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>QOverview

Template for Configuring

> ZUSBUpdate Tool & .E“'f* ) fiae®  Set Selected Devices to BHT400012 -
> Zephyr™ Kubios Converter BIERe O v, |Deeetosri | o Dol
Save Terpiste Losd Templste
> Zephyr™ Data Plotter
BASELINE FITNESS TESTING 6. Ifasingle deviceis selected, more detail will show.
FITNESS PARAMETERS ZE ] x

Upslate Dervice List

Bustocth  Foling  Subpect ifo  UserConfig  Time  Accelerometer  ECHO LORA

APPENDICES Select A Select Nome Back Scltware Veraleri etwork St et i
P Aop Sotwiare Venion Bhuetooth User Configuration
EULA FIF Mahuin Fromare Versen Ducoversble [7] Comrectals [ LECorectnbie [/ v, Lipdate
Serial Nurmber
SUPPORT Upcate
Hardware Pad Humber
INDEX Boot Part Mumber Sa OH
#op Part Mumber Sat BT Dev 0
Lint MAC Addrem Set BT Dev 1
Bustooth Name: Set BT Dow 2
£ Se1 67 Oev 3
Dare Time.
Se BT Dev 4
Battery Statin BT DN S
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Template for Confiquring St BT Dev &
[ Load from o Temgiate Se BT Dev §
B 4 Rt 1o c f c Class 10
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Configure From a Template

» BioModules can be configured from a Template. No default templates exist
- a BioModule must first be configured manually, and then this configuration
saved as an XML template file. Use the Save Template/Load Template
buttons appropriately.

= When saving, create a directory in a suitable location.

|4 select Configuration File

O @ [ « Zeph... » BioModule Firmware Temp... <[44 ][ 522

Organize +  Newfolder

| BHT014727_Template XML

File name: iplates\BHTO14727_TemplateXML v | XMLfile (xmi) -

o ]
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@ Note

Read-Only Data

Read Orly Data
vi310 Boot Software Verson

v1.080 Fop Software Version
v1.030 RF Module Frmware Version
Senal Number

Hardware Pat Number
Boot Past Number

Fop Pat Number

Unt MAC Address
Buetooth Name
Date/Time
Battery Status

These values cannot be changed using the Config Tool, except for Date/Time.

Iltem Description

Boot Software Version | App software boot loader - not user updatable

Device Firmware Version - can be updated with

A fi Versi
pp Software Version update tool.

May be updated by some firmware versions

RF Module Firmware .
automatically.

Serial, Hardware & Boot
& App Part Nos.

Unit MAC Address

Bluetooth™* Name

Zephyr™ internal part numbers

Bluetooth™* Address

Name when detected over Bluetooth™*

Date/Time Internal device time. Update in Time tab.

Delete LogFiles

Use this button to delete all log files. This operation can also be done from the
Zephyr™ Downloader.

Deletion of log files is not strictly necessary, except for housekeeping
purposes. When new logs are being created, the oldest log will be deleted /
over-written automatically to free up memory space.

Reset To Factory Defaults

Use this button to return the device to the configuration it was shipped with.
You can also save the shipped configuration as a template prior to making any
custom changes.

Caution

Manually change BioModule settings with care. Changing some settings may
cause the device to stop working or give invalid data.
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Configuration Tabs

Bluetooth™*

Buuetooth | Poling | Subject Info | User Config | Time | Accelerometer | ECHO| LORA

Metwore ID  BHTO13053 Set Netki |

Bluetooth User Configuration

Discoverable [/

Link: Settings
Link Timeout fms)

Bluetooth Devices to Call

BioHamess

BT Access Port 1
BT Access Point 2
BT Access Point 3
BT Access Point 4
BT Access Point 5
BT Access Foint 6
BT Access Point 7
BT Access Point 8
Apple 05 Device
GPS Device

Connectable [/| LE Connectable [V Update |
30000 Lifesign Period fms) 3000 | Update
MAC Address PIN Code

Message NAK Sat BH
00:00,00,00:00,00 (St BT Dev
(00:00:00:00-00:00 | Set BT Dev 1 |
00:00:00:00-00:00 Set BT Dev 2
00:00:00:0000:00 Set BT Dev 3
00:00:00:00:00:00 [ SetBT Devs |
00:00:00:00-00:00 | SetBT Dev 5
00:00:00:00:00:00 Set BT Dev 6 |
(00:00-00:00-00-00 Set BT Dev 7
00:00:00:00-00:00 Set BT Dev 8 |
00:1c:88:22:13:16 0000 | Set BT Dev 9

Named Bluetooth Devices te Call
Call Friemdly Nama PIN Code Class ID

Network ID

Set BT Dev 0

Item Description

Device ID when detected over Bluetooth™*,

Discoverable

Make device discoverable or ‘hide’ from BT
detection.

Connectable

Enable Bluetooth™* Connectivity.

LE Connectable

Enable Bluetooth™* Low Energy Connectivity, if
device supportsiit.

Link Timeout, Lifesign
Period

Default settings will ensure BioModule never
terminates BT connection.

BioHarness™

Not used to configure BioModule.

BT Access Point #

Legacy Settings for older BT access Point
systems (out of production).

Apple™*iOS™* Device

Not Implemented.

GPS Device

This is normally configured automatically over
LoRa, but can be manually paired here if the MAC
address of the supported GPS device is known.

Named Bluetooth™*
Device To Call

Not usedin PSM LoRa systems
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Polling

Bluetooth |- Poling ?| Subject Info | User Contig | Time | Accelerometer | ECHO | LORA
Gateway @ Subject 5-RID Addresses to cal .
Radio Polling Comms = bl Gl
Message NAK | Slave Addr essage NAK Set SRID 1
Message NAK Slot Time

Gateway Address
Message NAK Set GW

The Polling tab is not used in PSM LoRa Systems.

Subject Info
Biuetooth | Poling | Subject Info || User Config | Time | Accelerometer | ECHO[ LORA
General | Heart Rate Limits | Breathing Limits | Activity Thresholds | Posture Thresholds
Patient ID
Gender iMaIe ¥
Weight 104 kg
Age 60 years
Fitness Level 3 0-10
Height 187 cm
Core Temperature High Red Limit 39.2 T
Core Temperature Baseline 37 T
Core Temperature Change Threshold 0.03 C
[ Update Subject o Settngs |
Caution

Subject Info Parameters are used to configure various parameters in the
Subject Status algorithms. They are populated over-the-air by the LoRa
system and should not be edited manually.

303



CONTENTS
ABOUT THIS MANUAL
GETTING STARTED

OMNISENSE™ TOOLS
Zephyr™ Config Tool (6/9)

SYSTEM OVERVIEW
SYSTEM SETUP

LIVE OPERATIONS
ANALYSIS OPERATIONS

ANALYSIS IMPACT
PROCESSING

ANALYSIS REPORTS

LOG DATA

OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE

>QOverview

>ZUSBUpdate Tool

> Zephyr™ Kubios Converter

> Zephyr™ Data Plotter
BASELINE FITNESS TESTING
FITNESS PARAMETERS
APPENDICES
EULA
SUPPORT
INDEX

User Config

Bluetooth Poling Subject Info User Config Time  Accelerometer ECHO LORA

Log Enable

Bluetooth Enable LORA Enable

[ ECG Polarity Invert Visual Feedback Enable Event Mode Enable
Log Format Posture Calibration
Enhanced Summary + Wave Permanent ~

HRV Mode

P SDNN i

Update User Configuration

Item Description

Log Enable Enable Logging (checked by default).
Bluetooth™* Enable Enable Bluetooth™* transmit.
LoRa Enable Enable LoRa transmit.

ECG Polarity Invert

Invert the ECG waveform (intended to
accommodate future garment orientations).

Visual Feedback Enable

If unchecked, all LEDs turn off after 30 seconds.

Event Mode Enable

For non-PSM systems.

Log Format

Set as needed. Must be Summary & Waveform or
Enhanced Summary & Waveform for use with a
GPS.

Defaultis Summary.

Posture Calibration

Default is permanent - current calibration

is maintained after power cycle. For manual
calibration while wearing a garment, push the
button three times before inserting into garment,
then getinto laying flat on back position,

and remain stable for about 10 seconds. The
BioModule LEDs will light in a rotating sequence
while in calibration mode.

HRV Mode

SDNN - rolling 300-beat calculation.
RMSSD - rolling 15-second calculation.

Update User
Configuration

Save any changes.
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Time

Bluetooth Poling Subject Info UserConfig Time  Accelerometer ECHO LORA

Time Offset
Hour [0 ~ Minue 0 ~ | SetDate/Time

BHT400012 Updated to: 30/6/2020, 16:54:13
BHT003241 Updated to: 30/6/2020, 16:54:13

Item Description

Time Offset Add an o.ffset if needed (e.g. PC time is not
appropriate).

Set Date/Time Use to set the device clock, with or without an
offset.

Time Auto-set
BioModule clocks are automatically set to local PC time under two conditions:

= On Startup of OmniSense™ Live in a PSM LoRa system, when initial radio
connection with the device is made.

*  When the device logs are read by the Zephyr™ Downloader in OmniSense™
Analysis (this can be turned off in the Downloader options menu).

@ Note

If a BioModule is used directly in logging mode after being powered off, re-
synchronize the clock manually using the Config Tool,by using OmniSense™
Live in LoRa mode, or by reading the device using the Zephyr™ Downloader
(no logs need to be downloaded). Otherwise, there may be an offset of a few
seconds from real time.
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Accelerometer

Bluetooth Poling Subject info UserCorfig Time Accelerometer ECHO LORA

Accelerometer Axis Mapping

ANALYSIS IMPACT X>X ~v|[Finv Presets
PROCESSING <Custom> -
Y>|Z v Oinv
ANALYSIS REPORTS Z>ly v~ Oinv Set Mapping
LOG DATA =
Mg:;mﬁ <— Press after levelling

OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE

>QOverview

>ZUSBUpdate Tool

> Zephyr™ Kubios Converter

> Zephyr™ Data Plotter
BASELINE FITNESS TESTING

FITNESS PARAMETERS

APPENDICES

EULA Item Description

AU Ay Presets Set to required garment type.

INDEX . . .
Set Mapping Use to commit a new setting.

Use to zero-reset accelerometer orientation. See

Calibrate Caution below. BioModules can now be set while
Accelerometer worn, to eliminate individual offsets. See the User

Config section of this tool for details.

Caution

Device accelerometers are factory calibrated and should never normally
require recalibration. Recalibrating may create an offset in device orientation.
It should only be attempted on a calibrated horizontal surface. The BioModule
should be located vertically in a cradle when this is done. The BioModule
should be reset to factory defaults on left panel of Config Tool first.
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® Us
gglééYEss ISS| :\lMG PACT Network Address 5 =
Number of 3 ry
ANALYSIS REPORTS Downlink Channels L4
LOG DATA il 3 M
OMNISENSE™ WEB PORTAL g)luwnlmk Channel 9233 . MHz
art Frequency
OMNISENSE™ MOBILE CGEEE B z L
annels
Uplink Channel 02 £ MHz
>QOverview Seperation

Uplink Channel 9233 = MHz
Start Frequency

>ZUSBUpdate Tool

Transmit Power 10 T dBm

> Zephyr™ Kubios Converter

Spreading Fact =
> Zephyr™ Data Plotter preading Factor 10 -

BASELINE FITNESS TESTING
FITNESS PARAMETERS

Update LoRa Configuration

Item Description

Should be different for each BioModule ina PSM
system, within the range appropriate for LoRa
mode. See Setup section.

APPENDICES
EULA
SUPPORT
INDEX Network Address

Assigned on shipment.

Number of Downlink

Channels Set to 8. Do not change.

Downlink Channel

Separation Setto 0.2. Do not change.

Set to 924.6. Do not change.
Downlink Channel

Start Frequency Must be the same as for the LoRa gateway and PC

app.

Number of Uplink
Channels

Uplink Channel

Set to 8. Do not change.

Setto 0.2. Do not change.

Separation

Transmit Power Set to 20. Do not change.

Spreading Factor Set to 10. Do not change.
Caution

No two BioModules in a PSM system should have the same Network Address,
otherwise a conflict may occur. No data, or the wrong data, may be received
from either device.

Note

Two separate PSM LoRa systems operating on the same site should be set to
different downlink channel start frequencies. Contact Zephyr™ support for
details on reconfiguring a LoRa gateway.
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ANALYSIS OPERATIONS BioModule device internal !:lrmware - refgrre_d toas ‘App Softw-are .ver.5|on in
the Zephyr™ Config Tool - is updated periodically, as new functionality is added

’3,2‘3&2'5‘,{,"?3‘”“77 to the system. Each new revision of OmniSense™ is accompanied with files for

updating device firmware, and the ZUSBUpdater tool to update devices.

BioModule Firmware Updates

ANALYSIS REPORTS
LOG DATA | Update Device List | Read Only Data
OMNISENSE™ WEB PORTAL [ SelectMl || Selecthone | V1310 Boot Software Version

OMNISENSE™ MOBILE ¥l BHT013099 - USB | w1760 App Softwars Version |

v3.208 05-16-2017 Zepk  RF Module Firmware Version

>Overview BHT013099 Serial Mumber

> Zephyr™ Config Tool BioModule Firmware version in Zephyr™ Config Tool

> Zephyr™ Kubios Converter

* Double-click the ZUSBUpdater.exe file to start the tool, and enter aname in
the Name Entry dialog to start the updater.

