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Abstract

The Buéch is a dynamic river in south -eastern France with active erosion and accretion
processes. In this river both alternating braiding and meandering patterns occur. Bank
erosion has resulted in the closure of roads and the loss of agricultural lands. Therefore, it
is important to monitor and better understand river dynamics. In this study , a method is
developed to derive and describe the changes in geomorphological features using
Unmanned Airborne Vehicle (UAV) based imagery and the positional accuracy in XYZ

directions of the UAV products are determined and evaluated

Three research locations along the Buéch have been established, providing imagery
for multiple years. At each location in 2014 and 2015 , a Differential Global Positioning
System (DGPS) wa s used to measure the location of markers that were used as Ground
Control Points (GCPs). OrthoMosaics and Digital Elevation Models (DEMs) were created
using t he Structure from Motion (SfM) a Igorithm available in Agisoft PhotoScan. The
OrthoMosaic s have a high resolution (cell size) of approximately 3 cm and the OrthoDEM s
have a resolution of approximately 6 cm . The positio nal accuracy is on average
approximately 30 cm in the XY -direction and 2 cm in the Z -direction. The created time
series enables descr iption of erosion and accretion processes on a sub meter scale which

yield s an increase in insight of the river dynamics of the Buéch.

With OrthoMosaics and OrthoDEMs riverbed morphology and patterns can be

mapped and quantified. The result show significa  nt changes in geomorphology over the
timespan monitored (2014 -2015). Channel displacements of up to 20 m are observed at
La Batie -Montsaléon. Bank erosion in general reaches up to 3 m i n width. A t La Batie -

Montsaléo n, a part of the river bank including  tre es on top with a length of 150 m and a
maximum width of 40 m eroded. This resulted in a volume change of 5853.55 m 3. This
river bank erosion was not recognised without the OrthoMosaics and OrthoDEMSs on basis

of the UAV imagery.

Keywords: Earth Observatio n; Unmanned Airborne Vehicles (  UAVs); Structure from
Motion (SfM); OrthoMosaics; OrthoDEMSs; time series; positional accuracy -analysis; river

dynamics; channel displacements; bank erosion.
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1 Introduction

1.1 Relevance
Many rivers are  controlled by humans. For example, conditions like discharge, temperature

and quality of the rivers are continuously measured in the Netherlands . In addition,
humans have influenced entire stretches of rivers. Rive r banks have been fixed by placing
boulders, mea nder belts have been cut off to straighten the channel and groynes have
been placed to influence flow velocity and river depth . As aresultthe erosionis minimal,
banks are protected and there is no material deposited passed the floo dplains (Frings et
al., 2009 ). To prot ect urban areas for high water , dykes or levees have been built (Frings
et al., 2014a, 2014b ) to assure the safety for areas alongside the river when there is an

increase in discharge  due to precipitation or snowmel t upstream

In contrast, r ivers can be highly dynamic , especially when there is no human
influence . During events, channels can displace , start or stop meandering and banks can
be eroded. The Buéch in south -eastern France is an exam ple of a highly dynamic river
This river is not continuously monitored or modified . T he embankments are generally not
fixed and thus the Buéch  can meander freely . Floods and erosion occur  regularly during
high discharge (Descroix and Gautier, 2002 ). Understanding river dynamics is highly
relevant for socio -economic reasons. Such rivers may erode agricultural land and
infrastructure like road s andrailways. The Buéch is a key location togain more knowledge

about river dynamics.

1.2 The Buéch

The river Buéch isused as a case study and is located in the south -eastern part of France

In the research area, the erosion caused by the Buéch has resulted in loss of agricultural

lands and closure of roads. The river system of the Buéch consist s out of | e Gra nde Buéch
and | e Petit Buéch that  confluences just upstream of Serres. The Buéch is located in  the
mountain range the Pre  -Alps in the department the Hautes -Alpes (Figure 1.1).

