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Abstract

In this paper we presenthe currert implemenation
of the artificial mouse(AMouse), a robot basedon
a Kheperaplatformwith two active artificial whisker
arrays andanomnidirectionalcamea. Thisrobd has
beendesignedin close cogerationwith biologists
andneurcacientistso sene asa tool for studyingbi-
ologcal mocels of rodent behaior. Furthernore,the
interday betweerdifferentsensorymoddities - visual
andsomatsensory- canbe investigated. An impor
tantsomatosensy organarewhiskers. Whiskersare
versatilesensorgor short-raigenavigation andexplo-
rationthatarewidespreadn mary animalspecieses-
peciallyin roderts. Ratsfor examge canusethemfor
local navigation, for explorationof objects(3) andfor
discrimirationof differentsurfacetextures(6).

Theartificial whisker sensorsve useconsistof ca-
pacita microphores with naturd whiskers attached
to them(14). Physicalforce on the whisker hair de-
formsthemicrophonemembaneandresultsin avolt-
agesignaldifferert from the restingstate. This sig-
nalfrom themicrophoneis amplifiedontheroba and
sampledn anexterral computer

A prereagisitefor therat’s survival in acomple en-
vironmentis theability to navigate,searchindor food
andfinding backto its home position. Ratsareable
to apply a variety of different navigational strat@ies
suchas aiming towards a salientbeacon guidance,
or even compl« stratgies using a mentalimage of
its environment. The discovery of placecellsin the
rat’'shippo@ampusn theearly197sgaveinsightinto
the undetying neual representatio. Thefiring rate
of theseplacecells correlateswith the spatial posi-
tion of the animal. Simulatedplacecells areusedon
a mobile roba that learnsto navigate within its en-
vironmentthrough exploration tours. The placecell
mockl is enharedwith local navigation skills based
onthesnapshohypothesig5). Themajorsensoryin-
formationis gainedrom acamergroviding theroba
with omnidrectionalvision,similarto thelarge visual

field of ratsandmice. We arecurrently investigding
how tactileinformationfrom thewhisker arrayonthe
robot canbe usedas an additioral sensorymodality
for biologcally inspirednavigation.

1. Intr oduction

Rodentsaandmary otheranimalsusewhiskersfor exploration
of closeobjects andfor navigating in comgex ervironments
anddarkress(20). As mary of themarenoctunal animals,
they have to beableto gatter othersensonjinformationthan
vision. With theirwhiskers,they areableto discrimiratetex-
turesof differentroughnessby actively whiskingthesurfaces
(6) (10). Furthemore,animalsusewhiskersextensvely as
distanceand collision sensors.Fastand easyevaluaion of
distancedo objectsis crucial when moving at high speed,
e.g.whenfleeingfrom predatorsor whenhurting. Sucheval-
uationof sensonjinformationcanbegreatlyfacilitatedby an
appreriatemorghology of the sensodistribution.

While othersensorymodalities suchasvision alreadypro-
vide alot of informationthatcanbeanalyzel statically atac-
tile sensousuallyneedgo gathelinformationovertime. This
canbedore eitherin anactive way by moving thesensoover
asurface(19), or passiely, whentheobjectis movedoverthe
sensor The necessityfor active sensingcaneasilybe made
plausible: With a fingertip placedlightly on a surfacewith-
out ary movementacrossit is very difficult to discriminate
differenttextures. Thetaskbecanesfairly easyfor us,when
we startto move the finger acrossthe surface. This exam
ple showns how tactile exploration canbefacilitatedby active
movement.In fact,ratsandmicemovetheirwhiskersactively
backandforth (22) with abou 8 Hz whenexploring objects
(6). As they whisk, their whiskersmove synchionausly most
of thetime (17). For thisreasoroneof theimportantfeatures
of thewhisker systemstudiedin AMouseis the useof active
whiskingfor varioustasks.

Despitetheir enamous potential as close-distaoe touc
sensorghat do not involve heary contactwith objects(23)
(21) andthatareindepeidentof light, whiskershave not re-
ceived a lot of attentionfrom roboticists. Mainly, whiskers
have beenusedasbinary touch(24) or asstrainsensorg13)



andit hasbeenshavn within an engneeringapprach (12

thatthey canbe usedfor fastobstacleavoidarce on aroba.

Someexperimentshave alreay beencondicted with previ-

ousversionsof theartificial whisker systemdescribe in this
paper Lungaellaetal. (14) have studiedtheinfluerce of the
whisker materialon the signaltransdation properties. They
found thatin factthenaturalratwhiskershadthemostdiverse
frequeng spectrawhenmoved over different textures. The
study of texture discrimiration wasfurther elabgatedusing
anactivewhiskerarrayin (7), while theinfluene of morghol-

ogy of thewhiskersin relationto the robot body wasstudied
onanobstacleavoidarcetaskin (8).

