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Abstract—
�

Many
�

biomedical experimentsrequire a precisely
timed
�

real-time � RT� computer� interface. Becausecommonly
used� desktopoperatingsystemsare inherently non-real-time,
real-time	 laboratorycomputersystemsare often basedon out-
dated



DOS softwareor expensiveproprietaryreal-timeoperat-
ing
�

systems.Here we discussa real-time computing system,
based
�

on the free RT-LINUX operating
 system,which we have
developed



for adaptivepacingcontrol in a clinical cardiacelec-
trophysiology
�

laboratory.This powerful, flexible, and inexpen-
sive� systemdemonstratesthat RT-LINUX

� is
�

well suitedfor real-
time
�

biomedical experiment interface. © 1999 Biomedical
Engineering Society. � S0090-6964� 99� 02102-5

� �
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INTRODUCTION

Hard
�

real-time tasks,
�

i.e., periodic tasks for which
timing
�

must be guaranteed,are ubiquitousin biomedical
research.A soft� real-time task

�
is one for which timing

requirements� canbestatisticallydefined;i.e., a given rate
mustusuallybe maintained.� In this paper,real-time will�
be
�

usedto refer to hard
�

real-time.� As an exampleof a
real-time� system, consider a feedback control system
where� the amplitude of an electrical stimulus is to be
recomputedrepeatedlyas a function of the most recent
analog input ! AI " sample# acquired from a biological
preparation.$ If an internal dataacquisition % DAQ

& '
board
�

collects( dataat a samplingrate of 1 kHz, the computer
mustretrieveeachAI scanfrom the DAQ board,process
that
�

scanto determinethe stimulusamplitude,and send
the
�

appropriatesignal to the stimulator,all in lessthan1
ms.) It might appearthat failure to maintainthe task rate
would� be a predictable * and possiblypreventable+ func-
tion
�

of hardwarespeed,samplingrate,and/oralgorithmic
complexity.( However,if the computeris controlledby a
general-purpose, operatingsystem - OS

. /
,0 it is more likely

that
�

real-timeaccuracywill be hinderedby the OS itself;

general-purpose, OS’s are inherentlyunpredictable,mak-
ing real-time processingunreliable 1 even2 for relatively
slow# and computationallysimple tasks3 .

Commonly
4

used general-purposeoperating systems
such# asMicrosoft WINDOWS

5
95/98/NT,0 MACINTOSH

6
OS,0 and

UNIX
7 are multitasking8 ,0 meaningthat they allow the com-
puter$ to run more than one processsimultaneously.The
operating9 systempermits multitasking by time sharing,
i.e.,
:

distributing ; in: series< system# resourcesamong all
active tasks.For example,at a given time the OS may
instruct the central processingunit = CPU

4 >
to
�

work on
task
�

A. Before taskA is completed,the OS may tell the
CPU
4

to work on task B. If thereare more active tasks,
the
�

OS may instruct the CPU to work on eachof them
before
�

returning to task A. As tasks are completedor
new? tasks are initiated, the operatingsystem allocates
resourcesaccordingly.This approachoptimizesaverage
system# performanceby ensuringthat no single task mo-
nopolizes? the systemresources.A direct result of time
sharing# is that real-timeaccuracycannotbe guaranteed,
because
�

the time betweenwhen the systemstopswork-
ing on a task and when it will return to that task is
unpredictable.@ For example, when a user moves the
mouse) cursoracrossthe screenand activatesa new pro-
cess,( the OS must attendto this unforeseensequenceof
events2 and thereforemay be unableto return to a given
real-time� taskbeforethe task’sallottedtime haselapsed.

In
A

somecases,a programcan attempt to meet real-
time
�

deadlinesby using softwareinterrupts
B

,0 which force
an OS to return to C or9 leave fromD a given task at a
designated
E

time. However,becauseinterruptresolutionis
typically
�

coarse F e.g.,2 100 Hz on Intel-architecture
LINUX G ,0 theutility of this approachis limited to relatively
slow# real-time tasks H i.e.,

:
those with task rates slower

than
�

the interrupt rateI . While low-level modifications,
such# as increasinginterrupt frequencyor altering task
priority$ rules,canbe madeto someoperatingsystemsto
improve
:

real-time accuracy,such changescompromise
the
�

overall general-purposeperformancefor which the
OS
.

was designed.
For DAQ applications,proprietary software such as
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can( circumvent multitasking OS timing short-
comings( by using a clock signal X from a circuit on the
DAQ
&

boardor an externalfunction generatorY to
�

trigger
regular� DAQ boardacquisition.The acquireddataaccu-
mulatesin an on-boardcircular buffer until the OS allots
computation( time to retrieve and processit. Buffering
prevents$ data loss as long as the computercan retrieve
the
�

databeforethe buffer is filled. While this approachis
suitable# for DAQ, it is insufficient for real-timeprocess-
ing
:

becauseindividual AI scansare not retrieved and
processed$ immediatelyafter they are acquired.