Lo Mondtier
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Figure 1.1 (A) Department Hautes -Alpes. (B) Detailed map of Hautes -Alpes
with location of the larger communities. The Buéch flows alongside Serres. Page | 1



The source of | e Grande Buéch is located on the western fl ank of the Massif du

Dévoluy. L e Grande B uéch has a length of 85.2 km and a basin of 1490 km 2 (Sandre ,
2016 ). Le Petit Buéch originates from the south -east part of the Massif du Dévoluy and has
a length of 44.5 km with a basin of 389 km 2 (Sandre , 2016 ). The highest point of the

Massif du Dévoluy is 2789 m and the area primarily consists of limestone. The Buéch flows
mostly across areas wi th forest (approximately 78% ) and agriculture (approximately

21% ). Urban areas are uncommon (less than 1% ) alongside to the Buéch (Sandre , 2016 ).

In general, the  course of the river is natural . Only near communities the river course is
occasionally adapted. This river system has a snow regime (Descroix and Gautier, 2002;
Liebault et al., 2013 ). The main tributary of | e Petit Buéch is the Béoux. The Buéch

confluences with the Durance which flows through the Rhéne towards to Mediterranean
Sea ( Sandre , 2016 ).

During the Holocene period the Buéch had varying characteristics (Descroix and
Gautier, 2002) . In the pre -Boreal period (10300 i 8000 years BP) to the Atlantic period
(7600 1 4500 BP) the Buéch had a phase of deposition of mainly loamy, gravelly or even
finer materials. At the Sub -Boreal period (4500 T 2800 BP) incision occurred. During this
phase of erosion only depos its with cobbles or boulders could be found. From the Sub -
Atlantic (2800 1 700 BP) to the present the Buéch is again in a low erosion stage (Descroix
and Gautier, 2002 ). Nevertheless, the Buéch is a dynamic system with accretion and

erosion processes (Liébaultetal., 2013 ).

Two types of floods can occur in the Buéch region (Descroix and Gautier, 2002 ).
Mediterranean (thunder) storms can occur in the summer and at the start of autu mn.
During these storms  precipitation occurs with a high intensity and high volume . This result s
in a rapid increase of the discharge of the Buéch. The second flood type occurs during
winter when westerly storms result in long periods of precipitation . Consequently, there is
a slow but steady increase of the discharge of the Buéch . Sometimes this can occur

together with snowmelt generating large r volumes of discharge.

The Buéch has similar to many other rivers in the French Alpine region a sediment
deficient. This is mostly caused by quarries thatare eitheractive orinactive . These quarries
are used to excavate gravel. In addition, there are dams in the river that  trap sediment s.
This disturb s the sediment budget. The resulting sediment deficient causes an increase in
uptake of sediments  or entrenchment  (Descroix and Gautier, 2002; Frings et al., 2014b ).
Furthermore, th e Buéch is a difficult river to classify . D epending on moment of observation ,
the river has either braided, meandering characteristics or a combination of both.
Therefore, it is important to know factors like channel displacements, bank displacements

and bank erosion.

Page | 2



1.3 Discharge Buéch

There was a hydrological measuring station located at Les Chambons n ear Serres since
1964 ( HYDRO, 2016 ). This location is just passed the confluence of le Grande Buéch and
le Petit Buéch. The measuring station was built in 1964 and operated until it was damaged

in 2009 due to an e rosion event. T he measuring station was nev er rebuilt or repaired.
Between 2009 and 2012 there is a provisional dataset available which contains estimate

discharge data. A verified dataset is available that averages the conditions from 1969 to

2011 ( Table 1.1 and Figure 1.2).

Table 1.1 Average discharge per month in m 3/s for the Buéch at Les Chambons from 1969 to
2011.

