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Abstract and Keywords

Synthetic Aperture Radar (SAR) isa highresolution ground-mapping
technique with the ability to effectively synthesize a largeradar antenna by
processing the phaseof a smaller radar antenna on a moving platform like an
airplane or a satellite.SAR images, due to its properties, have beéhe focus of many
applications such as land and sea monitoring, remote sensing, mapping of surfaces,
weather forecasting, among many others. Their relevance is increasing on a daily
AAOGEOh OEOO E0O8O AOOAEAI O1 Apobcitypo&fA AAOO

data collected.

Several techniques have beepublished in the literature so far to enhance
automatic ship detection using Synthetic Aperture Radar (SAR)mages like
multilook imaging techniques, polarization techniques, Constant False AlarRate
(CFAR) techniques, Amplitude Change Detection (ACD) techniques among many
others. Depending on how the information is gathered and processed, each
technique presents different performance and results. Nowadays there are several
ongoing SARmissions, and the need timprove ship detection, oitspills or any kind
of sea activity is fundamental to preserve and promote navigation safety as well as
constant and accurate monitoring of the surroundingsfor example, detection of

illegal fishing acivities, pollution or drug trafficking.

The main objective of this MSc dissertation is tstudy and implementa set of
algorithmsfor automatic ship detectionusing SARimages from Sentinell due to its
characteristics as well as its ease acce3$e dissatation organization is as follows:
Chapter 1 presents a brief introductiornto the theme of this dissertationand its aim,
as well as its structure; Chapter 2 summarizes a variety of fundamental key points
from historical events and developments tothe SAR theory, finishingwith a
summary of somewell-known ship detection methods Chapter 3presents abasic
guideline to choose the best ship detection technique depending on tlaata type
and operational scenarig, Chapter 4focus on the CFAR technique detailing the
implemented algorithms. This technique was selected, given the daset available

for testing in this work; Chapter 5 presents the results obtained using the

\



implemented algorithms; Chapter 6 presents the conclusions, final remarks and

future work.

Keywords: Automatic Ship detection; S/nthetic Aperture Radar; Remote

Sensing;Monitoring; Mapping; Sea activity; Sentinell,;
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1. Chapter 1 z Introduction

This Chapter is divided into 4 sectionsFirst, a brief description of the purpose
of SAR technology, its advantages and its applicabilitye presentedasa kick-off for
this MSc dissertation; Second, the formulation of the problem for which it is
intended to offer an effective and efficient solution is madeThird, a description of
the objectives of the MSc dissertation is presented; Finally, the last section will detail

the dissertation structure.
1.1 SAR Technology use and Applications

The objective of SAR technology is teynthesize an antenna witha larger
aperture than the real aperture of the used antennae, SAR synthesizesrsaperture
of a much bigger antenna with the use of a smaller or{®wens, Marcelin,& Hunt,
1997). The antenna is carriedby amoving platform, which can be, for example,ra
airplane or a satellite, where througlout its trajectory it processes the signals that
are transmitted, forming a bigger aperture a synthetic aperture, capable of
providing high-resolution images despite any weather conditions (Oliver &
Quengan, 2004) Giving this potentiality, the development of SAR technology

continuesincreasingnowadays

For the last few years, the use of SAR technology has been increasing
exponentially. SAR data has been used for several applications not only for land
recognition and monitoring such as monitoring agriculture cultures, flood mapping,
soil moisture, forestry, terrain analysis and geology of surfaces, but also for sea
monitoring and activities such asship detection, illegal fishing, pollution, drug
trafficking, sea state, among many other§Moreira, et al., 2013) Because ofSAR
characteristics, such asffering high resolution images independent of weather
conditions and also because it has the ability to cover wide areas of land and sea in
a single swipe, satellites usthis SAR techniquéo gather information about any kind
of activity that is occurring on Earth, in order to promote theimprovement and

innovation of the techniquesmentioned before.



Nowadays there are several satellitesn orbit with the purpose of supplying
information for process and analyze according to theeeds athand. One of the
biggest agencies in this sector ithe European Space Agency (ESAhich launched
several satellites such aERS1, ERS2, Envisat, Sentinel1, Sentinel2 and, Sentinel
3 satellites with the purpose ofstudying and monitoring Earth andits resources ad
alsoi00 OOOOAOOOA AT i bOA EdkraicsiThe Japan AerokpAc® OEGS O A
Exploration Agency (JAXAglso launched several satellites such alERSL, ALOS1
and, ALOS satellites where its missions are redirected tageological phenomena,
land use (agriculture, forestry), observation of coastal regions, geological maps,
environment, disaster monitoring, and so onThe Canadian Space Agency (CSA)
with Radarsatl and Radarsat2 with the main function of observing Earth to
monitor climate changes. There are more agencies and organizatignsith their
own satellites,focused on thedevelopment of numerous applications either in civil
or military context such asJapan Aerospace Exploration Agency (JAX®eutsches
Zentrum fur Luft- und Raumfahrt e.V. (DLR)Indian Space Research Organization
(ISRO) Italian Space Agency (ASINational Aeronautics and Space Administration
(NASA), Land RemoteSensing Satellit§ LANDSAT)among others.

Furthermore, due to fact that Portugal has ore of the biggest exclusive
economic zones, with a total of 1,727,408 01 1 1T EOT O AT A DPOIT i1 OA
our navyd st interest to use evenytools to completeits missions more effectively

with a higher rate of success.
1.2 Problem Statement

Due to the SAR technology applicability and its advantages as well as the
dimensions of the maritime area thathe PortugueseNavy is responsible to monitor
and promote safety, this MSc dissertation intends to offer a solution can be

formulated in the following central question (CQ}

0 CQ:How to provide an expeditous method of detection and analysis
of targets along the Portuguese coast in MATLAB using SAR Imaging?



From this major statement arise several derived problems that can be

summarized in the following derived questions(DQ):

DQ1:What types of SAR data exis?

DQ2:Where can the SAR images be obtained?

DQ3:What techniques are there to perform this processing?
DQ4:What is the bestprocessingtechnique for the type of dataused?
DQb: How to validate the results obtained?

cC

To summarize the problem that this thesis intends tasolveis to offer a reliable
solution for ships detectionsin openseaand coastal environment in alreadyocused
SAR images by implementing certain technique.

1.3 Dissertation Aim and Scope

In order to offer a solution to the problem stated in the previous section,

aim of thisdissertation can be summarized as follows:

0 Implement a detection algorithm usingreal SAR data from available
Sentinetl, A or B, productstaking into account abasic practical
guideline, for all kind ofsea environment users, whictsupports them
in the selection ofa technique whichbest suits the task at hands.

To achieve this mairgoal this dissertation, initially, scopes a brief summargf
some the most important SAR historic events, breakthroughs and developments and
main SAR characteristics, concepts and principles, then a review of the most used
ship detection techniques is mad in order to achieve the second part of the main
goal, the elaboration of the basic guidelin&secondlyin this dissertation, the chosen
technique resulted from the basic guideline in Sentinel SAR imagess tested
Finally, the obtained results from tre implementation ofthe chosen technique are

validated through a visual analysis andtatistical method.

With this main goal, an answer to the central question and its derived
questionsE 08 O b QvhddAtheGnkidl part of the goal described abovewill
answer to the derived questions 1, 2 and 3, the second pavtill answer to the
derived question 4 and finally the visual analysis and statistical method offer a way

to answer the last derived question.



1.4 Dissertation Structure

The goal wth the summary of SAR historyconcepts properties and principles,
which is done in chapter 2,is to provide essential ground proof that it is a more
trustworthy technology and presents better resultsthan the conventional radars as
well as verifying the factthat its development and innovation areconstantly made.
Then, still in chapter 2,several techniquesare described regarding ship detection
where each of thems briefly explained and also, for example, the type of data which
is more suitable to implemern it, some advantages and disadvantages and finally in
what scenarioit is more efficient. To complement thisanalysis, chapter 3 gives a
basic guideline to remote sensing researchers, engineers aperational decision
makers for selectingthe most suitable ship detectiontechnique for the problem at
hand.

Furthermore, a practical exampleis given by applying the proposedbasic
guideline to select the most appropriate ship detectiontechnique to the data set
available for this MSc Dissertation: Sentinel products. The used product type and

operational scenarios are described.

In chapter 4 the implemented algorithm for the selected technique (CFAR) is
fully described. Inchapter 5the obtained resultsare analyzed and discussed in a
number of different operational scenarios This is donesupported on a visual
analysis of the obtained results and by comparing theesults gathered by other

works that use similar techniques and also the same type of data.

Finally, in chapter 6, a sunmary of all the work done, as well as a discussion
about possible future work and advantages of implementing this line of thinking in

our Navyis presented.



2. Chapter 2 - State of Art

This chapter presentsasummary of SAR technology historyincluding mission
timeline and table of relevant organizations using SAR data and its applicatians
Then a review ofbasic SARconcepts andproperties is made to help understandhe
advantages,the benefits and the possibilities that comewith the use of this
technology. Furthermore, the most applied techniques for Ship detection in the
present days are introduced listening its advantages and disadvantages, as well as

describing their basic principles.
2.1 Historical framework and applicability

Since theinvention of the Synthetic Aperture Radar (SAR) in 1951 by Carl A.
Wiley, who then made its patenting in 1954 on the United States of America (USA)
(Browm & Porcello, 1969) many researches and developments followed thegath to
improve and innovate this newborn technology which resuked in the launch of the

SeaSATthefirst satellite with th is technology incorporated, in Jun7, 1978.

Figure 1from O%AET AO ET1 ,EBMEDARdIegd 20D ddsents the
major SAR satellitesthroughout time where we can highlight those that had the

greatest impact on the development of SAR technology:

1 SeaSATlaunchedin 1978, is the first civilian radar of SAR imagewith
an experimental mission of observation of the Earth during 106 days
by the National Aeronautics and Space Administration / Jet Propulsion
Laboratory (NASA / JPL). This satellite has proven its effeeéness in
the collection of oceanic information, obtaining more data than those
obtained during 100 years of research onboard ship$E O College
Universitat Jena, 2017)

1 ERS1 (European RemoteSensing Satellitel) of 1991, was the first
satellite of the European Space Agency (ESA) ground observation
program, after the end of its useful life and verified its performance and
based on the knowledge acquiredcRS2 was then launched in 1995
(European Spacedgency, 2014)



1 SIRC/X-SAR (Shuttle Imaging Radar with Payload C/>SAR) is the
result of a cooperation between NASA/JPL, DARA/DLR (German
Aerospace Center) and ASI Agenzia Spaziale Italiang which
developed a radar antenna capable of operating in three different
bands (C, L and X). The hardware system allowsthe antenna
dimensions to be carried aboard the cargo bay of the "Space Shuttle

Endeavor”(E O College Universitat Jena, 2017)
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Nowadays the list of countriesthat study and use SAR Satellites is vast. Among
them are Japan, Canadmdia, Argentina, NorthKorean and the 22 members of ESA
where Portugal is a member through the Space foundation program for Science and
Technology, since November 14, 200@ue to its continuous developments and
shown applicability, the interest and use of SAR technology Yabecome more and
more required, and because of thatseveral companies, summarizedn table 1, are
responsible to gather the information collected from their satellites, and then share
it with other countries around the world. Table 1 also summarizes the typef

mission that each organization is focused on.



Organization

Satellites

Mission Type

European Space Agency | ERSI, ER&2, Envisat,| Earth Monitoring, Resources
(ESA) Sentinel1, Sentinel2, | managementand monitor.
Sentinel-3.
Japan Aerospace | JERSL; ALOSL; ALOS2 Apps regarding:
Exploration Agency (JAXA) survey of geological
phenomena, land use,
geological mapping,

catastrophes monitor.

Canadian Space Agency| Radarsatl, Radarsat2, monitor the environmental

(CSA) Radarsat constellation change and the Earth's natural
resources in the microwave
region.

Deutsches Zentrum fir Luft- | TerraSARX, TanDEMX; Apps such as hydrology,

und Raumfahrt e.V. (DLR) geology, climatology,
oceanography  cartography,
etc.

Indian  Space Research | RISAF1, NISAR (com NASA) | Use SAR observatior

Organization (ISRO): capability for apps like
agriculture, soil  humidity,
marine ice, coast monitor,

floods monitor, etc.

Comision Nacional de

Actividades Espaciales

SAOCOM

Management of emergencies

or natural disasters and
monitoring of natural
resources.




Italian Space Agency (ASI) COSM@&skymed Observation and exploitation
of military and civil

community data (institutional,

commercial).
Instituto National de Técnica | PAZ Earth observation for defense
Aeroespacial (INTA) and security purposes.
Korea Aerospace Research | KOMPSatc Image supply for apps of
Institute (KARI) geologicalinformation and

monitor environmental

disasters.
National Aeronautics and | NISAR (com ISRO) Optimized to measure subtle
Space Administration Earth surface changes
(NASA) associated with crust

movements and ice surfaces.

Table1 - Sums of the Organizations, its Satellites and its Missions. Adapted
from UNAVACO,2018. SourcéGouldo, 2018)

As for its applicability, in military or civil context, table 1, E O 8 Os aQytedt x

diversity of waysto use theobtained SAR information.

SAR technology, like other remote sensing systems, can be installed on both
aerial and space platforms, airborne and spaceborne, respectivefy.acomme,
Hardange, Masrchas, & Normant, 2001) Both present advantages and
disadvantages while comparing with one anotherAirborne systems have the
advantage of being more flexible in their ability to relocate and capture data
anywhere in the world at any time since the spacéorne data collection geometry
and timetable are limited by the pattern ofthe satellite orbit. However, they have
the disadvantage of being influenced by variations of speed, movements of the
aircraft and adverse atmospheric conditions, lacking additional equipment of

navigation and correction of the movemats. On the other hand, as an advantage,



spaceborne systems are not affected by sudden movements, presenting very stable
orbits, requiring geometric correction only for the effects of rotation and the Earth's
curvature, and the advantage of being able t@apture images faster, in a larger area
and with more consistent viewing geometry(Lacomme, Hardange, Masrchas, &
Normant, 2001).

Changing focus now to civilian applicabilitya very good example for this is the
information collected by Sentinell, Sentinet2, and Sentinet3, on the Copernicus
program, which is available to the public, free access and without any associated
costs (ESA Copernicus, 2019)it becomes a great utility for maritime surveilance,
such as monitoring and warnings about ships, water levels, water pollution and the
detection of routes suitable for breakingthe ice, identifying the best safe passage

areas essential to navigation, among many others.

The Echoes in Space coursge O College- Universitat Jena, 2017)divides

civilian applications in three wide areas:

Z 4AOOAOOOEAI 1T AOGAOOGAOETT AT A A1 1 OET OI 60
Z - AOEOEI A T AOGAOOGAOCETT AT A OAI AGAA AAOQEO]
Z )IDAAO 11 AT OEOITIi Al OAT AEOAOOAOOSB

It is important to mention that all this is possible due to not only because of the
unique advantage that SAR offers which is the possibility to operate during day and
night, as well as being independent of atmosphericonditions, but also because
some satellites have capacity to emit at different wavelengths, usually between
bands! X, L, C or P, which present different levels of penetration in the materidg

O College Universitat Jena, 2017)

1 Radar Bands: P band(.25 - 0.5GHz/ 607 120cm]; L band[0.5 - 1.5GHz/ 20 - 60cm]; C
band [4 - 8GHz/ 3.751 7.5cm]; X band [8 T 12GHz/ 2.5 - 3.75cm]).