> Zephyr™ Data Plotter
BASELINE FITNESS TESTING
FITNESS PARAMETERS Name Entry Form

@ Enter your name here for logging purposes

APPENDICES

EULA Or select your name from the choices below

SUPPORT -
INDEX | Update Devices |

Your Name

= Operation of the updater tool is described fully in Appendix 1: BioModule
Firmware Upgrade

B Zephyr £imeware Updaser 950000887 (Version 3 06.0) - o »
L. | FirmwareFile Ervane
E :i, M Application FW
LoRaECHO FW
Status Refresh
| H Device identifier Appheation FW Vershon LoR¥ECHO FW Version Progress Bar | Status
1 BHTOII241 - USB 1780 WA208_0515-2017 T 38A_[ 1000t} Ready to Update ]
2 BHT400012- USE 1080 vl Ready bo Update L

Caution

Care must be taken to load the appropriate version of the firmware update file,
corresponding to the hardware type of the BioModule.:

= BioModule 3.0: Bluetooth™* + ECHO + Bluetooth™* Low Energy
» BioModule 4.0: Bluetooth™* + LoRa + Bluetooth™* Low Energy

BioModule 4.0 serial numbers always start with a "BHT4" prefix. See the
BioModule Firmware Upgrade appendix for instructions for using the hardware
part number to identify your device version number.

If in doubt contact Zephyr™ Support for assistance.
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External Processing of R-R Files

Kubios HRV is a third-party application for producing comprehensive analysis
of RR data, producing graphical and metrical representations of Heart Rate
Variability.

Itis available from https://www.kubios.com. There is a free version for
researchers.

The Zephyr™ Kubios Converter is a utility for processing RR files exported from
BioModule log sessions. It converts them into a text file suitable for importing
into Kubios HRV.

The Kubios Converter can be downloaded from

https://www.zephyranywhere.com/resources/developer-user-tools

Zephyr™ to Kubios R-R File Format Converter

This tool converts R-R interval data from the time-stamped .csv format produced by Zephyr™ devices into a format that can be used by Kubios HRV, HRVAS, and
other heart rate variability (HRV) analysis tools

DOWNLOAD NOW

r = a]
s Zephyr-to-Kubios File Converter =l @ -M

File{s) to conver:
2ot Logs'Zephyr\Dennis Phillps'\M Albet_2015_03_24-19_48 05 RR.csy| | Browss.
Welcome to Zephyr Technology Zephyrio-Kubios HRV file converer!
This tool converts R4o-R data from the formats produced by Zephyr Technology
devices into a format that can be used by Kublos HRY, HRVAS, and cther HRV
analysis tools. Please use other Zephyr tools, such as OmniSense or the BioHamess

Log Downloader, to obtain the data, and then usa this tool to convert & to a HRV-
analysis-friendly format.

[ Convet | Ext

% 4

1. Runthe tool and browse for any _RR external csv file generated by the
Zephyr™ Downloader from a BioModule log session.
2. Click the Convert button and a .txt file will be created in the same

location.
| Mt Albert_2015_03_24-19_... (o) [Ie i |

File Edit Format View Help

0.24 -
0.475
0.296
0.479
0.396
0.223
0.059
0.363
0.516
0. 367
0.042
0.208
0.569
0.234

4 [}

h

3. Thisfile can be imported into Kubios.
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Zephyr™ Data Plotter

The Zephyr™ data plotter is a basic graphing tool for viewing larger data sets. It
is for viewing only —no analysis or exporting of data can be performed.

Itis useful for casual visual inspection of larger data sets - Microsoft™* Excel™*
can only graph a maximum of 5 minutes of an ECG file due to a 32,000 data
point limit.

It can be downloaded from the Zephyr™ website at
https://www.zephyranywhere.com/resources/developer-user-tools
Supported Files

Any parameter from a csv file can be plotted, by selecting the column (by
number — 1st, 2nd etc) containing the data. However, the plotter cannot parse
the date timestamp field which is in the first column of BioModule Log data
files.

Thus, the X values (horizontal axis on the plot) must be set to Autonumber in
the Add Trace dialog. The values will be numbered sequentially in the plot. To
identify a specific feature on the plot within the original csv file, use the
horizontal axis number and relate it to the row number in the corresponding
Microsoft™* Excel™*/.csv file.

A o

= o

F2) Conditional Formatting =

£

7 Format as Table ~
Clipboard  Font | Alignment Number = ' oo o 8Bl Cells  Editi

7 Cell Styles -

styles

A70000 X fe 05-10-20:

2064
i 2064
Do 28:29.4 2063
70002  28:29.4 2062
70003 28:29.4 2061
70004 28:29.4 2061

wr n JT‘ % wr ! *fﬁf”é : uH A

Using the Plotter

1.  When downloaded from the Zephyr™ website , the directory should
contain the following files:

===

o | | « data-plotter » DataPlotts 4 arch DataPloth
@U-v ata-plotter » DataPlotter v |4 || Se DataPlotte el

Organize » | Includeinlibrary v Sharewith v New folder = 3 @

Name Date modified Type Size

E DataPlotter.exe 8:19 catio
%, TeeChart.dll 29-Jan-07 7:29 PM Application extens
% Test.bat

2. Double-click the DataPlotter.exe file to open the plotter. A black windows
Command window will open at the same time.

Y = -]
[T

310



CONTENTS

ABOUT THIS MANUAL OMNISENSE™ TOOLS
GETTING STARTED ZepherM Data Plotter (2/4)

SYSTEM OVERVIEW

SYSTEM SETUP 3. Select the File > Add Trace menu option to open a dialog to browse to the
LIVE OPERATIONS desired csvfile.

ANALYSIS OPERATIONS

— A Select Data File @‘

ANALYSIS IMPACT 4 DataPlotter IS « zecvr o oot 3 2
PROCESSING File Organize | New folder =« [l @
ANALYSIS REPORTS Add Trace E ;amau BicModule Data ECG.csv
LOG DATA

File pame:  Sample BioModule Data_ECG.csv v | CSVfiles (".csv) A
OMNISENSE™ WEB PORTAL ' (oo ) [ Conce

|

OMNISENSE™ MOBILE

4. Onfileimport, the Configure Trace dialog will display.

>Overview ConfigureTrace

> Zephyr™ Config Tool Stort Import ot Fow 1
>ZUSBUpdate Tool Delter @ Comma Tab

> Zephyr™ Kubios Converter X Data Values in Cokumn: X Data Format: | AutoMumbered -
phy

Y Data Values in Column: 2

BASELINE FITNESS TESTING fretmntem . =
Point Markers :

FITNESS PARAMETERS e
APPENDICES Tt N Petnce
EULA et s (L =
SUPPORT Trace Colour: _Hed =)
INDEX ol Lo )

Item Value Description

Leave as 1 —column headings
Start Input at Row 1 9

will be ignored.

Delimiter Comma Default.

The timestamp column
1 (Column A in Microsoft™*
Excel™*).

X Data Valuesin
Column

Horizontal axis will be
X Data Format Autonumbered | numbered sequentially,
ignoring the timestamp value.

Second columninthe ECG

Y Data Valuesin file example (Column B in
Column Microsoft™* Excel™*). Select
column as desired.

Gate Valuesin

Column ) N/A

Trace width 1 1pt

Trace Name New Trace Change as needed
Select Axis LorR Default left.

Trace Color Select Set as needed
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5. Thetrace will display

1 Duscabromer e |

Plotter Functions

ZoomIn

= Tozoomin on a section of the plot, left-click drag a rectangle from top left
to bottom right.

£ DuaPioter = Ed Betpomer =]
B o

= Zoom in actions can be repeated continuously to isolate the desired part of
the trace.

Zoom Out

= Tozoom out, left-click drag a rectangle from bottom right, to top left in any
location on the plot.

[FT =) [FLe )

=  When zooming out, the graph always returns to its original un-zoomed
state —you cannot zoom back out in stages.
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Pan

= Tomove the plot in any direction, right-click and drag with the mouse
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Baseline Fitness Testing

Use either aramped maximal effort treadmill test or a ramped maximal effort
beep test to establish baseline levels of fitness such as:

» Heart Rate Recovery (HRR)
= VO,max

> Treadmill/Beep Test Analysis

> Orthostatic Hypotension
Readiness Test Analysis

FITNESS PARAMETERS
APPENDICES {
1.Record in , | I~ 1
EORA Sl b [ e :
SUPPORT Mobile 1 _ = rww.r«‘rﬁ-—“‘ ‘1__“' 5:::;?“.:' ey ;
w iR { LI )| susiecions
INDEX g ! Lipetate et Rabe Ma of uisr?
i | s Evsathing Rate @ AT of uber?

Updtate Head Rats @AT of user?

2. Anatysein Upaate Hea et Fiabe Recoveiy of wser?
OmniSense Analysis Update VDMas sl use?

Upeate Lisar SVO2Max & AT7

Save Filrnass Livel
3. Saveto OmniSense

database

Baseline fitness testing using OmniSense™ Local Live & Analysis

= Ifafitness testis recordedin OmniSense™ Live, then the data can be
retrieved in OmniSense™ Analysis, and analyzed automatically or manually.

= Fitness Assessments in the OmniSense™ Mobile application can be
performed off site, and the data uploaded to the web portal.

= Fitness parameters can then be saved into the OmniSense™ database, and
used as metrics in subsequent Fitness Reports for that subject.

@ Note

When alocal PC session is connected to the cloud server, no session data

is ever downloaded to the PC, but the athlete’s fitness parameters are
downloaded or uploaded, so they are synchronized in both locations. The most
recent values always replace older versions.
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Treadmill Test Protocol

Use an ACSM ramp protocol, or a modified Conconi test.

1. 10 minute warm up, including stretches

2. Setthetreadmill gradient at 5%

3. Setthe start speedat 6 kph (3.7 mph)

4. Every 3 minutes, increase the treadmill speed by 2 kph (1.25 mph)

5. For maximum benefit, provide verbal encouragement to the athlete,
especially during the latter part when effort is maximal.

6. The test finishes when the athlete can no longer continue.

7. The subject should remain stationary or reduce to walking for 30 seconds
after they stop running, to allow a heart rate recovery measurement to be
measured.

Caution

Itisimportant that the above speed and timing criteria be observed, as the
automatic VO,max calculation is determined by the speed at which the subject
stops running — specifically the duration they have been running for.

If different speed, gradient and timing criteria are used, the VO,max calculation
will be less accurate.
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20m
4

> Treadmill/Beep Test Analysis

> Orthostatic Hypotension 1

Terrimes st Anslhsi Place marks or cones 20 meters apart.

2. Athletes should warm up and stretch for 20 minutes.

FITNESS PARAMETERS 3. Startthe audio recording to initiate the test.

APPENDICES

EULA

SR Cycle Iteration # Shuttles at this level Running Speed (kph)

INDEX 1 / 8.0
2 8 9.0
3 8 9.5
4 9 10.0
5 9 10.5
6 10 11.0
7 10 11.5
8 11 12.0
9 11 12.5
10 11 13.0
11 12 13.5
12 12 14.0
13 13 14.5
14 13 15.0
15 14 15.5
16 14 16.0
17 15 16.5
18 15 17.0
19 15 17.5
20 16 18.0
21 16 18.5

@ Note

Beep test protocols vary internationally, with markers 20 meters or 20 yards
apart. 20-meter spacing represents a 9.3% increase in distance over 20-yard
spacing. Thus subjects using metric spacing must use 9.3% more effort for

a given level in the test.. If different distance and timing criteria are used, the
VO,max value calculated during test analysis will be less accurate.
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Orthostatic Hypotension Readiness Test Protocol

~ 5 minutes

1 minute

1. Liedownina quiet, warm, comfortable setting for at least five minutes
- the time taken to establish heart rate variability. If OmniSense™ Live is
used, and HRV is one of the configured fields in the BioGauge, then HRV
will display when a valid calculation has been made.

2. If conducted using the OmniSense™ Mobile application, and audio prompt
will inform when the test is complete.

3. Stand up and remain stationary for one minute.

Note

The subject status should remain green throughout the test. If status shows
grey for 5 sec at any point, indicating poor conductivity (dry skin or strap), then
the HRV calculation may restart when status returns to green.

Note

In the OmniSense™ Mobile application, this test is referred to in the Fitness
Assessments screen as a Readiness Assessment.
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OmniSense™ Mobile

All baseline fitness tests can also be carried out using the OmniSense™ Mobile
application. Test data, analysis and survey results are uploaded to the cloud

LOG DATA
OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE

= £ o 1005 W27

* ¥l 7300150

< TREADMILL ASSESSMENT

FITNESS ASSESSMENTS

standardized dats collection. Select

FITNESS PARAMETERS

untill vou can no longer procesd to higher levels.

x-o 1.5 Mile Run
Test

Q Beep Test

APPENDICES
EULA
SUPPORT
INDEX

instructions. HR 6
Readiness BR 1
Assessment ‘
> Treadmill/Beep Test Analysis @ Stress Test
> Orthostatic Hypotension TREADMILL ASSESSMENT
Readiness Test Analysis zy Treadmill f:::‘;?.::pzﬂ,,l;mdmm:;:.ﬁali::nmw
Test grada by 1%. Continue with the progression
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OmniSense™ Live

14:49p.m. / 00:06:31

# Description

Recording is ON by default; turn OFF if you do not want to record warm-
1 | up data, or exclude the warm up data later by creating a subsessionin
Analysis.

Create session names Treadmill Test/Beep Test in Live Preferences for
current and future use; click the tick button to assign the session name.

Use markers to note any events you may want to refer to later in
3 | Analysis. The start and end of the test are easy to identify due to
obvious changes in activity level.