‘ Jan ‘ Feb ‘ Mar ‘Apr ’ May ’Jun ’Jul ’Aug ’ Sep ’ Oct ’ Nov | Dec |Year

Discharge (m 3/s) ‘15.40 ‘15.50 ‘21.00 ‘26.70 ‘22.50 ‘11.30 ‘4.58 ‘2.69 ‘4.40 ‘11.6 ‘17.30 |14.80 |14.oo

a T 30
"
25
® 20
o
S 15
[&]
0
a 10
5
i i = B
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
H Average
Figure 1.2 Graph of average discharge per month in m 3/s for the Buéch at Les Chambons from
1969 to 2011 ( HYDRO, 2016 ).
1.4 Research locations
Three different research locations alongside the Buéch have been established ( Figure 1.3).
Two researc h locations are located before le Grand Buéch and | e Petit Buéch confluences

and one research location is located downstream this point.

Chabestan is the most upstream research location at| e Petit Buéch. In the middle
there is La Bat ie-Montsaléon at le Petit Buéch. The La Batie -Montsaléon site is located near
an active quarry  (Descroix and Gautier, 2002 ). The third research location is situated just
downstream of Serres near the Saint - Sauveur Dam. This is downstream of the point where
le Grand Bu éch and | e Petit Buéch confluences. The distance from the research location at
Chabe stan to the research location at Serres is approximately 10 kilometres. At each site

a distan ce of approximately 1000 m is covered.

Page| 3
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Temperature

1.5 Climate Hautes -Alpes

There is no climate data available for Chabestan, La Béatie -Montsaléon or Serres. The
closest weather station is situated in Embrun at an elevation of 871 m (LaMétéo, 2016 )
which is approximately 80 km of Serres . This weather station has collected record s of

temperature (Table 1.2 and Figure 1.4) and precipitation (  Table 1.3 and Figure 1.5) from
1981 to 2010 . The temperature is high during summer with an avera ge of approximately
20 °C eventhough the Hautes  -Alpesis a mountainous area . The number of sunshine hours

is high. The winters are cold with on average 25 days with heavy frost (< -5 °C) and 98

days below zero

Table 1.2 Embrun (Hautes -Alpes) temperature data from 1981 -2010 (LaMete o, 2016 ).

Temperature Jan Feb Mar | Apr May | Jun Jul Aug Sep |Oct Nov | Dec | Year
Minimum (°C) -28 | -25| 06| 34| 75|106 |13.1 | 129 96| 62| 1.1 | -17 4.8
Maximum (°C) 68| 84 |124 152 |19.7 | 23.8 | 27.0 | 27.0 | 223 |17.1 | 10.8 7.1 | 16.5
Average (°C) 20| 30| 65| 93 |137 (172|203 |20.0 |16.0 |11.7 6.0 | 27| 10.7
< -5°C (days) 84| 67| 22| 00| 00| O00O| OO| O00O| 00| 00| 17| 59| 249
<0 °C (days) 239|205 134 | 49| 06| 00| OO| OO| OO| 18121 |208 | 98.0
> 25 °C (days) 00| 00| 00| 01| 32134 |236 |225 89| 05| 00| 00| 722
> 30 °C (days) 00| 00| 0O 0O| 02| 25| 81| 70| 06| 00| 00| 00| 184
>35 °C (days) 00| 00| 0O} OO| OO| OO] 02| 02] 00| 00O]| 00| 0.0 0.4
30

25

20

g.ﬁllliiiillh

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-5 . .
H Average EMinumum Maximum

Figure 1.4 Graph of the Embrun (Hautes -Alpes) average monthly minimum, average monthly

maximum and average monthly (1981 -2010) temperature data in °C (LaMétéo , 2016 ).

The number of days with rain is low in the Hautes -Alpes. Nevertheless, the
cumulative precipitation is 723 mm per year.  In summer , there are many thunderstorms
in the mountains . Throughout the year , there are on av erage 25 days with heavy
precipitation (> 10 mm ). Erosive storms of 10 mm or more on one day occur mainly in
October and September ( Table 1.3). This can result in a vast increase in discharge a nd

probably erosion events.

