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Abstract

For SMEs, which work typically with small to medium lot sizes, fast adaptability of robot and surrounding cell to new
products and processes is much more important than small cycle times. To make this possible the programming of robots
and especially robot cells and the integration of new devices into these robot cells has to be much easier than today. The
approach of this paper is to offer the user of a robot cell in SME-environments an easy means of programming a cell
without the need to do the configuration. Therefore, commands that represent the functionality of devices have to be
offered. A concept and a first implementation are presented to describe the functionality of devices on the one hand and
the required functionality of processes on the other hand. Based on this information a configuration module is able to
determine what processes can be executed by the available set of devices and therefore what commands the user can
choose from on a HMI.

1. Introduction

The main field of application for robots today is mass production [1]. The tasks robots have to fulfil in mass production are
mostly highly repetitive and do not change over an extended period of time. Therefore, the main requirement of robots
used in mass production is short cycle times. The goal of SMErobot [2] is to broaden the field of applications for robots
from mass production to small lot size production, as it is typically encountered in small and medium sized enterprises
(SMEs). Because of small lot sizes, for typical SMEs fast adaptability of robot and surrounding cell to new products and
processes is much more important than small cycle times. To make this possible the programming of robots and especially
robot cells and the integration of new devices into these robot cells has to be much easier than today.

2. Approach and Scope of this Paper

In the office world it is very easy to install and use new devices. For example, to install a printer to your PC, you just plug
it in. The entire configuration is then done automatically and your application will offer you the service “print”. This
automatic configuration is called “Plug’n’Play”. Carried forward to a production environment this would mean that you
would connect e.g. a robot to a cell controller and a configuration module would offer you the service “move_to” on a
HMI. Even more advanced, it could mean that you connect e.g. a robot and a gripper to a cell controller and the
configuration module would recognize the synergy effect and offer you the service “pick and place”. To achieve this, the
configuration module needs to know about the functionality of the connected devices and must be able to draw conclusions
which services it can offer a user. Therefore, the approach pursued in this paper is based on device descriptions that are
evaluated by the configuration module on order to offer services to a user. This approach can be seen in Figure 1.
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Figure 1: Approach of this paper

The ability - provided by the configuration module - to add devices to a robot cell and use these devices without the need
of configuration is called “Plug’n’Produce”, according to “Plug’n’Play” in the office world. The functionality of the
configuration module can be broken down into several layers that can be seen in figure 2:
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Figure 2: Plug’n’Produce-layers

To offer the user of a robot cell in SME-environments an easy means of programming a cell without the need to do the
configuration, the HMI must offer the user ready-to-use commands that represent the functionality of one single or several
combined devices. This corresponds to the functionality of the Application-Plug’n’Produce-layer. Therefore, the focus of
this paper lies on the Application-layer. Of course, this layer depends on the Configuration- and the Communication-
Plug’n’Produce-layer in order to get to know which devices are available, to communicate with these devices and to get to
know the descriptions of these devices. However, the realization of the two lower layers will not be within the scope of
this paper.

3. State of the Art
Studies on the state of the art of Plug’n’Produce have to cover all available technologies to integrate devices into a system.

Since Plug’n’Play in the office world is long established one could think that achieving Plug’n’Produce just means using
the Plug’n’Play mechanisms in an industrial environment. But because the requirements in an industrial environment differ



significantly from the ones in the office world this is not possible. In an industrial environment one has to deal with a lot of
different devices from 1/0-boxes to robots, bus systems, timing and bandwidth requirements and at the same time has to
accomplish an industry-level robustness. Nevertheless, there exist some interesting approaches in the office world that are
worth a more detailed examination. UPnP is one of them. In the industry, the challenge of integrating different devices
from different vendors into one production systems has led to vendor-neutral device description languages. As one
example, EDDL is examined.

Furthermore, XIRP, a XML interface for robots and periphery based on TCP/IP is worth an examination because of its
intention to ease the integration of complex sensors and robots by means of a standardized communication protocol.

Universal Plug and Play (UPnP)

UPnP is a distributed, open networking architecture that leverages TCP/IP and the web technologies to support zero-
configuration and automatic discovery for a breadth of device categories from a wide range of vendors. The foundation of
UPnP is IP addressing. If a device has obtained an IP address the steps discovery, description, control, eventing and
presentation follow. For each step dedicated protocols exist. A device that supports UPnP must support all of these
protocols. Each device must contain a device description including vendor-specific, manufacturer information like model
name and number and a list of services included into the device. For each service a separate service description including a
list of commands and parameters must exist. Both kinds of descriptions use the XML syntax and are usually based on a
standard UPnP Device Template according to the device category.

