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ABSTRACT

Duringthepast few years thedevelopment of low cost sensorsmeansthat they are now abletobe
combined together into an integrated unit. Thispaper describestherecent development of athefirst
version of amaobilebasethat meansthat meaningful resear ch and development can now becarried
out into sensor fusion at relatively low cost. The range of sensors developed - infra red, vision,
ultrasonic etc - will allow work in new ar eas of mechatronicseducation and research to beimple-

mented.

1. INTRODUCTION

Recent devel opmentsin mobileautonomousrobots
indicate that multiplelow cost unitswill supersede
the present use of single, multipurposerobotswith
high cost. Thisisapparent fromthedirectionthat the
major applicationsof mobilerobotics, ieunderwater
autonomous vehicles, spacerobots, and robotsfor
usein the building and construction industry, are
moving. Theintegration of sensorsisneededto a-
low theserobotsto befully informed of their envi-
ronment, thusmaking their pplicationsmorediverse.

Thereisaneed in robotics/mechatronicseducation
for alow cost robot that can be used for experimen-
tation and researchinto theintegration of sensorsand
cooperative behaviour between robots. Thisneed
hasled to thedesign of such arobot. Theinitial ver-
sion proved the concept and hasled to the design of
anewer version that overcomes some of the prob-
lemswiththefirgt.

Because of the modular way that the robot is de-
signeditispossibleto build anumber of themrela
tively cheaply. Mobilerobotsfor teaching and re-
search currently cost inthe region of US$40,000 -
60,000. The mobile base described costs around
US$200. A fully integrated robot can bebuilt using
themodular design. Thiscan havemultiple sensors.
Itisplannedto build at |east ten of theserobotsfor
lessthan US$5,000 so that all aspects of sensor fu-
sion and robot cooperation can beinvestigated.

Theultimateaim of theproject istoinvestigatethe
behaviour of many autonomousrobotsoperatingin

aconfined area. Robot cooperationisbecoming a
major areaof research, astowork together efficiently
robots must not only beaware of their environment
but dsowherethey areinrdationtotheir * colleagues .

2. THEINITIAL DESIGN

Thecurrent robot baseisoctagonal in shape, 20cm
acrossflats, with bump sensorsa ong each edge. Extra
modul es, containing other sensors, can be attached
on top of thisbase so that the configuration can be
altered to suit different needs. These are also oc-
tagonal in shape- Figure 1.

Figure1: Drawing of original baseunit

Thebaseispowered by stepper motors. On board
batteriesprovidearound 1 hour of constant use. The
base unit hasamicrocontroller which monitorsthe



bump sensorsand control sthe direction and speed
of themotors.

Figure2: Original baseunit showinginternal
construction and stepper motors

Figure3: Original baseunit showing bump senors

Theinitial basewasmachined from asolid block of
auminium-Fgures2 and 3. Thiswaspart of aManu-
facturing Engineeringfina year project that wasde-
signedinsuch away that arapid prototyping mould
could be made after any modificationsbased on tri-
alshad been made. Oncethe mould hasbeenfinal -
ised, at least ten baseswould beinjection moul ded
to provide multiplerobotsfor investigating aspects
of mobilerobot cooperation.

Work with thisbase unit hasshown anumber of prob-
lemsassociated with thesmpledesign. Theseprob-
lemsand themodificationstotheorigina concept to
overcomethem are addressed | ater.

3. MULTIPROCESSORAPPLICATIONS

For multiple sensor fusion, aswell asto makethe
integration of sensorsasflexibleaspossble, thusfa-
cilitating themodular gpproach, theinitia baseunitis
currently being modified to add an externd busstruc-
tureto the control board. Thiswill usethe2C bus
devel oped for consumer el ectronicsuseby Philips

[1]. Thel>*Cbushasasimpleseria busstructurethat
isdesigned to makeinterfacing relatively easy. ICs
communi cating with each other onaserid busmust
have someform of protocol which avoidsall possi-
bilitiesof confusion, datalossand blockage of infor-
mation. Fast |Csmust be ableto communicatewith
dow ICs. The system must not be dependent onthe
|Csconnectedtoit, otherwise modificationsor im-
provementswould beimpossible. A procedure has
alsotobedevised to decidewhichICwill bein con-
trol of thebusand when. Andif different ICswith
different clock speedsare connected to the bus- the
busclock must bedefined - Figure 4.

Current work hasshown [2] that the 12C busisca
pable of connecting all the proposed modules. Al-
thoughthebusisrelatively dow, upto 400 kb/s, the
fact that most of the processing would be carried out
localy by the sensor modul es, meansthat only com-
mand and control dataneed be sent onthe bus.

