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ABSTRACT

In thebiomedicalapplicationst is oftennecessario collectmeasuremerdatafrom differentdevices. |t is relatively easy
if the devicesareequippedvith aMIB or Etherneinterface,however oftenthey featureonly theasynchronouseriallink,
andsometimeghe measuredialuesare available only asthe analogsignals. The systempresentedn the paperis a low
costalternatve to commerciallyavailable dataacquisitionsystems The hardwareandsoftwarearchitectureof the system
is fully open,soit is possibleto customizeit for particularneeds. The presentedystemoffers variouspossibilitiesto
connecit to the computerbaseddataprocessinginit - e.g. usingthe USB or Ethernefports. Both interfacesallow alsoto
usemary suchsystemsn parallelto increaseamountof serialandanaloginputs. The opensourcesoftware usedin the
systemmalkespossibleto procesghe acquireddatawith standardoolslike MATLAB,! Scilal? or Octare®,* or with a
dedicatedyusersuppliedapplication.

Keywords: Dataacquisitionsystem opensourcesolutions,openhardware,biomedicalsignalprocessingRS232 analog
signals biomedicalmonitoring

1. INTRODUCTION

Acquisition of biomedicaldatais importantsubjectin biomedicalresearchbut alsoin diagnosisand therayy. The
IEEE 1073 standard hasbeenproposedand accepteda few yearsago, andtheoreticallydataacquisitionfrom devices
interconnectednto the MIB network shouldbe an easytask. However in biomedicalresearchthereare still situations
wherewe needto acquirebiomedicaldatafrom devices equippedonly with RS232serial ports and/oranalogoutputs.
Theoreticallya PC computerwith multiport serialadapterand ADC dataacquisitioncardcould be usedto acquiresuch
data,however suchsolutionis neithercheapnor cornvenient.

Thestandard®Ccomputeiis big andnoisy, andwith separateomponenttik e keyboard mouseandmonitorconnected
with numerousablegustdoesnt t in medicalervironment. The portablecomputeris muchmorecornvenient,but again
supplementingt with multiple serialportsand ADC cardmay be dif cult. Thereare multiport RS232USB adapter$,’
andUSB connected/D corverter§ ® commerciallyavailable,but suchsystemconsistingof mary independentlevicesis
still big, expensve andinconvenient.

Our goalwasto createa relatively smallandcheapdevice, collectinganalogand RS232data,ableto connectto the
dataanalyzingcomputeror to the computemetwork throughthe single cablewith reasonabléengthlimit, or evenvia a
wirelesslink.

2. TECHNICAL REQUIREMENTS AND HARDWARE SOLUTION

Acquisition of biomedicalsignalstypically requiresresolutionof 12 bits. The requiredsamplingfrequeng dependson
themeasureaignal,but generallyvaluesbelov 1 kHz areacceptableThe requiredamountof analogsignalsdepend®n
application however 8 channelss usuallysufcient.

Thereare mary currently available ADC equippedmicrocontrollersoffering 8 and more analoginputs with 12-bit
resolution,and maximumtotal samplingratesabove 100 ksps (kilosamplesper second). Thereforemeetingthe above
requirementss relatively easy andevenhigherthanrequiredsamplingratesmaybe achiezed. However suchADC, when
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Figure 1. Block diagramof the PL-DAQ acquisitionsystem.

fully utilized, generateshe datastreamof rateabove 1 Mb/s, soa connectiorto the dataanalyzingcomputeror network
mustoffer sufcient throughputo transmitthesedata.

Themostpopularexternalextensioninterfaceavailablein moderncomputerss USB. It' sraw throughpuis equalto 12
Mb/s (full-speed)or 480Mb/s (high-speed)Soevenin thefull-speedversion,andevenconsideringhe protocoloverhead,
the bandwidthshouldbe sufcient to transferall the data. The USB cablelengthis limited to 5 m (it canbe extendedto
15 m by using2 intermediatehubs).|f the distancebetweerthe dataacquisitionsystemandthe computemmustbelonges
or if network connectity is required- the Ethernetinterfacemustbe used.

The systemshouldbe ableto serviceup to 8 RS232capabledevices. It shouldbe ableto work with standardrS232
baudratesfrom 1200Baudto 57600Baud,however otherhigherandnon-standardateswould be alsoappreciated.

