~SENSEMOTION

QSense Motion Capture Platform

User Manual

Find us online at: John F. Kennedylaan 3
www.gsense-motion.com 5555XC Valkenswaard
www.2mel.n| The Netherlands

User Manual v6 2026-07-03



Q QSense Motion Capture Platform
\

User Manual

Contents
1 General safety CONSIAEratioNS .....oiviiciieiiiiie e s se e seae b beeseae e 2
1.1 Safety and Electromagnetic CoOmpatibility .......cccuerierierneiiienieeeeesieseee e 3
1.2 DUSPOSAI ettt et bttt s h et sa bt sh e e st e sabeebeenatesare s 4
1.3 EXPlanation Of SYMDOIS....cc.uiiiee et s 5
2 QSense Motion Capture Platform OVEIVIEW .........ccoverviieieenieniiniee sttt s 6
2.1 QSENSE MOTION SENSO ittt eresssss bbb e rearreresesesreseesesesesnsssessessanses 7
211 LI INAICATOTS. i iiieiieiie ettt sttt st et st et sbe e s e st sbeesbeesaneenaes 9
2.1.2  SBHHINES ettt et e s st e e e b be e s et e e e e e re e e saeeenares 10
2.1.3  MagnetiC Field MapPing ...cccccierieiiieieireesreeseesee st ssie e sre e ssaeeteesaeesaessseesseesssesnseens 11
2.1.4  Offset COMPENSATION co..iiiiieieie ettt st sbe e s e st esbeesaeesaneens 12
2.1.5  AULOCAlIDIatioN ..ciieeeieie ettt st et st et she e s eree s 12
2.1.6  FIrMWAre UPZIrade ... .o ee ettt sttt st st et sre e st st e sbeesbaesneens 12
2.1.7 Recommendations for Wireless Performance........c.cccccccevveenveivieeneeniecvieenecnie e 13
2.2 QSENSE BOAY SEraPS .ieiieeiiiiiieiiesieisieesee sttt ssteesteesieessesteesteesssesssessseasseessessssesssesssessssesnsenns 14
2.3 QSense DOCKING STAtION....ciiiiiiiiiiiiieeiee ettt ettt st sre e st st s sbeesbeesaeesaseeree s 15
2.4  QSense Wireless BLE USB DONGI@.....cccuoiiriieiiieenieeieeie et sttt st te st v esaeesaneens 15
B T @ S Y=T o TSI AN o TP 16
2.6 QSENSE PC APPICAION .cotiiiieeieeetierte ettt ettt et st s et sbe et et e e sbeesbaeeaneens 16
2.7 QSense Mobile DemMO APPlICAtION cooviiii ittt s eree 17
3 AdditioNal INfOrMAtION...cc.eiiiiiieeee et sttt st st 18
BuT  CRAIEING ettt ettt ettt e s e st b e et sht e s te et eesbe e s te et e e sheenateeareens 18
3.2 LONG tEIMN SEOIAZE .neiiieiieee ettt et ettt et e s et e e e sbe e e sae e e s abee s sne e e saneeenneeenneenns 18
3.3 ClRANINEG ettt ettt st b et eht e st et s bt et e et e e she e s besateesheesabeeareen 18
3.4 Preventive inspection and MaiNte@NaNCe.......ccccevveerieeierre ettt st eeens 18
4 Technical SPECIfICAtIONS ..c.uieiieie ettt ettt et st st e s e e st e s beebeesaeeens 19
5 Manufacturer iNfOrMatioN ......cooie oottt et sabe s s 21
Appendix A. QSense Motion PC Application GUIAE ........ccceevieiiiieniinieeiienecsie e 22
A1 Using the QSense PC APPHCAtION ..ottt 23
T <1 1 4 1= TSP P SOOI 26
A3 MagnetiC FIeld MapPing . ..o ettt sttt ettt et st eb e st e sabe s s eae s 27
A4 Offset COMPENSATION ...uiiiiiriieiiieieee ettt ettt s et et e st e sabesbaenaees 28
A5 MeasuremMeNt fIlES.....couiiiiiiiiiii e 28
Appendix B. DeVEIOPEI'S GUIAE .....covuieieiiieriie ettt sttt e st st e b e ee st e ssbeebaesaeenns 30



Q QSense Motion Capture Platform
. User Manual

1 General safety considerations
We strongly recommend that you follow the safety specifications listed in this section and
throughout this manual.

In this user manual, the following conventions are used:

Indicates a potentially hazardous situation which, if not avoided,

WARNIN
A G could result in death or serious injury
Indicates a potentially hazardous situation which, if not avoided,
CAUTION L -
could result in minor or moderate injury.

Indicates a situation which, if not avoided, could result in damage

NOTICE

to property

Indicates significant information which is essential for the product
Important .

to function correctly
Note Indicates additional information on usage

/A

» This device should not be modified or altered in any way.
Alteration of this device voids the manufacturer's warranty.

The manufacturer is not responsible for any injury or damage caused by using this
device for purposes other than those for which it is intended, or by modifications
of the device not performed by the manufacturer or an authorized agent.

