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1. Executive Summary

Wearable motion sensing has moved from a research curiosity to a foundational technology for
products in sports, rehabilitation, defense, industry and extended reality. What used to require a full
hardware team, a signal-processing lab and a custom app studio can now be built on top of an open,
validated platform — in a fraction of the time, and with predictable performance.

This white paper describes how the QSense Motion platform supports the full pipeline from first

measurement to a market-ready dashboard product. It is written for three audiences:

* Researchers who want to instrument a study quickly and trust the data.

* Entrepreneurs and product owners who want to build a motion-driven product without
reinventing the sensor layer.

* App developers and integrators who need a clean, documented API to build dashboards,
mobile apps, XR experiences or clinical software on top.

We walk through the typical development pipeline — measurement, algorithm development, validation,
dashboard creation — and explain at each stage where QSense provides hardware, where we provide
engineering consultancy or shared algorithm work, and where you keep ownership. We also outline
how QSense Motion fits into the broader 2M Engineering portfolio of wearable sensors, so multi-modal
products (motion + cardio, motion + EMG, motion + environmental) can be built on a single trusted

partner stack.
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3. Why motion is the foundation of a nhew generation of
products

Human movement is one of the richest, lowest-friction signals a connected product can capture. A small
wearable IMU (Inertial Measurement Unit) on the wrist, chest, shin or instrumented object can deliver
continuous data about orientation, acceleration, gait, technique, fatigue, tremor, balance and intent —
in real-world conditions, outside of a lab or motion-capture studio.

This has opened a wave of opportunities that share a similar pattern. A researcher or clinician identifies
a movement-related question. A developer builds a measurement setup. An algorithm is trained or
designed to turn raw motion into a meaningful metric. That metric is then surfaced through a
dashboard that a coach, therapist, athlete, soldier, worker or patient can act on.

The bottleneck in most of these projects is not the idea or the application logic. It is the motion layer
underneath: getting reliable, time-synchronized data from multiple wearable sensors in the field, with
a developer-friendly API, and with a clear path from prototype to certified product.

QSense Motion is built specifically to remove that bottleneck.

4. The QSense Motion platform in one page

QSense Motion is a professional wireless IMU motion platform developed by 2M Engineering. It is
designed for developers, researchers and product teams who need reliable, real-time human motion
data in real-world conditions. The platform comprises hardware, software and developer tooling that
work together out of the box and integrate cleanly into your own system.

4.1 Hardware
¢ QSM210 IMU Motion Sensor — compact 9DOF wearable IMU with BLE 5.2.
*  QSM211 FieldSync HUB (optional) — wearable hub for multi-sensor body networks.
* QSense Wireless BLE Dongle — for stable, high-rate multi-sensor streaming.

* Charging and docking station, straps and body-attachment accessories.

* HP215 High-Res Motion Logger (standalone) — for high-rate, on-device logging.

4.2 Software and tooling
* Windows research application for live capture, visualization and recording.
* Mobile demo app for quick on-body validation.
* C#/.NET APIs for Windows, Android, iOS (beta) and Unity.

* Public example repository with sensor, dongle, Python and C# samples.
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4.3 Key technical properties
[
Property ‘ Specification
Sample rate 1 Hz to 800 Hz depending on configuration

Multi-sensor scaling 1-2 sensors up to 400 Hz; 3-6 sensors up to 200 Hz; 7-12
sensors up to 100 Hz

Time synchronization Typical < 60 ps, worst case < 150 ps across sensors
End-to-end latency ~25 ms, suitable for closed-loop applications
Data modes Raw (accel, gyro, mag), fused kinematics, 6DOF / 9DOF

qguaternions, mixed, free acceleration
Connectivity BLE 5.2 direct, or via QSense Wireless BLE Dongle

Supported platforms Windows 10/11, Android 8+, iOS 16+, Linux & macQOS (via
dongle), Unity 2021.2+

