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SIE/RO: mapping/monitoring

Optimal sensor-orientation 
n Enables precise navigation & 

observations from mobile 
platforms (airborne, space). 
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Direct sensor orientation

1. Requires a precise approach of 
sensor sensor-fusion with 
applications to environmental 
monitoring/mapping, robot/machine 
guidance, automated driving, etc. 

2. Needs to model sensors and 
determine 3D motion with respect to 
global frames by an autonomous 
and integrated sensor-fusion

3. Employs modeling and estimation
via  Kalman filtering
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SIE: mapping/monitoring

o optimal  sensor-fusion 
n Enables precise remote 

observations from mobile 
platforms (terrestrial). 
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Where is it used?    

SO is the enabling force 
behind:
o mobile mapping & 

remote sensing
Risk detected?

as well as 
n automated driving, 
n machine guidance, 
n robot control, 
n navigation, 
n timing, 
n satellite manouvers, 

…  
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Example: seafloor/lake mapping
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Example: pushbroom (multi-spectral)
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Short History / Description of ARES 
 
The University of Zurich (UZH) and NASA Jet Propulsion 
Laboratory (JPL) have a long tradition of collaboration. During 
1991, NASA JPL organized a Multisensor Aircraft Campaign 
(MAC) in Europe with participation of UZH 
(https://asapdata.arc.nasa.gov/sensors/fsrs/91113_fsr.pdf). At the 
time, Michael Schaepman was responsible for the AVIRISwiss’91 
activities, resulting in his MSc thesis (supervised by Prof. Dr. Klaus 
Itten). The Airborne Visible Infrared Imaging Spectrometer 
(AVIRIS) onboard a NASA ER–2 aircraft acquired image data in 
Switzerland for the first time on a core site including Rigi and 
Zugersee (AVIRIS image data cube of Lake Zug (right) acquired 
on July 5, 1991). This activity resulted finally in a long-standing 
collaboration with the group of Dr. Rob Green at JPL.  
 
Frequent research stays at JPL enabled the UZH group to 
strengthen collaboration with JPL, including joint software 
development for imaging spectrometer data and 
environmental monitoring. The UZH group developed 
subsequently an own imaging spectrometer (Airborne Prism Experiment (APEX)) under the PRODEX 
scheme of the European Space Agency (ESA) (1998–2009). The scientific specifications and 
engineering requirements of APEX were developed by Michael Schaepman and Daniel Schläpfer 
(PhDs in 1998) under the lead of Roland Meynart from ESA. APEX (http://apex-esa.org/) is operational 
since 2010 until today (current flight schedule of APEX: https://twitter.com/apex_rsl/) and is currently 
operated from a Cessna Caravan (Swiss Flight Services). The APEX project manager is Andy Hueni 
from UZH.  
 
Reference: Schaepman, M.E., Jehle, M., Hueni, A., D'Odorico, P., Damm, A., Weyermann, J., Schneider, F.D., Laurent, V., 
Popp, C., Seidel, F.C., Lenhard, K., Gege, P., Küchler, C., Brazile, J., Kohler, P., De Vos, L., Meuleman, K., Meynart, R., 
Schläpfer, D., Kneubühler, M., & Itten, K.I. (2015). Advanced radiometry measurements and Earth science applications with 
the Airborne Prism Experiment (APEX). Remote Sensing of Environment, 158, 207-219 
 
In 2014, Michael Schaepman spend a sabbatical at JPL with co-Nobel laureate Dave Schimel (JPL 
Climate Science Division) discussing a joint UZH–JPL development of a new imaging spectrometer. 
This sabbatical resulted in two parallel activities. One is a backup plan if APEX reaches unexpectedly 
end of life, allowing to fly NASA JPL instruments for a period of 6 years in Switzerland (2018–2023). 
A cooperation agreement on Joint European Airborne Imaging Spectrometer Science Campaigns 
between UZH and NASA has been signed in June 2018. During summer 2018, JPL and UZH 
successfully operated AVIRIS-ng (https://aviris-ng.jpl.nasa.gov/) from Dübendorf airport in a joint 
collaboration with the Swiss Airforce (https://www.nzz.ch/wissenschaft/ein-fliegender-waechter-fuer-
die-oekosysteme-der-erde-ld.1432074). The European Space Agency (ESA) is a subcontractor to UZH 
on this activity and uses this opportunity to organize preparatory activities for the Copernicus 
Hyperspectral Imaging Mission for the Environment (CHIME 
https://www.esa.int/Our_Activities/Observing_the_Earth/Copernicus/Candidate_missions), planned to 
launch in 2025. End of 2018, UZH and NASA signed a Space Act Agreement (SAA) on a joint 
development for a high-fidelity compact wide field of view imaging spectrometer (CWIS-II). The 
implementation of CWIS-II is given to JPL and delivery is planned for 2021.  
 
