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Timekeeping?
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Antiquity: 
Navigation

Astronomy: 
SKA

Communication:  
MIMO

Production:  
Industrial Robotics



Applications w/ Sync.
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sec msec nsecμsec time

c = 299792458 m / s  
1 nsec: 30 cm 



Ad-hoc Localization Network
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Indoor Localization

 5
IPSN 2018 Microsoft Indoor Localization



UWB Spectrum to Scale 
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This box represents 
the “prime” spectrum 
below 6 GHz

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

This box represents 
the spectrum of one 
narrowband channel 
(10 KHz)



UWB Radio Usage
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• Measuring Time of Arrival 

• Measuring Frequency Offset 

• Sending Timestamp Data 

✦Calculate Range



Too much chit-chat...
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UWB Radio Usage
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• Measuring Time of Arrival 

• Measuring Frequency Offset 

• Sending Timestamp Data 

✦Calculate Range

NB Radio

NB Radio



What time is it?
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Goal: Accurate time sync. w/ minimal message passing

Time Sync.

Clock Sync.

FrequencyPhase



Atomic Clock ALL THE THINGS!
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What's happening with oscillators today?
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Improving Tunable Oscillators
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RF Front-end CFO Correction

 14 Texas Instruments, “TI CC2500”

Carrier Frequency = Oscillator Frequency x Multiplier



Challenges
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• Measuring Frequency Offset 

• Tune External XO 

✦Syntonized



Radio Frequency Sync.
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Does it really work?
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Plug-n-Play?
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40MHz

32MHz

16MHz

38.4MHz?



Stitch
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PlaStitch
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• Microcontroller 

• Cortex M4 Freescale MK22 

• Beaglebone Black 

• FPGA 

• Clock sources 

• VCTCXO + DAC 

• External 

• Radios 

• CC1200 

• nRF51822 

• CC2520 

• DW1000

Available today @  
github.com/SPAN-UofU/Plastitch



Integration w/ UWB
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Quiet down UWB channel
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• 59.2% less UWB 
channel than SOTA [1] 

• 69.9% less channel 
usage than DS-TWR

[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.



Did we lose our drones?
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• 17 cm error [1] 

• 10 drones = 555 Hz 

• 10 Hz = 555 drones

[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
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• Radio Frequency Sync. 

• Stitch & PlaStitch 

• Open-source Wireless Synchronization Platform 

• Efficient Time-of-Flight Ranging System



Future Work
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• Frequency offset estimation with 802.15.4 packets 

• Phase Synchronization 

• Coordinated Multipoint



Thank you
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Backup slides
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Indoor Localization
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IPSN 2017 Microsoft Indoor Localization



Atomic Clock ALL THE THINGS!
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Next-Generation Wireless
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Spectrum 
(Hz)

Space 
(bits/sec/Hz/M2)

Spectral 
Efficiency 

(bits/sec/Hz)

10x

5x >10x

Bell Labs, “The Future X Networks”, 2017



What time is it?
• Time Synchronization 

• Clock Synchronization 

• Phase Synchronization 

• Frequency 
Synchronization 
(Syntonization)
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Goal: Accurate time sync. w/ minimal message passing



My precious...
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