What this means in practice

You can move from idea to instrumented test in minutes, stream synchronized motion
data to your own application, and keep full control over your data pipeline — without
being locked into a closed dashboard or proprietary file format.
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5. The development pipeline: from movement to product
Most QSense customer projects follow a recognizable pattern. Understanding this pipeline up front
helps you scope cost, time and responsibility, and decide where you want to own the work and where

you want QSense or 2M Engineering to take responsibility.
The four stages are:

1. Measurement — capture the movement, sport, exercise or task with the QSense platform.

2. Algorithm development — turn raw motion into the metric or event your product is really
about.

3. Validation — verify that the core measurement function works on your real users, in real
conditions.

4. Dashboard and application — present results to the end-user in a way that drives action.

Stages 1 and 2 together create the technical heart of your product. Stage 3 makes it trustworthy. Stage
4 makes it sellable. QSense can take responsibility for parts or all of stages 1-3, while leaving stage 4
fully open: you can build the dashboard yourself, work with an app studio, or commission QSense to

deliver a first demonstrator or a complete app.

6. Stage 1 — Measurement with the QSense platform

The first step in any motion-driven product is to capture the movement you actually care about, on the
right people, in the right environment, with enough fidelity to do something useful with it.

6.1 What QSense provides at this stage
* Hardware: one or more QSM210 IMU sensors, straps, dongle, charging station.
¢ Out-of-the-box live streaming, 3D visualization and recording on Windows.
* Mobile demo app for quick on-body checks in the field.
* Open output formats (CSV, BVH, quaternion streams) — your pipeline, your choice.

* Technical consultancy on sensor placement, sample rate, sync mode and BLE topology.

6.2 Key decisions to make early

Decision Typical guidance

Sensor count and Driven by which body segments matter for your metric (e.g.
placement shin + foot for gait, trunk + thigh for skating, single wrist for
tremor).
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Decision Typical guidance

Sample rate Low for posture and slow movement, 100-200 Hz for general

sports and rehab, 400+ Hz for impact and ballistic technique.

Data mode Raw sensor data for algorithm R&D; fused quaternions or
kinematics for production pipelines.

Sync mode TimeSync mode (<60 ps) for biomechanics and multi-modal
capture; Low Latency mode (~7.5 ms) for XR, real-time
feedback and gaming.

Connectivity Direct BLE for single- or dual-sensor consumer products;
QSense BLE dongle for stable 3+ sensor research and clinical
setups.

Storage strategy Real-time streaming for live dashboards; on-device logging via

HP215 for unsupervised field studies.

6.3 Typical deliverable of this stage
Areproducible measurement protocol and a representative dataset of clean, time-synchronized motion
recordings of your target movement — sport-specific drills, rehabilitation exercises, occupational tasks,

military movements or XR interactions. This dataset is what every later stage is built on.

7. Stage 2 — Algorithm development: the technical heart
of the product

Raw motion data is not a product. The technical heart of a motion-driven product is the algorithm that

turns sensor streams into the metric, event or classification that matters to your end-user: stride length,

jump height, range of motion, fatigue index, technique score, impact load, tremor amplitude, fall risk,
return-to-play readiness, and so on.

7.1 Three engagement levels

Different clients arrive at this stage with very different in-house capabilities. QSense supports three
levels of engagement, and the right level is normally a function of your team's signal-processing depth,
time pressure, and how much you want the algorithm to be a long-term competitive asset.
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7.1.1 Level A — You own the algorithm work

If you have a strong biomechanics, data science or signal processing team, you typically only need
QSense for clean, well-documented data. We provide the platform, the SDK, example projects, and
consultancy on calibration, synchronization and edge cases. You build, train and validate the algorithm
yourself. This is common with universities, sports science groups and well-funded scale-ups.

7.1.2 Level B — Shared algorithm development

Many of our partners want to combine domain knowledge they own (clinical, sport-technical, military-
tactical) with our experience in sensor fusion, embedded constraints and validation. In this model
QSense and the client work as a joint team. The client typically owns the application logic and the IP of
the trained model or rule set; QSense provides the engineers, the data pipelines and the technical

leadership of the algorithm build.

