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Abstract

This paperpresentsa novel ultrasonicsensingsystemfor

autonomousnobile systems We describehow wide-angled
ultrasonidransducersanbeusedo obtainsubstantiainfor-

mationof theervironment. This canbeachievedby exploit-

ing theoverlappingof thedetectiorconedrom neighborsen-
sors. Theultrasonicsensingsystenmalsoallows thedetection
of multiple echoedrom differentechopathsfor eachsensor
In this way a significantly highernumberof echoescanbe
obtainedin comparisonto corventionalultrasonicsensing
systemdor mobile robots. In orderto benefitfrom thein-

creasedensoinformationadequatelatapost-processingg

required. In this context we describehow an ervironment
modelcanbecreatedrom realultrasonicsensodata.
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INTRODUCTION

Consideringthe navigation of autonomousnobile systems
in only partially knowvn or unknavn dynamicervironments,
thecompletecontact-lessensorycoverageof theworkspace
represents fundamentatifficulty. To overcomethis prob-
lem, several sensorsystems(having different positve and
negative propertiesjareusedin combination.However, dur-
ing operationof autonomousystemsn real environments
(e. g. homes,industrialplants,railway stations,exhibition
halls)mary objectsappearvhichcannotereliably detected
by ary of theemplo/edsensosystemge. g. mirrors,panes,
shiny metalsurfacestableedgesfencesclotheslinesstair
heads shav-casesshelfsandracks). In suchcasedactile
sensorsene assafetydeactvation,whereaghey oftenalso
cannotcover the whole potential collision range. Our ob-
jective is to improve the recognitionof objectswith sonar
Sensors.

Ultrasonictransducersre preferablyusedto obtainthree-
dimensionalnformationof theervironment. Themostcom-
monly usedsonardevice for mobilerobotsis thewell known
Polaroidultrasoniaangingsysteni12] with adetectiorcone
of 30°. Dueto therelatively narrav detectionrangeof the
Polaroidsensoraswell asthe angularandspatialdisplace-
ment of the sensors,crossechoesfrom neighborsensors
ratherarisefrom speculareflectionghanfrom anobjectlo-
catedwithin thebeam-widthoverlappingof thesensorsThe
standardPolaroidsystemis configuredto sendout a short
ultrasonicpulse and measuringthe "time of flight" until a

first echofrom anobjectcanbedetectedy the samesensor
In orderto improverobotperceptiorwe decidedo usewide-
angledultrasonictransducersndto detectmultiple echoes
per sensoraswell as crossechoesfrom neighborsensors.
For thisreasora novel sensingsystemwasdesignedandal-
gorithmsweredevelopedto post-processhe sensordatain
orderto obtainimproved ervironmentalinformation.
Theultrasonicsensingystemwvasdeplo/edonanintelligent
wheelchaifMAid) developedat FAW Ulm aswell asonan
experimentalrobot XR4000 from Nomadic Technologies.
MAid (mobility aid for elderly and disabledpeople)was
designedo autonomouslyor semi-autonomouslyransport
peoplethroughprivate and public ernvironments[13]. The
experimentalobotXR4000at FAW senesfor simulatingan
automaticallyguidedhospitalbed (AutoBed)[1]. For such
applicationsahigh perceptiorof therobotis particularlyim-
portantdueto safetyreasonsWithin this paperwe describe
the circular sensorarrangemenbn the experimentalrobot
andwe demonstratehe behaior of the ultrasonicsensing
systemin atypical indoorernvironment.

RELATED WORK

In orderto understandhe motivation for a novel ultrasonic
sensingsystemwe review relatedwork:

Wilkeset al. [15] presentan algorithmthat usesmultiple
peaksin the return signalsfrom several transducerswith
broadbeamsof 70° andoverlappingfieldsof view; but they
do not exploit crossechoesdrom neighborsensors.A grid
basedrepresentatiomnda Bayesianupdateschemesimilar
to MatthiesandElfes[10] areusedto integratethe multiple
returnsignalsfrom multiple transducersind multiple robot
positions.

PeremanandVanCampenhoufl 1] proposeatriauralmea-
surementsystemcomposedof one transmittingand three
receving ultrasonicsensorsn orderto distinguishbetween
planes,cornersand edgesby meansof triangulation. They
argue that by triaural sensingmuch lessmeasurementare
necessaryo recognizethesethree basicreflectortypesin
comparisorto standardime-of-flight sensomsystems.
Lawitzky et al. [8] comparemonaural(1 transmitter 1 re-
ceiver), binaural (1 transmittey 2 recevers) andtriaural (1
transmittey 3 recevers)sensoisystemconfigurations.They
statethat binaural or triaural sensingallows to get more
information from a single measuremenly sensingseveral
featuresat once. For this reasonthey concludethat these
principles have a large potential for increasingspeedand



precisionof ervironmentmappingfor obstacleavoidance
andnavigation.

