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Regulatory Information

European Union
The Actiwave Cardio is NOT a Medical Device as it
does not provide any medical indications. The
Actiwave Cardio is intended for research purposes
only and is NOT indicated for use in clinical
applications. Please contact CamNtech UK for advice
on application if further clarification is required.

The CE mark is applied to the Actiwave Cardio to
indicate conformity with the following Directives:

Electromagnetic Compatibility Directive

2014/30/EU.
RoHS2 Directive 2011/65/EU.

WEEE Directive 2012/19/EU.

Manufacturer:
For assistance with set-up, use or maintenance of the
Actiwave or to report any unexpected operation or
events, please contact CamNtech using the details
below or contact your local representative.

CamNtech Ltd

Manor Farm Tel: 01480 831223
Fenstanton Fax: 01480 831733
Cambridgeshire Email:

technical@camntech.co.uk
Web: www.camntech.com

PE289JD, UK
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IMPORTANT SAFETY INFORMATION
WARNINGS

9 Contains Lithium Battery 1 DO NOT ATTEMPT TO
DISSASEMBLE: No user serviceable parts, danger of chemical
hazard if battery is damaged.
1 Not Defibrillation proof.

9 Not indicated for use on areas of broken, damaged or irritated
skin.

9 Devices removed from subjects must be considered to be
contaminated i see Appendix 1.

Safety Classification Information:
1 The Actiwave is INTERNALLY POWERED EQUIPMENT.

9 The Actiwave mode of operation is CONTINUOUS OPERATION.

Device and Packaging Symbols and Markings:

MEANING SYMBOL DESCRIPTION

General Warning Potential hazard -refer to the warnings in
the instructions for use (i.e. this user

guide).

° This symbol indicates that important
]_ operational information is contained in the

Consult Instructions ‘
user instructions (i.e. this user guide).

for Use

| PX7 The Cardio is suitable for temporary

Ingress Protection ) g
immersion in water (up to 1 hour at 1m).

Rating

Serial Number This number provides a unique
SN identification for a particular device. Always

quote this number when seeking technical
assistance.

Catalogue Number RE F This number identifies this particular variant
of the product range.

of Manufacture the format yyyy-mm which indicates when
the device was manufactured. The symbol
is also accompanied by the address and
contact details of the manufacturer

Manufacturer and Date I This symbol is accompanied by a date in

Electrical Safety

Classification

= The Actiwave is a TYPE B APPLIED
W PART.

FOR FURTHER HANDLING & ENVIRONMENTAL INFORMATION PLEASE
REFER TO APPENDIX 1
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1 Introduction to the Actiwave System

1.1 An Overview
of the
Actiwave
Cardio

The Actiwave cardio is a miniature, wearable bioelectrical
data logger which can record:

ECG (including inter-beat interval (IBI) and heart rate)
3 Axis body movement
Body position

The data from the Cardio may be stored in standard EDF
format or as .CSV format.

Components required for a system

The Actiwave Cardio system consists of 4 components:

One or more Actiwave Cardio recorders.

USB Interface Dock (CardioDock).

PC Software providing set-up, download and
maintenance functions.

Optional Cardio Viewer software to analyse and print
out the data

= = =4 =4

Actiwave Cardio CardioDock

Actiwave Electrodes/Subject

Connections

The Actiwave Cardio clips onto a standard ECG electrode
with a short lead to another electrode that picks up the
ECG signal. Alternatively, it can be mounted on a chest
belt. This may be easier for intensive exercise, but is not
as comfortable for extended wear during daily living as
standard ECG electrodes. It is normally worn on the upper
or lower chest. It is comfortable to wear continuously for
long periods of time.
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Actiwave Cardio mounted on ECG Electrodes

1.2 Contraindications
The Actiwave Cardio is indicated for use on healthy,
undamaged areas of skin. Where the subject has a history
of skin irritation, a sample ECG electrode should be tested
for skin irritation prior to commencing any recording.
1.3 Required Skills,
Training &
Knowledge of
Intended Users.
It is intended that the device be administered only by duly
qualified health care professionals or researchers.