7.1.3 Level C — QSense takes responsibility

For clients without an internal algorithm team, QSense and 2M Engineering can take full responsibility
for algorithm development and verification, in close partnership with the client and their clinical or
sports-science domain experts. We deliver a documented, tested core measurement function as a
software module that the client can integrate into their product — including, when relevant, the

regulatory documentation required for medical use.

Stage 2 is where most projects either accelerate or stall

Underestimating algorithm work is the most common reason motion products miss their
launch window. Be honest about which level (A, B or C) fits your team — and lock that
decision in writing before you start spending on data collection.

7.2 Typical deliverable of this stage

A core measurement function — for example, a stride detector, a jump-quality scorer, a range-of-
motion estimator, a fatigue index, or a movement-quality classifier — that takes QSense motion streams
as input and outputs the metric or event your product is built around, with documented accuracy on

your target population.

8. Stage 3 — Validation and field testing

Once the core measurement function exists, it must be tested by the client on real users, in real
environments, against real ground truth. This is the stage where motion products either earn trust or
quietly fail.
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QSense supports validation with synchronization to external systems (EMG, ECG, force plates, optical
mocap, video triggers) at frame-accurate precision, so you can compare your algorithm's output against
a gold-standard reference. We also help clients design validation protocols that are appropriate to their

application:

* For sports performance, comparison against video, force plates or coaching expert ratings.

* For rehabilitation, comparison against goniometers, clinical scales or supervised physiotherapy
assessments.

* For medical or e-health products, validation aligned with the intended regulatory pathway (CE /
MDR), supported by 2M Engineering's ISO 13485 and certification experience.

* Forindustrial and defense applications, validation in the actual operational environment, with
realistic noise, occlusion and movement diversity.
Critically, validation is mostly the client's responsibility — because the client owns the use case, the user
population and the claims. QSense provides the infrastructure, the synchronized capture, and
engineering review of the methodology, but the client signs off that the technical heart of the product

works for their users.

9. Stage 4 — Building the application-specific dashboard

Once your core measurement function is validated, you have something genuinely valuable: a reliable
stream of meaningful metrics about human movement. The next step is to surface those metrics in a

way that drives action — for a coach, a therapist, an athlete, an operator, a researcher or a patient.

This is where most product teams want maximum freedom, and where QSense is deliberately open.
The QSense Motion APl and SDK are designed so that the dashboard layer is yours — built with your
branding, your UX, your business logic and your distribution model.

9.1 What an application-specific dashboard typically contains
* Areal-time view of the live measurement (e.g. live form, live load, live range of motion).
* Session summaries with the key performance or rehabilitation metrics.
* Longitudinal trends across sessions, athletes, patients or teams.
* Alerts, traffic-light readiness indicators or compliance flags.

* Export, reporting and (where relevant) integration into existing EMR, AMS or team-
management systems.

* User management for coaches, clinicians, researchers or administrators.
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9.2 Four ways to build the dashboard

9.2.1 Option 1 — Build it yourself, in-house

If you have a software team, you build the dashboard directly on top of the QSense .NET, Android, iOS
or Unity APIs, or on top of the C# DLLs published in the public QSense-Examples repository. You keep
all UX'and product decisions internal.

9.2.2 Option 2 — Work with an app studio or development house

Many clients prefer to bring in a specialized mobile, web or XR studio for the dashboard layer. QSense
supports this by providing the studio with full developer documentation, BLE optimization guidance,
multi-sensor performance tuning, and direct technical contact during integration. You stay the product

owner; we stay the motion specialists; the studio owns the UX and front-end engineering.

9.2.3 Option 3 — QSense builds a first demonstrator

For early-stage products and pilot deployments, QSense can build a first dashboard demonstrator that
proves the end-to-end concept: sensor on the body, real-time data to a tablet or PC, application-specific
metric on screen, basic session storage. This is typically used for investor demos, clinical proof-of-
concept, early customer trials or internal go/no-go decisions.

9.24  Option 4 — QSense delivers a complete app, with partners

For clients who want one accountable partner from sensor to app, QSense and 2M Engineering can lead
the complete design and creation of the application, often together with selected UX, mobile or cloud
partners. This is the deepest engagement model and is most common when the motion product is part
of a regulated medical device or a high-stakes operational system, where coherent ownership of

hardware, firmware, algorithms and software is a real advantage.