Jorg and Berg [6] presentan approachwhich allows the
simultaneoudiring of sonarsensordy eliminatingmisread-
ingscausedy crosstalkor externalultrasoundsourcesThis
is achieved by usingappropriatepseudo-randorsequences
togetherwith a matchedfilter technique. Polaroid series
transducersire usedand crosstalkcan eitherbe eliminated
or canbe exploitedto performtriangulation.

Wirnitzer et al. [16] usestochasticcodingof the transmit-
ted signalsand adaptve filtering of the receved signalsto
avoid mutual interferenceof the sensorsand interference
with otherultrasonicsensoisystems.Thetargetapplication
is an automotve low-rangedetectionsystemsuchasa car
parking assistant. Wide-angledsensorsare emplosed and
crossechoesreexplicitly used.An arrayof severalsensors
allows, additionalto distancemeasurementgo localizean
obstacleinside the operatingrangeof at leasttwo sensors
of thearray Additional shapenformationcanbe obtained
whenthe sensor®peraten the crossechomode. Basedon
this ultrasonicsensingsystem,Schmidtet al. [14] describe
antriangulationbasedalgorithmwhich allows to distinguish
betweencircular and planeobjectsandto identify obstacle
edges.

Whereadn [16] and[14] only four sensorsareintendedto
be fixed on a car bumperin distancesof about40 or 50
cm, we usea significantly highernumberof sensorge. g.
24 or 32 sensorspndplacethemcloseto eachotheralong
the peripheryof a mobile robot. In this way we obtain
high beam-widthoverlappingwith a numberof neighbor
sensorsaandthus canefficiently take advantageof multiple
crossechoes. Consequentlywe can describeour system
as a multi-aural measuremensgystem. Sincetriangulation
basedalgorithmsarenotvery efficientif thesensodistances
are short, we developeda grid basedalgorithm to obtain
increasednformation of the ervironmentfor such sensor
configurationson mobilerobots.

SPECIFICATION OF THE ULTRASONIC SENSING
SYSTEM

We explain the ultrasonicsensingsystembasedon a sen-
sorarrangementor the experimentalrobot XR4000,which
is usedfor modelingan automaticallyguidedhospitalbed.
The XR4000at FAW hasbeenadditionallyequippedwith 2
antipodal.aserRangingSystemgrom SICK Electro-Optics.
The new ultrasonicsensingsystemconsistsof a ring of 24
sensors spacedwith an angulardisplacemenof 15° and
mountedon top of therobot (Figurel). In contrasto other
researchwork ([4], [5], [9]), which widely usedultrasonic
rangefindersfrom Polaroid Corporationwith a detection
coneof 30°, we emplgy wide-angledsensorsrom Robert
BoschGmbHwith adetectiorrangeof 120° in oneaxisand
adetectionrangeof 60° in the otheraxis. Thelattersensors
were primarily manufcturedfor automotve use,e. g. for
parkingpilots[16].

Figure 1. Sensor arrang ement on a circular robot

Wide-angledultrasonictransducersanon the onehandde-
tect objectswithin a broaderrange,but on the otherhand
male it moredifficult to estimatethe actuallocationof the
objectcausinghe echowithin this broderrange.In orderto

gain a substantiabhdwantageof the broaderdetectionrange,
we proposeo exploit the overlappingof the detectioncones
from neighborsensorsvhenthey areplacedcloseenoughto

eachotherandthe angulardisplacements not larger than
thedetectiorrange.

In the caseof the new sonarsensingsystemfor the XR4000
we arrangedhe 24 Boschsensorsexactly above the upper
ring of 24 Polaroid sensorswhich this robot is originally
equippedwith. This facilitatescomparisorof the two sonar
sensinggystems.The 2 laserrangefindersarealsomounted
ontop of therobotin orderto justscanabove thesonarings,
which allows comparisorbetweensonarreadingsandlaser
readings.