Page| 5



Table 1.3 Embrun (Hautes -Alpes) precipitation data from 1981 -2010 (LaMété o, 2016 ).

Precipitation Jan |Feb [Mar [Apr |May |Jun |Jul Aug |Sep [Oct |Nov |Dec |Year
Monthly (mm) 51.8 | 45.1 [50.1 | 61.2 | 68.0 | 60.5 |46.8 |51.9 [69.0 |85.8 |[67.5 |65.1 | 723
> 1 mm (days) 58| 50| 62| 80| 94| 81| 58| 67| 66| 84| 66| 6.6 | 83.2
>5 mm (days) 31| 30| 34| 40| 43| 39| 27| 33| 35| 48| 39| 39| 438
> 10 mm (days) 17| 17| 23| 23| 23| 19| 16| 16| 26| 3.0| 24| 22| 250
a a 100
n
80
S 60
8
s 40
©
g
g 20
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
m Average

Figure 1.5 Graph of the Embru n (Hautes -Alpes) average monthly precipitation data (1981 -2010)
inmm (LaMeétéo, 2016 ).

The average annual discharge data shows that there are two periods wit h high

discharge. The increase in discharge starts in February and reaches its maximum in April

with an average discharge of 26.70 m 3/s. This occurs in the spring when the temperature
increases and snow melt starts. During the summer , there is a low discharge around 2.69
m3/s. The second increase occurs in the autumn and reaches its peak in November with an

average discharge of 17.30 m 3/s caused by rainfalls.

1.6 Research with Unmanned Airborne Vehicles (UAVS)

Unmanned Airborne Vehicles ( UAVSs) are increasingly used and are an evolving tool to
acquire datasets . Datasets acquired with UAVs have a high resolution in which subtle
changes of the surface are detectible (Westoby et al., 2012 ). The UAV products can be
compared with either conventional photogrammetry or with laser based derived products

such as Light Detection And Ranging (LIDAR) and Terrestrial ~ Laser Scanner (T LS) and have

a higher resolution compared to most satellite products (Smith et al., 2015 ).

An important advantage of flying with UAVs is  thatitis relatively cheap compared
with other remote sensing techniques. T here is no need for an expensive TLS device or

even a piloted plane .UAVs can acquire a dataset with just a compact c amera. This result

in a lightweight tool that can easily be transported. UAVs are usable in all types of
environments  of different sizes on a moment notice  (Fonstad et al., 2013; Mi Si j oamds k T
Vavra, 2012 ). The UAV datasets are intuitive . T hey are similar to other point cloud based

data products. An upcoming difficulty with UAV  is legislation . D epending on the location

legislation is already strict or might become even more strict inthe future (Mi Si j ov s k|

Page| 6
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Langhammer, 2015; Smith et al., 2015 ). UAVs mostly uses light weight sensors and
consequently Red Green Blue (RGB) and som  etimes infrared cameras are most commonly
used . Heavier sensors for  example thermal sensors are generally not usable with UAVs

(Fleury et al., 2015; Smith et al., 2015 ).

UAVs are used in many different research fields. UAVs are often used in research
related to landslide s to determine the surface displac ements or fissures (Marek et al.,
2015; Niethammer et al., 2010, 2012 ). It can also be used to monitor  the activity and
dynamics of the landslides (Turneretal., 2015 ). Furthermore, UAVscan be usedin colder
environments for monitoring glaciers (Bhardwaj et al., 2016; Immerzeel et al., 2014;

Kraaijenbrink et al., 2016 )

In addition, UAVs are  increasingly used in fluvial geomorphological research . Here ,
the focusis on mapping of river channels , topography (Dietrich, 2016 ) and some type of
change detections with growing meander belts (Flener etal., 2013 ). The UAVs are used to
derive and map fluvial dynamics (Mi Si j ov s k] and L an)gamd bankeerosion 2 0 1 5
(Prosdocimi et al., 2015 ).

