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Legal Notices and Disclaimer

Redistribution IS permitted provided that the following conditions are met:

Redistributions must retain the copyright notice, and the following disclaimer. Redistributions in electronic form
must reproduce the above copyright notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the document.

Neither the name of Shimmer Research, or Realtime Technologies Ltd. nor the names of its contributors may
be used to endorse or promote products derived from this document without specific prior written permission.

THIS DOCUMENT IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND
ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT,
INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS DOCUMENT, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.
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1. Introduction

The ShimmerSensing LabVIEW Instrument Driver Library is a library of LabVIEW VIs designed to assist
users of the Shimmer3, and of legacy hardware (Shimmer2 and Shimmer2r), in the development of
Shimmer based applications in LabVIEW. The ShimmerSensing LabVIEW Instrument Driver Library is
not intended to be the answer to all host side application requirements, but instead provides a set of
building blocks for developers.

The library offers a number of different low level Instrument Driver Vis for different Shimmer
operations such as configuring, triggering and reading data. The library also includes a set of fully
Integrated Shimmer VIs which are essentially higher level Vls integrating all of the functionality of
the lower level Instrument Driver Vis. In addition the library includes a number of Example
Application Vis to assist with Shimmer LabVIEW application development. The Example Application
Vis may be used in their own right or may be modified by the LabVIEW developer to form the basis
for additional applications.

The Instrument Drivers VIs were developed based on the core principals of LabVIEW instrument
driver development. Although their design does not yet adhere precisely to the principals outlined in
the National Instruments Instrument Driver Guidelines, an effort has been made to do so and it is
planned to bring the library directly in line with these principles in the future.

1.1. Scope of this Document

National Instruments provides extensive online and offline documentation for all core LabVIEW
components. This documentation limits itself to explaining the Shimmer based functionality which
has been developed through the integration of different LabVIEW components. Whilst an effort has
been made to provide as much information as is required, the user may need to develop some
further understanding through reading of LabVIEW help files and studying the VI block diagrams
which include text comments where appropriate.

1.2. Important Note regarding Legacy Applications

The ShimmerSensing LabVIEW Instrument Driver Library v2.0 (and later) constitutes a significant
rework of the instrument driver. It is important to note that full backwards compatibility with
previous versions of the instrument driver has not been maintained. The reason for this is that the
feature set of the Shimmer3 has vastly outgrown the previously existing instrument driver
infrastructure and unlocking the new capability was becoming a very cumbersome and error prone
process.

Although full backwards compatibility has not been maintained, a VI has been included which
provides an interface between the legacy version of the integrated Shimmer VI and the new
integrated VI. At the very least, this legacy interface should be used to upgrade all applications that
were built using vl.x of the Shimmer LabVIEW Instrument Driver Library. See the
ShimmerLegacylinterface.vi section of this document for more information about the
ShimmerlLegacylnterface VI.

www.ShimmerSensing.com info@ShimmerSensing.com
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The main changes in the infrastructure are highlighted in the ShimmerLegacyinterface.vi section of

this document. To differentiate between the legacy Shimmer LabVIEW Instrument Driver Library,

which was referred to as the "Shimmer Library", the ShimmerSensing LabVIEW Instrument Driver

Library v2.0 and later will be referred to as the "ShimmerSensing Library".

1.3. How to use this Document

The main body of this document is Section 4 ShimmerSensing LabVIEW Instrument Driver Library,

which is divided into four sub-sections:

W'W
YV vy

=

~

Example Application Vis
3. Integrated Vls

4. Instrument Driver VIs

Exploring the Shimmer Instrument Driver Library

It may not be necessary for a user to familiarize themselves with all four sub-sections. The sub-

sections which a user should read will depend on the needs of the user. The table below

provides a guide as to which sub-section should be studied depending on the user's needs.

User Needs

Required Reading Sub-Section Name

User wants to acquire sensor data from up
to four Shimmers and store it to file.

Exploring the Shimmer Instrument Driver
Library

Example Application Vis

User wants to develop a better
understanding of how the Example

Application Vls work.

User wants to develop their own Shimmer
LabVIEW Applications

Exploring the Shimmer Instrument Driver
Library

Integrated Vls

Example Application Vs

User wants to develop a
understanding of how the Integrated VIs

work

deeper

User wants to develop their own Integrated
VI.

User wants to implement some
functionality which is best achieved using

Vls at a lower level to the Integrated VIs

Exploring the Shimmer Instrument Driver
Library

Integrated Vls

Instrument Driver Vs

w.ShimmerSensing.com

info@ShimmerSensina.com
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2. Pre-Requisites

In order to use the ShimmerSensing LabVIEW Instrument Driver Library you will need the following:
1. National Instruments LabVIEW Version 10.0 or later installed on your PC.
Please note that the Instrument Driver was developed in LabVIEW version 13.0.

2. National Instruments VISA installed as part of you LabVIEW installation. You can download
the latest version of VISA by clicking the Downloads link at http://www.ni.com/visa/.

3. The appropriate ShimmerSensing LabVIEW X.X Instrument Driver Library RevX.X package.

Note: There are different versions of the library package available for download depending
on which version of LabVIEW the user is using. The user should make sure that they have
downloaded the correct version.

The naming convention of the download packages (ShimmerSensing LabVIEW X.X

Instrument Driver Library RevX.X ) is as follows
e Shimmer indicates that the library is for use with the Shimmer2 and Shimmer2r.
e LabVIEW X.X indicates that the library is for use with the LabVIEW version X.X.
e RevX.Xindicates the revision number of the library.

A link to the library package download is available from
www.shimmersensing.com/download and includes the following:

a. ShimmerSensing LabVIEW Instrument Driver Library project, library and source files
b. ShimmerSensing LabVIEW Library User Manual.pdf.
¢. Shimmer Readme.html

Download the library package, extract the files and follow the installation instructions
outlined in the Installation section below.

4. A Shimmer 3 device programmed with LogAndStream firmware or a Shimmer2/Shimmer2r
device programmed with the latest version of BtStream.

NOTE: All Shimmers are shipped pre-programmed with the LogAndStream firmware. If for
some reason you need to reprogram your Shimmer you can do so with Consensys software
in the section ‘Manage Devices'.

5. The Shimmer needs to be paired with the PC (over Bluetooth).

www.ShimmerSensing.com info@ShimmerSensing.com
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3. Installation

1. Included in the ShimmerSensing LabVIEW Instrument Driver Library package is a folder called
ShimmerSensing which contains the ShimmerSensing LabVIEW Instrument Driver Library project,
library and source files.

Copy the ShimmerSensing folder to the LabVIEW instrument drivers library directory
<LabVIEW>\instr.lib\ on your PC.

For example in MS Windows a typical path for the instrument drivers library directory may be:
C:\Program Files\National Instruments\LabVIEW 2010\instr.lib\

In MAC OS X a typical path for the instrument drivers library directory may be:
/Applications/National Instruments/LabVIEW 2010/instr.lib/

Note: If LabVIEW is already running you will need to restart LabVIEW for the installation to take
effect.

2. Install the appropriate firmware image onto your Shimmer device using Consensys software.
For Shimmer3, LogAndStream v0.7.0 (or later) is recommended.
For Shimmer2 or Shimmer2r, BtStream v1.2.0 (or later) is recommended.

Earlier versions of the Shimmer are not supported.

www.ShimmerSensing.com info@ShimmerSensing.com
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4. ShimmerSensing LabVIEW Instrument Driver Library

4.1.

Upon successful installation of the ShimmerSensing LabVIEW Instrument Driver Library (referred to

Exploring the Shimmer Instrument Driver Library

as the ShimmerSensing Library for the remainder of the document) the user should now have the full
suite of Shimmer VIs available for use.

One way to explore the ShimmerSensing Library is to locate the ShimmerSensing palette. To do this
open an existing VI or create a new VI and on the block diagram window open the Functions palette.
The ShimmerSensing palette can be found by selecting Instrument I/O->Instrument Drivers as
illustrated in Figure 4-1 and selecting the ShimmerSensing icon.

Note: If the ShimmerSensing icon is not visible in the Instrument Drivers palette as illustrated in
Figure 4-1 please ensure that you have correctly followed the installation instructions described
previously.

Note: If you have previously been a user of the Shimmer LabVIEW Instrument Driver Library v1.6 or
earlier, and you still have that library installed in your LabVIEW instr.lib folder, you may also see a
Shimmer icon in the Instrument Drivers palette, as shown in Figure 4-1. There are no issues with
having both libraries installed simultaneously, but care should be taken not to combine VIs from
both libraries in any application.

Functions |§|
| q Search I £, Customize™ I ! 1
»  Programming -
b Measurement /0
* Instrument I/O
L Instrument Drivers
AGIA4DTp, Y
il
..... =
Agilent 34401 Shimmer
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¥ Vision and | R @ :
. [TREES CLOZE
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5 oo Initialise.vi VI Treewi Closewvi
ignal Proc » 5 5
5= 99 o’ e
¥ Data Comn CONFIG ACTION DATA uTILITY
b Connectivit Configure  Action-5Status Data Utility
b Control Des e
- D GRATED 8
b SignalExpre
¥ Express Exarmnples Integrated Userlnterface
b =
>
K-
Input Signal Analysis
M B
€. B
Output Sig Manip -
Figure 4-1 Instrument Drivers palette
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Selecting the ShimmerSensing icon will open the ShimmerSensing palette which is illustrated in
Figure 4-2. It consists of a number of different icons some of which are VIs and other which are sub-
palettes. The Vls listed in the palette are described in the different sections of this document.

Functions @

| QSearch I £l Customize™ I =H |

» Programming

P Measurement I/0

¥ Instrument /O
L Instrurment Drivers

L Shimmersensing

Ehimmer| Ehimm ]
i i
IHIT [TREES =
Initialise.vi VI Treewi
Ehimmer] [
. &=
CLOSE CONFIG
Closewi Configure
1 s’
ez BATA
Action-5Status Data
¢l W
uTILITY
Utility Examples
INTE 1
GRATED 8 g

Integrated Usernterface

Vision and Motion
Mathematics

Signal Processing

b A S .

Data Communication

L4

=

Figure 4-2 Shimmer palette

In order to get a quick overview of all of the VIs available in the ShimmerSensing Library (including in
the sub-palettes) select VI Tree.vi, place the VI on your empty block diagram and double click the
icon to open the VI. The VI Tree.vi block diagram presents the full VI library suite and is illustrated in

Figure 4-3.

www.ShimmerSensing.com info@ShimmerSensing.com
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Instrument Driver Vis

=EE

Integrated Vis

Figure 4-3 VI Tree.vi

Another way to explore the library is to open the library as a LabVIEW project. This may be done
from the LabVIEW Getting Started window by selecting File>Open Project (illustrated in Figure 4-4)
and selecting the ShimmerSensing.lvproj file located in the library source code folder
<LabVIEW>\instr.lib\ShimmerSensing\ which you copied to the LabVIEW instrument drivers library
directory on your PC.

www.ShimmerSensing.com info@ShimmerSensing.com
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Figure 4-4 Open a LabVIEW Project

The ShimmerSensing Library should open in the LabVIEW Project Explorer as illustrated in Figure 4-5.

File Edit View Project Operate Tools

Window Help

LS| s b

RN T

Items I Files I

=k

i ) Examples
&) Integrated
m G Utility
4™

}.

ﬂ dir.mnu
- |wl Closewi

- | Initialise.vi

- VITreevi

7 =’ Dependencies

=kl Project: ShimmerSensing.lvproj

= 8 My Computer
[3 ShimmerSensing.lviib
& [ Public
G- Action-Status
@ ) Configure
G- [J Data
[

User Interface

'@ ShimmerSensing LabVIEW Library User Manual rev2.2a.pdf
- @ ShimmerSensing Readme.html

- %, Build Specifications

Figure 4-5 LabVIEW Project Explorer

The remaining sections of this document should be used to explore the ShimmerSensing Library

further.
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4.2. Example Application Vis

The Example Application Vis outlined in this section can be used as standalone applications or as the
basis for more advanced LabVIEW applications. Only the front panel operation of the Vis is explained
in this section. The examples contain a number of Sub VIs which are not explained in the document.

Should the user wish to develop an understanding for the VI block diagrams and use the examples to
assist them in the development of Shimmer LabVIEW applications they should consider the
following.

The examples were designed to be used as part of an incremental learning process in conjunction
with this user manual. The different steps in the learning process are outlined below:

1. Develop a basic understanding of the Shimmer.vi by reading the Integrated VIs section of
this document.

2. Develop an understanding of basic Shimmer control in LabVIEW by studying the block
diagram of the Shimmer Basic Control.vi and operating the VI from its front panel.

3. Develop an understanding of Shimmer configuration in LabVIEW by studying the block
diagram of the Shimmer Control and Configure.vi and operating the VI from its front panel.

4. Develop an understanding of Shimmer data acquisition in LabVIEW by studying the block
diagram of the Shimmer Control and Configure.vi and operating the VI from its front panel.

5. Develop an understanding of LabVIEW based data acquisition from multiple Shimmers and
the use of different Integrated Vis by studying the block diagram of the Multi Shimmer
Template.vi / Multi Shimmer Sync Template.vi and operating the VI from its front panel.

Shimmer Basic Control.vi

e

‘GHTRL

The Shimmer Basic Control.vi is a VI which demonstrates basic usage of the Shimmer.vi. The
functionality it provides allows for basic control of the Shimmer such as connecting to the Shimmer
and streaming data from the Shimmer.

Starting Shimmer Basic Control.vi

The Shimmer Basic Control.vi is located in the Examples folder of the ShimmerSensing Library. Open
the Shimmer Basic Control.vi front panel and run the VI. All controls for the VI are located on the
Control tab which is the front tab on the Ul. The status display on the Ul indicates the current status
of the Shimmer which on start up is No COM Port Selected as illustrated in Figure 4-6.

11
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| File Edit View Project Operate Tools Window Help

ShimmerSensing.lvproj/My Computer| <

Figure 4-6 Shimmer Basic Control.vi on start-up
Connecting to the Shimmer

The Bluetooth serial port for the desired Shimmer, as assigned during the pairing procedure, must
be selected. This can be selected using the drop down menu Shimmer Com Port in the front panel,
as illustrated in Figure 4-7.
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| File Edit View Project Operate Tools Window Help

I

CONNECT DISCONNECT

Once the correct serial port has been selected, press the Connect button. The status display will
indicate the Shimmer is Connecting. Once the Shimmer is connected the status display will indicate
that it is Connected. Also the green LED on the Ul next to the status display and green LED on the
Shimmer will turn ON to indicate the Connected state as illustrated in Figure 4-8.

ShlmmetSensmg lvproy' ly Computer] <

Figure 4-7 Selecting the Com Port on Shimmer Basic Control
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CONNECT DISCONNECT W

himmensng.lvproj/ Computer| <

Figure 4-8 Connected Status in the Shimmer Basic Control.vi

Note that, when connecting to a Shimmer2/2r device, there will be a delay of 10 seconds while the
configuration is read from the device, due to compatibility checks in the instrument driver.

Controlling the Shimmer

Once the Shimmer is connected pressing the Toggle LED button will cause the red LED on the
Shimmer to toggle.

Start Streaming Data

To start data streaming from the Shimmer press the Start button. The status display will change to
Starting Stream to indicate that the Shimmer is about to start streaming.

Note: If the gyroscope sensor is enabled on Shimmer2/2r, the Shimmer will take 7 seconds to start
streaming data as it requires this time to turn on the gyroscope sensor. This is a power saving
mechanism.

Once the Shimmer starts streaming data, the status display will change to Streaming. Also the green
LED on the Ul next to the status display will start flashing on and off periodically and the yellow LED
on the Shimmer will start flashing to indicate the Streaming state as illustrated in Figure 4-9. The

arrays Signal Names, Units and Calibrated Data will become populated with their respective values.
14
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If there are more than four data signals available for viewing the horizontal scrollbar can be used to
view the additional elements of the arrays. Which data signals are available for viewing is dependent
on the configuration of the Shimmer which is not covered in the Shimmer Basic Control.vi example.

An asterisk after the Units indicates that default offset and sensitivity values from the sensor data
sheet have been used to calibrate the sensor data (e.g. mVolts*).

To improve the accuracy of your data when using the inertial sensors (accelerometer, gyroscope or
magnetometer), it is recommended that you use the standalone Shimmer 9DoF Calibration
Application which is available for download from the Shimmer website. The application supports the
calibration of the inertial sensors and the storage of the calibration parameters on the Shimmer.
When calibration parameters have been stored on the Shimmer, the Example Applications and any
data-handling Vls included in the ShimmerSensing Library will use the stored calibration parameters
instead of default calibration parameters.

Also, for the accelerometer, the Units may be followed by double asterisks (e.g. m/s***). This
indicates that the calibration parameters which have been stored on the Shimmer are not valid
parameters for the current Accelerometer Range setting. This can be rectified by configuring the
Accelerometer Range to the setting that it was in when it was calibrated or by recalibrating the
Shimmer (using the Shimmer 9DoF Calibration Application) with the device configured to the desired
Accelerometer Range.

The indicator % Packets Received indicates the percentage of data packets transmitted by the
Shimmer which have been successfully received and processed by the Shimmer.vi.

15
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CONNECT DISCONNECT %comes |

Figure 4-9 Streaming Data in the Shimmer Basic Control.vi

Stop Streaming Data

To stop data streaming from the Shimmer press the Stop button. The status display will change to
Stopping Stream to indicate that the Shimmer is about to stop streaming. Once the Shimmer stops
streaming data the status display will return to Connected. Also the yellow LED on the Ul next to the
status display will turn OFF and the yellow LED on the Shimmer will turn off. The green LEDs on the
Ul and the Shimmer will remain ON and the Ul should return to the condition illustrated in Figure
4-8.

Disconnecting from the Shimmer

To disconnect from the Shimmer press the Disconnect button. The Shimmer should return to its
original Disconnected state.

Shimmer Control and Configure.vi

Example
H -
e

COHFIG
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Prior to reading this section the reader should have covered the section describing the Shimmer
Basic Control.vi. The Shimmer Control and Configure.vi is a VI which, along with providing control of
the Shimmer, allows the user to configure the shimmer settings.

Starting Shimmer Control and Configure.vi

The Shimmer Control and Configure.vi is located in the Examples folder of the ShimmerSensing
Library. Open the Shimmer Control and Configure.vi front panel and run the VI.

The Shimmer Control and Configure.vi Front Panel is very similar to the Shimmer Basic Control.vi with
the exceptions that it has an additional tab Configure (illustrated in Figure 4-10) and it uses
additional functionality to enable and disable certain Ul buttons depending on the current state of
the Shimmer.

ShimmerSensing.lvproj/My Computer| «

Figure 4-10 Shimmer Control and Configure.vi on start-up

The reason for disabling buttons is to restrict invalid Ul events from being triggered when the
Shimmer is in certain states.

When the VI is run initially only the Connect button will be active (as in Figure 4-10) however upon a
successful connection with a Shimmer other buttons will become active.

The Start Log And Stream button will only become active if LogAndStream firmware is detected on
the connected Shimmer device.

17
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The Shimmer Control and Configure.vi Front Panel also has a Low Battery Warning LED, which
indicates that the Shimmer's battery has dropped below a user-defined threshold. Enabling the
battery monitor and setting the threshold will be discussed below.

Note: Battery monitoring is not supported on Shimmer2; Shimmer2r or Shimmer3 is
required for this functionality.

Configuring the Shimmer

When the Shimmer is in a Connected state the buttons on the Configure tab (Figure 4-11) can be
used configure the Shimmer. The configuration buttons serve the dual purpose of indicating the
current settings on the Shimmer and allowing the user to modify the settings. In Figure 4-11, the
Accelerometer and Magnetometer are enabled on a Shimmer2r.

[File Edit View Project Operate Tools Window Help
| #[=@n] 9]l

|

10kOhm - 56kOhm < |

[ShimmerSensing.Ivproj/My Computer] «

Figure 4-11 Configuring the Shimmer: Shimmer2/2r
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The hardware version is displayed towards the right-hand side of the Configure tab in the HW
Version field, where a value of 1 denotes Shimmer2, 2 denotes Shimmer2r and 3 denotes Shimmer3.
Certain options are greyed out depending on the hardware version of the device that is connected.
Figure 4-12 shows how the Configure tab might look with a Shimmer3 connected.

The FW Version field indicates the firmware type and version that is running on the Shimmer.
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ShimmerSensing.lvproj/My Computer & !

Figure 4-12 Configuration options for Shimmer3

The green LEDs in the Enable/Disable Sensors panel are used to enable and disable sensors, whilst
the Enable/Disable Expansion Channels panel contains LEDs to enable and disable the internal and
external expansion channels. An appropriate expansion board must be attached to the Shimmer to
allow meaningful results to be returned; however, an expansion board can be attached without
enabling its sensor(s) (no data will be acquired from the relevant sensor(s) in this case).

With the exception of the magnetometer on the Shimmer2/2r, a sensor can be enabled without its
daughter board being attached; however, this results in redundant data being sampled and
transmitted by the Shimmer, thus inefficiencies and power wastage. Note that if the magnetometer
is enabled and streaming started without a 9DoF daughter board attached on a Shimmer2/2r device,
a reset will be needed to return to normal device behaviour.

19
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Multiple sensors from different expansion boards (conflicting sensors) cannot be enabled at the
same time. If a conflicting sensor is enabled any other conflicting sensors will be automatically
disabled.

Certain sensor and expansion channel options are greyed out depending on the hardware version of
the device that is connected. Users should note that some of the controls that have been provided in
the example are placeholders, intended for future use, and are not currently enabled for any HW
version. Furthermore, only those sensor settings which are relevant for currently enabled sensors
are available for selection; for example, the Gyroscope Range is disabled and greyed out unless the
Gyroscope Sensor is enabled. For more details on the enabling/disabling of controls, see the Section
on Convert Sampling Rate to Hz.vi

HW Version i
. pli Sampling Rate (Hz)
wy - s pling
sampling Rate (FW) i Sampling Period ()

e Used as a SubVI to convert the firmware representation of sampling rate to a sampling rate
in Hz and a sampling period in s.

o The input HW Version ensures compatibility with different hardware versions.

e The input Sampling Rate (FW) should be an 8 bit hexadecimal value which defines the
sampling rate for all sensors on and attached to the Shimmer. Table 4-2 defines the range of
legitimate values and their corresponding sampling rate in the Shimmer.

e The output Sampling Rate (Hz) is the sampling rate in Hz.
e The output Sampling Period (s) is the sampling period in s.
User Interface Vls, later on in this document.

The Battery Monitor enable/disable button only has effect on the Shimmer2r and Shimmer3
devices. For the Shimmer3, there is a dedicated ADC channel for battery monitoring. For the
Shimmer2r, as explained in the Shimmer User Manual rev2Rx, the External Expansion ADC channels
can be multiplexed to measure the battery voltage either side of a SBR130S3 diode. This field
switches the Shimmer between sampling the External Expansion channels and the voltage channels.
To view/save the battery voltage data on Shimmer2/2r, the External Expansion channels, A0 and A7,
must be enabled in the Enable/Disable Sensors panel field. Turning on the Battery Monitor on a
Shimmer2/2r will automatically enable these External Expansion channels.

If the Battery Monitor is enabled, as described above, the Battery Voltage Threshold (mV) can be
set by the user to determine the voltage at which the low battery warning will be triggered. The
default value is 3400 mVolts. When the battery voltage reaches the threshold, the Low Battery
Warning LED on the Control tab will turn on and the yellow LED Shimmer will begin to flash to
indicate low battery.
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The 5V Regulator enable/disable button sets the 5V regulator on the External Expansion® board for
the Shimmer2/2r. This is not available on Shimmer3. The 5V regulator and the Strain Gauge share an
enable pin on the Shimmer2/2r. To prevent conflict, when the Strain Gauge is enabled, the 5V
Regulator button is greyed out on the Ul and not configurable.

The Exp Power option enables or disables the 3V pin on the Shimmer3 internal expansion boards to
provide power to an external sensor. Please see the user manual for the relevant expansion board
for more details.

The Sensor Settings panel contains controls to configure the range and data rates of some of the
individual sensors. The Sampling Rate setting determines the sampling rate for all channels. The
Wide Range (WR) Accelerometer Range, Gyroscope Range, Magnetometer Range and GSR Range
parameters set the measurement range for the relevant sensors (where available) and they may be
modified by selecting the desired value from the drop down menu in the Sensor Settings panel. The
available range values will automatically be populated for the detected HW version.

If the Mag LP Mode option is enabled, the data rate of the magnetometer is set to a maximum of 10
Hz, regardless of the sampling rate setting, for lower power consumption (LP). If this setting is
disabled, then the data rate of the magnetometer is set to the match the sampling rate as closely as
possible, given the available options (0.5 Hz, 1.0 Hz, 2.0 Hz, 5.0 Hz, 10.0 Hz, 20.0 Hz, 50.0 Hz). Similar
options are available for the accelerometer and gyroscope on the Shimmer3 (WR Accel LP Mode and
Gyro LP Mode). The WR Accel HR Mode can be used to enable high resolution mode on the wide
range accelerometer on Shimmer3.

The Pressure Oversampling setting determines the resolution of the pressure sensor. Options are: 1
sample - ultra-low power, 2 samples - standard, 4 samples - high resolution, 8 samples - ultra-high
resolution.

The ExG Settings panel refers to controls that are specific to ECG or EMG and these controls will only
be enabled if ECG or EMG sensors are enabled.

The ExG Resolution setting determines whether ECG/EMG data will be sent in 16-bit or 24-bit
format. Users should note that 24-bit is the default format provided by the chips on the ExG
Expansion Board and, if 16-bit data is selected, the 7 least significant bits and the 1 most significant
bit of the ECG/EMG samples will be discarded by the firmware before transmitting the data over
Bluetooth. In the instrument driver, the calibration procedure handles the different data types.

The ExG Gain setting determines the software configurable gain of the ExG channels. The
recommended value for ECG or EMG data collection will be automatically chosen when the ECG or
EMG sensor, respectively, is enabled. Please refer to the Shimmer ExG User Guide for ECG or the
Shimmer ExG User Guide for EMG for more details.

The ExG Reference Electrode setting determines whether the reference voltage used in the ExG
amplifiers is a fixed reference voltage generated by the chip or taken from a feedback channel on

! Formerly referred to as “AnEx”.
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the body. Please refer to the Shimmer ECG User Guide or the Shimmer EMG User Guide for more
details.

The ExG Lead-Off settings are used to enable lead-off detection mode for the Shimmer3 and to
choose the parameters for lead-off detection, such as the current applied to the body and the
threshold levels.

The Respiration settings should only be used after a modification of the Shimmer3 ExG hardware;
please contact Shimmer if this functionality is required.

The Other Settings panel contains controls to configure options that are used by the Instrument
Driver only (i.e. these settings are not sent to the Shimmer device).

The 3D Orientation setting determines whether or not the orientation of the Shimmer in 3D space is
estimated by the instrument driver in real time. If this option is enabled, then the quaternion format
of the 3D orientation is estimated for each sample and output along with the calibrated sensor data.
The accelerometer, gyroscope and magnetometer are all automatically enabled if this option is
enabled, as the 3D orientation estimation relies on data from all of these sensors.

