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Abstract—In this paper we present a framework of bench- zles of the Parasol Lab at A&M University of TeXagvhich
marks for evaluating and comparing motion algorithms for jncludes the famous “alpha puzzle”) and the MOVIE Prdject
autonomous mobile robots and vehicles. (aimed at motion planning in virtual environments). Moregv

These benchmarks focus on real-world issues, such as uncer- . L .
tainty and nonholonomic constraints, and on those situations that motion planning is also one of the main areas of the EURON

have been proven to be critical by the past research. Benchmarking Initiativé. The aims of these benchmarks are
strongly focussed in motion planning with many degrees of
|. INTRODUCTION AND RELATED WORK freedom and off-line computation; there is indeed a verykvea

Perf ) benchmark datab d wid attention to issues such as uncertainty, information gathe
erformance metrics, benchmark databases and WIAly: sensors, execution control, etc. However, in the case of

accepted comparison methodologies are very importans tog[,,nomous vehicles or mobile robots (usually involving\a f

for all scientific, industrial and commercial products. BOBS o qrees of freedom), difficulties arise because of realdvor
research, as a special case, often lacks of these kindsl#s{u , e gictability and real-time constraints. Moreovearpiing
thus making it difficult to understand the quantitative 'mélgorithms usually assume to be able to access the whole

provements in specific issues and problems, as well asdailiyo4 gescription, that is not realistic when dealing witrak
in providing methodologies to compare different methods %tonomous mobile robots and vehicles

different environments and scenarios.

In this paper we will concentrate in a particular field o]‘
robotics: motion algorithms for autonomous mobile robatd a
vehicles. This is indeed a very important area in robotic
since, as stated by Latombe [6], robot motion is “eminent

necessary since, by definition, a robot accomplishes fissta Igorithms can only be collected real world benchmarks or

by moving in the real world... ) ) ... . .. simulators that are able to model the real world responses to
Other research communities in robotics and artificial iNobot actions

telllgence_ have found benefits by the definition of open andThe NIST (National Institute of Standards and Technology)
standardized benchmarks and performance measurements, In . . :
: . .15 currently conducting some projects for performance icetr
fact, all improvements and new methods can have immediate . ) . .
o . e and evaluation of autonomous vehicles in real world scerari
verification and can be compared with existing researchgs

understanding their weaknesses and strenghts, with rtespe 9., fche Mol:_nle Autonqmous Robot Software Prcﬂ)acl?:s :
- : . effort is very important in order to detect methodologies in
specific settings or scenarios.

Some examples of these benchmarks are the followi erformance measurements, but it still does not provide a
X ' . idel f hmarks.

RadisH (Robotic Data Set Repository) and Rawsée(tte- dAey accepr;[ed and u?eg get oltbenfczmar S 91 has d

veloped by the Politecnico of Milano), a collection of robot research group at University ol caragoza [9] has de-

data logs used to test localization and SLAMhethods: the veloped an Automatic Evaluation Framework for obstacle

UCI Machine Learning repositotythe PASCAL Collectioh ggsé?an;tiezlt?g:ttzmtiéVr\gg}-\:vec)srfde(i:;sfe;hggc\rl]\gsu?]izldaeis a
for vision-based object recognition and many others. 4

Also in the motion planning community there has been some want to develop a more general benchmark system for

effort in this direction: for example the Motion PlanningZ?u mot'|on algorlthms, including, but not limited to, obstacle
avoidance techniques.

Another issue when dealing with motion algorithms is that it
s an “active task”: it is not possible to collect logs andrthen
algorithms off-line, since each algorithm choice detemsia
ew situation and thus different sensor readings and action
ossibilities. Data for performance metrics in this kind of

Ihttp://radish.sourceforge.net

2http://rawseeds.elet.polimi.itthome Shttp://parasol-www.cs.tamu.edu/groups/amatogrouphraacks/mp/
Ssimultaneous localization and mapping http://www.give.nl/movie/
4http://mlearn.ics.uci.edu/MLRepository.html 8http://www.euron.org/activities/benchmarks/index.html

Shttp://www.pascal-network.org/challenges/VOC/datasahtml Shttp://www.isd.mel.nist.gov/projects/darpaars/index.html



Il. DEFINITIONS AND OBJECTIVES Moreover, in real-world and industrial applications, it is

The aim of this work is to provide an extensive benchmaf{ten necessary to set some constraints that the algoritem h
for algorithms that can be used for mobile robot and vehicl@ Salisfy in order to be used. The concept of constraints
autonomous navigation. In the following we will use the termiS different from the performance metrics described above:
“robot” and “vehicle” interchangeably; in particular, iiis while the latter can be used to optimize the performance or
first version of the benchmark, we are interested in omr Measure the differences of two algorithms, the formeehav

directional robots, skid steered and Ackerman steeredtleshi [© Pe considered strict needs of the application at hand: if
Our main goal is to test and compare “motion algorithms‘.he robot motion does not satisfy one of these constraings, t