1.7 Research questions
This thesis is splitup into two  themes: A technical theme (results chapter 3.1 ) and a river

dynamics theme  (result chapter 3.2, 3.3, 3.4 and 3.5 ).

In the technical theme t he focus is on the effectiveness of acquired data with

Unmanned Airborne Vehicles (UAVs). Any difficulty such as quality problems or problems

experienced during acquisition will be analysed and if applicable solved . The main goal is
to determine if the UAV techniques are advanced and accurate enough to use the workflo w
derived in this thesis for fluvial ge omorphological research at different locations.

The second theme focusses on the river Buéch dynamics and the changes in
geomorphology of the rive  r between observed years. This includes bank erosion, channel

displacements and deposition or accretion processes.

To achieve the scope set for this study, the river Buéch will be used as case study.

Additionally, two separate research questions, one for each theme, are defined:

1. How does the OrthoMosaics and OrthoDEMs, derived by UAV mapping, relate
with the Different Global Position System (DGPS) measurements in terms of

positional accuracy and elevation ?

2. What is the change in geomorphological features over multi  ple years at various

locations along the Buéch  ?
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2 Materials and Methods:

In this chapter the available datasets of the research locations, the used materials for
acquiring the datasets, the implementation of the fieldwork, the processing methods with

fundamental algorithms and analysing methods are described.

2.1 Available Datasets

This research uses mainly imagery that has been acquired by a fixed -wing UAV owned and
operated by Utrecht University .Inaddition, there are alsodatasets addressi ngthe research
locations available from the French institute for informati on about geography and forestry,

Institut Géographique National (IGN)

2.1.1 Unmanned Airborne Vehicle (UAV) based datasets
There are three established research locations for which UAV -based datasets were

acquired. Each dataset consists of many photographs saved as JPG files taken with a short
time interval (Figure 2.1). The sites were visited each year during a field campaign , that
was carried out each year , within roughly the same period. Not every research site has
complete record s and the available data varies per location. The number of photographs
acquire d per location per year varies ( Table 2.1). The datasets have more than 46 00
photographs for all years combined . The amount of photographs largely depends on the

size of the area that was covered and the number of flights.

IMG_2660.0PG
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o ! _ i
IMG_2673.JPG IMG_2674.PG IMG_2675.JPG IMG_2676.JPG IMG_2677.JPG

Figure 2.1 Example of a small part of the Serres 2015 dataset . The photographs are acquired

consecutively.

Table 2.1 The availability of acquired datasets and number of photographs from 2002 onwards.
When a certain year is coloured green the dataset is acquired with markers , orange the dataset

is acquired without the use of markers and when a certain year is red the dataset is absent.

2002 2010 2011 2013 2014 2015

La Batie - Montsaléon

Chabestan

Serres
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The first UAV flight was carried out in2002 at La Batie -Montsaléon . Thisisthe oldest
dataset in the time series . This dataset contains photographs withou t markers or metadata
such as the photograph GPS location or platform altitude. After 2002 , ho data was acquired
until 2010. From 2010 onwards the goal was to have a dataset each year. However, this
was dependent on weather, t ime constraints and personal availability during the
fieldworks. In 2010 and 2011 , more UAV flights were carried out in La Batie -Montsaléon.
However, t here is no dataset for 2012 .In 20 13, an UAV flight was carried out for the first
time at another location called Chabestan. There was no UAV flight inthe sameyear atla

Batie - Montsaléon.

In the year 2014 , it was the first time that the third location Serres was used as a

research locati on. Furthermore, in 2014, the methodology changed as since that year
markerswere usedas  Ground Control Points (GCPs)  while acquiring the imagery .Also each
research site was visited within the same field period. In 2014 and 2015, all three datasets
inclu ding markers  were acquired. As of 2015 , the most complete record is La Batie -
Montsal éon, followed by Chabestan and Serres. However, the years 2014 and 2015 are
most suitable to quantify river dynamics , as the markers  enables geo -referencing and
thereby ena ble the option to compare the datasets with each other . When markers were
used during the acquisition of the dataset then the markers location s are available . These
files contain :the GCP Number, date  and time of measurement, X -coordinate, Y -coordinate
and height of the measurements. Sometimes , thereis also aremark added to provide more

detailed information on the measure ment location.

