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ABSTRACT
The illegal tree-cutting is a severe problem negatively affecting
many rural communities in West Africa. The sparse trees in African
savannas have tremendous influence on the local biome, biodiver-
sity richness, water supply, and provide great agricultural value
to the people. Fighting the small organised groups stealing trees
proved to be difficult without hard evidence rooted in data. Re-
porting the incidents by the inhabitants proves to be ineffective,
disorganised and sometimes even dangerous. Applying satellite
image analysis of the vegetation has the potential to provide the
authorities with concrete timely data. This paper presents a design
for research which focuses on how public satellite images can be
used to track the illegal tree-cutting incidents in the region of Mali
West Africa.
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1 INTRODUCTION
Tree theft is a real problem many people face in rural drylands
in West Africa. Trees are being stolen from private lands which
can dramatically influence the lives of the rightful owners in very
negative ways. People in countries likeMali have very little physical
possessions, the few trees are like savings in bank accounts for them,
in which they invest a lot of time and effort [4].

Rural communities in the southern part of Mali, which is the
region on focus of this paper, one of the most prevailing biome are
the savannas. Trees have significant influence on the closest sur-
roundings, influencing both the local fauna and flora [16]. Changes
in forests and tree cover can greatly affect the ecosystem in terms of
climate regulation, biodiversity richness, water supplies and carbon
storage [6]. These crimes are a big obstacle in any regreening efforts
of the drylands, which promise to transform the degraded land-
scapes into productive areas with sustainable land management
practices [15].

Trees are disappearing from privately held properties of the
local people because of tree theft conducted by small organised
groups. For the local forestry services it is difficult to fight this
crime because of the large ground area needed to be covered.

Remote sensing and in particular satellite images analysis is a
promising complementary tool to help the authorities fight these
crimes. The publicly available free imagery from satellites provides
high resolution view of the Earth on a periodical basis. Remote sens-
ing can be done utilizing data from different kinds either airborne or

spaceborne sensors. Furthermore powerful signal processing meth-
ods are being developed which allow exploiting this information
even in greater detail [2].

The combination of the vast amount of satellite data withmodern
data processing techniques, including machine learning, has the
potential of bringing tremendous value to help to identify tree theft
in West African countries.

2 PROBLEM STATEMENT
The lack of evidence through the absence of hard quantitative data
makes fighting the free cutting very difficult. It is infeasible, both
from time and costs perspective, for the authorities to track the
incidents only with human force, even more so, preventing the tree
cutting from happening in general. For the local people it can be
dangerous trying to stop the theft form happening or even simply
reporting these organised groups responsible for the crimes.

A cost effective system, that would provide quantitative data
about tree cutting to the authorities, is needed. Public satellite im-
ages appear to be a data source worth investigating for this purpose.
Combining the satellite images with other types of information
might be necessary in order to achieve a reasonable level of accu-
racy.

3 RESEARCH QUESTION
With consideration to the goal and challenges presented earlier, the
research is trying to answer the following question:
What is a promising approach for analyzing public satellite images
to identify tree-loss in West Africa?
In order to answer the main research question, several sub-research
questions have to be addressed as well:

(1) Sub-RQ1: What other data in addition to the satellite images
can be used to improve the accuracy of the potential system?

(2) Sub-RQ2: Considering both object detection approach and
pixel based analysis, which method is better suited for the
introduced problem?

4 BACKGROUND
In this section a deeper look into the existing solutions on utilizing
remote sensing data to capture valuable insights is taken. First of
all, the remote sensing field of study is described in general. After
that, the focus will be specifically on the satellite imagery analysis.
Finally some existing use cases on leveraging satellite imagery will
be introduced.



4.1 Remote sensing
In essence, remote sensing is the acquisition of some properties
about the object or phenomena of interest, without having the
measuring device in a direct contact with the subject [10].

Remote sensing sensors can be classified as either active or pas-
sive. Those sensors, which react to the natural radiation emitted
or reflected from the observed surface (e.g. reflected from Earth)
are called passive, an example would be digital camera. The active
sensors produce their own electromagnetic radiation in order to
illuminate the surface by this artificially created radiation. A digital
camera with flash could be considered an example of an active
sensor.