Enabling the Gyro In-Use Calibration option turns on a method that detects if the Shimmer is
motionless and updates the offset bias estimate for the gyroscope whenever it is motionless for 2
seconds. It is recommended to enable this option if 3D Orientation is enabled or if your application
relies heavily on very accurate gyroscope calibration. It should be noted that it is only the offset bias
and not the sensitivity that is continuously calibrated using this method.

For Shimmer3, there are two further options available: Reset Default Configuration and Reset
Default Calibration. These options are not available for Shimmer2/2r.

The Reset Default Configuration button will clear all user-selected configuration options and set the
default according to the following:

e Enabled sensors: Low Noise Accel, Gyro, Mag, Battery.
e Sampling rate: 51.2 Hz.

e Wide Range Accel range: +2g.

e Wide Range Accel data rate: 100 Hz.

e Magrange: 1.3 Ga.

e Mag data rate: 75 Hz.

e Gyro range: £500°/s.

e Gyro data rate: 51.28 Hz.

e Accel, Gyro and Mag LP Mode: OFF.

The Reset Default Calibration button will delete any calibration parameters that are stored on the
Shimmer3 InfoMem so that the default calibration parameters for each sensor will be used for any
subsequent data calibration. Note: this operation cannot be undone; stored calibration parameters
will be permanently deleted.
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The Detect Expansion button and Expansion Board field will be enabled in the next release of the
ShimmerSensing Library to allow automatic detection of any expansion boards that are connected to
a Shimmers3.

Note: The configuration is updated on the Shimmer immediately after a value change on any
configuration button.

Shimmer Plot and Write.vi

&

‘DA

Prior to reading this section the reader should have covered the section describing the Shimmer
Control and Configure.vi. The Shimmer Plot and Write.vi is a VI which, along with providing control
and configuration capabilities for the Shimmer, allows the user to acquire data from the Shimmer,
plot the data and write the data to a file.

Starting Shimmer Plot and Write.vi

The Shimmer Plot and Write.vi is located in the Examples folder of the ShimmerSensing Library. Open
the Shimmer Plot and Write.vi front panel and run the VI. The front panel of the Shimmer Plot and
Write.vi is as illustrated in Figure 4-13 and includes a number of tabs which the user can use to view
data during Streaming. It also includes an option to write data to a file.
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DISCONNECT

START STREAM START LOG AND STREAM

Save Data to File|

gy

ShimmerSensing.vproj; Computer| «

Figure 4-13 Shimmer Plot and Write.vi on connection

The Connection indicator will show a blue light when the Shimmer is connected. The Low Battery
indicator will show a red light if the battery is being monitored and its voltage level has fallen below
the configured threshold. The Docked indicator

Plotting Data

Calibrated data is automatically plotted for all sensors that are enabled. The data may be viewed by
selecting the appropriate tab. A plot of accelerometer data is shown in Figure 4-14.
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43 ShimmerSensing.Ivlib:Shimmer Plot and Write.vi
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Figure 4-14 Plotting Data

Writing Data to a File

The data being received by the Shimmer Plot and Write.vi can be written to a file, in tab separated
format, by ticking the Write to File box in the Control tab and entering the desired file path in the
File Path input as highlighted in Figure 4-15. The data is appended to the selected file.

Note: As the default file path is c:\temp\test.dat, users should ensure that a folder called test is
already created in c:\ as otherwise the application will be unable to write the data to file and will
throw an error. Another option available to the user to avoid this error is to create a new file path
use the browse button.

Note: Users are advised to use the .dat file extension for ease of use with Microsoft Excel and other
spreadsheet editing programs.
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Figure 4-15 Writing Data to a File

Multi Shimmer Template.vi

IEhimmer|

|' e

MLILTI

Prior to reading this section the reader should have covered the section describing the Shimmer Plot
and Write.vi. The Multi Shimmer Template.vi is a VI which allows the user to acquire data from up to
four Shimmers simultaneously and write the data to separate files. Note that the Multi Shimmer
Template example is designed for Shimmer2/2r. Whilst it will work for Shimmer3, some of the
functionality for Shimmer3 is not enabled in the example. Users of Shimmer3 should use it as a basis
for their own applications, along with the Shimmer3-specific cases in the Shimmer Plot and Write
example.
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Starting Multi Shimmer Template.vi

The Multi Shimmer Template.vi is located in the Examples folder of the ShimmerSensing Library.
Open the Multi Shimmer Template.vi front panel and run the VI.

The Multi Shimmer Template.vi Front Panel contains a single set of control buttons, along with COM
port controls, file path controls, data display indicators and Configuration tabs for two Shimmer
units, as illustrated in Figure 4-16.

CONNECT

ShimmerSensing.lvproj/My Computer| < s

Figure 4-16 Multi Shimmer Template.vi on startup
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Select the Com Port

For each Shimmer the user wishes to use, they should select a Com Port from the drop down menus
as done so in previous examples. If the user does not wish to use both Shimmers they can leave one
of the Com Port menus blank.

Connecting

Once the appropriate Com Port and Daughter Boards have been selected the user can connect to
multiple Shimmers by pressing the Connect button. The Status display for each Shimmer will
indicate that it is Connecting and when it is Connected as illustrated in Figure 4-17.

Note: Connecting to multiple Shimmers simultaneously can take up to 30 seconds.

File Edit View Project Operate Tools Window Help )
BEOn

ShimmerSensing.lvproj/My Computer| <

Figure 4-17 Multi Shimmer Template.vi in a Connected state
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Configuring the Devices

Once Connected the user should then select the Configure Shimmer A or Configure Shimmer B tab, as
appropriate, to configure the device, as in the Shimmer Plot and Write example.

Streaming and Writing Data to File
If desired, the user should enter an appropriate file path for each Shimmer to write the data to a file.

Once the appropriate settings are correct, the user can start streaming data by pressing the Start
button. The Status display for each Shimmer will indicate when data has started streaming.

Note: If for some reason the Shimmer selected in Shimmer A fails to connect or fails to start
streaming the application will not display any streaming data. This is due to the fact that the event
based control in the VI is based on the Status of Shimmer A. To avoid such as scenario ensure that
the Status of Shimmer A is as expected before proceeding.

Multi Shimmer Sync Template.vi

Prior to reading this section the reader should have covered the section describing the Multi
Shimmer Template.vi. The Multi Shimmer Sync Template.vi is a VI which contains all of the
functionality of the Multi Shimmer Template.vi and in addition it synchronises the data of the two
Shimmers.

This example relies on the SynchronisationClass which is a class library provided with Instrument
Driver. The source code for the class library is protected. The class library is described in more detail
later in this document.

Starting Multi Shimmer Sync Template.vi

The Multi Shimmer Sync Template.vi is located in the Examples folder of the ShimmerSensing Library.
Open the Multi Shimmer Sync Template.vi front panel and run the VI. In addition to the Front Panel
of Multi Shimmer Template.vi the Front Panel of Multi Shimmer Sync Template.vi has an extra
indicator displaying the Sync Data Status, as illustrated in Figure 4-18 Multi Shimmer Sync
Template.vi in a Connected state. The Sync Data Status shows I/dle when both Shimmers are not in a
Streaming state. The Sync Data Status shows Calculating Sync Parameters when the pre-
synchronisation stage has begun (the application must buffer at least 100 PC timestamps per
Shimmer to implement the synchronisation algorithm). The Sync Data Status shows Syncing Data..
when the synchronisation algorithm is being implemented on the Shimmers that are in a Streaming
state.
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i3 ShimmerSensing. Ivlib:Multi Shimmer Sync Template.vi |
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Figure 4-18 Multi Shimmer Sync Template.vi in a Connected state

Operation

Operation of this VI is similar to Multi Shimmer Template.vi. (The only difference is the Sync Data
Status indicator.)

Shimmer 3D Orientation.vi

[Examels

o

0 DATH

Prior to reading this section the reader should have covered the section describing the Shimmer
Control and Configure.vi. The Shimmer 3D Orientation.vi is a VI which, along with providing control
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and configuration capabilities for the Shimmer, allows the user to acquire data from the Shimmer,
visualise the 3D orientation of the Shimmer and write the data to a file. The accelerometer,
gyroscope and magnetometer should be calibrated prior to using the Shimmer 3D Orientation
example; the Shimmer 9DoF Calibration Application can be downloaded from the Shimmer website
for this purpose.

'J..
>\
6
)
) 5
b >
P Ter
) &

g

ShimmerSensing.lvproj/My Computer| <

Figure 4-19 Shimmer 3D Orientation.vi Configure Tab
Starting Shimmer 3D Orientation.vi

The Shimmer 3D Orientation.vi is located in the Examples folder of the ShimmerSensing Library.
Open the Shimmer 3D Orientation.vi front panel and run the VI. The front panel of the Shimmer 3D
Orientation.vi is as illustrated in Figure 4-19 and includes tabs to control and configure (shown in the
Figure) the Shimmer, as well as one to view the 3D orientation graphic. It also includes an option to
write data to a file.

Reviewing Data

Calibrated data is automatically displayed in the Control tab for all sensors that are enabled. The
data may be viewed by using the scroll-bars on the Signal Names, Calibrated Data and Units arrays.
The 3D Orientation option in the Configure tab must be enabled (see Figure 4-19) in order that the
orientation be estimated and displayed.
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Visualising the 3D Orientation

A graphic representation of the 3D Orientation of the Shimmer is displayed in the 3D Orientation
tab, as shown in Figure 4-20. The graphic consists of an object shaped like a Shimmer2r IMU unit,
with the outline of the push button, LED indicators and the dock connection socket visible. The front
of the object can be identified by its shape (with a raised rectangle, the LED outline and the push
button outline) and, also, by the Shimmer logo, which is printed in the same position as on the
physical device (see Figure 4-20). For the Shimmer3, the orientation of the device, relative to the
graphic, should be determined based on the position of the dock connection socket and the front of
the device (user button and LED indicators), corresponding to the face with the raised rectangle.

m@ B g e Oﬁe“'aﬁML -

File Edit View Project Operate Tools Windov: Help

Control l Configure 3D Orientation I Debug I

Es = e - = = = s

m

ShimmerSensing.Ivproj/My Computer| < | I
s - 3

i (™) SetOffset (W) Reset Offset J

Figure 4-20 Visualising the orientation - front of device.

The back of the device can be identified by its flat surface and the Shimmer logo printed in reverse,
as shown in Figure 4-21.
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Figure 4-21 Visualising the orientation - back of device

Because the screen on which the graphic is being displayed has an unknown orientation, the
visualised device may not initially appear to be aligned with the physical Shimmer unit. In order to
align the graphic with the physical device, the user should place the Shimmer unit on a flat surface
such that the front of the Shimmer is facing directly away from the screen with the logo text facing
out (and, hence, the back of the Shimmer should be facing directly towards the screen) and the dock
connector towards the right hand side.

Then, the user should press the Set Offset button. The orientation of the graphic will change to look
like that in Figure 4-22. This orientation should match that of the physical device and all further
rotations of the device will be visualised relative to this orientation. To return to the initial
orientation, simply press the Reset Offset button.
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Figure 4-22 Set Offset

Note: it may take the graphic up to 10 seconds to converge to its initial orientation estimate when
streaming starts; it is advisable to leave the device motionless during this settling time. When the
graphic object stops visibly rotating, the initial orientation estimate can be assumed to have
converged.

Writing Data to a File

The data being received by the Shimmer 3D Orientation.vi can be written to a file, in tab separated
format, by ticking the Write to File box in the Control tab and entering the desired file path in the
File Path input as highlighted in Figure 4-23. The data is appended to the selected file. Data for each
enabled sensor, as well as quaternion estimates (if enabled) will be written to the file.

Note: As the default file path is c:\temp\test.dat, users should ensure that a folder called test is
already created in c:\ as otherwise the application will be unable to write the data to file and will
throw an error. Another option available to the user to avoid this error is to create a new file path
use the browse button.

Note: Users are advised to use the .dat file extension for ease of use with Microsoft Excel or other
spreadsheet editing software.
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Figure 4-23 Writing Data to a File

Shimmer with Optical HR.vi
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Prior to reading this section the reader should have covered the section describing the Shimmer
Control and Configure.vi. The Shimmer with Optical HR.vi is a VI which allows the user to convert
optical pulse data to heart rate, as well as all of the functions of the Shimmer Plot and Write.vi.

This example relies on the PPGtoHRConverterClass which is a class library provided with Instrument
Driver. The source code for the class library is protected. The class library is described in more detail
later in this document.
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DISCONNECT

START LOG AND STREAM
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Figure 4-24 Shimmer with Optical HR.vi Control Tab (Shimmer Connected)
Starting Shimmer with Optical HR.vi

The Shimmer with Optical HR.vi is located in the Examples folder of the ShimmerSensing Library.
Open the Shimmer with Optical HR.vi front panel and run the VI. The front panel of the VI is as
illustrated in Figure 4-24 and includes tabs to control and configure the Shimmer, as well as tabs to
view the output data. It also includes a Convert PPG file to HR tab, which can be used to convert
previously saved PPG data to heart rate.

Configuring the Shimmer

A Shimmer3 device with a GSR+ or PROTO3 Deluxe Expansion Board and an Optical Pulse Probe
attached to one of the 3.5mm jack connectors, can be used to capture Optical Pulse data in the form
of a photoplethysmogram (PPG) signal. In order to enable the Optical Pulse data, the relevant
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internal expansion channel must be enabled (Int A1 in the example shown in Figure 4-25) and the
internal expansion power must be enabled via the Exp Power setting, as shown in the figure.
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Figure 4-25 Shimmer with Optical HR.vi Configure Tab
Reviewing Data

Calibrated data is automatically displayed in the Control tab for all sensors that are enabled. The
data may be viewed by using the scroll-bars on the Signal Names, Calibrated Data and Units arrays.

Converting PPG data to Heart Rate

The settings for converting the streamed PPG data to heart rate are configured in the Heart Rate tab
and the data is visualised in the same tab, as shown in Figure 4-26.
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The PPG Channel Name input must be used to select the Internal ADC channel to which the optical
pulse sensor is connected. Please see the GSR+, PROTO3 Deluxe or Optical Pulse User Manuals for
more details.

The No. beats to average input is used to determine how many detected heart beats should be
taken into consideration to calculate the heart rate and can be any positive integer value (greater
than 0).

-
i3 Shimmer Sedentary PPG-to-HR Application
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Figure 4-26 Shimmer with Optical HR.vi Heart Rate Tab

For more details regarding the PPG to HR conversion and the Optical Pulse Sensing Probe, please
refer to the Shimmer Optical Pulse Sensing Probe User Guide, which can be downloaded from the
Shimmer website.
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Writing Streamed Data to a File

The data being received by the Shimmer with Optical HR.vi can be written to a file, in tab separated
format, by ticking the Write to File box in the Control tab and entering the desired file path in the
File Path input as highlighted in Figure 4-27. The data is appended to the selected file. Data for each
enabled sensor, as well as HR estimates will be written to the file.

Note: As the default file path is c:\temp\test.dat, users should ensure that a folder called test is
already created in c:\ as otherwise the application will be unable to write the data to file and will
throw an error. Another option available to the user to avoid this error is to create a new file path
use the browse button.

Note: Users are advised to use the .dat file extension for ease of use with Microsoft Excel or other
spreadsheet editing software.
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Figure 4-27 Writing Data to a File
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Converting a PPG data file to Heart Rate

Data that has previously been captured from a Shimmer device, either via a Bluetooth stream or
logged to the SD card, can be converted to heart rate as a post processing step using the Convert
PPG file to HR tab, as shown in Figure 4-28.
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Figure 4-28 Shimmer with Optical HR Convert PPG file to HR Tab
The PPG data file input is used to select the path to the PPG file.
The following parameters should be set to describe the configuration of the data and the file format:
e PPG data column: Column number in which PPG samples are stored (indexing starts at 0).

e Timestamp column: Column number in which Timestamp samples are stored (indexing
starts at 0).
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Note: The timestamps must be calibrated.

o Number of header rows: number of rows containing header information; these rows will be
skipped by the processing.

o delimiter: string representing the delimiter for the data file; e.g. "," (comma), "\t" (tab), "\s"
(space).

e No. of beats to average: the number of consecutive detected pulses whose inter-beat-
intervals are to be averaged for heart rate estimation.

e Sampling Rate: sampling rate at which the data was collected.

The Output data file input is used to select the path to which the processing output will be written.
The output file will contain the timestamps in the first column, the PPG data in the second column
and the estimated HR in the third column.

The Convert button should be clicked to carry out the PPG-to-HR conversion. When it is complete,
the PPG data and HR estimates will be displayed on the graphs.

Shimmer Advanced ECG.vi

g

FFGZHE:

Prior to reading this section the reader should have covered the section describing the Shimmer
Control and Configure.vi. The Shimmer Advanced ECG.vi is a VI which allows the user to convert ECG
data to heart rate, as well as all of the functions of the Shimmer Plot and Write.vi.

This example relies on the ECGtoHRConverterClass which is a class library provided with Instrument
Driver. The source code for the class library is protected. The class library is described in more detail
later in this document.
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File Edit View Project Operate Tools Window Help

DISCONNECT

START LOG AND STREAM

ShimmerSensing.lvproj/My Computer| «

Figure 4-29 Shimmer Advanced ECG.vi Control Tab (Shimmer Connected)
Starting Shimmer Advanced ECG.vi

The Shimmer Advanced ECG.vi is located in the Examples folder of the ShimmerSensing Library. Open
the Shimmer Advanced ECG.vi front panel and run the VI. The front panel of the VI is as illustrated in
Figure 4-24 and includes tabs to control and configure the Shimmer, as well as tabs to view the
output data. It also includes a Convert ECG file to HR tab, which can be used to convert previously
saved ECG data to heart rate.

Configuring the Shimmer

A Shimmer3 device with an ExG Expansion Board can be used to capture ECG data. In order to
enable the ECG data and configure the Shimmer accordingly, the ECG channel should be enabled, as
shown in Figure 4-30. Note that a sampling rate of 256 Hz or greater is generally recommended for
ECG data collection.
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Figure 4-30 Shimmer Advanced ECG.vi Configure Tab
Reviewing Data

Calibrated data is automatically displayed in the Control tab for all sensors that are enabled. The
data may be viewed by using the scroll-bars on the Signal Names, Calibrated Data and Units arrays.

Converting ECG data to Heart Rate

The settings for converting the streamed ECG data to heart rate are configured in the Heart Rate
Data tab and the data is visualised in the same tab, as shown in Figure 4-31.

The ECG Channel to Convert input must be used to select the ECG channel for which the data should
be converted.
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The No. beats to average input is used to determine how many detected heart beats should be
taken into consideration to calculate the heart rate and can be any positive integer value (i.e. greater
than 0).

43 ShimmerSensing.lviib:Shimmer Advanced ECG.vi

File Edit View Project Operate Tools Window Help
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Figure 4-31 Shimmer Advanced ECG.vi Heart Rate Tab

NOTE: The new ECG to Heart Rate algorithm introduced in ShimmerSensing LabVIEW Instrument
Driver v2.5 no longer has a training period as was the case for the algorithm in the earlier versions.
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Writing Streamed Data to a File

The data being received by the Shimmer Advanced ECG.vi can be written to a file, in tab separated
format, by ticking the Write to File box in the Control tab and entering the desired file path in the
File Path input as highlighted in Figure 4-32. The data is appended to the selected file. Data for each
enabled sensor, as well as HR estimates will be written to the file.

Note: As the default file path is c:\temp\test.dat, users should ensure that a folder called test is
already created in c:\ as otherwise the application will be unable to write the data to file and will
throw an error. Another option available to the user to avoid this error is to create a new file path
use the browse button.

Note: Users are advised to use the .dat file extension for ease of use with Microsoft Excel or other
spreadsheet editing software.

cltempitestdat

Il ShimmerSensing.vproj/My Computer| < B

Figure 4-32 Writing Data to a File
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Converting an ECG data file to Heart Rate

Data that has previously been captured from a Shimmer device, either via a Bluetooth stream or
logged to the SD card, can be converted to heart rate as a post processing step using the Convert
ECG file to HR tab, as shown in Figure 4-33.

NOTE: In ShimmerSensing LabVIEW Instrument Driver v2.5 a new ECG to Heart Rate algorithm has
been introduced that does no longer have a training period as was the case for earlier versions.

{§ Shimmerensing.lvlib:Shimmer Advanced ECG.vi | | B -
File Edit View Project Operate Tools Window Help
WO
»2|@n Bl
Control | Configure | ECG Data | Heart Rate Data | Battery Convert ECG file to HR | Debug | i
e
@A)

ECG data file (*.czv, *.dat)

% Si\a.. \EXG-ECG-Default Config- 512Hz- Ambu Pos - Walking Back and forth.csv i‘
DISCOYERY IN MOTICN

_ECG data column Timestamp column Murmber of header rows delimiter (\t)
& o o )
o o’ o
MNo. beats to average  Sampling Rate
1 512
Output data file (*.csv, *.dat)
% C:\Users\rstolk\D'ocuments\LabVIEW\EC GtoHR_output i‘
Heart Rate
ECG Signal
11
=y
E
w £
=
2
=)
E
=L
Time
Heart Rate 2
S 90
o
= 85
&
&
& 80
i}
==

75

Time

Algorithm buffer period

ShimmerSensing.lvproj/My Computer| 4 T

Figure 4-33 Shimmer Advanced ECG Convert ECG file to HR Tab
The ECG data file input is used to select the path to the ECG file.
The following parameters should be set to describe the configuration of the data and the file format:

e ECG data column: Column number in which ECG samples are stored (indexing starts at 0).
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e Timestamp column: Column number in which Timestamp samples are stored (indexing
starts at 0).
Note: The timestamps must be calibrated.

o Number of header rows: number of rows containing header information; these rows will be
skipped by the processing.

o delimiter: string representing the delimiter for the data file; e.g. "," (comma), "\t" (tab), "\s"
(space).

e No. of beats to average: the number of consecutive detected pulses whose inter-beat-
intervals are to be averaged for heart rate estimation.

e Sampling Rate: sampling rate at which the data was collected.

The Output data file input is used to select the path to which the processing output will be written.
The output file will contain the timestamps in the first column, the ECG data in the second column
and the estimated HR in the third column.

The Convert button should be clicked to carry out the ECG-to-HR conversion. When it is complete,
the ECG data and HR estimates will be displayed on the graphs.

Example Applications Troubleshoot

When | use the Com Port drop down menu, the Com Port associated with my Shimmer isn’t listed?

1. Select the Refresh option listed in the Com Port drop down box on the GUI. If problem
persists go to step 2.

2. Verify the Com Port that your Shimmer is paired with is correct. This procedure is outlined in
the Shimmer User Manual.

When | press the Connect Button the Shimmer fails to connect?

1. Press the reset button on the Shimmer device and press the Connect button again. If
problem persists go to step 2.

2. Verify the Com Port that your Shimmer is paired with as outlined in the Shimmer User
Manual. If problem persists go to step 3.

3. Close the application and run it again. If problem persists go to step 4.

4. Ensure your Shimmer is functioning correctly by running another application with it. If it’s
not functioning correctly, please consult the Shimmer User Manual for further help.
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4.3. Integrated Vis

The Integrated Vis are VIs which incorporate all of the functionality of the lower level Instrument
Driver Vis. Two Integrated Vls are provided: the Shimmer VI provides a generic interface for Shimmer
device functionality; the ShimmerLegacyinterface VI provides a wrapper for the Shimmer VI, allowing
backwards compatibility with applications that were developed using earlier versions of the Shimmer
LabVIEW Instrument Driver Library (v1.x). It should be noted that the ShimmerLegacyinterface VI
does not allow the full functionality of the ShimmerSensing Library to be exploited.

It is suggested that users wishing to create Shimmer LabVIEW applications from scratch use the
Shimmer VI as their core Shimmer component, thus removing the need to use the lower level
Instrument Driver Vls. In the case that the user requires some implementation of functionality which
is not satisfied by the use of an Integrated VI, the user can use a lower level Instrument Driver VI.

The suite of Integrated Vis is illustrated in Figure 4-34.

Ehimmer| Ehimmer
"

sV ls
LimRo

Figure 4-34 Integrated Vls

The user should refer to the Example Application Vis to see examples that implement the Integrated
Vis.

Shimmer.vi
g — Action Indicator
COM PortIn Bimmer COM Port Out
Action Command = g State
Settings In E Settings Out
Calibration Parameters In e [1ata Cluster
Error in Calibration Parameters Out
error ocut

Figure 4-35 Shimmer.vi input and output terminals

The Shimmer.vi is a fully integrated Shimmer Instrument Driver VI incorporating the functionality of
all of the lower level Instrument Driver Vis.

The Shimmer.vi offers full control of the Shimmer and allows for configuration of the Shimmer
settings, as well as acting as a source of fully calibrated data from the Shimmer.
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State Machine

The Shimmer.vi essentially behaves as a state machine. Figure 4-36 illustrates the behaviour of the
Shimmer.vi state machine.

W Battery Warn

®

\Alrita A
\A\ \ ~
V\/ (

fi‘,('}

Read Mag
Read Emg
Read Ecg

Connect

Disconnected

Disconnect

Write Gyro
Write Mag
Write Emg
Write Ecg

Figure 4-36 - lllustrates the behaviour of the Shimmer.vi in the form of a state machine

The Shimmer state machine has 3 possible states, Disconnected, Connected and Streaming. The
default state is Disconnected. Action Commands are used to transition from one state to another as
illustrated by the orange text in Figure 4-36. These Action Commands are explained in more detail
below.

Input Terminals
The Shimmer.vi input terminals are illustrated in Figure 4-35.

e Com Port In is the COM Port number of the COM Port paired with the Shimmer with which
you wish to communicate. LabVIEW automatically detects what COM Ports are available and
will display these in a drop down menu in the COM Port In control in the VI front panel.

e Action Command is a string command which defines the transition to be implemented in the
Shimmer.vi state machine. Valid Action Commands depend on the current State of the
Shimmer. Table 4-1 outlines the different valid Action Command values and the state
transition they implement depending on the a priori state of the Shimmer.
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A priori State

Action
Command

A posteriori

State

Description

Disconnected

Connect

Connected

Establishes a connection with the COM
Port/Shimmer defined at the input COM Port

Connected

Disconnect

Disconnected

Closes the connection with the COM
Port/Shimmer defined at the input COM Port

Connected

Configure

Connected

Configures the Shimmer to the settings defined
at the input Settings In

Connected

Toggle LED

Connected

Toggles the red LED on the Shimmer

Connected

Write Accel

Connected

Stores the values defined at the input
Calibration Parameters In to the memory
location in the Shimmer reserved for the

accelerometer calibration parameters.

Connected

Write Gyro

Connected

Stores the values defined at the input
Calibration Parameters In to the memory
location in the Shimmer reserved for the

gyroscope calibration parameters.

Connected

Write Mag

Connected

Stores the values defined at the input
Calibration Parameters In to the memory
location in the Shimmer reserved for the

magnetometer calibration parameters.