Thefact that thebuscontrollersareavailable* off the
shelf’ meansthat costs can be kept low, whilst the
smpledesign meansthat low leve programming can
be used. The devel opment of an hierarchical com-
muni cations structure should providethebasisfor
communications at aspeed that isadequatefor the
purpose.
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The?C bussupports| Cswith any process(NMOS,
CMOS, etc) - Figure 5. Two wires, serial dataand
serid clock carry informeation between | Csconnected
to the bus. Each IC isrecognised by a unique ad-
dressand can operate aseither atransmitter or re-
ceiver. Thel?Cbusisamulti-master bus. Thismeans
that morethan one | C capable of controlling the bus
can be connectedtoit, unlikeadternative approaches
where one processor isdesignated the bus control -
ler. Arbitration procedures prevent more than one
master controlling thebusat any onetime.

A smplehierarchica protocol isused for integrating
the sensors. Thiscontraststo more complex meth-
odologiesused by other researchers. Other protocols
need largeamountsof centralised computing power;
thishasthe disadvantage of making themodular ap-
proachinthisproposal moredifficult and expensive
toimplement. At the sametime, asthereare many
processorswith builtin I?Cinterfaces, thesmplehi-
erarchica gpproachismuch moreflexible.

Many microprocessor familiesare supported by 1°C
businterface chipsand someeven haveversons e
cialy designed for the bus. Theseinclude 68000,
80C51 and 8048. This wide range of processors
meansthat the onemost suitablefor each sensor can
be used and they can all communicate onthebus.

4. SENSOR INTEGRATION

Theinitid baseunitcan movearoundtheroom,ina
certaindirection, moving awvay from objectsthat are
hit and avoiding them by rerouting. Inthehierarchy
of sensorsused in such robotsthehighest priority is
givento the bump sensorson the base unit.

Theintegration of sensorsin mobilerobotsiswell
documented [3], [4], [5], and, intheory, posesfew
problems. However, most of the approachestaken
by other researchersuselarge amounts of comput-
ing power, usually based around asingle, central
processor and using acomplicated bus structureto
communicate between the sensorsand the control
unit[6], [7]. Othershaveused ‘intelligent’ sensors
but used high-powered transputer-based processors.
[8]

Whiledl of these gpproacheshavetheir advantages,
they all suffer fromtwo major problems; they are
expensive and difficult toimplement, especialy if

multiplerobot applicationsare envisaged.

For exampl e, the Yamabico mobilerobot devel oped
by Yutaet d at TsukubaUniversity in Japan[6], [7],
whilst being asuperb research platform, could not
bebuilt in quantity because of the cost. At thesame
timetherobot usesamultibustype approach to con-
necting al itsmodulestogether. Thusacomplicated
and costly back-planeisrequired. However thecom-
plex design does mean that the devel opment of high
level programming language, ROBOL, could bede-

veloped.

Other researchershave devel oped methods of com-
muni cating between the sensorsand the master proc-
essor using ahypercubes [9], parallel processor ar-
chitecture[10], [ 11] or asynchronous multiproces-
sors[12]. Again, all these approaches suffer from
theprevioudy identified defects.

During the past few years, work at CityU hasre-
sulted in the devel opment of anumber of low cost
sensors, and asmplemethod of communication be-
tween them, that allowsthe development of asim-
pler way of achieving thesamegoals.

For example, a number of infrared distance sen-
sorshave been devel oped for usewith micromouse.
Thissmall, autonomousmobilerobotisdesignedto
map an unknown maze of 16 x 16 squaresand then
find the quickest path to the centregoal. A number
of undergraduatefina-year projectshave devel oped
reliable methods of using infrared sensorsfor both
distanceand proximity detection[13], [14].

A low cost intelligent vision sensor has also been
developed. [15], [16]. This has been further en-
hanced by undergraduate and M Sc students so that
it can now be used on asmall autonomousrobot to
providevisual datafor machinevision.

Findly, anumber of ultrasonic sensorshavead sobeen
developed for useon mobilerobots[17].

Thefirst objectiveisto build modulesfor infrared,
vision and ultrasonic sensors. Thesewill thenbein-
tegrated usingthel 2C bus, and software devel oped
tointegrate the sensorstogether. The next stage of
theproject isto design and construct aradio ethernet
communi cationsmodul e so that cooperative behav-
lour can beinvestigated.



Alliedwork with roboticsat CityU, especialy with
underwater robots, isindicating that work planned on
thisproposed project will have animpact on applica-
tions elsewhere, especially if arobust cooperative
strategy can be devel oped.

A number of modulesare currently being designed.
Thevision module containsanintelligent ccd array.
Thisisableto sense moving objectsand detect their
trg ectory or direction of movement. Adaptive ago-
rithms using theintelligent ccd array will alow this
moduleto serveadual role- tracking and position.
Aninfrared sensor moduleisbeing designed that will
detect both distance and ‘warm’ objects. Findly, a
number of ultrasonic modulesarebeing developedin
arelated project that could be used for longer dis-
tancesensing.

