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Chapter 1. Introduction

When analyzing biological signals, access to the raw data is mandatory. Because of different demands,
both, the industry and the research community created a high number of different data formats for signal
storage and signal distribution. To analyze data stored in a new data format, either a conversion program
has to be written or the access functionality for the new data format has to be added to the analyzing
program(s).

One way to solve this problem is the use of a standard file format, which is powerful enough to handle all
needs for storing and distributing signals. For physiological signals, the *File Exchange Format for Vital
Signs’ (FEF) tries to accomplish this task. If this format (or a similar one) is accepted by the research
community and if the industry provides the possibility to export the signal data in this format, the data
access will be facilitated.

Our approach, moreover, is different. We assume that there will be always different data formats (some
’standard’ formats and a lot of proprietary formats). Therefore libRASCH, a programming library, was
developed, which hides the differences of the data formats behind a common application programming
interface (API).

Programs using libRASCH, no longer need to be adapted to each new data format. The implementation
of a new data format needs only to be done once for libRASCH. Than all l[ibRASCH based programs can
handle the new format.

Additionally, libRASCH provides the infrastructure to perform processing algorithms in a standardized
way and provide support to display the signal data on the computer screen.

1.1. Overview of the next chapters

concept/terminology: describes how a measurement is seen in libRASCH and describes the words used
in libRASCH

installation: more or less the INSTALL file (use one source for both files)

tutorial: short examples describing the primary functions of libRASCH



Chapter 2. Concepts and Terminology

This section gives a short overview about the concepts and terminology used in the manual.

2.1. General Structure of libRASCH

Figure 2-1 shows the operational area of libRASCH. Programs from User-space will call libRASCH to
access measurements stored in files, to display signals on the screen and to process the signal. In the
following "User-space™ means all programs, which use the external interface of libRASCH (the API of
libRASCH). Also programs like Matlab or Octave, for which an interface is available, are user-space
programs (and the scripts used in this programs). "Library-space" describes the internal interfaces used
in libRASCH. And "Filesystem" describes the real files used to store the measurement data on disk.

Figure 2-1. Structure of libRASCH.

]
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2.2. Terminology

Measurement

A measurement is the topmost object in [ibRASCH. Measurements consists of one or more
sessions, information about the measurement object (e.g. name, forename and birthday if the
measurement object is a person) and zero or more evaluations.

Session

A Session is a recording for a specific time interval without any interruptions during this time
interval. In a measurement can be more than one session, but the layout of the recording (see below)
must not be changed.

Recording

A recording contains the measured data (e.g. ecg-leads V1-V6). A recording has one or more
channels or two or more sub-recordings. Sub-recordings are used if more than one recording device
is used. For example when one ADC-system records 3 ecg-leads and one bloodpressure channel and
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another system records 12 eeg-leeds, the measurement consists of one top recording with two
sub-recordings. The first sub-recording contains 4 channels (3 ecg and 1 bloodpressure channel) and
the second sub-recording contains 12 channels (12 eeg channels).

Evaluation

The results of an analysis (e.g. detection of grs-complexes in ecg’s) are stored in an evaluation. An
evaluation contains zero or more discrete events (like *occurence of a qrs-complex’) and/or zero or
more continous events (like ’time interval with noise”).

Event

An event describes the occurence of something in a recording (e.g. a heartbeat in an ecg). An event
has one or more event-properties.

Event-Property

An event-property is a specific property of the event (e.g. the position of the event, the type of the
event). A specific event-property is allowed only once in an evaluation, for example there can be not
more than one ’grs-position’ property.

Event-Set

An event-set describes a group of event-properties. For example the event-set heartbeat’ contains
all properties which belongs to a heart beat (like position of grs-complex, RR interval, type of
grs-complex, systolic bloodpressure).

Plugins

libRASCH makes heavy use of plugins. Plugins are small "programs" which are loaded when
libRASCH is initialized. In the plugins the real work is done, the library-code coordinates that the
correct plugin is used and does some other administrative tasks. In libRASCH exits three principal
types of plugins:

« signal plugins
« view plugins

« process plugins

Access-Plugin

Access plugins handle the access to measurement files. They hide the differences of the various
types of formats and offer an consistent interface to the measurements®. Most of the times, the direct
usage of access-plugins with the libRASCH-API is not needed.

Process-Plugin

Process plugins perform a specifc task on the measurement (e.g. the HRT-plugin calculates the
Heart-Rate Turbulence parameters for an ecg or the detect plugin performs a simple beat detection
in ecg’s). The usage of these plugins

View-Plugin

View plugins allow to display the measurements on the screen. If you develop a program using a
graphical user interface (GUI) all you need to display signals is to call the apropriate plugin. At the
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moment the following GUI’s are supported:
« Qt from Trolltech (for Linux)
« MFC from Microsoft (for Windows)

Notes

1. The signal plugins can be compared with device drivers in operating systems.
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The handling of evaluations will be changed in the next version of libRASCH. Because we are working
already on it, the sections about evaluations, event-sets and event-propertiey may not work with the
current version (0.7.0). If you have any questions about the changes, please send them to the mailing list.

3.1. Initialize libRASCH and Basic Usage

This section will show you how to start using libRASCH. We will initialize the library and get some
information about it.

So let’s start with the first example. We will perform the following steps:

« init libRASCH
« get number of plugins

. find all measurements in a directory

3.1.1. C Version

/1
#i ncl ude <stdi o. h>
#i nclude <ra.h> 00

int main(int argc, char *argv[])
{

ra_handl e ra;

val ue_handl e vh;

ra_find handle f;

struct ra_find struct fs;

/* initialize |i bRASCH */
ra=ralib_init(); O

/* check if init was successful */
if ((ra == NULL)
|| (ra_lib_get_error(ra, NULL, 0) !'= RA_ERR NONE)) O
{
if (!'ra)
printf("error initializing |iBbRASCH n");
el se
{
char err_t[200];
I ong err_num
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err_num=ra_lib_get_error(ra, err_t, 200);
printf("while initializing |i bRASCH error #% "
"occured\n 9%\n", err_num err_t);

ra_lib_close(ra);
}

return -1;

}

/* get some infos */
vh = ra_value_malloc(); O
if (ra_info_get(ra, RA_INFO NUMPLUG NS L, vh) == 0) O
{
printf("% (%): %\n", ra_val ue_get_nanme(vh),
ra_val ue_get _desc(vh), ra_val ue_get | ong(vh));

}

ra_val ue_free(vh); 0O

/* find all neasurenents in a directory */
f =ra_meas_find_first(ra, argv[1l], & s); O
if (f)

{

int cnt = 1;

printf("measurements found in %:\n", argv[1]);

do

{
printf(" 9%d: %\n", cnt, fs.nane);
cnt ++;

}

while (ra_neas_find_next(f, &s)); O

ra_neas_close_find(f); O

}

/* close |i bRASCH */
ra_lib_close(ra); (10)

return O;
[* main() */

To use libRASCH, the header-file ra.h must be included. In this example the include-directory of
libRASCH is in the INCLUDE path of the C compiler. In ra.h you will find all function prototypes
of the API of libRASCH. ra.h includes the header-file ra_defines.h, there you will find all define’s
and structure’s needed for the libRASCH API.

ra_lib_init() initialize libRASCH. The function returns an ra_handle.
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O ra_lib_get error() returns the last error occured in libRASCH. To check if the initialization was
successful, check that no error occured. If an error occured, a short description of the error can be
retrieved with the function ra_lib_get_error().

O ra_value_malloc() returns an value object. This object will be used in libRASCH to handle data. To
set/get the data and to get informations about the stored data, API functions in libRASCH are
available. The functions start with ’ra_value_*’.

O ra_info_get() returns information about libRASCH and all objects handled by libRASCH.
RA_INFO_NUM_PLUGINS_L asks libRASCH for the the number of loaded plugins. The last
character of the info-id ("L") indicates that the returned value will be a long-value. Therefore the
number of plugins will be returned by using the function ra_value_get_long(). (See the descriptions
of the ra_value_* functions in the reference manual what else can be done with an value object.)

O ra_value_free() frees the memory associated with the value object allocated above.

O ra_meas_find_first() returns a valid handle (not NULL) if at least one supported measurement (this
means that at least one measurement in the directory can be handled with one of the loaded
access-plugins). The information about the found measurement will be set in the ra_find_struct (for
definition of structure see ra_defines.h).

O ra_meas_find_next() returns true (= 0) if another measurement is available. Again, the info about
the measurement will be in the ra_find_struct. This function iterates over all found measurements.

O ra_meas_close_find() frees all memory allocated during ra_meas_find_first() and
ra_meas_find_next().

(20yra_lib_close() unloads all plugins and frees all allocated memory.

Running the example in the examples directory with the command init_lib ./database produced the
following output.

#plugins (): 30

nmeasur enents found in ./database
1. ./database/JesusO i van2003-12- EMX. edf
2: ./ dat abase/ 100s. hea

3.1.2. Perl Version

The Perl script shown below produces exactly the same output as the C version, therefore the output is
not shown.

#
use strict;
use RASCH 0O
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# initialize |i bRASCH

my $ra = new RASCH or die "error initializing |ibRASCHNn"; O
ny ($err_num S$err_text) = $ra->get_error ();

if ($err_num!= 1)

{
print "while initializing |i bRASCH, error # $err_num"
"occured:\n $err_text\n";
exit -1;
}
# get sone infos
ny $value = $ra->get_info (info => num plugins’); O
if ($val ue->is_ok())
{
print $value->name() . ' (' . $value->desc() . '): ' . $val ue->val ue()
}
# find all neasurenments in a directory
my $nmeas = $ra->find_neas($ARGV[ 0]); O
print "neasurenents found in $ARGV[0]:\n";
ny $cnt = 1;
for (@neas)
{
print $cnt . ': . $_->filename() . "\n";
$cnt ++;
}
# ra_close() will be called when $ra is being destroyed
exit O;
#

O After installing the Perl support for libRASCH, the package RASCH.pm is available.
O Create a new RASCH object.

