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ABSTRACT

For this study, various operational and junk satelatesetrestudiedto design amteractive

interface This complex timelependent data is suitable fesearchingiovel cartographic
visualizationapproaches because they challenge the existing practices. This research aims to
optimize the cartographicvisualizationof satellites andheir orbits. Additionally, the
cartographic interactions and uf@endly interfacedesign required for the preparation of an
interactive map have been explored. For this purpose, a prototype of an interdctieenvebl

map has been developed, takimg usecentereddesign workflow (Needs Assessnient
Prototyping Implementatioh Deployment Maintenance), data management, and interactions

(Pan and Zoom, Retrieve, Search and Filter, Overlay). The utility and usability of a map are
checked with theelp of a user study consisting oftpst and postest questionnaires. The pre

b1yt O6FEIytadEEtadly J aNN Ul Ne t0 FrHel Oyttt E

guestionnaires will help to understand the experience of the user while uspigatiemp

Keywordsuseicenteredlesign, satellites orbit, interactive web map, interface evaluation
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1
INTRODUCTION

The advent of satellite launching started with Sputnik as launched by the Soviet Union in 1957
(Witze, 2018Yhe usage of satellitsgraduallygrowing in various fields such as criminology,
climate change, aerospace, artdgraphic research, thereby increasing the number of satellites.
This has alsimcreased the risk of collision of objects in space, potentially damagergus
satellites in the constellatiof@Bottlieb et al., n.d.Additionally, the announcement ofiitiple
aerospace companies, including&pand OneWeb, to launttfousands of satellites the
futurehasapossibility oimaking space more congested and dangerous (ikash, 2018)his

has led to various organizations developing an application that can visualize théosatedlites
effective management of spécis. also important to study thiebris or other junk satellites'
track recordto keepa trace of their location The satellites are continuously changing their
position around their orbital patvhich necessities thisualizatiorof those satellites and their
orbits. The accurate orbitaisualizationcan help the proper launching of more satellites in

upcoming years to prevent clashes and clustering of satellites

The satellites present in spaare spatially locatedhose representation can be efficiently and
effectively done through the meansaaiographyThe International Cartographic Association
(ICA) definescartography as the discipline that deals with the art, scimtéechnologpf
making and using ma(ssriffin et al., 201.7The map design was prirhalimited to the paper
map. Easy access to the internet, technology and Geographic Informatiof&@Biech$o

the rapid growth of digital maps and gradually shifted to interactisienreahapsRealtime
data collected from any event is storadarform of aegular updatingemote databased can

be portraited as maphkese typesf maps are reime mapsSomething happening in the real
world in a specific location can be portraited in the form of an interactive digital map.
Cartography andisualizationntersect at a point where accurate orhitslializatiorcan be
done through the tool of interactive fBale maps, serving a role to help-esers be aware of
the available satellites)alyze¢he pattern of satellite increment, and erimed of the existing

problemof satellite crowdin§Sack, 2017)
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In the present contextore than11000 satellitelsave been launchéad SpacéAndy, 2021 his

huge amount of data has challenged the cartographers in tefimdingf the proper
representation method. Thésualizationof these orbiting elements in a static map can be
challenging and cluttern interactive application effectively desitan serve the purpose of
representing a large amount of data and lefésty conveyg the information to usef®ietsch,
2015Additionally, he advancementt@ichnologies artie internethasallonedmap designers

to experiment with various digital platforfos visualizationshifting the use of static maps to
digital mapgColtekin et al., 2009)ne of the challengts the mapdevelopers is wesigrthe
applicationconsideringts visual aesthetid® engage the users in the exploration of the interface.
The simplificationof satellitevisualizations essentially an act of generalization to encompass

more general users in the sphere of the complex satellite world.

1.1 Problem statement and motivation

The increase in the number and usage of satellites has made it a redairearéographic
intervention.A proper representation method in this domaimecessaryrhe cartographic
principles such as visual contrast, legibility, figgrorind, elements néchy, and balangaust

be considered ®nhance the aspectvisializationcomprehensive menu navigation, and user
friendlinessvhen designing a mégbuckley, 201Ih recent times, some organizatioage been

focusing on designing satellite mapsvever, it seems too technical for general map users. The
target audience for such satellite applications is often those having the technical knowledge of
satelliteslt is important to shift the focus on general users while developing satellite applications

to encourage interaction

The role thasatellitesvisualizatiorsystems play in our daily livesfientaken for grantedrhe
satellites contribute to ouweltbeing and uplift the quality of life through technological
advancemelfgency, 201@)ence, it is equally important for general users twdmaise such
visualizing interfaces in a frictionless masimae the satellitesvebeen playingvital role in
enabling us to achieve our objectivesvativey. The general map users having minimum or no
knowledge about satellites must be reackédo while developing the application. Such

applicatiors should be designed in a wiagt is generdy useffriendly,and they camake the
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most out of it whetheyare interested in using the interface. The users must be allowed to take

the information from such interfaces along with the interaction.

