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Programmable Testbeds 
Accessible to Research 

Community

Driven by publications 
and citations

Driven by products 
and revenue



NSF Platforms for Advanced Wireless Research (PAWR)
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AVAILABLE TODAY !!

ARA

Rural broadband wireless

Funded June 2021Funded Sept. 2019Funded Apr. 2018 Funded Apr. 2018

COLOSSEUM

Northeastern University, MA
Large-scale wireless emulation

AVAILABLE TODAY !!

Phase-1 Availability: 
Nov. 2021

Phase-2 Availability 
(Expected): Dec. 

2023
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Lavanya Sridharan, 
NC State, Project 

Coordinator

Ed Rogers, NC State 
Construction Permits

Ozgur Ozdemir, NC State 
SDRs, Keysight, Operations

Mike Barts, WRC-NC 
RF, Towers, Antennas, 

Front Ends

Asokan Ram, WRC-NC 
4G/5G Ericsson Deployment

Magreth Mushi,
NC State, Network Arch. 

& Platform Operations

Alphan Sahin, USC
mmWave Experiment 

Development 

Andrew Balmos, 
Purdue, LoRa Experiment 

Development 

Mark Funderburk, NC State
UAV/UGV Development

Ricardo 
Parchment, NC 
State, Network 

Architecture

Anil Gurses, NC State 
AERPAW Digital Twin

Talha Faizur 
Rahman, MSU, 

SDRs and 4G/5G 

Moahmed Rabeek 
Sarbudeen, NC State, 

RF Front Ends and 
O-RAN

Sunc Joon Maeng, 
NC State, Dynamic 

Radio Zones
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LW-3

LW-1

LW-2

LW-5

LW-4

~400 meters

AERPAW Lake Wheeler Site

Lake Wheeler 
Site

Centennial 
Campus Site



Supported Research and Application Examples

4G/5G/6G Wireless 
Networks Counter UAV Systems

UAV Corridor Design 
and Optimization

Multi-Hop and Ad-Hoc 
Networks

UAV Trajectory 
Optimization

Advanced Aerial Mobility

Dynamic Spectrum 
Sharing

Flying Base StationsSmart Agriculture

Software Defined Radios 
and Networks

AI/ML Enabled Wireless 
Networks

Open Radio Access 
Networks

Wireless Localization

Disaster Response and 
Recovery Vehicular Networks



AERPAW by the Numbers

$10M+: Funding at NC 
State to date

$6M+: Industry In-Kind 
Contributions

11: # AERPAW Towers in 
NC State

168: # Papers in GS 
Mentioning AERPAW

1 of 4: FCC Innovation 
Zones in the US

20+: # REU Students 
Trained

58: # Field Experiments 
(684: AERPAW Ops 

Person Hours)

51: Projects in 
Experiment Portal

347: # Experiments in 
Experiment Portal

37: # Universities with 
Students Trained on 

Campus at ACW 2023

549: # Followers in 
LinkedIn

5: # Finalists in AFAR 
Student Competition

20+: # Papers in 2023 by 
AERPAW

11: # Datasets Released 50+: Number of Invited 
Talks Delivered



AERPAW Digital Twin and Real-World Testbed

LW-3

LW-1

LW-2

LW-5

LW-4

~400 meter
s

AERPAW Digital Twin
(Development Environment)

AERPAW Real-World Testbed

Experiment 
Web Portal 

Remote 
Experimenter

aerpaw.org

Choose 

Development 

Resources Transfer
Software

(Containers) 
for 

Real-World 
Testing

• FCC Call Sign: WK2XQH
• FCC Innovation Zone
• Main frequency range: 3.3-3.45 GHz





AERPAW Digital Twin
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Vehicle Control 
Application

Commands Status

Traffic Generator

Radio Software

Traffic
Out

Traffic
In

Radio
Signals
Out

Radio 
Signals
In

E-VM - Portable Node

Vehicle Software In 
The Loop (SITL)

IQ Wireless Channel Emulator (CHEM)

Traffic Generator

Radio Software

Traffic
Out

Traffic
In

Radio
Signals
Out

Radio 
Signals
In

E-VM - Fixed Node

srsRAN, OAI, 
GNURadio, 
Python scripts

QGround
Control

Ping, 
iPerf



Portable 
Node 

Experimental 
TX Antenna

Experimental 
RX Antenna

Monitoring RX 
Antenna

Cellular
Modem

FAA
BeaconGPS

Receivers

Batteries

Telemetry
Antennas

RC 
Antennas

Large AERPAW 
Multicopter (LAM)



Small AERPAW Multicopter (SAM)

Portable 
Node 



Portable 
Node 



AERPAW and National Radio Dynamic Zones (NRDZs)
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I/Q Data Collection Process (1/2)
• Measurement scenario (Spring 2022)

✔ AERPAW’s Lake Wheeler Field Labs in Raleigh NC

✔ A USRP B205mini at the tower transmits LTE signal using srsRAN (@3.51 GHz, 1.4 MHz BW)

✔ A USRP B205mini carried at a UAV collects LTE IQ samples at different altitudes

✔ Can simultaneously monitor large number of signal sources using the same approach
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I/Q Data Collection Process (2/2)
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GPS, SDR receiver 
(USRP B205mini),

antennas 

LTE I/Q data sets collection and post-processing 
scenario. 

