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EE-ITC unit —radio communications
research

« TLTPOS (own team) belongs to the Electrical
Engineering Unit, Faculty of Information l
Technology and Communication Sciences =
o WWW.CS.tut.fi/tlt/pos S

#
 Top collaborating Faculty within TAU: Faculty of
Engineering and Natural Sciences

* 3 main research areas within Electrical

Engineering Unit: 0
 Electronics and Embedded Systems Faculty of Engineering...
 Electrical Energy Engineering A

Faculty of Information...

« Communications Engineering and Radio Systems
(comms/radio)

From https://researchportal.tuni.fi/
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Dzt AU cOMMS/radio, research areas

» We develop fundamental new scientific knowledge and enabling technologies related to

future wireless communications and radio
positioning & sensing systems, organized in
 RA 1: Wireless communications fundamentals

 RA 2: Advanced radio access solutions for
future mobile communications networks

* RA 3: Signal processing for communications
and radio systems

 RA 4: Nano-/bio-/THz communications

» RA 5: Radio positioning circuits, systems
and algorithms

» RA 6: Radio sensing (radar) algorithms & systems

HANDHELD & WEARABLE : INSIDE-THE-BODY

INDUSTRIAL 10T

£3

Multi-disciplinary framework comprising information theory, estimation theory, radio

propagation, digital radio communications methods, signal processing algorithms,
networking techniques, embedded multi-core and reconfigurable computing architectures,
RF electronics, and nano-/bio paradigms
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Main collaborators from 6 on-going projects related
Finland to satellite-based research
* Finnish Geospatial Research Institute (FGI) » European Space Agency (ESA)
» Navigation and Positioning Department * FINESSE (spoofing detection in GNSS)
« University of Vaasa * INNUENDO (navigation with LEO satellites)
 Digital Economy unit « TEK/JAESS foundation: INCUBATE (LEO-PNT)
» Aalto University » Aka ULTRA (hybridization GNSS+5G)
« Signal Processing Department e H2020 MSCA
» Helsinki University « APROPOS; low-complexity GNSS through

approximate computing

« A-WEAR: hybridization wearable sensors
+GNSS, www.a-wear.eu

» Department of Computer Science

Oulu University
» Center of Wireless Communication (CWC)

Current team

1 Professor

1 post-doc

About 8-12 active PhD students (including external ones and recently joining)
About 2-4 MSclyear in past 2 years
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Relationship between GIS and satellite-
based research

Georeferenced data; positioning data
accuracy evaluation; automated

Positioning
GNSS
LEO-PNT

collection of vector spatial data, ....

Visualization; dynamic spatial analysis

Wireless
channel
modeling

Data fusion and improved decision
making

Satellite-based Satellite imagery, Remote sensing,
applications Reflectometry, ...
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Two main satellite-related research axes

1. GNSS (Global Navigation Satellite systems) — broadest research area so
far in our team

» Transmitter-receiver design (modulation, receiver architectures, ....)
* Interference management (detection, classification, mitigation,...)
» Software Defined Radio (SDR) developments
» Hybridization with other systems (e.g., UWB, 5G, WiFi, etc.)
2. Low Earth Orbit — Positioning, Navigation, and Timing (LEO-PNT)
» Navigation payload Design
 Constellation Design
» LEO satellites as signals of opportunity
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Research questions - examples

* How to offer seamless (indoor/outdoor) localization with high
accuracy/high coverage and various constraints?

« Cost/energy efficiency
« User privacy
* Low latency
* How to efficiently use existing wireless signals as Signals of
Opportunity?
« Signals not meant for positioning, but which can be used to locate/track a device
* How to optimize the receiver functionalities towards the so-called RF

convergence?

» Re-use of receiver blocks for joint functions of sensing, positioning and
communications
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T T Y s GNSS-related research (1/ 2)

« Galileo signal design
+ Binary-Offset Modulation families;
time-frequency modeling
- Galileo and GPS receiver architectures
« Acquisition
« Tracking
* Multipath mitigation

Low-complexity/low-power versus
high-sensitivity GNSS

)\ [ulti-system
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GNSS-related research (2/2)

» Interference management solutions: spoofing and
jamming detection, mitigation, and classification
* Focus on aerial applications (drones, general
aviation, commercial aviation) as dictated by on-
going and recently ended projects (H2020
EMPHASIS, H2020 GATEMAN)

* RF fingerprinting methods (ESA FINESSE project)
* Using transmitter hardware impairements as’
features’ to identify the genuine GNSS
transmitters
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LEO-PNT-related research (1/2)

 Huge amount of LEO satellites already launched or soon-to-be
launched: more than 10000 LEO satellites on future sky!

 Currently not meant for PNT, but can be used as Signals of Opportunity
(So00)

o Alternatively, new constellation design and navigation payload can be
envisaged

* These 2 alternative approaches are currently addressed within two
ongoing projects in the team:

« ESA INNUENDO (Enhanced GNSS Signals in Space and User Receiver
Processing) and

 JAESS INCUBATE: https://www.univaasa.fi/en/articles/small-satellites-can-provide-
method-accurate-navigation-indoors-incubate-project-receives
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e LEO-PNT-related research (2/2 )
— snapshot results

ConSte”atlon deS|gn _ examples Minimum number of satellites Nmin per orbit
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e EE-ITC available hardware related to
our research

* RF measurement equipment up to 110
GHz (USRPs, VSTs, etc.)

e Spectracom GNSS signal generator

» Soon to be upgraded with new
functionalities
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Published works

 Available on the recently opened TAU portal, TUNICRIS:
https://researchportal.tuni.fi/en/persons/elena-simona-lohan

 Also open-access data available on Zenodo, 3 communities
e https://zenodo.org/communities/tau_wireless
e https://zenodo.org/communities/tau-titpos
» https://zenodo.org/communities/a_wear " Rl e st

o izl
Co-editor of two GNSS-related Positioning J§ Technology

Springer books Technology Positioning
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Conclusive remarks

» Synergies and complementarities with GIS-related research in aspects
concerning satellite-based positioning with MEO (GNSS) and LEO
satellites

* Actively looking for new collaboration possibilities (e.g., Aka, Business
Finland, and EU upcoming calls)

* Main focus in the team is on signal processing and physical layer
aspects, but recent work also includes
» Machine-learning-based approaches (e.g., for RF fingerprinting)
 Location-Based Services
* Privacy aspects in localization (and digital contact tracing)



