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Abstract. Artificial Intelligence is implemented in various sub-systems
of larger applications. Especially in the field of robotics, many indepen-
dent components need to interact cooperatively and in parallel in order
to yield desired results. A high degree of coupling between the systems
exists, and some hybrid algorithms require intensive cooperative interac-
tions internally. In robotics it is seldom, that just one specific problem is
targeted by an implementation. The proposed architecture is currently
being realized for Robot Soccer (MiroSot and Humanoid) and for Soccer
Simulation Leagues. The ability to re-use and re-combine the components
on demand, therefore is essential, while maintaining the necessary degree
of interaction. For this reason various software components are designed
on top of a Service Oriented Architecture (SOA) using Web Services. An
additional benefit is a platform independence regarding both the oper-
ating system and the implementation language.

1 Introduction

Robotic Systems are often used in place of humans or biological organisms.
So their design specification requires taking many interacting sub-systems into
account. That usually includes: vision and other sensory systems; motor control
and other actuators; action and strategy planning; adaptability; and possibly
others. Each of these systems may be by itself composed of several sub-systems
employing a network of algorithms.

A typical setup for such a scenario is a robot soccer league’s system [1] with
a central vision system (Fig. 1). It is advantageous that a single computer may
be used for all purposes. This machine then provides all control functionality of
a single team and may introduce a bottle neck in computational resource to the
system. For example a robot wants to move from location A to B:
1. The vision system detects the surrounding environment, by identifying

object types and their location through the position in the image.
2. The path planning algorithm requires the robot’s own position, the posi-

tions of the target location B and the positions of obstacles.
3. The motion control system requires the robot’s own and the target’s po-

sition and orientation for the next way point.



Fig. 1. Physical setup in a
MiroSot competition.

Fig. 2. Distribution of workflow components
on the network.

4. The motor control then requires the motion control’s designated actuator
states to map them to the devices using the hardware control interfaces.
In this example the various sub-systems ideally operate all at their individual

rate (e. g. vision system with the frame rate of the camera) and communicate
their information through interfaces on demand to other sub-systems (see Fig. 2).

This paper outlines the design decisions currently in the implementation
phase for a new system, based on a Service Oriented Architecture (SOA) using
Web Services that aims to achieve this.

2 System Architecture

If dealing with one specific problem domain only (e. g. Robot Soccer in the
MiroSot small league), the software can be built on top of the (robot) vendor
supplied software tool kit only. However, ongoing alterations by multiple inde-
pendent developers in this code base significantly decrease the comprehensibility.
Finally an implementation for multiple domains (e. g. for MiroSot and humanoid
league) will completely fail on the provided vendor’s development kit.

A goal was to cope with complexities introduced by the design for imple-
menting specializations. It requires addressing multiple domains and distribu-
tion/parallelization of tasks, while still gaining independence of programming
languages and the executing operating system.

By compartmentalizing the systems, the ties between functional sections were
loosened. Communication between the components is only possible through the
defined interfaces to them. The interfaces are exposed in a Service Oriented Ar-
chitecture (SOA) as Web Services to the rest of the system, so that individual
components can be placed on remote systems as well as locally. The next benefit
of using Web Services for communication is, that all components can be imple-
mented using an implementation and platform fittest for the task. This yields a
building block approach in which a larger application can be constructed from
available components in the “tool box”.

This approach contrasts the tightly coupled, monolithic architecture provided
by the hardware vendors. In the vendor’s system all steps of the process chain
are forced to run at the same beat. Thus, in a decoupled system the number of
executions for some sub-systems can be cut by a factor of 15.



3 Implementation

The implementation needs to provide mainly two things: Utilizing the domain
independence of created components (robot soccer, soccer simulation, robot sim-
ulation, robot rescue and others) and focusing the development on one specific
component, disregarding all other neighbouring components (or mocking them).