O The function get_info() returns an array including (1) the value, (2) the name and (3) a short
description of the wanted information.

O get_all_meas() returns an array with all the measurements found.

3.1.3. Python Version

The Python script shown below produces exactly the same output as the C and Perl version, therefore the
output is not shown.

#

i mport sys
fromRASCH i nport * O
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# initialize |i bRASCH
ra = RASCH() O

if not ra:
print "can't initialize |iBbRASCH'
sys.exit()
[err_num err_text] = ra.get_error()
if err_num!= 1:

print "while initializing |i bRASCH, error #% occured:\n " \
"8\ n" %err_num err_text
sys. exit()

# get sone infos
[val ue, name, desc] = ra.get_info(info="numplugins') O
if (value):

print name, "("+desc+"):", value

# find all neasurenments in a directory
nmeas = ra.get_all_neas(sys.argv[1l]) O
print "neasurenents found in " + sys.argv[1l] + ":\n"
cnt =1
for itemin neas:
print "%: %" % (cnt, item
cnt = cnt + 1

O After installing the Python support for l[ibRASCH, the module "RASCH’ is available.
O Create a new RASCH object.

O The function get_info() returns an array including (1) the value, (2) the name and (3) a short
description of the wanted information.

O get_all_meas() returns an array with all the measurements found.

3.1.4. Matlab/Octave Version

Here an Octave session using the libRASCH support is shown. The same tasks are performed as in the
previous examples. Most of the functions have in Matlab and Octave the same behaviour. Differences are
listed in the function reference section for Matlab and Octave.

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-Iinux-gnu).

octave:1> ra=ra lib init O
ra = 145016336
octave: 2> [err_num err_text]=ra_lib_get_error(ra)
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err_num=1
err_text = 1ibRASCH no error
octave: 3> [val ue, nane, desc]=ra_lib_get_info(ra, 'numplugins ) O
value = 25
name = #pl ugi ns
desc =
octave: 4> neas=ra_neas_find(ra, ’'./database’) O
nmeas =
{
[1,1] = ./database/Jesusd ivan2003-12- EM=. edf
[2,1] ./ dat abase/ 100s. hea

}

oct ave: 5>
O Initialize libRASCH. If function call is successfull, a value not 0 will be returned.

0 The function returns an array including (1) the value, (2) the name and (3) a short description of the
wanted information.

O The function returns a cell-array with all the measurements found.

3.2. Access Measurements

The example will show how to open a measurement and how to get some information from a
measurement. We will perform the following steps:

- 0pen a measurement
« get the number of sessions and the maximum samplerate

- print all available infos about the measurement object (in this example it is a patient)

/1
#i ncl ude <stdi o. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])
{

ra_handl e ra;

val ue_handl e vh

nmeas_handl e neas;

/* initialize |ibRASCH */
ra =ra_lib_init()
if ((ra == NULL)
|| (ra_lib_get_error(ra, NULL, 0) != RA ERR_NONE))
{

10
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if ('ra)
printf("error initializing |i bRASCH n");
el se

{
char err_t[200];

I ong err_num

err_ num=ra_lib_get_error(ra, err_t, 200);
printf("while initializing |ibRASCH, error #% "
"occured\n 9%\n", err_num err_t);

ra_lib_close(ra);
}

return -1;

}

/* open neasurenment */
nmeas = ra_neas_open(ra, argv[1l], 0); O
if (meas == NULL)

{
char err_t[200];
I ong err_num
err_num=ra_lib_get_error(ra, err_t, 200);
printf("can’'t open neasurenent %\nerror #%: %\n",
argv[1l], err_num err_t);
ra_lib_close(ra);
return -1;
}

/* get sonme infos */
vh = ra_value_mal |l oc();
if (ra_info_get(meas, RA INFO NUM SESSIONS L, vh) == 0)
printf("% (%): %\n", ra_val ue_get_nane(vh),
ra_val ue_get _desc(vh), ra_val ue_get_l| ong(vh));
if (ra_info_get(meas, RA | NFO MAX _SAMPLERATE_D, vh) == 0)
printf("% (%): %\n", ra_val ue_get_name(vh),
ra_val ue_get _desc(vh), ra_val ue_get _doubl e(vh));

/* get all measurenent-object infos */
if (ra_info_get(meas, RA_INFO NUM OBJ_INFCS L, vh) == 0) O
{

long |;

long n = ra_val ue_get _| ong(vh);

for (I =0; I <n; |+4)

{
ra_info_get _by_idx(nmeas, RA_|INFO OBJECT, |, vh); O
printf("% (%): ", ra_value_get_nanme(vh),

ra_val ue_get _desc(vh));
switch (ra_val ue_get _type(vh)) O
{
case RA VALUE TYPE _LONG

11
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printf("%l\n", ra_value_get_long(vh));
br eak;

case RA_VALUE_TYPE_DOUBLE:
printf("%\n", ra_val ue_get_doubl e(vh));
br eak;

case RA VALUE TYPE CHAR
printf("%\n", ra_value_get_string(vh));
br eak;

defaul t:
printf("not supported type\n");
br eak;

}

/* close */

ra_val ue_free(vh);
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
[* main() */

ra_open_meas() opens a measurement. The user do not need to specify the format in which the
measurement was saved, libRASCH selects the access plugin which can handle the format. If no
access plugin can handle the measurement, the function fails. The third parameter (here it is set to
’0”) controls if a fast-open should be done (set to 1”). When a fast-open is selected, some
"time-consuming" initialization is skipped and only the object informations and some basic
recording informations (e.g. recording date) are available. *

With this call, the number of available measurement objects is returned. In the following loop, we
will get all available informations about the measurement object.

With the function ra_info_get_by_idx() we select the information we want by a number. Because we
do not know which number is which information, this function is only useful to display all available
data in a list.

Because we do not know which information is returned, we do not know the type of the information.
Therefore we have to get the type of the information so we use the correct way to display the
information.

The output of the above example for the measurement *100s’ is shown here:

#sessions (): 1

nmax.

sanpl erate (maxi num sanplrate used in nmeasurenent):

360. 000000
ID (Patient-1D): 100s

12
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3.3. Access Recordings

The example will show how to get the root recording and some information about it. We will perform the
following steps:

« get root recording

- get some general informations about the recording

- get some infos about all used recording devices

get some infos about all recorded channels

When more than one recording device was used, the root recording provides access to the channels as if
they were recorded with one device.

#
use strict;
use RASCH

# initialize |i bRASCH
ny $ra = new RASCH or die "error initializing Ii bRASCH n";

# open neasurenent
ny $neas = $ra->open_neas($ARGV[ 0], 0) or
die "can't open neasurenent $ARGV[O0]\n";

# get root recording
ny $rec = $nmeas->get _first_rec(0) or a
die "can't get root recording\n";

# get sone infos about recording

ny $v = $rec->get_info(info => 'rec_numdevices’);

ny $num dev = $v->val ue()

$v = $rec->get_info(info => 'rec_numchannel’);

my $numch = $v->val ue();

$v = $rec->get _info(info => "rec_nane’);

my $rec_nane = $v->val ue();

$v = $rec->get_info(info => "rec_date’);

nmy $rec_date = $v->val ue;

print "neasurenent $rec_nane -- recorded at $rec_date"
" --  #devices=$num dev #channel s=$num ch\n";

# print nane for every device g
print "infos about the recording devices used:\n";
for (my $i = 0; $i < $numdev; $i++)

{
$v = $rec->get _info(dev => $i, info => 'dev_hw nane’);
my $nane = $v->val ue();
print " device #$i: $nane\n";

}

13
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print "\n";
# print name for every channe

print "infos about the channels:\n";
for (ny $i = 0; $i < $numch; $i++)

{
$v = $rec->get_info(ch => $i, info =>'ch_nane’);
ny $nane = $v->val ue();
$v = $rec->get_info(ch => $i, info => "ch_unit');
my $unit = $v->val ue();
print * channel #$i: $name [$unit]\n";

}

print "\n";

exit O;

#

O The function get_first_session_rec(s_num) returns the root-recording of the session s_num. The
sessions start with number 0.

0 When asking for information about recording devices you need to set the device number. In Perl this
is done by setting the argument "dev’ to the device number, in C you do this in setting the variable
’dev’ in the ra_info struct.

O When asking for information about a channel you need to set the channel number. In Perl this is
done by setting the argument ’ch’ to the channel number, in C you do this in setting the variable ’ch’
in the ra_info struct.

The output of the above example for the measurement *100s’ is shown here:

neasurenent 100s -- recorded at 00.00.0 -- #devices=
#channel s=2
i nfos about the recording devices used:

i nfos about the channels:

channel #0: M.II []
channel #1: V5 []

3.4. Get Sample Data

The example will show how to get the root recording and some information about it. We will perform the
following steps:

« get root recording

- get some general informations about the recording

14
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- get some infos about all used recording devices

. get some infos about all recorded channels

When more than one recording device was used, the root recording provides access to the channels as if
they were recorded with one device.