You can change models per stage

It is common to start with a QSense-built demonstrator (Option 3) to de-risk the concept,
then transition to in-house or app-studio development (Options 1 or 2) for the
commercial product. The platform and APIs are the same; only ownership of the
dashboard layer changes.

10. Combining QSense with other sensors

Motion rarely tells the full story alone. Many of the most valuable product ideas combine QSense
motion data with one or more additional physiological or environmental signals. Because QSense
Motion is developed by 2M Engineering, you have access to a much broader sensor portfolio under one

technical roof — which makes multi-modal architectures faster and lower-risk to build.
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10.1 Examples of multi-modal product directions

* Motion + cardiac and respiratory: combine QSense IMU data with wearable ECG, PPG, ICG or
respiration sensing (for example through the 2M Engineering PCARDIO platform) to build
products around training load, recovery, cardiac rehab or stress monitoring.

* Motion + EMG: combine motion with muscle activation for stroke rehabilitation, shoulder
compensation analysis, ergonomic risk assessment and sports technique evaluation.

* Motion + force plates / instrumented equipment: frame-accurate synchronization lets you
couple QSense data with external biomechanics instrumentation for jump testing, gait labs and
return-to-play assessments.

* Motion + environmental sensing: combine motion with temperature, humidity, altitude or
location for occupational safety, defense and outdoor sports applications.

* Motion + instrumented objects: attach QSense to rehabilitation tools, rackets, sticks, training
equipment or industrial tools to capture how the object is used, not just how the body moves.

For multi-modal products with a regulatory dimension — medical wearables, point-of-care devices,
ATEX-rated industrial sensors — 2M Engineering can take end-to-end ownership from concept through
CE / MDR / ATEX certification and ISO 13485 production. See

https://www.2mel.nl for the broader sensor and certification portfolio.

11. Engagement models: how to work with QSense and 2M
Engineering
Different teams need different things from a motion partner. The four most common engagement

models are:

11.1.1  Standard products

Buy QSense sensors, dongle and software off the shelf, integrate using the public APIs, and run on your

own infrastructure. The fastest route for research groups and confident product teams.

11.1.2 Engineering consultancy and integration support

Buy hardware plus structured engineering support: architecture review, multi-sensor synchronization
design, BLE and platform tuning, algorithm advice and validation methodology. Typical for product

teams who own their software stack but want a senior motion engineer on call.

10
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11.1.3 Custom developments and OEM
Use QSense as a building block inside your own branded product. We support custom enclosures, PCB
variants, embedded features, dedicated firmware, EVT / DVT / PVT support and scale-up to volume

production.

11.1.4 Full product ownership (2M Engineering)

For complex or regulated products, 2M Engineering takes ownership of the entire trajectory — from
concept and architecture through algorithms, certification (CE, MDR, ATEX) and ISO 13485-certified
manufacturing. QSense Motion is then one of several internal platforms used to build your final

product.

12. Getting started: developer resources and next steps

If you are reading this paper because you are evaluating QSense for a specific project, the most efficient
way to move forward is hands-on. The platform is designed so that a competent developer can have a

single sensor streaming into a custom application within a working day.

12.1 Recommended first steps

1. Define the movement, the user and the action. Be specific about what the dashboard should
make the user do differently.

2. Read the Developers & APl page on gsense-motion.com to understand the architecture and
supported platforms.

3. Clone the public QSense-Examples repository on GitHub and run a basic sensor and dongle
example.

4. Run a small pilot capture on 3-10 representative users with one or two sensors.

5. Talk to QSense about which engagement level (A, B or C) fits your algorithm phase, and which
dashboard option (1-4) fits your roadmap.