REAL-TIME
Z

PROCESSING OPTIONS

Although general-purposemultitasking OSs are un-
suitable# for precise real-time processing,there are a
number? of potentialalternativeapproaches:[

1\ DOS: Many DAQ and control applicationsstill
use@ DOS. DOS can( guaranteereal time becauseit is not
multitasking—it) only runsone taskat a time. Thus,DOS

]
permits$ the CPU to focus all of its attentionon a single
real-timetask.However,DOS is outdated,inflexible, and
lacks the modernsoftwareand featuresthat usersexpect
from
^

an operatingsystem._
2
` a

RTOSs:
b

Another
c

solution to real-time processing
is to usea high-endproprietaryreal-timeoperatingsys-
tem
� d

RTOS
e f

such# as VXWORKS
g h Wind

i
River Systems,

Alameda,
c

CA 94501j ,0 QNX k QNX
l

Software Systems
Ltd., Kanata,Ontario,Canadam , o0 r REAL/IX n MODCOMP,
Fort Lauderdale,FL 33309o . Suchsystemsareappealing
because
�

they are designedspecifically for real-timepro-
cessing.( However,costsof RTOSsare often high, espe-
cially( consideringthat RTOSstypically lack the general-
purpose$ functionality that would make them useful for
typical
�

non-real-timeapplications.
(3)
p

Windows NT: WINDOWS
5

NT incorporates
:

someim-
portant$ RTOScharacteristics.However,Timmermanand
Monfret22

Q
found that WINDOWS

5
NT is incapableof accu-

rate� real-timeprocessing.They testedWINDOWS
5

NT and 
found
^

that while its averagecycle time for a periodic
real-timetaskwas35 q s,# the slowestcycle time was670r s.# This variability demonstratesthat WINDOWS

5
NT is not

predictable$ and thereforecannotguaranteereal-time ac-
curacy.( To enable WINDOWS

5
NT real-time processing,

several# vendorshave developedreal-time WINDOWS
5

NT

add-ons. One example s from
^

LP Elektronik GmbH, We-
ingarten,
:

Germanyt uses@ additional hardwareto enable
fast interrupts.This systemprovidesthe benefit of pre-
dictable
E

interrupts,but hasthe drawbackof requiring an
additional hardware purchase.23 Another

c
example u the

�
INTIME
v system# from RadiSysCorporation,Hillsboro, OR
97124
w x

integratesWINDOWS
5

NT and a proprietaryRTOS
together
�

on the samesystem.This systemcan guarantee
real� time, but softwareapplicationsare not portablebe-
tween
�

the two OSs and standardNT
y device
E

driver soft-
ware� cannot be used by the RTOS.23

Q
Thus, separate

RTOS device driver softwaremust be written for each
device.
E z

4
{ |

RT-Linux:
b

LINUX
J 14 is

:
a relatively new Unix-like

operating9 systemoriginally developedfor Intel proces-
sors,# and now available for severalother platforms in-
cluding( the POWERPCand 

DIGITAL ALPHA. An important
new? addition to LINUX

J is
:

the Real-Time LINUX
J }

RT-
~

LINUX � project.$ 1,2,9,12,20,24RT-LINUX is a minimal OS that
runs two processes:� i � a real-timeprocess� top

�
priority,

guaranteed, timing� ,0 and � ii: � the
�

standardLINUX
J OS

. �
low
�

priority,$ absolutely interruptible by the real-time pro-
cess( � . RT-LINUX is able to guaranteethe timing of the
real-time process,while concurrentlyserving as a stan-
dard
E

multitasking LINUX
J workstation.� For example,one

can( run a word-processingapplication and transmit/
receive data to/from a networked computer while RT-

LINUX is controlling an experiment.Thus,this solutionis
highly
�

functional. Furthermore,becauseLINUX
J is

:
a de-

velopment� of the open-sourcesoftwarecommunity, RT-
~

LINUX is free.