2.1.2 Institut Géographique National (IGN ) datasets
The IGN dataset istiled based and consists of the entire Hautes - Alpes region in which the

research locations are situated . Fiv e tiles , in which the Buéch and research locations are
situated , were extracted . Version 1 of the dataset was released in 2012. The dataset was
renewed in June 2014 and Version 2 depicts the region around May 2013 w hich falls within
the same timeframe as when the UAV dataset s were acquired. T hese French datasets are

geo -referenced in the Lambert 93 coordinate system.

The IGN datasets consist of OrthoP hotos and Digital Elevation Models (DEMS). The
OrthoPhot os are corrected for distortions in the imagery caused by lens and camera
orientation deformations and consequently have a uniform scale . The OrthoP hotos have a
resolution of 50 cm while the DEM has a resolution of 5 m . The IGN datasets were not
acquired by UA V but by an aircraft . A large disadvantage of this dataset is that the

documentation is only available in the French language .
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2.2 Materials

The main materia Is used for this research during the fieldwork and data acquisition were
an UAV, markers with coordinates , @ compact camera and a Differential GPS. The acquired

data was processed on a dedicated computer with dedicated software for UAV imagery .

2.2.1 Fixed -Wing UAV
For this kind of research  , there are two types of UAV that can be used , copters with multiple

rotors that take of  f vertically or fixed -wing UAVs that are more similar to traditional aircraft
but take of f horizontally. A fixed -wing UAV ( Figure 2.2) was used based on the need to

cover alarge area quickly. A launch platform was used to easily launch the UAV.

The UAV is made out  of Styrofo am, which is very light -weight and durable. There
is a single rotor above the wings which controls the velocity. The rotor can be turned on
and off on demand to minimise  vibrations within the UAV. Contact with the UAV is kept by

radio and is manually steered and thus the UAV needs to remain  within visual range . The

UAV height and steering is controlled by using the flaps that are installed at the tail.

Figure 2.2 Side-view from the in 2015 used fixed -wing UAV connected with the launch platform.

Within the UAV, below the wings , a rechargeable battery is installed. It is only used

for powering the rotor and has a capacity to keep the UAV in the a ir for approximately 10
to 15 minutes . If needed , the battery can easily be swapped out for another battery . In
the front of the UAV there is a socket for a compact camera. The camera is exchangeable

This enables the use of different sensors . For example, a Near-Infrared Reflectance (NIR)
camera canbeused instead ofaRed Green Blue (RGB) camera to calculate the normaliz ed
difference vegetation index (NDVI) which can be used to mask out vegetation. To take a
photograph , the camera is manually triggered via aradiosignal. Theinsid e is painted black
to minimise the distortion ca used by light reflections. The coordinates of the UAV during

flight are unknown as there is no standard GPS and altimeter on -board .
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2.2.2 Camera
Due to weight constraints itis important  that the camera  used in the UAV is light  -weight.

Another important factor is that the camera is durable because the landings of the UAV
can be rough .The camera mustbe small as there is not much room in the socket to place
the camera. Therefore, compact cameras are  suitable . This type of camera meets the

re quirements and provi  de good quality photographs.

