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 INDOOR POSITIONING

Indoor Positioning using probabilistic 
Virtual Anchor Point graphs
Hybrid indoor positioning with concept of Virtual Anchor Points along with 
Bluetooth Low Energy tags saves infrastructure and maintenance costs

Eike Jens Hoffmann
Mobile and Distributed 
Systems Group
LMU Munich, Germany

A

like far, near immediate

Related work

Method

Existing approach for 

proximity detection of 

Virtual Anchor Points 

relies on simple next 

neighbor classifier
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Creating Virtual Anchor Points
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Proximity detection using 
next neighbor classifier
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Proximity detection using 
graph particle filter
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Figure 1: First in first out queue for aggregating five measurements
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Figure 2: Example of a graph particle filter state after initialization with VAPs as vertices, 
black edges showing neighbor relations, and blue points as particles on the edges

Figure 3: Precision, recall, and F1-measure for both proximity detection methods, graph particle 
filter and next neighbor classifier, evaluated with different smoothing and probability functions
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Evaluation
Experiment results 

show a 12 % better F1-

measure of graph particle 

filter compared to next 

neighbor classifier
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Conclusion

References

Graph particle filter as 

improvement over next 

neighbor classifier uses 

solely time and Wi-Fi 

measurements for an 

improved localization
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SYNCHRONET service 
demonstration results in 
DEMETRA H2020 project 
A scalable high performances synchronisation solution

Enrico Varriale
Responsible for Timing 
Reference area, Thales 
Computer Science 
Specialist, Thales Alenia 
Space Italia, Italy

Quirino Morante
Head, GNSS SIVV and 
Developments Unit, 
Domain Observation and 
Navigation of Thales 
Alenia Space Italia

 TIMING

S

Introduction
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Synchronet Architecture 

Figure 1: SynchroNet hierarchical network organisation
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Security

Figure 2: SynchroNet hierarchical network organisation

V90Plus

High-end RTK 
receiver with multi 
technology
integrated

BD970 GNSS engine

Support GPS, 

GLONASS, BDS, 

GALLILEO

Tilt sensor and 

electronic bubble 

integrated

NFC and WiFi 

functionality



Figure 3: SYN node prototype for use in DEMETRA

Network layout

Service performances
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Test campaign results

Integrated
high-accuracy mobile 
mapping system

Fully integrated 
solution

High-density, 
high-accuracy 
point cloud 

Fully matched point 
cloud and panorama 
images



Figure 4: Phase offset between SYN and UTC(IT), over full test campaign period

Figure 5: SYN overall synchronisation stability for the overall test period

Table 1: SYN synchronisation accuracy obtained for the whole considered test period

Figure 6: SynchroNet stress test period detail during DEMETRA campaign

Overall performances

Stress tests performances
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Conclusions

References

SynchroNet exploits both 

the georeferenced network 

of nodes and internal 

steering algorithms to 

detect potential spoofing 

and to mitigate the 

effects of sppofing and 

jamming in terms of 

nodes synchronization 

accuracy and 

synchronization stability.

Intelligent USV 
with brilliant 
mobility

Auto-return while 
low battery or 
dropped signal

Manual or autopilot ,
switchover by 
one step

Professional sounding
module guarantees 
sounding range 0.15~300m

Ducted propellers 
avoid being
twined by aquatic plants

0.15m
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Geospatial
futurology 

NSDI – then, now 
and whe(never) 

Managing land 
information

The benefi ts of 
future GNSS

mycoordinates.org/vol-3-issue-08-August-07/

Geospatial
futurology
Robin Mannings

works in the Research

Department of BT

NSDI–then, now and whenever
Mukund Rao
Former President, GSDI

The benefits of 
future GNSS
Yu-Sheng Huang, Yun-Wen Huang, 
Kai-Wei Chiang

Managing land 
information
Brig M V Bhat

Addl Dir Gen Mil Svy, India
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GNSS data for ionosphere 
characterization
The increasing number of GNSS receivers enables comprehensive studies of ionosphere. Different 
products derived from calculated ionization levels give insight in ionospheric conditions and dynamics

Josip Vuković
Researcher at Innovation 
Centre Nikola Tesla, 
Zagreb, Croatia

Tomislav Kos
professor at 
Department of Wireless 
Communications,
Faculty of Electrical 
Engineering and 
Computing, University 
of Zagreb, Croatia

G

GNSS derived ionospheric data

 GNSS

Research communities in the fields of GNSS and 

ionosphere benefit of each other. GNSS are a 

powerful tool for ionospheric research, continuously 

providing data from around the world, with ever 

increasing number of available receivers.
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Figure 1: European GNSS stations with publicly 
available RINEX data (UNAVCO, Inc.)