To highlight this, Sect. 1 provides the necessary steps for an analysis. The
vision system (step 1) requires computationally expensive operations at a high
rate (frame rate of camera). So it will be implemented most likely in a na-
tive/compiled language (e. g. C++) on a system that is capable of interfacing
the camera. Further path planning and motion/motor control can be performed
on another system. These could be implemented in languages that are by far
more efficient in terms of development effort (e. g. Python, Java, Visual Basic).

All sub-systems are interfacing a communication layer, managing requests
transparently through Web Services [2]. In case of changing demands this sin-
gle layer only needs to be modified for an alternative coupling. Only the vision
system and the motor control feature a direct access to hardware. Properly de-
signed interfaces provided, these can easily be replaced by the virtual hardware of
simulation systems, or replaced by alternative specific hardware drivers without
introducing further dependencies. The path planning algorithm would request
a list of vectors (positional and velocity) for all objects from the vision system.
Even though the strategy and path planning may only need to be updated twice
every second, it can still take advantage of the precise computations of the vision
system – performing synchronously with the 30 fps of video capturing.

New/updated paths result in an update of way points for the robots. These
vectors are requested on demand by the motion control, which, in turn, relays
actuator settings to the motor control [3]. The motor control (or locomotion
layer [4]) represents a robot’s embodiment. It converts control signals from the
motion control (steering layer) into motion of the robot’s “body.” This motion
is subject to constraints imposed by the body’s physically-based model. As this
layer is dealing with the control of physical equipment it may take advantage of
an increased update rate (10 Hz) due to the decoupled system.

4 Performance

Performance may be crucial to the success of a robotics application. The pro-
posed architecture introduces communication overheads and uses interpreted
languages rather than natively compiled ones. The main advantage, however, is
that it frees one from worrying about other tasks introduced by the framework’s
code used for the implementation. Thus, a loosely coupled application design
will lead to more performance in terms of (the quality of) research output. Ad-
ditionally – as the decoupled implementation is based on an SOA – services can
be requested on demand, rather than at the time of availability.

In many publications on robotics a time frame of 33 ms for the maximum
iteration duration of the control system are given. This value has been derived



from the frame rate (30 fps → 33 ms) of cameras forcing the computationally
dominant vision system and the rest of the control chain. As a result of decou-
pling this force is removed from most sub-systems, giving the freedom to spend
clock cycles on the architecture and more suitable implementation languages.

To evaluate the communication overhead a “worst case” test has been un-
dertaken. A purely interpreted implementation for Web Services in Python has
been benchmarked. Times were taken on a single host and across two bridged
10 MBit/s network segments to determine the communication overhead. The
slimmest communication (within one host) using no WSDL (Web Services Def-
inition Language) interface description (< 3.5 ms) has been tested against the
full-fledged networked WSDL request (< 35 ms). Using the highest determined
request frequency (10/s) from Fig. 2 it can be seen that the communication
overhead is low enough to perform sufficiently.

5 Conclusions

Investment in re-architecturing the system yields an easier and more focused im-
plementation of sub-tasks. Freedom of choice for the implementation language
away from C++ only, and freedom not to have to worry about “neighbouring”
functional components to a problem and dramatically increase the speed of de-
velopment. Due to a better focus on the current core problem, more innovative
and robust solutions were gained.

Someone interested in improving the system’s AI, therefore, would be relieved
of the impact on the rest of the infrastructure. Development can be performed in
any programming language that is suitable (or familiar). Additionally, a widely
used and standardized protocol for an SOA has been used to further reduce
system induced barriers for communication. And finally, the host and operating
system used for a specific sub-task is independent from the rest of the system.

Computational efficiency of the system could be gained. This was achieved
by decoupling components for distribution on hosts most suitable for them. All
components work in parallel at the most appropriate rate without being forced
into the “dominant” beat (e. g. the camera’s frame rate), to save valuable CPU
cycles and utilize parallel environments (multiple CPUs/cores or machines) most
efficiently without sacrificing accuracy.
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