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Motivation
In UWB research focus on localization. Maximizing dependability for UWB 

communications, instead, is still unexplored
 Energy-efficiency: UWB radios are more energy-hungry than narrowband IoT transceivers

 Reliability: essential to reliably acquire and share the timestamps in the network

Characterization of the numerous 802.15.4 UWB PHY settings is missing

 PHY settings have huge impact on dependability

 Changing them helps to overcome a degrading channel

Need for runtime adaptation

 To date, UWB systems make use of static PHY settings independent on dynamic environment

Estimating the link quality for UWB not thoroughly investigated

 Link quality estimation is required to trigger the adaptation of the PHY settings
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Background: IEEE 802.15.4 UWB PHY
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tps = N · tp = N / fp
(N depending on PRF)

tp=1/fp

Synchronization header (SHR)

Preamble

coded at the base rate

SFD PHR Payload

Preamble
Symbol PS1

...PS2 PSPSR

tpsr =  PSR · tps

SHR consist of single pulses

(single pulse modulation)

Data portion sent as bursts

(BPM / BPSK modulation)

Data portion

Single 

pulse

1          2         3          4       ….   N -2     N -1     N

• Different modulation schemes

• Configurable PHY Settings

(1) Pulse Repetition Frequ. (PRF)

(2) Preamble Symbol Rep. (PSR)

(3) Data Rate

(4) Channel

(5) Bandwidth
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Characterizing UWB performance

Experimental setup:

 Decawave DW1000 UWB transceiver (EVB1000 boards)

 Cable-based single link setup (TX, RX)

 Used programmable attenuator in between to simulate

a degrading channel in a reproducible manner

 1000 packets per attenuation and setting

𝑃𝑎𝑐𝑘𝑒𝑡 𝑅𝑒𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (𝑃𝑅𝑅) =
# 𝑜𝑓 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑝𝑎𝑐𝑘𝑒𝑡𝑠

# 𝑜𝑓 𝑠𝑒𝑛𝑡 𝑝𝑎𝑐𝑘𝑒𝑡𝑠

𝐻𝑒𝑎𝑑𝑒𝑟 𝑅𝑒𝑐𝑒𝑝𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 (𝐻𝑅𝑅) =
# 𝑜𝑓 𝑣𝑎𝑙𝑖𝑑 𝑆𝐻𝑅 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑

# 𝑜𝑓 𝑠𝑒𝑛𝑡 𝑝𝑎𝑐𝑘𝑒𝑡𝑠
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Characterization: Impact of modulation schemes
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Characterization: Impact of modulation schemes
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7dB

(1) Link quality available in absence of

complete packet reception

(2) Preamble detection as binary ACK

B

New config

ACK

A x



Impact of PHY settings (e.g., PSR, DR)

 Energy efficiency (TX+RX):

 DR=850kbps: 1.55x less efficient

 DR=110kbps: 7.12x less efficient
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Preamble Symbol Repetitions (PSR) Data Rate

 Energy efficiency (TX+RX SHR):

 PSR=4096: 30.2x less efficient

 PSR=1024: 7.6x less efficient Based on characterization we can derive a rank of

settings in order to satisfy the application requirements.

5-6dB
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 UWB transceivers provide an estimate of the channel impulse 

response; derived from the preamble in the SHR

 Provides information about the multipath propagation and, thus, the 

environment

 Used to precisely estimate the arrival time of a packet

Background: Channel impulse response
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Estimating the link state
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 Binary values

 LOS/NLOS, destructive interference,...

 Detect the cause of a degrading channel

 We use CIR to estimate the link quality and extract environmental info

 UWB link state indicator    (Link quality + environmental state = link state)

 Derived from the integral of the channel impulse response

 Estimator of the received signal power / PRR



 Measurement campaign in corridor at campus 

 PRR shows deep fades

 CIR used to detect the cause of degraded channel

Detecting destructive interference
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𝑃𝑅 =
𝑃𝐹𝑃

σ
𝑖=1
𝑁𝑀𝑃𝐶 𝑃𝑀𝑃𝐶,𝑖

 Huge impact on

adaptation logic



Evaluation I – Irregular fluctuations
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PRR > 95%!!!



Evaluation II – Destructive interference
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Successfully detected and tackled

destructive interference



Conclusions
 We have exploited UWB PHY settings as tuning knobs to increase the 

dependability of communications

 We quantified the reliability and energy cost of each setting to know 

which one(s) to privilege depending on the application requirements

 We used the CIR to estimate the link quality and extract information 

about the environment

 Designed an adaptation scheme that adapts UWB PHY settings at 

runtime

 Evaluated the performance of the adaptation scheme in a real-world 

experiment

19

Thanks.