The main achievement of UPnP is to show a means to automatically integrate devices into a system. But, these devices
must all communicate with one and the same protocol, namely non-deterministic TCP or UDP. Therefore timing-
requirements cannot be guaranteed. Furthermore, the device controllers have to be able to cope with a large protocol-stack
which could be a problem especially for simple devices like 1/0-boxes. Nevertheless, UPnP offers good concepts to
subdivide the integration of devices into steps and to describe devices and especially services a device can offer. Due to
the concept of device categories, different devices of one category are exchangeable [3].

Electronic Device Description Language (EDDL)

The goal of EDDL is to describe ProfiBus-devices in a way that makes it possible to configure vendor-specific devices
with one vendor-neutral software tool instead of using a different software tool for each device. Therefore, EDDL-files
contain information about all variables that can be accessed via the ProfiBus communication interface, information about
how to address these variables, information about how these variables should be grouped into intuitive menus by the
software tool and methods to check values entered by the user of the software tool for plausibility.

The advantage of EDDL is the possibility to integrate devices with one vendor-neutral software-tool into a system instead
of using different vendor-specific tools for each device, but it is not designed to allow for automatic integration of devices
into one system [4, 5].

XML-based Interface for Robots and Peripherals (XIRP)

Purpose of the TCP/IP-based XIRP-interface is to reduce the effort needed to integrate peripherals from different vendors
by means of standardizing the communication profile. The communication is based on a client-server architecture. The
client, responsible for the sequence control, sends commands to a server, e.g. a sensor, which sends measured data in
return. The communication is subdivided into three communication channels. The main communication channel is used for
the above described client-server communication. A second channel is used for event-triggered messages and a third
channel is used for the synchronous transmission of measured data. The commands, too, are subdivided into a group for
connection-establishment, a device-profile-specific vendor-independent group of commands and a group for additional
vendor-specific commands.

XIRP shows a good means to integrate TCP/IP-based devices automatically into a system and make the functionality of
the devices available for the user. Strict timing requirements are fulfilled by means of an exclusive access to the Ethernet
connection and the client-server architecture. Furthermore, the subdivision of the communication channel and the grouping
of commands seem to be concepts worth keeping in mind.

Conclusion of State of the Art Analysis

As shown, several standards exist in the industrial environment as well as in the office world that reduce or eliminate the
effort needed to integrate devices into a single system. But they rely either completely on TCP/IP or do only part of the job
of integrating devices into a system up to a level that allows using the functionality of the devices without knowing much
about the internal control structure of the devices. Furthermore, none of these concepts tries to represent the synergy
effects possible if several devices are available. E.g., if only a robot is available it can “only” move, if only a gripper is
available it can “only” fix and release. If a robot and a gripper are available, they can pick and place an object.



4. Requirements

In order to achieve Application P’n’P - that is: to offer services depending on the functionality and synergy effects of the
available devices in a robot cell — the configuration module on the one hand needs to know about the functionality of these
devices, on the other hand needs to know the functionality required to perform certain processes. Based on this information
the configuration module must be able to determine which devices can be combined (e.g. robot and gripper) to offer new
functionalities and what processes can be executed by the available set of devices. Therefore, it is required to have:
e a knowledge representation language to describe on the one hand the functionality of devices and on the other
hand the required functionality of processes,
e a common semantic basis used in the device and process descriptions in order to make it possible to evaluate
these descriptions,
e functions to work on these descriptions with the goal to determine devices that can be combined and to determine
processes that can be executed by the available set of devices.
Predicate logic is the most general means of representing knowledge - that is: relations among objects - and therefore
offers high flexibility for the device and process descriptions [8, 9]. Prolog is a logic programming language based on
predicate logic that offers built-in methods to execute queries on the inserted knowledge (in this case: the device and
process descriptions). Therefore Prolog was chosen to implement the Application-Plug’and’Produce-layer of the
configuration module [10]. This does not mean that the other layers of the configuration module need to be implemented in
Prolog as well because implementations of Prolog exist that offer interfaces to other programming languages.

5. Concept

In this chapter the structure of device descriptions and process descriptions as well as a method to determine if devices can
be attached to each other and a method to determine if devices can execute certain processes are presented.