Figure 2: TEC over southern Brazil on February 12 
2012, 03:10 UTC (Cesaroni et al., 2015)

Figure 3: TEC east-west gradients over southern Brazil on 
February 12 2012, 03:10 UTC (Cesaroni et al., 2015)
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GNSS and ionosphere - Information cycle

Figure 6: ROT north-south gradients over Europe on June 
22 2015, 20:00 UTC (Vuković  and Kos, 2016)

Figure 7: ROT east-west gradients over Europe on June 
22 2015, 20:00 UTC (Vuković  and Kos, 2016)

Figure 4: TEC difference from 10-day average over North 
America on June 22 2015, 21:30 UTC (NOAA/SWPC)

Figure 5: ROT over Europe on June 22 2015, 
20:00 UTC (Vuković  and Kos, 2016)
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2016 European 
,

Galileo update
ESA communication team 
hands off responsibility to GSA

Europe’s Galileo satnav 
identifies problems 
behind failing clocks
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GRAVSOFT

Introduction

PGM2016: A new Geoid 
Model for the Philippines
In 2016, the PGM2014 was re- computed into PGM2016 using the reprocessed 
and densified land gravity data (from 1261 to 2214 points)

Figure 1: Philippine Vertical Control 
Network established by Levelling 

 GEODESY
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hGPS

The making of Philippine Geoid 
Model 2016 (PGM2016)

The airborne gravity survey

Figure 2: Detailed geoids of Northern (above) and 
Palawan with South West Philippines (below)

Figure 3: Detailed geoid of Visayas and Mindanao
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(http://
igscb.jpl.nasa.
gov/)

 normal 
h

N

 is 

Figure 4: The Cessna Grand Caravan aircraft used in the airborne survey

Figure 5: Cabin layout in the Cessna Caravan aircraft. To the 
right, the LCR gravimeter and behind it the Chekan meter

Figure 6: Flight track elevations of the airborne gravity survey

Figure 7: Free air anomalies gridded 
and with artificial shade highlighting 
short wavelength features
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Gravimetric geoid 
computation - principles

GRAVSOFT 

N N

,

 from 

G, M are 

see http://earth-info.nga.mil/GandG/
wgs84/gravitymod/egm2008/index.html.

Figure 8: Free air anomalies at altitude

Unit: mGal Mean Std. Dev. Minimum Maximum

Table 1: Data statistics and residuals

Figure 10: GOCE R5-Direct residuals at altitudeFigure 9: EGM08 residuals at altitude
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see www.esa.int/goce

-

geocol17

not

spherical FFT 

optimized kernels. 

Here
kernel,

F as gpcol1, spfour, gcomb, geoip are 

-

Figure 11: The Preliminary Philippine Geoid 
2014 (PGM2014). Contour interval 5m

Figure 12: SRTM DEM data (left); low-pass filtered mean elevation surface 
(right), used as reference in RTM terrain reductions. Elevations in meters. 
Ocean depths are not used in the Philippines geoid computations.
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Data used and Quality Control 
for the geoid computation 

Geoid processing results

“geoid.gri” ,

gpcol1, 
using covariance 

6 km, T = 30 km

Figure 13: NAMRIA land gravity data and 
the airborne gravity data after terrain 
and EGM-reduction. Some outliers were 
deleted in the geoid processing.

Unit: mGal Mean Std.dev.

Table 2: Statistics of remove steps in the PGM2014 computation (mGal)

Figure 14: The used DTU-10 satellite gravity (left), and the 
collocation downward continued merged grid (right)

Unit: meters Mean Std.dev. Min. Max.

Table 3: Statistics of the restore quantities on the geoid
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GPS/Levelling data comparison 
and fitted geoid 

GRAVSOFT 
grid_int

 “geoid”

Re-computation of the geoid

-

Figure 15: Left: Reduced geoid (after spherical FFT transformation); 
right: RTM terrain effect on the geoid

Figure 16: Bouguer anomaly grid, 
derived from the reduced data. Used 
for the geoid-quasigeoid estimation

Figure 17: Location of GPS/Levelling 
data. Colour show the correction 
surface for the fitted geoid

Figure 18: Differences between 
the PGM2014 and EGM2008
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Figure 19: Mean Dynamic Ocean Topography (MDT) 
from DTU-10 mean sea surface (shifted by 91cm)

Land Gravity Data

Figure 21: New correction surface of the 
fitted geoid (fitgeoid-itrf2016)

Figure 20: Land gravity data after reprocessing and densification (2214points), 
plotted with the airborne data. Most differences are below 25mGals, although 
there are some points that exceeds 35mGals in mountainous regions.
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GPS/Levelling Data

Philippine Geoid Model 2016 

References

Figure 22: The new PGM2016. 
Contour interval 1m.