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-Iinux-gnu).

octave: 1> ra=ra_lib_init

ra = 145017272

oct ave: 2> neas=ra_neas_open(ra, '/home/rasch/ecgs/AT011030_rdi.ART, 0)
meas = 145244336

octave: 3> rec=ra_rec_get_first(neas, 0)

rec = 145421120

octave: 4> num ch=ra_rec_get_info(rec, ’'rec_num channel’)

numch = 5

octave: 5> ch_all =[];

octave: 6> for i=0:(numch-1)

> ch=ra_raw_get(rec, i, 0, 10000); O
> ch_all=[ch_all ch'];
> endf or

octave: 7> whos ch_al |
*** | ocal user vari abl es:

prot type rows cols nane

rwd matrix 10000 5 ch_all

octave: 8> sanplerate=ra_ch_get_info(rec, 0, 'ch_sanplerate’)
sanpl erate = 1600

oct ave: 9> x=0: 9999

octave: 10> x = x / sanplerate

octave: 11> figure(0); plot(x, ch_all(:,1));

octave: 12> figure(1l); plot(x, ch_all(:,2));

octave: 13> figure(2); plot(x, ch_all(:,3));

octave: 14> figure(3); plot(x, ch_all(:,4));

octave: 15> figure(4); plot(x, ch_all(:,5));

oct ave: 16>

O Returns 10,000 samples for channels 0..4, starting with sample 0 in each channel.

Figure 3-1 shows a screenshot of Octave after performing the above steps. Each plot window on the right
side shows a recording channel. The x-axis is in seconds.

15
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Figure 3-1. Screenshot after performing the commandsin Octave as shown in the Octave session
above (and on theleft side in the screenshot).
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3.5. Access Evaluations

The example will show how to get the evaluation belonging to a measurement and to get some
information about it. We will perform the following steps:

« get default evaluation

. get some general infos about the evaluation

. geta list of event-properties

libRASCH supports different "types" of evaluations, these are *original evaluation’, *default evaluation’
and ’"old" evaluations. The "original evaluation’ is the evaluation performed with the recording system
(e.g. commercial Holter systems). In a measurement there can be only one *original evaluation’, but there
can be none.

The ’default evaluation’ is the evaluation which should be used as default. If a measurement has only a
’original evaluation’, than this will also be the *default evaluation’.

Old evaluations are like a history of evaluations. When a new evaluation is added to a measurement, than
this will be the new ’default evaluation’ and the previous "default evaluation’ will become a "old
evaluation’. This enables the user to go back to a previous evaluation, if the current evalution went
wrong.

16
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#i ncl ude <stdi o. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])

{

ra_handl e ra;

val ue_handl e vh;
nmeas_handl e neas;
eval handl e eval ;
long |, num

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |iBbRASCH n");
return -1;

}

/* open neasurenment */
nmeas = ra_neas_open(ra, argv[1l], 0);
if (meas == NULL)

{
printf("can't open neasurenent %\n", argv[1]);
return -1;

}

/* get default evaluation */

eval = ra_eval _get_def(neas); O

if (eval == NULL)

{

printf("no evaluation in measurenment %\n", argv[1]);
return -1;

}

/* get sone infos about evaluation */
vh = ra_value_mal |l oc();
if (ra_info_get(eval, RA_INFO EVAL_NAME_C, vh) == 0)

printf("evaluation % ", ra_value_get_string(vh));
if (ra_info_get(eval, RA_INFO EVAL_ADD TS C, vh) == 0)
printf("was added at % ", ra_value_get_string(vh));

if (ra_info_get(eval, RA_INFO EVAL_PROG C, vh) == 0)
printf("using the program %", ra_val ue_get_string(vh));
printf("\n\n");

/* list event-properties */

num = O;

if (ra_info_get(eval, RA_INFO EVAL_PROP_NUM L, vh) == 0)
num = ra_val ue_get _| ong(vh);

for (I =0; I <num I++) 0O

{

prop_handl e evprop;

17
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evset _handl e evset;

evprop = ra_prop_get_by num(eval, 1);
evset = ra_evset_get _by_ prop(evprop);

if ((evprop == NULL) || (evset == NULL))
conti nue;

if (ra_info_get(evprop, RA | NFO EVPROP_NAME C, vh) == 0)
printf("event-property % ",
ra_val ue_get _string(vh));
if (ra_info_get(evprop, RA_INFO EVPROP_NAMVE _C, vh) == 0)
printf("(%) ", ra_value_get_string(vh));
if (ra_info_get(evset, RA INFO EVSET _NAME_C, vh) == 0)
printf("belongs to event-set % ",
ra_val ue_get _string(vh));
if (ra_info_get(evset, RA_INFO EVSET_EV_NUM L, vh) == 0)
printf("and contains %l events",
ra_val ue_get _| ong(vh));
printf("\n");
}

/* close */

ra_val ue_free(vh)
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
} [* main() */

I

00 Returns the "default evaluation’.

O Inthe function ra_info_get() we got the number of available event properties. Now we return some
informations about each event property.

The output of the above example for ECG ’100s’ is shown here:

eval uation original was added at 27.05.2005 09:28:53 using
t he program handl e_eval

event - property qgrs-pos (grs-pos) belongs to event-set heartbeat
and contains 74 events

event -property grs-class (qrs-class) belongs to event-set

heart beat and contains 74 events

event-property qgrs-tenporal (qrs-tenporal) belongs to event-set
heartbeat and contains 74 events

event-property rri (rri) belongs to event-set heartbeat and
contains 74 events

event-property rri-class (rri-class) belongs to event-set

18
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event-property rri-refvalue (rri-refvalue) belongs to event-set

heart beat and contains 74 events

event-property rri-numrefvalue (rri-numrefval ue) belongs to
event -set heartbeat and contains 74 events

3.6. Get Events

The example will show how to get values associated with an event. We will perform the following steps:

- get RR intervals and the postion of the QRS-complexes

« plot the tachogram of the measurement

rasch@ asch: ~> oct ave

G\U Cct ave, version 2.1.50 (i686-pc-Iinux-gnu).

octave: 1> ra=ra_lib_init

ra = 145018424

oct ave: 2> neas=ra_neas_open(ra
nmeas = 145245184

octave: 3> eva=ra_eval _get _def (neas)

eva = 145612904

octave: 4> prop_rri=ra_prop_get_by name(eva

prop_rri = 145667632

octave: 5> rri=ra_ev_get_val ues(prop_rri,

oct ave: 6> whos rri

*** | ocal user vari abl es:

prot type

rwd matrix

0,

col s

1807

octave: 7> prop_qrs=ra_prop_get_by_ name(eva

prop_qrs = 145613912

octave: 8> grs_pos=ra_ev_get _val ues(prop_grs,

oct ave: 9> whos qrs_pos

*** | ocal user vari abl es:

prot type

rwd matrix

col s

1807

oct ave: 10> sanpl er at e=r a_neas_get _i nf o( neas,

sanpl erate = 1600

namnme

rri

' grs-pos’)

0, -1);

namnme

grs_pos

"max_sanpl erate’)

"/ home/ rasch/ ecgs/ AT011030_rdi . ART', 0)
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octave: 11> x=(qrs_pos/ sanplerate) / 60
octave: 12> plot(x, rri)
oct ave: 13>

O

Figure 3-2 shows a screenshot of Octave after performing the above steps.

Figure 3-2. Screenshot after performing the commandsin Octave as shown in the Octave session
above (and on theleft sidein the screenshot).
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3.7. Usage of process-plugins

The example will show how to calculate Heart-Rate-Variability (HRV) using the process-plugin *hrv’.
We will perform the following steps:

« get ’hrv’ plugin
« calculate HRV using the plugin

« print the calculation results

/1
#i ncl ude <stdi o. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])

20
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ra_handl e ra;

struct ra_info *inf;
nmeas_handl e neas
eval handl e eval

pl ugi n_handl e pl
struct proc_info *pi

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |i bRASCH\n");
return -1;

}

/* open neasurenment */

nmeas = ra_neas_open(ra, argv[1l], 0);

if (meas == NULL)

{
printf("can’'t open neasurenent %\n", argv[1l]);
return -1;

}

/* get default evaluation */

eval = ra_eval _get_def (neas);

if (eval == NULL)

{
printf("no evaluation in neasurenent %s\n", argv[1]);
return -1;

}

/* get plugin-handle for hrv-plugin */
pl = ra_plugin_get_by nane(ra, "hrv", 0); O

if (pl == NULL)

{
printf("can’'t find plugin "hrv'\n");
return -1;

}

/* calculate hrv-values using the hrv-plugin */
pi = (struct proc_info *)ra_proc_get(pl); O
pi ->mh = neas;
pi->h = ra_rec_get_first(meas, 0);
pi ->eh = eval
if (ra_proc_do(pi) ==0) O
{
long numresults, I;
val ue_handl e vh;

/* get nunber of results */

vh = ra_val ue_nmal | oc();
if (ra_info_get(pl, RA_INFO PL_NUM RESULTS L, vh) != 0)
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{
printf("no results\n");
return -1;
}
numresults = ra_val ue_get _| ong(vh);
for (I =0; | < numresults; |++)
{

char out[200], t[100];

/* set number of result in which we are interested */
ra_val ue_set _nunber(vh, 1); O

/* test if result is a default value (sone
non-default results are arrays which we skip in
this exanple) */

ra_info_get(pl, RA_INFO PL_RES DEFAULT_ L, vh);

if (ra_val ue_get_l ong(vh) == 0)
conti nue;
out[0] ="\0O
if (ra_info_get(pl, RA_INFO PL_RES NAME_C, vh) == 0)
{

strcpy(t, ra_value_get_string(vh));
strcat (out, t);

}

if (ra_info_get(pl, RA_INFO PL_RES DESC C, vh) == 0)

{
sprintf(t, " (%)", ra_value_get_string(vh));
strcat (out, t);

}

if (ra_proc_get_result(pi, vh) == 0) O

{
sprintf(t, ": 9%f", ra_value_get_doubl e(vh));
strcat (out, t);

}

printf("%\n", out);
}

ra_val ue_free(vh);

}

/* close */
ra_proc_free(pi);
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
[* main() */
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O Returns the plugin-handle for the plugin *hrv’.

O Initialize the proc_info structure (defined in ra_defines.h). In this structure must be the information
set, which will be needed for the processing (the next 3 lines).

Not all process-plugins need the information of the recording and/or the evaluation. Please check the
plugin-reference section which information is needed. In case of doubt set all variables.