1.4 General Principle
of Operation

The Actiwave Cardio is NOT a Medical Device as it does
not provide any medical indications. The Actiwave is
intended for research purposes only and is NOT indicated
for use in clinical applications. The Actiwave measures the
small electrical activity of the heart (ECG) by means of
miniature electrodes. The signals are measured by the
Actiwave and are stored within an internal non-volatile
memory.

The Actiwave is typically worn by the subject during their
normal daily activities over a period of up to 36 hours thus
providing a benefit over lab based systems which only
provide a short O0snapshotd
Furthermore the Actiwave Cardio contains a miniature 3
axis accelerometer to allow measurement and recording of
physical movement and relative position of the body.
These data are recorded synchronously with the ECG
waveform data thus providing a further insight into the
physical condition of the subject.
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2 Installing the Actiwave Setup Software

2.1

System
Requirements

The Actiwave software is provided via download (A USB
stick can optionally be provided at extra cost). The installer
contains all of the components required to install the
software package. The following are the minimum
requirements of a host PC for installing the Actiwave
software:

A Windows® 8 or 10, 32 or 64bit operating systems.

A IBM compatible 2GHz + processor speed

recommended

A 500 MB hard disk space

A One free USB port

A SVGA graphics card (1280 x 1024) recommended.

CamNtech recommends the following minimum security
requirements for the host PC:
9 Use of strong user login passwords
1 Enabling of automatic Windows updates
1 If the host PC is networked, use of Windows
Firewall (or third-part alternative) i ensuring
updates applied
1 Use of Windows Defender anti-malware (or
third-party  alternative) with  automatic
definitions updates enabled.

CamNtech recommends that the Actiwave is not
connected to any PC other than a dedicated host PC
which meets the above requirements and is running the
Actiwave software.

2.2 Software Registration

To access the Actiwave software download, it is necessary
to first register the software with CamNtech. Please visit
www.camntech.com/reqgister to register your software
using the reference number provided with your equipment.
You will then be provided with a username and password
allowing log-in and download of the software at any time
during the two year warranty period.

Note that CamNtech standard software licensing allows up
to 3 users to register and use one copy of the software.
The software will continue to be fully functional beyond the
warranty period but updates will no longer be provided.
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2.3 Installing the
Software

Download the installer (.msi) from the CamNtech website:
www.camntech.com/downloads

Double click on the downloaded .msi file to run the installer
then follow the installation process.

A message warning that ‘Publisher cannot be verified’ may
be displayed — click ‘Run’ to accept (this is a Windows
security warning and is not a problem).

The software should not be started until you have
connected the reader and installed the drivers required by
the USB reader charger (see Section 2.5).

Please note the copyright warning. By accepting this, the
user is accepting the CamNtech terms and conditions of
use of the Actiwave software

2.4 Updating the
software.

If you are updating or reinstalling the software you should
remove the old version first when prompted by the
installation wizard. The installation has to then be
restarted by removing and re-inserting the CD ROM or by
double-clicking on the Actiwave.msi file.

2.5 Installing the

USB drivers

for the

CardioDock
For all CardioDocks shipped after September 2013, the
USB driver installation will be automatic. Ensure that the
PC has an internet connection and then connect the
Interface Dock. The device will be detected and the drivers
should load with no user intervention. Wait for the drivers
to complete their installation before starting the Actiwave
Software.
If there is no internet connection or if your CardioDock is
older than SN020159 then please consult Appendix 2 for
USB driver installation.

2.6 Running the
Software for
the first time
Double clicking on the @&ctiwave Si gn al @anponur e 6
the desktop will start the software. If the dock is connected
it should be detected and a view of it shown on screen:
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W Camntech Actiwave =

File Actiwave Help

2.7 Installing the

Cardio

Viewer

Software

(Optional)
Place the Cardio Viewer CD ROM into the drive then
browse using Windows Explorer to view the CD ROM and
double-c | i ¢ k o RardioWiewerfmisid e 6

Foll ow the installation wizardds o
installation is complete. It is recommended that you install

the software in the default location. The operation of this

software on a remote server is not guaranteed as network

settings vary considerably.
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3 Connecting the Actiwave & Charging the

Battery

3.1 Overview

3.2 Charging the
Actiwave
from the PC

Approximate
Voltage
indicated by
charge gauge

—3.90V

—3.55V

Before the Actiwave is used for data collection, the user
must ensure that it is fully charged. A depleted battery may
result in an incomplete recording as the Actiwave may shut
down before data collection is complete. If the battery is
below 3.7V, a warning message will be displayed if set-up
is attempted.