We orientatethe ultrasonicsensorswith the 60° detection
rangeto a horizontal position and we usethe 120° range
for vertical object detection. With this kind of sensorar-
rangementve obtainbeam-widthoverlappingupto thethird
neighborsensoron eachside. We could also orientatethe
sensorswith the 120° detectionrangeto a horizontal po-
sition andwould then obtain beam-widthoverlappingwith
evenmoreneighborsensors.
Whenbeam-widthoverlapsup to the third neighborsensor
on eachside, every eighth sensorin the ring can be fired
simultaneouslyvithout mutualinterference.The othersen-
sorsarein alisteningmodeduringthistime. Themiddleone
of seven passie sensorsn betweentwo firing sensorswill
normally not receve ary echoesthoughthis might occur
dueto speculareflections.After thefirst threesensorhave
beenfired andtheultrasoundenepgy within theervironment
hasfallen beneatha detectabldevel, the next threesensors
canbefired. Sincethe emplo/ed sensordave anattainable



Figure 2. Ultrasonic sensor type 2.1 from Robert Bosc h
GmbH

distancedetectionrangeof about2m, which correspondso
a"time of flight" of about12ms for anultrasonicpulse,we
definea measuremergeriodof this duration. Subsequently
we wait for additional8m s to allow theultrasouncenegy in
the surroundingto further decline. Thuswe obtaina basic
measurementycle time of 20ms. Firing all 24 sensorsn
groupsof threesensorsuccessiely, resultsin a cumulatve
measurementycle time of 160ms. In additionto this we
provide anothe90m:s for transferringhecollecteddatawith
atransferateof 115200B4t/ s viaserialinterfaceto therobot
PC. Consequentlthe overall systemcycle time is 250ms,
whichcorrespond# asamplingrateof 4 H z. Thissampling
rateis sufficient for amobilerobotdriving with velocitiesof
up to 1.0m/s. However, the samplingrate of the system
couldbeincreasedy severaloptimizationmeasures.

ULTRASONIC SENSOR

Theemploedsensinglevicesareultrasonicsensor®f type
2.1from RobertBoschGmbH(Figure2) whichareprimarily
manufcturedfor automotie use,e. g. for parkingpilots.
The sensordiave thefollowing featureq3]:

specifieddistancedetectiorrange:0.25m - 1.2m
attainabladistancedetectiorrange:0.2m - 2.0m
detectionangle(elliptical): £60° x +30°
frequeny range:42kH z - 45k H =

typical pulseduration: 300us
resonatodecaytime: 900us

digital bidirectionaldatatransfer
integratedsignalconditioning

The ultrasonicsensorsitilize the pulse-echo-principleThe
distancebetweenthe sensorand a reflectingobjectcan be
calculatedby multiplying the speedof soundin air by the
measuredtime of flight" of ashortultrasonicpulsetraveling

to the objectandits echotraveling backto thesensor:

1
d= §csonicAt (1)
The speedof soundin air is temperatur@lependenandcan

be calculatedcaccordingto the following formula[7]:
Csonic = VERT (2)

with:
x adiabaticexponent(x,;,. = 1.402)
R gasconstan(Rg;, = 287J/kgK = 287Tm?/s*K)
T absolutaemperaturef thegas
(Tuir = To + tair = 272.85K 4 20°C = 292.85K)

The sensorsuse the samepiezo-ceramicdisc to transmit
pulsesandto receive echoes.During an excitation time of
typically 300us the acoustictransducersendsout a pulse
whichcanberecevedafteraresonatodecaytime of 900us.
Consequentlyve obtaina deadtime of 1.2ms for thetrans-
mitting sensoto receive echoes Thisdeadtime corresponds
to a minimal attainabledistancevalue of circa0.2m. The
presencef neareiobjectscanberecognizedy thetransmit-
ting sensomwithoutobtaininganabsolutalistancevalue. We
remarkthat no deadtime appliesto idle neighborsensors,
which areableto receve crossechoedrom the transmitting
sensolinstantlyandthus are able to measurethe distances
of closerobjects. For this reasononly sensorswith non-
overlappingdetectionrangesshould be fired at the same
time.

The digital bidirectional signal line of the sensoris used
for transmittingpulsesand for detectingechoes. The idle
potentialof the signalline is High. In orderto transmita
pulsethesignalline canbedravnto Low for aperiodof e. g.
300us by theelectroniccontrolunit. Subsequentlthesignal
line will remainLow for aperiodof 900us in orderto allow
theresonatoto decay Thereaftethesignalline switchesto
High andthe sensoiis readyto detectechoes.Thereceived
echosignalsarepre-processebly anintegratedcircuit within
thesenso(bandpasdiltering andthreshold-logic) For each
detectedechothe sensordraws the signalline to zero for
aslong asthereturnsignalexceedshe threshold,. e. the
sensoputputsabinarysignalthatreflectghetimeinstantsof
arriving echoes.The "time of flight" of the ultrasonicpulse
canbe determinedby measuringhe elapsedime between
firing the sensorand detectinga High-Low-edgeresulting
from anecho.A typical timing diagramof a sensors signal
line is shawn in Figure3.