Theintegration of sensors isamajor areaof robotics
research. Thebase unit isableto take control of the
wholerobot and arbitrate through abus structure. The
busstructure alowsthe separate modulesenoughloca
intelligenceto control their own environment, whilst
not conflicting with theneedsof other units. Thesuc-
cessful implementation of theintegration of the base
unit with other sensor unitswill provide avery pow-
erful teaching and research tool inthe mechatronics
area.

5. THE SECOND GENERATION BASE UNIT.

A number of problemswerefound to exist withthe
architectureof theorigina design. First thedesign of
the bump sensorsleft alot to bedesired. They occa
sondly stuck, especidly whenthebumperswerestruck
at ashallow angle. Secondly, the gap between the
bumpers, plusthefact that the switchwasused asan
pivot did not hel p accurate detection of contact being
made. In otherswordsit wasunreliable and not very
accurate.

At the sametimethe 20 cm width of the base meant
that therewaslittleflexibility in how to usethe space.
Thiswasespecialy truewhentheheight - 5cm - was
taken into account.

Consequently anew designiscurrently being manu-
factured whichis25 cm acrossand hasaheight of 6
cm- Figure6.

Another potential problemwasthefact that thereare
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Figure6: Design of new baseunit

only 8 sidesto therobot. Experiencewith ultrasonic
andinfrared sensorshas shown that the angle between
adjacent sensors should be 30° minimumto givefull
360 ° coverage. The octagonal design had 45°, and
thiscould lead to gapsin the sensor coverage. Thus
the new robot will have 12 sides.

Theinitial design had someadd-on modulesthat were
2.5cmhigh and somethat were5 cm high. Thelatest
versonwill only usestackablemodulesthat are6 cm
high - the same asthe base.

Next, the new basewill be madefrom acrylic so that
theweight will becloser tothet for theinjection moul ded
version. Theheavy metal base unit slowed therobot
significantly and used alot of power to move.

Finally, the mechanical bump sensors, which caused
the problemsdiscussed above, areto bereplaced with
fibreoptic sensorsdeveloped for arelated project [ 18],
[19]. Three‘rings of specialy treated optical fibres
Figure 7 - will be attached to acushion that covers
theoutside of the base. Thiswill give 360° continuous
coverage, thusovercoming thegapsfoundintheorigi-
nal. Thefibre optic sensorsare capabl e of detecting
depressions as small as 0.04 mm, and to within a
positiona accuracy of 5mm.

The stepper motorsare being replaced with dc mo-
torsdriventhrough agear box. Experiencehasshown
that the extended battery lifewith dc motorsover



Sensitivityl

Figure7: Directiondity of measurementsand
diagram of the sensitised fibre

comesany of themore complicated interface elec-
tronics.

6. APPLICATION TO MECHATRONICS
TEACHING

Thebase unit isdesigned to be used as ateaching
tool on anumber of courseswithintheuniversity. A
number of final year projectsin the Department of
Electronic Engineering need such alow cost base,
especialy for the development of work inrobot co-
operation and communiceation.

Alsothe BEng Mechatronics Degreeat CityU, run
by the Departmentsof Manufacturing Engineeringand
Electronic Engineering, has an 18 month project
which isdesigned to devel op prototypesof designs
for potentia commercia applications. Many of these
involvetheintegration of sensors. Current teaching
looksat sensorsinisolation - either from each other,
or distinct from other elementsof the system.

Accesstoamobilerobot that isdesigned and builtin
such away that simple (or even complex) experi-
ments can be carried out into the devel opment of
new sensors, withinasystem, will overcometheedu-
cationd problemsindicated above.

At the sametime, the possession of anumber of low
cost mobilerobotswill provideatool for future de-
vel opment of both teaching and research into robot
cooperation and communication.

7.FUTURE PLANS-COOPERATIVE
BEHAVIOUR

Cooperativebehaviour hascometotheforerecently,
especiadly with theintroduction of multipleAGVsin
industry. A number of approaches have been taken
to solving the problem of optimising the performance
of many robotsin the sameworkplace, whether this
be static robot-arm devices or mobile units. How-
ever different strategiesarerequired for small au-
tonomous mobilerobots.

Thefirsttask in designing astructurefor robot coop-
erationiscollisonavoidance. Thisisnow suchawell
researchedfidd, withmany differing strategies that
itisnot planned to spend any time devel oping this
area. Thebest strategy for thedesign of robot will be
theone chosen after eva uating the performanceand
capabilities of the robot after the first part of the
project, sensor fusion, has been successful.

Themainareaof futureresearchwill concentrateon
designing awirelesslink between each robot, and
then designing the cooperation strategies. A number
of researchershave developed wirelesslinks, but
most depend onacentra “server”. Theinitia design
planned will takethisapproach, using ethernet-based
local areanetwork. However, thefina version will
probably have adistributed server architecturewith
the server functionsbeing shared by al therobots.
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