The Actiwave contains a lithium polymer rechargeable
battery. The expected duration of the battery from fully
charged is dependent on the recording mode but is always
in excess of 2 days. The Actiwave may be recharged via
the USB port of the Host PC or using a standard mains
adaptor with a USB Type A connection (e.g. those used
with MP3 players etc.).

There are two modes of operation when the dock is
connected to the PC (and the PC is switched on):

1. Stand-alone mode: The Actiwave software is not
running; the Actiwave devices are charged and their
charge status is indicated by the LEDs on the dock. While
the Actiwave is charging, the LED will be RED. When the
Actiwave is charged, the LED will stay GREEN. Note that
the status will alternate between charged/charging as the
charge level rises, and occasionally show red in order to
maintain full battery charge.

2. Managed Mode: In this mode, the Actiwave software is
running on the PC. The main display will show a bar graph
of the approximate battery level on the respective channel.

An Actiwave which has been used should be left charging
on the reader for a period of several hours (i.e. overnight) if
you require it to be fully charged. The estimated battery
level shown may not be fully accurate during charging
itself, so it is advisable to leave the unit connected and
charging for some time if the indication has reached green
after only a short period.
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3.3 Charging

using the

Mains Power

Supply
The Actiwave Dock is supplied with a 5V USB mains
power adaptor which is safety approved to EN60950-1 and
EMI standard EN55022 (also FCC part 15, Class B). This
adaptor is supplied with appropriate adaptors to suit mains
outlets in most world regions.

To charge the Actiwave Cardio using the mains adaptor
the USB cable provided should be plugged into the mating
socket on the mains adaptor.

The dock will operate in éstand al
charge status indicated by means of
(see 6Stand alone moded above).

IMPORTANT! If battery charging is attempted AFTER
setup the recording will be stopped and will not re-
start. The setup will need to be performed again to
continue the recording.
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4 Selecting an Actiwave and Viewing Status.

4.1 Selecting an
Actiwave
To select a docked Actiwave, click on the image of the
required device (see figure below). The selected Actiwave
will be outlined in red and the corresponding LED on the
dock will flash amber. The user may then either use the
options in the top menu bar, the buttons at the bottom of
the screen or right click to display a pop-up menu.

Click anywhere within the
highlighted area to select
the Actiwave

The selected Actiwave has
ared border

Right Click in this region
to display a pop-up menu
with more ontions

4.2 Viewing
Actiwave
Status

Having selected the required Actiwave, click the 6 Ch e ¢ k

st athutod (or right-click on the required Actiwave

T —omag] | Mage an d sel ect 6C
o Vbl e (5 stat uso f r eum t he p C

S - - m_enu) will display the

Log size is 220077556 bytes window below.

Recording mode is 512Hz, 10 bits,
Active channel numbers: 0.

Start time iz 22:00 on 7 May 2008,
User D is Single_night.

Tl This window provides

Beming b £ opazs information about the

e 01 battery voltage, details of
Vo is_AEtiwavE.IaUE%UGE'[E] attery g ! ;
ot ok e 2 st e the current device settings,

details of the previous
recording and technical
information about the

. Actiwave.
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5 Setting up an Actiwave for a Recording

5.1 Actiwave
Set-up

Select the required Actiwave from the main screen and

t hen <c¢l i ck ¢ SNotethat fhe pfevidus wa v e 0 .
recording will then be erased. Note that there is a limit of
approximately 50 characters shared across the User ID,

Full name, DOB, recording ID and channel names. A

warning message will be displayed if the limit is exceeded

and the set-up will not be written to the device.