By usingasinglesensoronly thedistancébetweerthesensor
and an object can be determined. Hencean objectcanbe
locatedanywherein therespectie distanceon acirculararc
within the detectionangleof the sensor If two sensorsith
overlappingdetectiorrangesreusedandanobijectis located
within the overlappingrange,a direct echoexists between
eachsensorlndtheobjectaswell ascrossechoedrom each
sensolwvia the objectto the othersensar In suchcaseghe



Figure 3. Timing diagram of a sensor’ s signal line
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Figure 4. Radiation characteristic of the ultrasonic sen-
sor

exact location of the objectcanbe calculatedby meansof
triangulation.

Thetransducersglo notemitenegy homogeneouslgverthe
detectiorrangeandtherecevedenegy dependentheangle
of incidenceof the echoat the sensor For this reasonthe
maximal attainabledistancevalue varieswith the detection
angle(Figure4).

If the surfaceof anobjecthasa perpendiculafalling within
thedetectiorconeof asensoandif thereturnenegy exceeds
the sensors threshold,the object can be detected. If the
normalto the surfacedoesnotfall within thedetectioncone,
the ultrasoundwill be speculareflectedby the surfaceand
no echowill berecevedby thesensor

HARDWARE

DSP-Board

As hardwaredevice for dataacquisition,pre-processingnd
transmissionvia serial interface to the robot PC we uti-
lized a DSP-Boardfrom Texas Instruments. The DSP-
Board consistsof a 32-Bit Fixed-PointDigital Signal Pro-
cessorTMS320C6211operatingat 150M Hz and 1200 —
1333MIPS, 4 MB External SDRAM, 128 KB External

FlashROM, a Powver ManagemenDevice, an Expansion
DaughterCardInterfaceanda PC Parallel PortInterface.
Up to 32 ultrasonicsensorcanbe connectedo the 32-Bit
databus of the ExpansionMemory Interface of the DSP-
Board. The acquiredsensordatacan be transferedto the
robot PC via one of the two multichannelbuffered serial
portsprovided on the ExpansionPeripheralnterfaceof the
DSP-Board.

Daughter -Board

A self-deelopedDaughterBoard providesan interfacebe-

tweenthe DSP-Boardandthe peripherals.On the onehand
it compriseghe signal conditioningbetweenthe datalines
of the ultrasonicsensorsand the external datalines of the

ExpansiorMemory Interface.On the otherhandit provides
aserialinterfaceto therobotPCby connectinghetwo mul-

tichannelbuffered serial ports of the ExpansionPeripheral
Interfacevia a multichanneRS-232driver-/receier-device.

TheDaughterBoardadditionallycompriseghevoltagesup-
ply for the DSP-Boardandfor the ultrasonicsensors.

SOFTWARE

For softwaredevelopmenbasednthe TMS320C621DSP
theCodeComposeftudiofrom Texasinstrumentsvasused.
The developedDSP software comprisesa modulefor data
acquisitionand datapreprocessingswell asa modulefor
sendinghecollecteddatato oneof themultichannebuffered
serialports. Additionally, the ExternalFlashROM waspro-
grammedn orderto bootthe DSP-Boardwith thedeveloped
software.

The LINUX software for the robot PC includesa sener
programmeanda client programme The sener programme
recevesthe collecteddatavia a serialportandwritesit into
sharednemory The client programmeeadsthe datafrom
sharednemoryandprovidesit to therobotsoftware.

DERIVING A SIMULATION MODEL FOR THE UL-

TRASONIC SENSING SYSTEM

A polygonal ervironmentmodel createdfrom laserrange
finderdatasenesasa basisto derive a simulationmodelfor
theultrasonicsensingsystem2].

First we definethe detectionrangesfor the directandcross
echoesWe speakaboutdirectechoesvhenthetransmitting
sensoralso receves the signal, and we speakaboutcross
echoesvhenoneof the neighborsensorgecevesit. With
thechosersensoorientation the horizontaldetectiorrange
for directechoess 60° andfor crossechoesapproximately
45°, 30° or 15°, dependingvhetherthefirst, seconcbr third
neighborsensoiis involved, sincethe angulardisplacement
of thesensorss 15°. Consequentlyve obtain24 directecho
pathsand144(= 6 * 24)crossechopaths.Directechopaths
canbedepictedascirculararcswith 60° andcrossechopaths
aselliptic arcswith about45°, 30° or 15°.