USING
�

RT-LINUX FOR EXPERIMENT
INTERFACE
�

During the first few years following its 1991 incep-
tion,
�

LINUX existed2 mainly as a hobby for hackers.For-
tunately,
�

due to the openavailability of its sourcecode
and the enthusiasmof thousandsof volunteerdevelopers
worldwide,�

LINUX has matured into a powerful and
application-rich operating system that is beginning to
challenge( the desktopdominanceof commercialoperat-
ing
:

systems.15 Many
�

scientistshavefound that LINUX
J is

:
a powerful OS for modeling and data analysis.Now,
with� the addition of the RT-LINUX project,$

LINUX is a
low-cost
�

real-timealternativeto high-endRTOSs.
RT-LINUX
~ is

:
comprisedof a small real-time kernel

which� runs: � i � a C o rC ��� guaranteed-timing, real-time
process$ � RT process� at top priority, and � ii � the

�
standard

LINUX
J kernel

�
as a fully preemptablelow priority task.

High-speed
� �

low
�

interrupt latency� and predictabletim-
ing areachievedby limiting the RT processto functions
that
�

are essentialto real time. To utilize the high func-
tionality
�

of the full rangeof LINUX
J resources,� a non-real-

time
�

process � NRT
L

process� can( be run concurrently
from within the standardLINUX kernel to accomplish
tasks
�

that are not vital to real time � e.g.,2 data storage,
data
E

display, graphical user interface, network access� .
Importantly,RT-LINUX uses@ standardLINUX device

E
driver

software.# The RT processand the NRT processcommu-
nicate? throughcommonlyaccessible� i.e.,

:
read-fromand

written-to� by both the RT processand the NRT process�
shared# memoryand/orFIFO   first-in, first-out¡ queues.¢ In
short,#

RT-LINUX offers9 a fast, predictable, low-latency
real-time� environment,while simultaneouslyproviding
access to the rich variety of servicesand applicationsof
standard#

LINUX .
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AN RT-LINUX CARDIAC PACING
CONTROL
£

SYSTEM

In
A

clinical cardiac electrophysiology laboratories,
electrical2 stimulationis usedto diagnosethe mechanism
of9 a patient’s cardiacarrhythmia.Stimuli are delivered
by
�

intracardiaccatheterelectrodesthat are insertedinto
the
�

femoral vein of the leg and are advancedthrough
blood
�

vesselsto the heart. Typically, the procedureis
monitored) by proprietary computer software and con-
trolled
�

via a relatively primitive manually operated
stimulator.# While suchstimulatorsare adequatefor typi-
cal( clinical pacingprotocols ¤ which� utilize simplestimu-
lation
�

patterns¥ ,0 innovativeadaptivepacingprotocolsare
difficult
E

or impossible.
In our laboratory,we are investigatingchaos-control-

type
�

pacing algorithms4-6,10
¦

for arrhythmia suppression.
These
§

algorithmsrequirereal-time ¨ i.e.,
:

on a beat-to-beat
basis
� ©

modification of pacing parameters.Neither stan-
dard
E

cardiacelectrophysiologypacinghardware/software
systems,# nor typical instrumentcontrol systemssuch as
LABVIEW
J ,0 offer the real-time functionality required for
such# pacingalgorithms.We havedevelopeda RT-LINUX-
based
�

systemto control a cardiacarrhythmiaknown as
atrioventricular ª AV

c «
nodal? conduction alternans¬

AVNCA
c ­

,0 which is a beat-to-beatalternationin the time
requiredfor the cardiacimpulse to conductthrough the
AV node.The AV nodeis the normal electricalconnec-
tion
�

betweenthe atria and the ventriclesin the mamma-
lian
�

heart.
Rabbit heart experiments10,21 have shown that if the

time
�

betweenconsecutiveAV –nodal excitations is ab-
normally? short, AV –nodal conduction time fatigues®
lengthens¯ and then bifurcatesinto AVNCA. AVNCA

hasbeenobservedin humansduring orthodromicrecip-
rocating� tachycardia° ORT

. ±
,0 8,18,19 an arrhythmiacharac-

terized
�

by a reentrantcircuit in which a cardiacimpulse
passes$ anterogradelythrough the atria, AV node, and
His–Purkinje system,and then reactivatesthe atria via
an abnormalaccessoryconductionpathway.To induce
AVNCA,
c

