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ABSTRACT

In thebiomedicalapplicationsit is oftennecessaryto collectmeasurementdatafrom differentdevices.It is relatively easy,
if thedevicesareequippedwith aMIB or Ethernetinterface,howeveroftenthey featureonly theasynchronousseriallink,
andsometimesthemeasuredvaluesareavailableonly astheanalogsignals.Thesystempresentedin thepaperis a low
costalternative to commerciallyavailabledataacquisitionsystems.Thehardwareandsoftwarearchitectureof thesystem
is fully open,so it is possibleto customizeit for particularneeds.The presentedsystemoffers variouspossibilitiesto
connectit to thecomputerbaseddataprocessingunit - e.g.usingtheUSB or Ethernetports.Both interfacesallow alsoto
usemany suchsystemsin parallelto increaseamountof serialandanaloginputs. Theopensourcesoftwareusedin the
systemmakespossibleto processtheacquireddatawith standardtools like MATLAB,1 Scilab2 or Octave3,4 or with a
dedicated,usersuppliedapplication.

Keywords: Dataacquisitionsystem,opensourcesolutions,openhardware,biomedicalsignalprocessing,RS232,analog
signals,biomedicalmonitoring

1. INTRODUCTION

Acquisition of biomedicaldata is important subject in biomedicalresearch,but also in diagnosisand therapy. The
IEEE 1073standard5 hasbeenproposedandaccepteda few yearsago,andtheoreticallydataacquisitionfrom devices
interconnectedinto the MIB network shouldbe an easytask. However in biomedicalresearchtherearestill situations
wherewe needto acquirebiomedicaldatafrom devicesequippedonly with RS232serialportsand/oranalogoutputs.
Theoreticallya PCcomputerwith multiport serialadapterandADC dataacquisitioncardcouldbeusedto acquiresuch
data,however suchsolutionis neithercheap,norconvenient.

ThestandardPCcomputeris big andnoisy, andwith separatecomponentslikekeyboard,mouseandmonitorconnected
with numerouscablesjust doesn't �t in medicalenvironment.Theportablecomputeris muchmoreconvenient,but again
supplementingit with multiple serialportsandADC cardmaybedif�cult. Therearemultiport RS232USB adapters6,7

andUSBconnectedA/D converters8 9 commerciallyavailable,but suchsystemconsistingof many independentdevicesis
still big, expensive andinconvenient.

Our goalwasto createa relatively small andcheapdevice, collectinganalogandRS232data,ableto connectto the
dataanalyzingcomputeror to thecomputernetwork throughthesinglecablewith reasonablelengthlimit, or evenvia a
wirelesslink.

2. TECHNICAL REQUIREMENTS AND HARDWARE SOLUTION

Acquisition of biomedicalsignalstypically requiresresolutionof 12 bits. The requiredsamplingfrequency dependson
themeasuredsignal,but generallyvaluesbelow 1 kHz areacceptable.Therequiredamountof analogsignalsdependson
application,however 8 channelsis usuallysuf�cient.

Thereare many currentlyavailable ADC equippedmicrocontrollersoffering 8 and more analoginputs with 12-bit
resolution,andmaximumtotal samplingratesabove 100 ksps(kilosamplesper second).Thereforemeetingthe above
requirementsis relatively easy, andevenhigherthanrequiredsamplingratesmaybeachieved.However suchADC, when
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Figure1. Block diagramof thePL-DAQ acquisitionsystem.

fully utilized, generatesthedatastreamof rateabove 1 Mb/s, soa connectionto thedataanalyzingcomputeror network
mustoffer suf�cient throughputto transmitthesedata.

Themostpopularexternalextensioninterfaceavailablein moderncomputersis USB.It' s raw throughputis equalto 12
Mb/s(full-speed)or 480Mb/s(high-speed).Soevenin thefull-speedversion,andevenconsideringtheprotocoloverhead,
thebandwidthshouldbesuf�cient to transferall thedata.TheUSB cablelengthis limited to 5 m (it canbeextendedto
15 m by using2 intermediatehubs).If thedistancebetweenthedataacquisitionsystemandthecomputermustbelonger,
or if network connectivity is required- theEthernetinterfacemustbeused.

Thesystemshouldbeableto serviceup to 8 RS232capabledevices. It shouldbeableto work with standardRS232
baudratesfrom 1200Baudto 57600Baud,however otherhigherandnon-standardrateswouldbealsoappreciated.

