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1. Résumé

Le projet Léman-Baikal est une collaboration internationale entre la Suisse et la Russie,
visant a mesurer| es propr i ®t ®s dditeadégelr matossés (ULM)6 Son Hue
principal est de comparer la qualité des eaux et le bilan énergétique du Lac Léman en Suisse
et du Lac Baikal au Sud de la Sibérie dans la Fédération de Russie. La télédétection a partir
d un ULM permet de cartographier] 6 h ®t ®r o g ® nd@sipriogEiétés p featita résdlution,
qui est particulierement important aux interfaces entre les terres et le lac.

Ce projet multidisciplinaire regroupe différents | abor at oi r es de | 6 Ec ol
Fédérale de Lausanne et des équipes du « Baikal Institute for Nature Management » et
« Lomonosov Moscow State University ». Quatre | abor atoires de | 6EPFL

APHYS, ECOL) se concentrent sur la télédétection pour créer des cartes de la chlorophylle
a, la matiere en suspension, le carbone organique dissous et la température a la surface
desdeuxlacs. Tr oi s | aboratoires (WIRE, EFLUM, CRYOS)
de Princeton étudient les turbulencesaléi nt er f ace emurlkekaclémani r et |

Aprés une phase de test en 2013, la plateforme de télédétection a encore été améliorée et

a enregistré des images multispectrales et hyperspectrales au-dessus de la surface des

lacs. En 2014, 17 vols ont eu lieu sur le Lac Léman pendant 3 campagnes en février/mars,

avril/mai et septembre. Les vols se sont concentrés sur les embouchures des rivieres de la

Venoge et du Rhéne, 0 %2 | e m®| ange dobeaux créed odiinftf®reesnstaen
structures. Pour obtenir une vue plus globale, nous avons aussi couvert le lac entier.

Au Lac Baikal, nous avons acquis des images multispectrales et hyperspectrale sur la
totalité du Deltade la Selengaenao¥%t 2014. Le delta est compos®
de plantes, arbres, canaux et eaux stagnantes qui a pu étre captée par nos images. Le

succes de cette campagne a été assuré par la collaboration avec les étudiants russes
impliqués dans ce projet.

Le traitement de cette énorme quantité de données va bientbt fournir les premiéres cartes
de la qualité des eaux. Les équipes de télédétection et de calibration sur le terrain travaillent
ensemble sur | a der ni TInede tRitemgne Cegeldamt, eeslétapesg u e c
itératives sont encore nécessaires pour assurer une bonne qualité des résultats. Pour
interpréter les données du Delta de la Selenga, 4 étudiants russes viendront faire un stage

| 6 EPFL " -Npvanbte.iNous dspéronsidonc que les résultats évalueront bientot
| 6 h®t ®r 0 g ®n @& des®aud des deax lagswa are résolution spatiale et temporelle
encore jamais obtenues.

Concernantlacouche | i mi t e ,ldsdurbulénees ante® mésurées pendant les

deux premiéres campagnes sur le Lac Léman.Cependant , | 6 UpeMadaptée st r
aux mesures atmosphérigues a cause des vibrations. De plus, les conditions
météorologiques avec de fortes vitesses des vents, qui seraient les plus intéressantes, sont

trop dangereuses en ULM.

En 2015, les équipes de télédétection p | a n iaédquésr des données additionnelles sur le

Lac Léman pendant une derniere campagne en avril/mai. Une autre campagne le long de

toutes les cbtes du Lac Baikal est prévue en juillet et aolt 2015 en étroite collaboration avec

nos collégues russes. Cette année, | 6accent ser a iBtg@adtagomeeas t mi ¢
données collectées, avec lesquelles les différentes équipes esperent décrire de nouveaux
phénoménes sur les lacs.



2. Summary

The Leman-Baikal project is an international Swiss-Russian collaboration that investigates
lakes surface properties using ultralight aircrafts. The primary objective is to compare the
water quality and the energy balance of Lakes Leman in Switzerland) and Baikal in Southern
Siberia region of Russian Federation. Remote sensing from ultralight aircrafts allow to map
the spatial heterogeneity of these properties at a high resolution, which are particularly
interesting for land-water interfaces in lakes.

This multidisciplinary project regroups different laboratories within EPFL and teams from
Baikal Institute for Nature Management and Lomonosov Moscow State University. Four
EPFL laboratories (TOPO, LASIG, APHYS, ECOL) are focussing on remote sensing to map
chlorophyll a, total suspended matter, dissolved organic carbon and temperature in surface
water of both lakes. Three laboratories (WIRE, EFLUM, CRYOS) in collaboration with
Princeton University are investigating turbulences at the air/water interface on Lake Leman.