This can involve some limited mapping and localization Sk"Lmission is declared failed. Some of these constraints can be

in order to understand the goal and being able to plan thes maximum speed allowed;

path, but the main areas that we want to cover are: path ang maximum acceleration;

motion planning, obstacle avoidance, and control. Moreove « minimum distance from the obstacles.
since we are interested on real systems, we strongly engaura
the algorithms to be tested in situations in which criticzlf
world issues arise, e.g.: The final goal of every robotic research should be the

. the environment in which the robot acts should not paPplication to real world robots and environments. Howgver
modified in order to make its tasks easier: since the direct development in real world scenarios is not

« uncertainty, both on sensor readings and on action resuf@@sible, simulation devices are often needed. Moreoves, i
should be taken into account: much more easier to build scenarios using a simulator: #ns ¢

« nonholonomic constraints and dynamics need to be cdiflP in revealing critical situations that need more attent
sidered when they become relevant (e.g., at high speedd)d further analysis also in the real world. Anyway, there

. only a partial knowledge of the environment is accessibff® real-world issues that cannot be handled by simulators
by the robot, acquired by sensor readings. and the exclusive use of synthetic benchmarks can lead to

With respect to the last item, it is commonly accepted that'} expected failures when applying methods on real robots. F

global knowledge of the environment can be provided to yjese rea_so_”s’ the proposed benchmark database is divided i
robot beforehand (e.g., a map): anyway, it is realistic thit two parts: simulated benchmarks and real world benchmarks.

information can be partial and includes some uncertainty. A Smulated benckmarks
Every evaluation framework should consist of at least two
parts: a performance evaluation methodology and a setg
[

IV. THE MOVEMA BENCHMARK DATABASE

fSimulation is one of the most important tools in robotic

benchmark problems, environments or situations where t V;Er?tn;ireltr.ngtir\]/etzzﬁr?r? Tﬁgzegie:a?]lsgetzfrs;aluatfn of
whole systems or the single algorithms can be tested a 9 gn p Olesy

compared with each other. In the following we will firstand may therefore lead to more general solutions. On the othe
describe a possible set of performance metrics and then .d' it supports the process of software development by pro
will explain our proposed set of benchmarks for robot motiof o9 & replacement for robots that are currently not abmé
algorithms. e.g. brok_en or use_d by another perspn) or not able to endure
long running experiments (e.g. learning tasks). Furtheemo
[1l. PERFORMANCE METRICS AND CONSTRAINTS the execution of robot programs inside a simulator offees th

We identified some performance metrics in this kind Cgossibility to perform an easier and faster debugging phase
u

application, but it is important to underline that no meas e_j%re the f|_rst re?l experlmefnt._ lated benchmarks bedi
can be considered more significant than the other without ehcreitn_)n ofoEr set o_f_swn_u a’ie_ encﬁmar S Degins
a specification of the particular application goals. The mo¥/!th the choice of the specific simulation software to use.

used performance metrics to compare autonomous motiI plart',cﬁlg_rflf we are tl)nteres(tje? |nk.3|mulat-ors thgt are axb)!e
algorithms are: eal with different robot models, kinematics and uncetyain

. . There is a big amount of free and commercial robotic simu-

» the time to r.each the. goa], th_at IS often. thg only perfo[étors that corresponds to these features, most of theng bein

mance r_ngtncs used in th|s_ kind of appl_|cat|on; long-standing projects and extensively used by the sdienti
» the precision a.t .the' tar_get, €., hO.W far is th? robot fro ommunity. Currently, the MoVeMA simulated benchmarks

the .target position: t.hls can be |mp0rt§mt if the rpboére developed for the Stage simulator of the Player/Stage
motion is perfo_rmed in order to gccompllsh some h'gh%rackagéo. This choice is due to many reasons: first of all,
level task that involves other actions. this simulator is widely used by the scientific community and
In addition to these, it can be important to identify anothgg currently also included in some Linux distributions; ika
measure that can be requested in order to maintain the gehigl the use of the Player library, client software is presgnte
stability and integrity: thesmoothness of the trajectories \yith the same interface both to real robots and to the Stage

followed by the robot. Other interesting measures can be foungmylator; since a world is defined by a bitmap and a text file,
in [8], for examplesecurity metrics, i.e., the distance from

obstacles along the trajectories. 1Onttp://playerstage.sf.net
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Fig. 1. Three maps taken from the benchmark database, sholgimghe robot starting pose

‘ﬁcn

it is indeed very easy to generate worlds for benchmarkingutonomous mobile robots[4], used also in RoboCupRé8cue
finally, it is free and open source. Anyway, other choices campetitions), but the performance evaluation, in thisecas

be added in the future, e.g., USARSIMWebotd? or the includes not only the algorithms and software, but also the
Microsoft Robotics Studio Simulation Environméht robot hardware.

