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Abstract

A mobilerobotcanusethewalls or the pillars to local-
ize itself whenit navigatesin indoor ervironment. How-
ever, in openspaceor outdoorervironmentthereare few
easydetectabl@ndstableobjectgthattherobotcanuse.In
this paperwe proposea methodfor thedetectionof braille
blocks,which areoriginally usedfor visually handicapped
people,for autonomousnobile robot navigation. To rec-
ognizethe braille block, a CCD cameraand a laserfan
beamprojectorare usedas sensor[1]to detectbumpson
roadsurface.This paperalsopresentghe experimentare-
sultsof braille block following andsimplenavigationtask
using the sensorsystemto detectthe braille block posi-
tion andorientation. This experimentshaws effectiveness
of the sensorsystemfor the braille block recognitionand
impliesthe possibility of braille block basedmobile robot
navigation.

1 Introduction

Localizationis an important function of autonomous
mobilerobot. In indoor ervironments thereare mary ob-
jectswhich are easily obsenred suchaswalls, doorsand
pillars. Theseobjectsarealsoeasilyrecognizedy human,
soernvironmentalmapsfor mobile robotscanbe built eas-
ily by human. On the otherhand,localizationin outdoor
ervironmentds noteasy Someprojectsusetheimagepro-
cessingechnologyfor localization[2][3][4], but theirsys-
temsare too complex andtoo large to implementinto a
smallsizedmobilerobot.

Therearemary placeswherebraille blocksare placed
thesedaysin urbanareasin Japanand someother coun-
tries. The braille block is a safety equipmentfor visu-
ally handicappegbeople. Hencethey canwalk alongthe
streetusinginformationof thebraille blocks. In this study
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Figurel: Two stylesof braille block

left:  dotstyleblock
right: line styleblock

we usethe braille blocksto guidethe autonomousnobile
robot.

In this paper we describemobile robot navigation us-
ing the braille blocks. At first, whatthe braille blocksare
andhow the mobilerobotuseshemfor navigationarede-
scribed. Thenthe mobile robot systemincluding sensors
andcontrollerswe have developedare described.And fi-
nally, experimentalresultof thelocalizationprocesaising
thebraille blocksis discussed.

2 Thebraille block

The braille block is a very popularfacility for guiding
visually handicappegeoplein Japan.Theblocksareoften
foundin stationspn sidevalks,in publicinstitutiors.

As shavnin Fig.1,therearetwo kindsof braille blocks,
dot style block andline style block. Eachstyle of blocks
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Figure2: Exampleof braille blockson pedestrian

hasline style or dot style of corvex partswhich are5mm
high. Thestandardtolor of theblockis yellow, but several
variationsarepermitted.

Whenvisually handicappegbeoplestepon the blocks,
usingthe senseof touchthroughtheir soles they canknow
informationaboutthe streetsuchasthedirectionthey can
follow andthe existenceof junctions.

Line styleblocksareusuallyarrangedn line andfigure
the position and direction of the path. At the corner of
the path,dot style blocksareplaced. Dot style blocksare
placedalsoatthejunctionof thepathandsomeinteresting
placessuchasbusstopsor the entrance®f buildings. Fig.

2 shawvstheactualarrangementf theblocksonpedestrian.

3 Utilization of braille blocks for mobile
robots navigation

In structuredenvironments, wall following and line
tracingareeasyandeffective methodsor mobile robotto
trackthe pre-definedong path.