Connected

Start

Streaming

Starts data streaming from the Shimmer device

Streaming

Capture

Streaming

Reads and calibrates the data sent from the
Shimmer (the data is waiting on the serial port
buffer) and makes the data available at The
output Data Cluster

Streaming

Stop

Connected

Stops data streaming from the Shimmer device

Streaming

Disconnect

Disconnected

Stops data streaming and closes the
connection with the COM Port/Shimmer

defined at the input COM Port

Table 4-1 — Action commands and the state transition they implement

e Settings In is a cluster of settings which can be written to the Shimmer in order to set its

configuration. The values at the Settings In input can only be written to the Shimmer when

the Shimmer is in a Connected state and the string command Configure is defined at the

www.ShimmerSensing.com
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Action Command input terminal. The Settings In cluster consists of three sub-clusters, as

described below.

Streaming Settings
= Sensor Settings
Instrurment Driver Settings

o Streaming Settings contains the configuration options that relate to streaming data
from the Shimmer. The individual elements are detailed below.

Sampling Fate
Enabled Sensors
SV Regulator
PRALK
Buffer Size
For Future Use (a)
For Future Use (k)
Exp Power
For Future Use (d)

=  Sampling Rate is a hexadecimal value which defines the sampling rate for all
sensors on and attached to the Shimmer. Its allowable values are listed in the
section describing the Disable VBatt Freq.vi

_, .......................... Ack RECEiVEd
COM PartIn COM Port Qut

Error in MEATTF error out

FW Compatibility Code

e Used to disable periodic Battery Voltage sampling on the Shimmer defined at the input COM
Port In. (Periodic Battery Voltage sampling is not supported in ShimmerSensing LabVIEW
Instrument Driver Library.)

e This function is only for FW Compatibility Code >= 7.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

= Set Sampling Rate.vi, below.

= Enabled Sensors is a 32 bit value which defines which sensors are requested to
be enabled/disabled. Its allowable values and the corresponding enabled
sensors settings are listed in the section describing Set Baud Rate.vi
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.......................... Ack RECEi"-"Ed
COM PortIn ' COM Port Qut
Baud Rat .
HR": ‘-ufersiau:us = error out
FW Cornpatibility Code
Errorin

e Used to set the Baud Rate between the micro-processor and the Bluetooth module on the
Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only.
o The input HW Version ensures compatibility with different hardware versions.

e The input Baud Rate should be an 8 bit hexadecimal value which defines the baud rate for
the Shimmer. Table 4-3 defines the range of legitimate values and their corresponding baud
rate in the Shimmer. The default value is 115200 baud.

Hex Value | Baud Rate
115200 (default)
1200

2400

4800

9600

19200

38400

57600

230400

460800

A 921600

Table 4-3 — Range of legitimate Baud Rate values and their corresponding Baud rate in the

OO |INO|LN|DIW|IN[FL|O

Shimmer

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

= Set Sensors.vi, below.

= 5V Regulator is a Boolean value which defines the setting of the 5V Regulator. A
value of True indicates that it is enabled and False indicates that it is disabled.
Note: This is only available on Shimmer2r devices

=  PMUX is a Boolean value which defines the setting of the PMUX pin (for the
battery monitor). A value of True indicates that it is enabled and False indicates
that it is disabled.
Note: This is only available on Shimmer2r device.
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Buffer Size is an integer value which specifies the number of samples that the
Shimmer will send in each data packet. Its value must be equal to 1 for
compatibility with the ShimmerSensing Library.

Exp Power is a Boolean value which defines the setting of the expansion board
power enable pin. A value of True indicates that the 3V connector on the
expansion board will be enabled when the device is streaming. A value of False
indicates that the 3V connector will be disabled.

o Sensor Settings contains the configuration options that relate to the sensors' range

and

AN

Www.animmers

data rate settings. The individual elements are detailed below.

Accelerometer Range
Accel Data Rate
Gyro Range
Gyro Data Rate
Mag Range
Mag Data Rate
G5R Range
Wide Range Accel LP

Wide Range Accel HR
Pressure 055
Expansion Board
For Future Use (a}
For Future Use (k)
For Future Use (c)

For Future Use (d)
ExG Config Bytes
For Future Use (f)

Accelerometer Range is an 8 bit hexadecimal value which defines the full scale
range and hence the sensitivity of the accelerometer sensor. Its allowable values
and the corresponding range settings are listed in the section describing Set
Accelerometer Range.vi, below.

Accel Data Rate is an 8 bit hexadecimal value which defines the data rate of the
accelerometer sensor. This is the rate at which the accelerometer internally
records samples and is not related to the sampling rate of the Shimmer. Its
allowable values and the corresponding data rate settings are listed in the
section describing Set Accelerometer Data Rate.vi, below.

Gyro Range is an 8 bit hexadecimal value which defines the range of the
gyroscope sensor. Its allowable values and the corresponding gyroscope range
values are listed in the section describing Set Gyro Range.vi, below.

Gyro Data Rate is an 8 bit hexadecimal value which defines the data rate of the
gyroscope sensor. This is the rate at which the gyroscope internally records
samples and is not related to the sampling rate of the Shimmer. Its allowable
values and the corresponding data rate settings are listed in the section
describing Set Gyro Data Rate.vi, below.
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GSR Range is a hexadecimal value which defines the full scale range of the GSR
sensor. Its allowable values and the corresponding GSR Range settings are listed
in the section describing Set GSR Range.vi, below.

Mag Range is an 8 bit hexadecimal value which defines the range of the
magnetometer sensor. Its allowable values and the corresponding
magnetometer range values are listed in the section describing Set Mag
Range.vi, below.

Mag Data Rate is an 8 bit hexadecimal value which defines the data rate of the
magnetometer sensor. This is the rate at which the magnetometer internally
records samples and is not related to the sampling rate of the Shimmer. Its
allowable values and the corresponding data rate settings are listed in the
section describing Set Mag Data Rate.vi, below.

Wide Range Accel LP is a Boolean value which defines whether or not low
power mode is enabled on the Shimmer3 wide range accelerometer (not
available for Shimmer2/2r).

Wide Range Accel HR is a Boolean value which defines whether or not high
resolution mode is enabled on the Shimmer3 wide range accelerometer (not
available for Shimmer2/2r).

Pressure OSS is an 8 bit hexadecimal value which defines the oversampling
setting of the pressure sensor. Its allowable values are listed in the section
describing Set Pressure Oversampling Setting.vi, below.

Expansion Board is a string which identifies the internal expansion board if there
is one attached. This option is only supported when there is an internal
expansion board attached.

ExG Config Bytes is an array of twenty bytes, whose values define the ExG
configuration register settings. Users should refer to the ExG User Guide for EMG
or the ExG User Guide for ECG, as appropriate, for more details on these
registers and their recommended settings; both documents are available for
download from the Shimmer website.

o Instrument Driver Settings contains the configuration options that relate to the

instrument driver's functionality. These settings are not sent to the Shimmer device.

The

W'W
YV vy

individual elements are detailed below.

HW Version
FW Yersion

Low Battery Indicator
3D Orientation
Gyro In-Use Cal

= | Max Gyro Buffer Size (5]

FW Major Rev NMumber
FW Minor Rev Mumber

For Future Use (c)

For Future Use (d)
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HW Version is a string that identifies the version of the Shimmer hardware
where a value of 1 denotes Shimmer2, 2 denotes Shimmer2r and 3 denotes
Shimmer3.

FW Version is a string that identifies the version of the firmware that is running
on the Shimmer device.

FW Major Version Number is an integer that identifies the major release
number of the version of the firmware that is running on the Shimmer device.
FW Minor Version Number is an integer that identifies the minor release
number of the version of the firmware that is running on the Shimmer device.
Battery Voltage Threshold is the value in mVolts at which the low battery
warning indicator should be enabled.

Low Battery Indicator is a Boolean value which indicates whether or not the
Shimmer battery voltage is less that the Battery Voltage Threshold. Battery
monitoring must be enabled in the Enabled Sensors for this option to be active.
3D Orientation is a Boolean value which determines whether or not the 3D
orientation of the device should be estimated, in the instrument driver, using
the accelerometer, gyroscope and magnetometer data. A value of True indicates
that it is enabled and False indicates that it is disabled. If this setting is enabled,
the accelerometer, gyroscope and magnetometer are automatically enabled.
Gyro In-Use Cal is a Boolean value which defines whether or not the gyro in-use
calibration method is enabled. A value of True indicates that it is enabled and
False indicates that it is disabled.

Max Gyro Buffer Size (s) is an integer value that determines the length, in
seconds, of the gyroscope buffer that is used for Gyro In-Use Cal.

Motion Threshold is a double precision value that defines the threshold for
determining whether or not the device is in motion based on the buffered
gyroscope data.

e The values at the Calibration Parameters In input are written to the Shimmer and stored in

the non-vo
appropriate
Command

latile data memory when the Shimmer is in a Connected state and the
Action Command string (Write All, Write Accel, etc.) is defined at the Action
input terminal. Calibration Parameters In is a cluster of three elements

illustrated in the graphic below.

IFU Calibration

= Other Calibration

BicPhysical Calibration

o IMU Cadlibration is a cluster that contains the calibration parameters for the inertial

measurement unit (IMU) sensors, as illustrated in the graphic below.

W'W
YV vy
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Low Moise Accel Calib Param

Gyro Calib Pararm

Mag Calib Param

= | Wide Range Accel Calib Param

For Future Use (a)
For Future Use (k)
For Future Usze (c)

The elements Low Noise Accel Calib Param, Gyro Calib Param, Mag Calib Param and
Wide Range Accel Calib Param, contain the calibration parameters for the low noise
accelerometer (Shimmer3 only), gyroscope, magnetometer and wide range
accelerometer, respectively. Each element in the cluster is in itself a cluster (or sub-
cluster). The structure of each sub-cluster is identical and is illustrated in the figure
below.

=  Offset Vector is a [3 x 1] vector containing an offset value for each of the three
axes of the sensor.

= Sensitivity Matrix is a [3 x 3] matrix containing a sensitivity value for each of the
three axes of the sensor along the diagonal of the matrix. The rest of the matrix
is populated with zero values.

= Alignment Matrix is a [3 x 3] matrix containing a set of values which accounts
for both the direction of each of the sensor axes and any misalignment of the
axes which may exist.

Note: For further information on these parameters refer to Appendix | — Alignment
Matrix, Sensitivity Matrix and Offset Vector of this document.

BioPhysical Calibration is a cluster containing the calibration parameters for the ECG
and EMG sensors, respectively, for Shimmer2/2r, as illustrated below.

ECG Calik Param
EMG Calib Param
For Future Use (a)

-
For Future Use (k)
For Future Use (c)
For Future Use (d)

Each element in the cluster is in itself a cluster (or sub-cluster).

The structure of the EMG Calib Param sub-cluster is illustrated in the figure below.

=  EMG Offset contains an offset value for the sensor.
=  EMG Gain contains a gain value for sensor.
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The structure of the ECG Calib Param sub-cluster is illustrated in the figure below.

= ECG LA-LL Offset contains an offset value for the LA-LL channel of the sensor.
=  ECG RA-LL Offset contains an offset value for the RA-LL channel of the sensor.
=  ECG LA-LL Gain contains a gain value for the LA-LL channel of the sensor.
=  ECG RA-LL Gain contains a gain value for the RA-LL channel of the sensor.

Note that for Shimmer3, the gain is software configurable and user-defined
calibration parameters are currently not supported in the Instrument Driver.

o Other Calibration is a cluster containing the calibration parameters for the sensor
which are neither IMU nor BioPhysical sensors, such as Pressure and Temperature
sensors, as illustrated below.

BMP1ED Coefficients 4
BMP2E0 Coefficients

Pressure Calib Pararn 4=
EMPLED Ternp Calib Pararm $=
For Future Uze (a) o

For Future Uze (b) o

For Future Uze (c) L

For Future Uze (d) o

o

i

Each element in the cluster is in itself a cluster (or sub-cluster).

The structure of the Pressure Calib Param and BMP180 Temp Calib Param sub-
clusters is illustrated in the figure below.

=  Offset Array contains the offset values for the sensor.
= @Gain Array contains the gain values for sensor.

The BMP180 Coefficients sub-cluster contains chip-specific coefficients for the
calibration of the BMP180 pressure and temperature sensors. Its structure is
illustrated in the figure below.
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ACL
AC2
AC3
ACA
ACSH
= | ACEH
Bl

B2

ME
MC
MDD

For more information about these coefficients, users should refer to the datasheet
for the Bosch BMP180 chip.

The BMP280 Coefficients sub-cluster contains chip-specific coefficients for the calibration of
the BMP280 pressure and temperature sensors. Its structure is illustrated in the
figure below.

Dia_TL
DIG_T2
DIG_T3
DIG_P1
DIG_P2
DIG_P3
DIG_P4
DIG_P5
DIG_P6
DIG_P7
DIG_P8
DIf5_P9

For more information about these coefficients, users should refer to the datasheet
for the Bosch BMP280 chip.

e error in is a cluster that describes error conditions that occur before this node runs. For
more information on error in refer to LabVIEW Help documentation.

Output Terminals
The Shimmer.vi output terminals are illustrated in Figure 4-35.

e Action Indicator is a Boolean value which is set to True when an Action Command has been
executed successfully, otherwise it is set to False.

e Com Port Out is the COM Port number of the COM Port associated with the Shimmer with
which the Shimmer.vi has been communicating. It is passed as an output for use by other Vls
or for feedback to the same VI.

e State is a string which indicates the current State of the Shimmer. It can be one of three
different values, Disconnected, Connected and Streaming.
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Settings Out is a cluster of the current Shimmer configuration settings which are read from
the Shimmer following a Connect or Configure Action Command. The Settings Out cluster
has the same format as the Settings In cluster described in the Shimmer.vi Input Terminals
section above.

Data Cluster is a cluster of sensor data based information which is updated on every
execution of a Capture Action Command. The Data Cluster consists of 7 elements which are
described individually below.

Uncalibrated Signal MNares
Uncalibrated Data
Calibrated Signal Marnes

=t Units

# Packets Recerved
# Packets Miszed

Uncalibrated Signal Names is a 1D string array containing the names of the
uncalibrated data signals from the sensors enabled on the Shimmer.

Uncalibrated Data is a 2D array of the uncalibrated data from the enabled sensors.
The array is an [n x m] array where n corresponds to the number of samples and m
corresponds to the number of sensor signals. Note that the array is overwritten on
each execution of the Capture Action Command.

The order of the columns of data corresponds to the order of the values in Signal
Names.

Calibrated Signal Names is a 1D string array containing the names of the calibrated
data signals.

Units is a 1D string array containing the units of the calibrated data channels.

Note: An asterisk after the Units indicates that default offset and sensitivity values
from the sensor data sheet have been used to calibrate the sensor data (e.g.
mVolts*).

To improve the accuracy of your data when using the inertial sensors
(accelerometer, gyroscope or magnetometer) it is recommended that you use the
standalone Shimmer SDOF Calibration Application which is available for download
from the Shimmer website. The application supports the calibration of the inertial
sensors and the storage of the relevant calibration parameters on the Shimmer.
When calibration parameters have been stored on the Shimmer, the Calibrate All
Data.vi (described below) will use the stored calibration parameters as opposed to
default calibration parameters.

Also, for the accelerometer the Units may be followed by double asterisks (e.g.
m/s°**). This indicates that the calibration parameters which have been stored on
the Shimmer are not valid parameters for the current Accelerometer Range setting.
This can be rectified by configuring the Accelerometer Range to the setting that it
was in when it was calibrated or by recalibrating the Shimmer (using the Shimmer
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9DOF Calibration Application) with the device configured to the desired
Accelerometer Range.

o Calibrated Data is a 2D array of the calibrated data from the enabled sensors. The
array is an [n x m] array where n corresponds to the number of samples and m
corresponds to the number of sensor signals. Note that the array is overwritten on
each execution of the Capture Action Command.

o The order of the columns of data corresponds to the order of the values in
Calibrated Signal Names.

o # Packets Received is a value which indicates the number of data packets
transmitted by the Shimmer which have been successfully received and processed
by the Shimmer.vi.

o # Packets Missed is a value which indicates the number of data packets transmitted

by the Shimmer which have not been successfully received and processed by the
Shimmer.vi.
Note: The # Packets Received and # Packets Missed values are reset only on the
execution of the Start Action Command. On each execution of a Capture Action
Command the values are updated to reflect the total number of packets received
and missed since the previous Start Action Command.

e Calibration Parameters Out is a cluster with the same format as the Calibration Parameters
In input. Its values reflect the calibration parameters stored on the connected Shimmer
device.

e error out contains error information. For more information on error out refer to LabVIEW
Help documentation.

ShimmerLegacylnterface.vi

............................ Actinn IﬂdiCEtDr
MAulti IMU Calibration Param...
Multi BicPhysical Calibrati...

COM PortIn COM Part Qut
Action Command State
Settings In = = Settings 2 Out

Settings 2 In ==

Multi IMU Calibraticn Pararm...
Multi BioPhysical Calibrati...
EFTOF in

Battery Voltage Threshold

- Low Battery Out
Settings Out
Data Cluster
error out

HW Version

FW Version

Figure 4-37 ShimmerLegacyinterface.vi input and output terminals

The ShimmerLegacyinterface.vi allows users to upgrade applications which have been developed for
the legacy Shimmer LabVIEW Instrument Driver Library (v1.x), to use the ShimmerSensing Library,
which will be actively maintained by Shimmer.
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The ShimmerLegacylinterface.vi has the same interface as the legacy Shimmer.vi and, thus, a direct
substitution can be made.

For more detail describing each of the inputs and outputs of the ShimmerLegacyinterface.vi, the user
should refer to the documentation of the legacy instrument driver which has been previously used
for development.

Please note that, whilst the legacy interface will work with Shimmer2, Shimmer2r and Shimmer3
hardware, the full feature set of Shimmer3 cannot be exploited without fully upgrading to the
ShimmerSensing Library (i.e. using the Shimmer.vi, described above).

The main differences between the legacy Shimmer Library and the current ShimmerSensing Library
involve the Settings and Calibration clusters. The new structure of both of these clusters has been
described in detail in the previous section describing the Shimmer.vi integrated VI.

Any user who is familiar with the legacy Shimmer Library will clearly see that the new structure has
been designed to incorporate the growing number of configuration options that have come from
hardware, firmware and software improvements, in a streamlined way, that eliminates the
requirement for a growing number of input and output terminals in the Vis of the Instrument Driver.

The Settings cluster of the ShimmerSensing Library combines the Settings and Settings 2 clusters of
the legacy Shimmer Library along with other important parameters, needed for execution of the
instrument driver. Placeholders have also been added to allow for future developments without the
need for redesign of the VI interfaces.

The Calibration Parameters cluster of the ShimmerSensing Library combines the Multi IMU
Calibration Parameters and Multi BioPhysical Calibration Parameters clusters of the legacy Shimmer
Library along with calibration parameters for additional sensors that were not available on hardware
prior to Shimmer3. Once again, placeholders have also been added to allow for future developments
without the need for redesign of the VI interfaces.

4.4. Instrument Driver Vis

The Instrument Driver Vis are the lowest level Vls in the ShimmerSensing Library and may be used to
interface with the Shimmer. They are illustrated in Figure 4-38 where they are divided into a number
of different categories based on their core functionality. The Vs in each category are described in
more detail below.
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Instrument Driver VIs

Initialise Configuration Action/Status Utility User Interface Close
Frmer] oo | ot | e o] frome]  Freee] Fimms =] SubVTs e
1T = | z=|[e= INEEEE % e S ; g oA

THIT ALl || Rense | |STREAM oo HE| |8 ool LP APTUR: CIFF 5 [ s = CLOSE
Ehimmer| Ehimmer| [Ehimmer] b b Ebimmer] Ehimmer] ERimmer] Ebimmer s
o N N TH] i EHZAELE
G=||=||2= Ts g g I.‘ gi}:ﬁ < EE% —
oDof otif vz on| | RESET]  [acchotel |4 Range] | _LL ExFilt e x
Fro] Fooe] Fre b b Efimmer] Ehimmer] Ehmmer
1 [ 73] CHTEL
\/“_’? o= g g ¢ ég}? [ A IR] -
sEnzof| | SYREG | fizselHR: Enun | ElinkLED] |EUFFER ESIE [l
Ehimmer| Ehimmer| Ehimmer| — [Ehimmer] Ebimmer| [Fhimmer] Efimmer 8
@= |[e=|[a=]| 15|25 |2 Quaternion st I
oo LF| RccFiate] |2 Fange EVTED | [ExERan ERGIR] reraa
o o Ehimmer]
e e FESETH] ExG
= ||g3=|| 2= T s Grad ALL K] i
E&UD | ElinkLED| |EUFFER ExGFicq| |Ex Ghi = [F]
Ehimmer| Ehimmer| [Ehimmer] Wmmer] Ehimmerd Elinme p— sr.i..m[.:;
G=||a=|| 8= - I A S Grad s SRR
ENTED | |ExGFard |Ex Gain Expll | EXFPOW| birra Gai =4 23 [F] himmed]
Ehimmer| Ehimmer| [Ehimmer] hi hi E{m‘ - Ehimmer =
= ™ o Ehimmer] T
g= || =] &= PPt AT 5] 29 Rt
Exificq| [Exdchip] [ExFFOw Ehangs| yrofiard faq Gain eataty 5 [R]
e ] éhimmr o B S Ehimmer
g=||g=|| 2= SRR &
ZFangyl GyroFatd GyroGail | HuWer | MagFiard | Rate EsplD
Emmm. Ekimmer] Ehimmer [ b S Ehimmer
e | ol | Kot B AN A TR Calibration f 3D Graphics
aaFiate] [Mag Gain o ZDOIR g Hem,
Ehimmer| Ehimmer| [Ehmmer] I I Ehmmer Erimma] E— e Ermrer| Frmmed]
) { [FEFRzE
=|[e=|[5=] 2|27 @ : w (19| ¥
Ererozs | mate | [sensor|  |sensor| [sTaTus) - HF :
Ermeed] Frioee] o] = b Elimmer Timmor] Ehmmer]
T P =]
= &= 7| D || @ *;:{ff-; :
s.aesy| [vEaTTR| | RTe 2| | staet| |rossLe IHEFTIAL VBT
Etimmer| Ehimmer| Ehimmer [E bt o Ehimmer| EEPROM
067 l vl
& - N Erimme]
ZTART | | STOF | fainsc iH-EIT IH-lizE
e f e s .56 |
ETTK] Eirp Hom|
1.7
TIHE AGEEL

Figure 4-38 Instrument Driver Vis available in the ShimmerSensing Library

Initialise VI

The Initialise VI is a VI to establish communication with the Shimmer device.
Initialise.vi

Serial Configuration

COM Port In [ COM Port Qut
IHIT

error in (no error) error out

e Establishes a serial port connection with the Shimmer defined at the input COM Port In.

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Configuration Vis

Configuration Vls are a collection of VIs that configure the Shimmer. In order for the Configuration
Vls to be used the Initialise.vi should previously have been used to establish a serial port connection
with the Shimmer of interest.
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Configure All Settings.vi

_. ......................... Ack RECEi"."Ed
COM PortIn Ehimmer] COM Port out
Settings In = &=
error jn == ALL error out

This VI integrates all of the functionality of the other configuration VIs. It can be used to
configure all settings on the Shimmer defined at the input COM Port In.

The input Settings is a cluster of settings which can be written to the Shimmer in order to set
its configuration. The Settings cluster has been described in the Integrated VIs section,
specifically, in the description of the Shimmer.vi.

The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. |t is passed out for use
by other Vis.

Configure Streaming Settings.vi

_. ......................... Ack RECE'VEd
COM PertIn Fimm.er COM Pert out
Requested Settings In 4 2=
TREAH error out

Current Settings In

error ir1====j

This is a subVI of the Configure All Settings.vi that can be used to configure the streaming
settings; i.e. enabled sensors, sampling rate, etc.

The inputs and outputs are similar to those for the Configure All Settings.vi.
The input Requested Settings In contains the desired settings selected by the user.
The input Current Settings In contains the settings that are currently active in the device.

Conflict resolution is based on both the requested and current settings.

Configure Sensor Range and Rate Settings.vi

Current Settings In

_. ......................... Ack RECEiVEd
COM PortIn Rimm o7 COM Port out
Requested Settings In J g=
FAHGE error out

error ir1=mj

This is a subVI of the Configure All Settings.vi that can be used to configure the rate and
range settings for individual sensors; i.e. accelerometer range, magnetometer data rate, etc.

The inputs and outputs are the same as those for the Configure Streaming Settings.vi,
described above.
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Ack Recenved

COM Port Qut

error ocut

e Used to disable periodic Battery Voltage sampling on the Shimmer defined at the input COM
Port In. (Periodic Battery Voltage sampling is not supported in ShimmerSensing LabVIEW
Instrument Driver Library.)

e This function is only for FW Compatibility Code >=7.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Set Sampling Rate.vi
_. .......................... Ack RECEiVEd
COM PortIn COM Port Qut
Sampling Rate . =
HW Version j - error out
EFrorin

e Used to set the Sample Rate on the Shimmer defined at the input COM Port In.
e The input HW Version ensures compatibility with different hardware versions.

The input Sampling Rate should

be an 8 bit hexadecimal value which defines the sampling

rate for all sensors on and attached to the Shimmer. Table 4-2 defines the range of
legitimate values and their corresponding sampling rate in the Shimmer. The default value is

51.2 Hz.
Hex Value (Shimmer2/2r) | Hex Value (Shimmer3) | Sampling Rate (Hz)
FF FFFF 0
64 C80 10.24
14 280 51.2
A 140 102.4
8 100 128.0
6 BF 170.0
5 A0 204.8
4 80 256.0
2 40 512.0
1 20 1024.0

Table 4-2 — Range of legitimate Sampling Rate values and their corresponding sampling rate
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e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Baud Rate.vi
prem— Ack Received
COM PertlIn ' COM Pert Out
Baud Rat l_ 2=
H‘-."'.? ‘-ufersial:n: = error out
FW Compatibility Code
Error in

e Used to set the Baud Rate between the micro-processor and the Bluetooth module on the
Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only.
e The input HW Version ensures compatibility with different hardware versions.

e The input Baud Rate should be an 8 bit hexadecimal value which defines the baud rate for
the Shimmer. Table 4-3 defines the range of legitimate values and their corresponding baud
rate in the Shimmer. The default value is 115200 baud.

Hex Value | Baud Rate
115200 (default)
1200

2400

4800

9600

19200

38400

57600

230400

460800

A 921600

Table 4-3 — Range of legitimate Baud Rate values and their corresponding Baud rate in the

O |INO LA WIN|FL|O

Shimmer

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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COM Portin
Requested Enabled Sensors s En
HW Yersion

Currently Enabled Sensors

e Used to enable/disable sensors on the Shimmer defined at the input COM Port In.

Error jn =oee=

Ack Received
COM Port out

error out

e The input HW Version ensures compatibility with different hardware versions.

ShimmerSensing LabVIEW Instrument Driver Library

Rev2.7a

e The input Requested Enabled Sensors is a 32 bit value which defines which sensors are

requested to be enabled/disabled. Each sensor is represented by a single bit (defined in

Table 4-4) and may be enabled/disabled by setting/clearing the corresponding bit. To set or

clear one or more sensors define the Hex Value which sets/clears the desired bits (e.g. to set
the accelerometer and GSR sensor on the Shimmer2/2r, Enabled Sensors = x00000084). The
default value is x00000080 (accelerometer enabled, all other sensors disabled).

