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MENTIS research lab

• Research Focus
• Cyber-physical AI-driven systems
• networking, learning
• … and their hardware interfaces

• Prof. Francesco Restuccia
• Research Group
• 12 PhD students, 1 Research Scientist 
• Mainly funded by NSF and DoW
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• Motivations

1 Why ISAC?



Communications

Computing Sensing

Digital 
world

Physical 
world

Digital twin

Indoor 
monitoring

Metaverse

Augmented 
reality

Virtual 
reality

Telemedicine

Telepresence

New applications in the Age 
of Distributed Intelligence

New paradigm for Autonomous 
and Reliable Softwarized Networks
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1. Communication-assisted sensing
✓ Radio-waves for sensing

2. Sensing-assisted communication
✓ Services context adaptation

Integrated Sensing and Communications (ISAC)

Communications

Computing Sensing
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Communication-assisted sensing

Human 
detection

Gesture 
recognition 

People 
tracking

Vital signs 
monitoring

Human activity 
recognition

Fall 
detection

antenna 1

antenna 2

antenna 3

antenna 4

antenna 1

antenna 2

antenna 3

antenna 4

Range Doppler map empty room

Range Doppler map walking person

Y. Ma, G. Zhou, and S. Wang, “WiFi sensing with channel state information: A survey”, in ACM Comput. Surv.s 2019
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• privacy preserving: no images of 
subjects/scenes are captured

• robust: works also in the presence of dust 
and smoke, and in low light conditions

• low-cost: deploying specific hardware is 
not required, wireless communication 
devices can be used

• communication-centric: additional 
services on top of an existing one

• user friendly: users are not required to 
wear any device for health monitoring

Communication-assisted sensing

• Ad-hoc devices (RADARs)
+ precision, customization
- cost

• Commercial devices (Wi-Fi)
+ availability, dual-functioning
- resolution

Advantages over other sensing technologies
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Sensing info about the propagation environment is fed 
back to optimize the communication link:

• predictive beamforming: less beam training à
steer/track beams from position and velocity

• reduce pilot and CSI feedback overhead: higher 
spectral/energy efficiency

• proactive handover and mobility: predict link loss 
and switch before failure, no beam sweeping

• physical-layer security: place radiation nulls toward 
detected malicious users

• smarter resource allocation: schedule power, 
users and random-access from the sensed scene

Sensing-assisted communication

malicious user 
(eavesdropper)

✗
null

✓ steered

F. Liu et al., “Radar-assisted predictive beamforming for vehicular links: Communication served by sensing”, in IEEE TWC 2020  
N. Su et al., “Sensing-assisted eavesdropper estimation: An ISAC breakthrough in physical layer security”, in IEEE TWC 2024



Who cares about ISAC?

11
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Wi-Fi sensing through the IEEE 802.11bf amendment
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O-RAN alliance and ISAC workshop – June 4, 2026

https://www.o-ran.org/event/o-ran-alliance-6g-and-isac-workshop
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1. Sensing primitives
• Physical and MAC layers

Wireless ISAC – research directions

F. Meneghello, C. Cheng, C. Cordeiro and F. Restuccia, “Toward Integrated Sensing and Communications in IEEE 802.11 bf Wi-Fi Networks”, in IEEE Comm. Magazine 2023
C. Cheng, H. Song, Q. Li, F. Meneghello, F. Restuccia and C. Cordeiro, “Wi-Fi Sensing Based on IEEE 802.11bf”, in IEEE Comm. Magazine 2023

2. Sensing algorithms
• Application layer



SDN / NFV control plane  – orchestration, slicing and service placement

Sensing units as 
VNFs

Radio devices collect sensing 
primitives (RSSI, CIR, CFR)

Computing pipeline 
(VNFs)

Range/velocity/angle 
estimation, AI/ML inference

Sensing-as-a-Service
Apps: presence, activity, 
gesture, health, tracking

Deployed across the MEC edge–cloud continuum (device / edge / cloud)

15

ISAC pipeline as a softwarized service function chain



• Sensing primitives

2 What information can we use for sensing? 

Sensing units as 
VNFs

Radio devices collect 
sensing primitives (RSSI, 

CIR, CFR)