» There are no user serviceable parts inside. Refer servicing to qualified personnel.

» When damaged, do not use anymore and return the device for servicing.

» Keep the sensors at least 15cm away from implanted electronic devices, such as
pacemakers.

» Only use the supplied components. Do not connect to any other equipment other
than specified in this document.

» The device contains built-in rechargeable LiPo battery. It is not to be replaced.
Never open the housing. Never throw this product into the fire. It may explode.
Avoid extreme environmental conditions and temperatures.
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Important: The QSense sensors are sensitive to changing magnetic conditions and disturbances.
Magnetic disturbances are most often caused by metal objects or metals used in building
construction and electromagnetic fields. Think of chairs containing metal, central heating radiators
or other metal objects, magnets and magnetic field generating electronic devices.

For most accurate measurements it is best to avoid being close to any metal objects or
magnets.

1.1 Safety and Electromagnetic Compatibility
The QSense Motion Sensor has been tested and found to be in compliance with following
the standards.
Electrical safety:

- IEC61010-1:2010 + AMD1:2016 Safety requirements for electrical equipment
for measurement, control, and laboratory use - Part 1: General requirements

EMF assessment:

- EN 62479:2010 Assessment of the compliance of low power electronic and
electrical equipment with the basic restrictions related to human exposure to
electromagnetic fields (10 MHz to 300 GHz)

EMC testing:

- ENIEC61326-1:2021 Electrical equipment for measurement, control and
laboratory use - EMC requirements - Part 1: General requirements

- ETSIEN 301 489-1 v2.2.3 ElectroMagnetic Compatibility (EMC) standard for
radio equipment and services Part 1: Common technical requirements

- ETSI EN 301 489-17 v3.2.4 ElectroMagnetic Compatibility (EMC) standard for
radio equipment Part 17: Specific conditions for Broadband Data Transmission
Systems

Radio testing:

- ETSI EN 300 328 v2.2.2 Wideband transmission systems; Data transmission
equipment operating in the 2,4 GHz band; Harmonized Standard for access to
radio spectrum

FCC Compliance Statement:

This device complies with part 15 of the FCC Rules. Operation is subject to the following
two conditions: (1) This device may not cause harmful interference, and (2) this device must
accept any interference received, including interference that may cause undesired
operation.

Pre-certified Module Used: Fanstel Corp. BT840F, FCC ID: X8WBT840F
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This equipment has been tested and found to comply with the limits for a Class B digital
device, pursuant to part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference in a residential installation. This
equipment generates, uses and can radiate radio frequency energy and, if not installed
and used in accordance with the instructions, may cause harmful interference to radio
communications. However, there is no guarantee that interference will not occur in a
particular installation. If this equipment does cause harmful interference to radio or
television reception, which can be determined by turning the equipment off and on, the
user is encouraged to try to correct the interference by one or more of the following
measures:

- Reorient or relocate the receiving antenna.

- Increase the separation between the equipment and receiver.

A

Use of the device adjacent to other equipment should be avoided because it could result
in improper operation. If such use is necessary, this device and the other equipment
should be observed to verify that they are operating normally.

Use of equipment and cables other than those provided by the manufacturer could result
in increased electromagnetic emissions or decreased electromagnetic immunity of this
equipment and result in improper operation.

Portable RF communications equipment should be used no closer than 30 cm to the
device. Otherwise, this could result in the degradation of the performance of this device.

1.2 Disposal

The QSense Motion Sensor contains electronic components. In order to avoid risk or harm to
the environment through non-professional disposal, the disposal of the device, including all
components, must correspond to the valid directives.

The following symbol has been included in accordance with the Waste Electrical and Electronic
Equipment (WEEE) Directive of the European Union.

The presence of this marking on the device indicates:
1. The device was put on the European market after August 13, 2005;
2. The device is not to be disposed of via the municipal waste collection
I system of any member state of the European Union.

It is very important that customers understand and follow all laws regarding the proper safe
disposal of electrical equipment. For 2M Engineering devices bearing this label, please contact
your dealer or the 2M Engineering office for details on the take-back program that will facilitate
the proper collection, treatment, recovery, recycling, and safe disposal of the device.
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1.3 Explanation of symbols

Symbol

o]

SN

IP67

=

Description

Manufacturer

Serial number

Catalogue number

Degree of Ingress Protection Provided by Enclosure: IP67
It is completely resistant to dust and can be submerged in fresh water up
to a depth of one metre for up to 30 minutes. Not suitable for swimming.

Direct current

WEEE symbol (waste electrical and electronic equipment)

The symbol indicates that the product should not be discarded as
unsorted waste but must be sent to separate collection facilities for
recovery and recycling.
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2 QSense Motion Capture Platform Overview

QSense Motion Capture Platform is a wearable motion capture platform intended to monitor
the 3D orientation of human body segments. Each QSense Motion Sensor includes an
accelerometer (measuring linear acceleration), a gyroscope (measuring angular velocity) and a
magnetometer (measuring earth magnetic field). Via wireless BLE connectivity, the system can
output the 3D orientation (quaternions) as well as the raw sensor data in real-time. It does not
perform any interpretation of the collected data.