Bit Index | Hex Value Shimmer2/2r | Shimmer3

0 x00000001 Ext AO Ext A6

1 x00000002 Ext A7 Ext A7

2 x00000004 GSR GSR

3 x00000008 EMG ExG Chip1 (24-bit)
4 x00000010 ECG ExG Chip2 (24-bit)
5 x00000020 Mag Mag

6 x00000040 Gyro Gyro

7 x00000080 Accel Low Noise Accel

8 x00000100 Int A13

9 x00000200 Int A12

10 x00000400 Int Al

11 x00000800 Ext A15

12 x00001000 Wide Range Accel
13 x00002000 Battery

14 x00004000 Heart Rate

15 x00008000 Strain Bridge Amplifier
16 x00010000

17 x00020000 BMP180 Temperature
18 x00040000 BMP180 Pressure
19 x00080000 ExG Chip1 (16-bit)
20 x00100000 ExG Chip2 (16-bit)
21-22 x00200000 - x00400000

23 x00800000 Int A14

24 -31 x01000000 - x80000000

Table 4-4 - Bitmap for Enabled Sensors
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Multiple sensors from different daughter boards (conflicting sensors) cannot be enabled at
the same time. The SubVI Resolve Sensor Conflicts.vi (described below) is used to handle
requests to enable conflicting sensors.

e The input Current Enabled Sensors is a 32 bit value which defines which sensors are
currently enabled/disabled on the Shimmer device.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Config Bytes.vi
_. ......................... Ack RECEiVEd
COM PortIn : COM Port Out
. — 5=

Cnnf!g Byte = .
Config Bytel Error ou
Config Byte 2
Config Byte 3

HW Version

EFFOT i e

e Used to set the value of Config Bytes on the Shimmer defined at the input COM Port In.
e For Shimmer2/2r:

o Only Config Byte 0 is used and the other inputs, Config Byte 1, Config Byte 2 and
Config Byte 3 can be left unwired.

o This VI can be used as an alternative to Set 5V Reg.vi and Set PMUX.vi since Bit 7 and
Bit 6 of Config Byte 0 are used to enable/disable the 5V Regulator and PMUX
respectively. The other bits in Config Byte 0 are currently unused for Shimmer2/2r.

o The value of Config Byte 0 is an unsigned 8 bit value defined at the input Config Byte
0. A partial range of valid values for Config Byte 0 and the corresponding settings are
listed in Table 4-5. The default value is 0 (5V Regulator disabled and PMUX disabled).
For the full range of values, see the Shimmer LogAndStream Firmware User Manual.

Config Byte 0 | 5V Regulator | PMUX

0 Disabled Disabled
40 Disabled Enabled
80 Enabled Disabled
co Enabled Enabled

Table 4-5 — Partial range of valid settings for Config Byte 0 (Shimmer2/2r)
e For Shimmer3:

o All four config bytes are used.
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o The values of the Config Byte inputs are shown in Table 4-6.

Num Bits | Bits
CONFIG BYTEO
Wide Range Accel Data Rate 4 7-4
Wide Range Accel Range 2 3-2
Unassigned 2 1-0
CONFIG BYTE 1
Gyro Data Rate 8 7-0
CONFIG BYTE 2
Magnetometer Range 3 7-5
Magnetometer Data Rate 3 4-2
Gyro Range 2 1-0
CONFIG BYTE 3
Unassigned 2 7-6
BMP180 Pressure Resolution 2 5-4
GSR Range 3 3-1
Internal Expansion Power Enable | 1 0

Table 4-6 — Range of valid settings for Config Bytes 0 — 3 (Shimmer3)

o The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Buffer Size.vi
,, .......................... Ack REC Ei‘.fEd
COM PartIn COM Port Out
f ; &=
HW 1-.nrners,n:fn r il ervor out
Error in

e Used to set the size of the data buffer for the Shimmer2/2r defined at the input COM Port
In; for Shimmer3, this VI does is currently not active and will have no affect on the buffer

size.

o The buffer size is set to 1 sample; this is the only value that is compatible with the rest of the

instrument driver.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
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Resolve Sensor Conflicts.vi

Requested Enakled Sensors W

HW Version J ZEHZOF

Currently Enabled Sensors

Requested Enabled Sensors Out

e Used as a SubVI by Set Sensors.vi to resolve requests to enable conflicting sensors.
o The input HW Version ensures compatibility with different hardware versions.

e The input Requested Enabled Sensors In is a 32 bit value which defines which sensors are
requested to be enabled/disabled.

e The input Current Enabled Sensors In is a 32 bit value which defines which sensors are
currently enabled/disabled on the device.

e The output Requested Enabled Sensors Out is a 32 bit value which defines which sensors can
successfully be enabled/disabled based on the logic described below.

e Table 4-7 outlines how requests to set conflicting sensors are resolved. Consider three

conflicting sensor A, B and C, and noting that only one can be enabled at any given time.

A priori Setting Request A posteriori Setting | Comment

Sensor A=Disabled Set A Sensor A=Enabled Interprets this as a desire
Sensor B=Disabled Clear Band C | Sensor B=Disabled to enable A

Sensor C=Disabled Sensor C=Disabled

Sensor A=Enabled Set A and B | Sensor A=Disabled Interprets this as a desire
Sensor B=Disabled Clear C Sensor B=Enabled to enable B because A was
Sensor C=Disabled Sensor C=Disabled already enabled

Sensor A=Enabled Set B Sensor A=Disabled Interprets this as a desire
Sensor B=Disabled Clear Aand C | Sensor B=Enabled to enable B

Sensor C=Disabled Sensor C=Disabled

Sensor A=Disabled Set Aand B Sensor A=Disabled Cannot Interpret this so no
Sensor B=Disabled Clear C Sensor B=Disabled change

Sensor C=Disabled Sensor C=Disabled

Sensor A=Enabled Set Band C Sensor A=Enabled Cannot Interpret this so no
Sensor B=Disabled Clear A Sensor B=Disabled change

Sensor C=Disabled Sensor C=Disabled

Table 4-7 — Resolving conflicting sensor requests

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Strain Gauge vs 5V Conflict.vi

Current Enabled Sensors
Current 5V Regulator - [
Requested Enabled Sensors In
Requested 5V Regulator -

HW Version

himmer

Requested Enabled Sensors Out
= b Requested 5V Regulator Out

Z.5.45Y
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e This is a subVI of the Configure Streaming Settings.vi, used to resolve the conflict between
the Strain Gauge and the 5V regulator on the Shimmer2/2r.

e The inputs Requested Enabled Sensors In and Requested 5V Regulator contain the desired
settings selected by the user.

e The inputs Current Enabled Sensors and Current 5V Regulator contain the settings that are
currently active in the device.

o The input HW Version ensures compatibility with different hardware versions.

e The outputs Requested Enabled Sensors Out and Requested 5V Regulator Out contain the
values of the Enabled Sensors variable and the 5V Regulator variable to be sent to the
device, after resolution of the conflict between the Strain Gauge and the 5V regulator.

e Conflict resolution is carried out in the same way as outlined in Table 4-7, above.

Enable 9DoF.vi

Enabled 5ensors In Enabled Sensors Qut
Accelerometer Range
HW Version

40oF OH

o This is a subVI of the Configure Streaming Settings.vi, used to enable the accelerometer,
gyroscope and magnetometer.

e For Shimmer3, the Accelerometer Range input determines which accelerometer is enabled.
If Accelerometer Range = 0 (+2g), the Low Noise Accelerometer is enabled; otherwise the
Wide Range Accelerometer is enabled.

e The input HW Version ensures compatibility with different hardware versions.

Enable AnEx.vi

Enabled Sensars In Enabled Sensors Qut
E=

ArE= OH

HW Versian

e This is a subVI of the Configure Streaming Settings.vi, used to enable the external expansion
board channels on the Shimmer2/2r.

e This is used when battery monitoring is enabled on the Shimmer2/2r.
e The input HW Version ensures compatibility with different hardware versions.

Set Accelerometer Range.vi

_. .......................... Ack RECEiUEd
COM PortIn COM Port Qut
Accelerometer Range - I_ =
HW Version ,,j S error out
Errer in
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o Used to set the Accelerometer Range on the Shimmer defined at the input COM Port In.

e The input Accelerometer Range should be an 8 bit hexadecimal value which defines the full
scale range and hence the sensitivity of the accelerometer sensor. Table 4-8 defines the
range of legitimate values and their corresponding full scale range for the Shimmer2/2r; the
equivalent values for Shimmer3 are listed in Table 4-9. If a value other than those listed is
used, the range setting will remain unchanged. The default value is O (+/-1.5g).

Hex Value (Shimmer2) | Hex Value (Shimmer2r) | Full Scale Range
0 0 +1.5¢g

1 - t2g

2 - t4g

3 3 t6g

Table 4-8 — Range of legitimate setting values for Accelerometer Range and their
corresponding full scale range for Shimmer2/2r

Hex Value (Shimmer3) | Full Scale Range
0 +2.0g

1 +4.0g

2 + 8.0g

3 +16.0g

Table 4-9 — Range of legitimate setting values for Accelerometer Range and their
corresponding full scale range for Shimmer3

o The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Set Accelerometer Data Rate.vi

grom— Ack Received
COM PortIn COM Part Qut
Accel Data Rate - EE
HW Version jT error out
Error in

e Used to set the Accelerometer Data Rate on the Shimmer defined at the input COM Port In.
e Note that this option is valid for Shimmer3 only.

e The input Accel Data Rate should be an 8 bit hexadecimal value which defines the data rate
of the wide range accelerometer sensor. This is the rate at which the accelerometer
internally records samples and is not related to the sampling rate of the Shimmer. Table 4-10
defines the range of legitimate values and their corresponding data rates. The default value
is 5 (100.0 Hz).
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Hex Value | Accelerometer Data Rate
0 Power Down Mode

1 1Hz

2 10 Hz

3 25 Hz

4 50 Hz

5 100 Hz

6 200 Hz

7 400 Hz

Table 4-10 — Range of legitimate setting values for Accel Data Rate and corresponding data rates
o The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vls.
Set Gyro Range.vi
rom—— Ack Received
COM PortIn COM Port Qut
Gyro Range ;| _E.:".
HW Version J_w error out
Error in

e Used to set the Gyro Range on the Shimmer defined at the input COM Port In.
o Note that this option is available on Shimmer3 only.

e The input Gyro Range should be an 8 bit hexadecimal value which defines the full scale
range of the GSR sensor. Table 4-11 defines the range of legitimate values and their
corresponding full scale range.

Hex Value | Gyroscope Range
0 1250 °/s

1 1500 °/s

2 +1000 °/s

3 +2000 °/s

Table 4-11 — Range of legitimate setting values for Gyro Range
e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Set Gyro Data Rate.vi
grere Ack Received
COM PortIn COM Port Out

Gyro Data Rate - =

Boro Fiat
HW Version jT error out

Error in

e Used to set the Gyroscope Data Rate on the Shimmer defined at the input COM Port In.
e Note that this option is available for Shimmer3 only.

e The input Gyro Data Rate should be an 8 bit hexadecimal value which defines the data rate
of the gyroscope sensor. This is the rate at which the gyroscope internally records samples
and is not related to the sampling rate of the Shimmer. Table 4-14 defines a partial range of
legitimate values and their corresponding data rates. The default value is 9B (51.28 Hz).

Hex Value | Gyroscope Data Rate
FF 31.25Hz

9B 51.28 Hz

4D 102.56 Hz

3D 129.03 Hz

2D 173.91 Hz

26 205.13 Hz

1E 258.06 Hz

E 533.33 Hz

6 1142.86 Hz

Table 4-12 — Partial range of legitimate setting values for Gyro Data Rate and corresponding data
rates

e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vls.
Set Mag Range.vi
_. .......................... Ack RECEi"."Ed
COM PortIn COM Port Qut
Mag Range J—Mﬁinm
HW Version J_—“— error out
Error in

e Used to set the Magnetometer Range on the Shimmer defined at the input COM Port In.

e The input Mag Range should be an 8 bit hexadecimal value which defines the full scale
range of the Magnetometer sensor. Table 4-13 defines the range of legitimate values and
their corresponding full scale range. The default value is 1 (1.0 Ga).
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Magnetometer Range
Hex Value | (Shimmer2/2r) | (Shimmer3)
0 $0.7 Ga +1.3 Ga
1 +1.0 Ga +1.9 Ga
2 +1.5Ga +2.5Ga
3 2.0 Ga 4.0 Ga
4 13.2 Ga 4.7 Ga
5 3.8 Ga 15.6 Ga
6 +4.5 Ga 18.1 Ga

Table 4-13 — Range of legitimate values for Mag Range and their corresponding range values
o The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Mag Data Rate.vi
grrm— Ack Received
COM PortIn COM Part Qut
Mag Data Rate J_J E?I~ error out
HW Version ,.,j
Error in

o Used to set the Magnetometer Data Rate on the Shimmer defined at the input COM Port In.

e The input Mag Data Rate should be an 8 bit hexadecimal value which defines the data rate
of the magnetometer sensor. This is the rate at which the magnetometer internally records
samples and is not related to the sampling rate of the Shimmer. Table 4-14 defines the range
of legitimate values and their corresponding data rates. The default value for Shimmer2/2r is
4 (10.0 Hz), whilst the default for Shimmer3 is 6 (75 Hz).

Magnetometer Data Rate
Hex Value | Shimmer2/2r | Shimmer3
0 0.5 Hz 0.75 Hz
1 1.0 Hz 1.5Hz
2 2.0 Hz 3.0Hz
3 5.0 Hz 7.5 Hz
4 10.0 Hz 15 Hz
5 20.0 Hz 30 Hz
6 50.0 Hz 75 Hz
7 - 220 Hz

Table 4-14 — Range of legitimate values for Mag Data Rate and corresponding data rates

e The input HW Version ensures compatibility with different hardware versions.
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e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set GSR Range.vi
,, .......................... Ack RECEi"JEd
COM PortIn COM Port Qut
G5R Range ;| o=
HW Version J_Fi" errar out
Error in ==

e Used to set the GSR Range on the Shimmer defined at the input COM Port In.

e The input GSR Range should be an 8 bit hexadecimal value which defines the full scale range
of the GSR sensor. Table 4-15 defines the range of legitimate values and their corresponding
full scale range. If Auto-Range is selected then a function is implemented in the firmware
which automatically determines the most suitable range based on the current
measurement. The default value is 0 (10kOhm — 56kOhm).

Hex Value | Full Scale Range
10kOhm — 56kOhm
56kOhm — 220kOhm
220kOhm — 680kOhm
680kOhm — 4.7MOhm
4 Auto-Range

Table 4-15 — Range of legitimate setting values for GSR Range

WIN|[-| O

e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Accel HR Mode.vi
,, .......................... Ack RECEiVEd
COM PortIn nrmmeeeee COM Port Qut
HR Mode - I—ﬁ=
HW Yersion mj ' error out
Errorin

e Used to set high resolution (HR) mode on the LSM303DLHC accelerometer of the Shimmer
defined at the input COM Port In.

e This function is available for Shimmer3 only.

e The input HR Mode should be 1 if HR mode is to be enabled and 0 otherwise.
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e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Accel LP Mode.vi
_. .......................... Ack RECEi"-"Ed
COM PortIn ~oeeeeeed COM Port Qut
LP Mode - I—_E‘-_—,‘
HW Yersion ,,J B error out
errorin

e Used to set low power (LP) mode on the LSM303DLHC accelerometer of the Shimmer
defined at the input COM Port In.

e This function is available for Shimmer3 only.
e Theinput LP Mode should be 1 if LP mode is to be enabled and 0 otherwise.
e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Set ExG Gain.vi

_, ......................... Ack RECEIVEd
COM PortIn ; COM Port Qut

ExG Gain - g=
Chip ID (Ex:5 Gainforroeennes error out

Channel
HW Version

ErTor in

e Used to set the gain for the ExG data channels of the Shimmer defined at the input COM
Port In.

e This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or greater.

e The input ExG Gain should be an 8 bit hexadecimal value which defines the gain setting of
the sensor. For more detail, the reader should refer to the ExG User Guide for ECG or the
ExG User Guide for EMG or to the ADS1292R datasheet from Texas Instruments. Table 4-18
defines the range of legitimate values and their corresponding gain.

| Hex Value | ExG Gain setting |
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R PIWIN|FR[O

12
7 DO NOT USE
Table 4-16 — Range of legitimate setting values for ExG Gain

e The input Chip ID determines if the setting is sent to Chipl (0) or Chip2 (1) of the ExG
Expansion Board.

e The input Channel determines if the gain of Channell (0) or Channel2 (1) of the selected chip
is to be modified.

e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set ExG Data Rate.vi
.......................... Ack RECEi"-"Ed
COM PortIn ' COM Port Out

ExG Data Rate

—
Chip ID ExGRat error out

HW Version
Error jn ==

e Used to set the data rate for the ExG data channels of the Shimmer defined at the input
COM Port In.

e This function is available for Shimmer3 only and LogAndStream versions v0.3.0 or greater.

e The input ExG Data Rate should be an 8 bit hexadecimal value which defines the data rate
setting of the sensor. For more detail, the reader should refer to the ExG User Guide for ECG
or the ExG User Guide for EMG or to the ADS1292R datasheet from Texas Instruments. Table
4-17 defines the range of legitimate values and their corresponding full scale range.

Hex Value | ExG Data Rate setting (SPS)
125

250

500

1000

2000

4000

8000

| IWINIEFLRIO
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|7 | DO NOT USE |
Table 4-17 — Range of legitimate setting values for ExG Gain

The input Chip ID determines if the setting is sent to Chipl (0) or Chip2 (1) of the ExG
Expansion Board.

The input HW Version ensures compatibility with different hardware versions.

The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Set ExG Registers.vi
_, ......................... Ack REC Ei"n"Ed
COM F'u:ur‘cinJ ' COM Port out
ExG Config Bytes - &=
HW Verzion — error out

Errorin ===H

Used to set all of the ExG configuration register bytes for both chips on the ExG Expansion
Board of the Shimmer defined at the input COM Port In.

This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or greater.

The input ExG Config Bytes should be an array of twenty 8 bit hexadecimal values which
define the ExG configuration register values of the sensor. The first ten bytes are the settings
for Chip1, whilst the following ten bytes are the settings for Chip2. For more detail, the
reader should refer to the ExG User Guide for ECG or the ExG User Guide for EMG or to the
ADS1292R datasheet from Texas Instruments.

The input HW Version ensures compatibility with different hardware versions.

The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Set ExG Single Chip Reg.vi

WA
YV vy

HW Verzion
ExG Config Bytes

_, ....................... Ack RECEi“JEd
COM Portin : COM Port out
Offset 5=
Num Bytes Euxfi Chip error out
Chip ID

L

Errorin
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Used to set some of all of the ExG configuration registers for a single chip on the ExG
Expansion Board of the Shimmer defined at the input COM Port In.

This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or greater.

The input ExG Config Bytes should be an array of up to ten 8 bit hexadecimal values which
define the ExG configuration register values of the sensor. For more detail, the reader should
refer to the ExG User Guide for ECG or the ExG User Guide for EMG or to the ADS1292R
datasheet from Texas Instruments.

The input Offset defines the index of the first ExG register byte whose value is to be set. It
can be a value between 0 and 9.

The input Num Bytes defines the total number of consecutive ExG register bytes whose
values are to be set. It can be a value between 1 and (10 - Offset).

The input Chip ID determines if the setting is sent to Chipl (0) or Chip2 (1) of the ExG
Expansion Board.

The input HW Version ensures compatibility with different hardware versions.

The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. |t is passed out for use
by other Vis.

Set Pressure Oversampling Setting.vi

grr—— Ack HECEiVEd

COM Port In : COM Port Qut

BMP180 055 J g=

rer O
HW Version ntj—' error out

W'W
YV vy

Error in

Used to set the oversampling setting for the BMP180 pressure sensor of the Shimmer
defined at the input COM Port In.

This function is available for Shimmer3 only.

The input BMP180 OSS should be an 8 bit hexadecimal value which defines the
oversampling setting of the sensor. This value determines the resolution of the pressure
data. For more detail, the reader should refer to the Bosch BMP180 datasheet. Table 4-18
defines the range of legitimate values and their corresponding full scale range.

Hex Value | BMP180 oversampling setting
0 ultra-low power

1 standard

2 high resolution

3 ultra high resolution
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Table 4-18 — Range of legitimate setting values for Pressure OSS
e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Real Time Clock.vi
_. .......................... Ack REC Ei“n"Ed
COM Port In COM Port Qut
FW Version ~ ERT'?"
error out

i =
errar in
FW Compatibility Code Q

e Sets the Real Time Clock on the Shimmer defined at the input COM Port In to stop the
blinking LED sequence on the Shimmer, which occurs when the Real Time Clock on the
Shimmer has not been set. The Real Time Clock on the Shimmer will be reset when the
Shimmer is power cycled.

e FW Version and FW Compatibility Code ensure firmware compatibility. This function is only
compatible with FW Compatibility Code >= 7 and only serves to undo erroneous

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set 5V Reg.vi
_. .......................... Ack RECEiVEd
COM Port In = - COM Port Qut
5V Regulator
HW Version jT — error out
Errorin

e Used to enable (turn on) or disable (turn off) the 5V Regulator on the AnEx board of the
Shimmer2/2r defined at the input COM Port In. Note that this is not a valid option for
Shimmer3.

o A value of TRUE at the input 5V Regulator will turn the 5V Regulator ON, a value of FALSE
will turn the 5V Regulator OFF. The default value is OFF.
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e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Note: On the Shimmer2/2r board the enable pin for the 5V Regulator is shared with the
enable pin of the Strain Gauge. The consequence of this is that when the Strain Gauge is
enabled the 5V Regulator will only become enabled during the streaming of data.

Set PMUX.vi
_, .......................... ‘ﬂ'ck RECEi"."Ed
COM Pert In oo — COM Port Qut
PMUK -
HW Version jT — error out
errarin

e Used to enable (turn on) or disable (turns off) the PMUX on the Shimmer2/2r defined at the
input COM Port In. Setting the PMUX can allow for battery voltage monitoring in the
Shimmer2/2r, (see the Shimmer User Manual for more info). It is not a valid option for
Shimmer3.

e Avalue of TRUE at the input PMUX will turn the PMUX ON, a value of FALSE will turn PMUX
OFF. The default value is OFF.

e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Set Exp Power.vi

_. .......................... Ack RECEl"."Ed
COM Port In = COM Port Out
Exp Power E'.='“
HW Version ,ﬂj—| R error cut
Errer in

e Used to enable the internal expansion board power of the Shimmer defined at the input
COM Port In.

e This function is available for Shimmer3 only.
e The input Exp Power should be 1 if expansion board power is to be enabled and 0 otherwise.

e The input HW Version ensures compatibility with different hardware versions.
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e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set Blink LED.vi
_, .......................... Ack RECEi"-"Ed
COM PortIn COM Port Out

LED Colour 4 =

: linkLED error out
HW Version

Error in ==

e Used to change which LED is used to indicate the state of the Shimmer defined at the input
COM Port In.

e The value of LED Colour is an unsigned 8 bit value defined at the input LED Colour. The range
of valid values for LED Colour and the corresponding settings are listed in Table 4-5.

Colour | Hex Value | Interpretation in Instrument Driver
0 Green Normal operation

1 Yellow Low Battery

2-255 | Red Error

Table 4-19 —Range of valid settings for LED Colour
e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Reset Configuration.vi

_, .......................... Ack RECEiVEd
COM PortIn COM Port Qut
f ; ==
HW ‘-.n‘ersu:!n r v ervor out
Error in

e Used to reset all configuration parameters to the default setting for Shimmer3, as follows:
o Enabled sensors: Low Noise Accel, Gyro, Mag, Battery.

Sampling rate: 51.2 Hz.

Wide Range Accel range: £2g.

Wide Range Accel data rate: 100 Hz.

Mag range: £1.3 Ga.

Mag data rate: 75 Hz.

Gyro range: £500°/s.

Gyro data rate: 51.28 Hz.

O O O O O O
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o Accel, Gyro and Mag LP Mode: OFF.
e Note that this function is not available for Shimmer2/2r.

Action Status Vls

Action VIs cause the Shimmer to initiate or terminate query, test and measurement operations.
Status VIs obtain the current status of the Shimmer or the status of pending operations. In order for
the Action/Status VIs to be used the Initialise.vi should previously have been used to establish a
serial port connection with the Shimmer of interest.

Start Data Stream.vi

_, .......................... Ack REC Ei"n"Ed
COM Port In COM Part Qut
. | il
EFror In ZTART error out

e Used to start data streaming from the Shimmer defined at the input COM Port In.

e The output Ack Received indicates whether or not the action operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Start Data Log and Stream.vi

_. .......................... Ack RECEi"-"Ed
COM Port In COM Port Qut
Lidng &
=
Errorin ZTART error out

e Used to start data simultaneously logging to the on-board SD card and streaming over
Bluetooth from the Shimmer defined at the input COM Port In.

e The output Ack Received indicates whether or not the action operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Stop Data Stream.vi

_, .......................... Ack RECEi"."Ed
COM Port In Ehimmer) COM Part Qut
Wait for Ack EFDP
error in == error aut

o Used to stop data streaming from the Shimmer defined at the input COM Port In.

e The input Wait for Ack defines the duration in seconds for the amount of time the VI should
wait for an acknowledgement command from the Shimmer after sending the command to

stop streaming data.
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e The output Ack Received indicates whether or not the action operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Toggle LED.vi

grm—— Ack Received
COM PartIn = COM Port Qut
EIFOrin {TOGELE | error out

e Used to toggle the red LED on the Shimmer defined at the input COM Port In.

e The output Ack Received indicates whether or not the action operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vls.
Wait for Ack.vi
COM Port I neenemsnanflin g, oennnan. - COM Port Qut
error in GE,,:I.Z “ Ack Recenved
b grror out

e Used as a SubVI by various other Vls in order to determine if a command sent from the host
application has been successfully executed on the Shimmer defined at the input COM Port
In. When a command from the host has been executed on the Shimmer, the Shimmer will

send an acknowledgement command (FF) to the host.

e The output Ack Received indicates whether or not the action operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get Sampling Rate.vi
.......................... Ack RECEi"-"Ed
COM Portin COM Port out
HW Version — F-:m:T'E' - Sarmnpling Rate
error in == B error out

e Used to determine the current value of the Sample Rate setting of the Shimmer defined at
the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions.

e The output Sampling Rate is an 8 bit hexadecimal value which defines the sampling rate for
all sensors on and attached to the Shimmer. Table 4-2 in the section describing the Set
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Sample Rate.vi defines the range of legitimate values and their corresponding sampling rate
in the Shimmer.

o The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get Baud Rate.vi
.......................... Ack RECEi‘JEd
COM Partin COM Port out
HW Version — 75 “ Baud rate
FW Compatibility Cn:-demj—l = B grror out
Errorin

e Used to determine the current value of the Baud Rate setting of the Shimmer defined at the
input COM Port In.

o The input HW Version ensures compatibility with different hardware versions.
e The input FW Compatibility Code ensures compatibility with different firmware versions.

e The output Baud Rate is an 8 bit hexadecimal value which defines the baud rate for the
Shimmer. Table 4-3 in the section describing the Set Baud Rate.vi defines the range of
legitimate values and their corresponding baud rate in the Shimmer.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get Sensors.vi
.......................... Ack RECEi"JEd
COM Part in COM Part out
Settings In = EH;C; L Enabled Sensors
EFFor in == b epror out

e Used to determine which sensors are the currently enabled/disabled on the Shimmer
defined at the input COM Port In.

e The Settings In input is a cluster containing the settings of the Shimmer defined at the COM
Port.

e The output Enabled Sensors is a 16 bit value which defines which sensors are
enabled/disabled. Each sensor is represented by a single bit (defined in Table 4-4 in the
section describing Set Baud Rate.vi
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.......................... Ack RECEi"-"Ed
COM PortIn ' COM Port Qut
Baud Rat .
HR": ‘-ufersiau:us = error out
FW Cornpatibility Code
Errorin

e Used to set the Baud Rate between the micro-processor and the Bluetooth module on the
Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only.
o The input HW Version ensures compatibility with different hardware versions.

e The input Baud Rate should be an 8 bit hexadecimal value which defines the baud rate for
the Shimmer. Table 4-3 defines the range of legitimate values and their corresponding baud
rate in the Shimmer. The default value is 115200 baud.