= Perform the test according to the protocol.

= Make sure recording in ON.
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SUPPORT 1 Use the filter pull downs to locate the relevant treadmill or beep test
INDEX session.

2 | Double-click the session to move it to the Legend.

Select Treadmill Test or Beep Test from the Time Variables list as
3 | appropriate. Heart rate, breathing rate and activity level will be displayed
on the graph. No other parameters can be selected.

4 | Select the Detect button to implement automatic analysis of the test.

If successful, the anaerobic threshold will be detected, as well as HR max
5 | and heart rate recovery values. VO,max will be calculated according to
an ACSM formula. They are shown in red text and graphics on the graph.

——  Breathing Rate (BFM)  -——  HeartRate (8FM) ——  Activity (VIU)
VO2Max 71.36 HRmax=194
HRR=17

AT: V0O2=92% VO2Max HR=179 BR=32.9
Start

80 = 5 240
75

Breathing Rate (BPM)

(bda) 238y Heay

o

o o Y o Y
o ﬁ.b‘f‘n o3 ﬁ.x‘f‘“ 0.".,‘3"0 25 ©
oo oo oo o o :

Time (HH:mm:ss)

Note

If automatic analysis is not successful, or the AT threshold detected
automatically appears to be wrong, a message will display, it must be made
manually.
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Manual Test Analysis

Place the vertical graph cursor at the relevant points on the graph traces and
use the manual detect buttons as indicated.

Graph | Training Reports | Fitness Reports

Hi:mmss BR HR  Activiy Detect AT Start

Hi0.
00:15:53 407 179 1.1 - o = i;l-sn;_;a

13:10:25 I Filter Export

——  Breathing Rate (5PM) ~  HesriRate (BPM) =——  Activity (VMU

Breathing Rate (BPM)
(Wda) 20y Heay

# Description

1 | Vertical Graph cursor

2 | Automatic & manual detect buttons

= Use the buttons in the order below, placing the vertical graph cursor
appropriately.

= The cursor can be relocated and any button re-used to correct errors.

Button Description

Use for automatic detection. A message will display if the
Detect . . o .
detection algorithm criteria are not satisfied.
Start Set at the start of the active part of the test, for a valid VO, max
estimate.
End Set at the end of the active part of the test, for a valid VO, max
estimate.
AT Set at the Anaerobic Threshold (see next page)
HRR Set at peak heart rate value at end of test, to establish heart rate
recovery. A rectangle will show the 30-second HRR interval.
Use to save the physiological parameters to the database after all
Save - . I
parameters have been established. A dialog will display.
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Manual AT Threshold Selection

In the example below, the automatic detection algorithm has failed, and set the
AT Threshold at 56% of VO,max, indicated by the red cross.

Wmmsa B2 HE Ad Dt [ x|t

L e B

txpor

P
b

AN L
n v 1./ | P o e
N e
\f "

._I-I-‘*-_,’\_ Ipl“..; s ,_u.\,',.'......‘w-m..""-l| :

Mo

There are two alternative approaches to manual selection.
Method 1

» Look for a trend of more-rapidly-increasing breathing rate amongst the
artefacts in the respiration rate. This is indicated where the blue lines
intersect —a better estimation of AT than the automatically-determined
value.

Method 2

» Locate the last major inflection (upswing) in the respiration rate before the
40 breaths/min level (horizontal blue line) is passed. Minor inflections should
be ignored. The blue circle indicates this location.

Using whichever method is best suited, relocate the graph cursor and click the
AT button.
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Save Fitness Test Parameters

Use the Save button once all fitness parameters have been satisfactorily
established. A dialog will display.

Save Data @

Session Detail
Bave HR @AT and BR @ AT? v
Save Heart Rate Recovery? v
Save VO2Max? v
Subject Data
Update Heart Rate Max of user? I
Update Breating Rate Max of user? v
Update Breathing Rate @ AT of user? v
Update Hearl Rate @ AT of user? i
Update Heart Rate Recovery of user? I
Update VO2Max of user? v I
Update User %V02Max @ AT? v

!l Save Fitness Level v

Session Detail

= Ifthe Session detail parameters AT, HRmax , HRR and VO, are checked, then
they will be saved with the session and will always re-display on the graph.

Subject Data
= Details will be saved into the OmniSense™ Database.

= Max values saved will be reflected in 100% deflection on subject BioGauge
in Live.

= VO,max will be displayed in Fitness Reports.

Demo Subject 1 wvs 17-20 year old elite male soccer
playars

* Note that only three of these parameters are visible directly, in
OmniSense™ Live > Setup > Subject.

HRmax |HR@ |BR@
BPM |ATBPM |ATBPM
l164 144 |40 |

Note

Fitness test parameters saved to the database are synchronized between the
local PC and the cloud database, when a PC session is connected to the cloud.
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Orthostatic Hypotension Readiness Test Analysis

1. Conduct an orthostatic hypotension readiness test (called a Readiness
Assessment in the OmniSense™ Mobile application) in OmniSense™ Live,
ideally naming the session as such - though it can be renamed later in

OmniSense™ Analysis.

[Hypotension Tesf WP

2.  InOmniSense™ Analysis, select the Readiness button from the toolbar,
and populate the legend with the appropriate session.

3. The Readiness graph shows four parameters, and will display a number of

features.

HH:mm:ss  HR HRVariabiity Activity Posture

|/

00:0432 54 112 0.0 -85

HR

HRY =

Posture ——

Activty ——

| petect || HR Rest H\mwﬂﬂ»slw|
= l

121726 ‘ Survey ” HR Stand ‘

—

WMap Hidden ‘ Filter || L!porl‘

180

Heart Rate and HRY
aumsog

120 0
100 2
-40

%3 5 5 o g ) ) 5 A 2
2 2 g 2™ 2 o o 2 o n

Readiness Calculation

# Description

1 | Activity (black) is ~ zero and spikes when the subject stands.

2 | HRV (blue) is zero until a valid value is determined.

3 | Posture (green) is ~ -90° while lying, ~0° while standing.

Heart rate (red) stabilizes while lying, rises then falls as the subject

4
stands.

@ Note

When Readiness is initially selected from the toolbar, the parameter panel
automatically shows the Readiness Calculation parameter as selected.

Readiness
| Readiness Calculation

Readiness Scare

This selection is used when a Readiness analysis is intended. All other
parameters are used when displaying historical results.
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Automated Test Analysis

1. With Readiness selected in the toolbar, and an orthostatic test loaded
into the legend, select the Detect button.

Detect

2. The detection algorithm will determine the point at which the subject
went from lying to standing posture, and indicate Resting Heart Rate and
Resting Heart Rate Variability approximately 10 seconds before the

change, and Standing Heart Rate approximately 30 seconds after this
point.

HR — HRY = Posture —— Activity =
HR Rest: 55
HRY: 32
HR Stand: 74
240

220 160

140
200 120
180 100

=
s
S

-

S

Heart Rate and HRY
o
@ D
8 8 &

20 2
LI
20 3
40
N —— =
-50
60 e e e} 74 -100
40 -120
-140
2 -160
o 180
% Cl *] © o1 3 2 0 29 13
A o > a2 o ¥ > o o o

Readiness Calculation

3. Ifthetest criteria are met, then the parameters will indicate in red on the
graph.

Manual Test Analysis

It may be that posture criteria are not met sufficiently. In this case, when the
Detect button is selected, a dialog appears.

E=5|

Could not Detect Readiness Resting Position.
Activty < 0.04

Posture > -100
Posture < -80

1. Inthisinstance, manually set the vertical cursor approximately 10

seconds before the posture change/activity spike, and select the HR Rest
button.

HR — HRY = Posture —— Activity =

HR Rest: 56
HRV: 55

230 160
140
200 120
100
180
80

2 ) o 3
et ¥ ¥ 2

Heart Rate and HRY
e
o @ 5 N
23388
b
=
2388 ©°
aumsod

g s 5 1 &
e Y e ot n?

Readiness Calculation

2. The Resting HR and HRV values will be shown.

3. Repeat for Standing HR, placing the cursor ~30 seconds after the subject
is standing, using the HR Stand button.
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1. Whenthe orthostatic readiness test analysis has been performed, select

ANALYSIS IMPACT the Survey button.
PROCESSING
Survey
ANALYSIS REPORTS
2. A survi ialog will display.
LOG DATA survey dialog display.
I et S
OMNISENSE™ WEB PORTAL S ESREE
ORNISENSERHMOBILE B s mmmre e
OMNISENSE™ TOOLS L lpdsteSubiec putie
HR Resting
HR Standing 7 7
Orthostatic Hypotension 19
> Overview/Test Protocols HRV Rest 2 89

to 10"

Enter an integer from... 0

> Treadmill/Beep Test Analysis pr—
Training Load No Training - Max capable of

Training Intensity Nolntensiy ~ ~ Max capable of
Slesp Quaity Paor B Rested
Overall Stress No stress - Max capable of
FITNESS PARAMETERS Cument Stress No stress ~ Max capable of
Esting Habis Unheatthy B Heathy
APPENDICES Hydration Dehydrated = Hydrated

Injury No injury or pain Cantt Perform

EULA
SUPPORT
INDEX

Readiness Score 33

Save Survey Cancel

3. Thedialog will contain the Date/Time of the currently analyzed test, and
the parameters derived from it in editable fields.

HF Resting 35 &5
HR Standing 4 75
Orthostatic Hypotension 19

HRY Rest 32 89

4. The non-editable fields show the values for that subject currently stored
in the OmniSense™ database. Check the appropriate boxes to update the
subject’s stored values when the survey is saved.

1
First Laj HR Rest HR Stnd HRV Rest
Name Najiitad BPM BPM SDNN ms
—— — [ e S S —

I R
.|

Orthostatic Hypotension is the difference in beats/minute between
Resting and Standing heart rate.

These parameters comprise the objective components of the Readiness
Score on a 1-10 scale. The subject must now complete a survey to allow
the Readiness algorithm to factor in the subjective components.

As seen above, the Readiness Score for the example currently stands at
3.3 with no survey responses added.
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5. The subject should now complete the survey. The answers are entirely
LIVE OPERATIONS subjective, and may only show value if trends are established after a
ANALYSIS OPERATIONS number of tests and surveys have been recorded. The history of results

can be retrieved in Analysis.
ANALYSIS IMPACT

PROCESSING
ANALYSIS REPORTS Item Description

LOG DATA Training Load Averagfa in previous 10 days. 10 = maximum
capability.
OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE Training Intensity Averagg in previous 10 days. 10 = maximum
capability.
OMNISENSE™ TOOLS
Sleep Quality Subjective or scaled bgsed on external 3rd party
system. O = poor quality.
> Overview/Test Protocols
» Treadmill/Beep Test Analysis Overall Stress 0 = stress-free, 10 = very stressed.
Current Stress 0 = stress-free, 10 = very stressed.
. . 0 =poor, 10 = optimal, in consultation with coach/
FITNESS PARAMETERS Eating Habits nutritionist.
APPENDICES Hydration 0 =dehydrated, 10 = hydrated.
EULA
Injury 0 = unable to train/perform, 10 = no injury.

SUPPORT

INDEX

6. Oncethe survey is complete, use the Save Survey button to save the
results into the OmniSense™ database. The Readiness Score is
recalculated as each entry is made.

13 Feadiness Survey P W

Subject Zephyr Demeo
Data/Time 1212 2018 122043 P00
Updatr Sudword Profile
HA Finstr L
WA g
Oehossmc Hpatsnson 19
RV Faat a
Enter a0 integer from . 0 ———to —— I0”
Trarieg Loack 3 e Treeg M ot of

Trarwg ety 5 Noktwwty - Macaabied

Shteo Qusity B Poxr - Pesed
Oversl e T Momes ~ M capabse of
Cuvert Siress 7 Morem = Max capabe of
Egrg Habes 5 Unheaitty Haplthy
Pydraton 10 Dehydrated Mool
ey 4 | Mgy orpen Cant Fetom
Headiness Score 548
Save Sureey Cancel

Note

Subjective Readiness Survey responses are always on a scale 1-10, but each
response can be given a weighting in Analysis Preferences, to increase or
reduce its importance in the Readiness Score calculation.
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Display Readiness History

1. Selectadate range in the Filter Session List. (This can be adjusted later).

From: To:

1 Oct 2015, D000 " 02 Mow 2015, 16:40 T

2. Populate the legend with a session from the desired subject - this can be
any session, it is merely to establish the subject of interest. The details of
this session will not be used.

v Dennis Phillips Orthostatic Test/[02 Nov 2015/ 14:04:19]/[00:12:05]

3. Select the desired Readiness parameters.

Readiness

Readiness Calculation
/| Readiness Score
HR Resting
HR Standing
Orthostatic Hypotension
HRV Rest
Training Load

Training Intensity
Claam Misalibs

-

4. The Readiness history will display in the graph area.

ELT T

20T .
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Configure Readiness Survey Weightings

The components of the Readiness survey are each given a weighting which can
be configured in Analysis > Preferences. This allows a coach to add more or
less relevance to a particular survey response, as they see fit.