Required T enter user or subject

identification information.
Set up Actiwave
Optional T When using an ID, the full

User/Patient ID: |Patient_1 / subject name can be entered here.
| FullName:  [012345 — o :
// Optional T Select the subject gender

Sex |Male -
Date of Birth:  [26/10/17 1 Optional i Enter subject DOB
Weight: |gg |kg - 9 Optional T Enter subject weight & height
Height: | | - . . . .
=i 190 Jom ~——— Optional i Enter information to uniquely

Recording ID:  [Trial_B345) identify this recording

Required 1 Start date and time must be

Start On: W at 1503 ——+——— entered. Start can be delayed for up to
1 month.
Sample at: | 256Hz - Resolution: |'|D|:|i‘tg v]\
& Required 1 Select the sample rate and
resolution:
Channel 1

8 bit = 1 in 256 resolution

Enable v _ &+ ECG [ECGD il 9 bit = 1 in 512 resolution

10 bit = 1 in 1024 resolution

Accelerometer
| I'; ﬁﬁ:i Sample at: hd . Required i Enable or Disable* ECG
. = recording and enter a channel name.

Note that the EDF format has a
recommended naming convention (click

Recording time will be 1 day, 0 hrs® " .
the [?] button for information)

oK \rﬂm |

Required 1 Enable or Disable* the
accelerometer axes and select the
accelerometer sample rate.

Total recording time will be displayed as
the settings are changed.

* IMPORTANT NOTE: To use the Cardio Viewer software, the ECG and all three
axes of acceleration must be ENABLED.
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5.2 Cardio
Recording
Times
The table below shows the recording time for the different
setup options for the Cardio.

Sample Rate (Hz)

Recording Time @ Resolution

ECG ACC 8 bits 9 bits 10 bits
32 Off 2d Oh 2d Oh 2d Oh
32 32 2d Oh 2d Oh 1d 19h
50 Off 2d Oh 2d Oh 2d Oh
50 25 2d Oh 2d Oh 1d 20h
50 50 1d 10h 1d 7h 1d 3h
64 Off 2d Oh 2d Oh 2d Oh
64 32 1d 19h 1d 14h 1d 10h
64 64 1d 3h 1d Oh 21h 50m
100 Off 2d Oh 2d Oh 2d Oh
100 25 1d 15h 1d 11h 1d 7h
100 50 1d 3h 1d Oh 22h 22m
100 100 17h 28m 15h 32m 13h 58m
128 Off 2d Oh 2d Oh 1d 19h
128 32 1d 7h 1d 3h 1d Oh
128 64 21h 50m 19h 25m 17h 28m
128 128 13h 39m 12h 8m 10h 55m
200 Off 1d 10h 1d 7h 1d 3h
200 25 1d 1h 22h 35m 20h 20m
200 50 19h 58m 17h 45m 15h 58m
200 100 13h 58m 12h 25m 11h 11m
200 200 8h 44m 7h 46m 6h 59m
256 Off 1d 3h 1d Oh 21h 50m
256 32 19h 51m 17h 39m 15h 53m
256 64 15h 36m 13h 52m 12h 28m
256 128 10h 55m 9h 42m 8h 44m
256 256 6h 49m 6h 4m 5h 27m
500 Off 13h 58m 12h 25m 11h 11m
500 125 7h 59m 7h 6m 6h 23m
500 250 5h 35m 4h 58m 4h 28m
500 500 3h 29m 3h 6m 2h 47m
512 Off 13h 39m 12h 8m 10h 55m
512 32 11h 29m 10h 13m 9h 11m
512 64 9h 55m 8h 49m 7h 56m
512 128 7h 48m 6h 56m 6h 14m
512 256 5h 27m 4h 51m 4h 22m
512 512 3h 24m 3h 2m 2h 43m

1024 Off 6h 49m 6h 4m 5h 27m

1024 32 6h 14m 5h 32m 4h 59m

1024 64 5h 44m 5h 6m 4h 35m

1024 128 4h 57m 4h 24m 3h 58m

1024 256 3h 54m 3h 28m 3h 7m

1024 512 2h 43m n/a n/a

1024 1024 n/a n/a n/a

Assumes all three accelerometer axes are either all enabled or all off.
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5.3 Completing
the setup

Clickont h@Ké6é b ut t o the $etp tethedActimave
unit. The software will confirm when it is configured and
show the programmed start time.

