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Introduction

The rapid growth of LEO space debris has become a major
challenge for space sustainability. Thousands of objects travel at
extremely high orbital velocities, increasing the risk of collisions
with satellites. Conventional space surveillance radars require
high-power transmitters and costly infrastructure, which serves as
a disadvantage. This project investigates an Urban Passive Radar
for LEO surveillance (SUPRLEO) that uses existing DVB-T
broadcast towers as illuminators of opportunity while using radio
telescopes as passive bistatic receivers. Instead of transmitting
signals, the system analyzes reflected DVB-T signals from orbital

Objective & Proposed Solution

The bistatic Signal-to-Noise Ratio (SNR) equation evaluates

whether weak reflected DVB-T signals from LEO objects can be

detected above the receiver noise floor:

Proposed Solution: SUPR-LEO uses DVB-T passive radar and low-
cost receivers for real-time LEO object detection and tracking.
The system integrates synchronized signal processing and Al-based
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P.GG Moy (TeprB) analysis for scalable space surveillance.
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* Develop a passive bistatic radar framework for LEO debris detection
using DVB-T signals.

e Extract and separate reference and reflected signals for accurate
radar processing.

e Suppress clutter and direct-path interference using adaptive

This relationship combines propagation loss, antenna
gain, bistatic scattering, thermal noise, and coherent
integration into a unified electromagnetic detection

objects to perform passive detection and classification. model.  Higher  SNR  values improve target o
distinguishability from clutter and interference, filtering.
o ¥ enhancing passive radar detection performance. ¢ Generate Range—-Doppler maps for target localization and velocity
: estimation.
g ¢ Integrate Al classification for automated debris detection and
e . analysis.

Methodology
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Simulated passive radar data was used to test the signal-processing  The simulated reference and surveillance signals were processed
chain before full field deployment. The target echo was modeled as a using the Cross-Ambiguity Function to form Range-Doppler maps.
weak signal mixed with ground clutter, interference, and noise. Potential targets appear as localized peaks in delay-Doppler space. [

Filtering and clutter-suppression methods improved target isolation

and increased the Signal-to-Clutter Ratio, making weak LEO-like |
responses easier to detect in the simulated data. R
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_ signatures from the Australian Buckland Park VHF Radar

dataset. The data was converted into spectrogram-style

j - -n i« inputs and grouped into five classes.
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N {= strong ability to distinguish real radar signatures from

T j | different space objects and background noise. This validates

A the Al model’s performance before future SUPR-LEO field-
data classification.
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Initial field tests were conducted

. . i PSU showed stronger overall reception, with a best estimated SNR of 32.3 dB near 543.45 MHz.
at Princess Nourah University PNU also showed usable DVB-T reception, with a best estimated SNR of 22.3 dB near 549.73 MHz.

and Prince Sultan University to Real-World DVB-T Field Signal Validation: PSU vs PNU
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validate real DVB-T reference-
signal availability.
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A Yagi antenna, RTL-SDR, and
customized DVB-T sweep code
were used to inspect the 540-565
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T Ruwrework Conclusion

SUPR-LEO demonstrates the feasibility of using existing DVB-T broadcast signals as a foundation for low-
cost passive radar space surveillance. By advancing low-cost and energy-efficientyspace monitoring,
UPRLEO contributes to the development of a more sustainable and safer space en\‘ie
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Our prototype
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Prototype Description
The 3D model demonstrates the bistatic passive radar concept and the system’s working
principle.

* Riyadh TV Tower: Acts as the transmitter (llluminator of Opportunity) broadcasting
DVB-T signals.

* Radio Telescope: Acts as the passive receiver capturing reflected signals.

* Satellites / Space Debris: Reflect the signals to enable detection and analysis.

The prototype explains how the transmitter and receiver are placed separately in a
bistatic configuration to track space objects using existing broadcast signals.

Note: Please scan the QR code on the poster for more details and to explore the
interactive dashboard.
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