Computing 
pipeline (VNFs)
Range/velocity/angle 

estimation, AI/ML 
inference

Sensing-as-a-
Service

Apps: presence, activity, 
gesture, health, tracking
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Channel state information (CSI)
• continuously estimated: channel estimation as a 

proxy for sensing
• necessary information for the correct functioning 

of wireless networks
• used for properly decoding and precoding data
• describes the way radio waves propagate from 

TX to RX through multiple-paths
• affected by obstacles in the propagation 

environment, i.e., it reveals their presence

• Time domain:
channel impulse response (CIR)

• Frequency domain: 
channel frequency response (CFR)

Sensing primitives
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Wi-Fi sensingWireless sensing



• Frequency diversity
• OFDM or OFDMA
• Data from multiple 

transmission bands in 
the sub-7GHz band or 
mmWave

• Spatial diversity
• MIMO (multiple-input 

multiple-output)
• Cooperative sensing

Diversity for improving sensing performance

19
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• Describes the multi-path propagation
• P copies of the TX signal are collected at the receiver

The CFR – MIMO OFDM 

OFDM sub-channel index

time index

copies of the TX signal 
collected at the receiver

Tx antenna index 

Rx antenna index 

OFDM sub-channel

attenuation

propagation delay

OFDM sub-channel 
frequency
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Propagation delay

path length

angle of departure (AoD)
angle of arrival (AoA)

Doppler effect   
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• The CFR from commercial devices is affected by hardware artifacts that 
• introduce an unwanted phase offset

Challenge in extracting sensing primitives

K. Wu, et al., “Sensing in Bi-Static ISAC Systems with Clock Asynchronism: A Signal Processing Perspective”, in IEEE Signal Processing Magazine 2024
F. Meneghello, D. Garlisi, N. Dal Fabbro, I. Tinnirello and M. Rossi, “SHARP: Environment and Person Independent Activity Recognition with Commodity IEEE 
802.11 Access Points”, in IEEE Transactions on Mobile Computing 2022

• hide the Doppler shift preventing its direct computation
• require software compensation (phase sanitization)
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• Spatial domain cancellation
• use one antenna as reference (CASR)

• Delay domain cancellation
• use one multi-path component as reference (SHARP)

CFR offset compensation in software

K. Wu, et al., “Sensing in Bi-Static ISAC Systems with Clock Asynchronism: A Signal Processing Perspective”, in IEEE Signal Processing Magazine 2024
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• Intuition: Each multi-path component in the CFR is affected by the same phase offset

• Steps: (applied to each antenna separately)
1. separate the contribution of the different components 
2. use one of them as a reference to remove the phase offset

Delay domain cancellation

ℓ! regularization

each non-zero entry in r 
reveals the presence of a path

F. Meneghello, D. Garlisi, N. Dal Fabbro, I. Tinnirello and M. Rossi, “SHARP: Environment and Person Independent Activity Recognition with Commodity IEEE 802.11 
Access Points”, in IEEE Transactions on Mobile Computing 2022

matrix describing the contribution of 
candidate multi-path components 
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• P1 is a compressive sensing reconstruction 
problem 

• solved through quadratic optimization 

• Select the strongest path as a reference to 
remove the offset

Sanitized phase
GitHub repository with 

code, dataset and paper

F. Meneghello, D. Garlisi, N. Dal Fabbro, I. Tinnirello and M. Rossi, “SHARP: Environment and Person Independent Activity Recognition with Commodity IEEE 802.11 
Access Points”, in IEEE Transactions on Mobile Computing 2022
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• MIMO provides several advantages
• improve robustness to fading à DIVERSITY
• increase data rate à MULTIPLEXING 
• increase SNR à BEAMFORMING 

• Simultaneously transmit multiple data (or spatial) 
streams over independent fading channels 

• Requires to perform channel sounding to combine 
the streams at the different TX antennas through 
precoding weights
à good for sensing!

Sensing through MIMO systems – preliminaries
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Beamforming feedback

For each subcarrier 𝑘
1. Estimate 𝐇"
2. Compress 𝐇"

a. SVD 𝐇"# = 𝐔"𝐒"𝐙"
$

b. Beamforming feedback 𝐕": 
first 𝑁%% (no. spatial streams) 
columns of  𝐙"

c. Beamforming feedback angles 
𝜙",ℓ,' 𝜓",ℓ,' through Givens 
rotations

d.  𝜙",ℓ,' 𝜓",ℓ,' quantization
3. Feed back the angles to the TX

NDP
1 2AP STA

Precoding

4
Compressed channel 

feedback

3
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• The beamforming feedback angles 𝜙",ℓ,' 𝜓",ℓ,'
1. are derived from the beamforming feedback matrix 𝐕"

