Applications

Service robots with CAN-driven devices
Manipulators and grippers, mobile bases, or sensors for service robots: CAN- and
CANopen-driven devices enable the development of a variety of applications for
service robots that are part of the private or professional field.

Figure 1: Paul, a member of the
Care-O-bot 4 robot family, has been
greeting customers in Saturn-Markt
Ingolstadt since the end of October
2016 (Photo: Saturn)

S

ervice robotics is a boosting industry. According to the
statistics about this market, published by the International Federation of Robotics (IFR) and created in close
cooperation with the Fraunhofer Institute for Manufacturing
Engineering and Automation IPA, the total number of service robots sold for professional use increased in 2015 by
25 %. The sales value surged by 14 % to a new record of
4,6 billion USD. By 2019, sales forecast indicates another
rapid increase up to an accumulated value of 23 billion
US-$. The main applications are robots for the domains
medicine, field, logistics, and defense.
Not only have the professional sectors pushed the
demand for new automated solutions. Also technologies
for personal and domestic use like lawn mowers, vacuum
cleaners, or robots for entertainment and education surged
by 16 % in 2015 to a value of 2,2 billion US-$. Between 2016
and 2019, the estimated sales will rise up to an accumulated value of 22 billion US-$. The statistics are the result of
a questionnaire that is annually sent out by the IFR to more
than 300 companies. With a share of nearly 30 %, the number of startup companies is remarkably high and underlines
the interest in the market. In total, Fraunhofer IPA monitors
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more than 600 companies involved in service robotics all
over the world and provides this knowledge to companies
for strategic decision-making.
The success of the service robotics domain is due to a
market pull and a technology push. The latter results in new
and cheaper components like sensors, drive systems etc.
Standardization is the key for interoperability and enables
flexible and efficient solutions. CAN and CANopen in particular are well-suited technologies for building these systems. In the following paragraphs, an overview of possible
use cases underlines their variability and the multitude of
application areas.

Ambient Assisted Living
Technical assistive systems enable people in need of help to
be more independent, thus making them less reliant on others and sometimes even allowing them to manage entirely
on their own. Under the heading of “Ambient Assisted Living” (AAL), various solutions have been developed in this
field to help elderly people in their homes. The service robot
Care-O-bot 3 was tested for several tasks in private home. It
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Figure 2: Care-O-bot fetching an object for its user
(Photo: Fraunhofer IPA/Jens Kilian)
can, for example, do fetch and carry tasks. The manipulator
and gripper are CAN-driven and enable the robot to grasp
objects and deliver it to mobility-impaired users. This is a
typical use case, as CAN needs only two additional wires
and thus can be lead through the single modules. To place
an order, the user can chose the desired object using e.g.
a smart phone or the touch screen integrated in the tray of
the robot. Care-O-bot is programmed to know where the different items are kept in the user's home. Using its navigation system, the robot is capable of independently finding
the way to its target. After reaching its target, Care-O-bot
autonomously locates the selected item, picks it up using
its robotic arm and gripper and places it on its tray for trans-

port and safe transfer to the
user.
Another
application
is entertainment and communication. The interactive touch screen of the
robot can be used for all
different entertainment and
communication functions.
Video telephony, for example, enables communication between the user and
other family members and
friends. The touch screen
Figure 3: The “intelligent”
can also be used as game
care cart can be called
board, e.g. for interacby care staff and moves
tive mind games or cogniautonomously (Photo:
tive training. With help of
Fraunhofer IPA)
three CiA 402-compliant
actuators, the tray can present these communication interfaces to users in different everyday situations and sitting
positions. Last but not least, the emergency support is an
important use case for service robotics technologies in the
field of AAL. The CANopen-driven mobile base of Care-Obot enables it to patrol in home environments and to move
towards a fallen person. At the same time, it can setup
communication with an emergency center, who can talk to
the user by video telephony using the screen, speakers, and
microphone of the robot.

Webinars
These web-based seminars
provide an overview about the
current status as well as trends
in CAN-based networking. The
webinars are all about the future
of CAN FD and CANopen FD.

