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• Introduction
• Wireless propagation
• 1-D parameter estimation

• Evolution from 1-D to N-D

• Preliminary results

• Summary and outlook

Multidimensional Parameter Estimation with Deep Learning
OUTLINE
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Drone-Shield
Introduction

• Use existing wireless
communication infrastructure to
perform radar detection

• Similar to passive radar

• Uses OFDM(A) waveform

• LTE, 5G, WiFi 802.11

• E.g. to detect UAVs with an mobile 
communication network
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Wireless Propagation and Parameter Estimation
INTRODUCTION

Radar localization

TxRx

Radar localization

propagation delay
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1D parameter estimation
QUICK RECAP

Band-unlimited Impulse response

Estimate a pseudo PDF for the parameters space from a channel transfer function
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Multidimensional Parameter Estimation
MOTIVATION

TxRx

 Moving objects cause Doppler shifts in the received signal
 Each target has a characteristic delay and Doppler
 Estimation results now has two dimensions (delay, Doppler)

 Why to consider multiple dimensions (e.g. Doppler)?
 Doppler helps separating static clutter and moving targets
 Easy filtering and removal of static clutter
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 Use standard OFDM receiver processing to 

estimate the wireless channel
 Target can be detected
 Target can be separated from static 

clutter

 Also works for UAVs (hopefully, very likely!)

From measurements
PRACTICLE EXAMPLE

Tx Rx
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1D Task

2-D example

EVOLUTION
Moving from 1-D to 2-D to N-D

Deep network
norm. delay

Deep network
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Summary: ~ 82,000,000 (trainable) parameters

NETWORK ARCHITECTURE
Information

50x10

Linear transformation
and upscaling layer
~ 80M Parameters

20 Layers
125 x 10 x 64

~ 2M Parameters

Estimation result
1000 x 80
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• The network is trained on 10,000,000 different synthetic examples

• The network is trained for 100 epochs, during each epoch
• Each sample is passed through the network once
• Synthetic time-variant channel transfer functions (input) are calculated on the fly
• Different noise realizations are added

• Training takes ~ 1 days on 8x Nvidia A100 GPUs (training time ~ # GPUs)

• Model is saved and used for testing/evaluation

TRAINING
Information
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TRAINING
Process on our GPU infrastructure

Code Development
(using Jupyter Notebooks)

GPU Batchjob Model Evaluation
(using Jupyter Notebooks)
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TRAINING
Statistics on HPC Utilization

Live Demo (lets hope this works)

www.wandb.ai

http://www.wandb.ai/


14

TRAINING
Progress Visualization

Epoch 
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Error on data not 
used in training

Error on 
training data
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