Hex Value | Baud Rate
115200 (default)
1200

2400

4800

9600

19200

38400

57600

230400

460800

A 921600

Table 4-3 — Range of legitimate Baud Rate values and their corresponding Baud rate in the

OO |INO|LN|DIW|IN[FL|O

Shimmer

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

e Set Sensors.vi).

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

86

www.ShimmerSensing.com info@ShimmerSensing.com



Copyright © Shimmer 2017 17\

Realtime Technologies Ltd o~ % - . ShimmerSensing LabVIEW Instrument Driver Library
All rights reserved >N TETITIS Rev2.7a
Get Config Bytes.vi
e Ack Pecenved
COM Port in : COM Port out
HW Version ) _LL Config Byte 0
EYTED
error in == LCDnﬁg Bytel
Config Byte 2
Config Byte 3
error cut

o Used to determine the current value of Config Bytes of the Shimmer defined at the input
COM Port In.

o The input HW Version ensures compatibility with different hardware versions.

e The values of the Config Byte 0 — 3 outputs are the same as those described previously in
the section describing the Set Config Bytes.vi.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Get Accelerometer Range.vi

grem— Ack Received

COM Port in COM Port out
HW Version — ;-'L 5 — Accelerometer Range
Error in = o= error out

e Used to determine the current value of the Accelerometer Range setting of the Shimmer
defined at the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions.

e The output Accelerometer Range is an 8 bit hexadecimal value which indicates the current
full scale range of the accelerometer sensor. Table 4-8 in the section describing the Set
Accelerometer Range.vi defines the range of legitimate values and their corresponding full
scale range for the Shimmer2/2r and Table 4-9 lists those for the Shimmers3.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Get Accelerometer Data Rate.vi

.......................... Ack RECEi‘JEd
COM Port in COM Port out
HW Version — _? P — Accel Data Rate
EFFOr in == b error cut

o Used to determine the current value of the Accelerometer Data Rate setting of the Shimmer
defined at the input COM Port In.

o The input HW Version ensures compatibility with different hardware versions.
e Note that this setting is only valid for Shimmer3.

e The output Accelerometer Data Rate is an 8 bit hexadecimal value which indicates the
current full scale range of the accelerometer sensor. Table 4-10 in the section describing the
Set Accelerometer Range.vi defines the range of legitimate values and their corresponding
data rates for the Shimmer3.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Get Gyro Range.vi

.......................... Ack RECEiVEd
COM Pertin COM Port cut
HW Version — ? G = Gyro Range
errorin el T error out

e Used to determine the current value of the Gyro Range setting of the Shimmer defined at
the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions.
e Note that this setting is only valid for Shimmer3.

e The output Gyro Range is an 8 bit hexadecimal value which indicates the current full scale
range of the accelerometer sensor. Table 4-11 in the section describing the Set Gyro
Range.vi defines the range of legitimate values and their corresponding full scale range for
the Shimmers3.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Get Gyro Data Rate.vi
oo Ack Recerved
COM Portin _ COM Port out
HW Version — _? P ) - MPUS150 Data Rate

EFFOr in == b epror out

Used to determine the current value of the Gyro Data Rate setting of the Shimmer defined
at the input COM Port In.

The input HW Version ensures compatibility with different hardware versions.
Note that this setting is only valid for Shimmer3.

The output Gyro Data Rate is an 8 bit hexadecimal value which indicates the current full
scale range of the accelerometer sensor. Table 4-12 in the section describing the Set Gyro
Range.vi defines the range of legitimate values and their corresponding data rates for the
Shimmer3.

The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. |t is passed out for use
by other Vis.

Get Mag Range.vi
premn— Ack Received
COM Port in COM Port out
HW Version — 1;_ - Mag Range
EFFOF in == e error out

www.ShimmerSensing.com

Yy

Used to determine the current value of the Magnetometer Range on the Shimmer defined
at the input COM Port In.

The input HW Version ensures compatibility with different hardware versions.

The output Mag Range is an 8 bit hexadecimal value which defines the full scale range of
the magnetometer sensor. Table 4-13 in the section describing the Set Mag Range.vi defines
the range of legitimate values and their corresponding full scale range.

The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Get Mag Data Rate.vi
e Ack Received
COM Port in _ COM Port out
HW Version — ? - “ Mag Data Rate
. -ag Fiak
Error in = b error out

o Used to determine the current value of the Magnetometer Internal Rate on the Shimmer
defined at the input COM Port In.

o The input HW Version ensures compatibility with different hardware versions.

e The output Mag Data Rate is an 8 bit hexadecimal value which defines the full scale range of
the GSR sensor. Table 4-14 in the section describing the Set Mag Data Rate.vi defines the
range of legitimate values and their corresponding full scale range.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get GSR Range.vi
.......................... ‘ﬂ'ck RECEi"-"Ed
COM Pert in COM Port cut
HW Version — 75 — GSR Range

f@smﬂﬂ
Error in error out

e Used to determine the current value of the GSR Range on the Shimmer defined at the input
COM Port In.

e The input HW Version ensures compatibility with different hardware versions.

e The output GSR Range is an 8 bit hexadecimal value which defines the full scale range of the
GSR sensor. Table 4-15 in the section describing the Set GSR Range.vi defines the range of
legitimate values and their corresponding full scale range.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

o The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other VIs.
Get Accel HR Mode.vi
presm——— Ack Received
COM Port in COM Port out
HW Version — st “ HR Mode
EFTOr in == b error out
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e Used to determine if high resolution (HR) mode is enabled on the LSM303DLHC
accelerometer of the Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only.
e The input HW Version ensures compatibility with different hardware versions.
o The output HR Mode will be 1 if HR mode is enabled and 0 otherwise.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get Accel LP Mode.vi
.......................... Ack RECEiVEd
COM Port in COM Port out
HW Version — re - LP Mode
EFror in == b errior out

e Used to determine if low power (LP) mode is enabled on the LSM303DLHC accelerometer of
the Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only.
e The input HW Version ensures compatibility with different hardware versions.
e The output LP Mode will be 1 if LP mode is enabled and 0 otherwise.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Get ExG Gain.vi

.......................... Ack RECEi"-"Ed
COM Portin COM Port out
Chip ID 7s — Ex(5 Gain

E IG‘G-uir
Channel b error out
HW Versian

Error jn =om=

e Used to determine the current value of the gain for the ExG data channels of the Shimmer
defined at the input COM Port In.

e This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or later.
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e The input Chip ID determines if the setting is read from Chipl (0) or Chip2 (1) of the ExG
Expansion Board.

e The input Channel determines if the gain of Channell (0) or Channel2 (1) of the selected chip
is to be read.

o The input HW Version ensures compatibility with different hardware versions.

e The output ExG Gain is an 8 bit hexadecimal value which defines the gain setting of the
sensor. For more detail, the reader should refer to the ExG User Guide for ECG or the ExG
User Guide for EMG or to the ADS1292R datasheet from Texas Instruments. Table 4-18 in the
previous section (Configuration VIs) defines the range of legitimate values and their
corresponding gain.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Set ExG Data Rate.vi
presm—— Ack Received
COM Port in COM Port out
Chip ID J_J 15 ExG Data Rate
HW Version ....j oo error out
Errorin

e Used to determine the current value of the data rate for the ExG data channels of the
Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or later.

o The input Chip ID determines if the setting is read from Chipl (0) or Chip2 (1) of the ExG
Expansion Board.

e The input HW Version ensures compatibility with different hardware versions.

e The output ExG Data Rate is an 8 bit hexadecimal value which defines the data rate setting
of the sensor. For more detail, the reader should refer to the ExG User Guide for ECG or the
ExG User Guide for EMG or to the ADS1292R datasheet from Texas Instruments. Table
4-17Table 4-18 in the previous section (Configuration Vis) defines the range of legitimate
values and their corresponding data rate.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Set ExG Registers.vi
g Ack Recerved

COM F'u:ur‘cinJ ' COM Port out

ExG Config Bytes =
d }rt ExiFisq error out
HW Version

Error in ===j

Used to determine the current value of all of the ExG configuration register bytes for both
chips on the ExG Expansion Board of the Shimmer defined at the input COM Port In.

This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or later.
The input HW Version ensures compatibility with different hardware versions.

The output ExG Config Bytes will be an array of twenty 8 bit hexadecimal values which
define the ExG configuration register values of the sensor. The first ten bytes are the settings
for Chip1, whilst the following ten bytes are the settings for Chip2. For more detail, the
reader should refer to the ExG User Guide for ECG or the ExG User Guide for EMG or to the
ADS1292R datasheet from Texas Instruments.

The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. |t is passed out for use
by other Vis.

Set ExG Single Chip Reg.vi

_, ....................... Ack F‘-ECEi"."Ed
COM Portin : COM Port out
Offset E.:'a_
Murm B}-'tes, Ex16 Chip ervor out
Chip ID

HW Verzion
ExG Config Bytes

UL

Errorin

Used to determine the current value of some of all of the ExG configuration registers for a
single chip on the ExG Expansion Board of the Shimmer defined at the input COM Port In.

This function is available for Shimmer3 only and LogAndStream versions v0.7.0 or later.

The input Offset defines the index of the first ExG register byte whose value is to be read. It
can be a value between 0 and 9.

The input Num Bytes defines the total number of consecutive ExG register bytes whose
values are to be read. It can be a value between 1 and (10 - Offset).

The input Chip ID determines if the setting is read from Chip1 (0) or Chip2 (1) of the ExG
Expansion Board.
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e The output ExG Config Bytes should be an array of up to ten 8 bit hexadecimal values which
define the ExG configuration register values of the sensor. For more detail, the reader should
refer to the ExG User Guide for ECG or the ExG User Guide for EMG or to the ADS1292R
datasheet from Texas Instruments.

o The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Get Pressure Oversampling Setting.vi

.......................... Ack RECE'VEEI
COM Partin COM Part out
HW Version — ? -35 - BMPLED OS5
Error in = b error out

e Used to determine the current value of the oversampling setting for the BMP180 pressure
sensor of the Shimmer defined at the input COM Port In.

e This function is available for Shimmer3 only.
o The input HW Version ensures compatibility with different hardware versions.

e The output BMP180 0SS is an 8 bit hexadecimal value which defines the oversampling
setting. Its range of valid values and the corresponding pressure resolution have been listed
in Table 4-18 in the section describing Set Pressure Oversampling Setting.vi.

e The output Ack Received indicates whether or not the configure operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get Buffer Size.vi
.......................... ‘ﬂ'ck REC Ei"-"Ed
COM Paort in COM Port out
HW Version — K= - Buffer Size
errurinﬁ_ b error out

o Used to determine the size of the data buffer on the Shimmer defined at the input COM Port
In.

e The input HW Version ensures compatibility with different hardware versions.
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e The output Buffer Size is an 8 bit hexadecimal value which defines the number of samples in
the data buffer. The value should be equal to 1 sample for compatibility with the rest of the
instrument driver.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get 5V Reg.vi
gro— Ack Received
COM Portin COM Port out
HW Version :.-n:-s = 5V Regulator
Error in == b= error out

e Used to determine the current setting of the 5V Regulator on the Expansion board of the
Shimmer defined at the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions.
e Note that this setting is not available for Shimmer3.
e The output 5V Regulator indicates the current setting, TRUE=ON and FALSE=OFF.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Get Exp Power.vi

.......................... Ack RECEi‘JEd
COM Port in COM Port out
HW Version — ;‘LPC = Exp Power
Error in = - b error cut

e Used to determine the current setting of the internal expansion board power of the
Shimmer defined at the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions.
e Note that this setting is not available for Shimmer2/2r.
e The output Exp Power indicates the current setting, TRUE=ON and FALSE=OFF.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).
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o The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
Get PMUX.vi
Ack Received
COM Portin COM Port out
HW Version - [ - PMUX
error in == oo error out

o Used to determine the current setting of the PMUX of the Shimmer defined at the input
COM Port In.

e The input HW Version ensures compatibility with different hardware versions.

e Note that this setting is not available for Shimmer3.

e The output PMUX indicates the current setting, TRUE=ON and FALSE=OFF.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Get FW Version.vi
.......................... Ack RECEi"-"Ed
COM Port in ' COM Port out
) [y |;"' FW Version
srrorin T FW Major Rev Mumber
FW Minor Rev Nurnber
error out

e Used to determine the version of the firmware that is running on the Shimmer defined at
the input COM Port In.

e The output FW Version is string which indicates the type and version of the firmware. For
example, LogAndStream versions v0.7.0, which is based on Bluetooth, will be indicated by
the string, "LogAndStream 1.2.0". For legacy firmware (e.g. Boilerplate vX.X), the FW Version
output will be "Unknown".

e The output FW Major Rev Number is an integer representing the major revision number of
the firmware.

e The output FW Minor Rev Number is an integer representing the minor revision number of
the firmware.

e The output Ack Received indicates whether or not the status operation executed

successfully (TRUE) or failed to execute (FALSE).
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o The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
Get HW Version.vi
.......................... Ack RECEiVEd
COM Port in COM Port out
_ 1S [ HW Version
srrarin becs error out
e Used to determine the hardware version of the Shimmer device defined at the input COM
Port In.
e The output HW Version is an integer that represents the hardware version, where a value of
1 denotes Shimmer2, 2 denotes Shimmer2r and 3 denotes Shimmer3.
e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).
e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
Get Exp Board ID.vi
grm—— Ack Received
COM Port in COM Port out
HW Version — e “ Exp Board ID
error in == beex error out
e Used to detect and identify the expansion board attached to the Shimmer device defined at
the input COM Port In.
e The input HW Version ensures compatibility with different hardware versions.
e Note that this is available for Shimmer3 only.
e Note that this function will return an error if there is no expansion board attached to the
Shimmer device.
e The output Exp Board ID is a string that identifies the expansion board and its hardware
revision number. This will match the " SRXX-x " identifier printed on the board.
e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).
e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

\A N

WWw

by other Vis.
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Get Blink LED.vi

.......................... Ack RECEiVEd
COM Port in COM Port out
HW Version ~ ?s ~ LED Colour
EFFOF in == - bee= error cut

e Used to determine the colour of the current LED status indicator on the Shimmer defined at
the input COM Port In.

o The input HW Version ensures compatibility with different hardware versions.

e The output LED Colour is an 8 bit hexadecimal value which defines the colour of the active
LED. Table 4-19, in the section describing the Set Blink LED.vi defines the range of legitimate
values and their corresponding full scale range.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get Status.vi
.......................... Ack RECEi"-"Ed
COM Portin COM Pert out
HW Version — 1s - Docked
FW Version fj b Sensing
Errorin error out

e Used to determine the current status of the Shimmer defined at the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions. This function
is only available for Shimmer3.

e The input FW Version ensures compatibility with different firmware versions. This function is
only available with LogAndStream firmware.

e The output Docked is a boolean value which defines whether the Shimmer is docked (true)
or undocked (false).

e The output Sensing is a boolean value which defines whether the Shimmer is actively
sensing (true) or not (false); sensing refers to sampling from the sensors on the Shimmer and
will be true when the device is streaming or logging or both.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Get SDcard Directory.vi

.......................... Ack RECEiVEd
COM Part in : COM Port out
HW Version :j..mm ;?m;'l.; = Directory Mame
FW Version ,,J b epror out
Error in

e Used to determine the directory to which the Shimmer defined at the input COM Port In is
logging data.

e The input HW Version ensures compatibility with different hardware versions. This function
is only available for Shimmer3.

e The input FW Version ensures compatibility with different firmware versions. This function is
only available with LogAndStream firmware.

e The output Directory Name is a stringvalue which defines the path to the data directory on
the on-board SD card to which data is being logged.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.
Get All Settings.vi
_. ......................... Ack RECEi"-"Ed
COM Portin COM Port out
Settings In =7 ?m.:LI tData Packet Format
EFFOr in == LﬂSettings Out
error out

e This VI integrates the functionality of all of the other status Vls. It can be used to determine
all of the settings on the Shimmer defined at the input COM Port In.

e The Settings In input is a cluster containing the settings assumed before execution of the VI.
The structure of the Settings cluster has already been described in the Shimmer.vi section of
this document.

e The Settings Out output is a cluster containing the settings that have been loaded from the
Shimmer after execution of the VI.

o The output Data Packet Format is a cluster of four elements listed below. For descriptions of
these individual elements refer to the description of The Settings Out output is a cluster
containing the settings that have been loaded from the Shimmer after execution of the VI.

The output Data Packet Format is a cluster of four elements listed below. For descriptions of
these individual elements refer to the description outlined later in this document.
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Signal Codes

Signal Marmes

el —
Signal Datatypes
° Packet Size

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for
use by other Vls.

e Interpret Data Packet Format.vi outlined later in this document.

Signal Codes
Signal Marnes

Signal Datatypes
Packet Size

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Parse Inquiry Response.vi

COM Partin COM Part aut

Initial Respanseiﬂ ? -EEmtSmings Out
Data Packet Format

Settings In H H
EIrar in error out

e Used as a SubVI by Get All Settings.vi and the Get Sensors.vi to parse the Inquiry Response.

e The Get All Settings.vi or the Get Sensors.vi sends an Inquiry Command to the Shimmer
defined at the input COM Port In. The Shimmer in-turn responds with an Inquiry Response in
the form of a serial string array. The Parse Inquiry Response.vi translates the serial string
array into the various settings which describe the configuration of the Shimmer.

o The input Initial Response is a string array containing the first set of bytes from an Inquiry
Response from the Shimmer. The number of bytes in the initial response is 6 for
Shimmer2/2r and 9 for Shimmer3.

e The Settings In input is a cluster containing the settings of the Shimmer defined at the COM
Port.

e The Settings Out output is a cluster containing the settings that have been loaded from the
Shimmer after execution of the VI.

e The output Data Packet Format is a cluster of four elements listed below. For descriptions of
these individual elements refer to the description outlined later in this document.
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Signal Codes
Signal Marnes
el —
Signal Datatypes
Packet Size

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Interpret Data Packet Format.vi

Data Packet Format S?gnal Codes
Signal Marmes

1@ fa
FW Version . - @ )
HW Version J ibfﬂgnal D.atat_',rpes
Packet Size

Enabled Sensors

e Used as a SubVI by Parse Inquiry Response.vi to interpret the data packet format values
returned as part of the Inquiry Response.

e The input HW Version ensures compatibility with different hardware versions.
e The input FW Version ensures compatibility with different firmware versions.

e The input Data Packet Format is a 1D array of bytes which identifies the sensor signals
located in each channel in the data packet based on the sensors currently enabled on the
Shimmer. The different values associated with each signal are outlined in Table 4-20 and
Table 4-21 below.

Signal Name Byte Value Signal Datatype
Accelerometer X* 0 ul2
Accelerometer Y* 1 ul2
Accelerometer Z* 2 ul2

Gyroscope X* 3 ul2

Gyroscope Y* 4 ul2

Gyroscope Z* 5 ul2
Magnetometer X* 6 i16
Magnetometer Y* 7 i16
Magnetometer Z* 8 i16

ECG_RA_LL 9 ul2

ECG_LA_LL 0A ul2

GSR Raw 0B ulé

GSR Res ocC ulé

EMG oD ul2

AnEx AO OE ul2

AnEx A7 OF ul2

Strain Gauge High 10 ul2

Strain Gauge Low 11 ul2

Heart Rate 12 ul6 (u8 in legacy FW versions)

Table 4-20 — Signal names, byte values and datatypes for possible sensor signals in the Data Packet
Format array for Shimmer2/2r
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The equivalent values for the Shimmer3 are listed in Table 4-21.

Signal Name Byte Value Signal Datatype
Low Noise Accelerometer X* 0 ul2
Low Noise Accelerometer Y* 1 ul2
Low Noise Accelerometer Z* 2 ul2
Battery 3 ul2
Wide Noise Accelerometer X* 4 i16
Wide Noise Accelerometer Y* 5 i16
Wide Noise Accelerometer Z* 6 i16
Magnetometer X* 7 i16'
Magnetometer Y* 8 i16'
Magnetometer Z* 9 i16'
Gyroscope X* A i16'
Gyroscope Y* B i16'
Gyroscope Z* C i16'
External ADC 7 D ul2
External ADC 6 E ul2
External ADC 15 F ul2
Internal ADC 1 10 ul2
Internal ADC 12 11 ul2
Internal ADC 13 12 ul2
Internal ADC 14 13 ul2
BMP180 Temperature* 1A ule’
BMP180 Pressure* 1B u24’
GSR Raw 1C ulé
ExG Chip1 Status* 1D u8
ExG1 Ch1* 1E i24"
ExG1 Ch2* 1F i24"
ExG Chip2 Status* 20 u8
ExG2 Ch1* 21 i24"
ExG2 Ch2* 22 i24"
ExG1 Ch1 16bit* 23 i16"
ExG1 Ch2 16bit* 24 i16"
ExG2 Ch1 16bit* 25 i16"
ExG2 Ch2 16bit* 26 i16"
Bridge Amplifier High* 27 ul2
Bridge Amplifier Low* 28 ul2

Table 4-21 — Signal names, byte values and datatypes for possible sensor signals in the Data Packet
Format array for Shimmer3 (" denotes MSB first; otherwise LSB first)

e The output Signal Codes is a 1D array of bytes similar to the input value at Data Packet
Format. The Byte Value columns in Table 4-20 and Table 4-21 list the legitimate values that
can be received from the Shimmer2/2r and Shimmer3, respectively. The Signal Codes
output, however, contains an additional value to Data Packet Format which acknowledges
the presence of the timestamp as a channel of data. The Byte Value for the Timestamp signal
is equal to FF.
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The output Signal Names is a 1D string array containing the names of the data signals from
the sensors enabled on the Shimmer. The Signal Names column in Table 4-20 outlines the
names that correspond to the different Byte Values.

Note: The asterisks after the inertial sensor signal names are to indicate that these are the
axes defined by default in the Shimmer firmware. The names of these axes can be changed
during the process of calibration, see Calibrate Inertial Sensor.vi.

The output Signal Datatypes is a 1D string array containing the datatypes of the data signals
from the sensors enabled on the Shimmer. The Signal Datatype column in outlines the
datatypes that correspond to the different signals. u indicates that the value is an unsigned
integer and i indicates that it is a signed integer. The numeric values indicate how many bits
in the datatype (e.g. u12 is an unsigned 12 bit number). The datatype for the Timestamp is
u24 (ul6 for firmware before BtStream v0.7.0 and LogAndStream vO0.7.0).

The output Packet Size indicates the size (in bytes) of the data packet that will be
transmitted from the Shimmer based on the sensors currently enabled on the Shimmer.

The output Enabled Sensors is a 32 bit value which defines which sensors are
enabled/disabled. Each sensor is represented by a single bit (defined in Table 4-4 in the
section describing Set Sensors.vi).

Data Vis

The Data Vls are responsible for the handling of data once it arrives on the serial port from the

Shimmer. In order for the Data VIs to be used the Initialise.vi should previously have been used to

establish a serial port connection with the Shimmer of interest and the Start.vi should have been

used to start data streaming from the Shimmer.

Capture Data.vi

WA
YV vy

AN

Calibration Parameters In

Reset P Data Captured
COM Port In s COM Port out
Data Packet Fn:nrr'natJ mﬁg LData Cluster
Settings In J LSettings Out
Calibration Parameters Qut

Last Quaternion In Last Quaternion Out
errarin error out

Used to read data from the Shimmer defined at the input COM Port In.

The input Reset is a Boolean value. In the implementation of the Capture Data.vi, in the
Shimmer.vi, the Reset value is set to True after each execution of a Start Action Command,
otherwise it is set to False. On a lower VI level, the Reset value is used to reset the
Calibrated Timestamp, # Packets Received and # Packets Missed values to 0. See Calibrate
Timestamp.vi and Detect Missing Packets.vi for more detail.

The input Data Packet Format is a cluster of four elements listed in the graphic below. For
descriptions of these individual elements refer to the description of the The Settings Out
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output is a cluster containing the settings that have been loaded from the Shimmer after
execution of the VI.

The output Data Packet Format is a cluster of four elements listed below. For descriptions of
these individual elements refer to the description outlined later in this document.

Signal Codes

Signal Mames

=

Signal Datatypes
° Packet Size

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for
use by other Vis.

e Interpret Data Packet Format.vi outlined previously in this document.

Signal Codes
Signal Marnes

-

Signal Datatypes
Packet Size

e The input Settings In contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

e The input Calibration Parameters In contains the calibration parameters of the Shimmer
device. The structure of the cluster has been described in detail in the Shimmer.vi section of
this document.

e The input Last Quaternion In is a 1D-array with 4 elements, containing the value of the
guaternion format for the orientation of the device in 3D, at the previous sampling instant.
This value is used for the iterative calculation of the orientation estimate for the next set of
samples. For more information, see Calculate Quaternion Samples.vi.

e The output Data Cluster contains the data captured from the Shimmer device. The structure
of the cluster has been described in detail in the Shimmer.vi section of this document.

e The output Data Captured indicates whether or not the data capture operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output Last Quaternion Out is a 1D-array with 4 elements, containing the value of the
quaternion format for the orientation of the device in 3D, at the most recent sampling
instant. It should be used as the Last Quaternion In input for the next iteration of the Data
Capture.vi.

e The output Settings Out contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

o The output Calibration Parameters Out contains the calibration parameters of the Shimmer
device. The structure of the cluster has been described in detail in the Shimmer.vi section of
this document.
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If the Gyro In-Use Cal setting is TRUE and no motion is detected, then the offset vector of the
Gyro Calib Param element of the calibration parameters cluster will be updated with the
mean value of the samples in the gyro data buffer; otherwise, the cluster will remain
unchanged. See Gyro In-Use Calibration.vi for more details.