2.1.Selectionof components

The ideal solutionwould be a singlemicrocontrollerfeaturingall - 12-bit ADC, USB interfaceandEthernetinterface.
Unfortunately, eventhoughthereareEthernetcapablemicrocontrollers10 andthefull-speedUSBcapablemicrocontrollers
with 10-bit ADC,11 it wasimpossibleto �nd a microcontrollercombining12-bit ADC with USB andEthernetinterface.
Thereforeit wasnecessaryto developa solutionwheretheUSB andEthernetconnectivity is providedby externalchips,
connectedvia systembusto themicrocontroller.

Theexternalsystembusis necessaryalsoto connectthemultiport RS232interface,which mustbeimplementedasan
externalchipaswell. TheSC28L198chip12 waschosenas8-portasynchronousinterface,andMAX232 compatiblechips
asRS232level converters.

Finally theADuC832microcontroller13 waschosenasthemicrocontrollerfor thesystem.It provides8-channel12-bit
ADC with 247kspstotalsamplingrate,andwith internalreference.It is aFLASH basedmicrocontroller, soit is possibleto
modify its �rmw are,andit canexecuteprogramfrom externalSRAM memory, whichmakesdebuggingof �rmw areeasier.
In the prototypeversionthe USB andEthernetinterfaceshave beenimplementedusingreadyto usemezzanineboards.
TheUSBconnectionis assuredby theMMusb245module,14 while Ethernetconnectivity by theMMlan2 module15 based
on theRTL8019ASchip.16

Block diagramof the�nal systemis shown in theFig. 1. Theassembledprototypeis shown in theFig. 2. Theobtained
technicalspeci�cationsregardingthedatatransferaresummarizedbelow:

² Dataacquisitioninterfaces

– 8 analoginputs(0-2.5V, 12-bit,247kspstotal)

– 8 RS232interfaces(up to 115.2or 230.4kbaud,dependingon thespeedof RS232level converter)



Figure2. Assembledprototypeof thePL-DAQ acquisitionsystem.
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Figure3. PL-DAQ connectedvia USB interface

² Upstreamconnections

– USB1.1and2.0compatible,effective full-speedtransferrateup to 1MB/s

– Ethernet10Base-T(10MB/s raw throughput,limited by protocolandsoftwareoverhead)

2.2.Possibleusesof the system

The developedhardwaremay be usedin differentcon�gurations. It is possibleto connectit via the USB cableto the
portablecomputersuf�ciently distantfrom thepatient's bed,asshown in theFig. 3.

If thedistancebetweenthepatientandtheanalyzingcomputermustbelonger, or if thecomputermaynot belocated
in thesameroomaspatient,or a few computersmustaccesssimultaneouslythedataprovidedby thesystem,it is possible
to connectthesystemto theEthernetnetwork, asshown in theFig. 4.

Sometimesthe network socket may not be available in the patient's room. In this caseit is still possibleto usethe
system,connectedto simplewirelessbridge(or accesspointworking in theclientmode),asshown in theFig. 5.

In all con�gurationsthe usermust be aware that the PL DAQ systemrelieson the insulationbarrierbuilt into the
biomedicaldevicesconnectedto the analoginputsandRS232interfaces. No additionalbiological barrierbetweenthe
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Figure4. PL-DAQ connectedvia standard(wired)Ethernet
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Figure5. PL-DAQ connectedvia wirelessEthernet



connecteddevicesandbetweenthesystemanddataanalyzingcomputeror network is provided.Thecon�gurationshown
in theFig. 5 maybeusedto provide insulationbarrierbetweenthesystemandthenetwork, whenbothPL DAQ andaccess
pointarepoweredfrom theinsulated,securepowersupply.

3. SYSTEM SOFTWARE

Thesoftwarepartof thesystemis still beingdeveloped.Thesystemsoftwareconsistsof two maincomponents.First of
themis the�rmw areprogrammedinto theADuC832microcontroller, andthesecondoneis thecommunicationsoftware
runningon thedataanalyzingcomputer.

3.1.Firmwar e
The�rmw areis beingdevelopedin C language,usingthefreeSDCC17 compiler.

The �rmw areimplementsautomaticsamplingof the analogchannelswith programmablesamplingrates.The order
of channelsmaybeprogrammed,andsampledchannelsmaybearbitrarily chosen.Thesampleddataareencapsulatedin
recordswith timemarkers,andpassedto thecommunicationinterface.