The Actiwave can now be removed and attached to the
subject. If a long start delay has been set the Actiwave will
enter a low power sleep mode until it needs to start

logging.

IMPORTANT! Do NOT place the Cardio back onto the
dock after setup: the recording will be stopped and
will not re-start. The setup will need to be performed
again to continue the recording.

5.4 Erasing the
Actiwave
Memory

Before set-up, the Actiwave memory must be erased - this
can take a few minutes to complete depending on the
device and the amount of memory used in the previous
recording.

When preparing to set-up several Actiwave devices, a

faster option ikdtbutusomedirrTIOIEs awiel I
erasing the memory in all connected Actiwave devices

simultaneously. The Actiwave devices can now be

individually set-up as above, and there will be no delay for

the erase step.

NOTE: Beginning a new set-up or erasing the Actiwave
will result in loss of any existing stored data or set-up
information i please ensure that any required data has
been downloaded first.

The recording times will vary depending upon the Actiwave
sampling settings.Please consult section 11 OF
Troubleshootingp f or details of all owed sa
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6 Preparing for an Actiwave Cardio ECG
Recording

6.1 Electrode

pad

selection
There is huge variety of electrode pads available to suit
various applications. Signal quality is more dependent on
skin preparation than pad type. Wear ability and adhesion
are the main variables between pad types. We
recommend using your existing suppliers or searching the
web to obtain the type of pads you require. The only
criterion is that a standard 4mm stud is required on the
pad. Some electrodes can cause skin irritation on certain
subjects i always be vigilant!

6.2 Skin
Preparation

In all cases, adequate skin preparation is vital to the
success of any recording. The ECG signal that the
Actiwave Cardio acquires is usually low and adequate skin
preparation is required to ensure noise levels are low
enough for a good quality recording. The main sources of
noise are skin resistance and pad movement. Both these
are improved by good skin preparation. The
recommended skin preparation procedure is as follows:

Procedure for Skin Preparation

Clean the skin to ensure that it is clean, oil free and
preferable hairless. This can easily be achieved by using
warm water and soap. Alcohol should not be used as this
can potentially cause skin irritation. Shaving is also not
ideal and should if possible be done several days before
application.

Use an abrasive material to remove the top layer of skin.
The ideal preparation material is a Cardio prep which is
similar to very fine emery paper. (eg. Unomedical, stock
code 2121M.) In the absence of an abrasive material a
suitable alternative is to rub the skin with a towel or other
cloth. If this is done it should be vigorous enough to
remove the top layer of skin. Some redness will be seen;
this is normal and should not be cause for concern.

Apply the chosen pads to the chest. This is best achieved
by placing the pad in the centre of the chest and locating
the Cardio on it. Attach the second pad to the other clip on
the Cardio and use the wire to position the second
electrode. Further details on positioning of the Cardio are
shown below:
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6.3 Electrode
Positioning
The best ECG signals can usually be picked up by placing
the round end of the Actiwave Cardio unit in a position
midway between and below V1 and V2. The other
electrode can be placed at V4 or V5. A position on the
upper chest shown in the diagram below can also be used.
This may be either more or less acceptable for female
users depending on their breast size.

6.4 Positioning

of the

Actiwave

cardio
For good accurate measurement of activity and body
position the cable needs to be placed with the cable exit as
near the horizontal as possible. If necessary use a
small piece of tape {Micropore or similar} to hold the cable
horizontal. This will avoid unnecessary rotation of the
sensor in situ. The main body of the device should be
located close to the centre line of the chest (see photo).

The acceleration output of the Actiwave cardio is labeled in
X, Y and Z axes, with meanings as described and
illustrated following. Note that the software can also be
made to produce text annotations of the body orientation
during steady non-moving periods. This may be easier to
interpret than the three acceleration numbers.
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9 The direction of positive X acceleration is outward from
the body of the unit along the wire.

9 The direction of positive Y acceleration is outward from
the unit in the direction of the plastic button for
releasing the clip.

