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IntroductionIntroduction

Motivation 

Backscatter localization systems enable extremely low power sensing for wireless 

IoT devices, but it suffers from the following problems:

Willow System

The first WiFi localization system for large-scale parallel low-power backscatter tags 

System DesignSystem Design

EvaluationsEvaluations

AoA Estimation Error Future WorkFuture Work

Extending wireless sensing to other IoT protocols, e.g., LoRa.
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ConclusionConclusion ContactContact

We present Willow: a WiFi based localization 

system for large-scale parallel low-power 

backscatter tags. Willow works with real-world 

WiFi traffic and devices, and can extract the pure 

backscatter channel for  parallel localization. We 

implement Willow on customized backscatter 

tags and commercial WiFi devices.
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Localization Model

Extract Backscatter Channel
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Backscatter signal is hard to capture and process at commercial devices 

Tags shift excitation signals out-of-band and waste spectrum waste

For in-band backscatter, there is severe excitation interference

Previous systems only apply for very few parallel tags

Fully implemented on commercial WiFi devices 

Locate 50+ in-band backscatter tags simultaneously

Accurate localization results with real WiFi traffic
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Tag Reflects Signal
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Apply 2D-MUSIC

Intersection → Location
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How to extract backscatter signals under strong 

in-band interference of excitation signals? 

Parallel Localization

How to enable parallel localization for Sync/Unsync tags? 

For (a):    
     

                        For (b):    
     

                       

• Synchronized Tags -> Orthogonality

• Unsynchronized Tags -> Leaked 

signal/interference

• Interference cancellation
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➢ We build a LoRa network, name CityWAN, consisting of 100 gateways and 19,821 

LoRa end nodes, covering an area of 130 km2 for 12 applications.

➢ We perform in-depth measurement on CityWAN. Many devices, such as nodes in 

traffic tracking, require low-power and high-accuracy localization capabilities.
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