The possibility of using other SAR techniques such as polarimetry, which allows
images with characteristics of color, aspect, roughness, patterns and radiometric
intensity to be obtained, allows different information on vegetation types,
respectivevolumes and forest health, mapping, calculating lost and reset quantities,
support age of forest support, and biomass derivation, crucial for understanding the
carbon cycle, essential to climate stability, enabling monitoring. In short, SAR
technology albws mapping under terrestrial biomass, glacier movements,
ionosphere, terrestrial topography under large vegetation and subsurface geology.
In urban areas, this technology allows monitoring the extension, structureand
growth of cities, identifying and quantifying the present objects (roads, buildings or
urban vegetation), making it possible to create 3D digital surface models that are
very important for planning, better planning practices. These are only a few
exanmples of applications inthe civil environment. There are countless others
referred on (\pplications of Satellite Imaging Rada¥ (M.R. Inggs, s.d,)and on
GBynthetic Aperture Radar (SAR): Principles and ApplicatiodsfAlberto Moreira -

German Aerospace Center (DLR))

Now looking to the military field, SAR technology because of its characteristics and
advantages, such akigh-quality images,independence of weather conditions and

the ability to provide information whether on daylight or in his absence, is used in
OAOAOAI T[T EIEOAOU [ EOOEI T80 OAAT AOEIT 08
Regarding the military context,several examplescan begiven, like the role of this
OAAETT1T CU Al O %AOOE | ADPET Cspacebased5aiaB 8 $ ADA ¢
b Ol C QAhe ®ASA ongoing developments such as mapping of other planets,
Intelligence, Surveillance and recognition program# battlefield scenarios, amag

others (Mchale, 2016) Aircraft and ships around the world already have this
technology onboard and it has proven to be effective by accomplishing trgoalsof

their missions. Examples such as the-22 which is considered OE A A A®LOE @A E O
platform capable of pursuing targets in a squar mile range, target focusing and
photography and be weather independence, the Boeing®Poseidonx EOE A O! 09
multi-i T AA OUT OE A OE A (MiitanA-Doday,281.8) (KAllér AAOy orders

20 MQ1C QGay Eagle attack and reconnaissnce UAVs and control stations, 2017)
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among many others practical examplesSAR technology is constantly originating

new activities and new technologic developments, and mention all of them would

be impossible However it is possible to stay upto-date on new upcoming

technologies or innovations in this field, because there are countless magazines and

ET OOT A1 OOAE AO O- El EOAQMLITARYA: AERASPATEAAA %I
ELECTRONICS,029), Air & Cosmos(Cochennec, 2019) Air and Space Power

Journal (Air and Space Power Journal, 2019among many others.
2.2 Basic Concepts and SAR properties

To comprehendwhy this technique is now widely used and a growing interest
innewAAOAT T DI AT OO AT A ETT1T OAOCEIT Oh EOB8O EI BI
For this purpose, in this subchapter, it will be made a review of some of its
fundamental concepts and propertiesjn order to make it easier to understand its
advantages and benefitsSince SAR theory is a compleAT A AAT OA O1 PEAh
important to highlight that the next sectionswill only give sufficient knowledge to

how this technique works.

Starting from the begiming by defining what is a SAR. A Synthetic Aperture
Radar (SAR)is, accordingly to National Aeronautics Space Administration, Earth
Observatoryglossanyh O ! -redpl&ti@riground-mapping technique that effectively
synthesizes a large receiving antenna hgrocessing the phase of the reflected radar
return. The alongtrack resolution is obtained by timing the radar return (time-
gating) as for ordinary radar. The crosdrack (azimuthal) resolution is obtained by
processing the Doppler phase of the radar retmn. The crosstrack 'dimension’ of the
antenna is a function of the length of time overwhicK EA $1T DI AO PEAOA EO
/| Oh AAAT OAET ¢CI U O OAAAOOOOOOEAI 8AOh OAAAQ
spaceborne side-looking radar system which utilizes the flight path of the platform
to simulate an extremely large antenna or aperture electronically, and that
generates highresolution remote sensing imagery. Over time, individual
transmit/receive cycles (PRT's) are completed with the data from eachycle being
stored electronically. The signal processing uses magnitude and phase of the

received signals over successive pulses from elements of a synthetic aperture. After

11



a given number of cycles, the stored data is recombined (taking into account the

Doppler effects inherent in the different transmitter to target geometry in each

succeeding cycle) to create high-resolution Ei ACA T £ OEA OAOOAET AAl
platform has the ability to create high resolutions images that can cover big areas of

earth land or sea. To comprehend how this is possible it is required to understand

the principles associatedwith this technique, thus a quick review is in order.
2.2.1 SAR Systems Radar Equation

For any conventional radar, its purpose is to detect targets and estimate its
parameters through the emission of an electromagnetic signand reception of
corresponding echoes Figure 2illu strates the operating principle of conventional

radars.

Figure 2 - Tx/Rx of a satellite. ¢ =light speed; R = distance to target.

)y 08 O @E Cohvdrdidhal Radar Equation (1) thatthe SAR equation (2) is
deduced. By understanding the Tx/Rx process using only one antennahich is
represented in fig. 3, the Conventiond Radar Equation, as deduced irmany
literature works, like (ESA- Earth Online, 2018) can be written as afunction of the

received power, |},, asfollows:

YOQOH o &ajos +—8—8 ——, 80, (1)
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Figure 3 z lllustration of the Tx/Rx process of a radar signal.

Where Ptrepresents the transmission power, Pr the received powelf the
target Radar Cross SectiorR the distance to the target, D the antenna real aperture
and g thegain of the antenna. In short, the radar transmits a signal with a certain

transmission power, Pt,and gain, gwhich then travels a distance Raccordingly to
a spherical mode, respecting the facto——, until it reaches the target, then part of

the signal is reflected and received by the radar with a certain received power, Pr,
traveling at the same speedc).

What makes SAR equation (2) different from thequation (1)is O E A GhasedO 6 O
on the SAR scaprocesswhere successive signals areansmitted and received, in
addition to the process of a conventional radar,.8.,the received power per pulse
necessary to take into account the number of pulses in the time corresponding to
the synthetic aperture,0 , and the pulse time,"Y, resulting as follows (Gouléo,
2018):

YO YO QON ®a0d e 0z0 zY 08Yd 'YBB—) . (2)

2.2.2 SAR Geometryand Acquisition

For a better understanding of SAR theory, figure #dlustrates a Strip Map

geometry, which will be explaineda posteriori, for geometry acquisition.
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Figure 4- SAR StripMap geometry.Source:(NASA, 2018)

< Swath

Through figure 4 it becomesclear how the synthetic aperture is made. Since
the radar is carried along the flight path trajectory through time, the footprint
AEAT CAO AT A OEAOGB8O EI x OEA OEIiI 01 AGETT 1 &
system will processall the collected information. Figure 5 illustrates how this

processng is made.
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Figure 5 - Simulation of a Synthetic Aperture. SourcgWolff, 1983)

In figure 5,where A, B, C, [and E represent the real aperture of the antenna
and then after gathering all information through time it simulates a larger antenna
with the combination of each real aperture due to the satellite movement, the

synthetic aperture.

The interest of simulating a larger antenna is the resolution improvement.e.

the larger the antenna aperture, the smaller the resolution beam, given the

expression:
y oY —, 3)
where R= range and — diffraction angle (_ wave-length and D = antenna

physical aperture).

For satellite data acquisition thereis a wide diversity associated geometries,
such asStriMap (SM); interferometric SAR(INSAR), Spotlight, Inverse SARISAR),
SCANSAR, among othe(B.Marques, 2016)

15



For SM, representedn figure 6, the antenna illuminates a stripf terrain and
collects data continuously with a fixed nadir angle and azimuth angle. In the case of
SENTINEL1, for example, the SM mode acquires data with a visible bandwidth of

80Km and a resolution of 5m by 5m.

AT g

Figure 6 - StripMap mode (SM). SourcdgP.Marques, 2016)

In the Case of INSAR, in figure @,pair, or more, of coherent phase fro8AR
signals are combined in order to providethree-dimensional information about
%A OOE 6 O(P® Genrmltids A2018)These coherent phasesire taken from
slightly different sensor positions or from two SAR signals fronvery similar
viewing geometries of the region under bservation, i.e., they can be acquired
from the same satellite or two satellites that cover andhave similar orbits8 ) 06 O
by comparing these phases that is possible to determine the elevation and
measurements of surface deformations of the terrainThis g@metry has several
applications such asgeophysical monitoring of natural hazards: earthquakes,
volcanoes and landslidesglacier motion analyss, digital elevation mapping,
among others(ESA, 2018)
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Flight Flight
path path

Figure 7- INSAR mode.

In Spotlight mode, illustrated in figure 8, where the radar has an antenna
capable of changing its position, either mechanically or electronically, to illuminate
aregion of interest for a longer period of time thussynthesizing a larger antenna. In
this sense, since the system detects the target much earlier and fails to see it much
later, the phaseexcursion will increase and the resolution increasesaccordingly.
Note that the aperture is as large as the time we aiBuminating, so the limit is our
mechanical or electronic capability and once again, the topography of the terrain
also imposes limitations. This geometry is used when the goal is to obtawrhigher
resolution of a specificarea (Marques P. , High resolution SAR imaging and signal

processing, 2016)

\/
[@GE:

Figure 8- Spotlight mode. Source(P.Marques, 2016)
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Figure 9 represents the ISAR mode, where in this situation, tligh-resolution
images are extracted froma static antenna and the detection is done by moving the

target relative to the antenna, processing the data coherently.

This geometry has military relevance since it is used to obtain higiesolution
images of the targetj.e.,it is of interest, for example, the identification of vessels in

marine monitoring actions.

Flight
path

N
<«

v

Figure 9 - ISARmode (P.Marques, 2016)

Finally,the SCANSAR mode, represented in figure J0pvides a wider swath,
i.e.,it obtains a larger footprint, larger than the spotlight and strip map modeby
changing the illumination angle andrejoin the sub-swath images togetherduring
the data acquisition timeframe In this casethe resolution in azimuth is degraded
due to the norrcontinuous illumination of the terrain, when comparing to the strip

map acquisition.
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Figure 10- SCANSAR mode. Sourd®.Marques, 2016)

2.2.3 SAR Processing and Factors that affect Its Image

SARbasic image formationconsistsof two steps which are independent of the
order they are done, i.e., they areommutative. One is Range Compression and the
other one is Azimuth Compression.Combining the results of these two
compressions SARraw Data originates a SAR imag&espite SAR images camave
high resolution in order to be well interpreted, there are some factors which can
lead to a not so accurate interpretation and also affects its quality in terms of
resolution. Factors like the Rang€ell Migration (RCM) which can cause blurring in
the output image due to the data dispersion on the matrix caused by the variation of
the distance between the radar and the target. Other is speckle whidl an
unavoidable noise that degrades the SAR imageguality due to the surfaces of the
materials that represent a spike on the wavelength scale. And a simple moving target
can lead to an inaccurate interpretatiorbecause the target will be misplaced on the

image (doppler effect).

But other factors must be mentioned as well, like Lifting Displacement
Foreshortening, Layover and Radar Shadow effeESA- Earth Online, 2018)

2.3 Ships Detection

After reviewing some ofRadar historyeventsand its applicability as well adts

basc concepts and SAR propertiewith afocus onmaking it easierto understand
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the fundamental aspects of its theory as well as making it more perceptiblehy this

technique is so promising and effective comes the subject Ship detection.The
PDOOPI OA T £ OEEO Oi PEA EAO Oxi 1 AEI O OAAOITC
opportunities since ESA release Sentinel and Sentinel2 data for the publicuse,

which means access to a constant source of data to work withdon the other hand,

since this is aNaval Military MSc dissertationand Portugal has ones of the largest

sea areas aits responsibility, not only to promote and provide navigation safety but

also to keep a constant and accurate monitoring of the are&o,for this reason, it

seems fit to provide a good base of knowledge in this area by going through the most

used techniques for ship detedbn or oils spills, for example

As mentioned previously, several techniques have been studiethplemented
and improved to enhance automatic ships detection using SAiRages (F. Quina,
2019). Depending on how the information s gathered and processed each technique
presents different performances and results. Nowadays there are several
operational missions underway and the need to acquire better results inships
detection, oil-spill detection or any kind of sea activitymonitoring, such as illegal
fishing, pollution or drug trafficking, is fundamental to preserve and promote

navigation safety as well as constant and accurate monitoring of the surroundings

In regard to ship detection, either & open seg near the coastor in harbor,
there are several studies made such asnewly proposed models or just simple
demonstrations and study of techniques already known. Ae next sections will
summarize some of the most usedand well-establishedship detections techniques
which are multi-look imaging techniques, Constant False Alarm Rate (CFAR) based
techniques, polarization techniques and amplitude change detections (ACD)
techniques. t will be made a briefsummary of its principles and characteristicswith
studies already carried out.Furthermore, Annex 2 presents an article that was
produced and present in the Oceans 2019 conference that took place in Marseille
about this Ship detection techniques review as well as the elaboration of the Basis

Guideline in chapter 3.
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2.3.1 Multi -look Imaging technique s

This technique is characterized for being able to reduce the speckle at the
expense of system resolution, by incoherently adding two or more statistically

uncorrelated speckle patterns(Ouchi, 1985).

First, a full synthetic aperture is divided into two or more subapertures or
Ol TTEOGO6 ET AEOEAO OEIi A 10 AOANOAT Au- AT AEI]
images are formed and summed on an intensity basis togauce a single final image
(Ouchi, 1985). With this technique, stationary targets are correctly imaged, but
regarding to moving targets, the scenario is different because the position of the

moving targets changes between looks.

SAR multilook processing principle for statc and moving targets is well
known, and it is briefly explained inseveral publications like (Ouchi, 1985)and (R.
K. Raney, 1971)Let us considerarandom point, with coordinates x and yin ground
azimuth and range direction, respectively, and if the transmitted pulse is linearly
frequency modulated (FM), the return signal has the following standard form
(Ouahi, 1985):

Odtluhy  O0& ~& — T 4)
where i is the slant range distance radar/target, which is given by:

i Y o Q¢ — wo w , (5)
Where O represents the scattering amplitude, the pulse envelope and de the far
field beam pattern of the target] is the pulse centerfrequency,| the linear FM
rate, wand dthe platform radar and radio wave velocities, respectively—is the
radar look angle, 'Ythe reference slant range distance radar/targett is the azimuth
range time variable which is discrete but can be treated as continuous by providing
an appropriate pulse repetition frequency to satisfy the sampling theorem antlis
the slant range time variable Figurellis the SAR geometry to help understanding

its mechanism.
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Figure 11 - SAR Geometry. Sourc€Ouchi, 1985)

The basic principle of this process in splitting the synthetic aperture into
looks, i.e., the radar will travel a certain path in a determined period of time,
from that it is acquired a synthetic aperture which it will then be divided in to
sub-apertures in time, the so-called looks. Each look gives different information
about the targets that are being observed because these sub-apertures are
synthesized at different times. It is possible to distinguish between stationary

and moving targets and potentially estimate their velocities. Giving a visual of

demonstrates

the split process figure 12
Wil%)
1
LOOK 1 LOOK 2 Jr
0 T T
-L/2 -LI4 0 /A Lz 8
W(%)
1
LOOK1 | LOOK 2 | LOOK 3 | LOOK 4
o! o
-L/2 -L/% 0 L& w2 &

Figure 12 - Synthetic aperture split process. SourcgOuchi, 1985)

where N is the total of looks, L= V/T is the full synthetic aperture length ana

is the rectangular window of look n.
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For movingtargets, the principle is the same but the equation (5) is rewritten
by (Ouchi, 1985}

i Y 00O w U0 0, (6)
where v andU are the slant range and azimuth velocity components, respectively.

Figure 13 demonstrates how the process of a movingutget in the range direction,
where w are where the radar sees the moving object along its trajectory, i.e.,

through time, and™Y are the sub looks.

1 2 T3 TL;

Figure 13 - Detection of a moving target. Sourc€Ouchi, 1985)

In (Ouchi, Tamaki, Yaguchi, & lehara, 20043 technique based on coherence
images derived from its crosscorrelation in RADARSATL data is tested This
method produces a coherence image by cros®rrelating two small images
extracted by moving windows from multi-look images(Ouchi, Tamaki, Yaguchi, &
lehara, 2004) i.e., it grabstvo OANOAT OEAIT Ol lobkEidege andE A 1 Ol
originates an image based on the similarities and nesimilarities of those two
Ol TTEOC68 4EA AAOAAOGEIT 1 &£ OEEDPO EO Di OOEAI /
OEA OITTEOS A1 O OEEDO OORAIOEEIUOC AGBA AGAAR AB

sea changes between looks and the ships have always the same form. For this study
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case the results were quite reasonable, it was possible to detect the majority of the
ships present in the region under study.The fdlowing images represent and
summarize the studied area and its features and also some conclusions about the

obtained results.

RADARSAT-1 image of Kumano Sea
Azimuth length: 144km (vertical)
Ground range length: 117km

Bottom-left image:

* Image with size:
«  Azimuth: 2,5 km
*  Range: 3,4 km

Zoomed area Thresholded coherence image

Figure 14 - RADARSAT1 data set visualization and spec$ource:(Marques P.
, 2013)
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The top left : eight ships (circled) are visible.

Coherence images window sizes:

top right: 8x8 pixels
bottom left: 16x16 pixels
Bottom right: 32x32 pixels

Smaller window size: large number of small
correlated areas of oceanic features, and areas
corresponding to ships are difficult to identify.

Medium window size: small areas of high
coherence of sea surfaces tend to be averaged
out, and consequently it becomes easy to
distinguish the correlated areas of ships.

Larger window size: increases the areas of high

coherence, but at the same time, it decreases the

degree of coherence for smaller ships.

The optimum window size is the size of a ship

Figure 15 - Results obtained and explanation of the use different windows.

Source:(Marques P. , 2013)

Another example is the application of Multlook processing on THz SAR

systems to detect moving targets mentioned ifWuhan, Xia, Liu, & Center, 2018)

Here the problem of the slowly moving targets is solved due to the characteristics of

THz SAR systems in comparison witthe X-band SAR systems. The results obtained

in this study show that an algorithm using multilook processing could provide good

results.