➢ can be used as a proxy of the MIMO CFR 𝐇𝒌 

2. are obtained from the NDP that is not beamformed 

➢ are not affected by inter-stream, inter-user interference (ISI / IUI)

3. are transmitted in clear text
➢ can be captured by any Wi-Fi-enabled device

Beamforming feedback for sensing
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Beamforming feedback angles
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1. Capture the beamforming 
feedback packet

2. Decode the Wi-Fi BFAs based on 
the network configuration

3. Reconstruct the beamforming 
feedback matrix

The Wi-BFI tool 

Wi-BFI GitHub repository
K. H. Haque, F. Meneghello, and F. Restuccia, “Wi-BFI: Extracting the IEEE 802.11 Beamforming 
Feedback Information from Commercial Wi-Fi Devices”, in Proc. of WiNTECH 2023
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Captured beamforming feedback angles

4 × 2 MIMO
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• The CSI is only available for communication on commercial devices

How to get the CSI for sensing?

Custom firmware/software to expose sensing primitives (e.g., Atheros 
CSI, Intel CSI extractors, NEXMON-CSI , AX-CSI, PicoScenese for 802.11)

CSI will be available also for sensing by standard in new 
releases/amendments (e.g., IEEE 802.11bf)

Custom software to obtain and use the MIMO beamforming feedback as a 
proxy for the CFR



• ISAC algorithms – application layer

3 How can we develop sensing applications?

Sensing units as 
VNFs

Radio devices collect 
sensing primitives (RSSI, 

CIR, CFR)

Computing 
pipeline (VNFs)
Range/velocity/angle 

estimation, AI/ML 
inference

Sensing-as-a-
Service

Apps: presence, activity, 
gesture, health, tracking
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1. Use signal processing based on the wireless propagation models

2. Use the signal diversity in the different domains to obtain sensing parameters

Model-based sensing algorithms

Diversity domain Spectrum computed along Derived sensing parameter

Frequency OFDM/OFDMA subchannels Range of the target (ToA)

Space Antenna array Angular position (AoA, AoD)

Time Subsequent time instants Velocity (Doppler effect)
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Multi-path parameters

AoA: IFFT over the 
receiver antennas mr

ToA: IFFT over sub-channels k
ToA and AoA can be obtained through 
inverse Fourier transformations

Nominal resolutions:
bandwidth

no. antennas

amplitude 
attenuation

Similarly. AoD: IFFT over 
the transmitter antennas mt

Note: we consider baseband processing 
here and remove the time index
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CIR from CFR through IFFT

50 ns

25 ns

12.5 ns

6.25 ns
use super-resolution approaches to 
jointly estimate the parameters and 
go beyond the nominal resolution
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• Can be formulated as a sparse recovery problem 
• obtain a sparse vector (channel impulse response CIR h)
• leveraging the multi-path propagation info in the CFR H

Multi-path parameter estimation

matrix describing how the P’ candidate 
paths combine at each sub-channels and 
receiving antennas to create H

• P’-dimensional vector
• P’ is the no. candidate multi-path components with a 

specific ToA/AoA
• only the P < P’ components associated with objects in 

the environment are ≠ 0

no. non-zero components of the 
sparse vector 𝐡

~
 (user−de,ined)

sparsity constraint
F. Meneghello, A. Blanco, A. Cusano, J. Widmer, and M. Rossi, “Wi-Fi Multi-Path Parameter Estimation for Sub-7 GHz Sensing: A Comparative Study”, in Proc. of 
IEEE WiMob 2023
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Compressive sensing-based methods (greedy algorithms)

• OMP: iteratively adds new components to h whose value is optimized based on the 
minimization of the cost function

• IHT: finds an h that minimizes the cost function and prune it based on thresholding strategies 
that maintain only the most significant elements

Ad-hoc approaches
• SpotFi: is based on eigendecomposition of the CFR
• mD-Track: first iteratively estimate and remove the strongest path from the signal; hence, a 

refinement phase is performed
• UbiLocate: similar idea of mD-Track, the refinement is performed though a Nelder-Mead 

search

Algorithms for multi-path parameter estimation

F. Meneghello, A. Blanco, A. Cusano, J. Widmer, and M. Rossi, “Wi-Fi Multi-Path Parameter Estimation for Sub-7 GHz Sensing: A Comparative Study”, 
in Proc. of IEEE WiMob 2023

code of the 
implementation 

available
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Grid granularity (for matrix T)

• ToA 0.5 ns. -  AoA 0.5 deg.

