Metadata, citation and similar papers at core.ac.uk

Provided by Aberystwyth Research Portal

PRIFYSGOL

E¥ ABERYSTWYTH

—=—_ UNIVERSITY

Aberystwyth University

Aspects of sustainable software design for complex robot platforms in multi-
disciplinary research projects on embodied cognition
Hulse, Martin; Lee, Mark

Publication date:
2008

Citation for published version (APA):

Hulse, M., & Lee, M. (2008). Aspects of sustainable software design for complex robot platforms in multi-
disciplinary research projects on embodied cognition. Abstract from IEEE/RSJ 2008 International Conference on
Intelligen Robots and Systems, Nice, France. http://hdl.handle.net/2160/1868

General rights

Copyright and moral rights for the publications made accessible in the Aberystwyth Research Portal (the Institutional Repository) are
retained by the authors and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

« Users may download and print one copy of any publication from the Aberystwyth Research Portal for the purpose of private study or
research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

« You may freely distribute the URL identifying the publication in the Aberystwyth Research Portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

tel: +44 1970 62 2400
email: is@aber.ac.uk

Download date: 09. Jul. 2020


https://core.ac.uk/display/326664753?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://pure.aber.ac.uk/portal/en/persons/mark-lee(a6b99dd2-f720-45c7-9967-9552364d5efb).html
https://pure.aber.ac.uk/portal/en/publications/aspects-of-sustainable-software-design-for-complex-robot-platforms-in-multidisciplinary-research-projects-on-embodied-cognition(6a5873d1-4574-4e00-a658-63b0665afdcb).html
https://pure.aber.ac.uk/portal/en/publications/aspects-of-sustainable-software-design-for-complex-robot-platforms-in-multidisciplinary-research-projects-on-embodied-cognition(6a5873d1-4574-4e00-a658-63b0665afdcb).html
http://hdl.handle.net/2160/1868

Aspects of sustainable software design for complex robot atforms in
multi-disciplinary research projects on embodied cogniton

Martin Hilse and Mark Lee

Abstract— Sophisticated robot systems have become an im- and usually also a multi-center project. Robotic engineers
portant part in cognition research. On the one hand, au- and scientists from different fields have to combine their
tonomous robots are intended to provide a proof of concept approaches and know-how in order to create systems beyond

for cognitive models. On the other hand, cognition research th t state-of-th t One i tant f thi
becomes a source of inspiration in targeting current limitaions € current state-oi-the-art. One important aréa ot thra-co

in the engineering of robust, flexible and adaptive artifacs.  bination is software development. Usually multi-disanalry

In this work, we discuss aspects of software development and research projects cannot start from scratch building upaa ne
integration for heterogeneous robotic systems in cognitio re-  system. They are rather confronted with a task of integnatio
search. As we will argue, one important issue is the combinain -, \yhich specific and very different software components
of different computational paradigms within one robot sysem, .

which are rooted in the divergent approaches of engineers a@h are combined to one complex system. Very often these
scientists. This discussion lead to the introduction of a §twvare ~ Software components have been developed over years and
framework aiming to overcome some well known problems of are tightly bonded to specific constraints, such as operatio
sustainable software development in robotics, but particlar system, programming language, middleware. The crucial
important for multi-disciplinary and multi-center cognit ion point for robotic platforms in cognition research projeists

research projects. The introduced framework is based on wél the diff bet the d in of i h and
established standards in software engineering and therefe can € difference between the aomain of cognition research an

be considered for a wide range of cognition research plations ~ €ngineering, which is also indicated by the difference ef th
and projects. Further on, we will briefly present a robotic séup ~ applied software frameworks [1]. Due to missing standards
where this framework is applied. It consists of a manipulato  in robotics it is already difficult to extend or integrate obb

of 14 DOF (degrees of freedom) and an active vision system gystams without considering high-level cognitive models.
of 4 DOF. It is part of research activities aiming to model H the int fi f softw d | din the d .
behavior integration and action-selection mechanisms basl in ence ) _e In ?gra lon of so _are eveloped in the domain
large-scale neural networks. of cognitive science and robotics becomes rather a challeng

of its own.