2.3.2 Constant False Alarm Rate technique s

Constant False Alarm RateQFAR based technique is the mostisedtechnique

to detect ships. CFARs an adaptive algorithm used in radar systems. Generally

speaking, it finds a threshold teestablishE £/ OEAOAG6 O A OEED
This threshold is computed through the background clutter, noise or interérence

analysis.In its simplest form, the algorithm is a simple clutter adaptive statistic that

outputs a CFAR when the background clutter is of a Gaussian distributighiao,

Wang, Wang, & Jiang, 2008But the Gaussian distibution is only appropriate if a

large number of samples have been averadkiao, Wang, Wang, & Jiang, 20080
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in order to get a better output in terms of accuracy and effectivenesg, héc@ssary
to determine what is the bed suitable probability density function(pdf) that can

model the background clutter, noise or interference

Ship detection from sea clutteiis an exampleof the implementation of aCFAR
technique that uses an alphatable distribution to best identify slowly moving or
nearly stationary targets, (Liao, Wang, Wang, & Jiang, 2008)ere, instead of using
OEA OEEDPGSO xAEAitusdsthe differénee ofithe talah @dsssekction
(RCS) of a ship from the sea cluttewith an appropriate threshold. This turns out to
be effective because the RCS of ships is higher than the sea clutter due to the ships
structure and metallic composition which results on multiple reflections (Liao,
Wang, Wang, & Jiang, 2008Regardles®fthe good performance of the conventional
CFAR, using a gaussian distribution, other pdf can also be used to obtain reasonable
results such as Weibull or Kdistributions. But each of these distributions could
sometimes fail to provide a reasonable fit tolte amplitude statisticsof the clutter
and there is where it comes in the alphatable distribution which, accordingly to
(Liao, Wang, Wang, & Jiang, 2008} has the potential to model well the impulsive

spiky signal present n the sea clutter.

Tovisually demonstrate the better performance of tke| stabledistribution ,in
comparison to others the next figures presents azone of the surroundings seas near
Hong Kong and the outcome of the algorithms used where each white dot
represents an alarm and the ones that are within a box are the real alarm, i.e., the

true ships in the area, the rest are false alarms.
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Figure 16 - Target Area for analyss. Source(Liao, Wang, Wang, &iang, 2008)

(a) (b) (c)

Figure 17 - Ship Detection based on CFAR algorithms. (aglpha stable
distribution; (b) - Weibull distribution and (c) - K-distribution. Source: (Liao,
Wang, Wang, & Jiang, 2008)

Another variation of the CFAR technique is a methothat suggestsanalyzing
the sea in two regions, sea regigrand buffer region, introduced in (Zhai, Li, & Su,
2016). The approach here is to divide the SAR image into zones: a region with only
sea and a region where therare sea and land, i.e., the buffer regionSor sea regions,

a variation of a CFARs used the truncated statistics CFAR (T€FAR), which can
provide accurate background clutter modeling and fine detection performance in
high-target-density situations (Liao, Wang, Wang, & Jiang, 2008yor the buffer
regions are used a technique based on saliency detection because the CFAR ha
difficulties regarding the inshore ship detection(Liao, Wang, Wang, & Jiang, 2008)

To a better understanding of this processfigure 18 shows the steps made in this
CFAR based novel.
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TS-CFAR
detector

Offshore ship

Input SAR
image

Sea-land
segmentation

Detection result

Buffer region

Saliency
detection

Inshore ship

Figure 18 - Block Diagram of Segmentation based CFAR)jorithm. Source:
(Liao, Wang, Wang, & Jiang, 2008)

EOC8O0 DPI#®OEAI A C

CFAR methodgpresent a very good ship detection whereas it is at sea regions, at

Despite some small differences in each AOET Ah

land and sea regions and even at harbor regionBor each zonethere is a different
approach of the conventional CFAR by adding mathemizal weight, which,
consequerily, will increase the computational processindime, but it will improve

the performance of ship detection.
2.3.3 Polarization technique s

SAR polarimetry or plarization techniques are more redirected not only to
the ship detection but alsdor its characterization and for example, oHspill or other
human-made structuressuch asbuoys and oil or gas platformsbecause measuring
the full scattering matrix allows building a powerful observation space sensitive to
shape, orientation and dielectric of the scatter§Moreira, et al., 2013) Each set of
polarimetric data provides different information about the area of interest. For
single channels polarizations (HH, VV, or HV), HH polarizatigpermits the best ship
sea contrast, whereas VV polarization provides more information on sea surface
conditions (Vachon, 2004) Although single channels already provide reasonable
results in ship detection and characterization, there are other methods that have
been already studied such as dugdol and quadpol, which combine either two
single channels or four, respectivelf{Reza Shirvany, Marie Chabert and Jeafves
Tourneret, 2012).) 08 Oh &£ 0 A@Ai i Ah OEOI 6CE OEA AACO
possible to detect and characterize either ships, e8pills or any other manmade

structure in the seabecauseit helps to determine the nature of the objects that
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backscatter the electromagnetic fieldReza Shirvany, Marie Chabert and Jeafves
Tourneret, 2012).

Toillustrate the efficiency of this technique the following examples artaken
from an article published on the Institute of Electrical and Electronics Engineers
(IEEE)with OEA OE O1 A -SAlIBDEtEcBon Bdingthe DEdree of Polarization in
Linear and Hybrid/Compact Dual0 I 1  8Rleza 8Hirvary, Marie Chabert and Jean
Yves Tourneret, 2012) The following image are regarded to buoys detection
where, in figure 19 and 20, each box represents a different detection mode that has

been usedandthe RADARSATR and google images of theested area.

( in()Qlc"

CAMacDonaM, Detrwrler and Associmes Lud

Figure 19 - San Francisco Bay, USA. (a) Google Earth image of the area (b)
Pauli RBG image of the RADARSATullly polarimetric data set. (Reza Shirvany,
Marie Chabert and Jealfves Tourneret, 2012)
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Figure 20 - (a) Nautical chart showing buoys positions. (b} (f) Maps of the
DoP over San Francisco Bay in different hybrid/compact and linear duglol
modes.(b) HH-HV. (c) VH- VV. (d) HHVV. (e) Ckpol. (f) “/4. Source:(Reza

Shirvany, Marie Chabert and JeaYives Tourneret, 2012)

Accordingly to (Reza Shirvany, Marie Chabert and Jeafves Tourneret, 2012)
the hybrid/compact modes, (e) and (f), can easily distinguish the buoys whereas the
linear dual-pol modes, (b) and (c), hardly make their detection and identification.
Another fact is that the results acquired from HEVV mode, (d), are very similar to

hybrid/compact modes.
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Figure 21 -(a) Pauli RGB image of test areaoim San Francisco Bay,
RADARSAT2 fully polarimetric data set. (b)- (f) Maps of DoP over the test area in
diferent hybrid/compact and linear dual-pol modes.(b) HH-VV. (c) VHVV. (d) HH
VV. (e) Ckpol. (e)“ t. (g) ship Detection results, based on quapol data. Source:

(Reza Shirvany, Marie Chabert and Je¥wes Tourneret, 2012)

Herein figure 21,it is also clear that hybrid/compact modes [(e) and (f)] detect
more clearly the targets. Finally, a further study in this paper on oibpill and oil-rig,
detection and identification, figure 22, alsopoints out that hybrid/compact dual-pol
modes show better results.Figure 22 shows the data set used to perform the

analysisin figure 23.

Azimuth =

2S5 C 35 40 45 SO =S
Incidence Angle (deg.)

Figure 22 - Pauli RGB image of the NASA/JPL UAVSAR fully polarimetric data
set from the Deep water Horizon oil spill in northern Gulf of Mexico,USA. Source:
(Reza Shirvany, Marie Chabert and Jednes Tourneret, 2012)
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Figure 23 - Oil-slick property/type recognition using the Dop (DB) in duatpol
SAR. (a) VHVV. (b) HHVV. (c) Ckpol. (d) . The region is a subset of UAVSAR data
set.Source:(Reza Shirvany, Marie Chabert and Jednes Tourneret, 2012)

2.3.4 Amplitude Change Detection techniques

To successfullyapply Amplitude Change Detection ACD techniques it is
required to do a preprocessing of the input imagery to create a registered and
specklefiltered stack (Sharma, Caves, @ene, & Fernando, 2018)These techniques
are best suitable to work with a stack of imagery acquired with the same viewing
geometry (i.e. same look and pass direction, incidence angle, and spatial footprint)
and same polarization(Sharma, Caves, Greene, & Fernando, 208) AAAAOOA EO&¢
based in amplitude differences between images to identifyre possible changes that
canoccur. One fundamental step ithese methodsis reducing the speckle because
it confuses visual image analysis and generates false alarms during automated
change detection(Sharma, Caves, Greene, & Fernando, 201B) solve this problem
and to preserve spatial resolution over point targets and linear feature€ 08 O OOAA A
combination of spatial and temporal filtering(Lee, 1981) Figure 24 shows the steps

of the pre-processing before applying an ACD technique.
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Input: Same-geometry
stack of RADARSAT-2
images

Radiometric Scaling =
(e.g. to calibrated o)

Fine Registration ~
(master image: 1% image) ~— Pre-Processing

Speckle Filtering

Amplitude Change Detection

Output: Change maps

Figure 24 - SAR Amplitude Change Detection processing chain starting from
detected input products. Soucef(Sharma, Caves, Greene, & Fernando, 2018)

Examples of these ACD techniques are Pairwise and Thseries ACD methods,
that basically the first one compares a pair of coegistered SAR images to compute
a changng statistic on a pixelby pixel basis and the second one uses a time series of
SAR acquisitions from the same geometry for increased sensitivity to persistent

changes(Sharma, Caves, Greene, & Fernando, 2018)
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2016-06-06

Figure 25 - Pairwise ACD applied to RADARSAZX XF data for harbour
monitoring near Murmansk. Chip size is +/2.3 x 1.3 km. SourcgSharma, Caves,
Greene, & Fernando, 2018)

Figure 25 is an example of the application oPairwise ACD algorithm where
the first two images show the preprocessed image from the identified days which
from their analysisand comparisonE 06 0 b1 OOEAI A O1 EAAT OE A&U
occurred on the harbor. Blue represents new ships and red @resents the shipshat
leave the harbor. This method, as mentioed before, is the comparison of two images
from the same area but with a different timeline in order to produce a third image
where changes are clearly visual. A common approadchto identify and detect the
changes present on the images is using a probabilistic model whetige outcome
results are based on the differences between images, which normally are measured
through the equation (13), the Amplitude Ratio/AR) in decibel(Db), where ‘Cand 'O
are the intensities. fits value is positiveindicates an increase of the backscatter and
if its negative indicates a decrease in the backscattethusit is possible to know
whether a target appeared or disappearedSharma, Caves, Greene, & Fernando,
2018).

Another ACD technique is timeseries which is more sophisticated than

pairwise ACD.As the name suggests time series is basically a series of data sets in
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time. This technique is used for increased sensitivity to persistenthanges such as
new infrastructure or cleared land(Sharma, Caves, Greene, & Fernando, 201Bike
pairwise ACD, timeseries ACD uses more than one SAR acquisitions, with the same
geometry, to compute and identify the changestough time. The difference is that
time series ACD uses more than two, in order to identify the dim changes such as
vegetation growth, melting snow or the construction of new masmade structures,

a minimal of 4 samples is needed for computing the variansgSharma, Caves,
Greene, & Fernando, 2018)n order to realize the dimension that this method can
take, figure X represents a change map compiled from approximately 2.5 years of
data showing the construction of a new interchage connecting routes A44n and
A61 south of the mineof Bundesamt

Change Map
2013-2016

Orthophoto

20_13-0}08 s _

'ﬂ_l. = oo g -3
== N5 Y, ) HE (T . L ]
= . . i
p=3 = G T e AR e P
g -16 - = 1.'4
-
—22 2014 2015 2016
Date

Figure 26 - Time Series applied to RADARSAT XF data for infrastructure
monitoring. Top Image: Radar change map; Middle Image: orthophoto from
Bundesant fir Kartographie und Geodasie; Bottom Image: SAR time series at
location A. Source(Sharma, Caves, Greene, & Fernando, 2018)
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3. Techniques evaluation and selection

This chapter is divided into two sections: first, the structuring and creation of
the Basis Guideline, based on the previous study; secoad, analysisof the datathat
was selected towork will be madein order to choose a technique to implement on
the chosen data typeThe Basis Guideline will provide a choice process a specific
technique based on its characteristics such as advantages, disadvantages, scenario
of application and type of data that is used. And it is through this guide th#he
technique to be used i€hosen accordingly with the outcomes of the preanalysis of
the chosen dataNote that regardless the techniques mentioned in chapter 2083
important to keep in mind that there aremore methods and variations, but its basic

principles are based orthe techniques that were briefly covered in chapter 2.
3.1 Basis Guideline

After the brief description of each techniquethe major conditions to compare
and evaluate each aspect, characteristic, vantages, disadvantages and other features
of each respective m#éhod are gathered. Furthermore, the primal objective of tlese
analyses is to determindghe besttechnique for both the type of datathat is going to

be usedand the scenario that is going to be analyzed.

After analyzing and studying each of the most use@é¢hniques, it is possible to
highlight several aspects that characterize each one of thefRor multi-look imaging,
the major advantage over other conventional techniques is its ability to extract ships
evenwhen their images are embedded in noise and alsestimate their velocities.
CFAR techniques haveariations that can be applied in different situations in order
to achieve the most accurate resultsdepending on the target scenaripbesides
requiring low computational processing. Polarimetric techniquesre applicablenot
only for ships detection but alsofor its characterization, as well ago detect other
man-made structures It can even perform oil spill detection and characterization
but require heavier computational processing and it is mathematically more
complex Last but not least ACD technique$ike pairwise ACD method has the most

suitable applicability for ship detection as well as good results in harbor scenarios.
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In Table 2is created abasic guideline where it is summarized each one of the

studied methods accordingly to its advantages, disadvantagesplicable scenario,

i.e., area of interest and the type of data where the methods can be implemented

with.

Type of Advantages
Technique

Multi -look -Detection of statc
targets.

- Targetdetection even
if embedded in noise.

- Good identification
for stationary and
moving targets.

- Good response to
noise interference.

- High-resolution
results.

- Low computational
requirements.

EeIEr2Nl Ml - Discriminates targets
(buoys, ships, oitspills,
etc).

- Characterization of

targets.

- High-resolution
results.

Table2 - Basis Guideline

Disadvantages

- Low resolution
results.

- Medium
computational
requirements.

-Unable to
characterize the
objects detected

- Unable to estimate
the velocity of ships.

- Heavy
computational
weight.

- Medium
Computational
requirements.

- Needs a times series

of SAR dataof same
geometry.

38

Scenario

- Far from Land.

- Near Coast areas.

- Far from land.

- Near Coast areas.

-Harbor scenarios.

- Far from land.

- Near Coast areas.

- Harbor scenarios.

Type of Data

- Complex
data.

- Amplitude
data.

- Complex
polarimetric
data.

Amplitude
data.



With this information, remote sensing researchers, engineersor even
operational decisionrmakers will have a bast guide for selecting the best algorithm
for the problem at hand.For example, if theavailable data is polarimetric type data

(Complex data) it is obvious that the best choice is a polarimetric technique, but if

EO8O0 Ai DI EOOAA 31 2 Auediay Beithe Gukddle cheice n@d@ OAAET

because it presents significany less computational weight but it also presents high
quality results in terms of visualization. According to the analgis of the area of
interest, other techniques will come in handy. Foexample, if the purpose is to
monitor movements in a harbor in a period of time, Pairwise ACD method presents
good results with high quality, but if the goal is to estimate velocities, for example,
multi-i TTE EI ACET ¢ OAAET EN O Ang thib Iheof thirkiAg tHel A 8

users are able to choose the method that will provide better results on their tasks.
3.2 Technique Selection

The chosen datasetto apply the presented basic guideline is from Sentinel1.
This data set was selectethecause itis freely available and of high-resolution. For
processing Sentinell data samples, the technique that is going to be used is CFAR.
The reasoning for choosingCFARIs justified in the next sections An analysis of the
data regarding its type and characteristicsis performed, and the scenarics of
interest are defined Through this analysis and taking into account factors such as
available computing capacity, ease of implementation and the type of datataimed
and the possibility to offer good results in all types of scenarig#& was chosen the

CFAR method®nce it seems tgromise better results to the tasks on hands.
3.2.1 Data Analysis

Sentinell constellation is composed by the SentinelA, launched on 3 April
2014, SentinetlB, launched on 25 April 2016, and Sentin€lC and 1D which are in
development with launch dates to be determinedThey are polarorbiting satellites
operating day and night performing Gband synthetic aperture radar imagng (ESA
- European Space Agency, 2018).e., theyoperate at specific wavelengths which

offer the ability to provide weather independert (like cloud cover or lack of
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illumination) images.These Satellites operate in four exclusive modesStrip Map
mode (SM), Interferometric Wide swath mode (IW), ExtraVide Swath mode (EW)
and Wave mode (WV), where its images have various resolutions, down to 5 meters,
and can cover up to 400 kilometersA set ofwavelengths is denoted by Band, which
have different beam modes that are defined by the swath with and spatial resolution.
Sentinell carries a single @and synthetic aperture radar instrument (C-SAR
instrument) operating at a central frequency of 5.405GHz (5.5465763cm of
wavelength). G-SAR instrument provides fast scanning in elevation and azimuth and
it includes a rightlooking active phased array antennamaging (ESA- European
Space Agency, 2018).e., a computexcontrolled array of antennas which creates a
beam of radio wavesthat can be electronically steered to point in different
directions without moving the antennas(Balanis, Constantine A., 2015)as shown
in figure 27 where A is the array of antenna elements, TX is the transmitte€ is the
computer that controls the phase shifter %9 and —is the antenna axis angle which

is constantly changing accordingly to the change of the phase shifts.