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Frame Received Bytes.vi

RESEt ..........................
Settings In : Settings Qut
Packet Size - ésE-;I}E?_EData Packets
Serial Data Packet Type

e Used as a SubVI by Capture Data.vi to frame the serial byte stream received from the device
into an array of data packets.

e The input Reset has been explained above (see Capture Data.vi).

e The input Settings In contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

e The input Packet Size defines the size (in bytes) of the data packet being transmitted from
the Shimmer based on the sensors currently enabled on the Shimmer.

e The input Serial Data is a 1D array of bytes read from the serial port. The array will consist of
1 or more data packets depending on how much data was available at the serial port.

e The output Settings Out contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

e The output Data Packets is a 2D array of framed data packets. The array is and [n x m]
where n corresponds to the number of packets of data (samples) and m corresponds to the
packet size.

e The output Packet Type describes whether the packet is a data packet (0), status response
packet (1) or directory response packet (2). If the serial data does not contain any of the
afore-mentioned packet types, the Packet Type output denotes this with a value of -1.

Frame Data Packets.vi

F'EC_kEt SiIEJ 5218 Data Packets
Serial Data LAl Overflow Bytes

e Used as a SubVI by Frame Received Bytes.vi to frame the serial byte stream received from
the device into an array of data packets, whenever a data packet has been identified in the
received byte stream.

105

www.ShimmerSensing.com info@ShimmerSensing.com



Copyright © Shimmer 2017 17
Realtime Technologies Ltd = M. smm bam o g ShimmerSensing LabVIEW Instrument Driver Library
All rights reserved > RIIRRIRALA“] Rev2.7a

e The input Packet Size defines the size (in bytes) of the data packet being transmitted from
the Shimmer based on the sensors currently enabled on the Shimmer.

e The input Serial Data is a 1D array of bytes read from the serial port. The array will consist of
1 or more data packets depending on how much data was available at the serial port.

e The output Data Packets is a 2D array of framed data packets. The array is an [n x m] array
where n corresponds to the number of packets of data (samples) and m corresponds to the
packet size.

e The output Overflow Bytes contains any surplus bytes that have been received at the serial
port; for example, they may contain a partial data packet, status response packet or
directory response packet. Any bytes received at the next iteration of the VI will be
appended after the overflow bytes from the current iteration.

Parse Instream Response Bytes.vi

Settings In Settings Out
Serial Data -'_ég}-j—l LPacketT}rpe
= Overflow Bytes

e Used as a SubVI by Frame Received Bytes.vi to parse the serial byte stream received from the
device, whenever a so-called "in-stream response" packet has been identified in the
received byte stream. In-stream response packets can contain information about the device
status (status response packet) or the SDcard directory name (directory response packet).

e The input Serial Data is a 1D array of bytes read from the serial port. The array will consist of
1 or more data packets depending on how much data was available at the serial port.

o The output Data Packets is a 2D array of framed data packets. The array is an [n x m] array
where n corresponds to the number of packets of data (samples) and m corresponds to the
packet size.

e The output Packet Type describes whether the packet is a status response packet (1) or
directory response packet (2). If the serial data does not contain either of the afore-
mentioned packet types, the Packet Type output denotes this with a value of -1.

e The output Overflow Bytes contains any surplus bytes that have been received at the serial
port; for example, they may contain a partial data packet, status response packet or
directory response packet. Any bytes received at the next iteration of the VI will be
appended after the overflow bytes from the current iteration.

Parse Data.vi

Signal Datatypes
Data Packets =

B{ Uncalibrated Data

e Used as a SubVI by Capture Data.vi to parse the array of data packets into an array of
uncalibrated sensor data.
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e The input Signal Datatypes is a 1D string array containing the datatypes of the data signals
from the sensors enabled on the Shimmer. The Signal Datatype column in Table 4-20
outlines the datatypes that correspond to the different signals. u indicates that the value is
an unsigned integer and i indicates that it is a signed integer. The numeric values indicate
how many bits in the datatype (e.g. u12 is an unsigned 12 bit number).

e The input Data Packets is a 2D array of framed data packets. The array is an [n x m] array
where n corresponds to the number of packets of data (samples) and m corresponds to the
packet size.

e The output Uncalibrated Data is a 2D array of the uncalibrated data from the sensors
enabled on the Shimmer. The array is an [n x m] array where n corresponds to the number
of samples and m corresponds to the number of sensor signals.

Detect Missing Packets.vi

Calibrated Tirmestamp
Sampling Rate (Hz)

- # Packets Received
L 2 packets Missed

e Used as a SubVI by Capture Data.vi to determine the number of packets successfully
received by the LabVIEW application.

e The input Reset is a Boolean value used to reset the values of the # Packets Received and #
Packets Missed outputs. If the Reset value is set to True the # Packets Received and #
Packets Missed outputs will only reflect the percentage of packets received in this call of the
VI. If the Reset value is set to False the # Packets Received and # Packets Missed outputs will
reflect the percentage of packets received since the last previous True Reset input.

e The input Calibrated Timestamp is a 2D array (matrix). The array is an [n x 1] array where n
corresponds to the number of samples. The unit of the calibrated timestamp data is
milliseconds.

e The input Sampling Rate is an 8 bit hexadecimal value which defines the sampling rate for
all sensors on and attached to the Shimmer. Table 4-2 in the section describing the Set
Sample Rate.vi defines the range of legitimate values and their corresponding sampling rate
in the Shimmer.

e The output # Packets Received is a real value which indicates the total number of data
packets transmitted by the Shimmer which have been successfully received and processed
by the Shimmer VI.

e The output # Packets Missed is a real value which indicates the total number of data packets
transmitted by the Shimmer which have not been successfully received and processed by
the Shimmer VI.

Note: The # Packets Received and # Packets Missed values are reset only on the execution
of the Start Action Command. On each execution of a Capture Action Command the values
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are updated to reflect the total percentage of packets received since the previous Start
Action Command.

Difference Array.vi

Array In AR Difference Array
X(-1) X(n)

e Used as a SubVI by a number of VIs to determine the difference between each set of
sequential values in a 1D array.

e Theinput Array In is a 1D array on which the difference calculation is to be performed.

e Theinput X(-1) is the last element from the previous array in the case that the array at Array
In is part of a sequence of continuous arrays (i.e. X(n) from the previous call of the
Difference Array.vi).

e The output Difference Array is a 1D array containing the difference between each set of
sequential values in the array Array In.

e The output X(n) is the last element from Array In. (i.e. X(-1) for the next call of the Difference
Array.vi).

Calibrate All Data.vi

Settings In : Settings Out
Uncalibrated Signal Mames In ol ﬁ =|E=Ur1ca|ibrated Signal Mames Out
Uncalibrated Data In I Uncalibrated Data Out
PC Timestarnp Calibrated Signal Mames

Calibration Pararneters In Lnits
Calibrated Data

e Used as a SubVI by Capture Data.vi to calibrate the uncalibrated sensor data.

e The input Reset is a Boolean value used to reset the value of the calibrated timestamp. If the
Reset value is set to True the first element in the timestamp array of the Calibrated Data
output will be equal to 0. If the Reset value is set to False the element in the timestamp
array of the Calibrated Data output will be a sequential continuation of the previously
outputted timestamp array.

e The input Settings In contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

e The input Uncalibrated Signal Names is a 1D string array containing the names of the data
signals from the sensors enabled on the Shimmer. The Signal Names column in Table 4-20
outlines the list of valid signal names.

e The input Uncalibrated Data is a 2D array of the uncalibrated data from all the sensors
enabled on the Shimmer. The array is an [n x m] array where n corresponds to the number

of samples and m corresponds to the number of sensor signals.
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e The input PC Timestamp contains the time at which the data was received by LabVIEW from
the Bluetooth stack.

e The input Calibration Parameters In contains the calibration parameters of the Shimmer
device. The structure of the cluster has been described in detail in the Shimmer.vi section of
this document.

e The output Settings Out contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

e The output Uncalibrated Signal Names Out is a 1D string array containing the names of the
data signals from the sensors enabled on the Shimmer. The Signal Names column in Table
4-20 outlines the list of valid signal names.

e The output Uncalibrated Data is a 2D array of the uncalibrated data from all the sensors
enabled on the Shimmer. The array is an [n x m] array where n corresponds to the number
of samples and m corresponds to the number of sensor signals.

e The output Calibrated Signal Names is a 1D string array containing the names of the
calibrated data signals.

e The output Units is a 1D string array containing the units of the calibrated data signals.

Note: An asterisk after the Units indicates that default offset and gain values from the
sensor data sheet have been used to calibrate the sensor data (e.g. mVolts*).

To improve the accuracy of your data when using the inertial sensors (accelerometer,
gyroscope or magnetometer) it is recommended that you use the standalone Shimmer
9DOF Calibration application which is available for download from the Shimmer website.
The application supports the calibration of the inertial sensors and the storage of the
calibration parameters on the Shimmer. When calibration parameters have been stored on
the Shimmer the Calibrate All Data.vi will use the stored calibration parameters as opposed
to default calibration parameters.

Also, for the accelerometer the Units may be followed by double asterisks (e.g. m/s***).
This indicates that the calibration parameters which have been stored on the Shimmer are
not valid parameters for the current Accelerometer Range setting. This can be rectified by
configuring the Accelerometer Range to the setting that it was in when it was calibrated or
by recalibrating the Shimmer (using the Shimmer 9DOF Calibration Application) with the
device configured to the desired Accelerometer Range.

e The output Calibrated Data is a 2D array (matrix) of the calibrated data from all the sensors
enabled on the Shimmer. The array is an [n x m] array where n corresponds to the number
of samples and m corresponds to the number of sensor signals. The order of the columns of
data corresponds to the order of the values in Calibrated Signal Names.
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Calibrate Timestamp.vi

Uncalibrated Tirnestarnp 4@ Calibrated Timestamp
TiHE e Uniit

o Used as a SubVI by Calibrate All Data.vi to calibrate the timestamp array.

e The input Uncalibrated Timestamp is a 2D array (matrix). The array is an [n x 1] array where
n corresponds to the number of samples. Uncalibrated timestamp data is generated from
the crystal oscillator on the Shimmer which has a frequency of 32768 Hz.

e The output Calibrated Timestamp is a 2D array (matrix). The array is an [n x 1] array where n
corresponds to the number of samples. The unit of the calibrated timestamp data is
milliseconds.

e The output Unit is a string containing the units of the calibrated timestamp data.

Looping Timestamp to Continuous Timestamp

RESEt ............................
LoopingTimestamp Continucus Timestamp
Offset - TE"}E

o Used as a SubVI by Calibrate All Data.vi to convert the Shimmer timestamp from looping 16
bit value to a continuous value.

e The input Looping Timestamp is a 2D array. The array is an [n x 1] array where n
corresponds to the number of samples. Looping timestamp data is generated from the
crystal oscillator on the Shimmer which has a frequency of 32768 Hz. It is a 24bit value and
will loop around 0 when it exceeds 16777216. (For firmware older than BtStream v0.8.0 or
LogAndStream v0.7.0 it is a 16bit value and will loop around 0 when it exceeds 65536.)

e The input Offset is an integer value which is subtracted from the input Looping Timestamp.

e The output Continuous Timestamp is a 1D array. The array is an [n x 1] array where n
corresponds to the number of samples. Continuous timestamp data is a continually
increasing clock counter based on the Looping Timestamp input. The VI contains an internal
feedback counter which counts the number of times the looping timestamp input overflows.
The Continuous Timestamp output is generated based on this overflow count..

e The input Reset is a Boolean value used to reset the value of Continuous Timestamp output.
If the Reset value is set to True the first element in the Continuous Timestamp output will be
equal to the first element at the at the input Looping Timestamp minus the Offset. If the
Reset value is set to False the first element in the Continuous Timestamp output will be a
sequential continuation of the previous Continuous Timestamp output.
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Calibrate Inertial Sensor.vi

Uncalibrated Data 4{.;;;4 Calibrated Data

4|

Calibration F'arar‘r‘na'cnars,tﬂ [IHERT1AL

e Used as a SubVI by Calibrate All Data.vi to calibrate the inertial sensor data. The inertial
sensors are the accelerometer, gyroscope and magnetometer.

e The input Uncalibrated Data is a 2D array (matrix) of the uncalibrated data from a tri-axial
inertial sensor on the Shimmer. The array is an [n x 3] array where n corresponds to the
number of samples.

e The input Calibration Parameters is cluster of calibration parameters (Offset vector,
Sensitivity Matrix and Alignment Matrix) for a single tri-axial inertial sensor. For descriptions
of these individual elements refer to the description of the IMU Calibration Parameters
cluster outlined in the description of the Shimmer.vi in the Integrated VIs section of this
document.

e The output Calibrated Data is a 2D array (matrix) of the calibrated data from a tri-axial
inertial sensor on the Shimmer. The array is an [n x 3] array where n corresponds to the
number of samples.

Calibrate ul2 ADC Value.vi

Offset

Uncalibrated Data f‘}z@ E ':E|.I|:IratEI:| Data
Unit
Wref+
Gain

e Used as a SubVI by Calibrate All Data.vi to calibrate the unsigned 12bit data.

e The input Offset is a real value which defines the zero offset (at the ADC output) of the
sensor being calibrated.

e The input Uncalibrated Data is a 2D array (matrix) of the uncalibrated data from a single
sensor on the Shimmer. The array is an [n x 1] array where n corresponds to the number of
samples.

e The input Vref+ is a real value which defines the voltage of Vref+ as set on the Shimmer. For
the version of LogAndStream firmware released with this Shimmer this is equal to 3V. For
more information on Vref+ refer to the Shimmer User Manual.

e The input Gain is a real value which defines the gain of the sensor in being calibrated.
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The output Calibrated Data is a 2D array (matrix) of the calibrated data from a single sensor
on the Shimmer. The array is an [n x 1] array where n corresponds to the number of
samples.

The output Unit is a string containing the units of the calibrated data signal.

Calibrate signed ADC Value.vi

Offzet .
Uncalibrated Data i‘\@mmi Cal.lbrated Data
it Unit
Wref+
Gain
Murn Bits

e Used as a SubVI by Calibrate All Data.vi to calibrate the signed n-bit data, where the number
of bits, n, is determined by one of the inputs.

e The input Offset is a real value which defines the zero offset (at the ADC output) of the
sensor being calibrated.

e The input Uncalibrated Data is a 2D array (matrix) of the uncalibrated data from a single
sensor on the Shimmer. The array is an [n x 1] array where n corresponds to the number of
samples.

o The input Vref+ is a real value which defines the voltage of Vref+ as set on the Shimmer. This
value is 3V for most sensors, but can vary, e.g. 2.42V for ExG on Shimmer3. For more
information on Vref+ refer to the Shimmer User Manual and the user guides for the
expansion board that you are using; the value can be assumed to be 3V unless otherwise
mentioned.

e The input Gain is a real value which defines the gain of the sensor in being calibrated.

e The input Num Bits is a value which defines the number of bits in the data format (e.g., 8,
16, 24).

e The output Calibrated Data is a 2D array (matrix) of the calibrated data from a single sensor
on the Shimmer. The array is an [n x 1] array where n corresponds to the number of
samples.

e The output Unit is a string containing the units of the calibrated data signal.

Calibrate GSR.vi
Uncalibrated Data 4.?;\ Calikrated Data
GSR Range - 55K b Unit
e Used as a SubVI by Calibrate All Data.vi to calibrate the data from the GSR sensor.

W'W
YV vy
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e The input GSR Range is an 8 bit hexadecimal value which indicates the setting of the full
scale range of the GSR sensor on the Shimmer. Table 4-15 defines the range of legitimate
values and their corresponding full scale range.

e The input Uncalibrated Data is a 2D array (matrix) of the uncalibrated data from the GSR
sensor on the Shimmer. The array is an [n x 1] array where n corresponds to the number of
samples.

e The output Calibrated Data is a 2D array (matrix) of the calibrated data from a single GSR
sensor on the Shimmer. The array is an [n x 1] array where n corresponds to the number of
samples.

e The output Unit is a string containing the units of the calibrated data signal.

Calibrate BMP180 Data.vi

Uncalibrated Ternperature Data Calibrated Temperature Data

Uncalibrated Pressure Data J—nf‘\u Calikrated Pressure Data
Pressure 055 ‘mj
BMP1E0 Coefficients

e Used as a SubVl by Calibrate All Data.vi to calibrate the data from the BMP180
Pressure/Temperature sensor.

e The input Pressure OSS is an 8 bit hexadecimal value which indicates the oversampling
setting on the BMP180 pressure/temperature sensor on the Shimmer. Table 4-18 defines
the range of legitimate values and their corresponding resolution settings.

e The inputs Uncalibrated Pressure Data and Uncalibrated Temperature Data are 1D arrays
of the uncalibrated pressure and temperature data, respectively, from the BMP180 sensor
on the Shimmer. The arrays are [n x 1] arrays where n corresponds to the number of
samples.

e The input BMP180 Coefficients contains chip-specific coefficients for the calibration of the
BMP180 pressure and temperature sensors. For a description of the individual elements of
the cluster refer to the description of the Calibration Parameters > Other Calibration cluster
outlined in the description of the Shimmer.vi in the Integrated VIs section of this document.

e The outputs Calibrated Pressure Data and Calibrated Temperature Data are 1D arrays of
the calibrated pressure and temperature data, respectively. The arrays are [n x 1] arrays
where n corresponds to the number of samples.

Calibrate BMP280 Data.vi

Uncalibrated Temperature Data : Calibrated Temperature Data
— Uncalibrated Pressure Data 15

™ BMPZ80 Coefficients

Calibrated Pressure Data
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e Used as a SubVl by Calibrate All Data.vi to calibrate the data from the BMP280
Pressure/Temperature sensor.

e The inputs Uncalibrated Pressure Data and Uncalibrated Temperature Data are 1D arrays
of the uncalibrated pressure and temperature data, respectively, from the BMP180 sensor
on the Shimmer. The arrays are [n x 1] arrays where n corresponds to the number of
samples.

e The input BMP280 Coefficients contains chip-specific coefficients for the calibration of the
BMP280 pressure and temperature sensors. For a description of the individual elements of
the cluster refer to the description of the Calibration Parameters > Other Calibration cluster
outlined in the description of the Shimmer.vi in the Integrated Vls section of this document.

e The outputs Calibrated Pressure Data and Calibrated Temperature Data are 1D arrays of
the calibrated pressure and temperature data, respectively. The arrays are [n x 1] arrays
where n corresponds to the number of samples.

Verify IMU Calibration Parameters.vi

Sensor

[b] [K]

Accelerometer Range J R, e Single Sensor Calibration P...

[=]

Gyroscope Range %o Units
Magnetorneter Range
Single Sensor Calibration P...
HW Version

e Used to verify the parameters to be used to calibrate the IMU signals (accelerometer,
gyroscope and magnetometer).

e The input Sensor is a string that determines which sensor's calibration is to be verified. The
three valid values are ‘Accel’, ‘Gyro’ and ‘Mag’ which correspond to the accelerometer,
gyroscope and magnetometer, respectively, for the Shimmer2/2r, whilst the Shimmer3 can
also take the values ‘Low Noise Accel’ and ‘Wide Range Accel’.

e The input Accelerometer Range is an 8 bit hexadecimal value which indicates the current full
scale range of the accelerometer sensor. Table 4-8 in the section describing the Set
Accelerometer Range.vi defines the range of legitimate values and their corresponding full
scale range for the Shimmer2, Shimmer2r and Shimmer3.

e The input Gyroscope Range is an 8 bit hexadecimal value which indicates the current full
scale range of the gyroscope sensor. Table 4-11, in the section describing the Set Gyroscope
Range.vi defines the range of legitimate values and their corresponding full scale range for
the Shimmer3. (This option is invalid for Shimmer2/2r).

e The input Magnetometer Range is an 8 bit hexadecimal value which indicates the current
full scale range of the magnetometer sensor. Table 4-13 in the section describing the Set
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Magnetometer Range.vi defines the range of legitimate values and their corresponding full
scale range for the Shimmer2, Shimmer2r and Shimmer3.

The input HW Version ensures compatibility with different hardware versions.

The input Single Sensor Calibration Parameters In is a cluster of calibration parameters
(Offset vector, Sensitivity Matrix and Alignment Matrix) for a single tri-axial inertial sensor.
For descriptions of these individual elements refer to the description of the Calibration
Parameters > IMU Calibration cluster outlined in the description of the Shimmer.vi in the
Integrated VIs section of this document.

The output Single Sensor Calibration Parameters Out is a cluster of the same format as the
input IMU Calibration Parameters In. If no calibration parameters values have been stored
on the Shimmer or, for the accelerometer, the stored values do not fall within the expected
range for the current Accelerometer Range setting then the values output at IMU
Calibration Parameters Out will be default calibration parameters. Otherwise the values will
be those at the input IMU Calibration Parameters In.

The output Units is a string containing the units of the calibrated accelerometer signal.

Note: An asterisk after the Units (e.g. m/s°*) indicates that no calibration parameters were
stored on the Shimmer and the default offset and sensitivity values from the sensor data
sheet have been used to calibrate the sensor data.

Verify Accelerometer Calibration Parameters.vi

Sensor
p— Y1)
Accelerometer Range | Rl Accel Calibration Parameter...
HW Version ﬂ o Units

Accel Calibration Parameter...

W'W
YV vy

Used as a SubVI in Verify IMU Calibration Parameters.vi to verify the parameters to be used
to calibrate the accelerometer signals.

The input Accelerometer Range is an 8 bit hexadecimal value which indicates the current full
scale range of the accelerometer sensor Table 4-8 in the section describing the Set
Accelerometer Range.vi defines the range of legitimate values and their corresponding full
scale range for the Shimmer2.

The input HW Version ensures compatibility with different hardware versions.

The input Accel Calibration Parameters In is cluster of calibration parameters (Offset vector,
Sensitivity Matrix and Alignment Matrix) for a single tri-axial inertial sensor. For descriptions
of these individual elements refer to the description of the Calibration Parameters > IMU
Calibration cluster outlined in the description of the Shimmer.vi in the Integrated Vls section
of this document.
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The input Accel Calibration Parameters Out is a cluster of the same format as the input
Accel Calibration Parameters In. If no calibration parameters values have been stored on
the Shimmer or the stored values do not fall within the expected range for the current
Accelerometer Range setting then the values output at Accel Calibration Parameters Out
will be default calibration parameters. Otherwise the values will be those at the input Accel
Calibration Parameters In.

The output Units is a string containing the units of the calibrated accelerometer signal.

Note: An asterisk after the Units (e.g. m/s°*) indicates that no calibration parameters were
stored on the Shimmer and the default offset and sensitivity values from the sensor data
sheet have been used to calibrate the sensor data.

ExG Filters.vi

Ex( Filtering Settings

W'W
YV vy

HW Version T
Sampling Rat JP
ampling rate ExFilt Calibrated Data Out

Signal Mames In
Calibrated Data In

Used as a subVI in the examples to optionally filter the ExG data.
The input HW Version ensures compatibility with different hardware versions.

The input Sampling Rate is the sampling rate setting from the Shimmer Settings cluster. Its
value is described in the Section of this document describing the Shimmer.vi.

The input ExG Filtering Settings is a cluster with three elements, as illustrated below:

Mains Motch Filter
= | High Pass Filter
Low Pass Filter

The valid values for Mains Notch Filter are 0 (No filtering), 1 (50 Hz notch filter) and 2 (60 Hz
notch filter).

The valid values for High Pass Filter are 0 (No filtering), 1 (0.05 Hz high pass filter), 2 (0.5 Hz
high pass filter) and 3 (5 Hz high pass filter).

The valid values for Low Pass Filter are 0 (No filtering) and 1 (Nyquist rate low pass filter).

The input Signal Names In is a 1D string array containing the names of the calibrated data
signals. This allows the filters to be applied only to ExG (ECG, EMG) signals.
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The input Calibrated Data In is a 2D array (matrix) of the calibrated data from all the sensors
enabled on the Shimmer. Refer to the description of Calibrate All Data.vi above for more
details.

The output Calibrated Data Out is a 2D array (matrix) of the calibrated data from all the
sensors enabled on the Shimmer after filtering has been applied according to the ExG Filter
Settings. The array structure is the same as that of the Calibrated Data In array.

Gyro In Use Calibration.vi

Uncalibrated Data
IMU Calibration In ===j

Settings In >
Signal Names = f e
igna’ i ames e IMU Calibration Out

Detects whether or not the device has been motionless for a period defined by the gyro data
buffer size (see Capture Data.vi for details) and, if so, estimates the offset bias vector for the
gyroscope.

The input Settings In contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

The input Reset is a Boolean value. In the implementation of the Capture Data.vi, in the
Shimmer.vi, the Reset value is set to True after each execution of a Start Action Command,
otherwise it is set to False. If Reset is True, all existing data is deleted from the gyro data
buffer.

The input Signal Names is a 1D string array containing the names of the calibrated data
signals.

The input Uncalibrated Data is a 2D array (matrix) of the uncalibrated data from all the
sensors enabled on the Shimmer.

The input IMU Calibration In contains the calibration parameters of IMU sensors on the
Shimmer device. For descriptions of these individual elements refer to the description of the
Calibration Parameters cluster outlined in the description of the Shimmer.vi in the
Integrated VIs section of this document.

The output Calibration Parameters Out contains the calibration parameters of the Shimmer
device. The structure of the cluster has been described in detail in the Shimmer.vi section of
this document.

If the Gyro In-Use Cal setting is TRUE and no motion is detected, then the offset vector of the
Gyro Calib Param element of the calibration parameters cluster will be updated with the
mean value of the samples in the gyro data buffer; otherwise, the cluster will remain
unchanged. See Gyro In-Use Calibration.vi for more details.
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o The Max Samples setting from the Settings In > Instrument Driver Settings cluster is the
duration (in samples) for which gyroscope data is buffered for gyroscope in-use calibration.

e The Threshold setting from the Settings In > Instrument Driver Settings cluster is the value
of the threshold to which the standard deviation of the samples in the gyro data buffer is
compared, in order to detect whether the device is moving or motionless.

If the standard deviation of the data in any sensor axis is greater than the threshold, then
the device is deemed to be moving.

Otherwise, the mean value of the buffered gyroscope data is used to estimate the offset bias
for each axis of the gyroscope.

Note: the updated offset bias vector is not sent to the Shimmer device; it is only used for the
calibration of subsequently streamed samples.