Session 1: CAN FD protocol
and physical layer design
Session 2: CANopen FD - the
art of embedded networking
Session 3: CAN FD in future
network architectures

For more details please contact CiA office at events@can-cia.org

www.can-cia.org

Applications
Figure 4: “Intelligent” dual-arm robot manipulation system to
support the worker (Photo: Fraunhofer IPA/Rainer Bez)

Healthcare
Although automation in the health care sector is not yet that
common, first applications already entered the market. For
example, robot-based rehabilitation systems for locomotion
therapy might speed up the healing process through effective and intensified training. They can also help physiotherapists with physically-demanding tasks. To aid rehabilitation
after a stroke or other illness where a patient has to learn to
walk again, we developed a mobile therapy robot to stabilize
patients during training. It features a number of CANopen-

Besides medical devices, the health care sector has
also a high potential for automation solutions in the field of
logistics. In Germany alone, mobile robots and automated
guided vehicles (AGVs) are used in more than 50 hospitals for the supply and disposal of everyday items such as
these vehicles operate in segregated areas (service floors/
lifts) accessible only to trained personnel. Today, technological advances in the navigation of mobile robots make it
possible for driverless transport systems to be used also in
publicly accessible areas.
One of the goals of the collaborative project “Service
Robotics for Support with Personal Services” (SeRoDi)
sponsored by the German Ministry for Education and
Research (BMBF) is to make use of this technology to
develop an intelligent care cart to assist the care staff at
care homes and hospitals. For technical realization of the
care cart, a set of key requirements like autonomous navigation for on-demand supply and automated documentation
of used care utensils were developed based on data collection surveys as well as on the currently used supply trolleys.
Within the project, three units of the intelligent care cart are
currently being prepared for user tests. They are backed by
three CANopen-based omni-directional drives that enable
the care cart to operate in crowed spaces.

Retail shopping assistance
Changing the location completely and heading to the retail
sector where the latest Care-O-bot development was presented last autumn (for more detailed information about
Care-O-bot 4 and its use of CANopen and ROS please refer
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to issue 1/2016 of the CAN
Newsletter). The charming
helper “Paul” the robot has
been greeting customers
in Saturn-Markt Ingolstadt,
Germany since October
2016 and directing them
towards their desired products. The CANopen-driven
mobile base allows free
roaming in the retail
market. Also the torso
and head actuators are
CANopen-driven so that
Figure 5: The robot for
“Paul” can offer userautomated testing
friendly service including
processes can be taught
gestures such as nodding
by hand-guiding (Photo:
and shaking the head. This
Fraunhofer IPA/Rainer Bez)
demostrates the flexibility
gained from the CiA 402 specification: The same driver
commands 13 motors with different kinematics and drive
modes.

Further professional applications
The CANopen-driven mobile base is of even further usage.
Another innovative application is the office-cleaning scenario. Within the project “AutoPnP”, a cleaning robot prototype was developed. It is capable of dividing a given floor
map of its working environment into single rooms or units,
visiting them, inspecting their ground floor for dirt spots,
searching for waste bins and disposing them into a collecal, the robot can autonomously exchange its hand, which is
used for handling waste bins, for a vacuum cleaner, which
is stored in the trolley, and clean the found dirt spots. The
gripper is CAN-based, the vacuum cleaner is driven by a
CiA 401 compliant I/O module. For the exchange, first the
tool changer is aligned very precisely via visual serving
and then the attached device gets hot-plugged and identified.
Coming into the field of production, we developed a
dual arm robot manipulation system for small part assembly tasks. The publicly funded “Prace” project aimed at
developing this production assistance to fulfill the increasing demands for flexibility in production. To enable this, it is
important that the robot moves in a similar way to its human
counterpart and at the same speed. It can learn this by demonstration. Regarding this system, not only the mobile base
is CANopen-driven but also the pan-tilt-unit. The latter is
needed to keep the assembly parts in the camera focus.

Autonomous testing
The last presented application is a system that does endurance testing of dishwashers. Conventionally, such tests
have been highly time-consuming, with machines being
operated manually one after the other in single-shift working. Fraunhofer IPA developed a robot for a well-known
company producing household appliances to automate this
testing. A combination of mobile chassis, manipulator, and
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sensors enables the robot to fully operate the machines:
open the door, insert dirt, add the detergent, and press the
start button. Working round the clock, it is safe and easy to
teach while at the same time helping to standardize the test
conditions. Besides the mobile base, also the linear axis
is CANopen-driven and extends the motion range of the
manipulator. This mobile robot system can be customized to
allow companies to automate a variety of processes. Apart
from different tasks in quality assurance, robots of this type
can also be used for support with logistics and assembly or
for inspection tasks.
For the usage of all the mentioned technologies and
applications, we provide further information and engineering competences. Our institute is an independent technology partner suitable for all projects concerning the planning,
conception, developing, and deployment of service robot
technologies. Also, it is very engaged in managing the open
source software community working on the Robot Operating System ROS. Fraunhofer IPA is leading the European
branch of the ROS-Industrial consortium that targets industrial components and applications, including the CANopen
driver framework ros_canopen.
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