CWIS-II will form part of ARES. ARES – Airborne Research of the Earth 
System – is an approved experiment on the Swiss Roadmap for Research 
Infrastructures 
(https://www.sbfi.admin.ch/dam/sbfi/de/dokumente/2019/04/roadmap-
21-24.pdf.download.pdf/roadmap_2019_d.pdf) and a joint effort of UZH (PI: Michael Schaepman, 
project manager: Andy Hueni, Reinhard Furrer, Alex Damm, Felix Morsdorf, Romain Teyssier), ETH 
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IC: positioning/navigation timing & 
communication = one thing
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Basis for many applications, examples @ EPFL

o ESO (past) research 
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o Space centre
o Swisscube
o Clean space
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@ EPFL: LMAM, LIS, LSRO, DISAL, …
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In engineering 
Why not only satellite 
positioning?
(GPS/GNSS)
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GNSS advantage: similar signals, 
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What splendid news: apparently Europe has recognised 
GNSS vulnerability and adopted an insurance policy! 
Actually, no. These systems may never reach Full Operational 
Capability. Europe lacks any plan to respond to the 
vulnerability of GNSS – why, who needs that when Europe 
has Galileo and EGNOS? There has never been a Volpe 
Report on GPS vulnerability in Europe or indeed anywhere 
outside the US.  

My belief is that in both the US and Europe the only route 
to success will be for the Loran infrastructure to be taken over 
and operated by industry. Its benefits will be sold to individual 
groups of users, inside government and outside. The market 
(and greed!) will provide the mechanism for realising the 
benefits, paying the costs and making a profit.  

IV. THE NEED FOR A NAVIGATION POLICY 

What this example of GNSS vulnerability and eLoran has 
demonstrated is the lack of any informed debate on this matter 
– let alone policy - in most countries. A third of a century after 
the launch of the first GPS satellite, there is still little 
recognition by governments anywhere in the world of how 
essential resilient Position, Navigation and Timing have 
become to the critical infrastructure of their nations. I cannot 
identify a single country that yet has a clear and realistic plan 
that encompasses applications from maritime navigation 
through telephone systems to banking transactions?  

This is not a paper designed to sell eLoran. But arguing for 
eLoran has demonstrated to me a much wider truth; that our 
immensely successful navigation industry has simply out-
stripped our systems of government.  

Even now in the US, the country with the most 
sophisticated understanding of the civil benefits of satellite 
navigation, GPS funding decisions are still largely determined 
by the budget of a single part of the military: the Air Force.  

I ask: would the US government have funded satellite 
navigation had there not been a Cold-War imperative? Would 
any other government have funded a GNSS had the US not 
developed GPS? I doubt that the case for GNSS would be 
strong enough to make them put their hands in their pockets? 

II. INDIVIDUAL SYSTEMS – OR GNSS? 

Our world is changing fast. We now have multiple satellite 
navigation systems. But, I suggest that we are approaching the 
end of an era: the “Era of Systems”.  

Here is what I mean: this Conference will follow the 
tradition of starting with reports on the status of different the 
Systems: GPS, GLONASS, Beidou and so on, plus their 
augmentations. Judging from the authors, these will be 
excellent papers. But the view is of single systems, each 
vertically-integrated - with satellites, control systems, 
receivers, applications and users – overseen by a national or 
regional administration: there will be talk of Galileo markets 
and GPS markets, for example.  

The relationships between these systems remains an area 
of friction: in Europe, might Galileo be mandated; in the US, 
is the reception of “foreign” GNSS illegal, immoral, un-
American? The view is that of governments and diplomats: 

separate control, spheres of influence, geo-political 
competition for dominance. 

 
Fig. 11: Screen of a Sony Android smart-phone, receiving GPS, 

GLONASS and Beidou satellites 
 

But most users of navigation and timing now see the world 
completely differently from this. In Fig. 11 I show the screen 
of a regular, cheap, Sony Android smart-phone operating 
recently in a London garden. It is receiving 7 GPS satellites, 7 
GLONASS satellites and 3 Beidou (see the little flags). They 
can all contribute to the GNSS position fix shown. To this 
phone, Galileo and GPS are each just 30 satellites among what 
may soon be 150. Those satellites employ essentially two 
technologies: they are either GPS-like or WAAS-like. The 
differences between these constellations are of compelling 
interest to Geeks and to the governments who have paid for 
them. But most users have never even heard of Beidou or 
Galileo, nor do they care. So, for a government to mandate a 
single system it must deny its citizens the benefits of today’s 
GNSS receiver chips that receive multiple constellations.  

Which world-view will prevail: individual systems or this 
world GNSS?  

 

 
Fig. 12: Sony Android. Left: normal operation. Right: jammer in vicinity 
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Solution – calibrated autonomous sensors

Random processes
and their use for 
modeling (inertial) 
sensor behavior

Kalman Filtering –
and their dynamic and 
stochastic models for 
trajectory estimation  
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