Max errors for resolvability

• ToA 5 ns  -  AoA 40 deg.

Nominal resolution

Path resolvability and time comparison
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Doppler extraction from CFR

Diversity domain Spectrum computed along Derived sensing parameter

Frequency OFDM/OFDMA subchannels Range of the target (ToA)

Space Antenna array Angular position (AoA, AoD)

Time Subsequent time instants Velocity (Doppler effect)
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• The CFR 
• also accounts for the reflections from static objects
• is environment-specific à not desirable for sensing

Doppler extraction – motivation

CFR amplitude (dB scale) collected in the same empty room in two different days
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• Main idea. Extracting the micro-Doppler traces from the CFR
• allows removing static objects contributions

Doppler extraction from CFR

Doppler effect   
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• Obtain the micro-Doppler spectrum

micro-Doppler computation
Diversity domain Spectrum computed along Derived sensing parameter
Time Subsequent time instants Velocity (Doppler effect)

code of the 
implementation 

available

• by computing the Fourier transform along the time dimension
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Challenges
• Radio signal propagation (multi-path) can be 

highly complex
• High amount of data to be processed
• Algorithms should be plug-and-play
• Computational complexity should be 

adjusted based on the device

Model-based algorithms are not enough for ISAC

Strategies
• Pervasive AI-ML

Communications

Computing Sensing

Softwarized
Network 

Intelligence



Communication-assisted sensing applications
• Wireless sensing
• AI/ML-based solutions – some examples

3a

Comms Sensing
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AI/ML-based wireless sensing – examples

F. Meneghello, D. Garlisi, N. Dal Fabbro, I. Tinnirello and M. 
Rossi, “SHARP: Environment and Person Independent Activity 
Recognition with Commodity IEEE 802.11 Access Points”, in 
IEEE Transactions on Mobile Computing 2022

Channel freq. response 
802.11ac/ax (sub-7 GHz)
• CFR extracted through 

custom tools

Comms Sensing
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• Detect and classify human activities in indoor spaces based on Doppler effect
• Robust to changing the environment, person and day 
• Two steps

1. the learning-based algorithm is independently applied to the Doppler traces 
extracted from the CFR of each of the receiving antennas to obtain activity estimates

2. the predictions are combined through a decision fusion method

SHARP

AC F. Meneghello et al., “SHARP: Environment and Person Independent Activity Recognition with Commodity IEEE 802.11 Access Points”, in IEEE Trans on Mobile Comp 2022 
AX F. Meneghello et al., “Toward Integrated Sensing and Communications in IEEE 802.11 bf Wi-Fi Networks”, in IEEE Communications Magazine 2023
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Experimental results
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Channel freq. response 
802.11ac/ax (sub-7 GHz)
• CFR extracted through 

custom tools

AI/ML-based wireless sensing – examples
Beamforming feedback 
802.11ac/ax (sub-7 GHz)
• BF transmitted in clear text 

during MIMO setup

F. Meneghello, D. Garlisi, N. Dal Fabbro, I. Tinnirello and M. 
Rossi, “SHARP: Environment and Person Independent Activity 
Recognition with Commodity IEEE 802.11 Access Points”, in 
IEEE Transactions on Mobile Computing 2022

K. H. Haque, F. Meneghello, and F. Restuccia, “Wi-BFI: 
Extracting the IEEE 802.11 Beamforming Feedback 
Information from Commercial Wi-Fi Devices”, in Proc. of 
ACM WiNTECH 2023

Comms Sensing
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• Human activity recognition through 802.11ac/ax beamforming feedback angles extracted 
through Wi-BFI

• BeamSense uses few-shot learning to enforce generalization over different scenarios 