. INTRODUCTION

The progress in robotic manipulation and mobile robot The objective of this.paper IS to outline c_rucial aspects
makes nowadays an autonomous robot platform more th.Ijl A becqme relt_a\_/ant n software_ engineering of robotic
an object of investigation for its own right. Miniaturizeti systems in cognition re§earch projects. Based on our ex-
has led to platforms equipped with high dimensional sensof$ence and recent reviews on software development and

and actuators with many degrees of freedom able to en@teg_ration in roboticslwe hqvg developed a framevvprk for

the daily environment of human beings. In consequencg]ed'qm and large prOJectslglmlng for complex expenmer!tal

the focus of research and development is turning to robu%:f),botIC platforms for cognitive quels. This framework is
purely conceptual, based on design patterns and standards

multi-modal, multi-functional and adaptive interactiof o' _ i .
an autonomous robot system in a complex and dynamliﬁ software engineering, and can therefore be applied to

environment. The creation of artefacts of such flexibilgy i ar.ﬁ/ har?v_vare and sloftwarte er;vlrr]anr;ent. FurtEgrmgret, .}Ne
still a challenge, especially if scalability is considered Wil explain some elements of this Iramework In detar,

Cognition research has become one source of inspiratigr‘?sed on Ie>§amples_ of adn 0230|ngthpr01(a]cpt basmallty mvoIv:jng
as well as a guidance to overcome current limitations if,_ manipuator equipped with a three-linger system anc a

engineering of more complex and adaptive systems. On t %ereo-wsmn system. This experimental platform is used f

other hand, cognition research projects have been uglizir¥ e development of large-scale neural models coordinating

robot systems as demonstrators and therefore they server%%Chmg and grasping tasks.
an important proof of concept in this field. Furthermore, . . . .
embodied cognition, in particular, is focused on the crucia This paper is organgd as fQHOWS' The ne>§t _sect|0n
role the body has for the development of cognitive behavio'Ptmdu‘?e.S the key aspect_mfluencmg th_e software m_tegrat
and therefore it becomes rather usual that experimentssin ! C(_)gnmo_n research prOjects. Atter this, the fOII(.)W'“gOt
research involve robot systems of arbitrary complexity. sections give an overview of the-state-of-the-art in safaw

I . evelopment/ integration in robotics and outline our psado
As soon as sophisticated robotic systems become part o o oo ”
= ! . g .. .. ~0of a framework considering aspect of robotics in cognition
cognition research project one is facing a multi-disciatin

research. This is followed by a section which gives a coecret
Dept. Computer Science, Aberystwyth University, PenglS¥23 3DB, example of this framework leading to the concluding section
Wales, UK{nsh, nhl }@ber . ac. uk of this work.
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II. KEY ISSUES OF SOFTWARE DEVELOPMENT that clusters might be necessary to simulate large-scalahe
IN ROBOTICS models driving a robot platform [2]. Hence, nowadays ropust

The problem of sustainable software design has pedfgnsparentand relia_bl_e interprocess communication éed n
an important issues in software engineering in general af@f @lmost any nontrivial autonomous robot system.
therefore is widely and continuously discussed in manysieldd. Distributed teams

and domains. Guiding issues like modular, interoperable Where cognitive science and robotics meet it is very

ar!d reusable_ softvyarg have qu to the promotion of Ob]eﬂ kely that developers of specific system components are
oriented de_S|gn principles, d?s'gn patterns as Wel_l a¥ag eographically distributed. The exchange of source codées a
and test-.drlven ;oftyvare design methods. Th_ese issues @8 -re libraries (sometimes even only pre-compiled) via
relevant in robotics indeed, but shall not be discussed. hetg 1o software repositories becomes only one majoeissu
Neverthfles;, the LOllQWIng CO."(TCft'On ogjtll_nes Ispe((j:lfs:— ?_to consider in this process. Due to the division of knowledge
S.eCt.SI.O sottware he5|gr_1 crucial for robotic related multiy,q competence within a project it also very likely that
Isciplinary research projects. software integration between the different partners ibaat