1. Select Readiness Weights from the Preferences dialog.

I Preferences ==l

Readiness

| General Settings |

HR Resting 10
HR Standing 8
Orthostatic Hypotension 8

[tz
J

[ Speed Zones ] HRV Rest 0
J
J

| Trairing Zones

| Bevation Zones Objective Subtotal: 36

| Summary Graph Training Load 4

[ Data Fiters Training Intensity

4

Sieep Qualty 3

Overal Stress 4
Curert Stress 5

Eating Habits 3

4l

Hydration 5

Default

Enter a weighting of importance for the readiness algorthm from Dto 10
for each variable. Objective Varizbles Subtotal greaterthan Subjective
Varizbles Subtotal is recommended

Subjective Subtotal: 27.5

Save | [ Cancel

2. The default weightings are shown - reset to these using the Default
button at any time.

3. Edit the weightings to suit. As the text below the fields indicates, it is
recommended that the objective factors subtotal should always exceed
that of the subjective factors.

4. Select Save to make the changes permanent.
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Import Readiness History

Recording the results of a Readiness survey taken remotely, and sent in a file to
a coach or manager is largely now alegacy task.

OmniSense™ Mobile now allows a registered user to perform the hypotension
test remotely, and complete a survey.

The results uploaded automatically to the OmniSense™ cloud server, and
submitting results in a file is no longer necessary.

Create Readiness History File

The documentation folder accompanying each OmniSense™ installation
should contain a file titled Readiness Import Template.csv.

1. Make a copy for any individual subject, Data must be entered in exactly
the format contained in the file. When opened in Microsoft™* Notepad™*,
the raw data and formatting can be seen.

" | Readiness Import Template.csv - Notepad EI@

File Edit Format Yiew Help

Time,HR Rest,HR 5tand,orthostatic Hypotension,HRV Rest,Training
05/12/2018 09:05:00,65,78,13,150,7,7,7,7,7.,7.7,7

06/12/2018 12:32:00,67,74,7,125,9,9,9,9,9,9,9,9

07/12/2018 14:45:00,68,72,4,179,10,10,10,10,10,10,10,10

2. Bydefault, this file will open in Microsoft™* Excel™*. Note in particular the
time entry format, and replicate this when completing. Delete any
existing records.

Al ~ I Time

A B C D E F
1 |Time _lHR Rest HR Stand Orthostatic Hypotension HRW Rest Training Lt
2 | 05-12-189:05 65 78 13 150 7
3 | 06-12-18 12:32 67 74 7 125 9
4 | 07-12-18 14:45 68 72 4 173 10

3. The subject must enter their survey responses in the columns as shown.

Import Readiness History

1. Inthe Readiness pane, with Readiness Calculation as the checked
parameter, select the Import History button. A list of all subjects will
display. Select the subject for whom the history will apply.

I Sclect A Subject =5 Eoh =

Athlete1 Demo  11/23/1955 -
Athlete? Demo  D4/06/1934

Aihlete3 Demo  04/13/1330

Demo  Subject 02 01/01/1988

Demo  Subject 03 01/01/1986

Demo  Zephyr 01/01/1985

Demo  Subject 01 01/01/1380

Philips2 Dennis  01/01/1975

Subject Temp  01/01/1980

Subject Temp  01/01/1980 i

Select subject who has readiness data to import

)

The format of the entries is Lastname | Firstname | Date of Birth.
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PROCESSING results.

ANALYSIS REPORTS
LOG DATA
OMNISENSE™ WEB PORTAL Date(s)
OMNISENSE™ MOBILE 05-Dec-18 3:05 AM

06-Dec-1812:32 PM

OMNISENSE™ TOOLS 07-Dec-18 2:45 PM

Import Readiness B

Import Readiness Data for

Deme Subject 0101/01/1980

Yes [ No |

> Overview/Test Protocols

> Treadmill/Beep Test Analysis 4. Onceimported, these results will be displayed for the subject whenever
any of the Readiness parameters are checked.

Select Session
@

[04 Dec 2018 - 12.58.05/[00.05:11] -

FITNESS PARAMETERS
APPENDICES

EULA

SUPPORT e .
INDEX (B e

Caution

When external survey results are imported, they are permanently added to the
OmniSense™ database against the selected subject. They cannot be deleted.
Confirm the results are correct and assigned to the appropriate subject before
importing.
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FITNESS PARAMETERS
Intensity & Load (1/3)

Overview

The following sections describe in more detail some of the physiological

parameters and how they are calculated.

Category Intensity

Load

. . An index of cardiovascular Cumulative effort of the
Physiological .
output. cardiovascular system.
. An index of musculoskeletal | Cumulative effort of the
Mechanical
output. musculoskeletal system.
Average of Physiological + Average of Physiological +
Mechanical Intensities. Mechanical Loads.
Training
An index of combined Total cumulative effort of the
output. body.

= Aerobic, plyometric and similar training activities will have a high

physiological intensity.

= Weight and other relatively static training methods will have a lower
mechanical intensity, as measured by the BioModule, whose accelerometer

is measuring whole body movement.

Physiological Load & Intensity

These are heart rate-related metrics. Intensity/effort is divided into 10 zones.
The thresholds are configured in Live & Analysis Preferences.

Intensity Load
o ] Low Limit (0] High Limit {10
|Geneml Settings | _' (o ch (10)
Physiclogical Intensi ] | %HR Max 100 %HR Max
Intensity Load [Frssis Z |
= Mechanical Intensity 05 Peak Gfepoch 3 Peak G/epoch
| Training Zones | = - - — —— .

Physiological Intensity Threshold default settings
= 50-54.9% of maximum heart rate is an intensity of 1
= 100% or greater of maximum heart rate is an intensity of 10

= Lessthan 50% of HRmax has no value (‘null’ - a zero would affect

calculations)
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100%

80

% HR max

BASELINE FITNESS TESTING
Intensity Heart Rate Range

Level % HR maximum

> Interpreting Graphs Null Less than 50

APPENDICES 1 50.0-54.9

EULA 10 95.0-100.0
SUPPORT

INDEX

= Calculated once per second, over 1 second epoch.

= Scaled linearly within zone (e.g. 52.5% HRmax = Physiological Intensity
Level 0.5)

Physiological Load

80

Physiological Load

70

60

100 o 50
90 o 40
80 ki 30

66 [
» 5 5
o 4 // Fal s =
B 3 s 10
3 5 3
50

» Physiological Load = (Sum of physiological intensities)/60
[Divide by 60 as intensity is measured in 1/60 minute epochs]

= Average Physiological Intensity per session
= Physiological Load/Session Time in minutes.
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= Calculated once per second, over 1 second epoch.
= Scaled linearly within Zone (e.g. 0.6g = Mechanical Intensity Level 0.4)

Mechanical Load

Mechanical Load

w
o
]

Activity Level

e
wn
]

* Mechanical Load = (Sum of mechanical intensities)/60
[Divide by 60 as intensity is measured in 1/60 minute epochs]

= Average Mechanical Intensity per session
= Mechanical Load/Session Time in minutes.
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Legend:
> Intensity & Load A subject 6 Soccer Practice  /[09.23.35 > 10,4238/ I
B Subject 5 Soccer Practice 11092335 > 10:4238)/ J
(+] Demo Subject 3 Soccer Pracice /[22 Mar 2012/ 11:35:08] 1 K
D Demo Subjedt 1 Soccer Pracice / [22 Mar 2012 / 11:35:08)/ L
APPENDICES E Demo Sudject 4 Soccer Practice / [22 Mar 2012/ 11:36.08)/ M
F 7 Demo Subject 2 Soccer Practice / [22 Mar 2012/ 1135071/ N
EULA G [ subjectsiog  /[16Au92012/09:23201/1014531) o
SUPPORT
T Left Axis Right Axis
Average Physiological Intensity ‘ Average Mechanical Intensity ‘

= Average summary values (as opposed to Maximum or Minimum) give some
indication of whole-session performance.

= High Average Mechanical Intensity with low Average Physiological Intensity
is a good indicator of efficiency and useful when comparing multiple people
doing similar activities.

= For example, Subject D (brown) has Average Physiological Intensity 4.6
and Average Mechanical Intensity 5.5 for the session. This subject is more
efficient than subject B (blue, left) whose Average Physiological Intensity is
7.1 and Average Mechanical Intensity of 3.7.

= Subject D's heart is working less hard, for more mechanical results, than
subjectB's (or Aor G) is.
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Legend:

A Subject 6 Soccer Practice /1092335 > 10:42.38)/ 1
B Subject 5 Soccer Practice 1109:23:35 > 10:42:38)/ J
Cc Demo Subject 3 Soccer Practice / [22 Mar 2012/ 11.35.08]/ K
D Demo Subject 1 Soccer Practice /[22 Mar 2012/ 11:35:08])/ L
E Demo Subject 4 Soccer Pracice / {22 Mar 2012/ 11:36:08)/ M
F N
G o

> Intensity & Load

APPENDICES
EULA
SUPPORT
INDEX

7 Demo Subject 2 Soccer Practice / [22 Mar 2012/ 11:36:07)
SubjectSlog  /[16Aug 2012/09:23.29)/[01:45:31)

Left Axis Right Axis

‘ Physiological Load ‘ Mechanical Load

* Loadis the summation (or area under the curve) of the corresponding
intensity value plotted over time.

= It provides a measure of the overall conditioning value or impact of the
session.

= High physiological load with low mechanical load can be an indicator
of anxiety or inefficiency —assuming the session involves running or
movement. Subjects B and G (both blue) show this possible indication.
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Training Load & Intensity

Aysuo) Gunses|

/ Subject 5 Soccer Practice 11092335 > 10:42:38]/
Demo Subject 3 Soccer Practice / [22 Mar 2012/ 11:36.08] /

¥ Demo Subject 4 Soccer Practice / [22 Mar 2012/ 11:36.08} /
% Demo Subject 2 Soccer Practice / [22 Mar 2012/ 11:36.07)/
Subject5 Log 1[16Aug 2012/ 09:23:29]/[01:45:31)

A
B
c
D Demo Subject 1 Soccer Practics / [22 Mar 2012/ 11:36:08)/
E
F
G

OZErxe-—

Left Axis Right Axis

Training Load Training Intensity

= Training Load & Intensity provide a metric that is a combination of the
physiological and mechanical components for the most simplified summary
of overall training value & impact of the workout session.
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Recovery & Fatigue

Left Axis Right Axis

‘ Heart Rate ‘ Heart Rate Recovery @ 30 sec ‘

= HRR 30 recordings are triggered when an athlete has exceeded an activity
threshold and HR threshold for a set period of time, and then become
inactive for 30 seconds to take a recovery measurement.

= Blue Subject 5 rarely stopped long enough for an HRR 30 recovery
measurement to be taken.

* Red subject 6 HRR30 trend line(red) shows only a very slight fatigue slope
(recovery becomes slightly less as the session proceeds), which indicates
that the subject is well conditioned and not pushed to fatigue. A steeper
downward trend line may indicate the onset of fatigue.

= Inthe second half of this session, less recovery time was allowed, so
automatic HRR 30 calculations are less frequent.
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(%) 92y 9EY VO

£ stmated Core Temperature (F )

> Intensity & Load

Time (HH:mm 33

APPENDICES Left Axis Right Axis

EULA ‘ Estimated Core Temperature ‘ Heart Rate Percent ‘
SUPPORT
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* This plot shows the subject Heart Rate % (% of Maximum Heart Rate) and
Estimated Core Temperature over time.

= Atthe end of the session the vertical cursor location shows his core
temperature reached a max of 102.56° F which is at the low end of potential
heat stress.

= Beyond 103° to 104°F, there would be safety concerns.

HHimmss EstCoreT'F HR% ROG
13:44 87.56 Horizontal Axis
103719 Real Time @ Elapsed Time Seent

T

}’;l\\,ﬂi“" "v "." "
y TR T

§ i !
Toghunhl

E stmated Core Temperat
(%) a0 99 LEoR

Time (HH.mm 33

= Inthe graph above the subject’'s temperature never reached an Alarm level
(Max 101.3°F) because he was able to recover periodically.
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Timein HR Zones

Legend:

A Subject 6 Soccer Practice 1[09:23:35 > 10:42:38)/ 1
B Subject S Soccer Practice 1109:23:35 > 10:42:38)/ J
e Demo Subjed 3 Soccer Practice / [22 Mar 2012/ 11:36:08]/ K
D Demo Subject 1 Soccer Practice / [22 Mar 2012/ 11:36:08]/ L
E Demo Subject 4 Soccer Practice / [22 Mar 2012/ 11:36.08)/ ]
F Demo Subject 2 Soccer Practice / [22 Mar 2012/ 11:36:07)/ N
G SubjectSlog  /[16Aug2012/09:2329]/(01:45:31) o

Left Axis Right Axis

N/A - only one summary parameter
Time can display if the graph is a stacked
bar chart

= This summary variable shows the time spent from 0 —64.9% HRmax
(green), 65 -84.9% (orange) and 85 — 100% (red). These zones are fixed,
and do not correspond to heart rate Training Zones.

= Maximum heart rate should be measured along with other fitness
parameters and calibrated in the software by running through a fitness test
as described in the Baseline Fitness Testing section.

= Subject 5 is included twice (bar B and bar G). Bar G is the log data imported
later from his BioModule, with post session recovery data removed. You
can do this by creating a subsession, described in the Analysis Operations
section.

@ Note

The HR zones here are defined by the fixed thresholds 65% and 85% of
subject maximum heart rate.

