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Abstract

In this technical note we presentan autonomouswire-
lesscommunicatiorand computingplatformandits appli-
cations.Thesystems basedona Bluetoothcommunication
moduleanda microcontoller. It is designedor a minimum
useof resouceswhile still beingflexible. This platformis
beingusedto setup large ad hocnetworksg.g. for collabo-
rativeremotesensing In genel, it canbeusedasa small
but genericwirelessnetworkingnode

1. Introduction

Recently networking multiple smalldevicesin anunco-
ordinatedanduncentralizedashionby wirelessmeanshas
generatednuchinterest. The Bluetoothtechnology[1] is
anemepging communicatiorstandardhat providesad hoc
configurationof master/slae piconetsup to eightunits. It
allows dataratesup to several hundredkilobytes per sec-
ond. We have designedand implementedan autonomous
programmableomputingunit with Bluetoothcommunica-
tions. The systemis beingusedto implementa collabora-
tive sensometwork [2] andsenesasa testbedfor ad hoc
networking protocolsin networks comprisinglarge num-
bersof mobileautonoumousodes.

A brief overview of the designconsiderationsand the
hardwareimplementatiorof sucha network nodeis given
in sections2 and 3. Details of the power consumptiornof
thesystemcomponentarediscussedh section3. Thefinal
sectiond dealswith the systemsperatingsoftware,proto-
cols,andapplications.

2. Design Considerations
CommercialBluetooth solutionsare available as fully
self-containedranscerer modules. They are designedto
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be usedasadd-onperipherals.They featurean embedded
CPU, differenttypesof memory aswell asbasebanand
radio circuits. The modulesoffer a genericHost Controller
Interface(HCI) to the lower layersof the Bluetoothproto-
col stackwhile the higherlayersof the protocolandappli-
cationsmustbeimplementedn the hostsystem.Sincethe
in-systemCPU andmemoryarenot availablefor userspe-
cific implementationsgvenaminimal standalon®luetooth
nodeneedsan additionalhostCPU to executeapplications
andthe correspondindnigherlayersof the Bluetoothproto-
col.

Having networks of hundredsof autonomousmobile
nodesn mind, devicesneedto becarefullydesignedSome
of thefeatureswe consideredn thedesignare:

In-circuit programmablglatform
Componentount

Overall systenmsize
Sensomlnduserinterface
Singlevoltagewith power management

3. System Overview
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Figure 1. Schematic system overview
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To run applicationsandthe higherBluetoothprotocollay-
ers,theAtmel ATMegal03LSOCmicrocontrollemwith em-
beddednemorywaschosenlt featuresan8-bit RISCcore
with upto 4 MIPS at4 MHz, 128KbytesFlashmemoryand



4 KbytesSRAM, a serialinterfaceaswell asseveralpower
modes. The Bluetoothmodule[3] is a fully shieldedsub-
systenthatis attachedo aserialportof themicrocontroller
Externalserialportsareusedfor datatransferandin-circuit
programming.An externalantennds mountedwith there-
quiredgroundplaneontothe 4x6 cm PCB substrate.

A voltageregulatoris usedto supplythe necessargper
atingvoltagefrom a smallbatterypackto the maincompo-
nentsindividually. This allows exact monitoring of power
consumptiorandduty cycles.

Figure 2. System mounted on battery pack

The system power consumptionfor different operating
modesis givenin tablel. It shovs thatthe dominantcom-
ponentin sucha wirelessnetwork nodetodayis the Blue-
toothmodule.Thevaluespresentedlearlyshav thatBlue-
toothis not yet readyfor deploymentin realworld scenar
ios. However, improved Bluetooth products[4] and ad-
vancedpower managemenwill eventually reducepower
consumptionconsiderably Our systemdesignallows for
easyreplacemenbf the Bluetoothtrancever module,once
improvedmodulesareavailableon the market.

Table 1. System power consumption at 3.3V

CPUPower Down, Bluetoothdetached 9.9mwW
Running,Bluetoothdetached 26.4mwW
Running,BluetoothTransmit/Receie mode 108.9mW
Running,Bluetoothinquiry mode 148.8mwW

4. System Software and Applications

Thesystensoftwareprovideslow-level drivers,asched-
uler andthe host portion of the Bluetooth protocol stack.
There are drivers for serial ports, analogto digital con-
verter generalpurposelO, randomnumbergeneratorsys-
tem clock, and sensors. The schedulerprovides event-
drivenschedulingof systemandapplicationtasks.

We portedthe host portion of the Bluetooth protocol
stack from an open sourceLinux implementation[5] to
our microcontrollerervironment. The Linux versionof the
Bluetoothstackrequiredmultithreadingcapabilitiesandac-
cessto the serialport. On our systemthesefunctionsare

takencareof by thescheduleandthelow-level drivers.The
mainobstaclan portingwasthelimited memoryprovisions
of themicrocontroller sincethe original protocolstackwas
notoptimizedfor memoryconsumption.

Devices can autonomouslycommunicateusing Blue-
tooth wirelesstechnology Supportedayersare HCI and
the Logical Link Controland AdaptionProtocol(L2CAP).
Inquiry, connectiorestablishmenio otherdevices,anddis-
connectiomprocedurefave beenimplementedandtested.

We aredevelopinganapplicationthatdeduceshetopol-
ogy of mobile Bluetoothdevicesbasedon the ability to in-
quire other Bluetoothdeviceswithin range. Whenever an
unknown device entersinquiry range,its presencds de-
tected. This informationis then disseminatedhroughout
theknown partof the network. Approachesandfirst results
aredescribedn [6]. Furthermorethe systemcanalsobe
usedasawirelessinterfaceperipheral.

Future work on the systemsoftware will concentrate
on minimizing memoryusageof the Bluetooth stackand
addingthe ServiceDiscovery Protocol(SDP).In the appli-
cation domain,the Smart-ltsproject[2] will make use of
thesystemto form mobileadhocnetworksof collaboratve
Sensors.

5. Conclusions

The implementationof a small, standalonecommuni-
cation platform using the Bluetoothprotocolhasbeende-
scribed. The feasibility of scalingthe Bluetooth protocol
stackto an embeddeddevice with limited resourceshas
beendemonstrated Even thoughthe currentimplementa-
tion canhardly be deployedin realworld scenarioslueto
its high power consumptionijt seneswell asa demonstra-
ton platform for researchn mobile and ad hoc connected
networks (MANETS) anddistributedsensomnetworks.
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