BFA-Sense and BeamSense

raw beamforming feedback angles as input

K. H. Haque, F. Meneghello, and F. Restuccia, “BFA-Sense: Learning Beamforming Feedback Angles for Wi-Fi Sensing”, in Proc. of WiSense 2024
K. H. Haque, M. Zhang, F. Meneghello, and F. Restuccia, “BeamSense: Rethinking Wireless Sensing with MU-MIMO Wi-Fi Beamforming Feedback”, in Elsevier 
Comp. Networks 2025
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BeamSense https://youtu.be/U-QTSxG3xpQ?feature=shared 
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Experimental results
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AI/ML-based wireless sensing – examples
Beamforming feedback 
802.11ac/ax (sub-7 GHz)
• BF transmitted in clear text 

during MIMO setup

Channel impulse 
response 802.11ay 
(mmWave)
• CIR from the beam training 

and tracking fields

F. Meneghello, D. Garlisi, N. Dal Fabbro, I. Tinnirello and M. 
Rossi, “SHARP: Environment and Person Independent Activity 
Recognition with Commodity IEEE 802.11 Access Points”, in 
IEEE Transactions on Mobile Computing 2022

J. Pegoraro, O. J. Lacruz, F. Meneghello, E. Bashirov, J. 
Widmer and M. Rossi, “RAPID: Retrofitting IEEE 802.11ay 
Access Points for Indoor Human Detection and Sensing”, 
in IEEE Transactions on Mobile Computing 2023

K. H. Haque, F. Meneghello, and F. Restuccia, “Wi-BFI: 
Extracting the IEEE 802.11 Beamforming Feedback 
Information from Commercial Wi-Fi Devices”, in Proc. of 
ACM WiNTECH 2023

Channel freq. response 
802.11ac/ax (sub-7 GHz)
• CFR extracted through 

custom tools

Comms Sensing
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J. Pegoraro, O. J. Lacruz, F. Meneghello, E. Bashirov, J. Widmer and M. Rossi, “RAPID: Retrofitting IEEE 802.11ay Access Points for Indoor Human Detection and 
Sensing”, in IEEE Transactions on Mobile Computing 2023

RAPID – 802.11ay (mmWave)

Sensing primitive: 
Doppler signatures 
from the beam training 
and tracking fields



Sensing-assisted communications applications
• Context adaptation
• AI/ML-based solutions – some examples

3b

Comms Sensing
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AI/ML-based context adaptation – examples

K. F. Haque, F. Meneghello, F. Restuccia, “Integrated sensing and communication for efficient 
edge computing”, in Proc. of IEEE WiMob, 2024
K. F. Haque, F. Meneghello, M. E. Karim, F. Restuccia, “SAWEC: Sensing-assisted wireless 
edge computing.” in arXiv preprint arXiv:2402.10021, 2024

Sensing-assisted edge computing
• Goal: reducing uplink data overhead

120 Hz @ 8K → 40 Gbps → Wi-Fi supports 1.2 Gbps

Comms Sensing



Edge 
Server

High-Res Partial Frames 
Through Sensing

SAWEC

58

Frame Resize

Traditional WEC for High-
Resolution Data 

Frame Partition

Sensing-assisted wireless edge computing

K. F. Haque, F. Meneghello, F. Restuccia, “Integrated sensing and communication for efficient edge computing”, in Proc. of IEEE WiMob, 2024
K. F. Haque, F. Meneghello, M. E. Karim, F. Restuccia, “SAWEC: Sensing-assisted wireless edge computing.” in arXiv preprint arXiv:2402.10021, 2024



Localization based on AoA and ToA

90o

-90o

0o

Cluster 1

Cluster 2

1

Track Environmental Change
Through Moving Cluster

Time= 1.2 s

Cluster 1
Cluster 2

Time= 2.2 s

Cluster 1

Cluster 2
Moving 
Cluster

2

Find ROI based on AoA, 
ToA and Cluster Radius

Calculate the range 
of the Cluster

AoA
ToA

Calculate ROI

AoA: 40o

Ao
A(

de
g)

ToA(ns)

0o

-90o

90o

5      10     15     20

ToF: 7 ns

3
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Detection of the region of interest (ROI) Comms Sensing
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Comparative analysis of ISAC-EC
Analysis with original (10K), and tolerable compressed (1/8) and resized images (1/2)

Channel Occupation

Ø The size of a 10K frame is 138.88 MB 

Ø SAWEC, YolactACOS, and EdgeDuet require 

5.5 MB, 92.2 MB and 85.9 MB per frame respectively

Compressed
(1/8)

Resized
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Original
(10K)
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ISAC-EC
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End-to-end Latency

Ø Latency reduced by 94% on an average

SAWEC
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Comparative analysis of SAWEC

mAP50−95  of Instance Segmentation

Ø models retain similar performance with 
compression and resize ratio of 1/8 and 1/2 
respectively 