O This function-call starts the processing. If the processing is successfull, the function returns 0.

0 To select the result, in which you are interessted, the variable ’res_num’ in the ra_info structure must
be set. The value of the result as well as information about the result will be returned using a ra_info
structure.

O Information about a result will be obtained using ra_get_info_id(). The value of the result will be
obtained using ra_get_result().

The output of the above example for the ECG *100s’ is shown here:

SDNN (st andard devi ation of nornal-to-normal intervals):
30. 876196

HRVI (HRV-1ndex): 4.800000

SDANN (standard devi ati on of averaged normal -t o- nor mal
interval s): nan

rmssd (root nmean of squared sucsessive differences): 33.839537
pNN50 (): 7.142857

TP (total power): 482.603096

ULF (ultra | ow frequency power): 0.000000

VLF (very low frequency power of short-termrecordings):
32. 889150

LF (1l ow frequency power): 157.213726

LF_NORM (normal i sed | ow frequency power): 34.958606

HF (hi gh freugency power): 292.500220

HF_NORM (nornmal i sed hi gh frequency power): 65.041394
LF_HF_RATI O (LF/ HF ratio): 0.537482

PONER_LAW ( power | aw behavi or): 0.000000

Notes

1. Some access plugins do not differ between fast and normal open. But it is recommended, when
writing access plugins, to skip time consuming tasks when fast-open was selected. This decreases the
time needed to list all measurements in a directory.
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Appendix A. Examples for all supported
lanuages/systems

This appendix shows the examples presented in Chapter 3 for all supported languages/systems.

A.l. Init ibRASCH

A.1.1. C Version

/1
#i ncl ude <stdi o. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])
{

ra_handl e ra;

val ue_handl e vh;

ra_find _handle f;

struct ra_find_struct fs;

/* initialize |ibRASCH */
ra =ra_lib_init();

/* check if init was successful */
if ((ra == NULL)

|| (ra_lib_get_error(ra, NULL, 0) != RA ERR_NONE))
{
if ('ra)
printf("error initializing |iBbRASCH n");
el se
{
char err_t[200];
long err_num
err_num=ra_lib_get_error(ra, err_t, 200);
printf("while initializing |i bRASCH, error #% "
"occured\n 9%s\n", err_num err_t);
ra_lib_close(ra);
}
return -1;
}

/* get sonme infos */
vh = ra_value_mal |l oc();
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if (ra_info_get(ra, RA_INFO NUM PLUG NS_L, vh) == 0)
{
printf("% (%): %\n", ra_val ue_get_name(vh),
ra_val ue_get _desc(vh), ra_val ue_get | ong(vh));

}

ra_val ue_free(vh);

/* find all neasurenents in a directory */
f =ra_nmeas_find first(ra, argv[1l], &fs);

if (f)
{
int cnt = 1;
printf("measurements found in %:\n", argv[1]);
do
{
printf(" 9%d: %\n", cnt, fs.nane);
cnt ++;
}
while (ra_neas_find_next(f, & s));
ra_nmeas_cl ose_find(f);
}

/* close |ibRASCH */
ra_lib_close(ra);

return O;
} [* main() */

I

#plugins (): 30

nmeasur enents found in ./database:
1. ./database/JesusQ ivan2003-12- EMX. edf
2: ./ dat abase/ 100s. hea

A.1.2. Perl Version

#
use strict;
use RASCH;

# initialize |i bRASCH
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my $ra = new RASCH or die "error initializing |iBbRASCH n";
nmy ($err_num S$err_text) = $ra->get_error ();
if ($err_num!= 1)
{
print "while initializing |i bRASCH, error # $err_num"
"occured:\n $err_text\n";
exit -1;

}

# get sone infos

nmy $value = $ra->get_info (info => numplugins');
if ($val ue->is_ok())

{

print $value->nanme() . ' (' . $value->desc() . '): ' . $val ue->val ue()

}

# find all measurerments in a directory
ny $neas = $ra->find_neas($ARGV[0]);
print "neasurenents found in $ARGV[O0]:\n";

my $cnt = 1;

for (@neas)

{
print $cnt . ': * . $_->filename() . "\n";
$cnt ++;

}

# ra_close() will be called when $ra is being destroyed

exit 0;
#

#plugins (): 30

measurenments found in ./database:

1: ./dat abase/ Jesusd ivan2003- 12- EMZ2. edf
2: ./ database/ 100s. hea

A.1.3. Python Version

#

i mport sys
from RASCH i nport *

# initialize | i bRASCH
ra = RASCH()

"\
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if not ra:
print "can't initialize |ibRASCH
sys.exit()
[err_num err_text] = ra.get_error()
if err_num!= 1:

print "while initializing |i bRASCH, error #% occured:\n "

"os\n" %err_num err_text
sys.exit()

# get sone infos
[val ue, nanme, desc] = ra.get_info(info="numplugins')
if (value):

print name, "("+desc+"):", value

# find all neasurenments in a directory
meas = ra.get_all _neas(sys.argv[1])
print "measurenents found in " + sys.argv[1l] + ":\n"
cnt =1
for itemin neas:
print "%: %" % (cnt, item
cnt = cnt + 1

#plugins (): 30
neasurenents found in ./database

1. ./dat abase/ Jesusd i van2003- 12- EMZ2. edf
2: ./ dat abase/ 100s. hea

A.1.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-I|inux-gnu).

octave:1> ra=ra lib_init

ra = 145016336

octave: 2> [err_num err_text]=ra_lib_get_error(ra)
err_num= 1

err_text = 1ibRASCH no error

octave: 3> [val ue, nanme, desc]=ra_lib_get_info(ra, 'numplugins’)

value = 25
name = #pl ugi ns
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desc =

octave: 4> neas=ra_neas_find(ra, './database’)

neas =

{
[1,1] = ./database/Jesusd ivan2003-12- EM=. edf
[2,1] = ./database/100s. hea

}

oct ave: 5>

A.2. Open measurement

A.2.1. C Version

/1
#i nc
#i nc

int

{

| ude <stdio. h>
| ude <ra. h>

mai n(int argc, char *argv[])

ra_handl e ra;
val ue_handl e vh
nmeas_handl e neas;

/* initialize |ibRASCH */
ra =ra_lib_init()
if ((ra == NULL)

|| (ra_lib_get_error(ra, NULL, 0) != RA ERR NONE))
{
if (!'ra)
printf("error initializing |iBbRASCH n");
el se
{
char err_t[200];
I ong err_num
err_num=ra_lib_get_error(ra, err_t, 200);
printf("while initializing |i bRASCH, error #% "
"occured\n 9%\n", err_num err_t);
ra_lib_close(ra);
}
return -1;
}

/* open neasurenment */
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nmeas = ra_neas_open(ra, argv[1l], 0);
if (meas == NULL)

{
char err_t[200];
| ong err_num
err_num=ra_lib_get_error(ra, err_t, 200);
printf("can’'t open neasurenent %\nerror #%: %\n",
argv[ 1], err_num err_t);
ra_lib_close(ra);
return -1;
}

/* get sonme infos */
vh = ra_value_mall oc();
if (ra_info_get(meas, RA_INFO NUM SESSIONS L, vh) == 0)
printf("% (%): %\n", ra_val ue_get_name(vh),
ra_val ue_get _desc(vh), ra_val ue_get | ong(vh));
if (ra_info_get(meas, RA | NFO MAX_SAMPLERATE_D, vh) == 0)
printf("% (%): %\n", ra_val ue_get_nane(vh),
ra_val ue_get _desc(vh), ra_val ue_get _doubl e(vh));

/* get all measurenent-object infos */
if (ra_info_get(meas, RA INFO NUM OBJ_|I NFOS_ L, vh) == 0)

{
long I;
long n = ra_val ue_get _| ong(vh);
for (I =0; | <n; |++4)
{
ra_info_get _by_idx(meas, RA_| NFO OBJECT, |, vh);
printf("% (%): ", ra_value_get_nanme(vh),
ra_val ue_get _desc(vh));
switch (ra_val ue_get _type(vh))
{
case RA VALUE TYPE_LONG
printf("%\n", ra_value_get_|ong(vh));
br eak;
case RA VALUE TYPE_DOUBLE:
printf("%\n", ra_val ue_get_doubl e(vh));
br eak;
case RA VALUE TYPE CHAR
printf("%\n", ra_value_get_string(vh));
br eak;
defaul t:
printf("not supported type\n");
br eak;
}
}
}

/* close */
ra_val ue_free(vh);
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ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
} [* main() */

I

#sessions (): 1

max. sanpl erate (nmaxi num sanplrate used in nmeasurenent):
360. 000000

ID (Patient-1D): 100s

A.2.2. Perl Version

#
use strict;
use RASCH;

# initialize |i bRASCH
ny $ra = new RASCH or die "error initializing |i bRASCH n";

# open neasurenent
my $nmeas = $ra->open_neas($ARGV[ 0], 0) or
die "can't open neasurenment $ARGV[ 0]\ n";

# get sone infos
ny $v = $neas->get _info(info => ' num sessions’);

print $v->name() . ' (' . $v->desc() . '): ' . $v->value() ."\n" if (defined($v));
$v = $neas->get _info(info => ' max_sanplerate’);
print $v->nane() . ' (' . $v->desc() . '): ' . $v->value() ."\n" if (defined($v));

# get all measurenent-object infos

$v = $neas->get _info(info => ’numobj_infos’);
ny $num = $v->val ue();

for (my $i = 0; $i < $num $i ++)

{
$v = $neas->get i nfo_idx(index => $i);
print $v->name() . ' (° . $v->desc() . '): ' . $v->value() ."\n" if (defined($v));
}
exit O;
#
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#sessions (): 1
max. sanplerate (maxi num sanplrate used in neasurenent): 360