After a testing phase in 2013, the remote sensing platform was improved and successfully
collected multispectral and hyperspectral observations above lake surfaces. In 2014, 17
flights took place above Lake Leman during 3 campaigns in February/March, April/May and
September. The flights focussed on the mouths the Venoge and Rhoéne Rivers, where
mixing of waters from different qualities showed interesting patterns. To obtain a more global
view, we also covered the entire Lake Leman.

On Lake Baikal, we collected multispectral and hyperspectral observations on the entire
Selenga Delta in August 2014. The delta showed an incredible diversity of plants, forests,
water channels and stagnant water bodies that was well captured by our images. The
success of this campaign was ensured by the collaboration with Russian students implicated
in the project.

Data processing of the massive dataset will soon deliver the first maps of water qualities.
The remote sensing and the ground truthing teams are working together on the last step of
a long process chain. However, iterative steps are still needed to ensure a high data quality
of the results. To further interpret data from the Selenga Delta, four Russian students will
spend internships at EPFL starting mid-November. We therefore expect that results will soon
assess the heterogeneity of water quality on both lakes at a higher spatial and temporal
resolution than ever achieved.

Concerning the atmospheric boundary layer, turbulences were measured during the first two
campaigns on Lake Leman. However, the ULM platform revealed to be insufficiently adapted
to atmospheric measurements due to vibrations. In addition, meteorological conditions with
high wind velocities, that would be the most interesting, were too dangerous to handle with
a ULM.

In 2015, the remote sensing teams plan to collect additional data on Lake Leman during a
last campaign in April/May. Another campaign along the entire coastline of Lake Baikal is
planned in July and August 2015 in close collaboration with Russian colleagues. This year,
the focus will be on the interpretation of the collected data, with which the different teams
hope to describe new findings on lakes.
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3. Remote sensing platform i TOPO / LASIG laboratory

Dr. Y Akhtman, D Constantin, Prof. B Merminod, Prof. F Golay, M Parkan, M Rehak, Dr. D
Tuia

3.1. Methodology

The main principle of the research methodology is constituted by the concurrent acquisition
of airborne wide-area and surface point-based data as illustrated in Figure 1. Specifically,
we have employed an ultralight aircraft in order to carry an airborne remote sensing platform,
and a boat equipped with a range of sensors and water sampling equipment.

REMOTE SENSING ULTRALIGHT
- GNSS/INS georeference platform

- Six cameras

SURFACE VEHICLE /.;i"

(@) f

Probes at and justhEéibW'sudagg: |

- Spectrometer T |
- Conductivity, temperature, pH, etc. |
- Water sampling for laboratory analysis

Figure 1: Concurrent airborne and surface collection of data

As part of the Leman-Baikal project, a remote sensing platform was developed to collect
multispectral and hyperspectral observations of both land and water surfaces from ultralight
aircraft. The platform is comprised of six cameras, auxiliary position and orientation sensors,
as well as data recording equipment. Our main instrument is constituted by a Headwall
Photonics Micro Hyperspec VNIR sensor. In addition, the platform includes the following
cameras: 5SMP RGB, 1.3MP Panchromatic camera, 5SMP Near-Infrared, a 16 band, 2MP
hyperspectral VISNX prototype as well as a thermal infrared sensor based on a FLIR Tau
camera. The resultant remote sensing platform is portrayed in Figure 2. As our airborne
carrier we have used an Air Creation Tanarg ultralight aircraft.



Figure 2: Our most recent iteration of the hyperspectral system next to a 2 Euro coin (left) and our airborne
carrier, the Air Creation Tanarg ultralight (right).

The surface-based samples were used to produce a detailed characterisation of the water
properties at sampling locations. Additionally, the reflected spectral response of the water
surface at each sampling point is registered. The reflectance properties are correlated with
the various water characteristics and the spectral response-based indicators for the various
chemical and biological water properties are derived. The resultant spectral signature-based
indicators are subsequently utilised in order to derive a wide-area maps of water properties
using the multispectral and hyperspectral data collected with the use of the airborne remote
sensing platform.

In this context, the concurrent airborne and surface based data acquisition methodology
exemplified in Figures 3 and 4 is essential for the sake of calibration of the airborne data, as
well as the analysis of data quality, accuracy and precision. Correspondingly, ground
sampling sites were chosen within the trajectories of the aircraft where the strongest
variability of water quality parameters could be observed. We used three radiometers to
validate the hyperspectral acquisition from the ULM: the OceanOptics USB 2000+, the
waterinsight WISP 3, and the Ramses TriOS system. In addition, water quality parameters
were measured with a Seabird CTD19+V2 for chlorophyll-a and turbidity and sub-surface
water samples for dissolved yellow substances. These latter parameters are used as
supervision in a neural network which interprets the ULM hyperspectral data in terms of
water constituents.