Figurel: Pictureof the AMousewith its whiskersandthe omnidi-
rectionalcamera.

Usefulasthey arefor shortrange navigation, whiskershave
avery narrov range for exploration: in mostcasesarything
they do not touch,they do not perceve. Thus for long- or
mid-rangeexplorationandnavigation, vision is animportant
sensorymodality,

A largeamount of biologicd researchhasbeendevotedto
navigation stratejiesof rats,andin particdar to therole hip-
pocanpal placecells (16) play for this task. Placecells are
pyramidal cells found in the hippacampi of rats and mice,
whichfiring ratecorrelatesvith theanimalbeingat a certain
positionwithin its ervironmen. In anewly exploredenviron-
ment,placecellsusuallyappeamfterafew minutesof explo-
ration. The main sensorymodality usedfor the creation and
recallof placecellsis vision, however, tactileandauditay in-
formationalsoplay animportantrole (18). The useof place
cellsfacilitatesway finding stratejiesof ratswhich areused
in additionto local navigation strat@iessuchassearchaim-
ing or guidance. Several navigation stratgiesimplemente
on mobilerobotsareinspiredby rat’s placecells (11) (1)(9).
Therobdsall rely onomridirectioral vision anda compas.

Whisker Hair

Microphone

Figure 2: Schemeof the movemen of the whisker on the micro-
phone whentilted atthe base.In light gray, the endpositionsof the
whisker senso canbe seen.

2. The Artificial Whisker Systemon the Mo-
bile Robot

2.1 TheArtificial Whisler System

TheAtrtificial MouseProjectaimsamocelling themouwseand
ratwhisker systemwith focus on theintergay of thewhisker
systemwith the visual modality A syntheticmodel hasto
keepthe balancebetweenmimicking the biological mocel,
thewhisker padof rodens andthe technicalabstractionthe
artificial whiskersensoandtheactive artificial whiskerarray
Abstractiors from the biologcal reality have to be doneon
severallevels.

2.1.1 Theartificial whisker sensor

First we hadto decideon the sensoritself. While ratsand
mice have multiple receptos arourd the whisker hair, we
have chosena onedimensiomal sensor namelythe capaci-
tor microptonealreadydescrited (14) (seefigure 2). While
themicroptonesensothasa god signal-tonoiseratio andis
ableto follow high-frequercy movementsof thewhisker hair
(for anexampe of the sensorsignalsseefigure 3), it canrot
transmitary informationabou the deflectiondirectionof the
whisker. This shortcaning wasacceptedn orderto keepthe
syntheticmocel assimpleaspossible.
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Figure3: Exampleof raw datafrom severalwhiskerswhenactively
whiskinga surface.



2.1.2 Activelymoving thewhislers

Having chasena sensorthe designof the active whisker ar-
ray hadto bedetemined. Ratscanmove theirwhiskerssepa-
ratelyin two dimensioms, but mostlythey move themin syn-
chrory andin amoreor lessforwardbackwardsweep.Since
it would have beenvery comgicated and space-onsumirmg
to give eachwhisker two degrees of freecbm, our whisker
array moves all whiskers synchonotsly in one dimension
whichalsofacilitatesmota contiol andtheintegratian of mo-
tor feedtackwith the sensorysignals.

The movementpatternof the natual whiskersis a wide
sweepof the tip accomfishedby a smalltilt of thewhisker
follicle. We have strived for a similar motion by tilting the
microphonebaseof the whisker sensor The angilar move-
mentachieszed by our device was abou 80°. The artificial
whisker array consistsof six whiskersarrargedin two rows
(figures4(a)and4(b)).

In orderto enalle easyandfastexcharge of sensorsvithin
the array the sensoiis fixed on small plugs. Thusthe ma-
terial of the whisker, its lengthandoriertation caneasilybe
changd for the study of the role of morphology for signal
processingandbehavior.