ORT can be replicated ² as depictedin Fig. 1³
by
�

electricalstimulationof the atrium at a fixed interval
VA
´ µ

VA
´

is the time betweenventricular excitation and
the
�

next atrial stimulation¶ after eachventricular depo-
larization. Simulations3,4

·
and rabbit-heartexperiments10

have demonstratedthat chaos-control-typeperturbations
made) to the VA interval can suppressAVNCA. To de-
termine
�

if sucha techniquecanbe appliedclinically, we
have developeda real-time control system capableof
beat-to-beat
�

feedbackmodificationof the VA pacingin-
terval.
�

Our
.

RT-LINUX
~ -basedsystem̧ block

�
diagram,Fig. 2¹ is

:
comprised( of a Cº�º RT process» run at top priority by
the
�

RT kernel¼ a ndaC ½�½ graphical, user interface¾
GUI
¿ À

NRT
L

process Á run� as a low-priority standard

LINUX process$ Â that
�

allows the userto monitor andcom-
municatewith the RT process.The software Ã which� is
freely
^

availablein source-codeform11Ä was� developedto
run on a computer Å 266 MHz Intel Pentium-II processor
with� 64 MB of SDRAMÆ running REDHAT16 LINUX 5.0

ÇÈ
kernel
�

version2.0.32É and 
RT-LINUX
~ version� 0.5a.Data

acquisition is performedby an internal National Instru-
mentsAT-MIO-16E-10 board.

As shownin Fig. 2, our RT processcyclesthrougha
main) processloop at a rateof 2 kHz. At thebeginningof
each2 loop cycle, after incrementingthe main loop indexÊ
RTindexË the

�
RT processacquiresone scanfrom DAQ

channel( AD0
Ì and one scan from DAQ channel AD1 .

Channel
4

AD0
Ì is
:

connectedto an ECG signal; channel
AD
c

1 is
:

tied directly to analog output channelDA0
Ì so#

that
�

the output signal can be monitoredgraphically.So
the
�

datacan be accessedby the non-real-timeGUI pro-
cess,( the RT processplacesthe AD0

Ì and AD1 scans# on
top
�

of FIFO0
Ì and FIFO1 ,0 respectively.The RT process

then
�

determinesif the AD0
Ì scan# correspondsto the

R
b

-wave voltagedeflectionof ventricularactivation.
If
A

ventricular activation is detected,the RT process
calculates( stimIndex Í stimIndex# Î RTindexÏ VA

´ Ð
,0 which

is the future loop index correspondingto when the next
stimulus# shouldbe deliveredto the atrium. The VA in-
terval
�

usedin the stimIndexcalculationis obtainedfrom
shared# memory Ñ specifically# VAGUI

Ò ,0 which is manipu-
lated from within the NRT-processby a GUI scrollbarÓ

FIGURE 1. A schematic showing normal conduction from the
sinoatrial Ô SAÕ node, through the right and left atria Ö RA, LA× ,
the
Ø

atrioventricular Ù AVÚ node, and the right and left ven-
tricles
Ø Û

RV, LVÜ . An abnormal retrograde pathway between
the
Ø

right ventricle and atrium is depicted which produces an
orthodromic reentrant tachycardia Ý ORTÞ . In the absence of
such a pathway, ORT can be replicated ß as depicted by the
loop containing the computerà by stimulating the right
atrium á at time Aâ a fixed time interval VA following detection
of ventricular activation ã at time Vä .
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unless@ control has been activated as indicated by a
shared-memory# flag variable æ which� is manipulatedfrom
within� the NRT processby a GUI toggle buttonç . If
control( has been activated,then the chaos-control-type
algorithm 5

è
computes( the perturbation é VA

´ ê
such# that

VA
´ ë

VA
´

GUI
Ò ì�í VA

´ î
required� for suppression of

AVNCA. The last job within the periodic task loop is to
determine
E

if the mostrecentlycomputedVA interval has
elapsed2 ï i.e.,

:
RTindexð stimIndex# ñ . If so, DAQ channel

DA
&

0
Ì sends# out an analogvoltage trigger pulse that sig-

nals a cardiac electrophysiology stimulator ò Bloom
stimulator# DTU215,FischerImagingCorp.,Denver,COó
to
�

stimulatethe atrium. ô As
c

an alternativeto triggering,
the
�

RT processcould deliver stimuli of arbitrary ampli-
tude
�

and duration directly to a stimulating electrode.õ
The main processloop is then reinitiatedexactly 0.5 msö
corresponding( to 2.0 kHz÷ after the previous initiation

of9 the loop.