SAWEC with 10K ROI

SAWEC with Compressed (1/16) ROI

SAWEC



K M Rumman, F. Meneghello, K. F. Haque, F. Gringoli, F. Restuccia, “SHRINK: Reducing 
MIMO Feedback Overhead in Wi-Fi with Dynamic Data-Driven Channel Sounding”, in 
Proc. of ACM MobiHoc 2025 62

AI/ML-based context adaptation – examples

K. F. Haque, F. Meneghello, F. Restuccia, “Integrated sensing and communication for efficient 
edge computing”, in Proc. of IEEE WiMob, 2024
K. F. Haque, F. Meneghello, M. E. Karim, F. Restuccia, “SAWEC: Sensing-assisted wireless 
edge computing.” in arXiv preprint arXiv:2402.10021, 2024

Sensing-assisted edge computing
• Goal: reducing uplink data overhead

Sensing-assisted channel sounding
• Goal: reducing MIMO sounding overhead

120 Hz @ 8K → 40 Gbps → Wi-Fi supports 1.2 Gbps

NACK

Wi-Fi 
Access 
Point

SHRINK
Wi-Fi Station 

Feedback
type 1

NDP Announcement

Null Data Packet

802.11 feedback

Feedback
type 2

SHRINK 
- throughput 

variation 
prediction 

- feedback type 
decision
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Comms Sensing
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AP

STA3 STA2

• 4 antennas AP and two single-antenna stations 

• Throughput still high for more than 20 s

~2,000 useless feedback transmissions:

(sounding every 10 ms)  

Fixed feedback Operating normally

Fixing feedback STA2

Comms Sensing

K M Rumman, F. Meneghello, K. F. Haque, F. Gringoli, F. Restuccia, “SHRINK: Reducing MIMO Feedback Overhead in Wi-Fi with Dynamic Data-Driven Channel Sounding”, in 
Proc. of ACM MobiHoc 2025

Preliminary results
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Dynamic Data-Driven Channel Sounding

Wi-Fi Access 
Point

Wi-Fi Station 
with SHRINK 

Estimate CFR 
and compute Vt 

Feedback Type Decision block
(see Figure 7)

NACK

V angles

NDP

V angles

NACK
Prediction of throughput 

variation

Accuracy Block
(See Figure 6)

1 2
4

5
6

7

9

Is the channel stable?

Real and imaginary parts of 
current (t) and previous (t-1) V

3

Convol.
layer

Max-
pooling 

Dense layer
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x 3
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(next slide)

SHRINK adapts to the channel dynamics performing a context-aware compression 
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Dynamic Data-Driven Channel Sounding

Wi-Fi Access 
Point

Wi-Fi Station 
with SHRINK 

Estimate CFR 
and compute Vt 

Feedback Type Decision block
(see Figure 7)

NACK

V angles
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V angles

NACK
Prediction of throughput 

variation

Accuracy Block
(See Figure 6)
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SHRINK adapts to the channel dynamics performing a context-aware compression 
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• Technical challenge addressed 
through throughput variation 
prediction

SHRINK
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IEEE 802.11ac MUTE Dynamic Sounding Motion-Aware MIMO SHRINK

• SHRINK reduces overhead and increase throughput through context-adaptation 



Will sensing be integrated in wireless networks?

• Challenges and research directions

4

Communications

Computing Sensing

Softwarized
Network 

Intelligence

Sensing units as VNFs
Radio devices collect sensing 
primitives (RSSI, CIR, CFR)

Computing pipeline 
(VNFs)

Range/velocity/angle estimation, 
AI/ML inference

Sensing-as-a-Service
Apps: presence, activity, gesture, 

health, tracking
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System challenges toward ISAC in O-RAN

S. D’Oro, Northeastern University, “ISAC in Open RAN with dApps”, https://www.o-ran.org/event/o-ran-alliance-6g-and-isac-workshop

(1) Real-time access to PHY/MAC data
Plug-and-play algorithms with access to stack 

signals

(2) AI pipelines
Data, training, testing for 

ISAC

(3) ISAC-enhanced radios
Swap and replace RUs

(4) ISAC algorithms life cycle
Customize and deploy different sensing applications