The Application Programming Interface (APIs) allows the map designers to expattintiest

interface design. Theigting application uses a dark background asth virtual globe for the

satellite representation. The 3D virtual globe used for visualaygatellites is used because

of the easy accessibility to the resources. However, the uncertainty liagestitretat if the

users prefer the virtual 3D globe or the 2D flat map for the satellite representation. The research

can servasa roadmap for future satellite map designers.

The satellite maps are not being designed by consideringentesexdnap asign workflow.
The preference of usewhile they are using these mapping applicat®ss]l a matter of
research. It is unanswered scientifically if users are interested in having the tmtbeace
customizable. The custontiaa allows users tongage in the interface and invest their time in

exploring the available information and other existing features present in the application.

The suitable satellite comparison method is an effective aagl\yeehe orbiting elements.

They orbit around th pathat different altitude The comparison of satellites based on the
altitude and orbits helps to check thé £ | NN &t | y Aurrénsand fitdrefaeinent.y + E 3
There is a need for effective cartographic techniques, guidelines, and intexacivs &l

preparing welbased interactive retaine maps. The cartographic input in the comparison
method will explain the comparison with various setploratory visual aestheticEhe
adaptation of interactive refine maps in various fields catalyfaeding the proper ways of
visualization Such effectiveisualizationcan immensely help in scientific, technological, and

aesthetic realms.

1.2 Research objectives and questions

1. To design a prototype ohanteractivewebbasedapplication to visualize séiies

and their orbits

RQ11Whataretheavailable sources to extract the satellitefdat@sualizatiof?
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RQ12 Whaplatformsarebeingusdfor designing satellitasualizationnterface®

RQ13How is the interactive applicatidesigned considering ttreguirements of users?
2. To explore the various satellisualizatioraspecin the designed application.

RQ21How can the satellites epresented effectively in iheractive welbbased mép

RQ22Are 2D or 3D maps more effective for displayiniijteaten an interactive welllased

map?

RQ23Whatcoloror other graphic variable choioasst bestudiedfor designing a customizable

interfac&Does the user prefer a customizable or fixed interface?

RQ24 How can two or more usselected satellites be visualized together for a comparison?
3. To evaluate the designed application.

RQ31How can he utility of theinterfacebe evaluated?

RQ32How can the usability of theterfacebe evaluated?

RQ33How is the effectiveness of theerfaceevaluated?

1.3 Thesis structure

Chapter 1t consis$ of theintroduction to the problem statement and motivati6 the thesis
with the relevance to thiepic. It is divided into three sections: problem statement and
motivation, research objectives and questionghasid structure. This chapter deals with the
motivation behind the researstates the research objectivessimivs the breakdown of the

thesis structure.

Chapter 2This chapters divided into four subectionsThe frst section explores the available
kinds of literatureon data exploration and itgisualization The literatire sources of the

requirement opreparation of an interactive map and its evaluatiediscussed ithe second
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section. Tie hird section compares the existing satelBtelizatiorapplication. Finallghelast

chapter summarizes the entire chapter

Chapter 3 A brief explanation of the methodology used for the study is explained. The
preparation of the prototype, its data design, and expected outcomes are discussed in the first
section of the chapter. Similarly, the methods used imdistudyarementioned in the second

section. The chapter is concluded tnghelp ofits summary.

Chapter 4The results of the prototype design and the sarepyesented in this chapter. The
analysis and discussion of #@misalso displayed. This chapierdivided into four sectisn

prototype desigjsualizationevaluation, and summary.

Chapter 5The conclusion and the outlook of the thesis are explored in this chapter with

limitations and future recommendaitson
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2
BACKGROUND INFORMATION

This chapter comssita brief description of the resources required for the developenactivef the
webapplicatioto visualize satellitEse importance behind the selection of those resources has bee
discussed.igdhapter is divided foursection$he first sectipnd G r G 2 G NiSual&atighAr (G A 4
give an insight into the Bigés, their classification, and data extifatibaved biys method of
visualizabinin a web application. Another sectiond & a N80 A { Adlks dbaut thepy 1 » &
existing cartographic practices for designing an intethetiseieaperedesign workflamdthe

evaluation method of interactive Thapsomparison of existing applicationsisoaliratioof

satellites has been explbweethst stdection provides a conclughenafapter

2.1 Data management amisualization

2.1.1 Satellite data and their orbits

Any objectin space orking or circingaround any other bigger oltjean be défed assatellite

(Writer, 202Q)National Aeronautics and Space AdministratfdASA) mentionsa satellite as a

moon, planet, or machine that orbits a planet ollglay, 2015)wo types of satellitasatural
satellites and artificial satellifeme presenin spaceThe Moon andthe Earth are natural
satellites as they orbit tl@arth andthe Qun, respectively. Artificiasatellites are launched in
space by humafor various purposes such as navigation, communication, weather forecasting,
andearth observamn. The number of satellites in spawaeasing exponentiglipwesto the
importance ofheability to see large areasarth at one time resulting in the collection of data

quickly and accuratelyompared to those instruments on the gr¢Ackerman, 2017)