2.1. Selectionof components

The ideal solutionwould be a single microcontrollerfeaturingall - 12-bit ADC, USB interfaceand Ethernetinterface.
Unfortunately eventhoughthereareEthernetcapablanicrocontrollerd® andthefull-speedUSB capablemicrocontrollers
with 10-bit ADC,'! it wasimpossibleto nd amicrocontrollercombining12-bit ADC with USB andEthernetinterface.
Thereforeit wasnecessaryo develop a solutionwherethe USB and Ethernetconnectity is provided by externalchips,
connectedia systembusto themicrocontroller

The externalsystembusis necessargalsoto connecthe multiport RS232interface, which mustbeimplementecasan
externalchip aswell. The SC28L198chip'? waschoseras8-portasynchronousiterface,andMAX232 compatiblechips
asRS232level corverters.

Finally the ADuC832microcontrollet® waschoserasthe microcontrollerfor the system.t provides8-channell2-bit
ADC with 247kspstotal samplingrate,andwith internalreferencelt isaFLASH basednicrocontroller soit is possibleto
modify its rmw are,andit canexecuteprogramfrom externalSRAM memory which makesdeluggingof rmw areeasier
In the prototypeversionthe USB and Ethernetinterfaceshave beenimplementedusingreadyto usemezzanineboards.
The USB connectioris assuredy the MMusb245modulel* while Ethernetconnectvity by the MMIan2 modulé® based
ontheRRTL8019ASchip 1

Block diagramof the nal systemis shavn in theFig. 1. Theassemblegrototypeis shaovn in theFig. 2. Theobtained
technicalspeci cationsregardingthe datatransferaresummarizedelow:

2 Dataacquisitioninterfaces

— 8 analoginputs(0-2.5V, 12-bit, 247 kspstotal)
— 8 RS232interfacequpto 115.20r 230.4kbaud,dependingn the speedf RS232level corverter)



Figure 2. Assembledrototypeof the PL-DAQ acquisitionsystem.
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Figure 3. PL-DAQ connectedriia USB interface

2 Upstreanconnections

— USB1.1and2.0compatible gffective full-speedtransferrateup to 1IMB/s
— EthernetlOBase-T{10 MB/s raw throughputjimited by protocolandsoftwareoverhead)

2.2.Possibleusesof the system

The developedhardware may be usedin differentcon gurations. It is possibleto connectit via the USB cableto the
portablecomputersufciently distantfrom the patients bed,asshavnin theFig. 3.

If the distancebetweerthe patientandthe analyzingcomputemmustbe longer or if the computemay not be located
in thesameroomaspatient,or afew computersnustaccessimultaneouslyhe dataprovided by the systemit is possible
to connecthe systemto the Ethernetetwork, asshavn in the Fig. 4.

Sometimeghe network soclket may not be availablein the patients room. In this caseit is still possibleto usethe
systemgconnectedo simplewirelessbridge(or accesgpointworking in theclientmode),asshavn in the Fig. 5.

In all con gurationsthe usermustbe aware that the PL_DAQ systemrelies on the insulationbarrier built into the
biomedicaldevices connectedo the analoginputs and RS232interfaces. No additionalbiological barrier betweenthe
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connectedlevicesandbetweerthe systemanddataanalyzingcomputeror network is provided. The con gurationshavn
in theFig. 5 maybeusedto provide insulationbarrierbetweerthe systemandthe network, whenbothPL_DAQ andaccess
pointarepoweredfrom theinsulated securgpower supply

3. SYSTEM SOFTWARE

The software partof the systemis still beingdeveloped. The systemsoftware consistsof two main componentsFirst of
themis the rmw areprogrammednto the ADuC832microcontroller andthe secondoneis the communicatiorsoftware
runningon thedataanalyzingcomputer

3.1.Firmware
The rmw areis beingdevelopedin C languageusingthefree SDCC compilet

The rmw areimplementsautomaticsamplingof the analogchannelswith programmablesamplingrates. The order
of channelsnay be programmedandsamplecchannelsnay be arbitrarily chosen.The sampleddataareencapsulateth
recordswith time markers,andpassedo thecommunicatiorinterface.