Becauseof relatively low computationalpower of the ADuC832microcontroller, whencommunicatingwith RS232
devices,thesystemworksasa transparentbridgebetweenthedeviceandthedataanalyzingcomputer. Datareceivedfrom
differentportsareencapsulatedin packetstogetherwith theportnumber, port status,datalengthandtimemarkerandsent
to thecomputer. Informationaboutspecialevents(like changeof stateof theCTSline, breakconditionor frameerror) is
additionallyencodedinto thedatastreamusingspecialcharactersequences.Thedatato besentto differentRS232ports
arealsotransmittedfrom thedataanalyzingcomputerassimilar packets,containingtheport number, datalengthandthe
datathemselves.

Theinterpretationof theRS232datastreamaccordingto theprotocolusedby theparticulardevice will beperformed
by thedataanalyzingcomputer. However it is possibleto implementa specialcommunicationmodein the �rmw are,if
communicationprotocolusedby theparticulardevice requiressomerealtimehandshake.

Becauseresourcesofferedby the ADuC832chip arenot suf�cient to implementthe full TCP/IPstack,thereforea
simpli�ed, UDPbasedprotocolis beingimplementedfor sendingthedataover theEthernetnetwork.

3.2.Communication software
Thecommunicationsoftwareis beingwritten for theLinux OS,usingthePythonlanguage,with someC extensions.The
Twisted18 library hasbeenusedto implementthenetwork protocols.TheNumericalPython19 library andits extensions
hasbeenusedfor ef�cient handlingof numericaldata.

Suchsolutionallowsfor fastprototypingandconvenientdebugging.It is alsopossibleto porteasilythecommunication
software to other platformsrunning Pythoninterpreter, e.g. to MS Windows. The communicationsoftware usesthe
separatemodulesfor decodingof datatransmittedfrom thesystem.Onemoduleis responsiblefor decodingof theanalog
signals'samples.Additionalmodulesmustbeprovidedto implementRS232protocolsusedby particulardevices.

The decodeddatamay be eitherprocessedby the userapplication,written in Pythonand integratedwith the com-
municationsoftware,or storedinto a �le for furtherprocessingwith signalprocessingpackagesavailablein MATLAB, 1

Scilab2 or Octave3.4

A dedicatedPythonlibrary for biomedicalsignalsprocessingin Pythonis beingdeveloped,asa BScthesis,by oneof
ourstudents.This library will supportcreatingof userapplicationsintegratedwith thesystem.

3.3.Futur eenhancements
Sendingof biomedicaldataover thewidely accessibleEthernetnetwork maycauseconcernsregardingthecon�dentiality
andintegrity of thedata.Thereforeacryptographicdataprotectionwouldbeneededfor securetransmissionof data.How-
everencryptingof datawith ADuC832wouldsigni�cantly affectperformanceof thesystembecauseof low computational
powerof thismicrocontroller.

In the futureversionsof thesystemtheADuC841or ADuC842microcontrollers,with signi�cantly increasedspeed,
maybeusedto implementcryptographicalgorithms.

This cryptographicextensionwould beparticularlyimportantwhenusingthesystemwith thewirelesslink, asshown
in theFig. 5.



4. OPEN ARCHITECTURE

Thesystemis supposedto be fully open,to createa basisfor opensourceandhardwaredataacquisitionandprocessing
system.

The free andopensourcesolutions,including EDA tools, programmingtools and libraries,have beenusedfor the
developmentof thesystem.

Both hardwareandsoftwaredocumentationandsourcecodeswill be releasedundertheopenlicenseassoon,asthe
systemis matureenough.Currentlythehardwaredocumentationmaybefoundon theproject's site.20

5. CONCLUSIONS

Thecheapandsimpledataacquisitionsystemhasbeendevelopedfor collectingof biomedicaldatafrom devicesequipped
with analogoutputsandRS232interfaces.

Thesystemallows for dataacquisitionin conditions,whereit is impossibleto locateastandardPCbaseddataacquisi-
tion systemnearto thepatient.

Thesystemmaybeconnectedto thedatarecordingor analyzingcomputerusingtheUSB cable.It is alsopossibleto
connectthesystemto theTCP/IPnetwork usingtheEthernettwistedpair cable,or evenusingthewirelesslink.

Thearchitectureof thesystem(bothhardwareandsoftware)is open,soit is possibleto customizeit to particularneeds
andextendit.
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