12.2Developer resources
* Developer & API page: https://gsense-motion.com/support/motion-sensing-api-for-

developers/
* Public examples on GitHub: https://github.com/2M-Engineering/QSense-Examples

* QSense Motion platform overview: https://gsense-motion.com

* Broader sensor portfolio at 2M Engineering: https://www.2mel.nl

11
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12.3Talk to the team

Motion products live or die on technical details that are hard to capture in a brochure: BLE behavior on
a specific Android version, sync accuracy across ten sensors, drift in a hot environment, the right
placement for your particular sport. The fastest way to de-risk those details is a direct technical

conversation. Contact us via gsense-motion.com or 2mel.nl to discuss your application.

12
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Appendix A — Reference architectures by application
domain

The following short blueprints map the four-stage pipeline onto common application domains. They
are starting points, not prescriptions — every real project deviates.

A.1 Sports performance and technique
* Sensors: 1-6 IMUs on relevant segments (e.g. shin, thigh, sacrum, wrist).

* Sample rate: 200-400 Hz; Low Latency mode for live feedback, TimeSync mode for
biomechanics.

* Core measurement function: technique scoring, asymmetry, jump quality, impact load, sport-
specific event detection.

* Dashboard: coach app on tablet, athlete app on phone, team dashboard on web.

A.2 Rehabilitation and physical therapy
* Sensors: 1-4 IMUs, often on the affected limb plus a reference segment.
* Sample rate: 50-100Hz; TimeSync mode for clinical-grade analysis.

+ Core measurement function: range of motion, movement quality, compensation detection,
adherence scoring.

* Dashboard: clinician portal plus patient app for home-based exercise.

* Optional combinations: IMU + EMG for stroke rehab; IMU + instrumented objects for upper-
limb therapy.

A.3 Defense and tactical training

* Sensors: full-body or partial-body IMU networks, or the HP215 logger for unsupervised field
capture.

* Sample rate: 100-200 Hz typical; ruggedized straps and placement.
* Core measurement function: movement signatures, load, fatigue, technique under stress.

* Dashboard: instructor dashboard, after-action review tools, longitudinal readiness trends.

A.4 Industry, ergonomics and occupational health
* Sensors: 2-5 IMUs on trunk, upper arms, lower back.
¢ Sample rate: 50-100 Hz, optimized for long battery life.
* Core measurement function: ergonomic risk scores, repetition counts, sustained postures.

* Dashboard: HSE dashboard for safety managers, individual feedback for workers.

13



QSense Motion - White Paper
. From Sensor to Dashboard

A.5 Interactive training and XR
* Sensors: 1-10 IMUs depending on body coverage and interaction model.
* Sample rate: 100-200 Hz in Low Latency mode for closed-loop interaction.
* Core measurement function: gesture recognition, posture tracking, full-body avatar.

* Dashboard: Unity-based XR application, often combined with VR or AR headsets.

Appendix B — Glossary

This appendix is intended for content teams who want to position this white paper, and follow-on
landing pages, for organic discovery. The terms below were selected on the basis of search intent across
the three target audiences.

B.1 Glossary

* IMU (Inertial Measurement Unit): a sensor combining accelerometer, gyroscope and (in
9DOF devices) magnetometer.

*  9DOF: nine degrees of freedom — three axes each of acceleration, angular rate and magnetic
field.

* Quaternion: a four-component representation of 3D orientation, robust against gimbal lock
and well suited to sensor fusion.

* TimeSync mode: QSense operating mode that shares a common clock across sensors with
typical accuracy under 60 ps.

* Low Latency mode: QSense operating mode optimized for minimum end-to-end delay,
suitable for XR and real-time feedback.

+ Core measurement function: the algorithmic transformation from raw motion to the metric
or event your product is built around.

¢ BLES5.2/DLE: Bluetooth Low Energy 5.2 with Data Length Extension, used by QSense for
stable wireless streaming.

B.2 Primary keyword targets
* wearable IMU motion sensor platform
* motion sensing API for developers
* IMU SDK for sports and rehabilitation
* build motion tracking app
* wearable sensor dashboard development
* multi-sensor IMU synchronization

* real-time motion data API

14
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* OEM IMU motion platform

*  9DOF motion sensor for product development.

© 2026 2M Engineering — QSense Motion is developed by 2M Engineering.
John F. Kennedylaan 3, 5555 XC Valkenswaard, The Netherlands.
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