Becauseof relatively low computationapower of the ADuC832 microcontrolley whencommunicatingvith RS232
devices,the systemworksasatransparenbridgebetweerthedevice andthe dataanalyzingcomputer Datarecevedfrom
differentportsareencapsulateth pacletstogethemwith the portnumber port status datalengthandtime marker andsent
to the computer Informationaboutspecialevents(lik e changeof stateof the CTSline, breakconditionor frameerror)is
additionallyencodednto the datastreamusingspecialcharactesequencesThe datato be sentto differentRS232ports
arealsotransmittedrom the dataanalyzingcomputerassimilar paclets,containingthe port numbey datalengthandthe
datathemseles.

Theinterpretatiorof the RS232datastreamaccordingto the protocolusedby the particulardevice will be performed
by the dataanalyzingcomputer However it is possibleto implementa specialcommunicatiormodein the rmw are, if
communicatiorprotocolusedby the particulardevice requiressomerealtime handshag.

Becauseesourceoffered by the ADuC832 chip are not sufcient to implementthe full TCP/IP stack,thereforea
simpli ed, UDP basedprotocolis beingimplementedor sendingthe dataover the Ethernetnetwork.

3.2. Communication software

The communicatiorsoftwareis beingwritten for the Linux OS, usingthe Pythonlanguagewith someC extensions.The
Twisted?® library hasbeenusedto implementthe network protocols. The NumericalPythort® library andits extensions
hasbeenusedfor ef cient handlingof numericaldata.

Suchsolutionallowsfor fastprototypingandcornvenientdehugging. It is alsopossibleto porteasilythecommunication
softwareto other platformsrunning Pythoninterpreter e.g. to MS Windows. The communicationsoftware usesthe
separatenodulesfor decodingof datatransmittedrom the system.Onemoduleis responsibldor decodingof the analog
signals'samplesAdditional modulesmustbe providedto implementRS232protocolsusedby particulardevices.

The decodeddatamay be either processedy the userapplication,written in Pythonand integratedwith the com-
municationsoftware,or storedinto a le for further processingvith signalprocessingpackageswvailablein MATLAB, *
Scilal? or Octave®.*

A dedicated?ythonlibrary for biomedicalsignalsprocessingn Pythonis beingdeveloped,asa BScthesis by oneof
our studentsThis library will supportcreatingof userapplicationsntegratedwith the system.

3.3. Future enhancements

Sendingof biomedicaldataover the widely accessibléthernethetwork may causeconcerngegardingthe con dentiality
andintegrity of thedata.Thereforea cryptographidataprotectionwould be neededor securdransmissiorof data.How-
ever encryptingof datawith ADuC832would signi cantly affect performancef thesystenbecaus®f low computational
power of this microcontroller

In the future versionsof the systemthe ADuC841or ADuC842microcontrollerswith signi cantly increasedspeed,
may be usedto implementcryptographicalgorithms.

This cryptographiextensionwould be particularlyimportantwhenusingthe systemwith the wirelesslink, asshavn
in theFig. 5.



4. OPEN ARCHITECTURE

The systemis supposedo be fully open,to createa basisfor opensourceandhardware dataacquisitionandprocessing
system.

The free and opensourcesolutions,including EDA tools, programmingtools and libraries, have beenusedfor the
developmentof the system.

Both hardware and software documentatiorand sourcecodeswill bereleasedinderthe openlicenseassoon,asthe
systemis matureenough.Currentlythe hardwaredocumentatiomay be found on the projects site 2°

5. CONCLUSIONS

The cheapandsimpledataacquisitionsystemhasbeendevelopedfor collectingof biomedicaldatafrom devicesequipped
with analogoutputsandRS232interfaces.

Thesystemallows for dataacquisitionin conditionswhereit is impossibleto locatea standard®C baseddataacquisi-
tion systemnearto the patient.

The systemmay be connectedo the datarecordingor analyzingcomputerusingthe USB cable. It is alsopossibleto
connecthe systento the TCP/IPnetwork usingthe Ethernetwistedpair cable,or evenusingthewirelesslink.

Thearchitectureof the system(bothhardwareandsoftware)is open,soit is possibleto customizét to particularneeds
andextendit.
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