A.2.3. Python Version

#

i mport sys
from RASCH i nport *

# initialize |i bRASCH

ra = RASCH()

if not ra:
print "can't initialize |iBbRASCH'
sys.exit()

# open neasurenent

nmeas = ra.open_neas(sys.argv[1l], 0)

if not neas:
print "can't open neasurenent", sys.argv[1]
sys.exit()

# get sone infos
[val ue, name, desc] = meas.get_info(info="numsessions’)

if val ue:

print name, "("+desc+"):", value
[val ue, nanme, desc] = neas.get_info(info=" max_sanplerate’)
if val ue:

print nanme, "("+desc+"):", val ue

# get all measurenent-object infos
[num n, d] = neas.get_info(info="numobj _infos’)

for i in range(num:
[val ue, nanme, desc] = neas.get_info_idx(index=i)
if val ue:
print nane, "("+desc+"):", value
#

#sessions (): 1
max. sanpl erate (maxi num sanplrate used in nmeasurenent): 360.0
ID (Patient-1D): 100s
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A.2.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-I|inux-gnu).

octave: 1> ra=ra_lib_init

ra = 145016232

octave: 2> neas=ra_neas_open(ra, '/home/rasch/ecgs/ AT011030_rdi.ART, 0)
meas = 145244032

octave: 3> [v, n, d]=ra_neas_get_info(neas, 'numsessions’)

v =1
n = #sessions
d =

octave: 4> [v, n, d]=ra_neas_get_info(neas, 'max_sanplerate’)
v = 1600

n = max. sanplerate

d = nmaxi rum sanplrate used i n neasurenent

octave: 5> numrra_neas_get _i nfo(meas, ’num.obj _infos’)

num = 7

octave: 6> for i=0:(num1l)
[v,n,d]=ra_info_get_by_idx(meas,
endf or

= A

= Nane

= nanme of the person measured
=T

For enane

forenanme of the person measured
16. 01. 1955

Bi rt hday

= birthday of the person neasured
mal e

gender

gender of the person neasured
46

= Age

age of the person neasured

196

Hei ght

hei ght of the person nmeasured in cm
= 99

= Wi ght

= wei ght of the person neasured in kg
oct ave: 7>

’ ’

meas’, i)

>
>
v
n
d
v
n
d
v
n
d
v
n
d
v
n
d
v
n
d
v
n
d
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A.3. Handle recordings

A.3.1. C Version

/1
#i ncl ude <stdio. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])
{

ra_handl e ra;

val ue_handl e vh;

nmeas_handl e neas;

rec_handl e rec;

long |, numdev, numch;

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |iBbRASCH n");
return -1;

}

/* open neasurenment */

nmeas = ra_neas_open(ra, argv[1l], 0);

if (meas == NULL)

{
printf("can’'t open neasurenent %\n", argv[1]);
return -1;

}

/* get root recording */

rec = ra_rec_get_first(meas, 0);

if (rec == NULL)

{
printf("can't get recordi ng-handl e\n");
return -1;

}

/* get sone infos about recording */

num dev = numch = 0;

vh = ra_val ue_mal | oc();

if (ra_info_get(rec, RA_|INFO REC GEN NUM DEVI CES_ L, vh) == 0)
num dev = ra_val ue_get _l ong(vh);

if (ra_info_get(rec, RA_INFO REC GEN NUM CHANNEL_L, vh) == 0)
num ch = ra_val ue_get _| ong(vh);

if (ra_info_get(rec, RA_INFO REC GEN NAME_C, vh) == 0)
printf("measurement % -- ", ra_value_get_string(vh));

if (ra_info_get(rec, RA_INFO REC GEN DATE C, vh) == 0)
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printf("recorded at % -- ", ra_value_get_string(vh));
printf("#devices=%l #channel s=%\n", num.dev, numch);

/* print name for every device */
printf("infos about the recording devices used:\n");
for (I =0; | < numdev; |++)
{
/* set nunber of device fromwhich the info is wanted */
ra_val ue_set _nunber (vh, 1);
if (ra_info_get(rec, RA_|INFO REC DEV_HW NAME_C, vh) == 0)
printf(" device #%: %\n", |
ra_val ue_get_string(vh));

}
printf("\n");

/* print nane and unit of every channel */
printf("infos about the channels:\n");
for (I =0; | < numch; |++)
{
/* set nunber of channel */
ra_val ue_set _nunber (vh, 1);
if (ra_info_get(rec, RAINFO REC CH NAME_C, vh) == 0)
printf(" ch #%: %", |, ra_value_get_string(vh));
if (ra_info_get(rec, RA_INFO REC CH UNIT_C, vh) == 0)
printf(" [%]", ra_value_get_string(vh));
printf("\n");
}
printf("\n");

/* close */

ra_val ue_free(vh)
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
} [* main() */
/1
neasurenent 100s -- recorded at 00.00.0 -- #devices=0

#channel s=2
i nfos about the recording devices used:

i nfos about the channel s:

ch #0: MII []
ch #1: V5 []
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A.3.2. Perl Version

#
use strict;
use RASCH

# initialize |i bRASCH
ny $ra = new RASCH or die "error initializing Ii bRASCH n";

# open neasurenent
ny $neas = $ra->open_neas($ARGV[ 0], 0) or
die "can't open neasurenent $ARGV[O0]\n";

# get root recording
my $rec = $nmeas->get _first_rec(0) or
die "can't get root recording\n";

# get sone infos about recording

ny $v = $rec->get _info(info => "rec_numdevices’);

ny $num dev = $v->val ue();

$v = $rec->get_info(info => 'rec_numchannel’);

my $num ch = $v->val ue();

$v = $rec->get _info(info => "rec_nane’);

ny $rec_nanme = $v->val ue();

$v = $rec->get_info(info => '"rec_date’);

nmy $rec_date = $v->val ue;

print "neasurenent $rec_nane -- recorded at $rec_date"
--  #devi ces=$num dev #channel s=$num ch\ n";

# print nane for every device
print "infos about the recording devices used:\n";
for (my $i = 0; $i < $numdev; $i++)

{
$v = $rec->get _info(dev => $i, info => 'dev_hw nane’);
ny $nanme = $v->val ue();
print " device #$i: $nane\n"

}

print "\n";

# print name for every channe
print "infos about the channels:\n"
for (ny $i = 0; $i < $numch; $i++)

{
$v = $rec->get _info(ch => $i, info => ’'ch_nane’);
my $nane = $v->val ue();
$v = $rec->get_info(ch => $i, info => "ch_unit’);
my $unit = $v->val ue();
print * channel #$i: $name [$unit]\n"

}

print "\n";
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exit 0;

nmeasurenent 100s -- recorded at 00.00.0 -- #devices=
#channel s=2
i nfos about the recording devices used:

i nfos about the channels:

channel #0: M.II []
channel #1: V5 []

A.3.3. Python Version

#

i mport sys
from RASCH i nport *

# initialize |i bRASCH

ra = RASCH()

if not ra:
print "can't initialize |ibRASCH
sys.exit()

# open neasur enent

nmeas = ra.open_neas(sys.argv[1l], 0)

if not neas:
print "can't open neasurenent", sys.argv[1]
sys.exit()

# get root recording
rec = neas.get_first_session_rec(0)
if not rec:
print "can't get root recordi ng"
sys.exit()

# get sone infos about recording

[num.dev, n, d] = rec.get_info(info="rec_numdevices’)
[numch, n, d] = rec.get_info(info="rec_numchannel’)
[rec_nane, n, d] = rec.get_info(info="rec_nane’)
[rec_date, n, d] = rec.get_info(info="rec_date')

print "measurenent", rec_nane, -- recorded at", rec_date, \
" -- #devices =", numdev, " #channels =", numch
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# print nane for every device
print "infos about the recording devices used:"
if numdev > O:

for i in range(numdev)
[nane, v, d] = rec.get_info(dev=i, info="dev_hw name’)
print " device #%: %" % (i, nane)
print ""

# print nane for every channe
print "infos about the channels:";
if numch > 0:

for i in range(numch):
[nane, n, d] = rec.get_info(ch=i, info="ch_nane’)
[unit, n, d] = rec.get_info(ch=i, info="ch_unit’)
print " channel #%: % [%]" % (i, name, unit)
print "";
#
nmeasurenent 100s -- recorded at 00.00.0 -- #devices =

None #channels = 2
i nfos about the recording devices used:

i nfos about the channel s:
channel #0: M.II1 []
channel #1: V5 []

A.3.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-I|inux-gnu).

octave:1> ra=ra lib_ init

ra = 145016952

oct ave: 2> neas=ra_neas_open(ra, '/ home/rasch/ecgs/AT011030_rdi.ART, 0)
meas = 145243840

octave: 3> rec=ra_rec_get_first(neas, 0)

rec = 145420840

octave: 4> numch=ra_rec_get_info(rec, 'rec_num channel )

numch = 5

octave: 5> rec_nanme=ra_rec_get _info(rec, 'rec_nane’)

rec_nane = AT011030 rd
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octave: 6> rec_date=ra_rec_get _info(rec, 'rec_date’)
rec_date = 30.10.2001
octave: 7> for i=0:(numch-1)

> nanme=ra_ch_get_info(rec, i, 'ch_nane’)
> unit=ra_ch_get_info(rec, i, 'ch_unit’)
> endf or

nane = EKGX

unit = uv

nane = EKGY

unit = uVv

nane = EKGZ

unit = uVv

nane = ABP

unit = nmHg

nane = RESP

unit = uVv

oct ave: 8>

A.4. Access raw data

A.4.1. C Version

/1
#i ncl ude <stdlib. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])
{

ra_handl e ra;

val ue_handl e vh;

nmeas_handl e neas;

rec_handl e rec;

long |, numch;

doubl e *buf = NULL;

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |i bRASCH\n");
return -1;