Tx

Figure 27 - lllustration of a phased arraySource (Benson, 2019)
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Figure 28 is a visual representation of the Sentinel operating modes, where
EO6O OEIT x1 EIT x OEA OxAOE 1T &£ AAAE I 1TAA EO

the covered area.

\. b
\F - SENTINEL 1
& Flight Direction

SENTINEL 1

SENTINEL 1

Sub-Satellite Track

Orbit Height
~700 km

Interferometric Wide Swath
Mode

Figure 28 - Sentinel 1 operating modes. SourcéESA- European Space
Agency, 2018)

Extra Wide Swath Mode (EW) is the one thatas the biggestground range
cover (swath), approximately 400km, but with a lower pixel resolution,
approximately 20 meters by 40 meters, then comes the Strip Map mode (SM) with a
swath of 375km andwith a pixel resolution of 5 meters by5 meters. Interferometric
Wide Swath (IW) mode works similarly to the EW but instead of having a total of
five sub-swaths it has only three, providing a betteipixel resolution (10 meters by
10 meters) but a smallerswath (250 km). Finally, the Wave mode (WV) whichs
composed of Strip Map segments of 20 km by 20 km, acquired alternately on two

different incident angles(ESA- European Space Agency, 2018)
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For each mode, with the exception of the wave modthere are 3 types of core
products, level0, levetl,and level2. Levein EO OEA OAx AAOAh E8AS8h
sight cannot be used, it needs to be decompressed and processed by a SAR processor
in order to be usable. Levell products are the result of this decompression and
processing of leveld data.& EOOOh E O@rddesding of ke rAw datd deveD)
and the internal calibration, then Doppler Centroid Estimation which results in
range and azimuth processing, finally, aftethis processng, final level-1 products

are acquired. Figure 29 represents the workflow of this process.

o\

Do[églt?; gﬁgtr:md Post-processing
* Rawdata s

analysis processing
o it | * Absolute DC e Azimuth e SLC output
cr;lft;:aation BT processing *-GRO autput
* Polynomial * Quicklook
fitting output

Bl Pre-processing

Figure 29 - Processing Flow. SourcdESA- European Space Agency, 2018)

There are two types of levell products, Single Look Complex (SLC) and
Ground Range Detected (GRD), where SLC products consist of focl®&R data gee
referenced using orbit and attitude data from the satellite and provided in zero
Doppler slantrange geometry and preserves the phase informatia (ESA -
European Space Agency, 201&nd GRD productsonsist of focused SAR data that
has been detected, multiooked and projected to ground range using an Earth
ellipsoid model and phase information is lost(ESA- European Space Agency, 2018)
GRD products can haveull, High or Medium resolutions (FR, HRand MR)
depending on the operating modes (MR and HR for IW and EW modes, MR for WV
and MR, HR and FR for SM modérSA- European Space Agency, 2018)Finally,
level-2 products are more redirected to analyze wind velocity and directionvhich

basically are derived geophysical parameters derived from Levdl data.
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Figure 30 gives an overview of all the sentinell core products and some of

their characteristics.

STRIPMAP INTERFEROMETRIC EXTRA WIDE
WIDE SWATH MODE SWATH MODE

L Ocean
* Ocean Wind Field

* Ocean Swell Spectra
+ Surface Radial Velocity

Ground Range
Single Look  Detected
Complex ill Resolut
i

~ Raw Data

Qcean
L, * Ocean Wind Field
* Surface Radial Velocity

Single Look
Complex

= Rawdata

Ground Range
Detected

Medium Resolut

Ocean
L. * Ocean Wind Field
* Surface Radial Velocity

Ground Range

Single Look
i 208 Detected

Complex

" Rawdata

WAVE

Ocean

* Ocean Wind Field

* Ocean Swell Spectra

+ Surface Radial Velocity

Figure 30 - Graphical Representation of Sentinel Core Products. Source:

(ESA- European Space Agency, 2018)

Accordingly to this description and analysis of the types of products that

Sentinell can provide, the chosen products will b&/N GRD products. Since Lewél

i 2 Ax

AAOAQ DPOT AOAOO A OMEk éxOudd thed éptioA. AheA O

Level2 products aim more tothe wind analysis whereas to detection or land/sea

analysis, so it is clear that working with level2 products is not the most effectivedor

ship detectionapplications. Finally, since GRD products provide FR and HR images

and can discard phase information to do spthe computational requirements and

the processing speed will be lower whereas using SLC producturthermore, IW

mode products will be used because it provides a reasonablespatial resolution

(20x22 m) and pixel spacing (10x10 m)and also because in IW GRD products the

OEOAA AAAI O

i)7ph

Yy 7¢h

to IW SLC products as shown in figure 31
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Figure 31 - IW products. Left side is IW SLC bursts and sub swaths. Right side
is the IW GRD product. Sourc€ESA- European Space Agency, 2018)

It also important to mention that IW GRD products carpresent VV or HH
polarization. SinceHH polarization permits the best shipsea contrast, whereas VV
polarization provides more information on sea surface conditionsthe images with

HH polarization were chosen to test the implement algorithm.
3.2.2 Scenario of application

The purpose of this work is to provide goractical and simpletool to improve
the performance of thePortugueseNavy in its tasks or missionsPortuguese Navy is
responsible for numerous activities and missions, likeletection and monitoring for
illegal fishing activities, drug trafficking, human trafficking, control of maritime
traffic, search and rescue operationsand military operations (Marinha, 2019);
basically Portuguese Navy is responsible to promote navigation safety and sea
monitoring for any suspicious activities Portugal NavyExclusive Economic Zone
(EEZ)is the third-largest zone inthe European Union (EU) ad eleventh largest in
the world with a total of 1,727,408 0 & where 327,6670 & are continental waters,
953,633 U a are Azores waters and 446,1080 & are Madeira waters.
Furthermore, there is aproposal to increase its EEZto double, approximately
3,877,408 0 & . Figure32 shows Portugal EEZ and thproposed platform extension
(BMar, s.d.)
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Figure 32 - Portugal EEZ and theproposed platform extension (Noctula -
Consultores em ambiente, 2018)

From the size of the EEZ, it is clear thapossibly, several commercial routes
and any other type ofmaritime traffic crosses thePortuguese maritime area which
makes a challenging task tpermanently monitor them. Figure 33 gives an overview
of several commercial routes around the world where it is possible to see its density

on Portugal waters.

‘ - >
Strait of hﬁh&gf

Figure 33 - Comercial Routes arand the World (The spatial organization of
transportation and mobility, 2018)

In summary, the scenario of pplication of interest, accordingly with the basc
guideline created, is far from land zones and near coast land zones, becaiiss

where most of the activities take place.
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4. Chapter 4 z The Algorithms

This chapter provides adetailed description of the implemented algorithms in
terms of methodology and techniques. Given the type of the data and the scenarios
of interest explained in Chapter 3the CFAR technique was choseRurthermore,
Annex3 presents a guide on how to obtain and extract the Sentindl data required

for this study.

In order to work with the Sentinel-1 GRD datathe following functions were

implemented and figure 34 explains thealgorithm structure:

1. ReadFiles reads the selected SAR image from the Sentiriepackage
data;

2. DynamicDivision: performs multiple divisions of the original Sentinell
SAR image, i.e., divides the SAR image into sotages with smaller
size;

3. GAUSSIARFARprocesses the image through a CFAR method using a
gaussian distribution;

4. K-MEANSGAUSSIAN CFAfBtocesses the inage through a Kmeans
methodology and then implements the CFAR technique.

5. Contact Typeanalyses the detections made by the previous
algorithms and characterize them in terms of size.

>
ﬂ'p

D

Figure 34 - Algorithm's Interaction structure.

P

Sentinel packages consist of a set of files where many of themave the
information needed to apply the calibration to the image obtained as well as the
measurements for the determined polarization. Besides all thatlés, Sentinell also
offers a quicklook which is a colored imagefrom the area but with a lower

resolution.
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Before using the SAR image present in any downloaded Sentinklpackagea

program called SNARESA, 2019)was usedin order to perform the converson of

the imageinto the preferable MATLAB typeuint82, and also to speed up the image

processing and make it more efficient, because the size of the SAR images that we

are working on havesizes between 1.&b and 2Gb. The® images have higkdetailed

and highresolution features and its processig requires some computational

power. SNAP provideshe possibility to extract the SAR image without loss of the

georeference and with the internal calibration implemented which is elated to the

internal Sentinel radar configurations and orbit features and settings. Furthermore,

it converts the SAR image$rom uint163 to uint8 which is a great boost to increase

the speed of the image processg, because it educes the memory requirements

neededand no information is lost Figure35, is a print of the SNAP program where

all operations and configurationsthat were done are highlighted: the radiometric
calibration in blue and the extraction of theD o4 ) &ir&réd.
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.
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% 4
Calibrate
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» | €
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Source Product
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[2] S1A_IW_GRDH_1SDV_201501037183520_201901037183545 0... + ...
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4_1SDV_20190103T 183520_20190103T 183545_025317_02CD1A_3957.

Saveas:

Directory.
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B SNAP - Export Image

Image Resoksbon
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Copy Pixel-Info to Clipboard

Figure 35 - SNAP Operations and Configurations.

2 Represents an unassigned integer number stored with 8bits, meaning that value has a range

between 0 and 255.

3 Represents an unassigned integer number stored with 16bits, meaning that value has a range

between 0 and 65525.
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Annex 1presentsall the codedeveloped. Itis divided by sections as mentioned
above with the exception of the Contact type that ismplemented within the
functions 3. and 4.The following sub-chapters will describe and explain the full
algorithm, i.e., the methodology and techniques, as well as thenathematical

formulas that were used and implemented.
4.1 Read Data processing function

After extracting the final SAR imagdrom the Sentinell package using the
SNAP program the Matlab processing begins. Initially, the SAR image is read with
an adaption ofthe function A A1 IGBGTIF® READh erdion Madeby Yushin Ahn
Glacier Dynamicd.aboratory, Byrd Polar Reseach Center, Ohio State Universitand
it is also read with a Matlab function called E | O.ATAeffist function is used to
attribute to each pixel a set of coordinates, latitudeand longitude. The geographic
information is stored in a referential system where in y is stored the longitude of
each pixel and in x is stored the latitude of each pixel. In z is stored the backscattered
value of each pixel.After storing the geographic reference of each pixe§ mouse
track function is appliedto the image which allows the user to know the coordinates

while navigating through the image with the mouse cursor.

The second functiorreads the image & a matrix, after being georeferenced, in
order to reduce it into a matrix with only oneband instead of having fourbands. By
doing this we increase the speed of the processing and information is lostbecause
Sentinel SAR imageare in grayscale this means that all bands of the CMYK (Cya
Magenta, Yellow, Black) color band system have tlsame value, i.e., each band of
the four bands matrix is equal. After thisthe orientation of the image from the
Sentinell SAR geometrys shiftedto the user normd orientation (north up) . Figure
36 shows the SAR geometry visualizatiorthat was acquired and the rotation
applied. Infigure 37, the output obtained by applying the code in Annex 1, section
(Read Files Code Sétis presented, where in the red box is repsented the

coordinates that change accordingly to the position of the cursor in the image.
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Image Taken by Sentinel 1 Re-Oriented Image

X Value Y Value
-9.9569 36.8235

Figure 37 - Sentinel1l SAR image read from Matlab.

4.2 The dynamic Division processing function
After reading the image and georeferering each pixel, a division by blocks to
the original image is implemented. This is done because the original image has

extremely big dimensions to be processed in full by the following algorithms that

were implemented to perform ship detection and also to allow the users to choose
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the zones of interest to analysis. The time to processhé entire image for ship
detection using acutting-edge laptop with 64Gbo of RAM, sixthgeneration intel
corei7 with a 3.2GHz clock speednd 16Gb of graphic memorywas 10092seconds
which correspond to approximately 2 hours and 48 minutes Giving the time
requirements it seems wise to process the image by blocks or segments, so the
division that was appliedwas based on the image dimensions and the resolution of

each pixel.

As mentioned in chapter 3the chosen SAR images ka a ground range
coverage of approximately 250 Km and 10x10 meters of pixel resolution. The
corresponding Matlab matrixes for the full SAR images of the Sentindl packages
have dimensionsof 16720x25723. This means that each imagcovers an area of
approximately 43008,86 0 & which is almost half of Portugal Continental area
(92212 0 & ). Thus, taking into account the image processing time and its
dimensions, the presented code in Annex1 divides the full image into segments with
dimensions of 1081(plus the clutter zone sizex1921(plus the clutter zone size)
pixels which means that the algorithm processes approximately 207,66 & at a
time and the time process of each onef these segmentsare approximately 37
seconds4 EEO Ei ACA OEUA EO Al 01 OOAAdefifichAOOA
imageson a common laptop Note that the given time references are only meant to
provide a palpable notion of the needed processing time because if the user runs the
algorithms in a different laptop the processing time will vary. Furthermore, the user
can change the dimensions of each segment by changing the valusstwo

initialization variables shown in figure 38.

i7 F25ize for Columnsss:
1s — xsize = 1920;
19

20 FES5i=ze for R
21 — ysize = 1080;

Figure 38 - Segment Dimensions. The result will be segments of 1081x1921
pixels.

4This was the laptop used to tetsthis algorithm. Note that other factors that might use memory
and CPU capacity, such as programs that are running on the background.
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The user can use the following equation t@hoosethe Segment dimensions

accordingly to the area size:
"YQQA0QE 0 & wi Qarp i QU (8)

where i "R number of pixels for the columnghorizontal direction) and

wi "Gt number of pixels for the rows (vertical direction).

The clutter zone size is a variable that will be explaineih the nextsection. In
the division process this variable is only used to prevent parts of the image from not
being processed, i.e., thdimension of the segmenwill havethe chosen @i "GadQ
Wi "@m@nsionsplus the clutter zone size but the area that will be processed and
analyzed will only be the area covered by thew i "GoECQi "Qaliges. With these
operations, all the original image can be processed and analyzed with the exception
of its real borders and not the borders of each segment created, because each
OACi AT O ET Al OAAO PAOO 1T £ OEA T AECEAT 060 OACg

The final product of the implementation of the dynamic division algorithm is a
vector where in each position is stored a segment of the g@inal image and plot of
all the created segments, shown in figure® for the user to visualize them in order
to help choosng what segment the uselintends to analyze with the Gaussian CFAR

and/or the K-means with Gaussian CFAR algorithms.
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Figure 39 - Plot of all the created Image Segments

4.3

Gaussian CFARfunction

After the image is fully georeferenced and divided into segments with the

pretended size, ship detection is the next step. For this, it was applied a CFAR

technique for the reasons discussed in chapter 3. Before explaining the code

i AOET AT 1 1T C UssebtiaAodiunderkt&mnd kow fis technique performs the

image analysis. Aanentioned in Chapter 2 section2.3.2, CFAR techniques compute
a threshold that allows to determine if there is a possible target detection in the area
under analysis. To increase thd £FE AE AT AU

I £# OEEO OAAET ENOA

always the same for the entire image, it has to be dynamic, i.e., the threshold must

vary accordingly to the zone of the image This means that the threshold is

dependent an the surrounding area of the jixel under analysis So,in practical terms,
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what a CFAR technique desis to search for pixels that present higher value than

the threshold established for its surrounding area. If the pixepresents a higher

value than the established threshold it means thatit is a possible target detection,
otherwise, EOG6 O 11 O A PiI OOEAT A OAOCAO AAOAAOQEIT 8

Depending on the image resolution, more specifically the pixel resolution, and
the type of targets intended to detect, it is needed to establish an area around the
pixel under evaluation that does not contribute forthe computation of the adaptive
threshold, the guard zone, and then establish an area bigger than the guard zdue
not too big, so the analyses of the image remains loc#iis area is commonlycalled
clutter zone or background window. 106 O O E Asid® thi® Adne that will
contribute to computing the threshold of the surrounding area of the pixeunder

analysis

To give an example, if the purpose of the algorithm is to detect ships, theagd
zone size will be similar to the size of the biggest ship and the clutter zone size will
be significant larger than the guard zonen order to establish a good thresholdout
not too big so the analysis in the image remains locdkigure 40 illustrates the
OxET AT x06 OEAO AOA AOAAOAA AOI OT A OEA DEQ/
AT AT UOEO AEAT CAO OEA OxET Ai xO06 11 OA AAAT OAE
Guard Zone Guard Zone

Pixel under analysis Pixel under analysis

Figure 40 - CFAR Window formation process.