1 The direction of positive Z acceleration is outward from
the unit in the direction of the lid. For example this
would be directly upwards if the device is resting
normally on a table with the label upwards.

6.5 Use of the

Actiwave

Cardio in

water
Although the Actiwave cardio is waterproof, use in the
water will result in attenuated and noisy ECG signals. The
acceleration signals will not be affected. This can be
reduced by covering the device in a swimsuit to reduce
movement over the area, or avoided by covering the unit
completely with a large waterproof plaster or equivalent.

Important! In the European Union the Actiwave is not a
medical device and is intended for research only. Please
contact CamNtech UK for further clarification on suitability
of application.

WARNING!
Care should be taken when electrodes are applied to the
subject to ensure that unconnected leads or parts are not
accidentally shorted to other conductive paths or to earth
(ground).
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7 Downloading data

7.1 Download
options

Notch Filter

Derived Signals/Annotations

[¥ Annotate body position during steady accelerometer data

[¢ Derive estimated heart rate channel from any ECG channels
End Cut-Off Time

[~ Trim the recording if it ends later than:

|16 Oct 2014 11:27

Adjust Sample Rate
+ MNo adjustment

(" Convert sample rate to: 256/ Hz Help

QOutput File Format
{+ EDF (Binary format, commenly used for PSG waveforms)

" CSV (Text format, larger file size)

Mains pickup is not usually a problem with the Actiwave
devices. They are connected only to the body and will not
normally pick up signal from mains supplies. However,
any mains pickup that does occur can be removed by
selecting the appropriate filter for your local mains
frequency.

Derived Signals / Annotations

The derived parameters are body position and heart rate.
The body position can only be calculated when there is no
movement and is applied as an annotation in the EDF file.
The heart rate is found using a simple R wave detector. If
you require a more sophisticated algorithm and
measurements then there are specialist programs
available that will carry out this work.
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End Cut-Off Time

Adjust Sample Rate

Output File Format

7.2 Completing
the
Download

The data can be trimmed so that large amounts of
unwanted data need not be downloaded and stored. For
example, An overnight recording may be needed until 7am
but not actually read until 20am. If the data is not trimmed
then 3 hours of unwanted recording will be downloaded
and stored.

This function will resample the downloaded data to a
different frequency using a natural cubic spline. This
allows you to use the Actiwave with software which
expects input samples using a different frequency. Most
analysis packages will not have this limitation, so you will
not need to use this function. You can enter any whole
number sampling frequency of at least 100Hz.

After the data is downloaded, it can be saved in two
different standard file formats.

The EDF format is a standard format used for EEG files
and similar, and can be loaded in many software
packages. The details of this format are available at:
http://www.edfplus.info/.

The CSV format is a text file listing all of the data samples
separated by commas, which can be loaded directly into a
spreadsheet. However, it is significantly larger and may be
slower to handle as a consequence.

Having selected the appropriate options, c | i ck on
button to download the Actiwave. Data is downloaded at
2Mbit per second from the Actiwave device. Even at this
speed the data download may take a few minutes for a full
memory. After downloading, the data is processed if
required to apply any of the filters/annotations described
above. The data is then saved using a default filename
which is made up from the setup information and the
download date. The user may change this filename before
storing.
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The recorded data in the Actiwave device is not erased
after download. It is only erased if the unit is set up again
or erased using the erase all option.

7.3 The
6Downl oad
All6 Opti on

This function downloads data from all the Actiwave devices
in the interface dock and stores them in different
sequentially numbered files. The download options need
only be selected once and then no further user intervention
is required.

7.4 Viewing the
Saved Data

Cardio Viewer Software

This is a purpose designed software package intended to
be used with the combined ECG and accelerometer data
from the Actiwave Cardio. This software is optional and
may be purchased in addition to the standard set-up
software. Please see section 8 for details of how to use the
Cardio Viewer software.

Selecting a file to view with a third-
party viewer

When a file has been downloaded the user may view the
data by using the file menu. The last 4 files downloaded
are available on this menu. When a relevant file viewer is
installed it should automatically link the EDF or CSV
extension to itself. This allows you to open your files using
the viewer of your choice.