}

/* open neasurenent */
nmeas = ra_mneas_open(ra, argv[1l], 0);
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if (meas == NULL)

{
printf("can’'t open neasurenent %\n", argv[1l]);
return -1;

}

/* get root recording */

rec = ra_rec_get_first(nmeas, 0);

if (rec == NULL)

{
printf("can't get recordi ng-handl e\n");
return -1;

}

/* get first 10000 sanples for each channel */

vh = ra_value_mal |l oc();

if (ra_info_get(rec, RA_|INFO REC GEN NUM CHANNEL_L, vh) == 0)
num ch = ra_val ue_get _| ong(vh);

buf = mall oc(sizeof (double) * 10000);

for (I =0; | < numch; |++)

{

Il ong m numread;

numread = ra_raw get_unit(rec, |, 0, 10000, buf);
for (m=0; m< numread; m+)
; /* do sonething with every sanple */

}

/* clean up */
free(buf);

ra_val ue_free(vh);
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
} [* main() */

/1

A.4.2. Perl Version

#
use strict;
use RASCH;

# initialize |i bRASCH
my $ra = new RASCH or die "error initializing |iBbRASCH n";
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# open neasur enent
ny $neas = $ra->open_neas($ARGV[ 0], 0) or
die "can't open neasurenent $ARGV[O0]\n";

# get root recording
my $rec = $nmeas->get _first_session_rec(0) or
die "can't get root recording\n";

# get first 10000 sanples for each channe
ny ($numch) = $rec->get_info(info => 'rec_num channel ');
for (my $i = 0; $i < $numch; S$i++)

{
nmy $data_ref = $rec->get_rawm($i, 0, 10000);
for (@data_ref)
{

# do sonmething with every sanple

}

}

exit 0;

#

A.4.3. Python Version

#
i mport sys
from RASCH i nport *

# initialize |i bRASCH

ra = RASCH()

if not ra:
print "can't initialize |iBbRASCH'
sys. exit()

# open measur enment

nmeas = ra.open_neas(sys.argv[1l], 0)

if not neas:
print "can't open neasurenent", sys.argv[1]
sys.exit()

# get root recording
rec = neas.get_first_session_rec(0)
if not rec:
print "can't get root recordi ng"
sys.exit()

# get first 10000 sanples for each channe
[numch, n, d] = rec.get_info(info="rec_num channel’)
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if numch > 0:
for i in range(numch):
data = rec.get_raw(i, 0, 10000)
for elemin data:
elem# do sonmething with every sanple

A.4.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-I|inux-gnu).

octave:1> ra=ra lib_init

ra = 145017272

octave: 2> neas=ra_neas_open(ra, '/home/rasch/ecgs/ AT011030_rdi.ART, 0)
nmeas = 145244336

octave: 3> rec=ra_rec_get_first(neas, 0)

rec = 145421120

octave: 4> numch=ra_rec_get_info(rec, 'rec_num channel )

numch = 5

octave: 5> ch_all =[];

octave: 6> for i=0:(numch-1)

> ch=ra_raw get(rec, i, 0, 10000);
> ch_all=[ch_all ch'];
> endf or

octave: 7> whos ch_al |
*** | ocal user vari abl es:

prot type rows cols nanme

rwd matrix 10000 5 ch_all

octave: 8> sanplerate=ra_ch_get_info(rec, 0, 'ch_sanplerate’)
sanpl erate = 1600

octave: 9> x=0: 9999

octave: 10> x = x / sanplerate;

octave: 11> figure(0); plot(x, ch_all(:,1));

octave: 12> figure(l); plot(x, ch_all(:,2));

octave: 13> figure(2); plot(x, ch_all(:,3));

octave: 14> figure(3); plot(x, ch_all(:,4));

octave: 15> figure(4); plot(x, ch_all(:,5));

oct ave: 16>
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A.5. Access evaluation

A.5.1. C Version

/1

#i ncl ude <stdio. h>
#i ncl ude <ra. h>

int

{

mai n(int argc, char *argv[])

ra_handl e ra;

val ue_handl e vh;
nmeas_handl e neas;
eval handl e eval
long |, num

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |ibRASCH n");
return -1;

}

/* open neasurenment */

nmeas = ra_neas_open(ra, argv[1l], 0);

if (meas == NULL)

{
printf("can't open neasurenent %\n", argv[1]);
return -1;

}

/* get default evaluation */

eval = ra_eval _get_def (neas);

if (eval == NULL)

{
printf("no evaluation in measurenment %\n", argv[1]);
return -1;

}

/* get sone infos about evaluation */
vh = ra_value_mal |l oc();
if (ra_info_get(eval, RA_INFO EVAL_NAME_C, vh) == 0)

printf("evaluation % ", ra_value_get_string(vh));
if (ra_info_get(eval, RA_INFO EVAL_ADD TS C, vh) == 0)
printf("was added at % ", ra_value_get_string(vh));

if (ra_info_get(eval, RA_INFO EVAL_PROG C, vh) == 0)
printf("using the program %", ra_val ue_get_string(vh));
printf("\n\n");
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/* list event-properties */

num = 0;

if (ra_info_get(eval, RA INFO EVAL_PROP_NUM L, vh) == 0)
num = ra_val ue_get _| ong(vh);

for (I =0; | < num |++)

{
prop_handl e evprop
evset _handl e evset;

evprop = ra_prop_get_by num(eval, 1);
evset = ra_evset_get _by_ prop(evprop);

if ((evprop == NULL) || (evset == NULL))
conti nue;

if (ra_info_get(evprop, RA_INFO EVPROP_NAME C, vh) == 0)

printf("event-property % ",
ra_val ue_get _string(vh));

if (ra_info_get(evprop, RA_|INFO EVPROP_NAME C, vh) == 0)

printf("(%) ", ra_value_get_string(vh));
if (ra_info_get(evset, RA INFO EVSET _NAME_C, vh) == 0)
printf("belongs to event-set % ",
ra_val ue_get_string(vh));

if (ra_info_get(evset, RA INFO EVSET_EV_NUM L, vh) == 0)

printf("and contains %l events",
ra_val ue_get _| ong(vh));
printf("\n");
}

/* close */

ra_val ue_free(vh)
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
} [* main() */

/1

eval uation original was added at 27.05.2005 09:28:53 using
t he program handl e_eval

event - property grs-pos (grs-pos) belongs to event-set heartbeat
and contains 74 events

event - property grs-class (qgrs-class) belongs to event-set
heartbeat and contains 74 events

event-property qgrs-tenporal (qrs-tenporal) belongs to event-set
heart beat and contains 74 events

event-property rri (rri) belongs to event-set heartbeat and
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contains 74 events

event-property rri-class (rri-class) belongs to event-set
heartbeat and contains 74 events

event-property rri-refvalue (rri-refvalue) belongs to event-set
heartbeat and contains 74 events

event-property rri-numrefvalue (rri-numrefval ue) belongs to
event -set heartbeat and contains 74 events

A.5.2. Perl Version

#
use strict;
use RASCH

# initialize |i bRASCH
ny $ra = new RASCH or die "error initializing |i bRASCH n";

# open neasurenent
ny $neas = $ra->open_neas($ARGV[ 0], 0) or
die "can't open neasurenent $ARGV[O0]\n";

# get default evaluation
ny $eval = $nmeas->get_defaul t _eval () or
die "no evaluation in measurenment\n"

# get sone general infos

ny $v = $eval ->get _info(info => "eval _nane’);

nmy $eval _name = $v->val ue();

$v = S$eval ->get _info(info => "eval _add_tinmestanp’);

my $eval _add_ts = $v->val ue();

$v = $eval ->get _info(info => 'eval _program);

my $eval _prg = $v->val ue();

print "eval uation $eval _nane was added at $eval _add_ts"
usi ng the program $eval _prg\n\n";

# 11111 eval handling will be changed in the next version !l!!!

# list event-properties

#my $evprops = $eval - >get _props_al |l ();

#f or (@bevprops)

#

$prop = $eval - >get _prop_by_name($_);

($nane) = $prop->get_info(info => "eval _prop_nane’);
($desc) = $prop->get _info(info => 'eval prop_desc’);

$evset = $prop->get _evset ();
($evset _nane) = $evset->get _info(info => 'eval _set_nane’);
($n_ev) = $evset->get_info(info => "eval _set_numevents’);

HOHH R H HH
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#

# print
# " $evset _
#}

exit O;

#

Appendix A. Examples for all supported lanuages/systems

"event-property $nanme ($desc) belongs to event-set"
nanme and contains $n_ev events\n";

eval uation original was added at 27.05.2005 09:28:53 using
t he program perl

A.5.3. Python Version

#

i mport sys

from RASCH i nport *

# initialize |i bRASCH

ra = RASCH()
if not ra:
print "can't initialize |ibRASCH

sys.exit()

# open neasur enent
meas = ra.open_neas(sys.argv[1l], 0)
if not neas:

print

‘can’t open measurenent”, sys.argv|[1]

sys. exit()

# get default evaluation
eva = neas. get _def_eval ()

if not eva:

print

'no eval uation in nmeasurenent"

sys.exit()

# get sone general infos

[ eval _nane,

n, d] = eva.get_info(info="eval _nane’)

[eval _add_ts, n, d] = eva.get_info(info="eval _add_tinestanp’)

[eval _prag,

n, d] = eva.get_info(info="eval _program)

print "evaluation", eval _name, "was added at", eval _add_ts, \
"using the progrant, eval _prg, "\n"