A. Prototypes and multi-components vertical instead of horizontal.

- . . Horizontal integration means that two or more project
Sophisticated robot systems are build up of different . 9 o : pro]
! tners deliver software which is horizontally organized
components. Sensors, actuators and mechanics supposed 10. . X
: within the overall software architecture. For instancee on
establish a coherent robot system are very often products 0 :
; . team delivers the hardware and software of sensor fpe
different manufactures. Sometimes these components have. . .
; while another team is doing so for sensor typand another
even the character of a prototype, i.e. software and harmlwar . .
. . . o eam is responsible for an actuatGr All three software
are not sufficiently tested and might lack in specific func- .
tionalities and robustness. Furthermore, it is not unuthal components can be developed independently.
the delivered driver soﬂWare of hardV\;are devices is ver A vertical integration starts if a fourth party develops
rudimentary, though one might expect software rovidin')j/lppllcatlonsx on top A, B and C, taking data fromA
Y: 9 9 P P nd B and generating data feed intG. The success of

already solved and well known standard applications. this type of integration depends on very carefully defined

In consequence, for robotic components the first step is ﬂ.]g\%d implemented interfaces. Since formal interface defimit

deve!opmgnt of a software which provujes robust ar_ld gene.rlglnguages are purely syntactic and cannot cover any senanti
functionality and a proper error handling mechanism. Thi formation, this process must involve an understanding of

includes also sufficient test cases, which suppqrt a rolngkt a e constraints and needs of each part in a reasonable depth.
smooth exchange of system components, if firmware an

. is usually requires time, rather days than hours.
or hardware devices must be upgraded or exchanged. yred y
E. Simulator

Almost every complex robotic project sooner or later
In research laboratories it is common that one device, i-?equires the use of a simulator, especially if an autonomous
a whole robot system or a specific component, is used feppot system is intended as a test platform for learning
experiments in different domains. This might be necessag; other forms of self-organized mechanism of adaptation.
because experiments in a project must be conducted onsgnylations are an important tool to provide a proof of
lower level of functionality in oder to decide future deSignconcept for new methods and in order to tune important
issues. On the other hand, a research laboratory might Bgstem parameters in advance. However, it only makes sense
involved in other projects, currently or in future, and s@sit 1o yse simulators if the control software under investiyati
essential that specific components can efficiently be used ganerates the same qualitative behavior in simulation as on
very different experiments. the real robot. It is also important that the same control
Therefore it becomes important for the software design tgsftware can directly be used for both, simulator and real

tions and of course this should take as little effort as fbssi

This refers to the need that the core functionality of rabotiF Integration of different paradigms
devices can be used independently, and that the exchang&obotic related cognition research projects have to pay
and extension of system services with respect to hardwaparticular attention to the coupling between high-leverie

B. Different representations and levels of abstraction

and software must be provided. tive models and hardware specific software. Cognitive mod-
o ) els are grounded in specific paradigms of computation and
C. Distribution of computational resources knowledge representation. Consequently, this leads temod

Robotic system components might only work in a specifitmplementations based on declarative or functional cosmput
software environment. Some devices might also run olanguages or even simulations of neural networks. In centra
specific hardware, such as FPGAs. It is also usual thaardware-close software is usually developed in procédura
computational expensive processes have to be distributedmputer languages strictly following this paradigm.
over different computers in order to guarantee real-time The problem with different paradigms is that sometimes
constraints. Recent experiments in neuroscience also shepecific constraints present either in the higher-levelehod
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in the lower-level software cannot directly be represeiited
the other domain. Hence, these constraints cannot be ltandle RF
at all and therefore cut the overall system performance.
Examples relevant in almost any systems combining robot
hardware and cognitive models are real-time constrairds an CM
the different time-scales that specific system componests a
operating on.

In consequence a lot of effort must be put into developing DA
efficient pre- and post-processing, scheduling and error-
handling for bridging robot hardware and cognitive models.

o Fig. 1. The three software architecture layers of systerigdés robotics.

G. Flexibility DA, driver and algorithmsCM interprocess communication layer aRdF

The aspect of different paradigms leads to another probo-bOtIC control framework, see also [3], [4] and [10].
lem, also described in [1]. An engineer creates systems,
whose component functions are most efficient when they _ _ _
meet a detailed set of specifications exactly. The conseguer€W software. Mostly such implementations are claimed to
is high performance for a very specific task. But as soon & More general, but indeed, are addressing only specific
the application domain is extended or becomes more genefg€ds and even more crucial the software is even immature.
a decline of performance must be expected. Consequently, it |s_n_ot used by other labs and therefore is

On the other hand, higher-level robotic applications, anffr away from providing a base for any standard.
cognitive scientists are no exception, they develop theidm  Noticeable is the effort in many robotic projects devel-
els, applications and experiments in a language groundedqRing middleware for a framework of handling distributed
an ontology based on general principles. Hence, they expéepotlc systems. However, interprocess communication is
reasonable and scalable performance for general domains &% important aspect but not the only one for autonomous
problem spaces. robots. Recent reviews [3], [4] show that in robot systems

