. Two of them are “real” scenarios
proposed by customers who have contacted BlueBotics to solve concrete industrial problems. The
scenario to be used in BRICS was not yet chosen as BlueBotics want to maximize the chances to get
one of the “real” scenarios. As the platform is similar for the three scenarios, the choice can be
postponed.

3.4.2.

Evaluation Criteria

As a SME, two criterions are important in this evaluation:
•

Respect of the application specifications
The development process should not be seen by the customer and should not influence the
specifications of the project. We will check here that the specifications are reached after both
developments. A compliance matrix will be used.

•

Development time
As time is money, the amount of time required by a development should always be optimized.
We will compare the used resources in both developments. This metrics will show in which
part of a development BRICS brings added value.

Over-quality is a vice in engineering, the dream of the perfect product. As the objective is to reach the
specs, over-quality is a cost without return on investment. These developments will also allow us to
evaluate the possibility with BRICS to add features at no cost.

3.4.3.

Schedule for development of the showcase

In order to follow the methodology explained above, the show case will be split into two phases:
•

Development following BlueBotics processes and using BlueBotics tools.

•

Development using BRICS methodology and tools.

3.4.4.

Integration of other WP’s into the showcase
3.4.4.1.

WP1

Integration of the KUKA LBA (TDC 1 ) on a BlueBotics platform (mechanical, electrical, software TBD 2 )
in order to have a platform for mobile manipulation.
Development of components interfaces for BlueBotics hardware. To be used during the second phase
of the showcase.
3.4.4.2.

WP2

BROCRE software platform, for the second phase of the showcase.
3.4.4.3.

WP3

Libraries of best practice algorithms, for the second phase of the showcase.
3.4.4.4.

WP4

BRIDE, the BRICS Integrated Development Environment, for the second phase of the showcase.

1
2

To Be Confirmed
To Be Defined

BRICS Deliverable D5.1

Page 24 of 26

BRICS – Best Practice in Robotics
Grant 231940
3.4.4.5.
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WP6

Methods for achieving robust autonomy in robotics, for the second phase of the showcase.
3.4.4.6.

WP7

Collection of BRICS design patterns for the second phase of the showcase.
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