Received signal power in LTE resource grid of 6 ms 
duration. 



3D Ordinary Kriging (1/4)

• Kriging interpolation (ordinary Kriging)

✔ Problem statement: the error of the spatial prediction of an unknown location is 
minimized

✔ Interpolate the received signal powers of unknown locations by linear combination of 
the measured locations:

r : received signal strength, l0
uav: unknown location

li
uav: known location



3D Kriging (2/4)

• Simulation setup for 3D Kriging by using real datasets

✔ Cross-validation-based RMSE evaluation

✔ Compares the predicted RSRP with the measured RSRP to observe the error

✔ Predict RSRP of N
0
 samples from M samples using samples within r

0
 radius circle
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RSRPs at 
Unknown 
Locations

RSRPs at 
Known 
Locations

Interpolation 
Region for 
Unknown RSRP



3D Kriging (3/4)

• 3D Kriging performance evaluation

✔ Predict 30 m height from 30 m (a), 50 m (b)

✔ Baseline: perfect path loss estimation (without spatial correlation information)
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3D Kriging (4/4)

20
Recent Results (submitted to IEEE DySpan 2024)



Open Research Problems
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• Spectrum mapping for fixed (towers) and mobile (UEs) signal sources
• Freshness of spectrum information 
• Drone orientation, speed, tilt vs. sensing outcome
• Separating different transmission signal sources (e.g. eNBs/gNBs based 

on PCIs), using Kriging with them
• Use of multiple drones and autonomous trajectory optimization for 

real-time sensing with mobile transmissions
• “Refining” measurements with periodic flights and limited measurements
• Interference/jammer signal source localization
• Deployment/testing at NSF RDZs

• All can be developed starting at AERPAW 
digital twin and then moving to testbed 



LW1
LW2

LW3

LW4

LW5

• 5 Fixed Nodes transmitting as 
LTE eNB (30 ft tower height)

• UAV (USRB B210) flies at 110 
m, logs IQ simultaneously from 
each eNB 



LW1 LW2
LW3

LW4 LW5

IQ recording and RSRPs at UAV from 5 Fixed Node eNBs*

* RSRPs not calibrated



Helikite Measurements During NC State Packapalooza (Aug. 2022, Aug. 2023)
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Spectrum Occupancy Measurements and Modeling in Rural & Urban Areas (2)

LTE band 12 (UL, Rural)

LTE band 12 (DL, Rural)

LTE band 12 (UL, Urban)

LTE band 12 (DL, Urban)

UL Urban

DL Urban

Abrupt 
increase

Abrupt 
increaseGradual 

increase

Nearby 
UE

Gradual 
increase
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Spectrum 
Occupancy 

Comparison in 2022 
and 2023

(>50 m and <50m)
(submitted to IEEE 

DySPAN 2024)
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Received Power Modeling of FM Radio Station Signal vs. Altitude
(submitted to IEEE DySPAN 2024)



Open Research Problems
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• Kriging interpolation based on PSD data (with UAV measurements)
• Spectrum occupancy vs. altitude models for various bands
• Uplink vs. downlink modeling using stochastic geometry techniques
• Use of known cellular tower locations, TX powers, etc. (cellmapper.net)
• Modeling probability of LoS in different bands and how it affects 

spectrum occupancy (using real-world data)
• Developing a realistic digital twin for rural and urban conditions with 

tactical spectrum sharing 
• AI/ML based dynamic spectrum sharing, exploiting time/frequency 

plane and transmitter/receiver altitude/location

• All can be developed starting at AERPAW 
digital twin and then moving to testbed 



aerpaw.org



AERPAW Community Workshop (ACW) 2023: https://aerpaw.org/acw2023/ 

Contact: aerpaw-contact@ncsu.edu 

LinkedIn: https://www.linkedin.com/company/aerpaw/ 

https://aerpaw.org/acw2023/
mailto:aerpaw-contact@ncsu.edu
https://www.linkedin.com/company/aerpaw/

