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INTRODUCTION | WHAT?

Neuro-musculoskeletal conditions

Revalidation + kinesitherapy

Insights in neuro-musculoskeletal conditions

Measure entropy of movement

Remote e-treatment
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SOLUTIONS | MOTION TRACKING SYSTEMS

Ultra-reliable real-time positioning
Ultra-wideband positioning solution with accuracy of 10 cm



SOLUTIONS | MOTION TRACKING SYSTEMS

Precise (±2cm) Indoor Positioning System
for autonomous robots, drones, vehicles and humans



SOLUTIONS | MOTION TRACKING SYSTEMS

Accurate camera-based systems
Error of 0.2 mm or less



SOLUTIONS | ON-BODY SENSORS

Real-time full body motion capture system
IMU-based sensing system
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Fac u l te i t ,  d ep ar tement ,  d i ens t  …11

SYSTEM | OVERVIEW
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SYSTEM | OVERVIEW

IMU Sensing Modules
Measures: acceleration, angular 

rotation, magnetic fields
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SYSTEM | OVERVIEW

Data Capturing Unit
Receives & processes sensor data
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SYSTEM | OVERVIEW

Wireless Connection
Using Bluetooth Low Energy (BLE)
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SYSTEM | OVERVIEW

Application on Tablet
Measurement visualisation
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SYSTEM | OVERVIEW

Cloud Data Storage
Easy to access for physiotherapist 

remote treatments
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SYSTEM | OVERVIEW

(Remote) Data Analysis
By physiotherapist



SYSTEM | OVERVIEW

Data Capturing Unit

(DCU)

Motion sensors

(IMUs)



SYSTEM | OVERVIEW

Data Capturing Unit

(DCU)

Motion sensors

(IMUs)



SYSTEM | SENSOR IN DETAIL

Motion sensors

(IMUs)



Higher performance compared to macroscale counterparts

Low production cost per-device

Similar functionality in smaller devices

Potential: Minimized sensors, actuators together with IC 
on same silicon

SYSTEM | MEMS SENSORS

Inertial Measurement Unit (IMU)

https://www.mdpi.com/1424-8220/20/21/5993



Measures

Angular velocity

Acceleration

Magnetic field

Orientation

Position estimation

SOLUTIONS | PURPOSE OF IMU



Obtain raw data

Gyroscope

Accelerometer

Magnetometer

Measures

Angular velocity

Acceleration

Magnetic field

Orientation

Position estimation

SOLUTIONS | PURPOSE OF IMU



6 Degrees of Freedom (DoF)

9 DoF

Gyroscope Accelerometer Magnetometer

SOLUTIONS | SENSOR TYPES



SYSTEM | OVERVIEW

Data Capturing Unit

(DCU)

Motion sensors

(IMUs)



SYSTEM | APP

─ Multiple sensor 

real-time visualization

─ Storage of 

measurements 

in database



Wake on Motion

Runtime Calibration

Persistent Calibration

(Store calibration params in flash memory)

Remote update

(Via smartphone over BLE)

SYSTEM | FEATURES
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SYSTEM | CIRCUIT ANALYSIS
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BLOCK DIAGRAM

ICM-20948 TDK Invensense

Sensors

Accelerometer [m/s2]

Gyroscope [dps]

Temperature [°C - F]

Compass [µT]

16 bit



BLOCK DIAGRAM

ICM-20948 TDK Invensense

Sensor Fusion

Digital Motion Processor 
(DMP)

RAW data       Orientation
(3 sensor types)



BLOCK DIAGRAM

ICM-20948 TDK Invensense

Configuration registers

Calibration



Full Scale Range (FSR) (≡ sensor sensitivity)

Gyroscope ± 250 dps, ± 500 dps, ± 1000 dps, , ± 2000 dps

Accelerometer ± 2g, ± 4g, ± 8g, ± 16g

Compass ± 4900 µT

Output Data Rate (ODR)

Gyroscope ± 4 Hz – 0,5 kHz

Accelerometer < 1 Hz – 0,5 kHz

Compass 10 Hz - 100 Hz

DMP enable/disable

SYSTEM | TYPICAL SETTINGS



Quaternions / Euler angles  - 6 DoF 

Quaternions / Euler angles - 9 DoF

Gyroscope (dps)

Accelerometer (mg)

Magnetometer (µT)

50 Hz

100 Hz

SYSTEM | DATA OUTPUT NOMADE SENSOR



Examples:

- Threshold detection algoritm

- Recognising patterns with machine learning

- Detecting entropy

SYSTEM | POST PROCESSING



Examples:

- Threshold detection algoritm

- Recognising patterns with machine learning
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Detect when value gets 

above/below threshold value
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SYSTEM | POST PROCESSING



Examples:

- Threshold detection algoritm

- Recognising patterns with machine learning

- Detecting entropy

• Walking

• Running

• Cycling

(Mostly) 

Neural networks



Examples:

- Threshold detection algoritm

- Recognising patterns with machine learning

- Detecting entropy

SYSTEM | POST PROCESSING



Examples:

- Threshold detection algoritm

- Recognising patterns with machine learning

- Detecting entropy

Variance in movements  Consistency of exercises

 Low back pain
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CHALLENGES | WHICH?

