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experimental results – first impression
position error of receiver trajectory on trolley

RMS: East: 0.10 m

North: 0.11 m

0 50 100 150 200 250

measurement time (second)

-60

-40

-20

0

20

40
East
North



3

SuperGPS project

Industry
e-Commerce

Internet
of Things

4G, 5G
Mobile Internet

cm-Level
positoning

Power grid
Smart grid

Science
Astronomy

Atomic clock Smart highways
Self-driving vehicles

NWO

NWO (STW) SuperGPS project: TU Delft and VU Amsterdam

• < 10 cm position accuracy (≡ 0.3 ns timing)

• wideband radio → ‘short’ pulses (to get around multipath reflections)

4 years, 3 PhD students, 1 Postdoc; incl. prototype system development

Fall 2016 – Summer 2021

NWO

CEG & EEMCS
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SuperGPS-website

GRS-website / Research / Geodesy / Positioning systems and geo-referencing / SuperGPS
https://www.tudelft.nl/en/ceg/about-faculty/departments/geoscience-remote-sensing/research/projects/supergps/
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GPS World – overview paper

GPS World magazine - May 2022, Innovation column, pages 44-49
https://www.gpsworld.com/ Magazine / Digital Editions / May 2022

https://editions.mydigitalpublication.com/publication/?m=59713&i=746327&p=44&ver=html5
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SuperLPS …

Terrestrial Networked Positioning System (TNPS)
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issues with GPS/GNSS

• weak signal: jamming, spoofing

• space-born transmitters: signal reception 
subject to space weather

• fairly narrow band: poor performance in 
built-up areas
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issues with GPS/GNSS
GPS/GNSS perform worst,

where you need them most …
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Rotterdam Weena

May 6th, 2022
u-blox ZED-F9P multi-constellation GNSS

single point positioning track in blue

Google Earth - https://earth.google.com/web/
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Rotterdam WeenaGoogle Earth - https://earth.google.com/web/
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time & frequency distributed

over optical-fibre

Cesium clocks
UTC(VSL)
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White Rabbit: time distribution
fully deterministic Ethernet-based network for general purpose data 
transfer and synchronization; it can synchronize over 1000 nodes 
with sub-ns accuracy over fiber lengths of up to 10 km

https://ohwr.org/project/white-rabbit/wikis/home

P. Moreira, J. Serrano, T. Wlostowski, P. Loschmidt and G. Gaderer,
"White rabbit: Sub-nanosecond timing distribution over Ethernet,“
2009 Intl Symp on Precision Clock Synchronization for Measurement, Control and Communication,
Brescia, 2009, pp. 1-5, doi: 10.1109/ISPCS.2009.5340196.
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wideband radio transmitter

ranging using radio-signal:

matched filter (correlate received signal
with template)

→ time delay estimation

larger signal bandwidth → better time resolution

• better precision
• and better multipath-immunity
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OFDM signal
IEEE 802.11p OFDM frame structure

SuperGPS-prototype:
fc = 3960 MHz
BW = 160 MHz

16 bands of 10 MHz each

BPSK

f [Hz]

N = 64 sub-carriers (per band, e.g. 10 MHz)

known training symbol for ranging
(64 bits as 0/1 BPSK on subcarriers)

‘in each band actually 64 parallel
GPS-like signals’

t [s]
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experiment set-up

North



17

experiment set-up
Tx5

Tx3
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experimental results: trolley
position error of Rx trajectory

RMS
• East: 0.10 m
• North: 0.11 m
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experimental results: car
position error of Rx trajectory

RMS
• East: 0.10 m
• North: 0.13 m
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SuperGPS - team

Erik F. Dierikx was born in Aardenburg, The Netherlands, in 1972. He 
received the M.Sc. degree in electrical engineering from the University of 
Technology, Eindhoven, The Netherlands, in 1995, with a focus on low-
frequency noise in quantum well lasers.,In 1995, he joined the Electricity 
and Magnetism Section, VSL (Dutch metrology institute), Delft, The 
Netherlands, where he was specialized in low-frequency impedance 
measurements. Since 2006, he has been with the Time & Frequency 
Section, VSL, contributing to a delay calibration system for a two-way 
satellite time and frequency transfer station. Since 2012, he has been 
mainly working on time and frequency transfer through optical fibers. He 
is currently technically responsible for the activities at the Time & 
Frequency Section, VSL.

and special thanks to Terence Theijn, Lolke Boonstra of TU Delft ICT-FM,
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SuperGPS → TNPS

• Thank you for your attention

• Questions?