The set of the environments includes all the examples givenAlthough these two approach are effective, we propose a
in past research papers (e.g., [1, 3, 7, 10, 12]), espetrale third approach, that can make it easier to compare various
that involve an analysis of one algorithm or a comparisomotion algorithms using the very same scenarios. We suggest
between different methods (e.g., [5, 2, 11]). Moreover, wiat every research group arrange its own reproduciblerexpe
extend this initial collection with other critical situatis found imental conditions (environment and robots) and test prei
through our past research and with many other scenes, ugjag well as its own) software, collecting and reporting back
office-like maps, more unstructured environments and so dhe results.

For each of these maps a set of pairs starting poses/targes po To be effective, this kind of shared benchmarks needs a set
are given. In Figure 1 some samples from the the benchmatigules and policies.
are depicted. o First of all, from the implementation point of view, a

Simulated environments and situations are considered an commonly accepted interface to sensors and actuators is
important tool in developing new algorithms and analyze the needed, as well as a protection system that prevents the
behavior of existing methods with respect to a great spectru  foreign code to harm the robot (e.g., hard-limiting the
of situations. Automatic testing is very easy to performd an controlling speed and providing an emergency break that

thus collecting big amount of data for statistical analysfis has a higher priority with respect to foreign commands).

complex scenarios. Moreover, since the simulator allows to This is currently achieved thanks to the use of Player

introduce uncertainty in sensor readings, this can be dereil drivers.

the first step towards the application in the real world. « Moreover, a precise policy about how often and when
the experiments are conducted is necessary, in order not

B. Real world benchmarks to overload the host research group. The policy should

The use of real-world benchmarks, that can be shared among be accepted by all research groups that want to join the
many research groups, presents some practical problems. In MoVeMA benchm.arks network. .
order to overcome these difficulties, two solutions havenbee * Real world experiments pose aIs:o other kinds of prob-
presented in the past. Scientific competitions, such as AAAI Iems; parameters of mptlon algonth_ms_ are usually tuned
mobile robot competitiotd and DARPA Grand Challend® by trial-and-error sessions, and this is not feasible for
are becoming benchmark de-facto, but cannot be used for remote - experimentation. Parameter tuning is actually
extensive and continuous testing, due to their high costs one of -the main obstacles that prevents one method
and the fact that they take place only few times per year. to be widely use.d.. Indeed, the remote expgr|mentat|on
Another approach is to model standard environments using encourages fo limit parameters to the minimum, and

common elements and materials (e.g., NIST’s test arenas for to prefermeanmgfu_l parameters (e_.g., robot size) with
respect to unmeaningful (e.g., magic numbers for obscure

Unttp://usarsim.sf.net coefficients). Moreover, deyelopers can provide tuning
L2http:/iwww.cyberbotics.com/products/webots/index.html software that can automatically set or learn parameter

Bhttp://msdn.microsoft.com/en-us/robotics/ values. We think that providing easy mechanisms for
Lhttp:/iwww.aaai.org/Conferences/AAAI/2008/aaai08rophp
Lohttp:/iwww.darpa.mil/grandchallenge 18http://www.robocuprescue.org



parameter tuning, being them manual or automatic, [iBl] C. Stachniss and W. Burgard. An integrated approachoti-directed

an important issue for motion algorithms to be Widely obstacle avoidance under dynamic constraints for dynamigreemv
ments. InProc. of the IEEE/RS] Int. Conf. on Intelligent Robots and

used also outside the academic and research world: a step ggems (1RO, 2002.

further in this direction can be to give much more impoIrL2] 1. Ulrich and J. Borenstein. VFH+: Reliable obstacleigance for fast
tance to experiments performed in remote laboratories by mobile robots. InProceedings of the IEEE International Conference on

. Robotics and Automation (ICRA), pages 1572-1577, May 1998.
foreign research groups.

Actually, the same policies can be used to share simulated
scenarios built in commercial simulators.

V. CONCLUSIONS AND ONGOING WORK

This work presented a framework of benchmarks for motion
algorithm experimentation and performance evaluatiore Th
aim is to provide a common testbed for quantitative evabtuati
and comparison of different motion strategies for autonasno
vehicles and mobile robots.

Many issues need further development. For example, the
development of a common software interface that is not
dependent to Player drivers can be useful to include more
robots and sensors. Moreover, it is necessary to define a
common, fixed and well-defined set of performance metrics,
that have to include, as much as possible, all the needs of
mobile robot applications.

In order to be effective, all evaluation frameworks need
to be widely accepted and used. For this reason, our
database of simulated benchmarks and our own real-
world scenarios are available for download and use at
www.dis.uniromal.it/"calisi/movema : we think
that the scientific community can help in improving and
enhancing this database from its very beginning.
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