Qsense-Motion Platform

The QSense Motion Sensor is highly configurable, enabling optimization for different
applications for research, sports and exercise science, ergonomics and (virtual reality) games.

QSense is easy to integrate in mobile and desktop platforms. The QSense interfaces are
available at different abstraction levels, making it a flexible and versatile solution for system
integrators to develop their wearable applications. The QSense Platform can be configured
for real-time, low-latency gaming, VR and AR applications.
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QSense provides Application Programming Interfaces (APIs), comprehensive documentation,
code examples and integration support to make integration as simple as possible. These are
provided upon request. See Appendix B. Developer's Guide for more details.

The QSense Motion Sensors can also be used with the QSense PC Application, a ready-to-use
solution that shows the possibilities of the platform. It allows data collection from the QSense
Motion Sensors and live 3D movement visualization. The PC application works with the QSense
wireless BLE USB Dongle. See Appendix A. QSense Motion PC Application Guide for more

details.

For mobile devices, a QSense app is provided (iOS and Android) for demonstration purposes.
Additional interfacing or application specific solutions can be developed upon request.

2.1 QSense Motion Sensor

QSense Motion Sensor is an Inertial Measurement Unit (IMU) measuring accelerations (g),
gyroscopic velocities (degrees per second (dps)) and the magnetic field (Gauss). The QSense
sensor can be configured to stream different data, from the raw IMU data to quaternions.

The QSense Motion Sensor can be run in two distinct modes, optimized for different tasks:

Mode Purpose Key Advantage Trade-off Typical Use Cases
Real-time Samples are not AR/VR head-
Low-Latency  rendering and End-to-end synchronized tracking, haptics,
Mode closed-loop latency < 25 ms*2 across multiple  robotics tele-
control sensors operation
) Room-scale
. Multi-sensor All sensors .
Time- . ) tracking,
. motion capture timestamped to a Adds 2-3 ms of _ _
Synchronized _ ) biomechanics,
,, and precise common clock buffering ,
Mode (default*') , o sensor fusion, post-
analysis within + 60 ps

processing

*1 Default when using the QSense PC application
*2 Actual latency depends on wireless link quality and host-side processing.
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The QSense Sensor contains a rechargeable battery. It shuts down automatically when it is not

connected and not BLE advertising. The QSense Sensor can stay in shutdown mode for at least
ayear.

The QSense Sensor has been tested and is IP67 waterproof.

Q

VA
Button —— | Q:;
LEDs —g= e - Micro-USB port
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2.1.1 Light indicators

Press button
for 1 to 3 sec

Press button
>3 sec

Press button
> 8 sec

Connectivity

Battery

Charging

Magnetic  Field
Mapping

Timesync
(optional)

User-specific

It shows battery Then starts BLE
level. advertising for
(5 LEDs on: ! 30 sec

battery 100% full) (Blue scanning)

Turns off sensor after showing battery level
(5 LEDs on: battery 100% full)

Sensor resets
(Orange)

Sensor connects or disconnects from central BLE
device
(5 LEDs blinking blue)

Low Battery

(Orange)
Charging Fully  charged

(White) Q (Green)

Progress indicator: 1-5 green LEDs
(5 lights on: progress 100% completed)

When enabled, all sensors blink
synchronously when they are
timesynced. O

The bottom RGB LED can be controlled via BLE interface.

O

Q
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2.1.2 Settings

QSense Motion offers customizable settings that let you optimize its performance for a wide
range of applications.

Sampling rate

The QSense Motion Sensor supports discrete sampling rates of 1, 2, 4, 5, 10, 20, 25, 50, 100,
200, 400, and 800 Hz.

Keep in mind that the higher the sampling rate, the fewer sensors can share the wireless
link, because the total bandwidth is finite. The BLE data throughput and the number of
sensors will determine the maximum sampling rate with no data loss. See Technical

Specifications.

Buffering

The QSense Motion Sensor uses a buffering mechanism to manage data transmission
efficiently. Instead of transmitting every individual sample immediately, sensor data is first
collected into a buffer. This buffered data is then streamed in packets, reducing transmission
overhead and improving overall performance.

Users can configure the buffer size to hold between 1 and 10 samples. A smaller buffer size
(e.g., 1 sample) results in more frequent transmissions with lower latency, while a larger
buffer size (e.g., 10 samples) reduces transmission frequency but increases efficiency by
sending larger data packets less often.

Data modes
QSense Motion currently provides 5 different data modes:

- Mixed mode: collects accelerometer, gyroscope, and magnetometer data at the selected
sampling rate. It also provides quaternion and free acceleration data at a lower (down-
sampled) rate. The down-sampling ratio for these data types is determined by the
buffering configuration.

- Raw mode: collects accelerometer, gyroscope, and magnetometer data at the selected
sampling rate.

- Quaternion mode: provides orientation data (quaternions) at the selected sampling rate.

- Optimized mode: collects orientation data (quaternions), accelerometer, and gyroscope
data at the selected sampling rate.