Using the sequencedf the line style blocks as a pre-
definedpath,outdoorervironmentcan be simplified. Ba-
sically the mobile robotfollows the sequenc®f line style
blocks.Whenadot style block is found, usinga mapbuilt
in advanceby human,the robot can decidethe next ac-
tion. Building the mapis relatively easybecausehe path
is alreadydefinedassequence®f line style blocksandthe
lengthof thepathcanbemeasuredby countingthenumber
of theblocks.
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Figure3: Examplepatternof thebraille block

3.1 Detection of braille blocks

Braille blockshave two majorspeciafeaturesvhichare
usedto distinguishthemfrom normalroadsurface.Oneis
its color, whichnormallyis yellow. Thisfeaturds for weak
eyesightpeopleandhelpthemto find it by its high contrast
color. This featurecanbe usedto detectthe blockswith
color camerdg6]. However thisis a recommendedeature
by theguideline andnot mandatorysoit is notalwaysyel-
low especiallyin sightawareplaces.Also with thisfeature,
it is hardto distinguishthetype of braille block.

The otherfeatureis its physicalshape. The height of
its corvex partis 5mmregardlesf thetype of the braille
block, andthetype of the block canbe distinguishednly
by the shapeof corvex part. We usethis featurefor de-
tectingthe braille blockswith a laserfan beamprojector
anda camera.In this way, it shouldbe possibleto detect
the existenceof block andrecognizehetype,positionand
directionof the seriesof blocks.

3.2 Map of brailleblocks

The mobile robot should have information aboutthe
braille block arrangemendsan environmentalmapsothat
therobotcanplanthepathusingthe map. Themapshould
containthe following information.

e Lengthof theseriesof theline styleblocks

e Thejunctionor the cornerwherethe dot style blocks
areplacedanddirectionsof thepathsconnectedo the
junction

e Terminalof the seriesof braille blocks

Fig.3shavs aexamplepatternof braille blocks,andthe
correspondingernvironmentalmap should containthe in-
formationshowvn in Fig.4.
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Figure4: Correspondingervironmentalmapto the block
patternshavnin Fig.3

Thelengthof the pathis usedto predictthata dot style
block could exist at the end of the path. With this predic-
tion, therobotcanslow dowvn andcarefully searchfor the
dotstyleblockif necessary

3.3 Navigation with braille blocks

By giving the currentandtametpositionin the environ-
mentalmap, the mobile robot canplan a pathon the map
andnavigateby itself to thetarget position. Navigationis
doneby tracingthe seriesof line styleblocksandchoosing
theproperpathatajunctionaccordingo the plan.

4 Robot system
41 Sensors

Usinginfraredlaserfan beamandcamerawith interfer
encefilter, thedifferenceof heighton theroadsurfacecan
bedetectedy triangulationwith simpleimageprocessing.
To satisfytherequiremenbf resolutionto detectthebraille
block, the lasersourceand the cameramustbe carefully
configured. Fig.5 shavs the configurationof this sensor
system. With a CCD camerawhich outputsNTSC video
signalwith a lenswhosefocal lengthis 8.5mm,the cam-
eraheightshouldbe 50cmhigh andlaserirradiationangle
mustbe lessthan10 degreesto gainenoughaccurag.

We useamobilerobotequippedvith the sensoisystem
whoselaserirradiationangleis 5 degreesandthe camera
heightis 55cm. Fig.6 shows therobotandFig.7 shovs an
imagetakenwith the cameraof the sensorsystem.
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Figure5: Configurationof thelasersourceandthe camera

4.2 Mobilerobot platform

Themobile robotwhich is usedfor this studyis named
YAMABICO-fra, oneof YAMABICO mobilerobotsfam-
ily developedin ourlaboratory[1]. Its dimensionsareap-
proximately40 cm (W) X 40cm (D) X 50 cm (H) without
cameraand70 cm highincludingit.

4.3 Controllers

A distributed controller architecture is used in
YAMABICO-fra (seeFig.8). It hassomefunction mod-
uleswhich arethecommonsystemof YAMABICO mobile
robotsfamily suchasultrasonicsensormoduleandloco-
motion module. Eachfunction modulehasown processor
connectedvith high speedseriallink or dualport memory
andworkssimultaneously

A notebookPCrunningLinux is usedasimageproces-
sorandasmain controller The PCandthe otherfunction
modulesare connectedwith standardserial port to con-
trol low level functionmodulesfrom the PC. Two of three
TYPE-Il PCMCIA slotsareusedby a Video capturecard
andanEthernetardwhichis connectedo awirelessLAN
modulefor monitoringtherobotsstatus.