Regarding the ervironmentmodel we distinguishbetween
planescornersaandedgesccordingo LeonardandDurrant-
Whyte [9]:
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Figure 5. Polygonal model of the environment and simu-
lation model of the ultrasonic sensing system

1. A planeis representedby aline in the two-dimensional
ervironmentmodel. (Lines arerepresenteth Hesses nor-

malform.)

2. A corneris a concae dihedral, and producesspecu-
lar returns. Cornersare representeds pointsin the two-

dimensionamodel.

3. An edgeis acorvex dihedral,andproducediffusereflec-
tions. Like acorner anedgeis representetly a pointin the

two-dimensionamodel.

Experimentsvith theemployedultrasonicsensorsiave shavn
that detectableechoegredominantlyarisefrom planesand
corners,since edgesproducediffuse reflections. For this
reason,possiblereflectionsfrom edgesare negglected,and
only returnsfrom planesand cornersare consideredn the
simulationmodelof the ultrasonicsensingsystem.

To simulatethe behaior of the ultrasonicsensingsystem
we considemll planesandcornersof theernvironmentmodel
andverify whetherthey could causedetectableechoes;. e.
reflectionswhich fall within the detectionrangefor direct
or crossechoesof ary sensor Here we have to consider
that planes(linesin the two-dimensionamodel)or corners
(pointsin the two-dimensionamodel) canbe occluded. A
line is occludedwhena perpendiculadravn from the line
to the sensorintersectsanotherelement(of the polygonal
model)anda pointis occludedwhena line dravn from the
pointtothesensointersectanotheelemenbf thepolygonal
model. Finally we respectiely assigrtheshortestietectable
distanceto eachdirectandcrossechopath. Figure5 shavs
the polygonalenvironmentmodel createdfrom laserrange
finderdatatogethemith circularandelliptic arcsfor all direct
and crossechopaths. Echo pathswith no detectableescho
within the operatingrangeof the sensorsarerepresentetty
arcscorrespondingo themaximumdistanceletectiorrange
(dma:c ~ Zm)
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Figure 6. Detected straight line elements in workspace

DERIVING AN ENVIRONMENT MODEL FROM REAL
ULTRASONIC SENSOR DATA

We derive anernvironmentmodelfrom realultrasonicsensor
databy detectingstraightline elementsasfollows:
Wefirstrepresenall circularandelliptic echoarcswithin the
attainabledistancedetectionrangeby a predefinechumber
of equidistantpoints on the arc. Thenwe assumethat an
echocould originatefrom the surface of an objectlocated
ateachdiscretepoint on thearcandhaving a perpendicular
reflectionline to the sensor We assumepotentialreflecting
surfacesto be vertical andwe representhemby horizontal
linesonthelevel of thesensor By usingHessesnormalform
of the equationof a line (with the distancep from the point
of origin in the coordinatesystemandthe anglea between
thenormalof theline andthex-axis),thelinescanbeHough
transformednto parametespaceand canbe illustratedas
pointsin ap/6-diagram.

We now createa 100 x 100 occupang grid in parameter
spacewith acell sizeof 0.04m in p-dimensiorandacell size
of 0.0628r d in #-dimension.We accumulatéhenumberof
pointsin eachcell andthereaftewe apply a 2-dimensional
low passfilter to the occupang grid. Thenwe searchfor
highly occupiedcellsin thefiltered grid by comparingwith
a predefinedoccupang threshold. According to this, all
pointsbelongingo cellswith anoccupang valuebeneattihe
thresholdaredeletedandall pointsbelongingto cellswith an
occupang valuebeyondthethresholdareusedfor building
clustersand to calculatethe cluster centers. The cluster
centersfinally representdetectedstraightline elementsin
parametespace.Figure 6 shavs the straightline elements
in workspace.

It canbe notedthat two of the four detectedstraightlines
correspondo line elementsin the polygonalervironment
modelderived from laserrangefinder data. The othertwo
straightlinesof theultrasonicervironmentmodelarisefrom



a table edgeandfrom a chair back-rest. Due to the lower

heightof theseobjectsthey could not be recognizedoy the
laserrangefindersandthey are consequentiyot contained
in thelaserrangefinderervironmentmodel.

