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Robot-augmented networks: Connectivity

Relay-based connectivity

Hot-spots, sport events, flashcrowds, 

disaster recovery,..

Non delay sensitive connectivity

IoT data harvesting, smart city, agriculture, 

caching,..

D2D connectivity

car2car connectivity, mesh connectivity, 

battlefield connectivity,..

htpp://www.eurecom.fr/


Robot-augmented RF Sensing & Localization

Robot-aided localization

Robot-aided mapping
Radio map, 3D Map reconstruction,

Outdoor, indoor (factory setting)

 Injecting a robot in the network for sensing: Why?

 Robot-borne (UAV, cars,..) enrich sensing data space

 Opportunity to optimize path to design meaningful data

 Dealing with Non Line of Sight challenge

D. Gesbert, O. Esrafilian, J. Chen, R. Gangula, U. Mitra, "UAV-aided RF Mapping for Sensing and 

Connectivity in Wireless Networks", IEEE Communications Magazine, 2022.

htpp://www.eurecom.fr/


Connectivity: Aerial Integrated Access and 

Backhaul (IAB)

4

CU + DU

+

COTS UE

COTS UE DU

Core

COTS UE

5G IAB donor

5G Aerial IAB node

Mundlamuri, R., Esrafilian, O., Gangula, R., Kharade, R., Roux, C., Kaltenberger, F., ... & Gesbert, D. (2023). Integrated 

Access and Backhaul in 5G with Aerial Distributed Unit using OpenAirInterface. arXiv preprint arXiv:2305.05983.

• First end-to-end 5G IAB network solution 

based on OpenAirInterface (OAI)

• First UAV-aided 5G IAB network 

demonstration

htpp://www.eurecom.fr/


UAV-aided Data Harvesting based on learning

• Maximizing total collected data
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Localization

+

Learning  

+ 

Classification
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Digital Twin-aided Federated Multi-agent DRL 

-

World

Aggregator

J. Chen, O. Esrafilian, H. Bayerlein, D. Gesbert, and M. Caccamo, "Model-aided Federated Reinforcement 

Learning for Multi-UAV Trajectory Planning in IoT Networks", Submitted to IEEE Globecom, 2023.

htpp://www.eurecom.fr/


Simulations

-

M=3 UAVs, UAV Altitude: 60 m, 3 Anchor Nodes

htpp://www.eurecom.fr/


Simulations

-

M=3 UAVs, UAV Altitude: 60 m, 3 Anchor Nodes

Model less

Digital twin-aided

Independent 

agents

Federated

htpp://www.eurecom.fr/


Sensing & mapping via channel classification

-

LoS/NLoS

 Supervised: Using the 3D map

 Unsupervised: Using clustering (map 

reconstruction is implicit)

Av. RX power

Path loss exponent

shadowing

Fixed offset

distance

S: fading class (1,2,3..)

htpp://www.eurecom.fr/


RSSI-based UE Localization

• Problem formulation:

htpp://www.eurecom.fr/


Particle-based UE Localization

Update 

Channel 
UAV Trajectory

-

Measured RSSI

Feed back

An estimate of the user position

* Measurements: {UAV locations, RSSI}

3D 

Map

Labelling

htpp://www.eurecom.fr/


Localizing more than one user is easier..

-

Performance improves with more users! (if user-specific measurements)

But still not enough accuracy 

htpp://www.eurecom.fr/


AI-augmented path loss model

Classical path loss model

Hybrid DNN-based model

(arbitrary UAV antenna pattern) 

htpp://www.eurecom.fr/


Experimental Results

htpp://www.eurecom.fr/


UAV-based vs. fixed BS-based localization 

htpp://www.eurecom.fr/


80MHz BW ToA-based localization

(Graph-based SLAM)

-
O. Esrafilian, R. Gangula, and D. Gesbert, “Map-based active user localization in UAV-aided wireless 

networks", 2022.

• UAV Altitude: 80m (average building 

height 40m)

• UAV mission: 20sec

• BSs Altitude: 25m

htpp://www.eurecom.fr/


Active Learning for localization 

[O. Esrafilian, R. Gangula, D. Gesbert, "3D Map-based Trajectory Design in UAV-aided Wireless Localization 

Systems", IEEE Internet of Things Journal, April 2020]

• Active learning to accelerate localization                

and channel estimation process

• Optimize UAV moves based on Fisher

Information matrix (greedy updates).

• Intuition: Trigger most informative measurements

htpp://www.eurecom.fr/


Simulation

-
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ToA-based localization: BS vs UAV

-

O. Esrafilian, R. Gangula, and D. Gesbert. "UAV Trajectory Optimization and Tracking for User Localization 

in Wireless Networks." arXiv preprint arXiv:2305.14959, 2023.

htpp://www.eurecom.fr/


Learned lessons

 Robot-aided network sensing gives rich 3D sensing 

capability

 3D Mapping key to reliability

 Active learning help “produce” best measurement data

 Digital twin models can help boost learning time

More about our works on: https://www.drone4wireless.com
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