- Quat+Mag: provides orientation data (quaternions) and magnetometer data at the
selected sampling rate.

10
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Algorithm
The QSense sensor offers two different algorithms to compute quaternions:

- 9 DoF (default): The 9DoF Madgwick algorithm uses data from the accelerometer,
gyroscope, and magnetometer to calculate quaternions. The magnetometer helps correct
for gyroscope drift, providing more accurate orientation tracking.

- 6 DoF: The 6DoF Madgwick algorithm combines accelerometer and gyroscope data to
compute quaternions, making it immune to magnetometer interference; however,
without magnetometer input, it may suffer from gradual drift in heading (yaw) over time.

Sensor range
The accelerometer and gyroscope measurement ranges can be optimized for different use
cases. See Technical Specifications.

2.1.3 Magnetic Field Mapping

Ferromagnetic materials (like iron or steel), magnets, or strong electrical currents (several
amperes) near the sensor can distort the local magnetic field. The magnetometer in the
QSense Sensor acts as a 3D compass to determine true north (heading direction), which helps
correct gyroscope bias in the 9DoF Madgwick algorithm. Magnetic disturbances prevent
accurate heading estimation, leading to orientation drift.

In case drift is observed:

- Change to an environment where there are no metal objects in the environment
(chairs with iron inside, metal cabinets, etc.). For best measurement results, try to
avoid magnetic fields during measurements.

- Perform Magnetic Field Mapping in the new environment.

Important: It is recommended to perform Magnetic Field Mapping for every new location.

The QSense PC application will show when there are soft-iron effects coming from electronic
devices, or hard-iron effects coming from metal objects and magnets.

Important: Never expose the sensor to strong magnetic fields as it can permanently damage the
sensor.

11
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2.1.4 Offset Compensation

Every QSense sensor is factory calibrated. However, gyroscope bias may appear over time
due to factors such as temperature, mechanical stress or aging. Additionally, the factory
calibration will be lost after full reset of the QSense sensor.

In case drift is observed in the quaternion, and the gyroscope or accelerometer show an
offset in static conditions, it is advised to perform the offset compensation.

2.1.5 AutoCalibration

QSense AutoCal provides fully automated, system-level gyroscope bias calibration during
verified sensor stillness, without any user interaction. Accurate orientation tracking depends
on correct gyroscope bias estimation, which can drift over time due to temperature changes,
sensor aging, and operating conditions.

QSense AutoCal continuously monitors sensor data to detect periods of confirmed physical
stillness and automatically updates gyroscope bias offsets when suitable conditions are met.
This improves the consistency and repeatability of orientation estimation across sessions and
deployments, reduces user-dependent calibration errors, and helps maintain system
performance during long-term operation. While bias drift may still accumulate during
movement, automatic recalibration during natural still phases compensates for bias
variations without interrupting normal measurement workflows.

Important: This feature does not affect the accelerometer. Perform the Offset Compensation if you
observe an offset in the accelerometer in static conditions.

2.1.6 Firmware Upgrade
The QSense Motion sensors can be upgraded to the latest firmware using the QSense Motion
Firmware Upgrade Tool. Follow these steps to upgrade your QSense Motion sensors:
1. Open the QSense Motion Firmware Upgrade Tool.
2. Plugin the sensors to your computer using a USB cable. The application will
automatically detect them and show them on the "Sensor List".
Select the firmware version.
Click the "Upgrade" button of each sensor that you want to upgrade.
Wait until the upgrade process has completed.
Wait until the sensor awakes.
You can then safely remove the sensor.
You can find the link to download the QSense Motion Firmware Upgrade Tool in the support

No A~ Ww

page of the QSense Motion website and in the PC application.

12
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2.1.7 Recommendations for Wireless Performance

BLE connectivity is highly sensitive to antenna placement and line-of-sight between the
sensor and the central BLE device, such as the dongle. Even small obstructions such as a
laptop screen or a human body can significantly reduce signal strength.

To achieve optimal BLE performance with QSense and minimize packet loss, we recommend
the following best practices:

Ensure a clear line-of-sight between the dongle and the sensors whenever possible.
Avoid placing the sensor where the human body blocks the direct path to the dongle.
Avoid mounting the sensor on the back when the dongle is positioned in front of the
user.

When body-mounted, orient the sensor to maximize exposure toward the dongle. Be
aware that the human body can attenuate the BLE signal by up to 25 dB.

Keep the dongle free from obstructions within approximately 50 cm. Use the extension
cable to place the dongle above or away from the laptop, not directly behind or next to
the screen.

Laptop screens, metal objects, and enclosures can significantly reduce signal strength
In open environments with few reflections, line-of-sight becomes even more critical.

13
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2.2 QSense Body Straps
There are different straps and accessories available. Please contact us for more information.