We remarkthatthe four straightline elementsof the ultra-

sonicervironmentmodelwereobtainedyy asingleultrasonic
scanaroundtherobotfrom afix robotposition. Ongoingex-

perimentdave alreadyproventhatmoredetailedmodelscan
beobtainedby integratingsensodatawhentherobotmoves
aroundand scansthe ervironmentfrom different points of

view. Thisalsoallowsto modelfurtherdistantobjectswhich

could not be detectedirom a fix robot position dueto the
limited distancedetectiorrangeof the ultrasonicsensors.

CONCLUSION

We have presenteda novel ultrasonic sensingsystemfor
autonomousamobile systems,and we have describedhow
wide-angledultrasonictransducerscan be usedto obtain
substantiainformationof the ervironmentby exploiting the
overlappingof the detectionconesfrom neighborsensors.
In orderto incorporatethe propertiesof the ultrasonicsen-
sors, their geometricalconfiguration,and the alignmentof
thedirectandcrossechopathswe have developedasimula-
tion modelfor theultrasonicsensingsystem.Thesimulation
modelhasbeenusedasa basisfor deriving a polygonalen-
vironmentmodelfrom real ultrasonicsensormata. We have
shavnthatanumberof straightine elementsanbedetected
by a singleultrasonicscanaroundtherobotfrom afix robot
position. In ongoingresearctwe integrateultrasonicsensor
datafrom differentrobot positionsin orderto obtainmore
detailedervironmentmodels.

ACKNOWLEDGEMENTS

This work was supportedoy the Germanministry for edu-
cation, science researchand technology(BMB+F) under
grantno. 01IL 902F 6 aspartof theprojectMORPHA.

REFERENCES

[1] D. Bank,M. Strobel,E. Prassler'AutoBed- An
AutomaticallyGuidedHospitalBed".

99, SantaBarbaraCalifornia,
USA, pp. 324-329,1999.
[2] D. Bank."Error Detection Error Recovery andSave
Navigationfor AutonomoudMobile Systems".

Seoul,Korea,2001.
[3] RobertBoschGmbH. 21,
1984,
[4] J.Borensteiny. Koren."The VectorField Histogram-
FastObstacleAvoidancefor Mobile Robots".
,Vol. 7,
No. 3, pp.278-288,1991.

[5] A. Elfes."SonarBasedReal-World Mappingand
Navigation".
, Vol. RA-3, No. 3, pp. 249-265,1987.
[6] K.-W. Jorg, MarkusBerg. "Mobile RobotSonar
Sensingwith Pseudo-Randor@odes".

, Leuven,Belgium,pp.2807-2812,
1998.
[7] H. Kuchling. ,
FachhuchwerlagLeipzig, 1999.
[8] G.Lawitzky, W. Feiten,M. Mdller. "Sonarsensingor
low-costindoormobility”.
, Vol. 14,pp. 149-157,1995.
[9] J.J.LeonardH. F. Durrant-Whyte.
, Kluwer
AcademicPublishers1992.
[10] L. Matthies,A. Elfes."Integrationof SonarandStereo
RangeDatausinga Grid-basedrepresentation”.

, Philadelphia,
Pennsylania,USA, pp.727-733,1988.
[11] H. Peremans]).VanCampenhout:Tri-aural
perceptioron amobilerobot”.

, Atlanta, Geogia, USA, Vol. 1, pp.
265-270,1993.
[12] PolaroidCorporationCommerciaBatteryDivision.
,1984.

[13] E. PrasslerD. Bank,J. llimann, J. Scholz,M. Strobel,
P. Fiorini. "An AutonomousPassengetransportation
Systenfor Public, CrovdedEnvironments".

2000, Berlin, Germaury, 2000.

[14] H. Schmidt,R. Klinnert, W. Grimm. "Sensorbasierte
UmgehungserassunglurchSensordatenfusiooei
Verwendungson Ultraschall-undVideobildsignalen®.

, Shaler Verlag,
AachenGermary, pp. 35-45,1999.

[15] D. Wilkes,G. Dudek,M. Jenkin,E. Milios.

"Multi-transducersonarinterpretation”.

, Atlanta, Geogia, USA, Vol. 2, pp.
392-397,1993.
[16] B. Wirnitzer, W. Grimm, H. Schmidt,R. Klinnert.
"InterferenceCancellingin UltrasonicSensorArrays
by StochasticCodingandAdaptive Filtering".

Stuttaart, Germary, 1998.