• Movement tracking with IMU

• Calibration

• Synchronization

• Power consumption
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• Power consumption



Obtain RAW data

- Accelerometer

- Gyroscope

- (Magnetometer)

Orientation & rotation info

- Quaternions

- Euler Angles

- Tait-Bryan angles

Sensor fusion

Kalman filter

Complementary filter

Madgwick filter

6 DoF / 9 DoF

CHALLENGES | MOVEMENT TRACKING WITH IMU



Sensor fusion
Rotation Relative values

Orientation How an object is placed in space 
Refer to a reference placement

Orientation & rotation info

- Quaternions

- Euler Angles

- Tait-Bryan angles

Complementary filter

6 DoF / 9 DoF

CHALLENGES | MOVEMENT TRACKING WITH IMU



6 Degrees of Freedom (DoF)

9 DoF

Gyroscope Accelerometer Magnetometer

Integration of angular 
velocities

(small accumulating error)

Correction for drift 
roll + pitch

Correction for drift 
yaw

CHALLENGES | MOVEMENT TRACKING WITH IMU



CHALLENGES | WHICH?

• Movement tracking with IMU

• Calibration

• Synchronization

• Power consumption



To ensure the sensor performs according to the specification 
and to provide meaning to the electrical output

Why?

CHALLENGES | CALIBRATION



Hard + Soft iron distortionsOffset + ScaleOffset + Scale

CHALLENGES | CALIBRATION ERRORS



Hard + Soft iron distortionsOffset + ScaleOffset + Scale
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CHALLENGES | WHICH?

• Movement tracking with IMU

• Calibration

• Synchronization

• Power consumption



CHALLENGES | SYNCHRONIZATION

Minimize each 

contribution



CHALLENGES | SYNCHRONIZATION

Microsecond level wireless 

synchronization accuracy 

over BLE link



CHALLENGES | WHICH?

• Movement tracking with IMU

• Calibration

• Synchronization

• Power consumption



CHALLENGES | POWER CONSUMPTION

50+ hours battery life

Low Power Components & Design

IMU Supply Currents

9-Axis (DMP disabled) 3.11 mA
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Synchronization interval

Extra power consumption by 
synchronization
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Flexible

User friendly

Affordable

Synchronised
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64

SENSOR SYSTEM | CONCLUSIONS



Cappelle, J., Monteyne, L., Van Mulders, J., Goossens, S., Vergauwen, M., Van der 
Perre, L. with Cappelle, J. (corresp. author) (2020). Low-Complexity Design and 
Validation of Wireless Motion Sensor Node to Support Physiotherapy. 
Sensors, 20 (21), Art.No. 6362. 
doi: 10.3390/s20216362 
Open Access 

Van Mulders, J., Monteyne, L., Goossens, S., De Strycker, L., Van der Perre, L. 
with Van Mulders, J. (corresp. author) (2021). Contactless Multi-Sensor Solution 
for e-Treatment of Musculoskeletal Disorders. 
Ieee Access. 
doi: 10.1109/ACCESS.2021.3055067 
Open Access

65

OUR PUBLICATIONS ( L i n k e d  t o  N O M A D e p ro j e c t )



Blandeau, Mathias, et al. "IMU positioning affects range of motion 
measurement during squat motion analysis." 
Journal of Biomechanics 153 (2023): 111598.

Guichard, Romain, Mathias Blandeau, and Sebastien Leteneur. "Localization of 
IMU sensors affects the estimation of soft tissue wobbling: A preliminary study.“
Comput. Methods Biomech. Biomed. 
Eng 24.3 (2021).

Blandeau, M.; Guichard, R.; Hubaut, R.; Leteneur, S. Two-Step Validation of a 
New Wireless Inertial Sensor System: Application in the Squat Motion. 
Technologies 2022, 10, 72.
https://doi.org/10.3390/technologies10030072

66

PUBLICATIONS WITH OUR SENSOR SYSTEM



Guichard, Romain, Mathias Blandeau, and Sebastien Leteneur. "Localization of 
IMU sensors affects the estimation of soft tissue wobbling: A preliminary study.“
Comput. Methods Biomech. Biomed. 
Eng 24.3 (2021).

67

PUBLICATIONS WITH OUR SENSOR SYSTEM

Study on

- IMU placement 

- Artefact measurements induced 

by soft tissue wobbling
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