The Canon PowerShot D10 ( Figure 2.3) was used to take photographs for all the
2013, 2014 and 2015 datasets. This is a light -weight camera that is especially useful for
outdoor image acquisition as it is firm , durable and ¢ an ha ndle some drops and shocks
without suffering any damage . The camerais dirtand waterproof which is useful for fluvial
geomorphological research. The firmware of the camera was modified in such a way that
it could be triggered to take photographs over radi o contact. The photographs are saved

in JPG format and contain the metadata with camera settings.

a9
QQ
3
QQE

Figure 2.3 The Canon Po werShot D10, the camera used to acquire the imagery for the datasets

in 2013, 2014 and 2015

Some camera parameters ( Table 2.2) are predetermined. The most important one

is focal length. This is the distance between the le ns and its focus point . This fixed focal

length is used in many calculations . The focal length is the basis to determine the distance
of a certain object from the lens. In practice , the focus length might vary slightly.
Therefore, the focal length is updated during the calculations. The resolution and pixel size

is high to assure that small details will be visible in the photographs.

Table 2.2 The camera parameters that are predetermined for the 2013, 2014 and 2015 datasets.
Camera Model Resolution Focal Pixel Size Pre -
Length calibrated
Canon PowerShot D10 4000 x 3000 6.2 mm | 1.54199 x 1.54199 pm | No
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Other parameters  are not predetermined and vary between the photographs. These
variables differ each time to optimis e the quality. The most important variables arethe F -
Stop, exposure time and ISO  -speed. The F -Stop is a dimensionless number that can
guantify the lens spee  ds which determines the depth of field and sharpness of the objects.

The exposure time is the length of time that the sensor is exposed to light and determines
the brightness . The ISO -speed determine s the sensitivity of the sensor. H owever, with a
higher v alue the noise in the image will increase and thus if possible  the ISO -speed needs

to be small.

Before 2013 , different cameras were used by Utrecht University (Figure 2.4). In
2002 , the C anon PowerShot S10 was used while in 2010 and 2011 the Canon Digital IXUS
85 IS acq uired the photographs. These cameras were less durable as they are not
waterproof or shock resistant and are more likely to be damaged during landing. The
photographs are saved as jpg file, the same data format that is used for the newest

datasets.

EQnvi
DIGITAL
1>US 85 IS

Figure 2.4 (A) The Canon PowerShot S10 used in 2002 . (B) Canon Digital IXUS 85 IS used in
2010 and 2011.

Both camera s have also predetermined parameters (Table 2.3). Similar , as with the

other camera , the variables such as F -Stop, exposure time and ISO  -speed are written

within the metadata of the files. The specifications such as resolution and pixel size of
these cameras are lower than of the Canon PowerShot D10 which canresult inimages with
less details depending on the platfor m height. All used cameras captured imagery in RGB.
Table 2.3 Camera parameters that are predetermined for the 2002, 2010 and 2011 datasets.

Camera Model Resolution Focal Pixel Size Pre -

Length calibrated
Canon PowerShot S10 1600 x 1200 6.4 mm | 3.89996 x3.89996 pum | No
Canon Digital IXUS 851S | 3648 x 2736 6.2mm |1.67981x1.67981 pum | No
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2.2.3 Markersas  Ground Control Points (GCPs)
Markers are used as GCPs in the research area of which the exact location (XY) including

the elevation (Z) is known . This information can be used to derive the location and height
of the platform  at the moment the photograph was created . Markers are also used to
orthorectify or georefere  nce imagery . Coded octagon shaped plastic sheets are used as

field markers (Figure 2.5).

The markers are white and the coding is black to assure a high difference in
contrast. There were forty markers available to use. The minimum of three markers are
neededto orthorectifyorgeo -referencedanimage. However,when more markers are used
the results will improve. These markers in general have a very high accuracy up to

centimetres . The location of a marker is measured within the centroid with the highest

accuracy possible.

Figure 2.5 Example of a marker  (number 38) used in the field

The coding on the makers corresponds with a number (1 to 40) and is placed 360°
around the centre (Figure 2.6). This ensures that from each viewing angle there is only
one possible solution . Intheory , the coding should make it possible to automatically detect
the markers within the imagery . If the acquired imagery has sufficient details, then the

centre ofthe markers should be visible inthe imagery withreadable coding aroundit .

Figure 2.6 Example of the coding on the markers for the values 1, 7, 24 and 39.
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