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Applications w/ Sync.
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Ad-hoc Localization Network
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Indoor Localization
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UWB Spectrum to Sca

This box represents
the spectrum of one
UWB-IR channel (500

"\ MHz)

\This box represents
the spectrum of one
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UWB Radio Usage

 Measuring Time of Arrival

 Measuring Frequency Offset

e Sending Timestamp Data

+Calculate Range
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UWB Radio Usage

 Measuring Time of Arrival

NB Radio
e Measurin ncy Offset

NB Radio
e Sending T mp Data

+Calculate Range
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What time is it”?

5\/1 CTime Sync.)

/\ (Clock Sync.) ’/
C Phase ) CFrequency )
VAVA

Goal: Accurate time sync. w/ minimal message passing
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Atomic Clock ALL THE THINGS!
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Improving Tunable Oscillators
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Challenges

e Measuring Frequency Offset

e Tune External XO

+Syntonized

al & Comp
A ENGNEERINE 15



Carnegie Mellon Universi

Radio Frequency Sync.

Node 1
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Plug-n-Play”?

QO Becieanie .



Stitch

Adaptive Clock Radio(s) for
uController <«—— Synthesis & l—— Synch, Data,
Distribution Ranging
Controllable
Reference
Clock
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Plastitch

¢ Microcontroller

« FPGA

* Clock sources

e Radios

Available today @
github.com/SPAN-UofU/Plastitch
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Integration w/ UWB
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[1] B. Kempke, P. Pannuto, and P. Dutta. Polypoint: Guiding indoor quadrotors with ultra-wideband localization. In
Proceedings of the 2nd International Workshop on Hot Topics in Wireless, pages 16-20. ACM, 2015.

e 59.2% less UWB
channel than SOTA [1]

e 69.9% less channel
usage than DS-TWR
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Did we lose our drones”

ou e 17 cm error [1]
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[1] B. Kempke, P. Pannuto, and P. Dutta. Polypoint: Guiding indoor quadrotors with ultra-wideband localization. In
Proceedings of the 2nd International Workshop on Hot Topics in Wireless, pages 16-20. ACM, 2015.
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Quick summary'

« Radio Frequency Sync.
o Stitch & PlaStitch
* Open-source Wireless Synchronization Platform

» Efficient Time-of-Flight Ranging System
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Future Work

e Frequency offset estimation with 802.15.4 packets
* Phase Synchronization

* Coordinated Multipoint

ectrical & Computer
A ENGINEERNG 25



Thank you
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Backup slides
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Atomic Clock ALL THE THINGS!
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Next-Generation Wireless

Spectrum
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Bell Labs, “The Future X Networks”, 2017
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What time is it”?

* Time Synchronization

» Clock Synchronization o o 70
¢ 5 ¢ 5

* Phase Synchronization

Synchronization
(Syntonization)
g / A\“‘a\ \\\ ’M“‘I‘J’ L““‘"\‘ ‘/r,/\l\ \/ “H““ ;

Goal: Accurate time sync. w/ minimal message passing
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My precious...

UNITED

STATES
FREQUENCY
ALLOCATIONS

()9

) E

IR ERDERONEDN

ectrical & Computer
) ENGINEERING 32