Calculate Quaternion Samples.vi

Last Quaternion In = Last Quaternion Out
Calibrated Signal Marnes In = i 5o Calibrated Signal Mames Out
Units In’“‘% im“'Ur1it5, Cut
Calibrated Data Calibrated Data Out

Tsample

e Used as a SubVI by Capture Data.vi to calculate the quaternion estimates for the received
samples.

e The input Last Quaternion In is a 1D-array with 4 elements, containing the value of the
guaternion format for the orientation of the device in 3D, at the previous sampling instant.
This value is used for the iterative calculation of the orientation estimate for the next set of
samples.

e The input Calibrated Signal Names In is a 1D string array containing the names of the
calibrated data signals. See Calibrate All Data.vi for more details.

e The input Calibrated Data is a 2D array (matrix) of the calibrated data from all the sensors
enabled on the Shimmer. See Calibrate All Data.vi for more details.

e The input Units In is a 1D string array containing the units of the calibrated data signals.
Calibrate All Data.vi for more details.

e The input Tsample is the sampling period for the data; this is the inverse of the sampling
rate.

e The output Last Quaternion Out is a 1D-array with 4 elements, containing the value of the
guaternion format for the orientation of the device in 3D, at the most recent sampling
instant. It should be used as the Last Quaternion In input for the next iteration of the Data
Capture.vi.
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e The output Calibrated Signal Names Out is a 1D string array containing the names of the
calibrated data signals. It is a copy of Calibrated Signal Names Out with the names of the
guaternion channels (i.e. "Quaternion 0", "Quaternion 1", "Quaternion 2", "Quaternion 3"))
appended to the end.

e The output Calibrated Data Out is a 2D array (matrix) of the calibrated data from all the
sensors enabled on the Shimmer, with the samples for the quaternion channels appended in
the appropriate columns, as identified in Calibrated Signal Names Out.

o The output Units Out is a 1D string array containing the units of the calibrated data signals. It
is a copy of Units Out with the units of the quaternion channels (i.e. "normalised
quaternion") appended in the appropriate columns, as identified in Calibrated Signal Names
Out.

Calculate Quaternion.vi

Beta
Quaternion In e Quaternion Out
Accel ta
Gyro
Mag
Tsample

QAT

e Used as a SubVI by Calculate Quaternion Samples.vi to calculate the quaternion estimate for
a single sample.

e The input Quaternion In is a 1D-array with 4 elements, containing the value of the
guaternion format for the orientation of the device in 3D, at the previous sampling instant.
This value is used for the iterative calculation of the orientation estimate for the next
sample.

e The input Beta is a parameter which balances the weighting between the quaternion update
due to the gyroscope (dynamic update) and due to the accelerometer and magnetometer
(static update).

e The input Accel is the accelerometer sample.
e The input Gyro is the gyroscope sample.
e The input Mag is the magnetometer sample.

e The input Tsample is the sampling period for the data; this is the inverse of the sampling
rate.

e The output Quaternion Out is a 1D-array with 4 elements, containing the value of the
guaternion format for the orientation of the device in 3D, at the most recent sampling
instant. It should be used as the Quaternion In input for the next iteration of Calculate
Quaternion.vi.
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e Used as a SubVI by Calculate Quaternion.vi to calculate one element, s1, of the gradient

descent step for the quaternion update.

e The inputs are combinations of the elements of the previous quaternion value and the

accelerometer and magnetometer samples.

e The output s1 is the required element of the gradient descent step vector.

Quaternion Gradient Descent s2.vi

q3gd
qgd
q2g3

w
a
Nﬂ.
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e Used as a SubVI by Calculate Quaternion.vi to calculate one element, s2, of the gradient
descent step for the quaternion update.

e The inputs are combinations of the elements of the previous quaternion value and the
accelerometer and magnetometer samples.

e The output s2 is the required element of the gradient descent step vector.

Quaternion Gradient Descent s3.vi

g3q4
qlgd
q2q3
qlgd
glg3

glgl —|
l:|1 himmer 53
g2
g3

T Grad
qd

glgl —
gigl
GELE
gdod
mx
my
mz
ax
ay
dZ

e Used as a SubVI by Calculate Quaternion.vi to calculate one element, s3, of the gradient
descent step for the quaternion update.

e The inputs are combinations of the elements of the previous quaternion value and the
accelerometer and magnetometer samples.

o The output s3 is the required element of the gradient descent step vector.
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Quaternion Gradient Descent s4.vi

RELE
qlgd
q2q3
glgd
glg3
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e Used as a SubVI by Calculate Quaternion.vi to calculate one element, s4, of the gradient
descent step for the quaternion update.

e The inputs are combinations of the elements of the previous quaternion value and the
accelerometer and magnetometer samples.

e The output s4 is the required element of the gradient descent step vector.

Quaternion To Angle Axis.vi

Ehimmer

Qu aterniﬂn =%;}UATW ‘ﬂx|5

ko

Ach L Theta

e Converts quaternion values to their equivalent angle-axis format.

e The input Quaternion is the quaternion or array of quaternions whose value(s) are to be
converted.

e The output Axis is a matrix or matrix array containing the rotation axis value(s) for the
elements of Quaternion.

e The output Theta contains the rotation angle value(s) for the elements of Quaternion.
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Utility Vis

Write All Calibration Parameters.vi

_. ......................... Ack RECEiVEd
COM PartIn ['b COM Port Qut
Calibration Parameters Inﬂﬂ;"'w K
FW Version — error out

HW Version
error in (no error)

e Used to write calibration parameters for three inertial sensors (accelerometer, gyroscope
and magnetometer) and the EMG and ECG sensors to the Shimmer defined at the input
COM Port In. The parameters are written to the non-volatile data memory of the Shimmer.

e The input Calibration Parameters In contains the calibration parameters of the Shimmer
device. The structure of the cluster has been described in detail in the Shimmer.vi section of
this document.

e The input FW Version is used to ensure compatibility for legacy firmware.
e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the write operation executed successfully
(TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Write All IMU Calibration Parameters.vi

_, .......................... Ack RECEiVEd
COM Port In 2 COM Port Qut
Calibration Parameters In = I_ oIk
=3 [R
HW Version ,,,j error out

error in (no error)

e Used to write calibration parameters for inertial sensors (accelerometer, gyroscope and
magnetometer) to the Shimmer defined at the input COM Port In. The parameters are
written to the non-volatile data memory of the Shimmer.

e The input Calibration Parameters In contains the calibration parameters of the Shimmer
device. The structure of the cluster has been described in detail in the Shimmer.vi section of
this document.

e The input HW Version ensures compatibility with different hardware versions.

e The output Ack Received indicates whether or not the write operation executed successfully
(TRUE) or failed to execute (FALSE).
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o The output COM Port Out is the same value passed in at COM Port In. It is passed out for use

by other Vis.

Write Calibration Parameters.vi

_. .......................... Ack RECEi"-"Ed
COM PortIn 'H COM Port Out
Single Sensor Calibration P... JJ & K arror out
SensnrNamemﬂj
Error in

Used to write calibration parameters for a single inertial sensor to the Shimmer defined at
the input COM Port In. The parameters are written to the non-volatile data memory of the
Shimmer.

The input Single Sensor Calibration Parameters In contains the calibration parameters for a
single tri-axial inertial sensor on the Shimmer device. For descriptions of these individual
elements refer to the description of the Calibration Parameters > IMU Calibration cluster
outlined in the description of the Shimmer.vi in the Integrated Vls section of this document.

The input Sensor Name is a string value which defines the name of the sensor to which the
calibration parameters apply. The three valid values are ‘Accel’, ‘Gyro’ and ‘Mag’ which
correspond to the accelerometer, gyroscope and magnetometer respectively.

The output Ack Received indicates whether or not the write operation executed successfully
(TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. |t is passed out for use
by other Vis.

Write Ecg Calibration Parameters.vi

_. .......................... Ack RECE'VEd
COM PartIn o COM Part Qut
ECG Calib Param = gtk{l
5 [R]
error in oo error out

Used to write calibration parameters for an ECG sensor to the Shimmer defined at the input
COM Port In. The parameters are written to the non-volatile data memory of the Shimmer.

The input ECG Calib Param is cluster of calibration parameters for the ECG sensor which are
read from the Shimmer. For a description of the individual elements of the cluster refer to
the description of the Calibration Parameters > BioPhysical Calibration cluster outlined in the
description of the Shimmer.vi in the Integrated Vls section of this document.

The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.
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Write Emg Calibration Parameters.vi
o Ack Recerved
COM PortIn s COM Port Out
EMG Calib Param [K1
. _F % il error out
Errar in

Used to write calibration parameters for an EMG sensor to the Shimmer defined at the input
COM Port In. The parameters are written to the non-volatile data memory of the Shimmer.

The input EMG Calib Param is cluster of calibration parameters for the EMG sensor which
are read from the Shimmer. For a description of the individual elements of the cluster refer
to the description of the Calibration Parameters > BioPhysical Calibration cluster outlined in
the description of the Shimmer.vi in the Integrated VIs section of this document.

The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Reset Calibration.vi

COM PortIn
FW Version
HW Verzion

error in

_. .......................... Ac k REC Ei"-"Ed
Ehimmer COM Port Qut
RESETE

ALL [K
F: error out

;Jf

e Used to delete stored calibration parameters from the non-volatile data memory of the
Shimmer device defined at the input COM Port In, so that default calibration parameters will

be used.

e Note that this cannot be undone.

e Note that this function is available for Shimmer3 only.

e The input HW Version ensures compatibility with different hardware versions.

e The input FW Version ensures compatibility with different firmware versions.

e The output Ack Received indicates whether or not the write operation executed successfully
(TRUE) or failed to execute (FALSE).

Read All Calibration Parameters.vi

prem—— Ack Received
COM Port In hlmm:o-r COM Port Qut
FW Version Ej"j mﬁgﬁ = Calibration Parameters Out
Calibration Parameters In b= error cut

www.ShimmerSensing.com

HW Verzion
errar in (no error)
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e Used to read calibration parameters for three inertial sensors (accelerometer, gyroscope
and magnetometer) and the EMG and ECG sensors from the Shimmer defined at the input
COM Port In. The parameters are read from the non-volatile data memory of the Shimmer.

e The input FW Version is used to ensure compatibility for legacy firmware.
o The input HW Version ensures compatibility with different hardware versions.

e The input Calibration Parameters In contains the calibration parameters of the Shimmer
device before the VI is executed. The structure of the cluster has been described in detail in
the Shimmer.vi section of this document.

e The output Calibration Parameters Out contains the calibration parameters that have been
read from the Shimmer device. The structure of the cluster has been described in detail in
the Shimmer.vi section of this document.

e The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Read All IMU Calibration Parameters.vi

_. .......................... Ack R.ECEi"-"Ed
COM PortIn m COM Port Qut
Calibration Parameters In ﬂ—'&fﬁ k= Calibration Parameters Qut
HW Version ,_j ben error out

errar in (no error)

e Used to read calibration parameters for inertial sensors (accelerometer, gyroscope and
magnetometer) for the Shimmer defined at the input COM Port In. The parameters are read
from the non-volatile data memory of the Shimmer.

e The input HW Version ensures compatibility with different hardware versions.

e The input Calibration Parameters In contains the calibration parameters of the Shimmer
device before the VI is executed. The structure of the cluster has been described in detail in
the Shimmer.vi section of this document.

e The output Calibration Parameters Out contains the calibration parameters that have been
read from the Shimmer device. The structure of the cluster has been described in detail in
the Shimmer.vi section of this document.

e The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other VIs.
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Read Calibration Parameters.vi

.......................... Ack R.ECEi"-"Ed
COM Port In ' COM Pert Qut
Sensor Name ~ MEE}“’“’“‘“ﬂSingle Sensor Calibration P...
error in == beee error out

Used to read calibration parameters for a single inertial for the Shimmer defined at the input
COM Port In. The parameters are read from the non-volatile data memory of the Shimmer.

The input Sensor Name is a string value which defines the name of the sensor to which the
calibration parameters apply. The three valid values are ‘Accel’, ‘Gyro’ and ‘Mag’ which
correspond to the accelerometer, gyroscope and magnetometer respectively.

The out Single Sensor Calibration Parameters Out contains the calibration parameters for a
single tri-axial inertial sensor on the Shimmer device. For descriptions of these individual
elements refer to the description of the Calibration Parameters > IMU Calibration cluster
outlined in the description of the Shimmer.vi in the Integrated Vls section of this document.

The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Read Ecg Calibration Parameters.vi

grm—— Ack Received

COM PartIn : COM Port Qut

) T 0 BTG Calibration Parameters
Error in o6 [R] ;i
error ocut

Used to read calibration parameters for an ECG sensor for the Shimmer defined at the input
COM Port In. The parameters are read from the non-volatile data memory of the Shimmer.

The output ECG Calib Param is cluster of calibration parameters for the ECG sensor which
are read from the Shimmer. For a description of the individual elements of the cluster refer
to the description of the Calibration Parameters > BioPhysical Calibration cluster outlined in
the description of the Shimmer.vi in the Integrated Vs section of this document.

The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

127

www.ShimmerSensing.com info@ShimmerSensing.com



Copyright © Shimmer 2017 17\
Realtime Technologies Ltd o~ BE ShimmerSensing LabVIEW Instrument Driver Library

All rights reserved ~IRIIRRIRER. Rev2.7a

Read Emg Calibration Parameters.vi

.......................... Ack RECEIVEE'
COM PortIn ) COM Port Qut

) e MG Calibration Parameters
ErTor in EtG[F] A
error out

e Used to read calibration parameters for an EMG sensor for the Shimmer defined at the input
COM Port In. The parameters are read from the non-volatile data memory of the Shimmer.

e The output EMG Calib Param is cluster of calibration parameters for the EMG sensor which
are read from the Shimmer. For a description of the individual elements of the cluster refer
to the description of the Calibration Parameters > BioPhysical Calibration cluster outlined in
the description of the Shimmer.vi in the Integrated VIs section of this document.

e The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Read Pressure Calibration Coefficients.vi

.......................... Ack RECEi‘JEd
COM PortIn 'H COM Port Out
HW Version G E}mCalibratiDn Coefficients
error in == b= error out

e Used to read chip-specific coefficients for the calibration of the BMP180 pressure and
temperature sensors for the Shimmer defined at the input COM Port In. The parameters are
read from the BMP180 chip of the Shimmer.

e The input HW Version ensures compatibility with different hardware versions.

e The output Calibration Coefficients is cluster of chip-specific coefficients for the calibration
of the BMP180 pressure and temperature sensors, which are read from the Shimmer. For a
description of the individual elements of the cluster refer to the description of the
Calibration Parameters > Other Calibration cluster outlined in the description of the
Shimmer.vi in the Integrated Vls section of this document.

e The output Ack Received indicates whether or not the read operation executed successfully
(TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Parse Calibration Parameters.vi

Sensor Mame z Offset Vector
Calibration Parameters Serial =¥ }Eg Sensitivity Matrix
Alignment Matrix
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e Used as a SubVI by Read Calibration Parameters.vi to parse the calibration parameters serial
data into the three separate components Offset vector, Sensitivity Matrix and Alignment
Matrix.

e The input Sensor Name is a string which defines the sensor name (Accel, Gyro or Mag).
e The input Calibration Parameters Serial is a 1D array of bytes read from the Shimmer.

e The output Offset Vector is a [3 x 1] vector containing a zero offset value for each of the
three axes of the sensor.

e The output Sensitivity Matrix is a [3 x 3] matrix containing a sensitivity value for each of the
three axes of the sensor along the diagonal of the matrix. The rest of the matrix is populated
with zero values.

e The output Alignment Matrix is a [3 x 3] matrix containing a set of values which accounts for
both the direction of each of the sensor axes and any misalignment of the axes which may
exist.

Note: For further information on the inertial sensor calibration parameters refer to
Appendix | — Alignment Matrix, Sensitivity Matrix and Offset Vector of this document.

Parse ECG Calibration Parameters.vi

ECG LA-LL Offset
ECG RA-LL Offset
ECG LA-LL Gain
ECG RA-LL Gain

[k]
[K]
ECG [R]

Calibration Parameters Serial

e Used as a SubVI by Read Calibration Parameters.vi to parse the ECG calibration parameters
serial data into four separate components: an offset and gain for each of the two channels.

e The input Calibration Parameters Serial is a 1D array of bytes read from the Shimmer.

e The output ECG LA-LL Offset contains the zero offset value for LA-LL channel of the sensor.
e The output ECG RA-LL Offset contains the zero offset value for RA-LL channel of the sensor.
e The output ECG LA-LL Gain contains the gain value for the LA-LL channel of the sensor.

e The output ECG RA-LL Gain contains the gain value for the RA-LL channel of the sensor.

Parse EMG Calibration Parameters.vi

o EMG Offset
T EMG Gain

E
EMG[FR]

Calibration Parameters Serial

e Used as a SubVI by Read Calibration Parameters.vi to parse the EMG calibration parameters
serial data into the two separate components EMG Offset and EMG Gain.

e The input Calibration Parameters Serial is a 1D array of bytes read from the Shimmer.
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o The output EMG Offset contains the zero offset value for the sensor.

o The output EMG Gain contains the gain value for the sensor.

Parse FW info.vi

HW Version FW Compatibility Code
. FERSE
FW Major Rev Mumber .
FW Minor Rev Mumber
FW Version

e Used to parse HW Version, FW Major Rev Number, FW Minor Rev Number and FW Version
into FW Compatibility Code.

Read Expansion Board ID Bytes.vi

_. ......................... Ack REcEiVEd
COM Part in ; COM Port out
Offset - &8 L1 Byte Array
Num B}-tesj L='».=-_rr|:|r|:n_|t
HW Yersion
ErFor in

e Used to read Num Bytes number of bytes starting at byte address Offset from the Board ID
memory of the EEPROM device on the Expansion Board attached to the Shimmer device
defined at the input COM Port In.

o The input HW Version ensures compatibility with different hardware versions.
e Note that this is available for Shimmer3 only.

o Note that this function will return an error if there is no expansion board attached to the
Shimmer device.

e The input Num Bytes can have a value from 1 to 16.
e The input Offset can have a value from 0 to 15.
e The sum Offset + Num Bytes must be less than 16.

e The output ID Byte Array is the array of length Num Bytes containing the bytes returned
from the EEPROM device.

o If Offset is zero, then the first byte returned identifies the functionality of the expansion
board (e.g. GSR+, PROTO3 Mini, PROTO3 Deluxe, ExG, Bridge Amplifier+) and the second
byte returned identifies the hardware revision number of the expansion board.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).
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o The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Write Expansion Board ID Bytes.vi

_, ......................... Ack RECEiVEd
COom F'u:urtinJ ? COM Port out
Offset
Num Bytes | pctEist Mo mhrcomcoes grrgr oUt
HW Version
Mern Byte Array
Errorin

e Used to write Num Bytes number of bytes starting at byte address Offset from the user-
defined memory of the EEPROM device on the Expansion Board attached to the Shimmer
device defined at the input COM Port In.

e The input HW Version ensures compatibility with different hardware versions.
o Note that this is available for Shimmer3 only.

e Note that this function will return an error if there is no expansion board attached to the
Shimmer device.

e The input Num Bytes can have a value from 1 to 2032.
e The input Offset can have a value from 0 to 2031.
e The sum Offset + Num Bytes must be less than 2032.

e The input Mem Byte Array is the array of length Num Bytes containing the bytes that are to
be written to the EEPROM device. The user may choose to use the EEPROM memory to save
any data that is convenient for the given application.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Read Expansion Board ID Bytes.vi

grom—— Ack Received
COM Portin ! COM Port out
Offset & L IMemn Byte Array
E:xp M
Mum Bytes | e error out

HW Version

EITOr jn ===

e Used to read Num Bytes number of bytes starting at byte address Offset from the user-
defined memory of the EEPROM device on the Expansion Board attached to the Shimmer
device defined at the input COM Port In.
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e The input HW Version ensures compatibility with different hardware versions.
o Note that this is available for Shimmer3 only.

e Note that this function will return an error if there is no expansion board attached to the
Shimmer device.

e The input Num Bytes can have a value from 1 to 2032.
e The input Offset can have a value from 0 to 2031.
e The sum Offset + Num Bytes must be less than 2032.

e The output Mem Byte Array is the array of length Num Bytes containing the bytes returned
from the EEPROM device.

e The output Ack Received indicates whether or not the status operation executed
successfully (TRUE) or failed to execute (FALSE).

e The output COM Port Out is the same value passed in at COM Port In. It is passed out for use
by other Vis.

Hardware Dependent Configuration Settings.vi

Sampling Rate Reference In
Accelerometer Range Referen...

Mag Range Reference In —| — error out
HW Yersion

Errorin

e Used as a SubVI to assign valid values to the hardware dependent user control menu rings.

e The inputs Sampling Rate Reference In, Accelerometer Range Reference In and Mag Range
Reference In should be connected to reference nodes for the appropriate menu ring
controls.

Convert Sampling Rate to Hz.vi

HW Version i
i eli Sampling Rate (Hz)
w) - ping
sampling Rate (FW) o Sampling Peried ()

e Used as a SubVI to convert the firmware representation of sampling rate to a sampling rate
in Hz and a sampling period in s.

e The input HW Version ensures compatibility with different hardware versions.

e The input Sampling Rate (FW) should be an 8 bit hexadecimal value which defines the
sampling rate for all sensors on and attached to the Shimmer. Table 4-2 defines the range of
legitimate values and their corresponding sampling rate in the Shimmer.

e The output Sampling Rate (Hz) is the sampling rate in Hz.
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e The output Sampling Period (s) is the sampling period in s.

User Interface Vis

Ul SubVI.vi
I Oh_lECt Ref Cluster'j himmer! Acticn Command
et Sta;ce E ‘18 LﬂLSettings Chut
ettings In error cut
v.=~_rr|:|rir1==mﬂ

e Used as a SubVI in the example VIs to process user input via the Ul controls, indicate the
current configuration via Ul controls/indicators and generate commands for the Shimmer.vi.

e The Ul Object Ref Cluster is a cluster containing reference nodes for the Ul controls and
indicators. The cluster contains six sub-clusters, as shown below:

Reset Ref Cluster
Control Ref

Sensor Ref

Expansion Ref

Config Ref

Other Settings Ref

The Sensor Ref, Expansion Ref, Config Ref and Other Settings Ref contain references for the
elements of the Enable/Disable Sensors, Enable/Disable Expansion Channels, Sensor
Settings and Other Settings panels of the Ul, respectively; these are detailed in the Section
of this document describing the Shimmer Control and Configure.vi.

The Reset Ref Cluster contains references to the Detect Expansion, Reset Config and Reset
Calibration buttons on the Ul, as shown below.

Detect Expansion

= | Reset Config
Reset Calib

The Control Ref Cluster contains references to the Connect, Disconnect, Start, Stop, and
Toggle LED controls on the Ul, as listed in the following.

Connect Control

Start Control

= Stop Control

Dizconnect Control
Toggle LED

The functionality of all of the above controls is outlined in the sections of this document
describing Shimmer Basic Control.vi and Shimmer Control and Configure.vi.

o The State input is a string representing the current state of the Shimmer.vi. Its allowable
values are detailed in the section of this document describing the Shimmer.vi.
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e The input Settings In contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document.

e The output Action Command is a string command which defines the transition to be
implemented in the Shimmer.vi state machine. Its allowable values are detailed in the
section of this document describing the Shimmer.vi.

e The output Settings Out contains the desired settings of the Shimmer device; the values of
its elements depend on the values of the Ul controls. The structure of the cluster has been
described in detail in the Shimmer.vi section of this document.

Enable Ul Buttons.vi

HW Versian @
State r“j_ENEE&LE error out
LI Object Ref Clusternlj
Errorin

e Used as a SubVI in the Ul SubVI.vi example to enable or disable certain control buttons
depending on the current state of the Shimmer state machine and the HW version of the
connected device.

All configuration controls are disabled when the value of the State input is anything but
"Connected". In the "Connected" state, the HW version of the attached determines which
configuration controls are enabled and which are disabled. Only those configuration controls
which are supported by the connected HW version, and by the most up-to-date version of
LogAndStream versions v0.7.0 FW for that HW version, are enabled.

The Shimmer control buttons (i.e. the Connect, Disconnect, Start, Stop, and Toggle LED
controls on the Ul) are enabled or disabled depending on the value of the State input, in
order to avoid state transition errors in the Shimmer state machine.

e The HW Version input represents the hardware version of the connected device.

e The State input is a string representing the current state of the Shimmer.vi. Its allowable
values are detailed in the section of this document describing the Shimmer.vi.

e The Ul Object Ref Cluster is a cluster containing reference nodes for the Ul controls and
indicators. Its structure has been described for the Ul SubVI.vi above.

Set Ul Indicators.vi

HW Version

Sva1:tir15|5,1r1-=ﬂ 0
UI Object Ref Cluster ﬂ =t error out
Errorin

e Used as a SubVI in the Ul SubVl.vi example to set the values of the configuration controls
and indicators on the Ul so that they reflect the configuration settings that are currently
active in the connected Shimmer device.
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e The HW Version input represents the hardware version of the connected device.

e The input Settings In contains the settings of the Shimmer device. The structure of the
cluster has been described in detail in the Shimmer.vi section of this document. The values
of its elements are read and applied to the elements of the Ul Object Ref Cluster.

e The Ul Object Ref Cluster is a cluster containing reference nodes for the Ul controls and
indicators. Its structure has been described for the Ul SubVI.vi above.

Ul Control.vi
Settings In Settings Out
StatE'"EE .ﬁ E".'i'uctilzun Command
UI Object Ref Cluster Bee error out
EFFOT IR

e Used as a SubVI in the Ul SubVI.vi example to process the control button events from the Ul
and to update the desired configuration settings and commands for the Shimmer.vi,
accordingly.

The VI consists of an event handler, containing cases for each of the relevant Ul controls.
When the user changes the value of any Ul control, the event is handled by altering the
appropriate configuration settings and/or changing the value of the Action Command that
will be passed to the Shimmer.vi.

e The input Settings In contains the current settings of the connected Shimmer device. The
structure of the cluster has been described in detail in the Shimmer.vi section of this
document.

o The State input is a string representing the current state of the Shimmer.vi. Its allowable
values are detailed in the section of this document describing the Shimmer.vi.

e The Ul Object Ref Cluster is a cluster containing reference nodes for the Ul controls and
indicators. Its structure has been described for the Ul SubVI.vi above.

e The output Settings Out contains the desired settings of the Shimmer device; the values of
its elements depend on the values of the Ul controls. The structure of the cluster has been
described in detail in the Shimmer.vi section of this document.

e The output Action Command is a string command which defines the transition to be
implemented in the Shimmer.vi state machine. Its allowable values are detailed in the
section of this document describing the Shimmer.vi.

Ul Controls to Shimmer Settings.vi

Settings In

Enable/Disable Sensursmuﬂ:‘“““ Crirlea
Enable/Disable Expansion Ch... H e

Sensor Settings

Other Settings

Settings Out
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e Used as a SubVI in the Multi Shimmer Template.vi example to convert user interface control
buttons to a Shimmer Settings cluster.

e The input Settings In contains the current settings of the connected Shimmer device. The
structure of the cluster has been described in detail in the Shimmer.vi section of this
document.

e The Enable/Disable Sensors, Enable/Disable Expansion Channels, Sensor Settings and
Other Settings inputs are as detailed in the Section of this document describing Shimmer
Control and Configure.vi.

e The output Settings Out represents the configuration selected via the user controls at the
inputs, in a format which can be used with the rest of the Instrument Driver Vis. The
structure of the cluster has been described in detail in the Shimmer.vi section of this
document.