Once understanding the CFAR analysis process, it iscegsary to explain how

the threshold computation is done. This process is accomplished with the use of
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probability density functions (pdf) like the gaussian distribution, also called normal
distribution, the k-means distribution, the alphastable distribution, t student

distribution, Rayleigh distribution, among many others.

For the ship detection processthe gaussian distributionwas used as it usually
delivers reliable results when dealing with a largenumber of samples This is the
caseasthe working datais a set ohigh definition SAR imagesnd the algorithm will

be applied toa largenumber of pixels.

Like any other pdf, gaussian distribution is a statistial method, a function that
specifies the probability of a random variable falling within a particular range of
values,as opposed to taking on any other value. A pdf is commonly represented by

the following equation:
Cw 0O & © . Q0o (9)

which means that the probability of a value X being within the interval between a
and b is given by the integral of the probability density functiorof that X value in

that interval.

For the gaussian distribution, the probability density function is represented

by the following equation:

w"' C

Faliel

»n N p )
Qw M—C_Q (10)

where * is the expected value, know as the mearvalue which is calculated by the

following formula:

‘ (11)

and, is the standard deviation which is calculated by the following equation:

, -B &0 (12)
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Graphically speaking, figure4l translates the result of a standard Gaussian
distribution , where approximately 68%, 95% and 99.7% of the values are within the

intervals [* -, N* +,1,[' -¢, N +¢,]and [ -o, N' +0, ], respectively.

<t
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|  e82%
’ 95.4% X
99.7%

Figure 41 - Standard diagram for Gaussian distribution.

Giving all this, the CFAR numerical method solutioto determine if there is a
possible target detection or not using theGaussian distribution, is obtained by the

following equation:
0 |, (13)

where if @, the pixel amplitude value under analysisjs bigger thanthe sum of*
the background mean, i.e., thanean of the clutter zone values and , , the
background standard deviation, also from the clutter zone valuesultiplied by | ,
an empirical value that will be evaluated in the next chapteand which value will

contribute to more accurate detections

Regardingthe code implementation for this process which is in the Annex 1
section 3, firstE 08 O D A O Aehdivg & fhe edmbntthat is intended to be
analyzed and set the initial variable values:
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1 Possible_detection : Matrix that will store every pixel position that

might be a possible target detection
1 Comparison_Matrix: Matrix that will store the difference between te
pixels values that are considered to be possible target detections and the
value that defines whether the pixel is considered as possible target
detection or not;
GuardZone: Matrix of the guard zone window around the specific pixel;
1 ClutterZone: Matrix of the background window around the specific

pixel.

=

The guard zone matrix size was defined accordingly to the average
dimensions of the biggest ships that currently existlike the OOCL Hong Kong
container ship with a lengthof 399 meters and a breadth of 59 meters, the COSCO
Shipping Universe container ship with a length 400 meters and a breadth of 58
meters, the Allure of the Seas cruise ship with a length of 362 meters and a breadth
of 65 meters, among many others. Givinthis a priori information and the pixel
resolution the guard zone and the clutter zone size were set to 20 and 40,
respectively, this means that the windows will have 18x18 and 36x36ixels
dimension, respectively. These dimensions were chosen because theea of the
biggest shipsis around 26000 & and since each pixel is 10x10 meters a box with
18x18 pixels with cover an area of 3240@ which is slightly bigge than the area
of the biggest ships and the clutter zone dimensions are the double of the gdi@aone
dimensions to provide enough samples to compute a good threshold and still

maintain the image analysis to be local.

After defining the guard zone and clutter zone size, it necessary to establish the
initial and the end pixel so the image boundaries ar@ot exceeded. Giving the
window formation in figure 39E O 6 O uhdeBtand B4t starting in the first pixel
of the imagesegment will not be possible to form the windows correctly sgo avoid
adding more exceptions and conditions that will slow the algorithm, we set the

algorithm to start and end the image process as shown in figua.

57



Top Right pixel boundary -

TPt e ¢ AR mgerean?

e

'{lhﬂ_e
M
!
>

g S
~y R ENe e
ygjrzﬁA T I e ercinemmtt A

.. Bottom Left pixel bou_nd_aryv B‘ot\to\m Right‘pixel boundary_~ g

Figure 42 - Processing Image delimitation.

This delimitation is done accordingly to the size of the biggest window, the
clutter zone. Figure 8 shows the code lines that do this delimitation process, and in
order to move the window formation while changing the pixel under analysis
- A0l AA O &medtionedittel AAnéx 1 section 3are used.

Begin rows = (ClutterZoneSize/2) + 1:

End rows = Test_ _rows - (ClutterZoneSize/2) ;

Bengin collumns = (ClutterZoneSize/2) + 1:

End collumns = Test collumns - (ClutterZoneSize/2) ;

Figure 43 - Code linesto establish the pixels for each image corner.

In order to use equation 13 to determine the pixels that might be possible
target detection, we calculate the mean and the standard deviation for each pixel
surrounding area.Figure 44 and 45 present the steps to calculate the mearand the

standard deviation of the surrounding area respectively.
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Eisteps to calculate Meantd

fttcransform the guard zone matrix into a vector%:
ViouardZone = GuardZfZone(:);

fFicransform the clutter zZone matrix into a vectoryd
VClutterZone = ClutterZone(:):

Eistash the dimensions of the guard zone wvectori:
[NGP, PG] = =size|(VGuardZone) ;

fistash the dimensions of the guard zone wvectori:
[MCP, PC] = size(VClutterZone);

E£%5Sums all wvalues of sach pixel in the guard zone wvector%:
S5GZValues = sum(VGuardZone) ;
(%5ums all values of each pixel in the guard zone vectori:

SCEZValues = sum(VClutterZone) ;

£:Total of pixels of the area between the guard and clutter zone%d
TP = (HCP - HNGP):

% Mean of the area between the gonard and clutter zone%%
MeanofSurroundings = (SCZValuses - S5GZValues) /S (TP) :

Figure 44 - Steps toMean Calculus.

%33%steps to calculate Standard Deviation:

%$%all wvalues of the guard zone are sguared elevated%:
SVGuardZone = Guardfone.™2;
%%a2ll wvalues of the clutter zone are sgquared elevated::

SVClutterZone = ClutterZone.2;

%2%Total of the sum of the walues between the guard and clutter

EEzone%:

SVourroundings = (sum(SVClutterZone(:)) - sum(SVGuardZone(:))):r
EiVariance calculusi%

Variance = [ (5VSurroundings - (TP * (MeanofSurroundings)™2))/(TP-1)):

$% Standard deviation calculus%h
STHDDeviation = sgrt(Variance) ;

Figure 45 - Steps to Standard Deviation Calculus

Each alculationis based on equations 10 and 11 and in the following equation,

where x is the pixel amplitude value
OOl QHE,OQ-B Q" (14)

Finally, after the mean and standard deviation calculysve set the conditional
OA1 OAn AAT T AA O&ET Al 6Al OAo ET OEA Al Ci OEOE
stashed the pixelposition in the image of every possible target detection into a
i AOOE@ 001 OO0 ENind theArdsoldidnOoE thd @ix@l, a single ship is
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AT 1 Dl OAA AU 11 OA OEAIN ODEAI PEXAOAA EBIAIsh I(OAC
translate into the real numbe of possible detected ships. To correct this, we create
A AT 1T OAET AOO 1T Ap AAIT T AA O&ET Al  AROAAOEI T 06
an established proximity criterion . The proximity criteria that was used states that
if the pixels are within lessthan 5 positions of distance means they represent the

same ship The code for this process is in Annex 1 section 3.

The result of the implementation of thisfunction is animagethat outputs the
target detections as shown in figure 8, where each oneof them is numbered and

boxed to give a better visualization of the target position.

Figure 46 - Example of the output resuling from the Gaussian CFAR algorithm
implementation,| =6.

4.4 K-means with Gaussian CFARfunction

The next method to analyze the SAR images is by applyingri€ans clustering
to the image before processing it by themplemented Gaussian CFAR algorithm. The
i AOET A xAO AEI OAT AAAAOOA EO60O OAI AGEOAIT U
compute when the sample has a large number of values, it guarantees convergence
of data and easily adapts to any kind of data given. In our case we usen&ans
clustering to divide the image into 3 clusters, i.e., the values of every pixel will be
converted into 1, 2, or 3. fie choiceto only divide the imagesinto 3 clusters is

simple. In theory, the image should be divided into 2 clusters becauseis intended
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to distinguish land from sea, sea from ships or land from ship$Since ships present

high backscatter values similato land (white color in a grayscale image) and sea

presents low backscatter values (black color in a grayscale image) diud the

image into 2 clusters wouldOAOOA OEA DPOOPTI OA AOGO ET DOAA
because therds noise in the image, i.g there are a vast number of pixels that present

a backscatter value in the middle zone. This is due to for example the sea state or the

ships draft, sothe third cluster is addedin order to visualize this distinction. The

resulting image will be then dived in 3levels of grayscale: pixels with high

backscattering value will be appear aswhite, pixels with medium backscattering

value asgrey, andpixels with Low backscatteringvalue asblack. In simple terms k-

means algorithmcan be summarizedas follows:

U STEP1Cluster the data samplsinto the k groups where k is defined a
priori by the users;

i STEP2Then the algorithm will choose randomly k data points to be the
initial cluster centers, also called centroids;

U STEP3After setting the initial centroids, it will assign the remaining
data points to the nearest centroid accordingly to the Euclidean distance
function;

U STEPA4fFinally, the algorithm will calculate the mean in each k gnaps
and the result will be the new centroid of each k groups;

U STEPS4EA Al Cl OEOEI xEI 1 OAPAAO OmA OEEOA
convergence of the data, i.e., when the new centroids are equal to the
previous ones, or extremely similar.

Mathematically, after randomly choosing the k centroids, the algorithm will
assign eactpixel amplitude value @, to the nearest cluster, accordingly to the

following equation:
A OCQHO who (15)
j

where D is the distance function which is this case is used the Euclidian distance that

can be obtaired by the following equation:

.
¥

Q ofh B ® » hQ phkho (16)
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Then the algorithm will calculate the mean of each cluster and reassign its
centroid to its mean and repeat thos®d OAD O O1 OEI OEAOAGO 11 OEC
between the mean of the cluster and its centroid value, i.e., when both have the same

value or very similar one.

Figure 47 shows the resuling image after applying this clustering. Visual

andpOAAOEAAT 1T U OPAAEET Ch OEEO OAAET ENOA OAIT

Figure 47 - Clustered Image.

After clustering the image segments, the Gaussian CFAR algoritisrapplied,
where the result is shown in figure 8. The code for this algorithm idisted in Annex

1 section 4.

)

S e £

Figure 48 z K-means with Gaussian CFAR algorithm opt.
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4.5 Contact Type and Results

After the image processing by the previodg explained algorithms, a simple
criterion to classify the detections into Small ship, Medium ship, Big shipnd Giant
Shipis created The parameters that were to characterize the ship type weréhe
number of pixelsof each detectionand the pixel resolution itself. The criterion is as

follows:

0  Small ShipsShips up to 80 meters in length;

U Medium Ship: Ships between 80 and 140 meters in length;
U Big Ship: Ships between 140 and 260 meters in length;

0 Giant Ship: Ships over 260 meters in length;

Finally, to summarize all relevant information acquired by the implementation
of all theimplemented algorithms,A OA A1 A AAIl Wwdk Arecae@vEckeit3 , EOOG
stored the middle position of each detectiontype of ship, latitude and longitude, the
Pixel Difference between the value of the pixel and its surrounding area, and the
number of pixels of the detections, shown in figure @4 The developed code to

produce this output is in Annex 1 in section 3 and 4.

Fields Y Position |7/ ShipType 1  lat o leng [ PixelDifference 1] NumberOfPixels
1 'Big Ship' 379021 -10.7616 142.7018 26
2 [473,46] ‘Small Ship' 37.9021 -10.7616 25.6447 1
3 [406,47] "Small Ship' 37.9010 -10.7341 3.8025 2
4 [164,48] ‘Small Ship' 37.9000 -10.7558 33.2806 3
5 [34,57] 'Big Ship' 37.8999 -10.7675 143.6803 50
6 [94,62] ‘Small Ship' 37.8594 -10.7616 b.7960 4
7 [475,78] ‘Medium Sh.., 37.8977 -10.7230 55.3057 17
2 [181,125] ‘Small Ship' 37.8977 -10.7280 7.0052 1
g [214,128] "Small Ship' 37.8977 -10.7230 7.8645 1
10 [113,141] ‘Giant Ship' 37.8510 -10.7604 70.6266 56
11 [72,158] ‘Big Ship' 37.8892 -10.764 1489238 46

Figure 49 - Ships list Table

63



64



5. Chapter 5 z Results Analysis

This chapter makes adetailed analysis of the results obtainedusing the
implemented algorithms in SAR SentinellA and 1B levell IW images. Firsta visual
analysis of tre results is done to evaluate the performance of themplemented
algorithms, then further analysis is done by analyzing the values obtained in the
O 3 E E b O Furthie@é, the algorithms will be tested under different sea
conditions (Roughand calm sea) as well a®n two sea environments (NearCoast
and/ DPAT 3AAQ8 )1 AAAEOGEI T h OIT A OAGEAT AADO
presented. Another analysiswas meant to be conducted, the comparison with AIS
data. Unfortunately,this could not be done as it turned out thatthe images were not
correctly geareferenced. This problem could not be overcome in the due time, and
EO I EOOAA ET OEA OAOOOOA x1 OE8 OAAOQEIT AO A

5.1 Establishing the » value for optimal results.

In this section, the focus will beon finding the best suitable| value, from
equation 13, for acquiring optimal and reliable results As mentioned before, this
variable is the controler of the false alarm rate of target detections. This means that
if this value is low the number of false target detections will be highT A EZ EO8 O C
high the number d false target detections will be low or null but it might miss
AAOAAOGET ¢ OEA Oi AT 1T AO OAOCAOO8 . lalgeAricOEAO A&
method, only the empirical method which consists in testing several tiras the
algorithms in different environments with different | values and from its results, an
analysis is made to determine which of those values give tloptimal solution. For
example, for TerraSARB Ei ACAO OEEO OAlI OA OAOEAM® AOT I v
empirical method of test and analysis. Here the analysis made is a visual analysis
with the help of the values gathered in the Ship_list table such as the number of
pixels per detection, the pixel difference value which provides the difference of the

detection and the final value (right parameter of equation 13).

Initially, the| value was setto 1 and it was gradually increased until the

optimal value was reached,accordingly with the visual analysis. In figure50, the
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algorithm marks land as possible target detection. This means that the value 1 is not
efficient, because not only presents a high rate of false detections but also some of

those detectionscompared toland.

Figure50-' AOOOEAT #&!' 2 Al CiI OEOEI 1 606DP06O

After several tests with different| values,itd O AT 1 tAdt, GoA Boih
algorithms, the Gaussian CFAR and the-rKeans with Gaussian CFAR, the best
suitable value isbetween 6 and 8where it detects all the visible targets and has a
lower rate of possible false detections. FigureS1 and 52 shows the output of the

algorithms when using| =6.

s~ oz oz oz oA

Figure52-K-Il AAT O xEOE ' AOOOEAT 8&! 2 Al Cl OEOEI
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5.2 Calmsea in Near Coast and Open Sea Environment

Since SAR images are weather independent, analyzing the algorithms
performance under different weather conditions like cloud density seems pointless
but under different sea behaviorsit is important because the aquired data will be
different, i.e., there will be high backscattering values captured by the SAR satellites
if the sea is agitated due to the reflectivity increase caused by the waves. If the sea is
AAT 1T OEEO OAAE A Ahé&aubeE bl seax pafadn® will BeAripe

homogerous.