Order number Description

QSM210050 Hook-and-Loop strap - XS (25 cm)
QSM210051 Hook-and-loop strap - S (35 cm)
QSM210052 Hook-and-Loop strap - M (45 cm)
QSM210053 Hook-and-loop strap - L (65 cm)
QSM210054 Hook-and-loop strap - XL (102 ¢cm)
QSM210055 Shoulder strap

QSM210056 Hook counterpart (soft) for backside of QSense sensor (10pcs)
QSM210057 Inline-Strap Sensor Holder - Silicone
QSM210058 Inline-Strap Sensor Holder - Hook & Loop
QSM210059 Parallel-Wrist Sensor Holder - Silicone
QSM210060 Parallel-Wrist Sensor Holder - Hook & Loop

Important: Sensor straps or other mounting system should be fixed tight enough to ensure that the
9DOF motion sensors do not move during use.

®

Shoulder strap Chest strap

Wrist holder

Arm/leg sensor straps

14
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2.3 QSense Docking Station

The QSense Docking Station provides a convenient charging solution for the QSense Sensors.
It enables simultaneous charging for up to 5 QSense Motion Sensors. Each docking slot in the
station is equipped with a built-in micro-USB port.

To power the docking station, simply connect a power adapter (5V, 1500mA) to the micro-USB
port located on the side.

Important: Use a power adapter of at least 1500maA.

2.4 QSense Wireless BLE USB Dongle

The QSense Wireless BLE USB dongle simplifies interfacing with QSense Motion Sensors. This
wireless dongle is required for the QSense PC Application.

The dongle uses a USB Type A connector to connect to a computer. This requires at least one

free USB 2.0 port on the computer.
The use of the Dongle Extension Cable is recommended to improve BLE connectivity, ensuring

a clear line-of-sight between the dongle and the sensors.

a16uoq 319 ssara,
NOI LOV\IBSNEISO

15
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2.5 QSense API
The QSense platform includes Application Programming Interfaces (APIs) that make it easier

for developers to integrate the QSense platform into their own solutions. See Appendix B.
Developer’s Guide for more information.

2.6 QSense PC Application

The QSense PC Application is a ready-to-use demonstrator showing all the functionalities of
the QSense Motion Sensors. From system configuration to data visualization and collection.
See Appendix A. QSense Motion PC Application Guide for more information.

The QSense Motion PC Application can be downloaded from the Microsoft Store.

Minimum system requirements:

- Inteli5, 1.8GHz, 4Gb RAM or more
- 0OS: Windows 10 (x84) and later

- One USB 2.0 port

- QSense Wireless BLE Dongle

a))>

(@FTveney Live View
49 Connect 3D Visualization Graph - Acceleration

SelectPose:  Standing v Reset Pose Location:  Right Forearm

Signal: Acceleration

@ Field Map

Zero Offset

& Settings

® Start Recording

16
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2.7 QSense Mobile Demo Application

The QSense Mobile Demo Application is designed to showcase the capabilities of QSense
Motion Sensors and help you quickly experience their potential. It provides a live view of real-
time motion data and serves as a starting point for developers to create their own applications.

Key Functions:
e Scan and connect to QSense Motion Sensors via BLE
e View real-time motion data and graphs

The app is using the QSense .NET DLL (requires .NET MONO) and works on Android and iOS
devices with BLE support. Download the QSense Mobile Demo Application directly from
the Apple App Store or Google Play Store to start exploring what QSense can do.

The QSense Mobile Application is available for demonstration purposes only. It does not
provide full functionality.

17
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3 Additional information

3.1 Charging
The QSense Motion Sensors can be charged via a USB port on a PC or via an external USB
power adapter (5V, 500mA).

Typical charging time from depleted to full battery takes 30-60 minutes.

3.2 Long term storage

For long-term storage it is recommended to always keep the temperature between 15-35°C.
Fully charge all sensors before storage. Recharge all sensors every year to slow battery ageing
and improve battery shelf life.

3.3 Cleaning
Wipe all external surfaces with 70% alcohol wipes.

3.4 Preventive inspection and maintenance

The QSense Motion Sensors do not contain any user serviceable parts.
There are no parts repairable by service personnel.

If there are malfunctions, send the device back to your supplier.

18
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4 Technical Specifications

Function Specifications

Motion Sensors Sample rate 1-800sps (depending on application)
Accelerometer Range: +2/+4/+8/+16 g
Sensitivity: 0.061 to 0.488 mg/LSB
Gyroscope Range: +125/+250/+500/+1000/+2000 dps
Sensitivity: 4.375 to 70 mdeg/s
Magnetometer Range: +50 Gauss

Sensitivity: 1.5mGauss/LSB
Timesync mode Minimum: 15 milliseconds
Latency Typical: 7.5 milliseconds * number of sensors

Time All sensor devices in a network are continuously time-synchronized
synchronization ~ Wirelessly. The data stream is tagged with an absolute date/time stamp to

accuracy ensure consistent temporal alignment across modalities.

e Typical time synchronization accuracy: <60 ps
¢ Maximum time synchronization accuracy: <150 ps

Clock synchronization method

Before measurement starts, device clocks can be synchronized with time
of external device (e.g., PC, tablet). During measurements sensor devices
stay locked in sync through continuous wireless synchronization.

In custom implementations time can also be set programmatically via the
device interface.

