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1 Introduction

Recognizinglocation may be usedto provide mobility
helpsfor blind, context-awareguidancesystemsfor exhi-
bition touring, and spatially-basedpplicationsof a wear
ablecomputer Many researchetherefore have attempted
to developa variety of systemssensorsandtechniquego
find thelocationof anuser[1, 2].

In this paper we describesa methodto find the loca-
tion of a pedestrianwearinga sensingmodule,which is
one of the basicfunction blocksin an indoor navigation
systemcalled“Pi-Navi”. The proposedmethodusesdead
recloning which integratesincrementalisermotions,i.e.,
onestepin ourcase A bi-axialaccelerometeandadigital
compassare usedto measurethe accelerationrand head-
ing of a pedestrianrespectiely. Whenthe systemdetects
a new step, it updatesthe currentposition of an uservia
deadrecloning. We also proposea classificationmethod
of walkingbehaiors as:walkingonlevel ground(“level”),
goingup (“up”) astairway, or goingdown (“down”) astair
way. Suchrecognitionis importantbecausét canbe used
as absoluteposition information, enablingthe systemto
correctpositionerrors. Experimentalresultsdemonstrate
the performancef the navigationsystem.

2 Hardware

The systemconsistof anotebookPC,a cardtype dataac-
quisitionmoduleanda sensingmodule. As showvn in Fig-
urel, thesensingnoduleconsistf abi-axialaccelerome-
ter, adigital compassnoduleandaninfraredlight detector
The sensingmoduleis assumedo be fixed to the middle
of thewaistof the userto measurdorwardandupwardac-
celerationaandheadingaccurately The datais readevery
20 [msec]. The digital compassnodulecangive us com-
passheadinginformationof the modulevia RS-232serial
communicatiorchannel.
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Figurel: Sensingmodule

3 Proposed method

Countingstepsusinga detectionmethodallows the direct
determinatiorof the distance.Therefore we needto find
anaccurateindrobustdetectiormethod.We selectegosi-
tive andnegative peaksof theforward/upwardacceleration
asa basicfeaturevector which is detectedn the period
from the momentof last stepdetectionto currentstepde-
tection.Whenall four peaksarefound,thesystenteststhe
following conditionsto determinesachnew step.

1. Whetherthe detectedour peakvaluesare above the
minimumthresholdvalues.

2. Whetherthe time sincethe last walking detectionis
greaterthansomeminimumperiod.

3. To prevent false detectionfrom other body move-
mentswe introducealag parameteontheautocorre
lation functionof %(¢) as:
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Themagnitudeof thelag j.. m:» Mustbegreateithan
athresholdvalue.

If the above conditionsaretrue, thenthe systemincreases
the stepcount,andperformsthedynamicstepsizeestima-
tion.



To estimatethe currentstepsize, we usea first-order
polynomialmodel derived from the relationshipbetween
the stepsize andwalking speed.We measuredhesefea-
turesfrom nine personsin walking the samedistanceat
threespeeds:slow, normal,andfast. From our measure-
ments,we found thatif a userwalks faster both the step
size[m] andsteprate[steps/secincrease.

The systemtries to classifya stepinto oneof threebe-
haviors: walking onlevel ground(“level”), goingup (“up”)
astairnay, or goingdown (“down”) astairnay. Theclassi-
ficationmethods basednanearesheighborhooanethod
on the featurevector space. To increasethe recognition
ratio, we introducedalso a cross-correlatiorfunction of
forward and upward acceleratioras anotherfeature. Be-
causehecross-correlationf “down” behaior is very dis-
tinguishablegrom the others.

At the time a “level” stepis detectedthe systemde-
terminesthe stepsize using steprate,thenaddsthe north
andeasttcomponentsf thisdisplacemento thetotal north,
D, (t) andeast,D.(t) accumulatomas:

D,(t+1)= ) + d(t) cos(6,(t)) 2
De(t+1) = D.(t) + d(t)sin(04(t)) (3)
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wherethe headingd,(t) is a quantizedheadingfrom the
digital compass.

For error correction,we useda simple infrared trans-
mitter which fixed on certain places. When a signal is
detectedthe systemmake the currentpositionto be pre-
storedlocation. Whena “up/down” stepis detectedat first
in normal operation,sameasthe detectionof aninfrared
signal,thecurrentpositionis adjustedo thelocationof the
startingplaceon neara stairwnay.

4 Experimental results

Figure2 shavs atrackingresultwhenauserwalksaround
a big loop path. The total length of the squarepath is
aroundl128[m]. We installedsimpleinfraredlight emitters
atthreeplacesasshavn in thefigure. By usingtheinfrared
transmitterthe systemcorrectthe positionerrorassovn in
theregion denotedby circle. The averageof theerrorsbe-
tweenthefinal estimatedositionandthe startingposition
from threetrials are 0.83 [m] and 1.83 [m] for eastand
northcomponents,e.,x andy in themap,respectiely.

We carriedout an experimenttaking a pathincludede-
scendingstairsasshavn in Figure3. The estimatedrack-
ing pathis muchdifferentfrom the real pathinitially, be-
causeof a high magnetidnterferencen theregion. When
the systemdetecta “down” stepat first, the correctionof
this errorwasaccomplishedThis resultdemonstratethat
the detectionof stairnay usingthe proposedlassification
methodcan be usedas an absoluteposition measurement
like aninfraredtransmitter
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Figure 2: Trackingresultof walking arounda big square
path
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Figure3: Compensatiomsingdetectinga “down” beha-
ior

5 Conclusion

In this paper we proposed trackingmethodof the loca-

tion of a pedestriarusing deadreckoning basedon pace
trackingandsimpleinfraredbeaconmethod. Experimen-
tal resultsshaved a reliable performanceof the proposed
method.In future works, we are studyinghow to improve

theperformancesf stepdetectionandstepsizeestimation
methods.
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