In this Section an analysis for calm sea conditions in near coast and Open sea
environments is presented For thispurpose, it was used a SentinellB image from
august 9, 2019 where sea conditions were 0.6 metersigure 53 shows the full SAR

image from where it was conducted the analysis.

Figure 53 - Sentinel1B SAR image from Gribaltar Zone.

From the visual analysis the sea backscattering is very homogens and
uniform where the white dots in the ocean area are fairly distinguisable from its

surroundings. Figures % and 55 correspond to a processedsegmentin open sea
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environment from the image in figure 53, onewith Gaussian CFAR algorithm and

the other with K-means Gaussian CFAR algorithm implemented

Figure 54 - Gaussian CFAR algorithm applied in Open sea Segment.

Figure 55 - K-means with Gaussian CFAR algorithm applied in Open sea
Segment.

Here, both algorithms detect all visible targets but the Kneans algorithm has
a lower percentage of false detections (20%) in comparison with the Gaussian
algorithm (43%). Giving these esults is accurate to say that focalm open sea

regions the kmeans algorithm presents better performance.
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Now, figures % and 57 present a processed segment from figuredin near

coast region.

Figure 56 - Gaussian CFAR algorithm applied iNear CoastSegmentunder
calm sea conditions.

Figure 57 - K-means with Gaussian CFAR algorithm applied iNear Coast
Segmentunder calm sea conditions.

&1 O TAAO AT Adeér that b€ GaudsianEFARa@ithm presents
better performance than the kmeans algorithm. Due to the initial clustering

conducted by the function kmeans, several isolated points are created which lead

to anextremely very high number of false detections.
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5.3 Rough sea in Near Coast and Open Sea Environment

Following the methodology of the previous section, to test the algorithms now
in rough sea environments, a different Sentinel SAR image was used where tlsea
conditions were around 3 meters. Figure 8 shows the full SAR image from where
the analysiswas conducted whereit is possible to identify that the sea backscatter

is slightly more heterogenic than the example given in section 5.2.

Figure 58 - Sentinel1A SAR full image takeon January 3, 2019, from Portugal
Coast.

Figures P and 60 are examples of a processed segment by tiraplemented
algorithms in different environments for the same sea conditions. By analyzing
these results,it is possible toconclude thatthe Gaussian algorithm presents a better
performance by identifying all visible ships in the region, with a reasonable
percentageof false detections, than the Kneans algorithm This isdue to the initial
image processingwhich EAET O O1 Al El ,BMaldng At ev®ERoreOT T EOA S

heterogeneous andnhibits the detection of the targets present in the image.
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Figure 59 - Gaussian CFAR algorithm applied in Open Sea Segment under
Rough sea conditions.

Figure 60 - K-means with Gaussian CFAR algorithm applied in Open Sea
Segment under Rough sea conditions.

Finally, figures 61 and 62 present a processed segment in near cost region
under rough sea conditions. Herethrough visual analysis it is possible toconclude

that the Gaussian presents better results than the-kheans algorithms.
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Figure 61 - Gaussian CFAR algorithm applied in near coast region Segment
under Rough sea conditions.

Figure 62 - K-means with Gaussian CFAR algorithm applied in Near Coast
region Segment under Rough sea conditions.

5.4 Final Remarks

Besides the tests presented in the previous sections, several others were
conducted in order to evaluate the uniformity and performance quality of the
algorithm's output like using other sentinetlA or 1B SAR images and process
different image segments from the images used. By making an overall analysis

combining the visual and the Ship_list analysis, we conclude th#te Gaussian

12



algorithm is the most reliable. kmeans only present reliable performance in very

calm sea conditions, i.e., whethe sea backscattering is homogeneou&or other

different sea conditions, it willhave as side effect the increase of sbackscattering

leading to a higher percentage of false detections and in extreme casesO AT AOT 6 O
detect a single target. Basicall)K-means algorithm fails to achievethe intended

purpose.

To summarize, Gaussian CFAR algorithm presents reasonable results under
rough or calm conditions regardlesseing far from land or near the coastfor very
calm sea conditionghe K-means algorithmcan be usedo lower the percentage of

false target detectons given by the Gaussian algorithm.
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6. Chapter 6 z Conclusions, Final Remarks and Future Work

This chapter begins with the conclusion where the developed work in each
chapter is also summarized Then it makes final remarks and highlights the
pertinence of the work that has been developed. Finally, future workvill be
proposed, not only to improve the algorithms created in terms of performance and

efficiency but also in terms ofull automation of the process
6.1 Conclusions

The main goals of this thesiswere to study the SAR theory in order to
understand its efficiency and its operating modes, in order to provide a basic
guideline for Ships detection selection based on the conducted research aaldo,
give a practical exampleof its use byimplementing proven algorithms to process

Sentinel1l SAR images.

Sectionsl and 2of chapter 2 studied SAR history and theory, respectively. Due
to the demand for Earth monitoring, the number of satellites usingthe SAR
technique increases dy by day. Several applications were developed along the years
as well as the number ofatellites missions. The success of such applications is only
possible due to the SAR capabilities studied in section 2 where we can highlight the

following advantages:

1 Coverage oflarge areas using small antennas on a moving platform;

Operation in all weather conditions;

1 Independerceof sun illumination, i.e., it operates during the day and
night;

1 Senstivity to surface roughness (example: sea state);

1 Capalbhlity of providing high-resolution images of the earth surface
details.

=

To finalize chapter 2, section 3 mae a study of several techniques used in

ships detection like Multi-look imaging, CFAR, AGand Polarization techniques.

Chapter 3 developed a basic guideline for Ships detection selection based on

the study conducted in chapter 2. This basic guidelineage a general overview of
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the ships detections techniques in terms of their advantages, disadvantages,
scenario of application and used data type to help every kind of users in the
technique choice process to apply to the study cas¢hands.This guideline was then

used in Sentinell data set where the chosen technique proved to be fit for the

established purpose, Ship detection in open sea and coastal environment.

Chapter 4 presenteda detailed explanation of theimplemented algorithms
used toprocess Sentiel-1 SAR imageswhich werechosen accordingly to the basic

guideline created in chapter 3.

In Chapter 5 was made several analyses under two different sea conditions,
calm sea and rough sea, and two different operating scenarios, open sea and coastal

environment.

By the analyses of the results, conducted in chapter 5, the developed Gaussian
CFAR algorithmpresented better performance for rough sea conditions in both
operating scenarios. For very calm sea conditions-ieans algorithm presented a
slightly better performance by presenting a lower percentage of false detections in

comparison with Gaussian CFAR algorithm.
6.2 Final Remarks

With this work, objectives such as the study of SAR theory for its
understanding, the study of techniques for ship detection and the knowow of
several applications backgroundvasachieved.Since we are in a military institution,
more specificin the navy, EO8 O EI BT OOAT O OI AT 1 OOEAOOA
resources but human resources that are able to understand them. This thesis
ET OAT AAA Oi EAI D AAEEAOA OEEO O1 AAOOOAT AET
often use applications that are supported on these techniques but lack the
knowledge and ful understanding of how the resultscan be better understood and

their limitations.
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6.3 Future Work

SAR universe is constantly expanding, several applications are developed on a
daily basis Orbiting SAR satellitesare growing in number year after year, meaning
OEAO OEAOABO Al xAUO OI 11 A£O0T1T1 imithefGire® Al AT O £

work and improvements, the following topics are proposed:

1 Correction of the obtained geographic information whichs a fragility
of the developed algorithms;
1 Perform comparison analysis with AIS data and optical images in
order to have more solid information of the algorithms results and for
example identify targets that clearly are ships but have no AIS
information ;
1 Identify and testother algorithms and compare their performances;
Implement algorithms capable of identifyng moving targets;
f Implement algorithms capable of determininghe OEED8 O ODPAAA AT A
heading.
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ANNEX 1 7 Developed Algorithms
1. ReadFiles Code set

%%Read Image%%
| = GEOTIFF_READ( 'LisbonRegion.tif' );

%info =  geotiffinfo('LisbonRegion.tif");
X =imread( 'LisbonRegion.tif );

%%Convert to 3 Bands(or Channels) --- RBG%%
X1 = X(:,:,1:3);

%Normal Direction
%flips the images up to down%
X2 = flipud(X1);

%flips the images left to right%
%X2 = fliplr(X1);

%Convert to 1 Band(or Channel)%
X3 =X2(:,;,1);

%Create Vector with numbers of Rows, Collums and Bands(or Channels)
[rows, collums, bands] = size(X2);

%%show image taken from satelite and the Re - Oriented Image("Normal
%% Visualization")%%
%subplot(2,2,1 ), imshow(X1), title('Image Taken by Sentinel 1%);

%subplot(2,2,2), imshow(X2), title('Re - Oriented Image";
figure

%plots the full image with the applied rotation above%

imshow(X2);

%Convert to 1 Band(or Channel)

%X3 = X2(:,:,1);

%Create Vector with numbers of Rows, Collums and Bands(or Channels)
%[rows, collums, bands] = size(X2);

%l[xi,yi] = getpts. Set of code to estabilish coordinates %%

axes( 'Visible' ,'offt )

xbox = uicontrol( ‘Style' |, 'text' , 'Tag' , 'xbox' );

xboxlabel = uicontrol ('Style’ | ‘'text' ,'String’ , 'XValue' ..
'Position’ ,get(xbox,  ‘position’ )+[0 21 0 0));

ybox = uicontrol( 'Style' |, 'text' , 'Position’ ,[90 20 60

20], 'Tag' , 'ybox' );

yboxlabel = uicontrol( 'Style' |, 'text' , 'String' ,'Y Value' ...

'Position’ ,get(ybox,  ‘position’ )+[0 21 0 0));
callback = [ 'pt = get(gca,"CurrentPoint");'
'xbox = findobj("Tag","xbox");'
'ybox = findobj("Tag","ybox");'
'set(xbox,"String",num2str(l.x(int32(pt(1,1)))));'
'set(ybox,"String",num2str(l.y(int3 2(pt(1,2))));' 1;

set(gcf, 'WindowButtonMotionFcn' ,callback);
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% Function to calculate and read georeference information from SAR
images%
function [N=GEOTIFF_READ(varargin)
% GEOTIFF_READ: read geotiff using imread and assign map info from
infinfo.
%
% | = GEOTIFF_READ('filename");
% Reads whole images
% | = GEOTIFF_READ(filename’,'pixel_subset’, [minx maxx miny
maxy]);
% | = GEOTIFF_READ(filename','map_subset' , [minx maxx miny
maxy]);
% extract subset of the specified.
% output:
% 1.z, image data
% |.x, X coordinate in map
% l.y, y coordinate in map
% l.info, misc. info
% imshow(l.z, 'xdata’, 1.x, 'ydata', l.y);
% shows image with map coordinate
% Adapted from version by Yushin Ahn, ahn.74@osu.edu
% Glacier Dynamics Laboratory,
% Byrd Polar Resear Center, Ohio State University
% Referenced enviread.m (lan Howat)
name = varargin{1};
Tinfo = imfinfo(name);
info.sampl  es = Tinfo(1).Width;
info.lines = Tinfo(1).Height;
info.imsize = Tinfo(1).Offset;
info.bands = Tinfo(1).SamplesPerPixel;
sub =[1, info.samples, 1, info.lines];
%data_type = Tinfo.BitDepth/8;
data_type = Tinfo(1). BitsPerSample(1)/8;
switch  data_type
case {1}
format= ‘'uint8' ;
case {2}
format= 'intl6' ;
case {3}
format= 'int32"
case {4}
format= 'single’ ;
end
info.map_info.dx = Tinfo(1).ModelPixelScaleTag(1);
info.map_info.dy = Tinfo(1).ModelPixelScaleTag(2);
info.map_info.mapx = Tinfo(1).ModelTiepointTag(4);
info.map_info.mapy = Tinfo(1).ModelTiepointTag(5);
minx = info.map_info.mapx;
maxy = info.map_info.mapy;
maxx = minx + (info.samples - 1).*info.map_info.dx;
miny = maxy - (info.lines -1 ).*Yinfo.map_info.dy;
xm = info.map_info.mapx;
ym = info.map_info.mapy;

X_ =xm + ((O:info.samples - 1).*info.map_info.dx);
y_= ym - ((O:info.lines - 1).*info.map_info.dy);
tmp1=[1 2];

tmp2=[4 3];

if nargin ==
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if strcmp(varargin{2}, '‘pixel_subset' )
sub = varargin{3};

elseif strcmp(varargin{2}, 'map_subset'

sub = varargin{3 %

subx = (sub(tmp1l) - info.map_info.mapx
).Jinfo.map_info.dx+1;

suby = (info.map_info.mapy -
sub(tmp?2))./info.map_info.dy+1;

subx = round(subx);

suby = round(suby);

subx(subx < 1) = 1;
suby(suby < 1) = 1;
subx(subx > info.samples) = info.samples;
suby(suby > info.lines ) = info.lines;
sub = [subx,suby];
end
info.sub.samples = sub(2) - sub(1)+1;
info.sub.lines = sub( 4) - sub(3)+1;
info.sub.mapx = [ x_(sub(1)) x_(sub(2)) ];
info.sub.mapy = [y_(sub(3)) y_(sub(4)) ];
info.sub.pixx = [sub(1) sub(2)];
info.sub.pixy = [sub(3) sub(4)];
end

I.x = x_(sub(1):sub(2));

Ly =y _(sub(3): sub(4));

offsetl = info.imsize -
(info.samples*info.lines)*info.bands*data_type + (sub(3)
1)*info.samples*info.bands*data_type;

fid = fopen(name, T, 'ieee -le' );

fseek(fid,offsetl, ‘bof'" );

)

tmp=zeros(sub(4) - sub(3)+1, sub(2) - sub(1)+1,info.b

for i=sub(3):sub(4)
t=fread(fid,info.samples*info.bands,format);
for j=l:info.bands

R = (sub(1) - 1)*info.bands+j:info.bands:(sub(2)

1)*info.bands+j;
tmp(i - sub(3)+1,:,j) = (R);
end
end
fclose(fid);
l.z=tmp;
l.info = info;
end

% Function mouse tracking. It give the abilitie to the user know what

are the coordinates of where the mouse points%
function mousetrk
%MOUSETRK function to track mouse motion
% This function ¢ reates two static text controls
% which contain the x & y coordinates of the mouse
% The driving callback is executed by the
% WindowButtonMotionFcn of the figure.
figure
axes( 'Visible' ,off )

87

ands,format);



xbox = uicontrol( ‘Style' |, 'text' , 'Tag' , 'xbox' );

xboxlabel = uicontrol( 'Style' |, 'text' , 'String' , "X Value' ...
'Position’ ,get(xbox, ‘position’ )+[0 21 0 0]);
ybox = uicontrol( 'Style' |, 'text' , 'Position’ ,[90 20 60
20], 'Tag' ,'ybox' );
yboxlabel = uicontrol( 'Style' |, 'text' ,'String ' ,'Y Value' , ...