Low Latency
Minimum: 7.5 milliseconds

mode . -
Typical: 7.5 milliseconds * number of sensors
Latency
Time In Low Latency Mode, all sensor data is individually date/time stamped

synchronization  based on the local clock of each device.

Note that clocks are not actively synchronized during runtime, and
clock drift may accumulate over the course of longer recordings,
resulting in reduced temporal alignment over time.

accuracy

e Worst-case time drift: <2 ms per minute of measurement.

Additional constant time offsets could be introduced due to wireless BLE
communication time delays between central and sensor devices. This is
variable for each sensor device, with a maximum of the connection
interval (7.5ms).
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Clock synchronization method

Before measurement starts, device clocks can be synchronized with time
of external device (e.g., PC, tablet). During measurements sensor devices
may drift due to clock speed differences between sensor devices.

In custom implementations time can also be set programmatically via the
device interface.

Dongle 1-2 sensors Sampling rate up to 400 Hz
performance 3-6 sensors Sampling rate up to 200 Hz
7-12 sensors Sampling rate up to 100 Hz
Accuracy Maximum static error: < 1 degrees
Quaternion Maximum drift: < 0.5 degrees
Mode Accuracy of the quaternion output will be affected by magnetic

disturbance and gyroscope bias. Internal compensation strategies are
implemented to minimize the effects of magnetic disturbance and
gyroscopic bias.

User Interface

Button, 5 RGB LEDs

Battery

Internal rechargeable 140mAHTr Lithium polymer battery (3.7V, 140mAh
nominal capacity).

At least up to 12 hours of continuous operation (fully charged batteries) in
time sync mode, in low latency mode up to 20 hours.

Sensor can stay in Shutdown mode for more than 1 year.

Approx. 80% capacity after 500 charge/discharge cycles

Dimensions
and weight

38.9x24.3x10.2 mm
8 grams

Connectivity

Micro-USB for charging and communication. 5V, 500mA

Memory

Flash memory: 8 Mbyte (not implemented)

Wireless BLE

BLE 5.2, Up to 2Mbps

IP classification

IP 67 or better

Environmental conditions

Indoor/outdoor use

Indoor and outdoor use

Altitude <2000 m
Operating Temperature 5°C to 40°C
Long-term storage conditions 10 -35°C
Relative humidity Up to 85%
Pollution degree 2
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5 Manufacturer information
QSense Motion is manufactured by 2M Engineering Ltd.

2M Engineering Ltd
John F Kennedylaan 3
5555XC Valkenswaard
The Netherlands

Tel. +31 (0)40-298 2020

www.gsense-motion.com
info@gsense-motion.com

All rights reserved. No part of this document may be reproduced, translated, published or
distributed in any form or by any means, electronic, mechanical, photocopying, recording, or
otherwise, without prior written permission from 2M Engineering Ltd.

21
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Appendix A. QSense Motion PC Application Guide
QSense Motion PC Application is available for installation from the Microsoft Store.

The QSense PC application requires a PC running at least Windows 10 64 bits with a free USB2.0
port for the QSense wireless BLE dongle.

The QSense PC application uses Windows notifications. Make sure the notifications are not
muted by going to System > Notifications & Actions.

Important: Ensure QSense sensors are always fully charged before use.

22
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A.1 Using the QSense PC Application
1. Start the QSense Motion PC Application

B Connect IMU Sensors

Sensor Placement

2. Insert QSense Wireless BLE Dongle

. . . Dongle status: connected
The top bar will show the Wireless connection.

N
/f(;\\

Note: If the dongle is inserted but is not recognized by the QSense application, check if
the dongle has a COM port assigned in “Windows Device Manager”. Make sure that the
dongle makes proper contact with the USB port. If the dongle does not appear in the
“Windows Device Manager”, try unplugging it and plugging it back in.

3. Connect QSense Sensors
Press the button on a QSense sensor. Connected sensors will appear in the list, and

they will continuously blink in green.

Sensor Network Reset Network
Q Q Q Q
62% Find 50% Find 50% Find
O
Name QSense-CB87 Name QSense-9BE9 Name QSense-4417 5hs

Location Location Location

Not assigned v Not assigned v Not assigned v

4. Assign body location to each sensor
Click “Find” to make a sensor blink. s Q

50% Find
The sensor name can be edited. o

Name QSense-4417
Location

Right Hand v 8
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5. Save Network
When all sensors are assigned, the network can be saved. The app will remember the
sensors that are connected and their locations the next time it is used. It will only
connect to the sensors that were saved.
“Reset Network” will allow connecting new sensors. This will also reset the sensor
locations.
Note: Turn off the sensor to disconnect them.

Sensor Network Save Network Reset Network
o (- Q Q =
50% Find 62% Find 50% Find
Name QSense-4417 Name QSense-CB87 Name QSense-9BE9
Location Location Location
Right Hand v Right Forearm v Right Upper Arm v

Important: It is recommended to run a magnetic field map before collecting motion data.

6. Place each sensor on the body
Important: Ensure the line of sight between the dongle and the sensors is not obstructed.
See section Recommendations for Wireless Performance.