There are several major parameters which define the charac-
teristics of the captured data. Spatial resolution, is a measure of
the smallest object that can be resolved by the sensor. Usually ex-
pressed in meters or centimetres per pixel. Spectral resolution, the
spectral bandwidth with which the image is taken, meaning the
range of the captured wavelengths. Temporal resolution, denoting
the time interval between individual observations of the same area
of interest. Radiometric intensity, which is the number of discrete
values of brightness the sensor is capable to distinguish. [14]

For purpose of this paper it is also important to introduce 2
different categories of remote sensing systems from the perspective
of where the sensors are: airborne systems and spaceborne systems.

Airborne systems, which include plains and unmanned aircraft
systems (UAS) with attached sensors, operate on relatively low
altitude above the Earth’s surface. Being closer to the observed
area allows for higher spatial resolution and use of sensors which
can not operate from the spaceborne systems. One of such sensors
is LiDAR, which can create a 3D map of the scanned surface and
thus providing the height information about the examined objects.
This method of remote sensing is useful only on local basis. In
case of large areas or on the global scale using air-crafts becomes
unpractical. [11]

Spaceborne systems offer much larger aerial coverage than air-
borne systems. It is mostly sensors attached to satellites or space-
crafts capturing the surface of the whole planet Earth. Some of the
satellites are operated by governments which provide the captured
data freely without charge. One of such satellites is the Sentinel-2
operated by the European Space Association (ESA) launched in
2015 as part of the European Copernicus program [8]. The Sentinel-
2 project is a twin satellite system which offers a global coverage
of the Earth with 5 day temporal resolution (on the Ecuador). The
satellites carry an optical multi-spectral imager (MSI) payload that
captures 13 spectral bands: 4 bands at 10m, 6 bands at 20m and 3
bands at 60m spatial resolution [12]. At the time of working on
this paper, this is the best spatial resolution out of all the publicly
available satellite imagery sources, right in front of the popular
Landsat project of the USGS/NASA initiative with spatial resolution
of 30m [9]. The high spatial resolution of the Sentinel-2 satellite,
was the reason why the imagery form this project is used as the
main data-source in this paper. There are privately operated satel-
lites which offer spatial resolution around 0.6m, unfortunately the
data produced is not publicly available [1].

4.2 Satellite imagery analysis
What is important to note, especially in the case of analysing satel-
lite imagery is how the satellite data is presented. Light can be either
reflected from the object surface, it can be absorbed, scattered or
refracted. Optical sensors measure the quantity of light reflected
by the surface observed in a given range of wavelengths. If all of
the wavelengths reflected from the surface are observed together,
we speak of a panchromatic image (all colours are included) [5].
In other cases, wavelengths can be divided by into multiple bands,
each of the bands having own wavelength range. This separation
into multiple bands produces so called multi-spectral images [5].
Various materials have differ in reflectance of different wavelengths,
it is possible to show how much of the electromagnetic radiance is
reflected from that material across the wavelength spectrum, this
is called spectral signature. For example vegetation has strong re-
sponse to near infrared wavelengths and in this band can be easily
differentiated from other types of materials like water [5]. Different
materials can be identified by the reflectance intensity in different
wavelength bands, this can be amplified by various combinations
of bands to highlight certain features in the image. This feature
is used to classify what does each individual pixel in the image
represent, like a tree.

4.3 Use cases of satellite image analysis
In the domain of vegetation analysis from satellite imagery, there
have been multiple types of different applications developed. They
can be categorized based on the unit of analysis they examine.

One category is identifying individual trees in the imagery. Vari-
ous approaches have been developed on detecting individual trees
from remote sensing data, however these methods usually require
very high spatial resolution and often specialised sensors like Li-
DAR for height detection as an additional source of data. Methods
used in these experiments, like edge detection and locating local
maxima of the pixel values are only usable with very high reso-
lution satellite or airborne imagery. The spatial resolution of the
input images is usually 0.6m or better. The very high resolution
is necessary because the shapes of the trees need to be clearly
recognisable in order to conduct object detection. Often supervised
learning algorithms are utilized and thus fairly large sets of training
data are needed. In addition the applications often focus only on
identifying trees of one species that can be easily detected and are
constrained with a specific pattern in how the trees are planted.
The paper on counting of palm trees on plantations is an example
of such restricted context application [1]. In order to identify in-
dividual trees, human aided systems are developed. The paper on
identifying trees for wild-forest-fires simulations [3]. This paper
describes an application that allows the user to guide the automatic
detection of trees from satellite imagery and spatial vegetation data
for the purpose of building virtual reconstructions of the world for
wild-fire simulations. The system relies heavily on the user, during
the execution of the algorithm user has to take action and tune all
of the important parameters by his/her own judgement in order to
get the best result as a trial and error process.