5 Recognition of braille blocks

The purposeof recognitionof the line style block is to
follow the seriesof line style blocks. Hencetwo parame-
tersmustbe known. Oneis the distancebetweenthe line
of the blocksandthe robotandthe otheris anglebetween
robot’s headingdirectionandthe oneof theline.



Figure6: Mobile robotequippedwith thelasersourceand
thecamera

Figure7: Imagefrom the cameraaimedat the line style
block

5.1 Position of aline style block

Becauseof line style block’s shape the block canbe
found by searchingfor periodically appearingbumpson
theprojectedaserfanbeamin acapturedmage(se€ig.9).
Oncethe positionof the bumpson the capturedmagede-
termined theactualpositionof theblock onthegroundcan
be calculated.

5.2 Direction of aline of blocks

Comparingthe interval of detectedoumpsandthe ac-
tual distanceof corvex partson the line style block, the
directionof theline of blockscanbe calculated.
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Figure8: Thecontrollerarchitectureof YAMABICO-fra

Figure9: A capturedmageof aline styleblockanddravn
resultof bumpsearcheanit asverticalline

5.3 Dot style block detection

Dot style blocks have mary bumpson its surface,and
they canbe found by the sensorsystem(Fig.5.3).Using
numberof bumpsand distribution of bump interval, dot
styleblocksareeasilydistinguishfrom line styleblocksor
ary othernoises.

6 Experimental results

With the mobile robot YAMABICO-fra, two experi-
mentshave beenconductedo verify theeffectivnessof this
system.

The first experimentis line style block following for
confirmingthe proposedlock recognitionmethod.In this



Figure 10: The line style block on which laserfan beam
projected

Figurell: A capturedmageof adotstyleblockanddravn
resultof bumpsearcheanit asverticalline

experimenttherobotdoesnothave theervironmentaimap

andjustfollows line styleblocks. The pathdefinedby line

style blocksincludesa cornerwithout dot style block. The

experimenthasbeendonejust after sunsetand also day

time of cloudy day It runsat 9cm/sandcapturescamera
imageevery 200ms.

Fig.13shavs oneof theexperimentakesults.Therobot
successfullyfollowed the line style blocksin this experi-
ment. At the corner it failed trackingline style block in
shortterm becauseof narrav sensorrange. However, it
could follow new directionandstarttrackingnew line of
blocksagainbecausehe robot hasability of detectingdi-
rectionof linestyleblocksnot only the positionof them.

The secondexperimentis a simple navigation task. In
this experiment,the robothasaroutemap,andit contains
informationsof a routeto the destinationdescribedusing
braille blocks(sedrig.15). The experimenthasbeendone
in indoorervironment(sed-ig.14).

Firstable,the robot follows line style blocks. Whenit

Figure12: Experimentalervironmentfor line style block
following

reachedo terminalarea(accordingto routemap),it starts
searchindgor adotstyleblocksimultaneouslylf adotstyle
block detectedit turnsright to follow a new pathandfol-
lowsit. Finally, it reacheshe goalareawhereis indicated
by dot styleblock.

Fig.13 shows the experimentalresult. Also in this ex-
perimenttherobotsuccessfullyeachedo thegoalarea.

7 Conclusion

In this paperwe described detectiormethodof braille
blocks for mobile robot navigation and presentedsensor
systemfor recognitionof braille blocks. Usingthis sensor
system,mobile robot canfollow the line style blocksand
detectthe dot style blocks. The resultof the experiment
shaws effectivenesf this methodin bothindoorandout-
doorervironments.

In the future work, we will constructa route mapgen-
erationsystemfor morecomplex navigationtask. Also we
will conductsomeexperimentsof navigatin systemin out
doorervironmentusingthe proposedsensoisystem.
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