(5) Dynamic stack configuration
Optimize connectivity and sensing services
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O-RAN will expose sensing as a softwarized service across three control loops

tig
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Non-RT RIC: rApps
SMO  ·  > 1 s

Sensing model life-cycle and orchestration
training, model catalog, retraining policy, slice and placement

Near-RT RIC: xApps
10 ms – 1 s

Sensing inference and multi-node fusion
activity / presence classification, cooperative sensing across cells

RAN node: dApps
real-time  ·  < 10 ms

Sensing-primitive extraction at the radio
I/Q, CSI, SRS via E3 interface (Doppler / range / angle)

Sensing as a service in the O-RAN stack

S. D’Oro, M. Polese, L. Bonati, H. Cheng, T. Melodia, “dApps: Distributed Applications for Real-Time Inference and Control in O-RAN”, in IEEE Comm. Magazine 2022
A. Lacava, L. Bonati, N. Mohamadi, R. Gangula, F. Kaltenberger, P. Johari, S. D’Oro, F. Cuomo, M. Polese, T. Melodia, “dApps: Enabling real-time AI-based Open RAN 
control”, in Computer Networks, 2025
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O-RAN dApps for ISAC

S. D’Oro, Northeastern University, “ISAC in Open RAN with dApps”, https://www.o-ran.org/event/o-ran-alliance-6g-and-isac-workshop

S. D'Oro, M. Polese, L. Bonati, H. Cheng, T. Melodia, "dApps: Distributed Applications for Real-Time Inference and Control in O-RAN,” in IEEE Communications Magazine, 2022
A. Lacava, L. Bonati, N. Mohamadi, R. Gangula, F. Kaltenberger, P. Johari, S. D'Oro, F. Cuomo, M. Polese, T. Melodia, "dApps: Enabling real-time AI-based Open RAN control," 
in Computer Networks, 2025
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➢ How to design sensing algorithms that are robust to undesired hardware 
imperfections (e.g., CFR offsets)?

• Real-time is crucial à dApps

➢ How to keep the algorithms updated through periodic retraining?
• Out-of-distribution detection and adaptation strategies à rApps

➢ How reach a tradeoff between the communication performance and the accuracy 
of the sensing algorithms?

• rApps

Technical challenges

K. Wu, J. Pegoraro, F. Meneghello, J A. Zhang, J. O Lacruz, J. Widmer, F. Restuccia, M. Rossi, X. Huang, D. Zhang, G. Caire, Y J. Guo, “Sensing in Bi-Static ISAC Systems with 
Clock Asynchronism: A Signal Processing Perspective”, in IEEE Signal Processing Magazine 2024
F. Meneghello, J. Pegoraro, “AI/ML for Integrating Communication and Sensing in Wireless Networks – The Road Ahead”, in IEEE Future Networks AI/ML Roadmap 2024
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Impact of communication parameters on sensing performance

Comm–sensing tradeoff

F. Meneghello, C. Cheng, C. Cordeiro and F. Restuccia, “Toward Integrated 
Sensing and Communications in IEEE 802.11 bf Wi-Fi Networks”, in IEEE 
Communications Magazine 2023

code of the 
implementation 

available

• The sensing performance decreases when
decreasing the number of samples 
(reducing 𝑇)×𝑁, i.e., time window)

• The position of the RU for sensing impact 
more than the bandwidth

Comms Sensing
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Comm–sensing tradeoff
Impact of sensing accuracy on communication performance
• BER removing an increasing number of multi-path components (ordered) from the CFR 

4 × 4 MIMO

• Increasing the number of removed components (x-axis), the BER increases reaches a plateau

Comms Sensing
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Multi-band cooperative sensing
• Improve diversity: boost sensing accuracy combining different bands
• Allocate resources opportunistically to communications or sensing services

Comm–sensing tradeoff Comms Sensing
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1. Why integrated sensing and communications (ISAC)? 
• Re-use already deployed infrastructures

2. What information can we use for sensing? 
• CFR, CSI, beamforming information

3. How can we develop sensing applications? 
• Virtualized network functions, AI/ML

4. Will sensing be integrated in wireless networks?
• Research and development in progress

Concluding remarks

Sensing units 
as VNFs

Radio devices collect 
sensing primitives 
(RSSI, CIR, CFR)

Computing 
pipeline (VNFs)
Range/velocity/angle 

estimation, AI/ML 
inference

Sensing-as-a-
Service

Apps: presence, 
activity, gesture, 
health, tracking
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