Detailed Analysis of EDF files

EDF compatible analysis packages available include:

VivoSense

o http://vivonoetics.com/products/vivosense/
Polyman

o www.edfplus.info
Biopac

o www.biopac.com
Kubios

o0 https://www.kubios.com/
Sciworks from Datawave

o www.dwavetech.com
Labscribe from iWorx

o www.iworx.com/research/software/

= =_ =2 =4 =4 =

Actiwave Cardio User Guide - Issue 2.1.2 Page 22


http://vivonoetics.com/products/vivosense/
http://www.edfplus.info/
http://www.biopac.com/
https://www.kubios.com/
http://www.dwavetech.com/
http://www.iworx.com/research/software/

Free EDF file viewers

A number of free EDF viewers are available including
Polyman, EDFbrowser, jJEDF, OpenXDF Viewer, etc.
CamNtech recommends Polyman, which is available in a
free version from:
http://www.edfplus.info/downloads/downloads.html. Many
more advanced commercial packages are available for
loading and analysing EDF files
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8 Cardio Viewer Software (Optional)

8.1 Starting the
software

Double click on the desktop icon to run the Cardio Viewer
software and the software will open with the list of files
from the default data directory. The directory is that which
was used most recently for saving EDF files from the
Actiwave set-up software. Only files that are compatible
with the Cardio Analysis software will be shown. This
means the recording must contain both ECG and xyz
acceleration data.

Selecting a recording from the list provides a preview of
the raw ECG and acceleration data in the file with the user
and setup information. You can scroll through the data
using the left and right arrow keys and select a 10s, 30s or
5m preview window width.

W Actiwave Cardio analysis software. Version 3.0.25 1 [E=R =)
I Eile  Example files

ECG data files available for analysis Preview of selected file

Fleiame Date read Patient ID Length Recording 1D: Startdate 30-AUG-2016 X X Actiwave000001 Hi_Rate_| Edit User
Test_lig_Test _for_noise_11-Nov2016.edt /112016 Test_Jig 00:04:50 i, Jlest UECEL ]

Test_MARKER_Example_ECG_XYZ_180ct20162cf 18102016 Test MARKER  00:03:16 Recording Start - 30/08/2016 10:50:00
Test_Hi_Rate_ECG_3-Aug2076.2F WOB/ANE  Test 00:03:06

Length : 00:03:06
ECG sampling: 1024
XYZ sampling: 32

X

i

z

10:50:00 @ 10sec @ 30sec @ 5Smin

Actiwave Cardlo

[ Setp |
- cam [/tech
‘c \lsers\Howard Smith\Documents Actheart Data | [Read |
TR

Analysis Options.

The software is supplied with some example files. These
file are accessed from the top menu bar.

1 24Hr_cardio_example.edf

A single channel 24 hour Holter test.
1 Overnight_cardio_example.edf

An overnight recording for sleep analysis
1 Short_cardio_example.edf

A short recording for quick demonstration

Actiwave Cardio User Guide - Issue 2.1.2 Page 24



8.2  Setting up
an Actiwave
Cardio

8.3 Reading an
Actiwave
Cardio

8.4 Analysing a
File

It is not necessary to separately run the Actiwave setup
software to set-up the Actiwave Cardio. The Cardio Viewer

softwvare has a O6Setupd button on

opens the set-up as detailed in Section 5 above.

It is not necessary to separately run the Actiwave setup
software to download the Actiwave Cardio. The Cardio

Vi ewer software has a O6Read?o

which opens the read window as detailed in Section 7
above.

Double click on a file in the list. The full analysis screen
will be displayed and the data file loaded after a few
moments.

The ECG is always re-sampled to 512Hz i a cubic spline
is carried out to interpolate and smooth the data for original
sample rates below 512Hz. The resulting ECG is analysed
to find all the R waves, and the IBI (Inter Beat Interval or
RR interval) data is then calculated.