'Position’ ,get(ybox,  'position’ )+[0 21 0 0]);
callback = [ 'pt = get(gca,"CurrentPoint");'
'xbox = findobj("Tag","xbox");’
'ybox = findobj("Tag","ybox");'
'set(xbox,"String",num2str(pt(1,1)));'
'set(ybox,"String",num2str(pt(1,2)));' 1;
set(gcf, 'WindowButtonMotionFcn' ,callback);
end

2. DynamicDiv Code Set

%%lnicialization of parameters%%

%%Dynamic Counter for Collumns%%
x0 = 0;

%%Final value of Collumns to each Segment of Image%%
x1 =0;

%%Dynamic Counter for Rows%%
y0 =0;

%%Final Value of Rows to each Segment of Image%%
yl=0;

%%Image Size Selection%%

%%Size for Columns%%
xsize = 1920;

%%Size for Rows%%
ysize = 1080;

%%lnitialization of the Variable for Total Segments Created
NumberOfSegments = 1;

%%lnitialization of Counter for the Number of Segments for YAXIS
county = 0;
%%Cicle for Number of Rows per Segment%%

%%Cicle FOR through Rows with Incrementi on of the Rows Size Choosen%%
for yy = l:ysize:rows
yo=yy;

%%Conditiion to not exceed the Dimensions of Rows Original Image%%
if  (yy+ysize)<rows

y1l = yy+ysize;
else

y1 = rows;
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end
%%lnicialization of Counter for Nu mber of Segments for XAXIS
countx = 0;
%%Cicle FOR through Collumns with Incremention of the Collumns
Size
%%Choosen%%
for xx = l:xsize:collums
%%Conditiion to not exceed the Dimensions of Collumns Original
Image%%
if  xx<collums
X0 = xx;
if  (xxt+xsize) < collums
x1= xx+xsize;
else
x1= collums;
end
%%Sum 1 to Counterx everytime a division in Collumns is
%%Total of S egments on XAXIS%%
countx = countx+1,;
%%Creation of Each Segment%%
Im{NumberOfSegments}=X3(y0:y1, x0:x1);
%%Total of Segments%%
NumberOfSegments = NumberOfSegments + 1;
end
end
%%Total of Segments on YAXIS
county = county+1;
end

%%Cicle to Plot every Segment created to Visualize Full Image%%
for final=1:(NumberOfSegments -1)
subplot(county, countx, final), imshow(Im{final}), title
([ 'Segment’  numa2str(final)]);
end

3. Gaussian CFAR Code set

%Set the sub - image that it is intended to process%
Test_Zone = (Im{134});

%Convert to Double%
TestZone = double(Test_Zone);

%Display Test_Zone Image%
figure, imshow(Test_Zone);

%Create Variables for Number of rows and Collumns%
[Test_rows, Test_collumns] = size(TestZone);

%lnicialization of a Matriz for Possible Detections%
Possible _detection = [];

%lnicialization of a Matrix that Stocks the difference between the
Pixel
%Value under test and the Final Value%
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Comparison_Matrix = [];

%Ilnicialization of Matrix for Guard Zone Box%
GuardZone = [];

%lnicialization of Matrix for Clutter Zone Box%
ClutterZone = [];

%Size of Guard Zone(Exemple if GuardZoneSize =5, means that
size(GuardZoneSize)= 5x5)%
GuardZoneSize = 40;

%Size of Clutter Zone(Exemple if ClutterZoneSize = 5, means that
size(ClutterZoneSize)= 5x5)%
ClutterZoneSize = 50;

%Set the initial pixel to begin the processing in rows%
Begin_rows = (ClutterZoneSize/2) + 1,

%Set the ending pixel to stop the processing in rows%
End_rows = Test_rows - (ClutterZoneSize/2);

%Set the initial pixel to begin the processing in collumns%
Bengin_collumns = (ClutterZoneSize/2) + 1;

%Set the en ding pixel to stop the processing in collumns%
End_collumns = Test_collumns - (ClutterZoneSize/2);

%Cycles for contruct the Guard Zones and Clutter Zones accordinlgy to
the
%pixel under test%
for rr = Begin_rows:End_rows
for cc=Bengin_ collumns:End_collumns
%Stocks the pixel amplitude value%
Pixel_Value = TestZone(rr , cc);

%formation of the moving guardzone and clutter zone

accordingly

%with the pixel under analysis%

GuardZone = Te stZone((rr - GuardZoneSize/2) : (rr +
GuardZoneSize/2) , (cc - GuardZoneSize/2) : (cc + GuardZoneSize/2));

ClutterZone = TestZone((rr - ClutterZoneSize/2) : (rr +
ClutterZoneSize/2) , (cc - ClutterZoneSize/2) : (cc +
ClutterZoneSize/2));

%steps to calculate Mean%

%transform the guard zone matrix into a vector%
VGuardZone = GuardZone(:);

%transform the clutter zone matrix into a vector%
VClutterZone = ClutterZone(:);

%stash the dimensions of the guard zone vector%
[NGP, PG] = size(VGuardZone);
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%stash the dimensions of the guard zone vector%
[NCP, PC] = size(VClutterZone);

%Sums all values of each pixel in the guard zone vector%
SGZValues = sum(VGuardZone);

%Sums all values of each pixel in the guard zone vector%
SCZzValues = sum(VClutterZone);

%Total of pixels of the area between the guard and clutter
zone%
TP =(NCP - NGP);
%Mean of the area between the guard and clutter zone%
MeanofSurroundings = (SCZValues - SGZzZValues)/(TP);
%steps to calculate Standard Deviation%
%all values of the guard zone ??are squared elevated%
SVGuardZone = GuardZone."2;
%all values of the clutter zone ??are squared elevated%
SVClutterZone = ClutterZone."2;
%Total of the su m of the values between the guard and clutter
%%zone%
SVSurroundings = (sum(SVClutterZone(:)) -
sum(SVGuardzZone(:)));
%Variance calculus%
Variance = ((SVSurroundings - (TP *
( MeanofSurroundings)"2))/(TP -1));
%Standard deviation calculus%
STNDDeviation = sqrt(Variance);
%Comparison value to determine if the pixel is a possible
%detection%
FinalValue = ( MeanofSurroundings + (8 * STNDDeviation));
%Condition to say if the poistion[cc , rr] with the
Pixel_Value

%is a possible detection%
if Pixel_Value > FinalValue
Difference = Pixel_Value - FinalValue;
Possible _detection = [Possible_detection;
[cc,rr,Difference]];

%Comparison_Matrix = [Comparison_Matrix; [Difference]];
%rectangle('Position’,[cc -2, -2,4, 4], 'Edgecolor
),
end
end
end
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% Create a Map container, i.e., a struture that will guard all
detections%

final_detections = containers.Map;

count =1,

%Cycles and conditions to evaluate inside the Map container of all
%detections which ones represents the same contact/detection and
agroup
%accordingly%
[rows,cols] = size(Possible_detection);
for det=1l:rows

exists = 0;

[rows2,cols2] = size(final_detections.keys);
if cols2>0
for n= 1:cols2
elements = final_detections(int2str(n));
[rows3,cols3] = size(elements);

if cols3>0
for m=1:rows3
if (abs(elements(m,1) - Possible_detection(det,1)) <=
5 && abs(elements(m,2) - Possible_detection(det,2)) <=5)

final_detections(int2str(n)) = [elements;
[Possible_detection(det,1), Possible _detection(det,2),
Possible_detection(det,3)]];

exists = 1;
break ;
end
end
end
if exists ==
break ;
end
end
end
if (exists ==0)

final_detections(int2str(count)) = [Possible_detection(det,1),
Possible_detection(det,2), Possible_detection(det,3)];
count = count + 1;
end
end

[rows2,cols2] = size(final_detections.keys);

% Creation of a list with the detections and its estimated position
and
% size characterization%
Ships_List =];
for i=1:cols2
x1y1 =min(final_detections(int2str(i)));
x2y2 =max(final_detections(int2str(i)));
[NP, NC] = size (final_detections(int2str(i)));
if length(xlyl) > 1 && length(x2y2) > 1
h=x2y2(1) -x1ly1(1);
w=x2y2(2) -x1lyl(2);
xmym = mean(final_detections(int2str(i)));
Pixel_Difference = xmym(3);
pos = [(x1y1(1)),(x1y1(2)),h,w];
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rectangle(  'Position’ ,pos,  'Edgecolor’ ,r);
mean_pos =[floor(xmym(1)) floor(xmym(2))];

image_pos_y = round(mean_pos(2));
image_pos_x = round(mean_pos(1));
world_pos_x = l.x(image_pos_x);
world_pos_y = L.y(image_pos_y);
disp(Contact_Type(NP));

disp( 'Latitude’ );

disp(worl d_pos_y);

disp( 'Longitude’ );
disp(world_pos_x);

Ship =

struct(  'Position’ ,mean_pos, 'ShipType' ,Contact Type(NP),
, Xxmym(3), 'NumberOfPixels' ,

_y, 'long" ,world_pos_x, 'PixelDifference'
NP);
Ships_List = [Ships_List Sh ipl;
[g,t] = size(Ships_List);
labels = cellstr( num2str(t));

latt  ,world_pos

text(mean_pos(1),mean_pos(2),labels, ‘Color' ,'cyan’ , 'FontSize' ,11);

else
p = final_detections(int2str(i));
Pixel_Difference = p(3);
pos = [p(1),p(2),2,2];
posl = [p(1),p(2)];

rectangle(  'Position’ ,pos, 'Edgecolor’ L)

Ship =

struct(  'Position’ ,posl, 'ShipType' ,Contact_Type(NP), lat’

long' ,world_pos_x, 'PixelDifference’ » P@3),

Ships_List = [Ships_List Ship];
[g,t] = size(Ships_List);
labels = cellstr( num2str(t));

text(p(1),p(2),labels, ‘Color' |, 'cyan’ , 'FontSize'

end
end

,world_pos_y,

" NumberOfPixels' , NP);

,11);

4. K-means with Gaussian CFAR Code set

%Set the sub - image that it is intended to process%

Test_Zone = (Im{134});

%%create to variables for the size of the image. irows for the number

of

%%rows and jcollumns for the number of collumns%%

[irows, jecollumns] = size(Test_Zone);

%%Convertto  Double%%
TestZone = double(Test_Zone);

%%Matrix into vector
TestZone = TestZone(:);

%%applying kmeans to the chosen image, saying we want 3 clusters,
where cluster_idx are the means of each cluster and cluster_center are

the centroids of each cluster%%
[cluster_idx, cluster_center] = kmeans(TestZone,3);

%%recreate image ocordinlgy to the kmeans clusterization%%
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TestZone2 = reshape(cluster_idx,irows,jcollumns);

%%Display Test_Zone Image%%
figure, imshow(TestZone2,[]);

%%Create Variables for Number of rows and Collumns
[Test_rows, Test_collumns] = size(TestZone);

%%lnicialization of a Matriz for Possible Detections%%
Possible_detection = [];

%%lnicialization of Matrix for Guard Zone Box%%
GuardZone = [];

%%lniciali  zation of Matrix for Clutter Zone Box%%
ClutterZone = [];

%%Size of Guard Zone(Exemple if GuardZoneSize = 5, means that
size(GuardZoneSize)= 5x5)%%
GuardZoneSize = 40; %%Under Test%%

%%Size of Clutter Zone(Exemple if ClutterZoneSize = 5, means that
size(ClutterZoneSize)= 5x5)%%
ClutterZoneSize = 50; %%Under Test%%

%%starting point for image processing in rows%%
Begin_rows = (ClutterZoneSize/2) + 1,

%%Ending point for image processing in rows%%
End_rows = irows - (ClutterZoneSize/2 );

%%Starting point for image processing in collumns%%
Bengin_collumns = (ClutterZoneSize/2) + 1;

%%Ending point for image processing in collumns%%
End_collumns = jcollumns - (ClutterZoneSize/2);

%%Cicle to go through the rows%%
for rr=Begin_ rows:End_rows

%%(Cicle to go through the collumns%%
for cc = Bengin_collumns:End_collumns

%%Guard the value of the pixel under observation in the
variable

%%Pixel_value%%

Pixel_Value = TestZone2(rr , cc);

%%Establish the Guard zone around the pixel under
evaluation%%

GuardZone = TestZone2((rr - GuardZoneSize/2) : (rr +
GuardZoneSize/2) , (cc - GuardZoneSize/2) : (cc + GuardZoneSize/2));

%% stablish the Clutter zone around the pixel under
evaluation
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ClutterZone = TestZone2((rr - ClutterZoneSize/2) : (rr +
ClutterZoneSize/2) , (cc - ClutterZoneSize/2) : (cc +
ClutterZoneSize/2));

%%steps to calculate Mean%%
%%turn Guard Zone matrix into a vector%%
VGuardZone = GuardZone(:);

%%turn Clutter Zone into a vector%%
VClutterZone = ClutterZone(:);

%%creation of two varibles, NGP for the number of rows of
%%VGuardZone wich will translates to the number of pixels of

the

%%GuardZone and PG for the number of collums to confirm that
the

%%trasnformation matrix to vector was made correctly%%

[NGP, PG] = size( VGuardZone);

%%creation of two varibles, NCP for the number of rows of

%%VGuardZone wich will translates to the number of pixels of
the

%%GuardZone and PC for the number of collums to confirm that
the

%%trasnformation matrix to vector was made correctly%%

[NCP, PC] = size(VClutterZone);

%%Sum of the Guard Zone pixel values%%

SGZValues = sum(VGuardZone);

%%Sum of the Clutter Zone pixel values%%

SCZzValues = sum(VClutterZone);

%%Difference of pixels between guard zone and clutter zone%%

TP =(NCP - NGP);

%%mean of the area between the limit of the clut ter zone and
the

%%end of the guard zone%%

MeanofSurroundings = (SCZValues - SGzValues)/(TP);

%%steps to calculate Standard Deviation%%

%%each pixel value of the guard zone is squared elevated%%

SVGuardZone = GuardZone."2;

%%each pixel value of the clutter zone is squared elevated%%

SVClutterZone = ClutterZone."2;

%%total of the difference between the pixels squared values
of

%%clutter and g uard zone%%

SVSurroundings = (sum(SVClutterZone(:)) -
sum(SVGuardzZone(:)));

%%calculus of the variance%%
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Variance = ((SVSurroundings - (TP *
(MeanofSurroundings)”2))/(TP -1));

%%calculus of the standard deviation%%
STNDDeviation = sqrt(Variance);

%%calculus of the parameter for comparison purposes%%
FinalValue = (MeanofSurroundings + (8 * STNDDeviation));

%%Condition to say if the poistion[c c, rr] with the
Pixel_Value
%%is a possible detection%%
if Pixel_Value > FinalValue
%%Store of every pixel that have a superior value than
the

%%FinalValue variable into Possible detection matrix%%
Difference = Pixel_Value - FinalvValue;
Possible_detection = [Possible_detection;
[cc,rr,Difference]];
end
end
end
%%Creation of a "Container" which will agroup the pixels by detectiion
final_detections = containers.Map;
%%lnitialization of the detections counter%%
count = 1;

%Cycles and conditions to evaluate inside the Map container of all
%detections which ones represents the same contact/detection and
agroup
%accordingly%
[rows,cols ] = size(Possible_detection);
for det= 1l:rows

exists = 0;

[rows2,cols2] = size(final_detections.keys);
if cols2>0
for n=1:cols2
elements = final_detections(int2str(n));

[rows3,cols3] = size(elements);
if cols3>0
for m=1l:rows3
if (abs(elements(m,1) - Possible_detection(det,1)) <=
5 && abs(elements(m,2) - Possible_detection(det,2)) <=5)
final_detections(int2str(n)) = [e lements;

[Possible_detection(det,1), Possible_detection(det,2),
Possible _detection(det,3)]];

exists = 1;
break ;
end
end
end
if exists ==
break ;
end

end
end
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if (exists ==0)
final_detections(int2str(count)) = [Possible_detection(det,1),
Possible _detection(det,2), Possible_detection(det,3)];
count = count + 1;
end
end

[rows2,cols2] = size(final_detections.keys);

% Creation of a list with the detections and its estimated position
and
% size characterization%
Ships_List = [];
for i=1l:cols2
x1y1l =min(final_detections(int2str(i)));
x2y2 =max( final_detections(int2str(i)));
[NP, NC] = size (final_detections(int2str(i)));
if length(xlyl) > 1 && length(x2y2) > 1
h=x2y2(1) -x1lyl(l);
w=x2y2(2) - x1yl(2);
xmym = mean(final_detections(int2str(i)));
Pixel_Difference = xmym(3);
pos = [(x1y1(1)),(x1y1(2)),h,w];
rectangle(  'Position’ ,pos, 'Edgecolor’ D
mean_pos =[floor(xmym(1)) floor(xmym(2))];
image_pos_y = round(mean_pos(1));
image_pos_x = round(mean _pos(2));
world_pos_x = l.x(image_pos_Xx);
world_pos_y = L.y(image_pos_Y);
disp(Contact_Type(NP));
disp( 'Latitude’ );
disp(world_pos_y);
disp( 'Longitude’ );
disp(world_pos_x);
Ship =

struct(  'Position’ ,mean_pos, 'ShipType' ,Contact Type(NP), latt  ,world_pos

_y, 'long’" ,world_pos_x, 'PixelDifference’ , xmym(3), 'NumberOfPixels' ,
NP);

Ships_List = [Ships_List Ship];

[g,t] = size(Ships_List);

labels = cellstr( numa2str(t));

text(mean_pos(1),mean_pos(2),labels, '‘Color' |, 'cyan' , 'FontSize' ,11);
else
p = final_detections(int2str(i));
Pixel_Difference = p(3);
pos = [p(1),p(2),2,2];
posl = [p(1),p(2)];
rectangle(  'Position’ ,pos, 'Edgecolor’ , )
Ship =
struct(  'Position’ ,posl, 'ShipType' ,Contact_Type(NP), lat"  ,world_pos_y,
long' ,world_pos_x, 'PixelDifference’ , p(3), 'NumberOfPixels' , NP);
Ships_List = [Ships_List Ship];
[g,t] = size (Ships_List);
labels = cellstr( num2str(t));
text(p(1),p(2),labels, '‘Color' ,'cyan' , 'FontSize' ,11);
end
end
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5. Contact type Settings

function Ship = Contact_Type(NP)
%function for classify ships accordingly to its size
% NP is the number of pixels each detection has%
if NP<=8
Ship = 'Small Ship' ;
elseif (8 < NP) && (NP < 18)
Ship= 'Medium Ship" ;
elseif (18 <= NP) && (NP <= 50)
Ship = 'Big Ship'
else
Ship= 'Giant  Ship' ;
end
end
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ANNEX 2 i Paper About Ship Detection Techniques

A Look on Ships Detection techniques
using SAR Images

F. Quina’, J. Neves’, P. Marques”™
‘CINAV-Escola Naval, {lameira.quina@marinha.pt, fidalgo.neves@marinha.pt}, Portugal
“ISEL-Instituto de Telecomunicacdes, pmarques@isel.pt, Portugal

Abstract - Several techniques have been stedj
invented and reformulated to enhance automatic
ships detection using SAR images. Depending on
how the information is gathered and processed each
technique presents different performances and
results. Nowadays there are several missions on
going, and the need to get better results in ships
detection, oispills or any kind of sea activity is
fundamental to preserve and promote navigation
safety aswell asa constant and accurate monitoring
of the surroundings for, for example, illegal fishing
activities,pollution or drug trafficking. This paper is
written in the contextof aMScdissertatiorwhich the
purposeof looking on a full hand of recent and most
usedtechniquedfor shipsdetectionand summarizing
them in termsof basic principles, advantages and
disadvantages and performancearder to provide a
basis guideline to choose which technique shall
providethe bestand morepromisingresultsfor a task

at hands and also give a practical example on
Sentinel data semnateial.