Hardware Dependent Configuration Settings.vi

Sampling Rate Reference In

Accelerometer Range Referen... dr—%
Mag Range Reference In E— error out
HW Version

Error in

e Used as a SubVI to change the values of the items in menu ring controls according to the HW
version of the connected Shimmer device.

e The HW Version input represents the hardware version of the connected device.

e The Sampling Rate Reference In, Accelerometer Range Reference In and Mag Range
Reference In inputs are reference nodes to the Sampling Rate, Wide Range Accelerometer
Range and Magnetometer Range controls, respectively.

Modify ExG Register Bytes.vi

Input Array Output Array
Setting type = ”EEE:’
Input Ul value

e Used as a SubVI to modify the ExG Register Bytes according to the values input by the user
from the UL.

o Note that this VI is used only for Shimmer3.

e The Input Array input is an array containing the values of the currently configured ExG
Register Bytes.

e The Setting Type input is a 16-bit integer value representing which of the ExG Settings is to
be configured. Valid inputs are listed in Table 4-22.

‘ Value ‘ Setting Type
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ExG Gain

LO Mode

LO Current
Respiration Freq.
Respiration Phase
Reference Electrode
Comparator Threshold
Table 4-22 Valid input values for Setting Type input

b WINIEFR| O

e The Input Ul value input is the value with which the chosen Setting Type will be configured.

e The output Output Array is an array containing the modified values of the ExG Register
Bytes.

Interpret ExG Register Bytes.vi

Input Array

1 J hﬁn
setting type Eui Output Ul value

e Used as a SubVI to interpret the ExG configuration for a given set of values of ExG Register
Bytes for display on the Ul.

e Note that this VI is used only for Shimmer3.

e The Input Array input is an array containing the values of the ExG Register Bytes to be
interpreted.

o The Setting Type input is a 16-bit integer value representing which of the ExG Settings is to
be configured. Valid inputs are listed in Table 4-22.

e The Output Ul Value output is the value associated with the chosen Setting Type.

Generate ExG Register Bytes.vi

Input ExG Mode fhimmer) Output Array
Input ExG Sampling Rate - Eﬁu

e Used as a SubVI to generate the default ExG Register Bytes for ECG or EMG.

o Note that this VI is used only for Shimmer3.

e The Input ExG Mode input is an integer representing either ECG or EMG. If the value is O
(ECG), then the default ECG configuration will be chosen. If the value is 1, then the default
EMG configuration will be chosen.

e The Input ExG Sampling Rate input is an integer value representing which of the ExG
Settings is to be configured. Valid inputs are listed in Table 4-22.

Value | Sampling Rate (SPS)
0 125
1 250
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500

1000
2000
4000
6 8000
Table 4-23 Valid input values for Input ExG Sampling Rate input

unibhiw|iN

e The output Output Array is an array containing the appropriate default values of the ExG
Register Bytes.

Interpret SR Board Revision.vi

— HW Version ————————Finoat— SR Version Compatibility Code —
= Expansion ID Byte Array — i

SFFicu

e Used as a SubVI to interpret which version of the Shimmer3 is being used as there was a
change of IMU and pressure/temperature sensors on the Shimmer3 due to chipsets going
end of life. See list of changes below

1. Pressure sensor: BMP180 - BMP280

2. Gyroscope + mag: MPU9150 - MPU9250

3. Low-Noise Accel: KXRB5-2042 - KXTCS-2050

4. Wide-Range Accel: LSM303DLHC - LSM303AHTR

e The HW Version is an 8-bit integer value, where a value of 1 denotes Shimmer2, 2 denotes
Shimmer2r and 3 denotes Shimmer3.

e The Expansion ID Byte Array is the array of length Num Bytes containing the bytes returned
from the EEPROM device.

e The SR Version Compatibility Code output is 8-bit integer value where 0 represents the
initial revision of the Shimmer3 and 1 represents the second revision of the Shimmer3

Calculate Accelerometer Data Rate.vi

Sampling Rate ——ftineed— Accel Internal Rate —
= SR Versicn Compatibility Code :ﬁc[.";jm
................. Wide R_ange Aecel LP e

e Used as a SubVI to interpret the wide range accelerometer data rate i.e. the internal
sampling rate of the accelerometer chip which is independent of the Shimmer sampling rate.

e Note that this VI is used only for Shimmer3.
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The Sampling Rate input is a hexadecimal value which defines the sampling rate for all
sensors on and attached to the Shimmer.

The SR Version Compatibility Code input is 8-bit integer value where 0 represents the initial
revision of the Shimmer3 and 1 represents the second revision of the Shimmer3

The Wide Range Accel LP input is a 16-bit integer value representing which of the ExG
Settings is to be configured.

The Accel Internal Rate output is 8-bit hexadecimal value which represents the best
accelerometer data rate for Shimmer parameters defined in this the Sub VI inputs.

Calculate Magnetometer Data Rate.vi

= SR Versicn Compatibility Code

Sampling Rate —— fj — Mag Internal Rate —

FlagqFiatyf

Used as a SubVI to interpret the magnetometer data rate i.e. the internal sampling rate of
the accelerometer chip which is independent of the Shimmer sampling rate.

The Sampling Rate input is a hexadecimal value which defines the sampling rate for all
sensors on and attached to the Shimmer.

The SR Version Compatibility Code input is 8-bit integer value where 0 represents the initial
revision of the Shimmer3 and 1 represents the second revision of the Shimmer3

The Mag Internal Rate output is 8-bit hexadecimal value which represents the best
accelerometer data rate for Shimmer parameters defined in this the Sub VI inputs.

Configure Scene.vi

Scene Ref

Camera IC::untru:uIInerJ x"'g Scene Config Ref

Used as a SubVI by the Shimmer 3D Orientation.vi to configure the graphical display of the
3D orientation.

Generate Shimmer.vi
Parent Ref In Parent Ref Out
M@ - shimmerref
e Used as a SubVI by the Shimmer 3D Orientation.vi to generate the Shimmer object for the

W'W
YV vy

graphical display of the 3D orientation.
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Close VI

The Close VIl is a VI to terminate the communication with the Shimmer device.

Close.vi

COM Port in
A
CLOSE

Error in error cut

Terminates a serial port connection with the Shimmer defined at the input COM Port In.

4.5.

PPGtoHeartRateConverter Class

The ShimmerSensing Library contains a class library for converting photoplethysmogram (PPG)

signals from an optical pulse sensor to heart rate (HR) in beats per minute. This class library should

be used to develop applications which rely on the Optical Pulse Sensing Probe hardware from

Shimmer. The implementation of the PPG to HR conversion algorithm is not available open source,
so the implementation of the class library's Vls is protected. Users should leverage the Shimmer with
Optical HR.vi example, which was described in the Example Application Vis section of this document,

to develop applications with the PPGtoHeartRateConverter class.

Member variables

Figure 4-39 shows the input member variables of the PPGtoHeartRateConverter class. The inputs to

the class are as follows:

W'W
YV vy

Reset is a Boolean value which should be set to True whenever a new data set is passed to
the class for conversion. When the value is true, the data buffers will be cleared. Otherwise
the value should be false and the data buffers will be maintained. A Write Access VI is
provided for this input. Alternatively, the Set Input Data From Arrays.vi or the Set Input Data
From Stream.vi can be used to access this input.

HW Version represents the hardware version of the Shimmer device from which the PPG
data is sampled and is the same as the equivalent setting in the Shimmer Settings cluster. A
Write Access VI is provided for this input. Alternatively, the Set Input Data From Arrays.vi or
the Set Input Data From Stream.vi can be used to access this input.

Sampling Rate represents the sampling rate at which the PPG data is sampled and is the
same as the equivalent setting in the Shimmer Settings cluster. A Write Access VI is provided
for this input. Alternatively, the Set Input Data From Arrays.vi or the Set Input Data From
Stream.vi can be used to access this input.

Num beats to average is an integer value that represents the number of detected heart
beats that will be taken into account to estimate the heart rate from the PPG signal. The
minimum valid value is 1. Increasing the value of this parameter will produce a smoother
heart rate output but will mean that the algorithm will take longer to recover from
interference in the PPG signal due to motion or other sources. A Write Access VI is provided
for this input. Alternatively, the Set Input Data From Arrays.vi or the Set Input Data From
Stream.vi can be used to access this input.

Timestamp Data is an array containing the calibrated Shimmer timestamps for the PPG data.
This array should be used if PPG data is provided from a file, rather than streamed in real-
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time into the class object. A Write Access VI is provided for this input. Alternatively, the Set
Input Data From Arrays.vi can be used to access this input.

e PPG Data is an array containing the calibrated PPG data from the Shimmer. This array should
be used if PPG data is provided from a file, rather than streamed in real-time into the class
object. Alternatively, the Set Input Data From Arrays.vi can be used to access this input.

e PPG Channel Name is a value representing the Shimmer ADC channel to which the Optical
Pulse Sensing Probe is attached and should be configured if data is being streamed to the
class object from a connected Shimmer in real-time. Please refer to the Shimmer Optical
Pulse Sensing Probe User Guide for more details on choosing the correct channel. The Set
Input Data From Stream.vi should be used to access this input.

e Calibrated Data In is a data array that should contain the data being provided by the
Calibrated Data Out output of the Shimmer.vi. This array should be used if PPG data is being
streamed into the class object in real-time, rather than provided from a file for post-
processing. The Set Input Data From Stream.vi should be used to access this input in
streaming applications.

e Signal Names In is an array that should contain the signal names being provided by the
Signal Names Out output of the Shimmer.vi. This array should be used if PPG data is being
streamed into the class object in real-time, rather than provided from a file for post-
processing. The Set Input Data From Stream.vi should be used to access this input in
streaming applications.

e Units In is an array that should contain the units for the signals being provided by the Units
Out output of the Shimmer.vi. This array should be used if PPG data is being streamed into
the class object in real-time, rather than provided from a file for post-processing. The Set
Input Data From Stream.vi should be used to access this input in streaming applications.
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Figure 4-39 Input members of PPGtoHeartRateConverter Class

Figure 4-40 shows the output member variables of the PPGtoHeartRateConverter class. The outputs
from the class are as follows:

W'W
YV vy

HR (BPM) is a numeric value representing the current estimate of the heart rate in units of
beats per minute (BPM). A Read Access VI is provided for this output.

HR (Hz) is a numeric value representing the current estimate of the heart rate in units of Hz.
A Read Access VI is provided for this output.

Filtered PPG Data is an array containing the PPG Data after filters have been applied to the
signal. A Read Access VIl is provided for this output.

Calibrated Data Out is a data array that contains a copy of the Calibrated Data In array,
with the HR data appended as an additional column. The Get Output Data For Streaming.vi
should be used to access this array in streaming applications.

Signal Names Out is an array that contains a copy of the Signal Names In array, with the
signal names for the HR data appended as an additional column. The Get Output Data For
Streaming.vi should be used to access this array in streaming applications.

Units Out is an array that contains a copy of the Units In array, with the units for the HR data
appended as an additional column. The Get Output Data For Streaming.vi should be used to
access this array in streaming applications.
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Figure 4-40 Output members of PPGtoHeartRateConverter Class

Converting streamed PPG data to HR

To convert PPG data that is being streamed over BT in real-time using the Shimmer.vi, the following
VlIs from the PPGtoHeartRateConverter class should be connected in series, as shown in Figure 4-41:

e Set Input Data From Stream.vi
e Convert Streamed Data to HR.vi
e Get Output Data For Streaming.vi

Ho ] =

agk”":m:ﬁﬂ #H [lata Skream

Figure 4-41 Vs for converting streamed PPG data to HR

The inputs to the Set Input Data From Stream.vi should come from the Data cluster of the
Shimmer.vi and the outputs can be visualised on graphs or written to file, as shown in the Shimmer
with Optical HR.vi example, or, indeed, processed further.

The Convert Streamed Data to HR.vi takes care of the entire process of filtering, buffering and
converting the streamed PPG signal to heart rate estimates. The only input that it needs is the
PPGtoHRConverterClass object (and, optionally, an error cluster) and the output is the
PPGtoHRConverterClass object, with the appropriate output variables updated so that the streamed
data array contains the heart rate estimates and the associated signal names and units.

Converting previously captured PPG data to HR
To convert PPG data that has been previously captured, the following VIs from the

PPGtoHeartRateConverter class should be connected in series, as shown in Figure 4-42:
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e Set Input Data From Arrays.vi
e Heart Rate Calculator.vi
e Get Output Data For Arrays.vi
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Figure 4-42 Vis for converting previously captured PPG data to HR

The inputs to the Set Input Data From Arrays.vi should be arrays of data which has been read from a
file and the outputs can, once again, be visualised on graphs or written to file, as shown in the
Shimmer with Optical HR.vi example, or processed further.

The Heart Rate Calculator.vi takes care of filtering, buffering and converting the PPG data to heart
rate estimates. The only input that it needs is the PPGtoHRConverterClass object (and, optionally, an
error cluster) and the output is the PPGtoHRConverterClass object, with the appropriate output
variables updated so that the output data array contains the heart rate estimates.

4.6. ECGtoHeartRateConverter Class

The ShimmerSensing Library contains a class library for converting electrocardiogram (ECG) signals to
heart rate (HR) in beats per minute. This class library should be used to develop applications which
rely on the Shimmer3 ECG Unit. The implementation of the ECG to HR conversion algorithm is not
available open source, so the implementation of the class library's Vls is protected. Users should
leverage the Shimmer Advanced ECG.vi example, which was described in the Example Application Vis
section of this document, to develop applications with the ECGtoHeartRateConverter class.

Member variables

Figure 4-39 shows the input member variables of the ECGtoHeartRateConverter class. The inputs to
the class are as follows:

e Reset is a Boolean value which should be set to True whenever a new data set is passed to
the class for conversion. When the value is true, the data buffers will be cleared. Otherwise
the value should be false and the data buffers will be maintained. A Write Access VI is
provided for this input. Alternatively, the Set Input Data From Arrays.vi or the Set Input Data
From Stream.vi can be used to access this input.

e HW Version represents the hardware version of the Shimmer device from which the ECG
data is sampled and is the same as the equivalent setting in the Shimmer Settings cluster. A
Write Access VI is provided for this input. Alternatively, the Set Input Data From Arrays.vi or
the Set Input Data From Stream.vi can be used to access this input.

e Sampling Rate represents the sampling rate at which the ECG data is sampled and is the
same as the equivalent setting in the Shimmer Settings cluster. A Write Access VI is provided
for this input. Alternatively, the Set Input Data From Arrays.vi or the Set Input Data From
Stream.vi can be used to access this input.

e Num beats to average is an integer value that represents the number of detected heart
beats that will be taken into account to estimate the heart rate from the ECG signal. The
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minimum valid value is 1. Increasing the value of this parameter will produce a smoother
heart rate output but will mean that the algorithm will take longer to recover from
interference in the ECG signal due to motion or other sources. A Write Access VI is provided
for this input. Alternatively, the Set Input Data From Arrays.vi or the Set Input Data From
Stream.vi can be used to access this input.

Timestamp Data is an array containing the calibrated Shimmer timestamps for the ECG data.
This array should be used if ECG data is provided from a file, rather than streamed in real-
time into the class object. A Write Access VI is provided for this input. Alternatively, the Set
Input Data From Arrays.vi can be used to access this input.

ECG Data is an array containing the calibrated ECG data from the Shimmer. This array should
be used if ECG data is provided from a file, rather than streamed in real-time into the class
object. Alternatively, the Set Input Data From Arrays.vi can be used to access this input.

ECG Channel Name is a value representing the ECG channel whose data is to be converted
and should be configured if data is being streamed to the class object from a connected
Shimmer in real-time. Please refer to the ECG User Guide for more details on choosing the
correct channel. The Set Input Data From Stream.vi should be used to access this input.
Calibrated Data In is a data array that should contain the data being provided by the
Calibrated Data Out output of the Shimmer.vi. This array should be used if ECG data is being
streamed into the class object in real-time, rather than provided from a file for post-
processing. The Set Input Data From Stream.vi should be used to access this input in
streaming applications.

Signal Names In is an array that should contain the signal names being provided by the
Signal Names Out output of the Shimmer.vi. This array should be used if ECG data is being
streamed into the class object in real-time, rather than provided from a file for post-
processing. The Set Input Data From Stream.vi should be used to access this input in
streaming applications.

Units In is an array that should contain the units for the signals being provided by the Units
Out output of the Shimmer.vi. This array should be used if ECG data is being streamed into
the class object in real-time, rather than provided from a file for post-processing. The Set
Input Data From Stream.vi should be used to access this input in streaming applications.
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Figure 4-43 Input members of ECGtoHeartRateConverter Class

Figure 4-40 shows the output member variables of the ECGtoHeartRateConverter class. The outputs
from the class are as follows:

HR (BPM) is a numeric value representing the current estimate of the heart rate in units of
beats per minute (BPM). A Read Access VI is provided for this output.

HR (Hz) is a numeric value representing the current estimate of the heart rate in units of Hz.
A Read Access VI is provided for this output.

Calibrated Data Out is a data array that contains a copy of the Calibrated Data In array,
with the HR data appended as an additional column. The Get Output Data For Streaming.vi
should be used to access this array in streaming applications.

Signal Names Out is an array that contains a copy of the Signal Names In array, with the
signal names for the HR data appended as an additional column. The Get Output Data For
Streaming.vi should be used to access this array in streaming applications.

Units Out is an array that contains a copy of the Units In array, with the units for the HR data
appended as an additional column. The Get Output Data For Streaming.vi should be used to
access this array in streaming applications.
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Figure 4-44 Output members of ECGtoHeartRateConverter Class

Converting streamed ECG data to HR

To convert ECG data that is being streamed over BT in real-time using the Shimmer.vi, the following
Vls from the ECGtoHeartRateConverter class should be connected in series, as shown in Figure 4-41:

e Set Input Data From Stream.vi
e Convert Streamed Data to HR.vi
e Get Output Data For Streaming.vi

ECGEHF IEI' GeHF gECGZHF

HF 5l:r|:--c|rr.

Figure 4-45 Vs for converting streamed ECG data to HR

The inputs to the Set Input Data From Stream.vi should come from the Data cluster of the
Shimmer.vi and the outputs can be visualised on graphs or written to file, as shown in the Shimmer
Advanced ECG.vi example, or, indeed, processed further.

The Convert Streamed Data to HR.vi takes care of the entire process of buffering and converting the
streamed ECG signal to heart rate estimates. The only input that it needs is the
ECGtoHRConverterClass object (and, optionally, an error cluster) and the output is the
ECGtoHRConverterClass object, with the appropriate output variables updated so that the streamed
data array contains the heart rate estimates and the associated signal names and units.

Note: It is recommended to filter the ECG signals prior to converting ECG to Heart Rate as is done in
the Shimmer Advanced ECG.vi example vi.
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Converting previously captured ECG data to HR

To convert ECG data that has been previously captured, the following VIs from the
ECGtoHeartRateConverter class should be connected in series, as shown in Figure 4-42:

e Set Input Data From Arrays.vi
e Heart Rate Calculator.vi
e Get Output Data For Arrays.vi

ECGZHF

L
HE Calzl===] Arraxr

Figure 4-46 Vs for converting previously captured ECG data to HR

The inputs to the Set Input Data From Arrays.vi should be arrays of data which has been read from a
file and the outputs can, once again, be visualised on graphs or written to file, as shown in the
Shimmer Advanced ECG.vi example, or processed further.

The Heart Rate Calculator.vi takes care of buffering and converting the ECG data to heart rate
estimates. The only input that it needs is the ECGtoHRConverterClass object (and, optionally, an
error cluster) and the output is the ECGtoHRConverterClass object, with the appropriate output
variables updated so that the output data array contains the heart rate estimates.
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4.7. Synchronisation Class

The ShimmerSensing Library contains a class library for synchronising data from multiple Shimmers.
The implementation of the Synchronisation algorithm is not available open source, so the
implementation of the class library's Vls is protected. Users should leverage the Multi Shimmer Sync
Template.vi example, which was described in the Example Application Vs section of this document,
to develop applications with the Synchronisation class.

In order for the Synchronisation class to synchronise the data from multiple Shimmers to a common
clock i.e. the PC clock, a number of PC timestamps must be collected for each Shimmer. The
Shimmer.vi inserts a PC timestamp into each Shimmer packet it receives. The Synchronisation class
buffers these timestamps and applies the synchronisation algorithm when the buffer contains 100 or
more PC timestamps for each Shimmer.

Member variables

Figure 4-47 Input members of Synchronisation Class shows the input member variables of the
Synchronisation class. The inputs to the class are as follows:

e Data Cluster Array In is an array of data clusters from the Shimmer.vi of the each Shimmer
that takes part in the Multi Shimmer Synchronisation.

e Shimmer > 100 Offsets is a boolean control that stores the result of the AND operation when
testing if the PC timestamp buffer contains 100 or more PC timestamps for each Shimmer.

Data Cluster Array In

! 3
720 Uncalibrated Signal Names

Uncalibrated Data
Calibrated Signal Names
Units
Calibrated Data

# Packets Received

0

= Packets Missed

0

Shimmers >100 Offsets

Figure 4-47 Input members of Synchronisation Class
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Figure 4-48 Output members of Synchronisation Class shows the output member variables of the
Synchronisation class. The outputs from the class are as follows:
e Data Cluster Array Out is an array of data clusters in the same format as Data Cluster Array

In.
e Shimmer > 100 Offsets is a boolean indicator that is set to true when 100 or more PC
timestamps have been obtained for each Shimmer.

Figure 4-48 Output members of Synchronisation Class

Synchronisation of data from multiple Shimmers.

To synchronise data from multiple Shimmers - for each Shimmer data is being streamed over BT in
real-time using the Shimmer.vi, the following Vs from the Synchronisation class should be connected
in series, as shown in Figure 4-49 VIs for Synchronisation of data from multiple Shimmers.

e Write Data Cluster Array In.vi

o Write DAQ Loop Enough Offsets.vi
e Buffer Data Cluster Array L1.vi

e Sync Timestamp.vi

e Read DAQ Loop Enough Offsets.vi
e Read Data Cluster Array In.vi
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Figure 4-49 Vs for Synchronisation of data from multiple Shimmers.

The input to the Write Data Cluster Array In.vi should be an array of Data clusters of the Shimmer.vi,
one for each Shimmer, as demonstrated in the Multi Shimmer Sync Template.vi. The output array of
Data Clusters now contains the synchronised timestamps.

5. Support

For queries or technical support with the ShimmerSensing LabVIEW Instrument Driver Library please
contact us at support@shimmersensing.com.
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Appendix | — Alignment Matrix, Sensitivity Matrix and Offset Vector

The calibration of the tri-axial inertial sensor signal is achieved through the implementation of the

formula
c=R? k. (u-b)
where
¢ = 3x1 calibrated signal vector
R = 3x3 alignment matrix
K = 3x3 sensitivity matrix
u = 3x1 uncalibrated signal vector

b = 3x1 offset vector [1]

Alignment Matrix

The alignment matrix R can serve 3 functions in the calibration of a tri-axial inertial sensor. Firstly it
can be used to allow the user to define to which axes they wish to assign the name x-axis, y-axis and
z-axis. Secondly it can be used by the user to define which direction they wish to be considered the
positive direction of the measuring axis. Thirdly it can be used to correct for any misalignment of
axes in a sensor (i.e. correct for the fact that the axes are not perfectly orthogonal).

Default Alignment Matrix

The alignment matrix below is a default alignment matrix and has no effect on the calibrated signals
of the sensor. This alignment matrix should be used by the user if they are satisfied with the default
axes names and directions and are satisfied with that the sensor axes are suitably orthogonal.

o)

1
O O -
O - O
= O O

Changing the Names of Axes

Changing the names of axes can be achieved by changing the position of the value 1 in the relevant
column of the matrix. For example the alignment matrix below has the effect of making the
uncalibrated x-axis (x*-axis) the calibrated y-axis and makes the uncalibrated y-axis (y*-axis) the
calibrated x-axis. The row order represents the uncalibrated axes order (x*-axis, y*-axis, z*-axis) and
the column order represents the calibrated axes order (x-axis, y-axis, z-axis).

Py

I
o~ O
o O
= O O
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Changing the Direction of Axes

Changing the direction which is considered to be positive can be achieved by changing the sign of
the value 1 in the relevant column of the matrix. For example the alignment matrix below has the
effect of reversing the directions of both the x-axis and the z-axis from their uncalibrated directions.

-1 0 O
R=0 1 0
0 0 -1

Correcting for Non-Orthogonal Axes

Correcting for misalignment of the axes is not straight forward as it requires the use of a verified
calibration procedure. The alignment matrix below corrects for very minor misalignment of axes.

0.99 0.01 0.05
R=0.06 098 0.2
0.07 0.02 0.99

In general the sensors used on the Shimmer should have axes which are sufficiently orthogonal and
for most applications it isn't necessary to calculate for the misalignment. The accelerometer
calibration procedure integrated into the Shimmer 9DOF Calibration Application [2] automatically
calculates an alignment matrix which corrects for non-orthogonal accelerometer axes. The
gyroscope calibration procedure outlined in Appendix Il of the Shimmer 9DOF Calibration Application
User Manual [2] describes how to calculate an alignment matrix which corrects for non-orthogonal
gyroscope axes.

Sensitivity Matrix

The sensitivity matrix K defines the sensitivity of each axes of the tri-axial sensor. Although the
matrix is a 3 by 3 matrix, only 3 of the values are of relevance and the other six values are equal to
zero. In fact the sensitivity matrix is essentially a 3 by 1 sensitivity vector which is expanded and
padded with zeros for the purposes of convenient matrix multiplication. An example sensitivity
matrix K is shown below along with its corresponding sensitivity vector k.

10 0 0 10
K=0 10 0 k=10
0 0 10 10

Offset Vector

The offset vector b defines the zero offset for each axes of the tri-axial sensor. It is a simple 3 by 1
vector, an example of which is shown below.

2250
b= 2340
1890
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Appendix Il — Streaming from more than 7 Shimmers via Bluetooth
on a Single Computer

If the user wishes to stream data from more than 7 Shimmers simultaneously on a single computer
using Bluetooth, a solution is proposed here. The solution requires the use of 2 or more Bluetooth
dongles (a dongle is required for every 7 Shimmers) with each Bluetooth dongle having its own
Bluetooth Driver. This method has been verified in-house using a Toshiba driver and a Microsoft
driver.

4 -4 ShimmerAppPCl
4{3 Bluetooth
...... €} Bluetooth RFBUS
...... £} Bluetooth RFECOMM
...... £} Bluetooth RFHID
------ ﬂ Generic Bluetooth Radio
153 Bluetooth Radios
------ EB Generic Bluetooth Radio
------ EB Microsoft Bluetooth Enumerator
» - Computer

>y Disk drives
B ~- .

Figure 0-1: Multiple Bluetooth Driver

Figure 0-1 shows an example of what the device manager will show when two Bluetooth dongles
with different stacks are used simultaneously. The top one uses a Bluetooth Toshiba driver while the
bottom one uses a Microsoft driver.

0 Bluetooth Setting = =

»q » Control Panel » Hardware an

\ A" /
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ed 25
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Figure 0-2: Pairing with Multiple Bluetooth Dongles

When using more than 7 Shimmer units ensure that a maximum of 7 are paired and used with one
driver and the others are paired and used with the other driver. To avoid confusion it is advised that
each device is paired with only one driver as demonstrated in Figure 0-2.
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