The aspect of interface definition and description was aPasically a 3-layered software architecture must be censid
ready described in section II-D for geographically disttésl  €red (see Fig. 1). In the lower lev@)A software driver
teams. In this context, interface definition and implements2nd algorithm implementations are located. The middlelleve
tion become crucial because of the multi-disciplinary elsar CM provides interprocess communication. The top I&REl
ter of cognitive science and engineering, thus, the differeis the place where the actual robotic control frameworks

approaches and the divergent expectations of specific afff developed. It is this top layer where robotic projects
general system performance. implement their strategies and models, generating igtsili

In fact, one has to accept the inevitability of differento€havior. Some research projects claim that this levellshou

understandings between cognitive scientists and engine@fovide a declarative programming framework [3], because
about the needs and the relevance of specific elements By think itis the best way to implement intelligent beteavi
the targeted models and tasks. This discrepancy is oft&tpwever, other projects would probably disagree introdgci
overseen at the project-start but will emerge as soon gsd!ﬁerent f_ramework forth|§ Ieve_l,wh_lch matches bestwit
lower and higher level implementations meet. As a mattdheir paradigm of computational intelligence.
of fact, the re-definition of interfaces, frameworks or even Being aware of the subjectivity and biased view on the
experiments will be the consequence. In our experience sutp level, current activities in developing general roboti
re-definitions will happen several times in larger projentd ~ programming frameworks are primarily focused on the two
always go hand in hand with refactoring of certain extentdower levels:DA and CM. Player [5], for instance, delivers
It is therefore, important to be aware of this problem, and o framework, whereDA and CM are interwoven [4]. The
the other hand to provide a software engineering framewotkARPsoftware [6] actually provides only a framework for
which allows, with reasonable effort, the alteration of théhe CM layer. The developers oMIRO [7] had similar
interfaces and the corresponding implementations on boiftentions. However, they have bultiRO as an extension of
sides: robotic hardware functionality and high-level ctiiga ~ CORBAIn order to make this powerful middleware standard
models. easier to handle and faster to leaROCI [8] is based on
the philosophy that complex robot behavior is achieved by
lll. STATE OF THE ART “wiring” irreducible modules. In consequence, this softeva
Robotics community is aware of the first five problemgorovides the design of modules acting in a decentralized
issued in II-A — II-E, but very little attention is focused onmanner. Therefore, iRROCI all three layers collapse into
the problem of different paradigms. Nevertheless, statslarone network of interacting primitive modules.
providing robust and flexible solutions for interoperable, Another strategy calledMARIE [9] tries to support the
reusable robotic software does not exist yet. Although thieuse of existing programming environments and their con-
lack of standards is recognized by many researchers, the mosctions through a common middleware framework. Being
common solution to overcome this problem is to develop aware about the missing standards in interprocess commu-
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nication MARIE provides basically a set of design patterns ! RF
able to integrate communication protocols present in gyste ! !
composed of heterogeneous hardware components. Howeve — ________________________
the whole design is based on middleware. l CcM

Once again, these examples represent the focus dbithe CLIENT | ‘
level, which shows that system design is almost completely !
seen as a problem of reliable communication between the SERVER |
components. However, reliable and transparent communi- L __ I
cation has always an offset. This offset is crucial if many S DA
relative primitive interacting components have to copenwit MVC! !
|
|

real-time constraints. What we want to emphasize is, if a

framework based on interprocess communication is applied

for system integration, it follows that, the lower the leed!

system functions the more the reduction of system perfor- = “—---—-----—""~---~——--~—~ !

manf:e d.ue o the Oﬂset of communication. . Fig. 2. The proposed software architecture framework iatiah to the
It is this observation, that led us to the formulation of &.jayered variation in Fig. 1.

framework which tries to keep the middle layéM as “thin

and high level” as possible. However, interprocess communi

cation provided irCM is an essential part in order to connecfand parallel interacting with model. Different views can
high-level cognitive models and robotic hardware. But irprovide different representations of the current data even
using it very sparely one can apply computational expensigking into account temporal aspects. Control elements can
but standardized and mature middleware solutions. In doingther monitor and maintain defined constraints or insdmti

so, one has a wide coverage of different software enviromnore sophisticated control schemas. It is also possible to
ments and on the same time one can handle many effectiy§mbine severahPI components within one model.