3.1.1. Data acquisition

Adding to the 7 Terabytes of data collected in 2013, we have acquired another 8 Terabytes
of hyperspectral, RGB and thermal data, covering more than 13000km of flight tracks, while
also including more than 100 in situ sampling sites. The hyperspectral image resolution was
around 0.5 m/pixel, giving us very high resolution spectral maps of our areas of interest.

The 2014 campaigns were carried out over Lakes Leman, Baikal and Gusinoe. Our main
areas of interest were:

- A scan of Lake Leman, to obtain a complete map

- Lausanne area, to assess impact of human activity on the lake

- Rhone delta, to study sediment dynamics

- Selenga Delta in Baikal, due to its biological and water dynamics



- Lake Gusinoe near Ulan Ude, to assess the impact of heavy metal pollution from
exploded ammunitions

Since 2013, the end of the last campaign, we have significantly streamlined our remote
sensing platform, while improving its quality. Due to the great size of the areas we have to
cover in the scope of this project, we had to redevelop most of the remote sensing platform
from scratch, rebuilding everything from sensor integration to data processing software and
user interface. Weighing around 3 kg and being completely autonomous, it is the most
compact and easy to use platform of its kind. This work has allowed us to cover larger areas
more effectively, reducing the time required to prepare the flights as well as lowering the
data volume, all-the-while improving the spectral quality of our images.

Lake Leman phase

The first step of the Leman Phase was mainly centred on testing and calibrating the new
system. As a consequence, most flights were carried out in the same areas as in 2013, in
order to compare quality improvements as well as the variation in time of our areas of interest
such as Vidy Bay, Venoge Delta, Rhone Delta and the Lausanne shoreline.

Figure 3: Leman campaign spring 2014

The data collected on Lake Leman was especially helpful in debugging and optimizing our
system for the much larger data acquisition in Baikal.



Date Time Location Altitude | Measurements
20-02-2014 | 10:0011:07 | GlandRolle shoreline 1000 m | Calibration + HS
07-03-2014 | 08:30-11:30 | Rhone delta 1500 m | HSI, RGB, Thermal
07-03-2014 | 13:30-16:30 | Rhone delta 1500 m | HSI, RGB, Thermal
10-03-2014 | 09:0013:30 | MorgesLausanne shoreline 1000 m | HSI, RGB, Thermal
10-03-2014 | 14:3016:45 | GlandYvoire narrow 1200 m | HSI, RGB, Thermal
12-03-2014 | 08:30-12:00 | MorgesLausanne shoreline 1500 m | HSI, Thermal
12-03-2014 | 14:0016:30 | MorgesLausanne shoreline 1000 m | HSI, Thermal
10-04-2014 | 09:30-13:00 | Rhone delta 3000 m | HSI, Thermal
17-04-2014 | 08:00-12:00 | Leman Lake East 4000 m | HSI, RGB, Thermal
05-05-2014 | 08:30-12:00 | Leman Lake East 4000 m | HSI, RGB, Thermal
05052014 | 13:1516:30 | Leman Lake West 4000 m | HS! RGB, Thermal
11-09-2014 | 10:0011:30 | GlandRhone Delta shoreline 1000 m | HSI, RGB, Thermal
16-09-2014 | 10:0012:30 | Rhone delta 1500 m | HSI, RGB, Thermal
16-09-2014 | 15:0017:00 | LK€ area between EvidresBain| |44 | s RGB, Thermal
<-> Chexbres
26-09-2014 | 10:0012:30 | VenogeDelta 1000 m | HSI, RGB, Thermal
26092014 | 13:0017:30 Zfer;"ge Delta andhononLesBain| 1 oy 1 | s RGB, Thermal
11-09-2014 | 10:0011:30 | GlandRhone Delta shoreline 1000 m | HSI, RGB, Thermal

Lake Baikal phase

In the next phase of the project, taking place between 25" July and 20" August 2014, we
carried out a comprehensive field campaign over the Selenga River delta in the Southern
Siberia region of the Russian Federation. The campaign was conducted in close
collaboration with the Geography Faculty of the Moscow State University and the Baikal
Institute of Nature Management in Ulan Ude. Our airborne observations were complemented
by extensive ground work, which included the collection and analysis of in situ samples for
chemical properties, as well as the recording of the corresponding spectral reflectance
signatures of the water surface.

Table 1: Flight details of 17 flights over Leman Lake, carried out in February-May 2014
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Figure 4: Baikal campaign 2014, complete scan of Selenga Delta and ground control points.

As our upgraded system allowed us to assess the quality of the data acquired in real-time,
all flights correspond to high quality data, covering the entire surface of the Selenga delta.

During the Baikal phase, we also acquired data with a second hyperspectral prototype
system, jointly developed by our laboratory and the VISNX startup. While this new system
is of lower spectral quality than the Headwall hyperspectral system, it presents multiple
advantages as it is a highly miniaturized snapshot spectral camera.

Figure 5: The VISNX hyperspectral camera prototype




















































