# list event-properties
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evprops = eva. get_evprops()

for elemin evprops
prop = eva. get_evprop_by_nane(el em
[nane, n, d] = prop.get_info(info="eval _prop_nane’)
[desc, n, d] = prop.get_info(info="eval _prop_desc’)

evset = prop.get_evset()
[evset _nanme, n, d] = evset.get_info(info="eval _set_nanme’)
[num events, n, d] = evset.get_info(info="eval _set_numevents’)

print "event-property", name, "("+desc+") belongs to event-set",
evset _nane, "and contains", numevents, "events";

eval uation original was added at 27.05.2005 09:28:53 using
t he program pyt hon

event - property qgrs-pos (position of fiducial point of

QRS- conpl ex in sanpl eunits) belongs to event-set heartbeat

and contains 74 events

event - property grs-class (classification of QRS conpl ex)

bel ongs to event-set heartbeat and contains 74 events
event - property grs-tenporal (tenporal setting of beat) bel ongs
to event-set heartbeat and contains 74 events

event-property rri (RR interval) belongs to event-set heartbeat
and contains 74 events

event-property rri-class (classification of RRinterval)

bel ongs to event-set heartbeat and contains 74 events
event-property rri-refvalue (reference rri representing the
current heart-rate) belongs to event-set heartbeat and contains
74 events

event-property rri-numrefval ue (nunber of rri’s used for

cal cul ation of reference value) belongs to event-set heartbeat
and contains 74 events

A.5.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-Iinux-gnu).

octave: 1> ra=ra_lib_init
ra = 145016856

\
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octave: 2> neas=ra_neas_open(ra, '/home/rasch/ecgs/ AT011030_rdi.ART, 0)
meas = 145245344

oct ave: 3> eva=ra_eval _get _def (neas)

eva = 145613352

octave: 4> ra_eval _get _info(eva, ’'eval _nane’)

ans = detect

octave: 5> ra_eval _get _info(eva, ’'eval _add_timestanp’)
ans = 02.02.2004 15:14:06

octave: 6> ra_eval _get _info(eva, 'eval _program)
ans = raschl ab_qt

octave: 7> props=ra_prop_get_all (eva);

oct ave: 8> numnrl engt h( pr ops)

num = 21

octave: 9> for i=1:num
prop=ra_prop_get_by_name(eva, props{i});
evset=ra_evset _get _by_prop(prop);

nane=r a_prop_get _i nfo(prop, ’'eval _prop_nane’)
desc=ra_prop_get _i nfo(prop, 'eval _prop_desc’)
set _name=ra_evset _get _info(evset, ’'eval _set_nane’)
num event s=ra_evset _get _info(evset, 'eval _set_numevents’)
> endf or

name = Qrs-pos

desc = position of fiducial point of QRS-conplex in sanpleunits
set _nanme = heart beat

num events = 1807

name = qrs-ch

desc = bitmask of channels where qrs was detected
set _nanme = heart beat

num events = 1807

name = Qrs-cl ass

desc = classification of QRS conpl ex

set _name = heart beat

num events = 1807

name = grs-tenpl ate

desc = QRS tenpl ate nunber

set _name = heart beat

num events = 1807

name = grs-tenplate-corr

desc = correlation of grs-conplex with tenplate
set _nanme = heart beat

num events = 1807

nane = heartbeat-fl ags

desc = Flags for heartbeat events

set _nanme = heart beat

num events = 1807

nane = qrs-tenporal

desc = tenporal setting of beat

set _name = heart beat

num events = 1807

name = rri

desc = RR interva

set _name = heart beat

num events = 1807

V V.V V V V
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name = rri-class

desc = classification of RRinterva

set _nanme = heart beat

num events = 1807

name = rri-refval ue

desc = reference rri representing the current heart-rate

set _nanme = heart beat

num events = 1807

nanme = rri-numrefval ue

desc = number of rri’s used for calculation of reference val ue

set _name = heart beat

num events = 1807

nanme = rr-systolic

desc = systolic bl oodpressure in mrHg

set _name = heart beat

num events = 1807

name = rr-diastolic

desc = diastolic bloodpressure in nHg

set _nanme = heart beat

num events = 1807

name = rr-nean

desc = nean bl oodpressure in mrHg

set _nanme = heart beat

num events = 1807

nane = rr-systolic-pos

desc = position of systolic bl oodpressure in sanpleunits

set _name = heart beat

num events = 1807

nane = rr-diastolic-pos

desc = position of diastolic bloodpressure in sanpleunits

set _nanme = heart beat

num events = 1807

name = rr-fl ags

desc = flags for the rr-val ues

set _nanme = heart beat

num events = 1807

name = i bi

desc = inter-beat-interval

set _name = heart beat

num events = 1807

nane = resp-chest-nmean-rri

desc = nmean chest neasurenent of the rr interva

set _name = heart beat

num events = 1807

nane = resp-chest-nmean-i bi

desc = nean chest neasurement of the inter beat interval

set _nanme = heart beat

num events = 1807

name = rr-calibration-seq

desc = start- and end-value of event is start- and end-position
of calibration sequence

set_name = rr-calibration

num events = 26
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oct ave: 10>

A.6. Access events

A.6.1. C Version

/1
#i ncl ude <stdlib. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])
{
ra_handl e ra;
nmeas_handl e neas;
eval handl e eval ;
prop_handl e prop_rri, prop_grs_pos;
evset _handl e evset;
long |, numevents;
doubl e *rri = NULL;
doubl e *grs_pos = NULL;

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |i bRASCH\n");
return -1;

}

/* open neasurenent */

nmeas = ra_neas_open(ra, argv[1l], 0);

if (meas == NULL)

{
printf("can’'t open neasurenent %\n", argv[1l]);
return -1;

}

/* get default evaluation */

eval = ra_eval _get_def (neas);

if (eval == NULL)

{
printf("no evaluation in neasurenent %\n", argv[1]);
return -1;
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/* get event-properties for RRintervals and position of
QRS- conpl ex */

prop_rri = ra_prop_get_by nane(eval, "rri");

if (prop_rri == NULL)

{
printf("no event-property 'rri’ in evaluation\n");
return -1;

}

prop_qrs_pos = ra_prop_get _by nane(eval, "qrs-pos");

if (prop_qgrs_pos == NULL)

{

printf("no event-property ’qgrs-pos’ in evaluation\n");
return -1;

}

/* get values for all RR-intervals and QRS-conpl exes */
evset = ra_evset_get_by_ prop(prop_rri);
/* nunber of events are the sanme for rri and grs-pos, because

both bel ongs to the sane event-set (' heartbeat’) */
num events = ra_evset_get_num events(evset);
rri = mall oc(sizeof (double) * num events);
grs_pos = mall oc(si zeof (double) * num events);
for (I =0; | < numevents; |++)
{

rri[l] = ra_ev_get_value(prop_rri, |);
grs_pos[l] = ra_ev_get_val ue(prop_qgrs_pos, |);

/* now do sonething with the RR-intervals and QRS-conpl ex
positions */

/* clean up */

if (rri)
free(rri);

if (grs_pos)
free(rri);

ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
[* main() */
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A.6.2. Perl Version

#
use strict;
use RASCH

# initialize |i bRASCH
ny $ra = new RASCH or die "error initializing Ii bRASCH n";

# open neasurenent
ny $neas = $ra->open_neas($ARGV[ 0], 0) or
die "can't open neasurenent $ARGV[O0]\n";

# get default evaluation
ny $eval = $neas->get def eval () or
die "no evaluation in the neasurenent\n"

# get event-properties for RR-intervals and position of QRS-conpl ex
ny $prop_rri = $eval - >get _evprop_by_name(’'rri’) or

die "no event-property 'rri’ in the evaluation\n"
ny $prop_grs_pos = $eval - >get _evprop_by_name(’ qrs-pos’) or

die "no event-property 'qgrs-pos’ in the evaluation\n";

# get values for all RR-intervals and QRS-conpl exes
ny $rri_ref = $prop_rri->get_events();
ny $qrs_pos_ref = $prop_qrs_pos->get_events();

# now do sonething with the RR-intervals and QRS-conpl ex-positions

exit 0;
#

A.6.3. Python Version

#

i mport sys
from RASCH i nport *

# initialize |i bRASCH

ra = RASCH()

if not ra:
print "can't initialize |ibRASCH
sys.exit()

# open neasur enent
meas = ra.open_neas(sys.argv[1l], 0)
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if not neas:
print "can't open neasurenent", sys.argv[1]
sys.exit()

# get default evaluation

eva = neas. get _def _eval ()

if not eva:
print "no evaluation in neasurenent"
sys. exit()

# get event-properties for RRintervals and position of QRS-conpl exs

prop_rri = eva.get_evprop_by _name('rri’)

if not prop_rri:
print "no event-property 'rri’ in the evaluation”
sys. exit()

prop_qrs_pos = eva.get_evprop_by_name(’ qrs-pos’)

if not prop_grs_pos:
print "no event-property 'qrs-pos’ in the evaluation”
sys. exit()

# get values for all RR-intervals and QRS-conpl exes
rri = prop_rri.get_events()
grs_pos_ref = prop_grs_pos. get_events()

# now do sonething with the RR-intervals and QRS-conpl ex-positions

#

A.6.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-I|inux-gnu).

octave:1> ra=ra lib_init

ra = 145018424

octave: 2> neas=ra_neas_open(ra, '/home/rasch/ecgs/ AT011030_rdi.ART, 0)
nmeas = 145245184

oct ave: 3> eva=ra_eval _get _def (neas)

eva = 145612904

octave: 4> prop_rri=ra_prop_get_by_nane(eva, 'rri’)

prop_rri = 145667632

octave: 5> rri=ra_ev_get_values(prop_rri, 0, -1);

octave: 6> whos rri

*** | ocal user vari abl es:
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prot type rows cols nane

rwd matrix 1 1807 rri

octave: 7> prop_grs=ra_prop_get_by nanme(eva, ’'qrs-pos’)
prop_qrs = 145613912

octave: 8> qrs_pos=ra_ev_get_val ues(prop_qgrs, 0, -1);
octave: 9> whos qrs_pos

*** | ocal user vari abl es:

prot type rows cols nanme

rwd matrix 1 1807 grs_pos

octave: 10> sanpl erate=ra_neas_get _i nfo(neas, 'max_sanplerate’)
sanpl erate = 1600

octave: 11> x=(qrs_pos/ sanmpl erate) / 60;

octave: 12> plot(x, rri)

oct ave: 13>

A.7. Use process-plugin

A.7.1. C Version

/1
#i ncl ude <stdi o. h>
#i ncl ude <ra. h>

int main(int argc, char *argv[])
{

ra_handl e ra;

struct ra_info *inf;

nmeas_handl e neas;

eval _handl e eval;

pl ugi n_handl e pl;

struct proc_info *pi;