real-time constraints on lower level functions without the ag e have argued above, the middle le@l primarily
involvement of computationally expensive rr_1idd|ew:?\re.sThiConnectS the cognitive model implementationsRR with
reduces also the effort needed for refactoring the intesfacine ropot hardware and related services. Since the software
between high-level cognitive models and robot hardwargyironment for cognitive models and robotic hardware is

However, the problem of modular, interoperable and reesablopaply very different, it is recommended to use standard
software design in the basic layPA must still be addressed mjddleware solutions in order to cover as much diversity

explicitly. We have done this by the usage of specific desigs possible. And to our knowledge, these standards in the
patterns, which will be explained in the next section. domain of distributed systems will all support client-sarv
IV. GENERAL ERAMEWORK frameworks. Hence, robotic functionalities and servicas c

_be provided by one or more server applications, while client

The general framework of our software architecture ige responsible to request and deliver data needed and
based on the the three-layered architecture as show in F'g-g]enerated by the cognitive model running in 1RE layer.
However, in the need for the support of a sustainable soéwaggtice, the usage of standard middleware solutions also
design inDA we have divided this lower level into two levels: provides the distribution of lower robot functions, begaus

APl andMVC (see Fig. 2). different servers can run on different machines.
The lower APl provides simple and almost purely hard-
ware related application interfaces. These interfacesgigeo V. ROBOTIC SETUP EOR THE REVERSE

common and general functionality for specific hardware ENGINEERING OF THE VERTEBRATE BRAIN
devices, such as cameras, laser scanners, actuatorsugtitho

these implementations will be usually very simple and The above introduced framework is applied in a project,
straight forward, they shall already make use of an objectalled REVERB [14], in which behavior integration and
oriented design. Also important is the testability of eackaction-selection mechanisms are modelled based on biolog-
component and the support for other software developeially inspired large-scale neural networks. These models
through documentations and basic example applications.dte tested and developed on a robot platform basically
is also necessary that the components in &f layer consisting of a 14 DOF (degrees of freedom) manipulator
can independently be used and developed. This ensures #mel a vision system. The manipulator integrates a 7 DOF
smooth integration or update of new hardware and firmwargightweight arm LWA3and a 7 DOFDextrous Hand SDH

On top of these APIs we only develop new systenBoth devices are manufactured by SCHUNK GmbH & Co.
functions based on the model-view-control design patterdG [13]. The vision system is based on a 4 DOF pan-
[11]. This design pattern supports a complete separation tilt-verge platform equipped with two firewire cameras and
hardware from applications and the first level of abstractio a SCAMP vision system [12]. The unique feature of the
While the model element provides all the hardware funcSCAMP system is basically the pixel-per processor vision
tionality the view and control processes can independentghip based on analog technology. This allows the execution
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VERGE

2 x IEEE 1394

Fig. 3. Robot hardware and corresponding distribution ower PCs. The
overall experimental platform consists of a manipulatorldf DOF and
vision system involving a pan-tilt-verge system, two firevcameras and
a SCAMP vision system [12].

processes in an arbitrary manner. In such a way, different

of computational expensive image processing algorithms fayers of artificial neural networks can be connected, egen r
real-time. current. The processes can be implemented within a general
Almost typical for the integration of different devicescea C++ environment and the connectivity with other processes
is based on a different communication channel, such as CARg defined in a XML-based language. It is also possible to

bus, serial, USB, firewire and ethernet. Currently, the twdimulate the system in a MATLAB environment.
main hardware components are even connected to differentDUe to its general character, CORBA-clients can straight-

computers, (see Fig. 3). fqrwgrd be instantiated iBRAHMSprocess. In such a way, a
distributed robot systems becomes part of a large-scal@heu
A. Software architecture model, which is simulated iBRAHMSand might itself be