2.2 TheRobotArchitectue

For someof our expelimentswe use natual rat whiskers.
In orderto rougHy preseve the relation of body size and
whisker length, we have chosena small commercial robot
platfom, theKheperaoba by K-Team(15). TheKhepeais
a cylindrical robot with adiameterof 6 cm, 2 motas, 8 light
sensorsand 8 infra-red sensorghat can appoximatetouc
sensor®n therobotbody. The size constraits on the robot
posedsomechallengeson the constriction part, becausave
hadto fit the whisker arrays, the seno motas, the ampli-
fier boad andthe cameraon sucha smallroba. This prob
lemwassolvedwith amodula architectue, addinglayersfor
eachfunctionality to theroba. Thefirst layercanbe usedto
fix the two whisker arrayson theroba (figure 5(a). These
arrayscanbe fixed in different positionsso expelimentson
the morptology of the whisker arrayson the robot can be

@) (b)

Figure4: The active whisker array (a) Left-mostposition of the
whiskers. (b) Right-mostpositionof thewhiskers.

conducted(8). An omnidirectionalcamea usinga paralwlic

mirror constitutesthe top layer of the artificial mouse(fig-

ure5(b)). An omnidrectionalcameawaschoserasit corre-

spond nicelyto thewide field-of-view of miceandrats.Fur

thermae, we hope to be ableto integratenavigational strate-
giesdevelopedattheArtificial IntelligercelLabin Zurichthat
arebasedn asimilar camerasystem.

(a) (b)

Figure5: (a) Pictureof thelayer containingthe two whisker arrays.
Multiple sitesarepreparedor fixing thewhisker arraysto allow for

differentmorphologes (b) Cameralayer with the omnidirectional
camera.

Thefinal AMouserobad with the acousticsensorcanbe
seenin figure 1. Dataacquisitionandprocessings dore on
alaptopcompuer to have a mobile setupfor expeimentsat
differentsitesandervironments.

Avoid
turn away from
obstacle

> Seek Light
Sensors turn towards light » Motors
—> —>
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Figure6: Schematiof the behaioral modulesin the subsumgion
architectureThemoduesareshavn in descenihg orderof priority.

3. Behavioral Experiment: Phototaxis of the
AMouse

For a first experiment usingboth tactile anda simplified vi-
sualsignal,a light-seeking(phototaxis)behaior wasimple-
mented Therobothaseightambien light sensorsvhich can
be interpretedas primitive visual input. The rangeof these
light sensorss limited to about20-30 cm deperling on the
light source. For local navigation the robot relies primaiily
onits whiskers:to avoid collisionsit usedits whiskersasdis-
tancesensorsimilarasdescritedfor Braitenbeg vehicles(2)
(seeschematiof thenetwork: figure7).



3.1 TheContol Architectue

The robot had a repertare of threebehaiors organizedas
a subsumpon architectue (figure 6), (4): The simplestbe-
havior is "move forward’, the othertwo behaiors are”seek
light” and"avoid obstacle”. To avoid damag to the robot
throwgh collisions, the obstacleavoidarce modde cansup-
pressthe two otherbehaiors if the whiskers are activated
throwgh touch The light seekingbehaior suppresseshe
“move forward’ module whenthelight sensorgletecta light
sourceandtake over the control over thewheelmotors. The
influene of thesensorysignalsonthewheelmotorspeedss
describedn moredetailin thefollowing paragaph.

The "seek light” behavior is active, if the robd detects
light, but doesnot getary signalfrom the whiskers. It then
drives towardsthis light sourceby moduating the speedof
the wheels. If the strongestactivation is at the rear of the
robd, it simply turnsby 180° andcontirueswith the default
behaior. Otherwisethe focal point p of theactivationonthe
remainirg six sensorss compued:

Z Sp N Q)

whereS¢,.n¢ is thenumier of sensors in thefront of the
roba ands,,.q, IS theaverage activationof all sensorsn the
front of the robot. The anglea of the vectorwhich points
from therobot towardsthelight sourcecannow bedescribe
as:

p= —mF—
Smean * Sfrant

a=(p—35)-30 )

The wheelmotorsare thus setto the following valuesin
orderto let theroba drive towardsthelight:

motol.s; = cos(a + 45) - 5 3)

and
Mota,;gn: = sin(a + 45) - 5 4)

The addition of the 45 degreesrotatesthe roba (or rather
the vecto) in away, thatmies: = myrigh: if the anglea is
0, causingthe robot to drive straightforward For the"avoid
obstaclesmodue, themotorspeedsveretakenfrom thenet-
work in figure 7 andappliedfor 0.1s. This modue hadpri-
ority over both”seeklight” and"move forward”.

3.2 Light-Seekindgehavior

We condicteda total of eightrunswith differentconditions.
Firstwetestedheinfluenceof thelight sourceonthesuccess
in light seekingandfound thatlight from a white LED did
not stimulatethe light sensorsstrongenowgh (seefigure 8).
In this run, theroba trajectorywashardlyinfluencel by the
light source,even thoughto an extemal obserer the robot
wasmoving in bright light.