Keywords: SAR; Ship Detection; Multilook;
Polarimetric; Constant False Alarm Rate (CFAR);
AmplitudeChangeDetection (ACD); Basis Guideline

l. INTRODUCTION

SAR imagesdue to its properties, haveenthe
centerof many applicationsuchas land and sea
monitoring,remotesensingmappingof surfaces,
weather forecastingamong manyothers. The
relevanceof those applications increase day by
day,t h u s crucial t6 apply thebestsuitable
method or technique to each type of data
collected.

Ship detectiongither at seaor in harbour, has
become thesubject ofseveral studies usifgAR
images. There is aastliterature regarding this
subject and its implementation techniques.
Among themwe are able to highlight &ew that
seem more promisg such as in term of
applicability, implementatiorand results. These
techniques are: multook imaging techniques,
[1], [2], [3], ConstantFalseAlarm Rate(CFAR)
based techniques, [4], [5]6], [7], polarization

techniques, [8], [9], [10], [11] red amplitude
change detection(ACD) techniques [12].

In this paper,we give a brief overviewof the
techniquesbefore mentionedy presenting its
principles and fundamental theoreticaincepts,
mention some results and application$ each
technique andinally compareeachone in terms
of advantageglisadvantages, best famdwhich
typeof datais best.Thefollowing sectionswill be
organized agollow: Section2 presents the most
used ship detectiomethods; SectioB presents a
comparisonand evaluationregarded to the ship
detection method aboard in sectiors2ction4
presents a real data application afidally,
section 5 presentsanclusion of althepaper.

SHIP DETECTIONMETHODOLOGIES
A. Multi-look Imaging

This technique is characterizéal being able to
reduce the speckle at the expense of system
resolution, by incoherently adding two or more
statistically uncorrelated speckle patterns [1].

First, a fullsyntheticaperture is divided into two
or moresubapertureorii | o o keshértime or
frequency domain through  which the
corresponded sdimages are formed and
summedonan intensity basis tproducea single
final image [1]. With this technique, stationary
targets are correctly imagethut regarding to
moving targetsthe scenario is different because
the position of the moving targets changes
between looks.
SAR multHlook processing principle for
stationary and moving targetsvill-known,and

it is briefly explained in [1]. Regardingthe
mathematicatequirementsthebasicprinciple of
this process is theyntheticaperture split into
looks, i.e., theadar willtravel a certaipathin a
deternined periodof time, from that its acquired
a synthetic apertur@hichit will thenbedivided

in sub-apertures$n slowtime, thesocalledlooks.
Because these swapertures aresynthetizedat
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different times, it is possiblgo distinguish
between stationary and moving targets and
estimate their velocity.

Several publications show this technique in
practice, in [2] is given an example on
RADARSAT-1 Multillook images using a
technique basedn coherenceimages derived
from itscross correlatioriThis methodoroduces
coherencamage by crosscorrelatingtwo small
images extractedoy moving windows from
multilook images [2], i.e., it grabs in two
sequent i af a nmiulilmloinayé and
originates an image based the similaritiesand
nonsimilarities of t ho s e t wo
detection of ships is possible becausd the
higher coherence between h e  fi forosbigs s 0
thanfor the sea, whichh t 6 s easibyy e
sayingthattheseachangedetweerlooksandthe

ships havealwaysthe sameorm. For this study

case the results were quite reasonable, it was
possibleto detectthemajority of the shipspresent

in theregion undestudy.

Anotherexample is the applicatioof Multilook

processingn THz SAR systemdo detectmoving

targetsmentionedn [3]. Here the problerof the

slowly moving targets issolved due to the
characteristics of THz SAR systems in

comparisorwith the X-band SAR systemsThe

results obtained in thistudy show that an
algorithm u#g multilook processing could

providegoodresults.

A. CFARtechniques

CFAR based technique is the masnhventional
technique used todetect ships.CFAR, as
mentionedbefore standgfor constant false alarm
rate. I'tds an adanmdai ve
sygems. Generally speaking, it finds a threshold
toseeif t h e ashiposnotin theanalyzedarea.
This threshold is acquiredthrough the
background clutter, noise or interference
analyzing. In its simplest form, the CFAR
algorithmis a simpleclutteradaptivestatisticthat
outputs a CFARvhenthe backgroundlutterhas

a Gaussiandistribution [3]. But the Gaussian
distribution isonly appropriate if a large number
of samples havéeenaveraged [3], becauss

t hat, it ds ne thebessaitable t
probability density function(pdf) that can model
the backgroundlutter, noise or interference in
the most accurate way.
Ship detectionfrom sea clutter in [3] is an
example a CFAR technique that uses an alpha
stabledistributionto bestidentify slowly moving

(o]

or nearly stationary targets.
Anotherexampleof a CFARtechniques [4], that
suggests a method tanalyzethe seain two
regions,seaegionandbufferregion,i.e.,thenear
coastregionswhereseameetdand. Despitesome
small differences irachme t h o d, itos
identify the generic sequenoéCFAR methods.
First,i tniadetheimagesegmentatioif needed,
to improve the performana# shipdetectiordue
to the existencef regionsor subimageswith
different levelsof tones[3]. Secondseaandland
segmentation todistinguish land from water,
finally the choserCFARalgorithm.

il o gRrthigtype ofieghpique [3] and [4] present sets

of resultsfor different approaches. One based
seaclutter modeling using thredistinct types of

qistripugiqng3hagdtheotheronebasednimage
segmentatiofd].

From [3] we can say that CFAR algorithm using
the alphastable distribution has more success
identifying ships and it also has the lowest false
alarm rate.

Regarding to the test made on [4], the proposed
method also gives better results. It is visible the
improvements separating land from sea in the
Abuffero areas as well
ships, vith high detail.

as

B. PolarizationTechniques

Polarization techniques are more redirected, not
for ship detectionbut forits characterizatiomnd
identification of other occurrencesor infra-
structuressuchas oitspill or otherhumanmade
structuresEachsetof polarimetric data provides
different information about the areaf interest.
For single channels polarizatior($iH, VV, or
HA, H DdlakiZatdrPerntts the9best shigea
contrast, whereas V¥olarizationprovides more
information on sea surface conditions [9].
Notwithstanding the fact that single channels
already provide reasonable results in ship
detection andcharacterizationthere areother
methods that havbeenalready studieguchas
dualpol and quapol, which combineeithertwo
single channelsor four, respectively [8]. For
examplethroughthe degreef polarization(DoP)

is possibleto detectandcharacterizeitherships,
oilgsﬁllg (‘?rénVUthQrfﬁanmade structure atea
[8]. As explainedn [8], the DoP mathematically,
represents the distanoéthe normalizedstokes

v e c t lastthbes componentfrom the origin,
i.e., i t Gosthetvdiue thafrensitsve r e
can evaluatevhetheri f i obfect andawvhat
kind orif itd seabecause ttles
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best parametehat provides théest contrasfor
each type ofarget.

Since duakpol offers more detailedinformation
thansinglepolarizationmodesandhassignificant
less computationalveight than quaepol [8], it
seemditted to discuss its resulfer the different
dualpol modes. I 8 ] itoés
buoy, ship,oil-rig and oil spill detectionand
identification. Togive a brief review ofthe test
made in [8], we can summarize that
hybrid/compact modes (Ghol and’/4) present
better resultdor buoysidentification aswell as
ships anabil-spills.

Other examples such as [10], [11], combine
CFAR and Polarization techniques, by -pre
processig the polarimetric data in order to be
able to implement a CFAR technique. This
polarimetric approach is required to improve the
results given by the applied CFAR technique,
because polarimetric data consists in two main
components: amplitude and phased &CFAR
techniques are best suited only to work with

amplitude data. I.

A. Amplitude change detection techniques
(ACD)

To apply thisACDt ec hni ques
required to do a prprocessingof the input
imageryto createaregisteregndspecklefiltered
stack [12]. These techniques drestsuitable to
work with a stackof imagery acquiredvith the
same viewing geometry (i.e. samoek and pass
direction, incidenceangle, and spatial footprint)

s tford i e goint tagetsr e linkafeatures,i t 0 s

amplitude differencebetweerimages tadentify

the possiblechangesthat can occurred. One
fundamentalstepin this method is the speckle
reduction oncet difficults visual imageanalysis

and generates false alarms duringoaated
change detection [12]. In [12], to solve this
problem and to presenapatial resolutionover
used
combination ofspatial and temporal filtering.
Examplesof theseACD techniques are Pairwise
and Time serie ACD methodswherethe first
onecompares pair of co-registeredlSAR images

to compute a change statistbo a pixeltby-by

pixel basis and the second one uses a time series
of SAR acquisitiongrom the same geometifpr
increased sensitivity to persistehange§l2].

With respect to ship detection, the method that
hasgreaterapplicability and most interest is the
PairwiseACD.l n [ 1 2] exampienthid s
algorithm which we can distinctly view the
changeghatoccurredirom thetwo pre-processed
images.

an

COMPARISON AND EVALUATION
In this section, aftera brief description of each
techniquewe compare and evaluagachaspect,
characteristic, advantages,disadvantages and

s u ¢ caherdeptyrgs jordertp chagsewhich technique

is best suitablenot only to what type ofdata is
being used, but also the scenario that is going to
be analyzed. The main goal is to provide a
summarized basis guide to help choosing the
methodthati t béstsuitablefor thetaskathands.

Table 1 represents this bagisde.

andsame polarizatioh 1 2 ] , becaims e tés based
Type of Advantages Disadvantages Scenario Type of Data
Technique
Multi-look - Detection of stationary targets. | - Low resolution. - Far from - Phase And/or
techniques - Velocity estimation of moving | - Medium computational | Land. Amplitude data.
targets. requirements. - Near Coast
- Able to detect even if areas.
embedded in noise.
CFAR - Good identification for - Unable to characterize - Far from - Amplitude
techniques stationary and moving targets. the objects detected. land. data.
- Good response to noise -Unable to estimate - Near Coast
interference. velocity of ships. areas.
- High resolution results. - Harbor
- Low computational scenarios.
requirements.
Polarization | - Distinguish targets (buoys, - heavy computational - Far from - Phase and
techniques ships, oil-spills. etc). weight. land. Amplitude
- Characterization of targets. - Near Coast data.
scenarios.
ACD - High resolution results. - Computational - Harbor - Amplitude
techniques Requirements. scenarios. data.
- Needs a times series
SAR data.
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REAL DATA APPLICATION
To demonstrate the applicability of the basis
guideline summarized abovewe choose to
work on Sentinell A andB dataset. Inorder
to choosewhat technique ibestsuitable, the
first stepis to understan@vhat type odatawe
areworking with. SinceSentinell isreleasing
alreadylevel1 datato the public, we optedto
work on thesetype ofdatasamplesThere are
two types ofevel-1 datawvhichare Singld_ook
Complex(SLC) or Ground Range Detected
(GRD).I twasstoknow that since thedgpes
of data are level 1 means they alreatifer
some processing.Fig.1 representshe pre-
processingo acquirethelevel 1 data.

- )
Doppler Centroid \
Estimation « Range
processing

* Azimuth
processing

Post-processing

* SLC output
* GRD output
« Quicklook

¢ Rawdata
analysis

* Internal
calibration

* Absolute DC
estimates

* Polynomial
fitting output

P - P

Figure 1- From levelO to levell. Source: ESA Sentinell

Main differencebetweeneachtype of level1
data is thaSLC contains amplitude and phase
information whereas GRD contains only
amplitudeinformationwhichis representedy
the valueof eachpixel, and it is also available
a quickiookoutputwhichenablegjuickviewof
theregion orthe package.

In our study we opted to work on Sentiiglevet
1 GRD data sets. With this we complete a
parameterof our basisguideline. Net we
evaluate the purposef our study and the
scenario.Our purposewith this studyis to
provide tools tomonitor and promotesafety
along the coastof Portugal,so basicallywe
wantto evaluate anénalyzeareasof open sea
and nearcoast.We want to primarily detect
with minimal computational requirements any
kind of targetsboth movingor stationary.

By doing this prestudy we choose to

implement a CFAR technique for our task,
once that analyzing our basis guideline, in
section 3, we
and meets our requirements.

To demonstratéhe viability of our choicewe

first implementheconventionaCFAR, which

isuses &aussiamistribution.l t ciasthatfor

opensea areatherateof falsealarmdetections
islow since thebackscatter ofhe seais much
lower than the backscatteof a ship due,
mainly, to its metallic

structure. The challenge iwhen land, seaand
targets todetectare all present in the same sub
image, because land and targb&ckscatteiare
extremelysimilardue to itgpropertiesSofromthe
largeSAR imageof Portugalcoastwe to split into
N subimagesto improve notonly the speecbf
processingout alsoto eliminateregionsof non
interest. To demonstrate the applicabilitf/the
algorithm implemented, the next submages
represent the areaf operationand the results, in
red,of the algorithnimplemented.

k- A

with Target Acquisitic;n .

Figure 3- Area of Operation

Clearly, the implemented algorithm is able to
handle the transition between land and sea and
also big structures such as bridge

SUMMARY AND CONCLUSIONS

Ship detectionhas avery important role in sea
safety and activities monitoring. Taccomplish
with acceptable accuracy there are several
techniques already publisheding SAR images
or data.Amongthem,we describecandpresated
interesting results about: multok imaging
which the major advantage over other
conventional techniques is its ability to extract
shipseventheirimages arembeddedh noise and
can also estimate shiglocity; CFAR techniques
which has many diffrent methods that caoe

concl ude appliedin differensitudliohsintordestoicdctieach | e

the mostaccurateresultsdependingon the target
scenariofPolarimetric techniquefr ships andil
spill characterizatiorand detectionhave abigger
computational weight; ACD techniques where
pairwise ACD method has the most suitable
applicability for ship detection asvell as good
resultsin harbor scenarios.From this studywe
conclude that test choose¢he
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techniqueor method inorderto acquire the most
accurate resultsve have to identify thaype of
datawe aregoingto work, thenanalyzethetarget
area.For example,if we are going to workwith
polarimetricdata,it is obviousthatthebestchoice
is a
data, CFAR techniques malye the suitable
choice not because it presents significant less
computationalweight but it also presentgood
results. According to thanalyses othe areaof
interest,other techniquewill come inhandyFor
example, ifwe want tomonitor movements in a
harborin aperiodof time, PairwiseACD method
presentgoodresultsandin highquality, butif we
want to estimatevelocities, for example,multi-
look imaging techniqueloes thgob. In the near
future we intend to implemenbtheralgorithms
basedn CFAR methodologyo comparghemto
seein whatscenariosheypresenbestresultsand
also toclassifyships by itglimensions.
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ANNEX 31 Sentinel -1 Data Acquisition Guide

For the acquisition of the Sentinel-1 data used in this MSc dissertation was

made through this website: https://scihub.copernicus.eu/ . In this page, several

links are displayed and also a feed of latest news. The link used to access the

Sentinel data was the Open hub: https://scihub.copernicus.eu/dhus/#/home

here a worldwide representation of the Earth is given. Fgure 64 represents the
visualization given by the website where the blue box represents the button of
possible views, the red box represents the navigation mode and finally the green
box represents the button that opens the research menu where it is possible to

choose several characteristics for the intended data.

Figure 63 - Sentinel hub visualization.

Then after a research is done, the website will show a list of all the products
that match the specification of that research in to order to the user acquire the
wanted products. Another method of research is possible combining the
functionality provided by the navigation mode button that allows the users draw
a polygon in the map to identify the area of interest. Figure 65 demonstrates this
process and the list of products associated with the research specifications of

figure 63 where the red arrow indicates the navigation mode that allows to draw
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