Our software architecture has five independent comp&Xecuted on a cluster.
nents in the API layer; each for every hardware deviceé .
camera, pan-tilt-verge systerhWA3 SDH and SCAMP . The usage of design patterns
On top theMVC layer integrate some but not all of these The benefit of model-view-control based implementations
componentsLWA3 SDH and SCAMPhave still their own might be best briefly demonstrated by the following two ex-
model-view-control implementation, while pan-tilt-vergnd amples. We have outlined above that reusability of software
cameras are integrated in one pattern (Fig. 4). This doawolves the alterations of data representations and tred le
not mean that in the future no other additional patternsf abstractions. For visual information this means, thatgm
will summarize other components. This depends on thaata might be applied to different filters or feature detecti
development in the project. processes. Hence, we have used the views in the MVC-design
The applications in theMVC layer are wrapped by pattern in order to deliver different filters. The instatidas
CORBA server implementations providing an interface foof the view processes operate independently and paraltel. O
interprocess communication and distribution. CORBAstlie one side, this supports the exploitation of multi-processo
implementations in arbitrary software environments ar& nosystem, but more important, the implemented filters can be
able to access these hardware components and the servigpglied to any future instantiations of the corresponding
provided in theMVC-level. Due to usage of CORBA the design pattern. Therefore, a set of independently used func
interfaces must be written in IDL (interface descriptiortions can be generated which is totally separated from the
language). This provides, at least on the syntactical Jlevalnderlying hardware.
coherent interface definitions between low and high level As only one example for theWA3 7 DOF arm system
functionality. we have implemented a simple arm coordination task based
Actually CORBA-clients are part of the processes whicton two independently working control processes. The arm
establish the overall target of this software organizatibat coordination task is simply: while arm is moving, the ori-
is the cognitive model implementation. As we have menentation of the last segment, the hand segment, shall remain
tioned, the cognitive model in this process is implementethe same.
by large-scale artificial neural networks. The softwareduse The corresponding MVC-pattern is initiated with only
to simulate these networks is callBRAHMS[15]. Among two control process. The first is responsible for the global
many features, wittBBRAHMSone is able to link different orientation of the arm, while task for the second process is
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to keep the orientation of the SDH hand in space constardrgued, this supports the integration of different computa
The bottom-line of this example is that the first process idonal paradigms. The last aspect makes our framework par-
actively changing the global configuration of the arm, whilgicularly interesting for robotics in cognition researgihere

the second is passively adjusting the remaining DOF, whiclengineers and scientists from different fields must intiegra
in this case, maintains the orientation of the hand. Bottheir different ways of system design and modelling.

control processes are operating in parallel on the same data
This avoids inconsistencies and makes the overall control
much easier.
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C. Switch between simulator and real robot system

The usage of CORBA supports also the integration of sim-
ulators. As we have seen it for the robot hardware a CORBAH
server can also be based on a robot simulator. If both server
implementations are based on the same interface definitiolg]
given in IDL, it makes actually no difference for a client 3]
to which server it is talking. Hence, without any changes in
the client, it can communicate either with the simulator or
with the real robot. This type of integration is successfull
applied, for instance, for the mobile robot platform KURT3D

and the corresponding simulation MACSIim [16], [17].

(4

(5]
D. Summary

The brief introduction of our robotic platform already
outlines the importance of two key aspects in our softward®
architecture:MVC design patterns and CORBA as widely
supported middleware standard. TWM® C patterns guarantee [7]
the strict separation of APIs and application layer rigbtrir
the beginning. This supports the independent, modular, tesg,
driven, and scalable software design of robotic components
We have also elucidated, hdMV/C patterns can simplify the (0]
control and provide different data representations. Cempl
multi-modal and computationally expensive algorithms can
already be implemented in thdVC-level without the usage
of middleware.

The usage ofMVC allows the integration of theCM
layer on a much higher level of abstraction, which ca
lead to the reduction of interprocess communication. There
fore, powerful and computationally expensive middleware
standards, like CORBA, can be applied without violatindlzl
real-time constraints in the overall system. As we see in
our example CORBA supports as wide range of softwarié3]
environments, which enables us to couple our robot hardwalfé
with a MATLAB framework. Further on, the IDL used
in CORBA provides robust interface definitions betweel5]
different developer teams and totally different data sesirc [16]
such as a simulator. It is this last issue, which enables us to
run a cognitive model either on a real robot or a simulator
without any changes.

[10]

VI. CONCLUSION 17
Focused on current standards in software engineering we
have introduced a software architecture particularly Heve
oped for robotic systems made of heterogeneous hardware
devices and components. We have outlined how model-
view-control design patterns and CORBA, as the leading
middleware standard, can provide a sustainable software
development for different levels of abstraction. As we have
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