These should not be confused with the five Training zones, which are also
heart rate zones, used in conjunction with workouts. Training Zone thresholds
are configurable in Live Preferences.
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Caloric Expenditure

N

:
2

emmon@m>

Subject S Socoer Practice 11002338 - 10.4238))
Damo Subjed 3 Soccer Praccs /(22 Mar 2012 | 11:38:08) 1
D#mo SUtiect 1 SOC0N Pacscs /(22 Mar 20121 11:36:080/
Demo Subject 4 Soccer Practios /22 Mar 2012/ 11350801
Demo Susied 2 Socoer Pracsice | [22 Mar 2012 1 11360711

.!ubjmslng 11¥8 Aug 2012 10923291/ [01:4539]

APPENDICES Left Axis Right Axis

e ‘ Calories ‘ Exercise Time ‘
SUPPORT

INDEX

> Intensity & Load

OZErXe -

= This graph shows a measure of calories burned and total session duration,
which can be useful in estimating dietary replenishment needs.
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Physiological Strain & Stress Indicators

| I
| b9
WL, 24

ore Temperature Max (T)
(5w p4OS) Oy Appqeue

[stmated C

» ® & © %

Estimated Core Temperature ‘ Average Heart Rate Variability

Left Axis Right Axis

Estimated Core Temperature (Max) and Heart Rate Variability (Avg) can both
be interpreted as measures of physiological strain.

Alow HRV is anindication of stress, fatigue and dehydration, and also
relates to heat stress.

Elevated Estimated Core Temperature is also an indication of heat stress
and should be monitored carefully, particularly on a hot intense training
session.
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HR.,, & HRR Indicating Stress & Anxiety

Legend:

A Subject & Sorrer Dracticn 208 A 2380
] Subject 5 Socter Practice TIORTENS & 104738/
ic Demo Sutject 3 Socoer Pracics | [22 Mar 2012 /11 2604) 1

D Demo Susiet 1 Sooon Prackce /(22 Mar 2002/ 11 M08}/

E Demo Babject 4 Soccet Pracic | (22 M 2092 / 113808} 1

F 7 Demo ButiectZ Soccer Pracice / (22 Mar 2082 /11 34607]1

ZEM R —

HR Recovery 30s ‘ Average Heart Rate

Left Axis Right Axis

Summary graph of average heart rate recovery in 30 seconds (drop in beats
per minute after stopping an interval of high intensity activity), against
average heart rate for the session.

Alow average recovery value indicates either a high level of anxiety, as in for
bar B, and could also indicate a lower level of fitness..
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APPENDIX 1
BioModule Firmware Upgrade (1/4)

BioModules supplied with a new installation are configured with the latest
firmware.

Should your OmniSense™ version be upgraded, or if you have existing
BioModules, it may be necessary to upgrade the firmware in the devices.

OmniSense™ will generally support earlier versions of device firmware, but it is
good practice to have the latest version of firmware in your device.

Refer to the next Appendix for more information on BioModule firmware
versions.

1. Connect the BioModule(s) to your PC platform using the single or multi
device cradle. In earlier system cases, the right hand 20 slots (two vertical
rows) are marked as available for USB connection. The left hand 30 slots
are for charging devices only.

¢ t

Charge only Update

Inlater PSM50 system cases, all 50 slots are available for USB connection,
but can only be connected to the PC 10 at a time, via 5 USB connectors on
the side of the case. This is a Microsoft™* Windows™* limitation - more
than 10 devices connected may affect device handling.

-

a
a
o
o

2. The 10 BioModules connected at any point are visible to the firmware
update tool over USB. The remaining BioModules must be connected in
turn.
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APPENDIX 1
BioModule Firmware Upgrade (2/4)

6.

Locate the ZUSBUPDATER.exe utility, which is in the Firmware Upgrade
directory of every OmniSense™ thumb drive, and double-click to start.

It can also be found at C:\Program Files (x86)\Zephyr\OmniSense\Tools,
or from the Start > All Programs > Zephyr > OmniSense Tools

rz:ph"r Default Programs

i OmniSense Analysis

E OmniSense Live
OmniSense Tools

151 Uninstall OmniSense -

Help and Support

4 Back

A dialog will display asking you to enter your name. This is not a security
check — it merely records your name against device re-configurations
made in alog file at

C:\Program Data\Zephyr\ZephyrDeviceUpdateLog.csv.

7 ~

Name Entry Form

Q@ Enter your name here for logging purposes

Zephyr User

Or select your name from the choices below

[ Update Devices

A

This will let system owners track configuration changes historically. Once
entered, a name is saved and can be selected from the pull-down list.

Select Update Devices to display the updater tool. As of OmniSense™
5.0, the updater tool can update the firmware for the LoRa module as well
as the BioModule firmware. The firmware update file will be a .zip file if this
is the case.

[E3 Zephyt Firmueare Updater 9500.0088.v1a (Version3.0.2.4) o &=
— Firmware File C-\Users\Documens\Zephyr Data\Firmware Updateriv1.6.4.10-3G.2ip [ Browse |

Z yr_ Application  gonamese3 36 img

ECHO FW  ProFLEX012a

Select Firmware File [ Retresn
£ Device |dentifier Application FW Version ECHO FW Version Progress Bar / Status
1| BHTOt6286-USB 15100 VA.208_05-16-2017_Zephyr_54384_(100miN)

Stadt]

All detected devices will be displayed.
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APPENDIX 1
BioModule Firmware Upgrade (3/4)

MultiUpdater 12/7/2017 6:59 PM
1, v1.610.0-2G.zip 1/12/2017 3:45 AM

Click Browse to locate the desired firmware image file. Firmware image
files are included in firmware upgrade directories.

Some firmware images may consist of a single .img file. Others may be
supplied as .zip files (for example, Bioharness4-1.6.10.0.zip). Firmware
images supplied as .zip files do not need to be unzipped; the firmware
updater will do this automatically.

1, v1610.0-3G.zip 1/12/2017 3:45 AM Compressed (zipp 269 KB

Caution

There are two variants of the BioModule, which are updated with different
firmware images:

BioModule Version Description

BioModule 3.0

Bluetooth™* 2.1 + ECHO + Bluetooth™* 4.0 (BLE)

BioModule 4.0

Bluetooth™#* 2.1 + LoRa + Bluetooth™* 4.0 (BLE)

The devices are identical externally. If you are uncertain of the generation of
your BioModule, use the Zephyr™ Config Tool to read its hardware part number.

BioModule Version Hardware Part # Firmware Image Example

BioModule 3.0 9800.0189.v9k BioHarness3_3G_v1.7.8.0.img
BioModule 4.0 PTO0121656A BioHarness4_v1.0.0.0.img
8. Whenthe.zip or.imgfileis loaded into the updater, the component file(s)

will be displayed individually in the Application and LoRa/ECHO FW fields.

B Zephyr £imeware Updaser 950000847 Ta (Version.06.0) = o "
o] Fimearrie
Zem]yr- Application FW | BoHamess3 Lora_Canned img

re 1) Firmwaretbostersion_1_0_7_O8H3_Lors CANHEDRScHamess3_Lora_Canned img

LoRaECHO FW
Status e
| # | Device entifir Application FIV Versien LoR¥ECHO FIV Version Progress Bar | Status
1 BNT&N12-USB Witing femware bo devies_ V1030 %]

Check the right-most boxes of those devices to be updated, and select
Start! To update
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OMNISENSE™ MOBILE
OMNISENSE™ TOOLS
BASELINE FITNESS TESTING
FITNESS PARAMETERS
> BioModule Firmware Versions -
> BioModule Log Data Descriptions
> BioModule Log Data Parameters 10. A‘Firmware update completed successfully’ message will display on
> Security Advice successful update of the firmware, or a diagnostic message if the update
has failed.
EULA i _
B.’«‘:'m"r'f\::..\:rI-M-\i{"?\’lliiiliéii wla (Version3 Q6.0 - n} w
SUPPORT _ Firmware Fils [C'LoRa_ SulcriFemanrs |1 PFrmwareioniversion_1_0_3_ 0Bckloduel oRs-vi 0.3.0 bin Bewie
INDEX z BN Application FW
LoRaFW |BchodusloRa-v1d 30 bin
Status Fetmesh
g Device identifier Application FW Version Lofa FW Version Pregress Bar | Status.
1 BHT400012 - USB 10.70 Firmwane update completed sucoesshully L

11. Retryif necessary.

12. Contact zephyrperformancesupport@medtronic.com if any problems
persist.

@ Note

If you are experiencing problems with firmware updates and your BioModules
are connected to the PC via a USB hub, then bypass the hub and connect the
charge cradle or case direct to a USB port. Also consider replacing the USB
connector.
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@

Log Data

BioModule log data can be imported into OmniSense™ Analysis using the
Zephyr™ Downloader tool, This tool can also be used to generate external csv
(and other formats) of log data.

The data descriptions here, and file names, refer to these external files.

Note

Not all BioModule log data is imported into OmniSense™ Analysis - logs - ECG
and Accelerometer waveform data are not as they contain very large amounts
of data which could not be usefully viewed in Analysis.

Accelerometer Axis Mapping

Device in side strap, Lateral (Y) Default orientation

located under can be remapped

left arm using Cfg Tool
Sagittal () Vertical (X)

A BioModule should be configured for the appropriate garment. When setting

Garment type in OmniSense™ Live, the appropriate axis mappings will be
made automatically.

Session Info

The Zephyr™ Downloader will generate a SessionInfo text file in addition to the
csv log output files. The datain this file is not stored on the BioModule - it is
generated by the downloader itself.

Sample Data:
Subject Information

Name: UNKNOWN

Gender: UNKNOWN

Birth Year: UNKNOWN

ROG Act Min/Max : UNKNOWN
ROG Resp Min/Max : UNKNOWN
ROG HR Min/Max : UNKNOWN
ROG 02R sec / sec : UNKNOWN

Device Information

Serial number: UNKNOWN
MAC address: UNKNOWN
Device Friendly Name: UNKNOWN

Session Information

Log Format: 0011

Log Date: Tuesday, 24 July 2012
Log Time: 4:19:37 p.m.

Log Duration: 00:03:32

Page Period(ms): 1000
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Logging Formats

The logging format of a BioModule is configurable using the Zephyr™ Config
Tool. The more comprehensive log formats use more device memory, which
reduces the total hours of data which can be stored in the device.

Users should configure the device to suit their parameter configuration and
total log duration needs.

Supported logging formats:
= Summary
= Summary + Waveform
= Summary + Development
= Enhanced Summary
= Enhanced Summary + Waveform
= Enhanced Summary + Development

The output from the Zephyr™ Downloader may generate more than one
output file for a given log format, as individual parameters are reported at
different frequencies.

The Zephyr™ Downloader can also export log files in varying file formats,
selected from the menu in the downloader.

Note:

Some waveform log parameters such as ECG are only available via external
files generated using the Zephyr™ Downloader. The waveforms cannot be
displayed within OmniSense™ Analysis itself.

File Type Description

.Ccsv Comma Separated Values which can be opened
in Microsoft™* Excel™*, Notepad™* or similar, or
imported into many data processing applications.

.dat/.hed file pairs Designed for input of large data sets into 3rd party
data processing applications such as DaDISP™*

.kml For GPS data display using Google™* Earth™* - the
BioModule must be used in conjunction with a
supported GPS device.

Invalid Values

Variants on the Summary Log Formats may contain data values which
indicate aninvalid value — the data is not available, or the device does not
support the parameter. Invalid values are provided where applicable.

350



CONTENTS

ABOUT THIS MANUAL
GETTING STARTED
SYSTEM OVERVIEW
SYSTEM SETUP

LIVE OPERATIONS
ANALYSIS OPERATIONS

ANALYSIS IMPACT
PROCESSING

ANALYSIS REPORTS

LOG DATA

OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE
OMNISENSE™ TOOLS
BASELINE FITNESS TESTING
FITNESS PARAMETERS

> BioModule Firmware Upgrade

> BioModule Firmware Versions

> BioModule Log Data Parameters

> Security Advice

EULA
SUPPORT
INDEX

APPENDIX 3
BioModule Log Data Descriptions (3/8)

Memory Capacity

The BioModule will continue to log until the memory capacity is full. When
this happens, it will erase the oldest log in memory, and continue to write the
current login the space available. This process will repeat until the current
logging session is terminated.

When an old log is overwritten by the current one —all of that log will be erased,
even if only part of the freed space is used.

If the device is configured to log in Summary and Development mode, then
the maximum possible log duration with new batteries (~35 hours) will exceed
the maximum memory capacity of the device (~30 hours). In this situation,
the saved part of the current log will be erased, freeing up all memory space.
When the logging session is terminated, the only data saved and available for
download will be that which was logged after the initial 30 hours.

Ll e | Memory Capacity (Hrs)

Summary 450
Summary + Waveform 60
Summary + Development 30
Enhanced Summary 450
Enhanced Summary + Waveform 60
Enhanced Summary + Development 30

Timestamp Formats

A variety of time stamp formats are used in Zephyr™ csv files. Some are
user-friendly, others less so. The latter are normally associated with data
parameters which are likely to be of more use to an engineer who is integrating
BioModule data into other software applications, who is less concerned with
the data being human readable when processed internally.
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General Log Format Output (Legacy)

This describes the actual external .csv files generated by the Zephyr™
Downloader tool.

Log Format

Reporting

Frequency

Parameters

File Name

General

1Hz

Heart Rate
Breathing Rate
Posture
Activity
Acceleration
Battery

BR Amplitude
ECG Amplitude
ECG Noise

X Acc Min

X Acc Peak

Y Acc Min

Y Acc Peak

Z Acc Min

Z Acc Peak

yyyy_mm_dd-hh_mm_ss_General

18 Hz

Breathing Waveform
Heart RR

yyyy_mm_dd-hh_mm_ss_BR_RR

Per
Event

Event Code

Event Type

Source

Event ID

Event Specific Data

yyyy_mm_dd-hh_mm_ss_Event_Data

Per
Download

Subject Information
Device Information
Session Information

yyyy_mm_dd-hh_mm_ss_Sessioninfo.txt

General +
ECG

250 Hz

ECG

yyyy_mm_dd-hh_mm_ss_ECG

General +
Acc

100 Hz

Acceleration
Magnitude (g)

yyyy_mm_dd-hh_mm_ss_Accelmag
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Summary Log Format Output

Descriptions for the external .csv files generated by the Zephyr™ Downloader

tool.