A more successfutun wasachieved with a halogenlight
sourcefigure9). Thelight sourcenvasplacedn onecornerof
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Figure7: Schematiof the neuralnetwork connectinghe whiskers
to themotors.Theweightsweredeterminecheuristically

the expeimentalarea,while theroba startedin anothercor-
ner. Becauseén thebeginningtherobot wastoofarawayfrom
thelight sourceto detectary signalit startedwith thedefault
"move forward’ behaior. Whenit first detectedight, it fol-
lowedthe directionof the strongestactivation of its sensors.
Dueto mirrorswithin thelight sourcethe brightestlight was
not in the middle of the light cone,but alongcertainreflec-
tion lines. Theroba followedthesdinesof highestintensity
until it reachedhe corne of thelight source . Sincetherobot

Run 3

y position
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Figure 8: Testingan LED aslight-source. (b) startpositionof the
robotin the arena(c) endposition of the robot during this run. (a)
trajectoryof thethreelabelson therobot



hasno behaior to stopat a certainbrightness,it contirues
to move andsearchevenwhenit hasreachedhetarget. This
mightlook asfollows: onceit reactesthewall wherethelight
is very bright, it startsto avoid thewall, drives a little away
from thelight soure, appoachesavoidsagainandsoforth,

until the expeimentis stopped.

In alastrun, thelight soure wasmoved to different posi-
tionsduring therun. Thetrajectoryin figure 10 andthevideo
shawv thatit nicely followedthe light into different areasof
theexpelimentalarena.

4. Discussion

Sensothased navigation is an important issue in mobile
robdics. For mary mammalsvision is oneof the mostim-
portart sensorymodlities, especiallyfor long range naviga
tion. But for night-active animds like rats, batsor moles,
vision is not asuseful. Batsfor exanmple have a highly spe-
cialized auditoy systemfor navigation and localization of
prey. Ratsusevision, olfaction andauditorycuesfor long-
rangeoriertation, but for local navigation, somatosesoryin-
formation from the whiskersbecone very impottant. In the
AMouserobd, we have demastratechow basicvision and
somatosensatiobasedon whiskerscanbe combined for an
aiming task. Sincethe light sensorshad a range conside-
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Figure9: Testinga halogenlight source. The robot follows along
the bright light until it is nearly at the source. (b) startposition of
therobotin the arena(c) endposition of the robot during this run.
(a) trajectoryof the threelabelson therobot
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Figure 10: Trajectoryof the AMouse with a moving light source.
Therobotfollows thelight to differentareasf thearena.

ably larger thanthe whiskersthey wereneead for the long
distancenavigation towards the light source. On the other
hand sincetherewerestill obstaclesn the ervironmen that
couldnot be sensedy thelight sensorswhiskerswerecru-
cial for the shot rangenavigation especiallyin the caseof
darkcorner In suchdarkareasof the ervironmen, the light
sensorwverenot usefulasthey werenot detectinganything.

While therewas no learnirg involved so far, the robotis
readyto be extenced with more sophisticatedorms of nav-
igation basedon vision suchas placeeell inspired naviga
tional mockls. Additionally it will be mostinterestingto in-
vestigatehow thevisualandthe somatosesory modality can
be combiredfor classificatiorandnavigational tasks.While
visualinput canbe processedn a staticimage,the whisker
datais alwaystempoal. Without changethereis no sensor
reading. It is alsoindependentof lighting condtions while
a camea fails onceit getsdark. We expectthat for stable
navigation it will be usefu to combne thetactile andthe vi-
sualmodalityto beableto prodwcecoherehbehaior, evenif
oneof the sensegncaintersunfavorablecondtions, suchas
darkress.

5. Conclusionand Futur e Work

In this pape, we describedhow obstacleavoidarce canbe
combined with photdaxis, anaiming behaior. Aiming be-
havior falls into the cateyory of local navigation behaiors,
suchassearchandguidarce. We areinterestedn implemert-
ing otherlocal navigation stratgjies by comhbining whiskers
and vision. A further stepis the implemenation of way-
finding behaior, more predgsely placecell inspirednaviga-
tion method, which arevery well studiedin rats. Placecell
navigation oftenrequiteslocal navigation stratgiesasbuild-
ing blocksto resultin meanindul behaior. We wantto com-
bine visual information and tactile information on textures
and shapegyatheed by the whiskersfor learningof places



cellsandothertasks.We will investigae how thedifferences
in thesensomodalitiesaffectbehaior andlearning andhow
redurdang canbe exploited whenthe conditiors for one of
themodalitiesbecone unfavorable.
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