The acceleration waveforms are also filtered and analysed.
The orientation of the sensor with respect to gravity is
derived from the steady 3 axis acceleration data. This can
only be calculated when the wearer is not moving, as any
movement renders the calculation ambiguous. The Y axis
of the sensor (up-down when standing) is rectified and
summed to determine the overall Activity level. Such
movement is normally associated with work against gravity
and hence energy expenditure. This integrated value is
referred t o as O6Acti metry
operations can take up to a minute to load the whole of a
large EDF file.
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8.5 Data
Analysis
Window

Data Overview

W CAUsers\Howard Smith\Documents\Actineart Data\Test_Hi_Rate_ECG_30-Aug2016.2df o=

File  Print

Print Report

Waveform Viewer | ECG&HRVAnaysis |  SlespngHRRepon | Energy Bxpendture |

10:52:15 10:52:45

ECG

Movement
(countis)

bbb bbb L bbb bbb b L L b )

Rl =2 - - § § : § § Addto ECG printout -
G D 0sec @ 3sec ) lmin (O 2min ) Smin () 1Bmin () 3min O 1H O 2H O Aldata
' Selection start | Mot set | [ View selection |

A Export Values Selection end | Not set [T Cursors

Multiple data analysis windows may be opened, but long
files will use large amounts of RAM (300/400 MB for a 24
hour recording). This means that the user should be
careful when opening multiple long files.

There are several tabs at the top of the screen:

1 Waveform Viewer gives a simple overview of the
raw data.

1 ECG & HRV Analysis gives a view of the
averaged ECG and Heart Rate Variability statistics.

1 Sleeping HR Report provides sleep statistics.
Heart rate statistics during sleep periods are also
shown.

1 Energy Expenditure gives the energy expenditure,
calculated from a standard model based on the
validation of the CamNtech Actiheart system.
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Heart Rate / ECG

The full ECG is shown if possible. If the time-base is 5
minutes or greater, then the derived 1 second Beats Per
Minute (BPM) graph is shown as the display would
otherwise become unreadable.

Movement (Accelerometry)

This is a measure of the amount of up/down (Y axis)
movement in each second. It is calculated by summing
the rectified movement signal with the steady level

removed.
8.6  Full Data
Overview
By clicking on the OFull di spl ayé
changed:
W CAUsers\Howard Smith\Documents\Actiheart Data\Test_Hi_Rate_ECG_30-Aug2016.edf =NfEf X
File Print  Print Report
Waveform Viewer | ECG4HRV Analysis |  Sleeping HR Repot | Enemy Bwpendiure |
e ______ |
10:52:15 10:52:45

ECG
(+-2mV)

Accel X
(+2g)

Accel Y
(+2g)

Accel Z
(+2q)
BPM

(30-230)

Movment
(countls)

Rotation|| == b= b= b= b=
Upightl| »# o o~ »

e
P N P P

Active

Laying

Fqu\spIay - ) 1Dsec @ 3sec [ 1min () 2min 0 Bmin () 15min () 30min () 1Hr () 2Hr ) Aldata
: : Selection start | Nt set | [ View selection |
A Export Values Selectionend [ Not set [ Cursors

All the original data is shown along with all the derived
signals. The acceleration is shown for all 3 measured
axes. The X-axis is left-right on the body, Y is up-down,
and Z is back-front.

BPM and IBI Data

The heart rate (Beats Per Minute) data is derived once per
second regardless of the heart rate and is displayed in red.
The Inter-Beat-Interval (IBl) data is displayed in orange.
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This shows the time interval between every single beat,
rather than simply the overall rate of heart beats.

Orientation Data

The orientation of the user is shown with a black bar
representing the standing / laying down position. The
rotation of the body is shown using a red/green bar, where
red denotes the left should and green the right. This
allows you to see clearly which side the wearer was lying
on, particularly when asleep.

Status Data

Using the Actimetry Y and the orientation data,the user 0s
status is set as Active, resting or laying down. This status
is used later for HRV analysis.

Data Display Width

Using the available options you may select the display
window period. Note that this will affect the display of ECG
or heart rate data depending on the period, as described
above.

Data Analysis Start and End

The user can set the start and stop time of analysis of the

data display, to include only the period of data of interest.
Select the ACursorsodo c¢heerikdb ox t
graphically. You can then drag the start and end of the

selected (brighter) period to fine-tune your time selection.
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