Log Format

Reporting

Frequency

Parameters

File Name

Summary

1Hz

Heart Rate
Breathing Rate
Posture

Activity

Peak Acceleration
Battery Voltage
Battery %

BR Amplitude

BR Noise

BR Confidence
ECG Amplitude
ECG Noise

HR Confidence
HRV

System Confidence
GSR Status

ROG Time

ROG

Vert Acc Min

Vert Acc peak
Lateral Acc Min
Lateral Acc Peak
Sagittal Acc Min
Sagittal Acc Peak
Device Temperature
Status Info

Link Quality

RSSI

Tx Power

Core Temperature
Aux ADC1/2/3

yyyy_mm_dd-hh_mm_ss_Summary

Per
Event

Heart RR

yyyy_mm_dd-hh_mm_ss_RR

Per
Event

Breathing BB

yyyy_mm_dd-hh_mm_ss_BB

Per
Download

Subject Information
Device Information
Session Information

yyyy_mm_dd-hh_mm_ss_Sessioninfo.txt

Per
Event

Event Code

Event Type

Source

Event ID

Event Specific Data

yyyy_mm_dd-hh_mm_ss_Event_Data
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Descriptions for the external .csv files generated by the Zephyr™ Downloader

tool.
ANALYSIS IMPACT
PROCESSING

Log Format Reporting | Parameters File Name
ANALYSIS REPORTS Frequency
Lol Summary + 250Hz | ECG yyyy_mm_dd-hh_mm_ss_ECG
O RS S = ELORTA Waveform 100Hz | Vertical Acc yyyy_mm_dd-hh_mm_ss_Accel
OMNISENSE™ MOBILE Lateral Acc
OMNISENSE™ TOOLS Sagittal Acc
BASELINE FITNESS TESTING 25Hz Breathing Waveform yyyy_mm_dd-hh_mm_ss_Breathing
FITNESS PARAMETERS Summary + 1000 Hz | ECG Waveform yyyy_mm_dd-hh_mm_ss_ECG
Development
> BioModule Firmware Upgrade
> BioModule Firmware Versions
100 Hz* | Vertical Acc yyyy_mm_dd-hh_mm_ss_Accel
> BioModule Log Data Parameters Late_ral Acc
} ) Sagittal Acc
> Security Advice
EULA 25Hz Breathing Waveform yyyy_mm_dd-hh_mm_ss_Breathing
SUPPORT +GPS 1Hz Location (Lat/Long) yyyy_mm_dd-hh_mm_ss_GPS
Altitude
INDEX
GPS fix Quality
Speed Over Ground
Track Angle
HDOP

* Accelerometer datais reduced in resolution from 12 bit to 10 bit to
accommodate the additional ECG data.
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Enhanced Summary Log Format Output

The parameters below are contained in the Enhanced Summary log format
in addition to all of the parameters previously described in the Summary log

format.

Log Format

Enhanced
Summary

Reporting
Frequency

1Hz

Parameters

Impulse Load
Walk Steps
Run Steps
Bounds
Jumps

Minor Impacts
Major Impacts

Average Rate Force
Development

Average Step Impulse
Average Step Period
Jump Flight Time
Peak g Phi Angle

Peak g Theta Angle

File Name

yyyy_mm_dd-hh_mm_ss_
SummaryEnhanced

Per
Event

Heart RR

yyyy_mm_dd-hh_mm_ss_RR

Per
Event

Breathing BB

yyyy_mm_dd-hh_mm_ss_BB

Per
Download

Subject Information
Device Information
Session Information

yyyy_mm_dd-hh_mm_ss_
SessionInfo.txt

Per
Event

Event Code

Event Type

Source

Event ID

Event Specific Data

yyyy_mm_dd-hh_mm_ss_Event_Data
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Enhanced Summary Log Format Output (Continued)

The parameters below are contained in the Enhanced Summary log format
in addition to all of the parameters previously described in the Summary log
format.

Log Format Reporting | Parameters File Name

Frequency

Enhanced 25Hz ECG yyyy_mm_dd-hh_mm_ss_ECG
Summary
* 100Hz | Vertical Acc yyyy_mm_dd-hh_mm_ss_Accel
Waveform Lateral Acc

Sagittal Acc

25Hz Breathing Waveform yyyy_mm_dd-hh_mm_ss_Breathing

Enhanced 1000 Hz | ECG Waveform yyyy_mm_dd-hh_mm_ss_ECG
Summary

+

Development | 160 Hz* | Vertical Acc

Lateral Acc
Sagittal Acc

yyyy_mm_dd-hh_mm_ss_Accel

25Hz Breathing Waveform yyyy_mm_dd-hh_mm_ss_Breathing

+GPS 1Hz Location (Lat/Long)
Altitude

GPS fix Quality
Speed Over Ground
Track Angle

HDOP

yyyy_mm_dd-hh_mm_ss_GPS

* Accelerometer datais reduced in resolution from 12 bit to 10 bit to
accommodate the additional ECG data.
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Index of Parameters

Heart Rate ..o 358
BreathingRate ..o 359
Skin Temperature ..., 360
POSTUIE oo

Activity Level

Peak Acceleration.........ccccocivincniiciie. 362
Battery Voltage ... 363
Breathing Wave Amplitude ... 364
ECG AMPIItUde ... 365
ECG NOISE ..t 366
X Acceleration Min/Peak ..., 367
Y Acceleration Min/ Peak.........cccccccocviininee. 368
Z Acceleration Min/peak.........ccccoovvininie. 369
Breathing Waveform | General Log............. 370
Heart R-R | General Log........ccccccooooeeomrrrrrr. 371
ECG Waveform | General & ECG Log........... 372

Acceleration | General & Acceleration Log 373
Battery Level ...

Breathing Noise Level

Breathing Confidence

Heart Rate Confidence........c.ccoocvvviinn. 375
Heart Rate Variability ... 376
System Confidence ..., 377
Galvanic Skin Response.........cccoovvivvinicin. 378
ROG Subject Status......coooviiic 378
ROG TIME ottt 379
Device Temperature........cccocccvcvicricioccinis 379
Status INFO 380
Link QUElILY ..o 381
Bluetooth™*  RSSI ..., 381
Bluetooth™* TX POWET ..o, 382
Estimated Core Temperature.............ccco....... 382
AUXADC 1/2/3 i, 383
Event Data. .o
GPS Location.

GPS Altitude ..o,
GPS Fix Quality .....ccoooiviiiiiiciiicce, 387
GPS Speed Over Ground ........ccccoooviviniian. 388
GPS Track ANgle ..o, 389
GPSHDOP ...ttt 390
GPS Location ((KML) ...c.ovoeeeeeeeieeeee, 391
IMpulse Load ...
Walking Step Count .

Run Step Count .o
Bound Count ...,
JUMP CouNt ..

Minor Impact Count

Major Impact Count......ccoovvvir,

Average Force Development Rate............... 398

Average Step Impulse

Average Step Period ...,

Jump Flight Time ..o

Peak Acceleration PhiAngle..........ccccccoeee. 401
Peak Acceleration Theta Angle ........cccc....... 402
Heart R-R | Summary Log .....ccooovvvcioeeee. 403
Breath B-B.....cooiiiicc 404
Accel | SUMMary LOG......oooovrororoeeeeeveveoon 405
Breathing Waveform | Summary Log........... 406
ECG | Waveform LOg ... 407
Accel | Development Log .........cccoovvvvcoieeenn.... 408
ECG | Development LOG..ooovv.ooooveecooeeee. 409
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BioModule Log Data Parameters (2/53)

Heart Rate

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz

105, 106, 95, 89, 86...

25-240

Beats per minute

HR

60

Beats per minute

&
o

N
(-]

0
19:12 19:55 20:38 21:22 22:05 22:48 23:31

Time: mm:ss

Values consistently above 200+ beats per minute may
indicate a noisy ECG signal. Causes include:

= Dry sensor pads or skin

= Loose strap

= Poorly located strap

= Poor device/receptacle connection

= Device or strap fault

Dropouts to 0 usually indicate a mechanical connection
problem

= Check connection between device and
receptacle —handle spring contacts carefully to
avoid breaking them

Raw ECG datais filtered to account for false or missed
R detections, and some smoothingis applied. HR is
determined mainly from the preceding 15 seconds of
ECG data.

The HR detection algorithm initializes at 65 beats per
minute. This may show at the beginning of a log file for
~7 seconds, but will be flagged invalid, as the algorithm
processes initial data. A flag in the Status Info channel
of the Summary Log will indicate whether the HR data
is valid.
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Breathing Rate
Log Format All formats
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4
Sample Data 8.1,8.1,7.3,7.3,6.6,6.6
Range 4-70
Units Breaths per minute
Invalid Value
Sample Graph
BR
30
22
£
S1s
810
&
5
(1]
19:12 19:55 20:38 21:22 22:05 22:48 23:31
Time: mm:ss

Breathingis detected by a pressure sensor in the
Zephyr™ Strap which detects torso expansion and
contraction due to breathing. Several breath cycles
are necessary for initial breathing rate indication to
stabilize (15 — 45 seconds).

Spontaneous adjustment of strap tension or location,
or abrupt changes in posture, talking, coughing etc
may cause changes in the range of pressure detected

or troughs) in breathing rate indication. These should
be anticipated and potentially ignored when analyzing
data.

by the strap which produce temporary artefacts (peaks
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SYSTEM SETUP

Skin Temperature
LIVE OPERATIONS

ANALYSIS OPERATIONS Log Format General log formats

ANALYSIS IMPACT

Timestamp DD/MM/YYYY hh:mm:ss.000
PROCESSING

Reporting Frequenc
ANALYSIS REPORTS | ey ey |

LOG DATA Sample Data -3276.8,-3276.8,-3276.8...

OMNISENSE™ WEB PORTAL Range 10-60

OMNISENSE™ MOBILE Units DegC

OMNISENSE™ TOOLS Invalid Value -3276.8

BASELINE FITNESS TESTING Sample Graph Not supported by BioModule 3.0.

FITNESS PARAMETERS BioModule 3.0 always reports the invalid value.

> BioModule Firmware Upgrade

The BioModule 3.0 has replaced this parameter with
Estimated Core Temperature in the Summary and
Enhanced Summary log formats.

> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice

EULA Posture

SUPPORT Log Format All formats

INDEX M|
Timestamp DD/MM/YYYY hh:mm:ss.000

Reporting Frequency R4

Sample Data -98,-97,-99...

Range +180

Units Degrees from vertical

Invalid Value

Sample Graph
Posture

23:31

Degrees from Vertical

-120

Time: mm:ss

0° = subject vertical.

90° = subject prone (face down).
-90 ° = subject supine (face up).
+ 180 ° = subject inverted.

Thereis likely to be an offset of 5-15 °from O for a
‘vertical’ subject due to variations in torso shape and
actual posture.
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Activity Level

Log Format All formats

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 0.11,0.17,0.12...
Range 0-16
Units Vector Magnitude Units (VMU), measureding

Invalid Value

Sample Graph

FITNESS PARAMETERS Activity

> BioModule Firmware Upgrade

1 .'Wh At
| i

> BioModule Firmware Versions

> BioModule Log Data Descriptions
|

Ll | [

VMU (g)

> Security Advice

0 - _— ——

19{12 19:55 20:38 21:22 22:05 22:48 23:31

EULA
SUPPORT
INDEX

Time: mm:ss

VMU = VJ(x?+y?*+z?) where x, y and z are the average
of the three axial acceleration magnitudes over the
previous 1 second epoch, sampled at 100Hz.

Walking ~ 0.2 VMU or greater
Jogging ~ 0.8 VMU or greater

Axial accelerometer output is band pass filtered, to
remove non-human artefacts, and gravity.

361




CONTENTS

ABOUT THIS MANUAL
GETTING STARTED
SYSTEM OVERVIEW
SYSTEM SETUP

LIVE OPERATIONS
ANALYSIS OPERATIONS

ANALYSIS IMPACT
PROCESSING

ANALYSIS REPORTS

LOG DATA

OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE
OMNISENSE™ TOOLS
BASELINE FITNESS TESTING
FITNESS PARAMETERS

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice

EULA
SUPPORT
INDEX

APPENDIX 4

BioModule Log Data Parameters (6/53)

Peak Acceleration

Log Format

Timestamp

Reporting Frequency

Sample Data
Range
Units
Invalid Value

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz

0.26,0.78,0.38...

0-16

9

PeakAccel

w
n

w

n m i
i
—

Acceleration Magnitude (g)
-

19:12 19:55 20:38 21:22 22:05 22:48 23:31
Time: mm:ss

The Peak Acceleration Magnitude is calculated for the
previous second:

Peak Accn = (V(x?+ y?+ z?) )., where x, y and z are the

3 axial acceleration values, sampled at 100 Hz. Raw
accelerometer output is filtered to remove non-human
artefacts, and gravity.

The maximum value is capped at 16g.
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Battery Voltage

Log Format All formats

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 4.168,4.167,4.167...
Range ~ 3.6 to ~ 4.2 for a functioning battery
Units Volts

Invalid Value

Sample Graph

FITNESS PARAMETERS BatteryVolts

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

Battery Voltage (V)
.