FIGURE 2. A block diagram showing a simplified ø i.e., many subcomponents and intermediary steps are omittedù version of the
RT-LINUX-based cardiac pacing control system. The RT process is comprised of a main task loop which runs with a period of 0.5
ms ú 2.0 kHzû . The NRT process consists of asynchronous tasks that are initiated when signaled by corresponding FIFO or GUI
activity. The unterminated shared memory arrows represent that most stages of the RT process and the NRT process utilize
shared memory; however, to simplify the diagram, only a couple of connections are depicted explicitly.
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The NRT process,run concurrently as a standard
LINUX process,$ is an object-orientedC

	
	
program$ de-

veloped� using the Qt17 and Qwt17 GUI
¿

libraries. The
object-oriented9 natureof C�
� ,0 Qt, andQwt enableeasy
development
E

of application-tailoredarrangementsof dis-
plays$ and user-controllablewidgets.

The
§

NRT process,which is absolutelypreemptableby
the
�

RT process,plots dataandservesasan asynchronous
user@ interfacevia Qt’s signal/slotmechanism.17 Signals

�
are emittedby the RT processwheneverdataare added
to
�

a FIFO, or by the GUI wheneverinterface widgets
such# as scrollbarsor toggle buttons are changed.If a
signal# indicatesthat the RT processhasaddednew data
to
�

the FIFOs, then the NRT processbuffers all of the
data
E

that hasbeenaddedto the FIFOssincethe last such
collection.( Whenthe buffer is full, its contentsare trans-
ferred to a graphicaldata display. Dependingon buffer
size,# bufferedgraphingcan be usedto reducethe NRT-
process$ computational load without degrading the
graphical, continuity typical of single-pointgraphing.If a
signal# indicatesthat the user has changedan interface
widget� value, then the appropriate local or shared-
memory) variableis changedaccordingly.In this manner,
the
�

useris able to communicatewith the RT processvia
NRT-process
L

sharedmemory access.Figure 3, a screen
dump
E

of the GUI NRT process,showsthe four graphical
displays
E

and numeroususer-controllablewidgets. The
graphs, are usedto plot important RT-processvariables,
while� the widgets are used to communicatevia shared
memory) with the RT process 
 such# as with the Spike
Polarity togglebutton� or9 to control featuresof the NRT
process$ itself. An exampleof the latter is the Plotting
Pause
�

togglebutton,which freezesthe GUI’s top graphi-
cal( display without affecting the RT process.

DISCUSSION

The
§

systemdescribedin this paperis a new type of
real-time experimentcontrol systemthat utilizes the in-
novativeRT-LINUX kernel. RT-LINUX-basedsystemshave
the
�

following important advantagesover other experi-
ment) interfacesystems:
�
1� RT-LINUX can( guarantee real time. In contrast,

general-purpose, operatingsystemssuchasWINDOWS
5

95/98/NT � and thereforeany laboratorysoftwarepack-
ages, suchas LABVIEW

J ,0 run on them� are inherently
incapableof guaranteedreal time.�

2
` �

RT-LINUX
~ permits$ multitaskingandallows the userto
utilize@ the rich assortmentof featuresof standard
LINUX . In contrast,DOS is incapableof multitasking
and lacks the modernsoftwareand featuresthat us-
ers2 expectfrom an operatingsystem.�

3
� �

RT-LINUX
~ and standardLINUX

J are free. In contrast,
proprietary$ real-timesystemsare often prohibitively
expensive.2

Becausethe systemdescribedhere is designedfor a
specific# cardiaccontrol application, it may not be suit-
able for many noncardiacexperiments.However,devel-
opers9 with modestC or C�
� programming$ skills can
follow the generaldesignprinciplesusedfor our cardiac
control( system to develop a general-purpose or
application-specific 