Figure 23: Differences between 2014 and 
the new 2016 geoid (ph_geoid files)

POWER AND PRECISION
EZSurv® GNSS post-processing software to compute high-quality positioning results 

at your fi ngertips!

MAPPING SURVEY UAV

Ask for your free trial > effi gis.com/ezsurv

www.effi gis.com  I  1-888-495-6577  I  1 514 495-0018



Towards a 
cm-geoid for Malaysia.

Geoid of the Nordic 
and Baltic area from gravimetry and 
satellite altimetry.

Sciences of Geodesy-I

Gravity and geoid, 3

Journal of 
Geophysical Research, 73

Advances in Planetary Geology, 1

Improved airborne 

mapping and geoid determination.

Determination of Gravimetric Geoid 
Model in Sulawesi–Indonesia.

Surveying and Land 
Information Systems, 51

Directory Files Comments

Appendix 1 – Directory structure and GRAVSOFT geoid jobs
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Former ISRO chairman UR Rao dies

ntimes.com

PCI Geomatics releases GXL 2017

Odisha govt, India asks depts 
to provide data to OSRAC

www.business-standard.com

Taiwan RS satellite launch scheduled

 NEWS - IMAGING  NEWS - LBS

Google’s Waze launches navigation 
app for car dashboards

o.uk

Automated cars won’t be allowed 
in India, says Indian Minister
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 NEWS - UAV

www.digitimes.com

India mulls aerial mapping 
for controlling floods

www.newindianexpress.com

Planet ground station caught 
in Canadian regulatory limbo

China plans space-based, solar-
powered telecom drones: Report

http://
economictimes.indiatimes.com

GeoCue Rolls out Kit for 
Equipping sUAS with PPK GNSS

https://unmanned-aerial.com

NOAA and Ryka UAS Teaming Up 
on Wetland Restoration Project

http://spacenews.com

NRSC in India establishes new 
outreach facility in Hyderabad

Indian space scientist 
Yash Pal dies at 90
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Drone unit ‘historic step’ 
for policing in UK

www.newsandstar.co.uk

MicaSense Atlas is now integrated 
with Pix4D desktop software

senseFly announces Always On

https://rykauas.com

14-17 Nov 2017, ENAC, Toulouse, France
Join a unique international event

The ITSNT is evolving: check out the changes on our website
Seize the opportunity to exchange with world recognized speakers
on hot technical topics such as navigation trends in GNSS-denied 
environments, UAV navigation, GNSS integrity and resilience, 
space applications of GNSS and much more.
Visit our exhibitors
Don’t miss our tutorials for professionnals

Register now on www.itsnt.fr
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DES VILLES ARIANE
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 NEWS - GIS

Coastal Protection in Thailand 
by SuperSurv 10

www.supergeotek.com

Palestine will wait for new GIS map

“We would have to hire someone 
to do that,”

www.morningjournalnews.com

Drone-based GIS mapping of Panaji 
on cards under Smart City Mission

http://

OS releases open dataset and free 
map of Britain’s greenspaces

www.osmaps.uk/greenspace.

Pune India completes GISmapping
of 2.5 lakh properties

www.hindustantimes.com

Solutions to Transform Building 
and Construction Industry

http://mid-east.info
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 NEWS - GNSS

DFS launches Precision Navigation 

www.aviationtoday.com

Australia’s first GPS infrastructure 
officially in space



Consortium Records Scintillation 
on Galileo Signals in Antarctica 

DoT makes GPS compulsory 
for handsets

www.moneycontrol.com 

Russia, China to set up pilot zone 
to test national navigation systems

https://sputniknews.com

Restrictions on buying foreign 
equipment for GLONASS

http://tass.com/economy/955727

GLONASS proposed as early 
warning tsumani detection system

http://tass.com/science/956089

Glonass update
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 NEWS - INDUSTRY

Trimble introduces new 
android application 

com

DAT/EM Systems international 
updates landscape software

www.datem.com/landscape.

Solution for A-BeiDou  LBS by 
Rohde & Schwarz and MediaTek

www.rohde-schwarz.com

NovAtel Technology, AutonomouStuff 
Featured in Baidu Apollo Project

Harxon releases rover radio for RTK 
surveying and GNSS positioning

Data Collecting Program for 
Mobile GNSS Field Data Set 
taking Place in Japan
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Orolia’s McMurdo wins U.S. Search 
and Rescue Technology Awards

Sierra Wireless offers LPWA 
module with GNSS

Tersus launches the NeoRTK 
system to enhance surveying

Esri Expands Its World 
Geocoding Service Capability

SXblue Introduces Its Ultimate 
Survey Grade GNSS Receiver 

MicroSurvey CAD 2017 released
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Mapping the World with 
Advanced LiDAR 

Leica Geosystems’ new 3D imaging 
laser scanner now available in Europe
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