Device Descriptions

Device descriptions have the purpose of describing the functionality of devices. In order to describe the functionality of
devices the concept of “Skills” is introduced. A skill is something a device can do, e.g. “MOVE_ATTACHED_DEVICE”
or “ROTATE_TOOL”. Because a skill is a very basic and imprecise description of the functionality of a device, the
concept of “Features” is introduced. A feature describes details. A feature of a device is e.g. “WEIGHT”. A feature of the
skill “MOVE_ATTACHED_DEVICE” is e.g. “MOVE_WITH_6DOF”. Features can have “Values”, as it is appropriate
e.g. for the feature “weight”. A value consists of the actual number and a unit. Features can be used to describe details of
skills, of devices, but also to add details to features themselves. By means of this recursive mechanism the structure of
device descriptions is at the same time very simple and very flexible and adaptable. Therefore, with the three concepts
skill, feature, and value very basic functional descriptions as well as detailed and complex descriptions can be described.

Combination of Devices

The possibility of devices to attach them to other devices is a special functionality devices can have that can be represented
by the special skills “CAN_ATTACH” and “CAN_BE_ATTACHED”. Two different skills are necessary because some
devices offer to attach another device while other devices request to be attached to another device. For example, a robot
has a flange that includes interfaces to offer power and air to an attached device while a gripper has the same flange, but
needs power and air in order to operate. Therefore, the robot has the skill “CAN_ATTACH?” while the gripper has the skill
“CAN_BE_ATTACHED".

The existence of these two skills in two devices means that these devices could be attached to each other if their flanges are
compatible. Therefore, one feature of these skills must be a flange. This flange must be described in detail by means of
further features. By matching the flange descriptions of all devices, all pairs of attachable devices can be determined. Out
of these pairs of attachable devices combined devices with a new device description can be generated. These new device
descriptions contain all the skills and features of the two original devices except for the skills “CAN_ATTACH”,
“CAN_BE_ATTACHED” and all their features, because these functionalities are no longer available.

Process Descriptions

The counterparts of device descriptions are process descriptions. Process descriptions contain information about the
functionality required to execute a process, the task that can be fulfilled by a process, and a sequence that describes how
the process is executed. The functionality required by a process can be described by the above introduced skills. In process
descriptions, however, skills do not describe functionalities offered by devices, but functionalities required to be available
in order to execute a process.

Every process contains a parameterized “Sequence” that is executed every time the process is executed. This sequence
consists of commands of single devices, so called “Services”. A service initiates an action in a device that corresponds to a



skill offered in the device description. It is mandatory that a device that offers a certain skill also has to support the
corresponding service/s, e.g. if a robot offers the skill “MOVE_ATTACHED_DEVICE”, it also has to offer the service
“MOVE_DEVICE_TO(x, Y, z, yaw, pitch, roll, motype, speed ...)".

The third element of a process description is a “High-Level Service”. This is the only element of a process description the
user of a robot cell should ever see. It represents the command the user can choose in the cell programming environment to
initiate the execution of a process. A high-level service contains parameters necessary to execute the process that are
mapped to the process sequence.

Matching of Processes and Devices

In order to determine if a certain process can be executed by the available set of tools the functionality required to execute
the process must be matched with the functionality of the available set of tools. That is, the skills of the process description
must be matched with the skills of the device descriptions. If one ore more device descriptions include all skills requested
in the process description, the corresponding devices can execute the according process.

6. First Implementation

In figure 3 the device descriptions of a robot and a drilling tool can be seen. The robot has the skill “move” that
corresponds to its ability to move his flange and the skill “can_attach” that corresponds to its ability to attach another
device to its flange. The drilling tool has the skill “rotate_tool” that describes its ability to rotate a clamped drill and the
skill “can_be_attached” that corresponds to its ability to be attached to another device. Both have the same flange
“standard_flange”, meaning that both flanges fit geometrically. The feature “connections” means that the drilling tool
needs to be supplied with air and 24 V and the robot can offer air, 24 V and 5 V. The robot can attach at most 20 kg and
the drilling tool weighs 6 kg. Therefore, the drilling tool can be attached to the robot.