RT-LINUX
~ experiment2 interface sys-

tem.
�

The first stepin developingsucha systemis selecting
the
�

properhardware.BecauseLINUX
J is

:
a highly efficient

operating9 system, RT-LINUX does
E

not require high-end
hardware.In fact, RT-LINUX can( performsimple taskson
systems# asbasicasa low-end Intel-486,33 MHz, 8 MB
RAM
e

computer.On faster computers,RT-LINUX
~ is

:
ca-

pable$ of very fast task rates,such as the 130 kHz task
rate achievedfor non-GUI, nondatastoragetasks on a
233
`

MHz Intel Pentium-IIcomputer.12 However,
�

because
RT-LINUX’S maximum task rate decreasesas task com-
plexity$ increases,it is important to determineif a par-
ticular
�

hardwareconfigurationis capableof performinga
given, real-time task. Task rate is not simply a function
of9 task complexity and processorspeed;DAQ board,
motherboard,system buses,hard-drive � affecting data
storage# rate� ,0 video card � affecting GUI refreshrate� ,0 and
other9 factors such as RT-processcode efficiency all af-
fect RT-LINUX performance.$ Thus,it is difficult to predict
a� priori how

�
fast a given task will run on a particular

hardware
�

configuration. Fortunately, however, the RT-
~

LINUX website� and mailing list archive12 have detailed
information
:

to guide developerson such task-related
hardware/software
�

issues. Additionally, the RT-LINUX
~

website� maintains links to sites that describe a wide
rangeof RT-LINUX-basedprojects;suchsitescanbe help-
ful
^

when trying to determinethe suitability of RT-LINUX
~

for
^

the speedand computationalrequirementsof a par-
ticular
�

application. Importantly, each of the 21 most
common( biomedical signals � such# as action potentials,
electroretinograms,2 electroneurograms,electroencephalo-
grams,, electrocardiograms,etc. are characterizedfully
by
�

frequencycomponentslessthan 10 kHz.7
!

In fact, all
but
�

electrocorticograms" up@ to 5 kHz# and electromyo-
graphic, signals $ up@ to 10 kHz% are characterizedfully by
components( below 3 kHz. Thus, becauseRT-LINUX is
capable( of functioning at rates much greater than 10
kHz,
�

RT-LINUX
~ -basedsystemsshould be capableof in-

terfacing
�

with most biomedicalexperiments.
The secondstepin developingsucha systemis writ-

ing
:

the C or C&
& source# code. As an alternative to
starting# from scratch, the source code for our cardiac
pacing$ control system,11 for a general-purposemulti-
channel( data acquisition system which we have
developed,
E 11 or9 for several other RT-LINUX

~ -based
systems# 12 can( be downloadedfor free and modified to
suit# a particular application. Importantly, RT-LINUX is
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supported# by an enthusiasticgroup of expertdevelopers
and userswho help solve RT-LINUX development

E
prob-

lems
�

via an e-mail distribution list;12 documentation
E

is
also available.Thus, RT-LINUX

~ is
:

continuing the LINUX
J

tradition
�

of technical support excellence—LINUX was�
awarded InfoWorld’s 1997 ‘‘Best Technical Support
Award,’’
c 13 dispelling

E
the common misconceptionthat

one9 must pay for software to receive quality technical
support.#

Our
.

system,with its multichannelanalog input, de-
vice� triggering analogoutput, multiple graph windows,
and user-controlledGUI widgets, demonstratesthat RT-

LINUX is a highly functional solution for real-time ex-
periment$ interface.Importantly, thosewho useRT-LINUX

~
benefit
�

from the wide variety of powerful free LINUX
J

software# ' for programming, analysis, plotting, word-
processing,$ networking, web serving, etc.( that

�
can be

used@ for other researchapplications.In short, RT-LINUX
~

and 
LINUX
J offer9 a highly functional, flexible, and inex-

pensive$ solution for real-timebiomedicalexperimentin-
terface.
�
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NOMENCLATURE
+

AI
c

analoginput
AV
c

atrioventricular
CPU
4

centralprocessingunit
DAQ dataacquisition
ECG
,

electrocardiogram
FIFO first-in, first-out
GUI
¿

graphicaluser interface
NRT
L

non-real-time
ORT
.

orthodromicreciprocatingtachycardia
OS
.

operatingsystem
RT real-time
RTOS
e

real-timeoperatingsystem
VA
´

ventricular–atrial
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