The other category of use cases takes a different approach than
the object detection described earlier. The images are analyzed on
a pixel basis instead of trying to identify whole trees. By doing that
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an area is identified pixel by pixel where the material is categorised
usually based on the spectral signature of that material. This ap-
proach is more suitable for lower resolution images like the one
from Sentinel-2, Landsat and other public satellites. This way, ap-
plications on crop species classification and in the forestry domain
on estimation of the forests gain/loss and tree species classification
[8, 13].

For the purpose of tracking tree cutting in West Africa utilizing
the Sentinel-2 imagery, both introduced approaches are carefully
examined.

5 METHODOLOGY
In order to answer the the established research question and come
up with a appropriate solution, the context and the interests of the
stakeholders has to be understood carefully. This will achieved by
being in close contact with the research team right in Mali, who can
mediate our communication with the villagers, local authorities and
other local experts. The tight connection to all of the stakeholders
is important not only in the beginning phase of the project but
will be maintained throughout the whole process of system design,
development and evaluation. When designing the system, various
possible additional data sources will be taken into account in order
to constraint the context and improve the accuracy of the system.
In the next phase, both object detection and pixel analysis based
approaches will be examined in order to assure the best possible
design. In case object detection shows to be more suitable method,
effort has to be put into building a large enough training data set
for the supervised-learning algorithm. In any case, satellite images
will have to be pre-processed in an appropriate way to highlight the
areas of interests (trees and forests) in order to make any further
processing more effective. In order to identify tree-cutting incidents,
images from different time-points have to be compared. During the
design, it has to be decided at which point will this comparison
be conducted. At any point where multiple promising methods
will be found, their expected performance will be assessed and
compared to ensure that the most appropriate approach can be
taken. The potential system will be evaluated and tested first in a
simulated lab environment and afterwards with the team onsite
in Mali. The intermediate evaluation will be conducted on regular
basis to ensure the project is not deviating from the real use-case.
Finally, the results have to be presented in a clear manner and
evaluated for accuracy. Throughout the design and development
phase, sustainability has to be kept in mind. The solution has to be
cost effective, timely in order to identify the incidents soon enough
that some measures can be taken and maintainable. Questions like
"How much does it cost running the system?", "How to change the
data source if the current one is shut down?" and "How can the
product be expanded to other regions?", need to be answered in the
final project in order to launch it for production in Mali.

In the rest of this section, the overall methodology of the design
is introduced. The general structure of this study follows the design
science research [7]. Figure 1 represents an overview of the design
and implementation of the system introduced in this paper. The
middle segment represents the design of the solution and iterative
evaluation at every major step in the design process. The solution
is constantly influenced by the environment and context that puts

constraints on the desired system, that is symbolised by the rele-
vance cycle. The rigor cycle represents the influence of the existing
theories and knowledge. It is important to reference to existing the-
ories in order to ensure scientific importance instead of designing
system based on well-known methods.

Figure 1: Design Science Research Cycle, from Hevner’s pa-
per [7]

6 PROJECT PLANNING
It is important that the study will be finished on time without
any of the major milestones and steps being omitted. Figure 2
attached to this document presents a project plan for the whole
period designated for the work on the thesis described in this design
paper.

Part-time allocation
January

February
March

April May
June

Full-time allocation

Task / week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

Literture review
Thesis design writing
Research question
Feedback implementation
Thesis design final
Thesis design presentation
Needs assesment
QGIS tutorials
Satellite images analysis tutorials
Machine Learning tutorials
Experimenting with image pre-processing
Experimenting with ML
Feedback implementation
ML approach selection (if necessary)
Building training dataset (if necessary)
Engineering image pre-processing
Engineering image analysis
Sustainability analysis
Master thesis draft
Feedback implementation
Master thesis final
Master thesis presentation

Figure 2: Project time plan
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