> Security Advice

EULA
SUPPORT
INDEX

19:12 19:55 20:38 21:22 22:05 22:48 23:31

Time: mm:ss

Fully charged ~ 4.2V, fully discharged ~ 3.6V

The device processor will turn the device off when
battery voltage < 3.6V, to prevent further discharge
causing permanent damage to the battery.
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Breathing Wave Amplitude

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz

5864,5307,4698...

0-65534

N/A

BR Amplitude

BR Amplitude {bits)

N I B o4 b B P
L I N
F Y D S

Time: mm:ss

This is a metric extracted from the breathing detection
algorithm, and is used for internal development

only. Initial value is large, but reduces rapidly as the
algorithm has data to process.
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ECG Amplitude

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz

0.00282,0.00282, 0.00354...

0-0.05

Volts

ECGAmplitude

0.004
0.0035
0003

0.0025 +

Voltage (V)
L=
(=]
[=]
]
L s

0.0015
0.001

0.0005 7

19:12 19:55 20:38 21:22 22:05 22:48 23:31

Time: mm:ss

Indicative only — this parameter represents an un-
calibrated amplitude (measured from peak of the R
wave to peak of the S wave) of the QRS complex. This
value is filtered to attempt to remove noise related
variation, however willincrease during periods of high
noise.
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ECG Noise

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz

0.00058,0.0015,0.00216...

0-0.05

Volts

ECGNoise

0.0025 : H'I!‘.J' 1
M Al
ALY | It

19:12 19:55 20:38 21:22 22:05 22:48 23:31

Time: mm:ss

Indicative only — this parameter represents an un-
calibrated amplitude of noise signals measured
between QRS complexes. This is directly comparable
to the ECG amplitude for SNR calculations.
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SYSTEMSETUP X Acceleration Minimum (VerticalMin)

LIVE OPERATIONS

ANALYSIS OPERATIONS Log Format All formats

gll“l(l)\gésslsslhl‘gPACT Timestamp DD/MM/YYYY hh:mm:ss.000
ANALYSIS REPORTS | Reporting Frequency ggh

LOG DATA Sample Data -0.08,-0.75,0.1...

OMNISENSE™ WEB PORTAL Range +16

OMNISENSE™ MOBILE Units g

OMNISENSE™ TOOLS Sample Graph

BASELINE FITNESS TESTING VerticalMin
FITNESS PARAMETERS .

2 " O O .
> BioModule Firmware Upgrade 1 [ . . |
> BioModule Firmware Versions o -2 -
> BioModule Log Data Descriptions 3 ’ |

LT T¥1
> Security Advice E 74‘#-."!."1'
EULA * Time: mmss

SUPPORT
INDEX

X axis = subject vertical. Minimum value during
previous second, sampled at 100Hz. This is raw,
unfiltered data.

X Acceleration Peak (VerticalPeak)

Log Format All formats
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency lgb4
Sample Data 0.19,0.54,0.4...
Range +16
Units g
Sample Graph
VerticalPeak
08
06 A My,
04 h f

|
0.2 LAY

(i} 1 1 1
o .p 29112 1955 20:38 21:22} 22:05 | 22:48 23:31
0.4 /
06 H i T e
08 3 |
-1

-1.2
Time: mm:ss

Xaxis = subject vertical. Maximum value during
previous second, sampled at 100Hz. This is raw,
unfiltered data.
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Y Acceleration Minimum (LateralMin)

Log Format

Timestamp

Reporting Frequency

Sample Data
Range
Units

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz
0.19,0.54,0.4...
+16
9
LateralMin
0.2
0 4 . |
112 || 19is8 20:3 21:22 22:05 |[“-2748 23:3
07912 | 1054 ?,"?".J‘h' '.l,;.-'-f- | 4 3:31
ok Wyt | f
d | . |
m-os t i T t

08 +

12
14

-16

'.T “ |
| ll'," i :'_'il
! i

i\

Time: mm:ss

Y axis = subject lateral. Minimum value during previous
second, sampled at 100Hz. This is raw, unfiltered data.

Y Acceleration Peak (LateralPeak)

Log Format

Timestamp

Reporting Frequency

Sample Data
Range
Units

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz

0.19,0.54,04...

16

9

w

1912

|
|

]

19?‘!‘.

LateralPeak

1

;- l|- i
?{_ll ‘!_tfl..ll_
Il ¥

|
i

Bp:3s 21:22 2205 2248 23:31

Time: mm:ss

Y axis = subject lateral. Maximum value during previous
second, sampled at 100Hz. This is raw, unfiltered data.
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Z Acceleration Minimum (SagittalMin)

Log Format

Timestamp

Reporting Frequency

Sample Data
Range
Units

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz
-0.08, -0.25,-0.24...
+16
g
SagittalMin
15
1 —
a5 :
e 0 4 I‘ - 3 '
19112 19:58k~S20338 ] 2 ) 2205 | 2248 23:31
05 | [ LN H-;._'H_-.{lh\‘-'.___-
| I LR
1 4 I ’ l

Time: mm:ss

Z axis = subject sagittal (front/rear). Minimum value

during previous second, sampled at 100Hz. This is raw,

unfiltered data.

Z Acceleration Peak (SagittalPeak)

Log Format

Timestamp

Reporting Frequency

Sample Data
Range
Units

Sample Graph

All formats

DD/MM/YYYY hh:mm:ss.000

1Hz
0.34,0.5,0.19...
+16
9
SagittalPeak
16
14
12 L, | -
! A "J.I 1
1 4 4 ped AN
7w |hl||
08 : ' 1
w0 Ay e o
04 H J.1 "
| N !
02 + Wl
]
0 4 it "y
gA%12 19:55'~—/20:38 21:22 22:05 22:48 23:31
04
Time: mm:ss

Z axis = subject sagittal (front/rear). Maximum value

during previous second, sampled at 100Hz. This is raw,

unfiltered data.
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Breathing Waveform

Log Format General - Breathing & RR

Timestamp DD/MM/YYYY hh:mm:ss.000

Reporting Frequency K:Rsb4

Sample Data 1741,1742,1741...

Range 0-4096

Units bits

Invalid Value

Sample Graph
P P BRSensorOutput

1760
1755
1750
1745

1740

Bits

1735

1730 +

1725 1

1720

1715 +
12:29 13:12 13:55 14:38 15:22 16:05 16:48

Reported at 18Hz. This is the raw unfiltered breathing
sensor output. Its main use is to determine whether
there is sufficient dynamic range to indicate that the
sensor is functioning correctly — this may be a few
tens to a few hundreds of bits, depending on subject
breathing mechanics.

The data is then heavily filtered and processed in order
to establish arespiration rate.

The datais reflecting changes of pressure on the
breathing sensor if used with a Zephyr™ strap. This will
vary according to an individual's breathing mechanics,
their body composition, and how tight the strap is
fitted. As such no inference can be made on breathing
depth or volume from this data.
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Heart R-R

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

General - Breathing & RR

DD/MM/YYYY hh:mm:ss.000

1Hz

-0.702,-0.702,0.857...

0-32.767

Seconds

RtoR

seconds

Time mm:ss

Reported at 18Hz. The last detected R interval is
repeated until a new R detection is calculated. Fresh
detections are toggled positive/negative so that
identical-magnitude detections in sequence can

be distinguished. This method is used because the
parameter must be reported at regular intervals, but
changesirregularly.
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ECG Waveform

Log Format Summary & Waveform
Summary & Development
Enhanced Summary & Waveform
Enhanced Summary & Development
W DD/MM/YYYY hh:mm:ss.000
LE Ll LIS 250 Hz (1000 Hz in Development formats)
Sample Data 2167,2167,2166...
Range [OWLEE
Units bits

Invalid Value

> BioModule Firmware Upgrade

Sample Graph

> BioModule Firmware Versions EcgWaveform

> BioModule Log Data Descriptions

> Security Advice

EULA
SUPPORT
INDEX

A

2004 008 20012 017 021

Sampled at 1KHz
ConversiontomV: 2048 bits = 0mV
1 bit=0.00625mV
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BioModule Log Data Parameters (17/53)

Acceleration Magnitude

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

[Enhanced] Summary & Waveform

DD/MM/YYYY hh:mm:ss.000

100 Hz

1.1,1.1,1...

0-16

9

Accel Mag(g)

14:53 15:36 16:19 17:02 17:46 18:29 19:12
Time mm:ss

Sampled and reported at 100Hz.
Magnitude = (V(x?+ y*+ z2) ) where x,y & z are the three

axial accelerometer values. This is raw, unfiltered data.
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Battery Level

Log Format Summary & Enhanced Summary
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 94,94,93

Range 0-100

Units % Fully Charged
Sample Graph

BatteryLevel

101

100

99 4 {
S8

97 +

96

95 +

94 " e
93 4 - 'ﬂ

FITNESS PARAMETERS

> BioModule Firmware Upgrade

%

> BioModule Firmware Versions

> BioModule Log Data Descriptions

92 1 —
91 +
19:12 19:55  20:38 2122 2205 2248 23:31

> Security Advice

EULA T
SUPPORT
TR 100% ~ 4.2V

0% ~ 3.6V

If battery discharged curves are stored historically,
battery health can be monitored.

Breathing Noise Level

Log Format Summary & Enhanced Summary
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency NEFA

Sample Data

Range 0-65534
Units Bits
Invalid Value 65535

Sample Graph Invalid value of 65535 is always reported.

Notes This parameter is not currently implemented —an
invalid value is always reported.
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Breathing Confidence

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000

Reporting Frequency llgb4

Sample Data 255,255, 255...

Range 0-254

Units Bits

Invalid Value 255

Sample Graph Parameter not supported - a constant invalid value of
255 reported.

Notes This parameter is not currently implemented —an
invalid value is always reported.

Heart Rate Confidence

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000

Reporting Frequency llgb4

Sample Data 0,23,75

Range 0-100

Units %

Sample Graph

HRConfidence

Confidence Level 0-100

19112 19:55 20:38 21:22 22:05 22:48 23:31

Time: mm:ss

An algorithm which takes into account a worn
detection indication, and the signal-to-noise ratio

of the ECG signal is used to establish HR confidence.
Above 20% indicates a reliable heart rate. 0% indicates
not worn indication or an extremely noisy ECG signal.
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Log Format Summary & Enhanced Summary
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Sample Data 65535 initially, till calculated, then 50,52,54...
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Units Standard deviation in milliseconds

Invalid Value 65535

Sample Graph

FITNESS PARAMETERS ik

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

milliseconds

> Security Advice

EULA
SUPPORT
INDEX

14:52 15:00 15:07 15:14 15:21 15:28 15:36
Time: hh:mm

Two optional metrics can be configured using the
Zephyr™ Config Tool.

= SDNN - an algorithm calculates a rolling 300
heartbeat value. This is updated once per second.
For the first 300 beats of the log, the invalid value
will be reported.

= RMSSD - an algorithm calculates a rolling
15-second value. The invalid value is reported prior
to the first calculation.

= For both algorithms, if heart rate data becomes
invalid, then the last valid HRV value will be reported
for a maximum of 1 minute. After this, an invalid
value will be reported, and the algorithm re-
initialized when the heart rate becomes valid again.

= Ifheartrateis invalid for less than one minute, then
the invalid values will be ignored and the algorithm
will continue processing.
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System Confidence

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 0,100

Range 0-100
Units %

Sample Graph

SystemConfidence

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice

54:58 55:41 56:24 57:07 57:50 58:34 59:17

EULA

Time: hhimm

SUPPORT
INDEX

System Confidence is a development parameter which
will combine HR confidence with other parameters as
they become available. At present System Confidence
is identical to HR Confidence.
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Galvanic Skin Response (GSR)

Log Format Summary & Enhanced Summary
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

SamplT 65535,65535,65535
Range 0-65534

Units Siemens

Invalid Value 65535

Sample Graph A constant invalid value of 65535 is always returned.

Notes GSR was originally implemented in the BioModule 2.0.
Itis not supported in the BioModule 3.0

> BioModule Firmware Upgrade

> BioModule Firmware Versions

ROG Subject Status

> BioModule Log Data Descriptions

Log Format Summary & Enhanced Summary
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency NEFA

> Security Advice
EULA
SUPPORT
INDEX

Sample Data 1,1,0...

Range 0,1,2,3

Units Status indication

Invalid Value 0

Sample Graph
ROGState

KU Status

5458 55:41 56:24 57:07 57:50 58:34 59:17

Time: hh:imm

O=Invalid
1=Green,
2=0Orange,
3=Red
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ROG Time

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 0,1,2..

Range 0-8291

Units Seconds

Sample Graph

ROGTime

> BioModule Firmware Upgrade

> BioModule Firmware Versions

Seconds
-
(=]
o
A

> BioModule Log Data Descriptions

0 +——at
54]58 55:41 56:24 57:07 57:50 58:34 59:17

-50

> Security Advice

EULA
SUPPORT
INDEX

Time: hh:mm

Time duration in current status. This value resets to 0
each time status changes, and increments for every
second the status remains unchanged.

Device Temperature

Log Format Summary & Enhanced Summary
Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency R4

Sample Data 28.9,28.9,28.9...

Range 10-60

Units Degrees Celsius

Sample Graph DeviceTemp

Degrees Celsius

54:58 55:41 56:24 57:07 57:50 58:34 59:17

Time: hh:mm

Temperature as measured by a thermistor inside

the BioModule. Some conductive heating from the
subject will occur as time progresses, resultingina
slow increase of temperature, in the absence of other
factors.
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BioModule Log Data Parameters (24/53)

Status Info

Log Format

Timestamp

Reporting Frequency

Sample Data
Range
Units

Sample Graph

Summary & Enhanced Summary

DD/MM/YYYY hh:mm:ss.000

1Hz

528,528,531...