DEVICE robot CEVICE drilling toocl
SKEILL e SKEILL :.';-_-_'uLf_*__:;-;\'_
FEATIIRE rr::':n:_'r.'i t "|_€1'f'ff-F' FEATURE claockwise
FEATURE positioning_accuracy FEATUEE rpm
VALUE 1200 rpm
SKILL can_attach FEATURE counter clockwise
FEATURE [lange FEATUEE rpm
FEATURE 5t§nda1'd_:]ange VALUE 1200 rpm
FEATURE connections SKILL can_bkbe attached
FEATURE air FEATUERE flange
FEATURE 249V FEATURE standard flange
FEATURE 5V FEATURE conneckicns
FEATURE max attachable waight FEATURE air
VALUE 20 kg FEATUEE zZ4V
FEATURE weight FEATUERE top translation
VALUE 400 kg FEATURE ==

VALUE 325 mm

FEATUEE weight
VALUE & kg
Figure 3: Device descriptions of a robot and a drilling tool

Figure 4 shows the device description of the robot and the drilling tool combined. This combined device has the skill
“move”, inherited from the robot, and the skill’rotate_tool”, inherited from the drilling tool. But it has not inherited the
skills “can_attach” and “can_be_attached” because robot and drilling tool combined can neither attach nor be attached to
another device.



DEVICE robot_and drilling teool PROCESS drill hele

SKEILL move SKEILL move
FEATURE move with &DOF FEATURE move_ linear
FEATURE positioning accurdacy SKEILL rotate tool
SKILL rotate tool FEATURE clockwise
FEATURE clockwize <::::::::::C> FEATURE rpm
FEATURE rpm VALIE BOO rpm
VALUE 1200 rpm HIGH LEVEL SERVICE drill hole
FEATUEREE counter clockwise PARAMETER position
FEATURE rpm .
VALUE 1200 rpm PREBMETEE rpm
FEATURE weight .
WAaLULE 406 kg FARAMETER dspths

PARAMETER feed rate
SEQUENCE
SERVICE <move to position above holes
SERVICE <start tool rotatian>
SERVICE <move down with feed rate>
SERVICE <move up with feed rate>
SERVICE <stop toal rotation>
Figure 4: Generated device description of the combination of robot and drilling tool and description of the
process “drill hole”

Furthermore, figure 4 shows the description of the process drill hole. This process requires the skill “move” with the
feature “move_linear” and the skill “rotate_tool” with the feature “clockwise”. According to the feature “rpm” a tool
rotation of 800 rpm is required.

If a device can offer these two skills and can satisfy all of the features, this device can execute the described high-level-
service “drill_hole”. If a user actually calls this high-level-service with the parameters “position”, “rpm”, “depths” and
“feed_rate”, the sequence of the process will be executed. This means, the services contained in the sequence will be
called.

If you compare the skills offered by the combined device “robot_and_drilling_tool” with the skills required by the process
“drill_hole”, you will see that the device offers the skills required by the process. Therefore, this - in this case combined -
device can execute this process.

7. Test Bed Woodworking Cell

Fraunhofer IPA is currently under way to set up a woodworking robot cell to have a possibility to evaluate the above
presented method to accomplish Application-P’n’P. This cell will consist of a robot, a cell controller including a HMI, a
clamping system to fix wooden boards, a vacuum gripper to pick boards from a stack and transfer them to the clamping
system, and at least a drilling and a milling tool. The gripper, drilling tool and milling tool will be equipped with tool
controllers including an Ethernet-Interface. Therefore, it will be possible to implement Communication-P’n’P and
Configuration-P’n’P and on top of both the above described Application-P’n’P. Thanks to the High-Level-Services offered
by Application-P’n’P and an intuitive user interface the cell-user should be able to work with the cell on different
applications without knowing much about the programming of the robot and the devices. Figure 5 shows a CAD-model of
the cell including the above mentioned devices. Descriptions of the devices will be transferred to the configuration module
residing in a PC. The configuration module evaluates the descriptions according to the concept and first implementation
introduced in this paper. Finally, the HMI offers the user high-level services which represent the functionality of the
available devices.
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Figure 5: test bed woodworking cell

8. Conclusion

The concept presented in this paper shows a possibility to realize Application-P’n’P based on functional descriptions of
devices and processes. Especially the ability to recognize synergy effects of devices distinguishes this concept from state
of the art standards. This ability can make the programming of a robot cell in SMEs much easier because one command
triggers a whole sequence, e.g. “pick and place”, instead of only one single action, e.g. “move” or “fix”. This reduces the
effort and knowledge needed to program a robot cell.

At the moment the presented concept copes with not very detailed functionalities. Therefore, the next step will be to add
more detail to the functional descriptions in order to better represent reality.
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