Upper Arm
Shoulder
Forearm
Upper Back
Hand
Lower Back

Hips
Upper Leg
Foot

Lower Leg

Click “Find” to make a sensor blink.
Scroll wheel or double-click to zoom on the image.
For more details on the straps, see section QSense Body Straps.

7. Live View
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IMPORTANT: This is only available after all the sensors are assigned.

Press “Reset Pose” to reset the pose to a known starting position.
Press “Start Record” to start recording the data in the .csv files. Select the folder where

you want to store recordings.

QSENSEMOTION

&9 Connect

‘f;J Field Map
[: Zero Offset

s‘sﬂ Settings

More: QSense-Motion.com

Software version: 2.0.2

Live View

3D Visualization

Select Pose:

Standing v

Reset Pose

Start Recording

Graph - Acceleration

Location:  Right Forearm

o)

08

06

02

—-x

—z

Click and hold the left mouse button to rotate the view.
Data from different sensors can be visualized by selecting “Location” and “Signal”.
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A.2 Settings
Configure the settings for the QSense Sensors.

Data Format: The QSense sensor currently provides 5 different data modes:

Mixed mode: collects accelerometer, gyroscope, and magnetometer data at the
selected sampling rate. It also provides quaternion and free acceleration data at a
lower (down-sampled) rate. The rate of the processed data is written in the info file.
Raw mode: collects accelerometer, gyroscope, and magnetometer data at the
selected sampling rate.

Quaternion mode: provides only orientation data (quaternions) at the selected
sampling rate.

Optimized mode: collects orientation data (quaternions), accelerometer, and
gyroscope data at the selected sampling rate.

Quat+Mag: provides orientation data (quaternions) and magnetometer data at the
selected sampling rate.

Sampling Rate: The sampling rate can be selected. The application will show only the

options that are possible based on the number of sensors connected.

Operation Mode: This setting controls the data transmission speed. It is possible to:

Low Latency: Optimize for VR/AR/gaming where speed matters.
High Reliability: Optimize for precise, consistent, and accurate timestamp alignment.

Madgwick Algorithm: The QSense sensor offers two different algorithms to compute
quaternions:

9 DoF (default): The 9DoF Madgwick algorithm uses data from the accelerometer,
gyroscope, and magnetometer to calculate quaternions. The magnetometer helps
correct for gyroscope drift, providing more accurate orientation tracking.

6 DoF: The 6DoF Madgwick algorithm combines accelerometer and gyroscope data to

compute quaternions, making it immune to magnetometer interference; however,
without magnetometer input, it may suffer from gradual drift in heading (yaw) over
time.

Accelerometer Range (g): Sets the maximum measurable acceleration in g. Higher
values support faster/larger movements but reduce sensitivity.

Gyroscope Range (dps): Sets the maximum measurable angular velocity in degrees per
second (dps). Higher values support faster movements but reduce sensitivity.
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A.3 Magnetic Field Mapping
Magnetic field mapping helps reduce the influence of metal objects and electronic devices

in your environment.
Important: It is recommended to run a magnetic field map before collecting motion data.

For best performance, perform this step every time you move to a different location.
- Place the sensors inside the QSense box
- Press “Start Mapping” button
- Rotate the box slowly and continuously around all axes. Continue rotating until the
progress bar reaches 100%.

Continue rotating the box for at least 1 minute. If the rotations were insufficient, the
mapping will fail and should be repeated.

e Magnetic Field Mapping

....... Guide

Magnetic interference
When magnetic interference is detected, a warning is given in the Live View.
The measurement data will also show the interference.

Soft-iron Interference

Soft-iron effects are common when using the sensors close to metallic objects and
electromagnetic devices. As these effects may influence the accuracy of the results, it is
recommended to stay away from them both during calibration and usage. After changing
the environment/location, recalibrating the sensors is recommended.

Hard-iron interference

Hard-iron effects are common when using the sensors close to magnets, magnetic field
generators and electromagnetic devices. As these effects may influence the accuracy of the
results, it is recommended to stay away from them both during calibration and usage . After
changing the environment/location, recalibrating the sensors is recommended.
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A.4 Offset Compensation
Recalibrate the sensor offset after a reset or significant temperature change.

- Place the sensor on a flat and stable surface (e.g., a table) with the button facing up.
Ensure the surface is free from vibrations and movement.
- Press “Compensate Offset” to begin offset compensation. This will only take a couple of

seconds.

Important: Do not touch or move the sensor or cause vibrations while the process is running.

A.5 Measurement files
A folder is created for each recording, with timestamp of the recording start time.

QSM_20240923103953

T TN

year month day hour minutes seconds

Measurement files are created in comma-separated values (csv) format for each sensor. Files
are named with the assigned body location, data type and sensor serial number.
The first line in all measurement files contains the sensor serial number.

Measurement Files

Configured Raw Quaternion | FreeAcc
Data Mode

Accelerometer | Gyroscope | Magnetometer

data data data

Mixed + + + +* +*
Raw + + +
Quaternion
Optimized + +
Quat+Mag +

* Downsampled data.