Status Info code

Statusinfo

Degrees Celsius

505
54:58 55:41 56:24 57:07 57:50 58:34 59:17

Time: hh:mm

Status codes are reported in hexadecimal format must
be converted to binary for interpretation. Refer to the
Bluetooth™* Comms Link document in the BioModule
SDK for further interpretation. Details may determine:

= Worn detection confidence

= Button press detection

= Not fitted to garment indication

= Heart Rate reliability

= Respiration rate reliability

= Skin temperature reliability

= Posture reliability

= Activity reliability

= HRV reliability

= Estimated Core Temperature Reliability
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Link Quality

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 255,255, 255...
Range 0-255
Units No units — 0=poor quality, 254=high quality

Invalid Value 255

Sample Graph

LinkQuality

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice

EULA
SUPPORT
INDEX

A Bluetooth™* connection with an Android™* device
was established during the session above.

Bluetooth™* Received Signal Strength Indication - RSSI

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data -128,13,19...
Range -127 to +127
Units dB

Invalid Value -128

Sample Graph
RSSI

20 + X

4S8 5541  S6:24) s9:17

dB
&b b
(=] {=]

Time: hh:mm

A Bluetooth™* connection with an Android™* device
was established during the session above.
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20 1 >
0 |

> BioModule Firmware Upgrade

-2(P4I5E 55:41 56:24 57:07 57:50 5834 59:17
> BioModule Firmware Versions

> BioModule Log Data Descriptions u% 60 |
-
-80
> Security Advice e
-120
EULA 140 4

SUPPORT
INDEX

Time: hh:mm

A Bluetooth™* connection with an Android™* device
was established during the session above. 10=10dbm

Estimated Core Temperature

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 6553.5,37.1,37.1
Range 33-41

Units Degrees Celsius

Invalid Value 6553.5

Sample Graph
CoreTemp

Degrees Celsius

54:58 55:41 56:24 57:07 57:50 58:34 59:17

Time: hhomm

The algorithm for calculating the Estimated Core
Temperature from heart rate data will return an invalid
value of 6553.5 for the first 60 seconds from power on.
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BASELINE FITNESS TESTING Sample Graph
FITNESS PARAMETERS - AuxADC1
430 +
> BioModule Firmware Upgrade a20 1 i | | | T ' '
. . . | P J“""""“"""'.rl‘illl. l-l ! i} —"
> BioModule Firmware Versions 410 L II | I . '.- 1l 1
> BioModule Log Data Descriptions & 00 .'.'
390 'l ‘
380 l
> Security Advice
370 1 |
EULA i
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INDEX

The BioModule circuit board has three output points
for additional functionality. Unless otherwise specified,
the datain all three ADC channels represents hardware
circuit noise.
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Event Data

For a full description of Event Message specifications, contact Zephyr™.

Log Format Summary & Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000

Reporting Frequency [atYaV=1s}d

Sequence No.

Sample Data 0,1,2

Range 0-255

Time Stamp

Sample Data 20181017 37070441

Notes Comma separated, time in milliseconds since midnight

Event Code

Sample Data 192,4160, 4096

Range 0-4095

Units Bits

Sample Diagram

DT e oo e o] [ o[ ] 7]

A 16 bit number.
= Bits 15-12 = Event Type
= Bits 11-6 =Event Source
= Bits 5-0 =EventID

Type

Sample Data System, Physiological, Error, Debug

Notes No error or debug events are currently implemented

Source

Sample Data Diagnosis, WornDetection, RogAlgorithm,
HeartRateCalculation

Notes Source of the event —source labels are self-evident

Event ID

Sample Data 0

Notes Specific to the Event itself. Refer to Event Messaging
System document

Event Specific Data

Sample Data Worn status changed from 100% to 0%

Notes Text description of the event. Self evident.
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Sample Data [Latitude] 4 38 40.314 North
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OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE

Range

OMNISENSE™ TOOLS

Units Latitude: Degrees Minutes Seconds North/South
Longitude: Degrees Minutes Seconds East/West

BASELINE FITNESS TESTING
FITNESS PARAMETERS

Sample Graph Location is displayed directly in Google Earth™*, using
the exported kmil file. See GPS Location (KML)

> BioModule Firmware Upgrade

> BioModule Firmware Versions Notes Accuracy of GPS data is subject to the number of

> BioModule Log DataDescriptions satellites acquired by the GPS receiver.

The BioModule enables DGPS automatically as soon as
a Bluetooth™* connection is made to the GPS receiver.

> Security Advice

EULA
SUPPORT
INDEX

There will be some gaps in GPS data due to dropped
packets between the BioModule and GPS receiver over
the Bluetooth™* connection.
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APPENDIX 4

BioModule Log Data Parameters (30/53)

GPS Altitude

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

Summary & Waveform
Enhanced Summary & Waveform

hh:mm:ss.000

1Hz

147.3,149.2,151.1

Meters above mean sea level

Altitude

Meters abowe sea kevel
=

Accuracy of GPS data is subject to the number of
satellites acquired by the GPS receiver.

The BioModule enables DGPS automatically as soon as
a Bluetooth™* connection is made to the GPS receiver.

There will be some gaps in GPS data due to dropped
packets between the BioModule and GPS receiver over
the Bluetooth™* connection.
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APPENDIX 4

BioModule Log Data Parameters (31/53)

GPS Fix Quality

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

Summary & Waveform
Enhanced Summary & Waveform

hh:mm:ss.000

1Hz

1,3,3,2,3

1,2,3

See below

Quality

Location Fix Qualty

This is dependent on the number of satellites acquired
in order to be able to give an accurate calculation of
location only (2D), or location + Altitude (3D)

1 =nofix
2 =2D fix
3 =3D fix
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APPENDIX 4

BioModule Log Data Parameters (32/53)

GPS Speed Over Ground

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

Summary & Waveform
Enhanced Summary & Waveform

hh:mm:ss.000

1Hz

9.2,7.9,5.1

0-

Knots (1 knot = 1.15 miles per hour)

Speed Over Ground

Accuracy of GPS data is subject to the number of
satellites acquired by the GPS receiver.

The BioModule enables DGPS automatically as soon as
a Bluetooth™* connection is made to the GPS receiver.

There will be some gaps in GPS data due to dropped
packets between the BioModule and GPS receiver over
the Bluetooth™* connection.
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APPENDIX 4
BioModule Log Data Parameters (33/53)

GPS Track angle

Log Format Summary & Waveform

Enhanced Summary & Waveform

Timestamp hh:mm:ss.000

Reporting Frequency NEFA

Sample Data 173.1,158.8,153.3

Range 0- 360

Units Compass bearing in degrees [0=North, 90= East,
180=South, 270=West]

Invalid Value

Sample Graph

Track Angle

Bearmg U- 36 degreest

Accuracy of GPS data is subject to the number of
satellites acquired by the GPS receiver.

The BioModule enables DGPS automatically as soon as
a Bluetooth™* connection is made to the GPS receiver.

There may be some gaps in GPS data due to dropped
packets between the BioModule and GPS receiver over
the Bluetooth™* connection.
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Enhanced Summary & Waveform

Timestamp hh:mm:ss.000

Reporting Frequency NEFA

Sample Data 0.8,0.6,0.5

Range

Units See below

Invalid Value

FITNESS PARAMETERS

Sample Graph

Horizontal Dilution of Precision (HDOP)

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice

EULA
SUPPORT
INDEX

o5

03464

A smaller value of HDOP indicates greater GPS
location accuracy.

Accuracy of GPS data is subject to the number of
satellites acquired by the GPS receiver.

The BioModule enables DGPS automatically as soon as
a Bluetooth™* connection is made to the GPS receiver.

There may be some gaps in GPS data due to dropped
packets between the BioModule and GPS receiver over
the Bluetooth™* connection.
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Invalid Value

> BioModule Firmware Upgrade Sample Graph

> BioModule Firmware Versions
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SUPPORT
INDEX

To access physiological data within the kml file (heart
rate, estimated core temperature, activity level, peak
acceleration) —rright-click the file in the Google Earth™*
Places navigation tree and select Show Elevation
Profile from the context menu.

Click on the various parameter links below the earth
image to display in the graph below.
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APPENDIX 4

BioModule Log Data Parameters (36/53)

Impulse Load

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

Enhanced Summary

DD/MM/YYYY hh:mm:ss.000

1Hz

3,3,9...

Cumulative during session

Newtons

None specified

Impulse Load

Newtons

Time mm.35.0

A cumulative measurement of mechanical load —the
sum of the areas under the accelerometer magnitude
curve for all impulses. Reset when the BioModule is
power cycled.
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LOG DATA Sample Data 0,1,2...

OMNISENSE™ WEB PORTAL Range 0-262143

OMNISENSE™ MOBILE Units Number

OMNISENSE™ TOOLS Invalid Value None specified

BASELINE FITNESS TESTING
FITNESS PARAMETERS

Sample Graph

‘Walk Steps

> BioModule Firmware Upgrade

> BioModule Firmware Versions

Count

> BioModule Log Data Descriptions

> Security Advice
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SUPPORT
INDEX

Time mm.ss.0

A cumulative count of detected walking steps. Impulse
datais analyzed for magnitude, duration and angle as
well as interval from preceding impulse, to determine
whether the impulse is an impact or a step. Reset when
the BioModule is power cycled.
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Log Format

Timestamp

Sample Data
Range

Units

Invalid Value

Sample Graph

Run Step Count

Enhanced Summary

DD/MM/YYYY hh:mm:ss.000

Reporting Frequency

1Hz

3,3,9...

0-262143

Number

None specified

Run Steps

Count

Time mm.s1.0

A cumulative count of detected running steps. Reset
when the BioModule is power cycled.

Bound Count

Enhanced Summary

DD/MM/YYYY hh:mm:ss.000

Reporting Frequency

1Hz

1,2,3

0-1023

Number

None specified

Bound Steps

A cumulative count of detected bounds. Bounds differ
from running steps by the time in the air between
steps. Reset when the BioModule is power cycled.

394



CONTENTS

ABOUT THIS MANUAL
GETTING STARTED
SYSTEM OVERVIEW
SYSTEM SETUP

LIVE OPERATIONS
ANALYSIS OPERATIONS

ANALYSIS IMPACT
PROCESSING

ANALYSIS REPORTS

LOG DATA

OMNISENSE™ WEB PORTAL
OMNISENSE™ MOBILE
OMNISENSE™ TOOLS
BASELINE FITNESS TESTING
FITNESS PARAMETERS

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice

EULA
SUPPORT
INDEX
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BioModule Log Data Parameters (39/53)

Jump Count

Log Format Enhanced Summary

Timestamp DD/MM/YYYY hh:mm:ss.000
Reporting Frequency llgb4

Sample Data 0,1,2..

Range 0-1023

Units Number

Invalid Value None specified

Sample Graph

Jumps

Count

Time mm.s2.0

A cumulative count of detected jumps. Reset when
BioModule power cycled.

Note:

Walk, run, jump and bound step impulses are determined by analysis of the raw
accelerometer data, taking into account the step frequency, time in the air and
nature of adjacent impulses.

Ajump event is specified as a static jump - the subject crouches, pauses and
then jumps vertically. Basketball players are tested for jumping ability by this
method. Dynamic jumps during heightened activity will not pass the jump
event criteria.
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Log Format Enhanced Summary
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Invalid Value None specified

Sample Graph

Miner Impacts

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions

> Security Advice
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INDEX

Time mm.ss.0

A cumulative count of impulses classified as minor
impacts — peak accelerometer magnitude during the
impact is between 3 and 7g and angle of impact meets
the criteria for an impact, as opposed to a step.
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Major Impact Count

Log Format Enhanced Summary
Timestamp DD/MM/YYYY hh:mm:ss.000
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Sample Data 0,1,2..

Range 0-1023
Units Number

Invalid Value None specified

Sample Graph

Major Impacts

> BioModule Firmware Upgrade
> BioModule Firmware Versions

> BioModule Log Data Descriptions
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A cumulative count of impulses classified as minor
impacts — peak accelerometer magnitude during the
impact is greater than 7g and angle of impact meets
the criteria for an impact, as opposed to a step.
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BioModule Log Data Parameters (42/53)

Average Force Development Rate

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

Enhanced Summary

DD/MM/YYYY hh:mm:ss.000

1Hz

0.94,3.21,5.78...

0-4095

Newtons per second

None specified

Average Force Development Rate

Hewtons/s

A measure of explosive power. The gradient of the
accelerometer magnitude curve during initiation of the
impulse. Averaged for the previous 10 steps. Zero if no
steps detected for 5 seconds.
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BioModule Log Data Parameters (43/53)

Average Step Impulse

Log Format

Timestamp

Reporting Frequency

Sample Data
Range

Units

Invalid Value

Sample Graph

Enhanced Summary

DD/MM/YYYY hh:mm:ss.000

1Hz

2.75,2.48,2.67...

0-1023

Newton seconds

None specified

Average Step Impulse

Newton s

Time mm.ss.0

Area under the accelerometer magnitude curve for

a detected step. Averaged over previous 10 steps.

A measure of the efficiency of steps, i.e. how much
energy is expended during a step. Shorter (in duration)
steps expend less energy. Zero if no steps detected for
5 seconds.
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