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Introduction: Fact Sheet
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CareWell Team: Professors

Mathias Patzold
Professor, UiA

Project Manager

&l
=
>

Yuriy Rogovchenko Michael Cheffena
Professor, UiA Professor, NTNU
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Professor, Aalto Uni.
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CareWell Team: Researchers, Post docs, and PhD

Muhammad Muaaz Rym Hicheri Nurilla Avazov Altay Zhakatayev
Researcher, UiA Researcher, UiA Post doc, UiA Post doc, UiA

Hasan Najjar Masoud Mohtadifar Sahil Waqgar
PhD, UiA PhD, NTNU PhD, UiA
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Vision of CareWell
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Objectives of CareWell

To realize our vision of a non-wearable sensor system that can not only detect but also locate a large
number of human activities with high accuracy.

1. To collect, for the first time ever, combined radio-frequency (RF) and acoustic sensor data set in
the presence of active users.

2. To develop a data augmentation framework, for generating synthetic RF data that represents
human movements, which consequently reduces the training data collection efforts by a factor of
at least 100.

To estimate the velocity and localize dynamic human body parts from RF sensor data.
To detect at-least 20 user activities with an accuracy of 97%.

To develop a prototype that detects activities in real-time and localizes dynamic human body
parts within a sub-decimeter range.

6. To perform market and stakeholder analysis towards a resilient business plan.
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What Makes CareWell Different?

CareWell

1. Highly realistic channel model
» Sum-of-cisoids concept
* Nonstationary aspects
» Environmental aspects
« 3D Model

2. Software-based design approach

3. Joint RF and audio sensing

Channel Models in CareWell: Concluding
on human activities from the received RF
signal
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Other Solutions
1. Simplified channel model
2. Experimental-based design approach

3. Mostly single sensing modality

Traditional channel models: Studying
the influence of walking persons on the
characteristics of the received signal



Structure of CareWell
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Approach  Targets Links WPs Tasks
Massive MIMO channel measurements
Measurements = WP1 - Sensor Data Collection RF sensor (Wi-Fi) channel measurements
Acoustic sensor measurements
g &> Mathematical modelling of user activities
g WP2 - Modeling & Simulation Non-stationary indoor channel modeling for HAR
E Computer simulation of RF data for HAR
% -% ‘ @> . . . Time-frequency signal analysis of measured sensor data
pe o Science @—}—> WP3 - Signal Analysis & Processing Velocity estimation techniques based on 5G technology
g é Indoor localization techniques based on 5G technology
s *> _
-.g @®—1> wps-C coperative HAR COOpt?ratIVC te-chmques.for HAR
E [ 3 > Machine learning techniques for HAR
& .: Implementation of the developed technology
Design L » WP5 - Visualisation & Evaluation Visualisation of user activities
B > Performance evaluation and proof of concept
]
n Popular dissemination
Dissemination »| WP6 - Communication Scientific dissemination
i Market and stakeholder analysis

WP7 - Management

Coordination of scientific & technical activities
Administration and financial tasks




Main Research Areas of CareWell

1. Modelling and Simulation

2. Localization of Moving Objects

3. Cooperative Human Activity Recognition (HAR)
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Modelling and Simulation

To investigate the impact of dynamic human body segments of a person performing different
activities on the micro-Doppler signatures.

» Full-body skeletal model

 Trajectory driven channel models

Lo\

Re-targetting

Avatars%emulatiné\the motion

Tractable
Skeletal




Modelling and Simulation

Avatars emulating the motion

Trajectories

RF Signal
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Concept in Action

Trajectories of body segments for the walking activity
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Concept in Action
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* A Good match between the spectrogram of the
measured RF data and those of the trajectory-driven
simulation model (MOCAP data).

« The TV mean Doppler shift of the Qualisys data-driven
simulation model demonstrates a good fit to the one of

the measure radar data.
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Localization of Moving Objects

To estimate the velocity and localization of active body segments from RF sensor data.

RF Signal
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Cooperative HAR
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towards

Improve existing
RF-based approach

more

realistic scenarios
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RF-based
orientation
independent HAR
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Cooperative HAR

multiperson HAR

RF-based

Physically
distributed MIMO
setup for

Simulated RF

channel models for

orientation
independence

\orientation indep.
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Recognize more
complex activities

> Using solely RF
sensing

> Combine RF and
acoustic sensors
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RF-Based HAR in Action

Ancortek's

600| SISO Radar

Activity fingerprint
New to MATLAB? See resources for Getting Started.
No Activity
Walking

Waiting for a incomming data file...
A new file is found

Walking

A new file is found

No Activity

No Activity

No Activity

Waiting for a incomming data file...
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Orientation independent HAR

Ancortek's
SISO Radar

Activity fingerprint significantly changes and
become less distinct, as we move from
parallel to perpendicular.
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Ancortek's
SISO Radar

The system does not perform well when
activities are performed perpendicular to the
boresight of the radar.
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Orientation independent HAR
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Raw In-phase and Quadrature (IQ) data
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Orientation independent HAR

Radar

Antenna
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(Y y2) \ (23, Y2)
T
(z1,93) | (¥2,98) | (@3:43)

# Direction ] }

;4'7% Direction I}

Person # Total
Activity description Activities
Falling 60 60 18 18 - - 156
Walking 80 80 40 40 24 24 288
Sitting down on the chair 105 105 27 27 27 27 318
Standing up from the chair 105 105 27 27 27 27 318
Picking up an object from the ground 105 105 27 27 27 27 318
Total - - - - - - 1398
_ 42
= 42 0 0 0 0 100%
F 0.00%
4 88
= 0 88 0 0 0 | 100%
0 = 0.00%
<] B
Radar Feature § % 0 0 103 0 0 1%)%%
o7} 0.00%
signal extraction SVM > E - o -
o = Q )
processing and Fusion 5 2 0 ! 0 o 0 [}(();(J](Z}r
(s D 96
= 0 0 1 5 90 |93.75%
~ 6.25%
42 88 104 86 90
100% | 100% |99.04%94.19% | 100%
0.00% | 0.00% | 0.96% | 5.81% | 0.00%

Fall Walk Stand Sit  Pick
Actual labels
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Where we are?
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Task 1.1

Task 1.2

Task 1.3
WP2

Task 2.1

Task 2.2

Task 2.3
WP3

Task 3.1

Task 3.2

Task 3.3
WP4

Task 4.1

Task 4.2
WP5

Task 5.1

Task 5.2

Task 5.3
WP6

Task 6.1

Task 6.2

Task 6.3
WP7

Tasks 7.1-7.3

Year 1 Year 2 Year 3

U@ Q @ @

<
<
D

#

. Reporting Period ’ Milestone

&l
=
>

Q3 U @ QI Q2 Q3 “ @

<
&8

. ke
_-‘-m

21



Project Pipeline and Trends in RF Sensing

Technology

WiCare
(2018 —2021)

CareWell
(2020 -2023)

Future Projects
(=2023)

RF Sensing system Wi-Fi Radar mmWave radar
Antenna system SISO SISO & MIMO MIMO & massive MIMO
Frequency range 2.4 GHz 24 GHz > 60 GHz

Sensing modalities RF RF & audio Multimodal

Features Few basic activities Sequences of complex Fine grained activities
(falling, walking, etc.) activities
Applications HAR HAR and eHealth HAR, eHealth, sports, ...
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Thank you

g https://mcg.uia.no/publications/

@ Contact Information

Mobile Communications Group,
Faculty of Engineering and Science,

University of Agder,
4898, Grimstad, Norway.

https://mcg.uia.no/
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