/* initialize |ibRASCH */

ra =ra_lib_init();

if (ra == NULL)

{
printf("error initializing |iBbRASCH n");
return -1;
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/* open neasurenent */

nmeas = ra_mneas_open(ra, argv[1l], 0);

if (meas == NULL)

{
printf("can’'t open neasurenent %\n", argv[1]);
return -1;

}

/* get default evaluation */

eval = ra_eval _get _def (neas);

if (eval == NULL)

{
printf("no evaluation in measurenment %\n", argv[1]);
return -1;

}

/* get plugin-handle for hrv-plugin */
pl = ra_plugin_get_by_nane(ra, "hrv", 0);

if (pl == NULL)

{
printf("can’t find plugin "hrv'\n");
return -1;

}

/* cal cul ate hrv-val ues using the hrv-plugin */
pi = (struct proc_info *)ra_proc_get(pl);
pi ->mh = neas;
pi->h = ra_rec_get _first(nmeas, 0);
pi - >eh = eval
if (ra_proc_do(pi) == 0)
{
long numresults, |;
val ue_handl e vh

/* get nunber of results */

vh = ra_val ue_mal | oc();

if (ra_info_get(pl, RA_INFO PL_NUM RESULTS L, vh) != 0)
{

printf("no results\n");

return -1;
}
numresults = ra_val ue_get | ong(vh);
for (I =0; | < numresults; |++)
{

char out[200], t[100];

/* set nunber of result in which we are interested */
ra_val ue_set _nunber(vh, 1);

/* test if result is a default value (sone
non-default results are arrays which we skip in
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this exanple) */
ra_info_get(pl, RA_INFO PL_RES DEFAULT_L, vh)

if (ra_value_get_long(vh) == 0)
conti nue;
out[0] ="\0O
if (ra_info_get(pl, RA_INFO PL_RES NAME_C, vh) ==
{

strcpy(t, ra_value_get_string(vh));
strcat (out, t);

}

if (ra_info_get(pl, RA_INFO PL_RES DESC C, vh) ==

{
sprintf(t, " (%)", ra_value_get_string(vh));
strcat (out, t);

}

if (ra_proc_get_result(pi, vh) == 0)

{
sprintf(t, ": %f", ra_val ue_get_doubl e(vh));
strcat (out, t);

}

printf("%\n", out);
}

ra_val ue_free(vh);

}

/* close */
ra_proc_free(pi);
ra_neas_cl ose(neas);
ra_lib_close(ra);

return O;
} [* main() */

I

SDNN (st andard devi ati on of normal -to-normal intervals):
30. 876196

HRVI (HRV- I ndex): 4.800000

SDANN (standard devi ati on of averaged nornal -t o- nor nal
interval s): nan

rmssd (root nmean of squared sucsessive differences): 33.839537
pNN50 (): 7.142857

TP (total power): 482.603096

ULF (ultra | ow frequency power): 0.000000

VLF (very | ow frequency power of short-termrecordings):
32. 889150
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LF (1 ow frequency power): 157.213726

LF_NORM (normal i sed | ow frequency power): 34.958606
HF (hi gh freugency power): 292.500220

HF_NORM (nornal i sed hi gh frequency power): 65.041394
LF_HF_RATI O (LF/ HF ratio): 0.537482

POVNER_LAW ( power | aw behavi or): 0.000000

A.7.2. Perl Version

#
use strict;
use RASCH

# initialize |i bRASCH
ny $ra = new RASCH or die "error initializing |i bRASCH n";

# open neasurenment and get default eval uation
my $meas = $ra->open_neas($ARGV[ 0], 0) or

die "can't open neasurenment $ARGV[ 0]\ n";
ny $eval = $neas->get_defaul t _eval () or

die "no evaluation in the neasurenent\n"

# get plugi n-handl e for hrv-plugin
ny $pl = $ra->get_plugi n_by_name(’ hrv’') or
die "can’t find plugin 'hrv'\n";

# cal cul ate hrv-val ues using the hrv-plugin
my $proc = $pl->init_process(eva => $eval ) or
die "can’'t initialize processing\n";
my $results = $proc->process();
# $results is a reference to an array; each array-el ement contains
# another array with three elements (val ue, nanme, description)
for (@results)

{
print $ ->name() . ' (' . $_->desc() . ') =
$ ->value() . "\n";
}
exit O;
#

SDNN (st andard devi ation of normal -to-nornmal intervals) =
30. 8761964330589
HRVI (HRV-Index) = 4.8
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SDANN (standard devi ati on of averaged nornal -t o-nor nal
intervals) = nan

rmssd (root mean of squared sucsessive differences) =

33. 8395373153104

pNN50 () = 7.14285714285714

TP (total power) = 482.603095556721

ULF (ultra | ow frequency power) = 0

VLF (very low frequency power of short-termrecordings) =
32.8891498386073

LF (I ow frequency power) = 157.21372565195

LF_NORM (normal i sed | ow frequency power) = 34.9586058312928
HF (hi gh freugency power) = 292.500220066165

HF_NORM (normal i sed hi gh frequency power) = 65.0413941687072
LF_HF_RATI O (LF/ HF ratio) = 0.537482418359847
PONER_LAW ( power | aw behavior) = 0

TACHO_| NDEX (Event nunbers used for HRV cal cul ations) =
ARRAY( 0x815add8)

USER_BAND (frequency power in a user-selected frequency band) =

A.7.3. Python Version

#

i mport sys
from RASCH i nport *

# initialize |i bRASCH

ra = RASCH()

if not ra:
print "can't initialize |iBbRASCH'
sys.exit()

# open neasurement and get default eval uation
nmeas = ra.open_neas(sys.argv[1l], 0)
if not nmeas:

print "can't open neasurenent", sys.argv[1]

sys.exit()

eva = neas. get _def _eval ()

if not eva:
print "no evaluation in measurement"”
sys. exit()

# get plugin-handle for hrv-plugin
pl = ra.get_plugin_by nanme(’ hrv’')

if not pl:
print "can't find plugin 'hrv'"
sys.exit();

# cal cul ate hrv-val ues using the hrv-plugin
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proc = pl.init_process(eva=eva)

if not proc:
print "can't initialize processing"
sys. exit()

results = proc. process()
for itemin results:
print itenf1], "("+iten{2]+") =", itenfO]

SDNN (standard devi ation of nornal-to-normal intervals) =
30. 8761964331

HRVI (HRV-Index) = 4.8

SDANN (standard devi ati on of averaged normal -t o- nor mal
intervals) = nan

rmssd (root nean of squared sucsessive differences) =

33. 8395373153

pNN50 () = 7.14285714286

TP (total power) = 482.603095557

ULF (ultra | ow frequency power) = 0.0

VLF (very | ow frequency power of short-termrecordings) =
32. 8891498386

LF (I ow frequency power) = 157.213725652

LF_NORM (normal i sed | ow frequency power) = 34.9586058313
HF (high freugency power) = 292.500220066

HF_NORM (normal i sed hi gh frequency power) = 65.0413941687
LF_HF_RATIO (LF/ HF ratio) = 0.53748241836
PONER_LAW ( power | aw behavior) = 0.0

TACHO_| NDEX (Event nunbers used for HRV cal cul ati ons) = None
USER BAND (frequency power in a user-selected frequency band)
= None

A.7.4. Matlab/Octave Version

rasch@ asch: ~> oct ave
G\U Cct ave, version 2.1.50 (i686-pc-Iinux-gnu).

octave:1> ra=ra lib_ init

ra = 145019552

oct ave: 2> neas=ra_neas_open(ra, '/ home/rasch/ecgs/AT011030_rdi.ART , 0)
meas = 145245776

oct ave: 3> eva=ra_eval _get _def (neas)
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eva = 145613504

octave: 4> pl =ra_pl ugi n_get _by_nanme(ra, 'hrv’', 0)

pl = 145340240

octave: 5> proc=ra_proc_init(ra, neas, 0, eva, pl, 0, 0)

proc = 146187632

octave: 6> ra_proc_do(proc)

ans = 0

octave: 7> [v, n, d]=ra_result_get(proc);

oct ave: 8> nunrl engt h(v)

num = 16

octave: 9> for i=1:num

>printf("% (%) = %\n", n(i,:), d(i,:), v{i});

> endf or

SDNN (st andard devi ati on of normal -to-normal intervals) = 39.136515

HRVI (HRV-Index) = 10.482558

SDANN (standard devi ati on of averaged nornmal -to-normal intervals)
= 11. 164071

rmssd (root nean of squared sucsessive differences) = 27.114662

pNN50 () = 6.163243

TP (total power) = 1347.525433

ULF (ultra | ow frequency power) = 156.680947

VLF (very low frequency power of short-termrecordings) = 491. 156903

LF (I ow frequency power) = 513.812519

LF_NORM (normal i sed | ow frequency power) = 73.434563

HF (high freugency power) = 185.875064

HF_NORM (normal i sed hi gh frequency power) = 26.565437

LF_HF_RATIO (LF/ HF ratio) = 2.764290

PONER_LAW ( power | aw behavi or) = -0.657030

TACHO_| NDEX (Event nunbers used for HRV cal cul ati ons) = 1.000000

oct ave: 9>
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