Raw file contains raw data from accelerometer (g), gyroscope (deg/s) and magnetometer
(Gauss) for x, y, z directions with the timestamp.
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Note: For “Optimized” mode, the file contains raw data from the accelerometer and the
gyroscope. For “Quat+Mag” mode, the file contains raw data only from the magnetometer.

Quaternion file contains 3D orientation of the sensors in 4 components (w,x,y,z) with the
timestamp and the magnetic interference, if applicable.
Interference indicator:

= Empty: 6 DoF, not applicable.

= None

= Soft: soft-iron interference

» Hard: hard-iron interference

* Env. Changed: change of magnetic environment detected

Free acc file contains linear acceleration (x,y,z) in g with the timestamp. Linear acceleration
is acceleration free of gravity.

Important: Empty data points represent data not received. Ensure the line of sight between the
dongle and the sensors is not obstructed.

Info.txt File
The Info.txt file contains the sensor system identification information, selected settings and

the start and stop times of the recording.

BVH File

A BVH (Biovision Hierarchy) file is a standard format for storing motion-capture data
together with the full skeletal structure. BVH files contain all the information needed to
directly view, play back, and use the motion in any 3D animation software, unlike
measurement files that only list quaternion values.

When you select a mode that outputs quaternion data, a .bvh file is automatically created
and saved with the same name as the folder.
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Appendix B. Developer’s Guide
This guide provides additional information for developers on integrating the QSense platform
into custom solutions, along with key system-level considerations.

Client App

Core Interface Sensor API
(Client/QSense) D

Client App

I—., Dongle API
—> iy
Core Interface I g (Client/Qsense)
-

-

=)

Integrating the QSense sensor into a custom application requires an intermediary in the form
of an Application Programming Interface (API). The API serves as a bridge, translating the
QSense sensor interface into a format usable by the application code.

Developers may implement their own APIs or utilize the provided QSense APIs. The same
approach applies to solutions that incorporate the QSense dongle.

Interfaces

The Core Interface of the QSense sensor enables direct access to device memory for essential
configuration and data retrieval.

The Serial Interface of the QSense dongle facilitates control of the dongle and provides access
to the Core Interface of multiple sensors through a single serial communication channel.
Interface documentation is available upon request.

APls
The following APIs are currently available for C#-based solutions:

- QSenseDotNet Dynamic Link Library (DLL): Implements the interface for
communicating with and controlling QSense sensors. This DLL does not handle BLE
communication. Integration with BLE requires custom implementation or a third-party
library.

- QSenseDotNet.Dongle DLL: Extends the QSenseDotNet DLL by implementing the
interface for the QSense wireless BLE dongle. This library is applicable only when using
the QSense wireless BLE dongle and manages serial communication in this context.
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Both DLLs target .Net Standard 2.1 framework. Due to this, they support applications targeting,
among others:

- Windows 10+, Android 8+, iOS 16+

- .Net 5+

- Unity 2021.2

See full version support at the official Microsoft website.
A native API for iOS is currently in beta development (on request).

Code examples
A public GitHub repository, QSense-Examples, is available and contains code examples that

demonstrate:
- Implementation of interfaces for both the sensor and the dongle
- Usage of the provided APIs

System considerations
When integrating QSense sensors into a solution, several factors must be considered to ensure
optimal performance, reliable data acquisition, and correct timing behavior.

Time Synchronization

By default, multiple QSense sensors operate asynchronously, each using an
independent internal clock. As a result, minor timing discrepancies can occur when
collecting data from multiple sensors simultaneously.

In time synchronization (timesync) mode, all connected sensors operate on a shared
clock, enabling synchronized data sampling across sensors. For timesync mode to
function correctly, the BLE connection interval must be set to a minimum of 15 ms. This
requirement must be met to achieve effective time alignment.

Performance with Multiple Sensors

Wireless BLE communication introduces inherent constraints on bandwidth and data
throughput. A primary factor affecting performance is the connection interval, which
determines how frequently data can be exchanged between a central device and each
peripheral. Adjusting this interval can help optimize throughput and latency but may
also impact power consumption.
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Moreover, operating system-level constraints—such as limitations on the minimum
allowed connection interval or the number of simultaneous BLE connections—can
significantly influence system performance.

To ensure reliable and efficient operation, it is essential to evaluate the specific
configuration on the intended platform. Relevant parameters include the number of
sensors, the desired sampling rates, and whether timesync mode is enabled.

In most cases, the optimal connection interval can be found by multiplying the number
of sensors by 7.5 ms. This way, all sensors will be able to send one data packet in every
connection interval.

IMU calibration

It is recommended to frequently calibrate the magnetometer. Whenever the
environment changes, or in the presence of metal objects or electronic devices, the
magnetic field mapping needs to be performed.

On the other hand, the gyroscope and accelerometer bias may be compensated once.
Only after full reset of the QSense sensor or after big temperature fluctuations, the offset
compensation will be required.

For instructions on these procedures, see section Appendix A. QSense Motion PC
Application Guide.
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