The satellites revolve around other larger orbits in a pieith ttee orbit. This exists because of

the virtue of gravitational force in that objddie paththat the planet takes around the sun is

EOt t+ el OUIyt yadyNI U RBuay tul 6Oy ay | veNt al
that all thesolar planetotatesin anelliptical orbitwith the Sun at onfacal point(Jia, 2014)

This means that the distance betweesuhand the planet is constantly changing as the planet

goes aroundsgtorbit Furthermore, this theory supports that a satellite also revolves around
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another object in a Keplerian orbit. Hertlee knowledge dlhe geometry of the Keplerian orbit

contributego the prediction angisualizatiorof the position of the satédliand its orbits

The motion of a Keplerian trajectory takes place in thedimsmsional planghere position
and vector velocity are the two important paramégevale & Bidari, 2020)hreeindividual

componentare needetb describe each of the two parametessilting in a total of six orbital
elements to understand a Kean orbitFigurelrepresents thasualizatiorof a Keplerian orbit

with its labdledcomponents.

LEO
b v . LEO
Perigee
a ®
\ Ascending e
B =
node D e A

Perigee

Principal
direction

"Asnmyﬁhg
— - fode

FigurdKeplerian elemafgatellite orbi
adopted fro(Mousa et al., 2006)

Theabove figure explaitiee Kepleriamlementsconsidering satellite in low earth orbit (LEO)
as an exampld semimajor axis (a)2 eccentricity (e), (3) orbital inclination (i), (4) argument
of perigee (), (5)longitude of the ascending noW@, (and (6) meaanomaly\(). Eachof these

elemergisbriefly explained below ifablel
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TablelSixorbtal elemenbased dfepleriatrajectory

Semimajor axiga)

Eccentricity (e)

Orbital inclination (i)

Argument of peigee ()

The semimajor axis determines the size ofdtiet, helping

for the determination 2D shape

Gyyl Etdayaty | yeNt aEy tul
follows the elliptical path. When e=0, the ellipse is g airdl
when e is very near to 1, it is a very long and skinny kll
alsocontributesto the determination ahe 2D shape of th

orbit.

The orbit ellipse lies in the orbital pgawhich always pass
through the ceme of the earth but malge tilted by any angl
at the equator. The resulting tilted angle between the o
plane and the equatorial place is called the orbital inclin
The inclination angle is a number between 0 €5 4B
convention. The satellites whathy near the equator have
inclination angle of O degrekence, their orbits are known
equatorial orbits. Similarly, orbits with inclination ne&98
called polar orbits as the satellite crosses over the nor

south poles.

The point closest to the eadhthe satellites called periges
also known as periapsis or perifo(dsmed, n.d.) The
argument of perigee or angfeperigee is a single angle
orient the orbit ellipse in the orbital plane. In addition,
point where the satellite is farthest from the earth is ¢
apogee, also commonly known as apoapsis or apifocus

drawn connecting perigee and apogemlisd the lin®f-
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apsides. The angle between thisdfregpsides and the line
nodes (explained in the above-sediion) is called th

argument of perigee.

Longitude of the ascendir Itis alsdknown asheright ascension of tleescending nodk
node ¥) helps indefining the longitudeat which the orbit passe:

upward to theearthreference position

Mean anomaly (V) The msition of the body in orbis obtained fronthe mean
aromady. It is an angle measured between the perigeeea
position of the body in orbit. Mean anomaly is defined td

at perigee and 184t apogee.

Drag (Optional) Drag orbital element helps to know the rate at which 1
motion is changing due to drag or other related effects. Ii
is revs/day, and it is a small number. Drag values foi
orbiting satellites are on the order of 1and that of high

orbiting satellites is 0"or smaller.

Although satellites down from the ground look similar, they perform differently depending on
their orbital path, altitude, orientation, and functiénclassification of these satellites helps to
learnabout the satellites in detail. Artificial satellites launched in space serve a purpose. Hence,
one of the ways to classify satellites is baseiompplication(i) Navigation satellitegi)
Communication satellitesjiiY Earth observation satellites, (iv) Weather satellites, (v)
Astronomical satellitegvi) Miniaturized satellite$hesesatellitesvhich are still functional in
spacare also called operational satelMasous objects are left behind the space after a satellite

is launchedThis happensither because of thensuccessfgatellitelaunch orthe failureof
objectgeturning to the atmosphere onttee mission isompletedThese dead space objects are

called debris or junk satellites
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Furthermore, satellites can also be classified based on their mass into small satellites and large
satellites. Small satellites are those haviagsbetween 10 to 50@kgl large satellites consist

of a mass of over 100Kgchnological advances in mielectronics have challenged large
satellites increasing the number of small satellites (KonecnyTB&®&Hatellitesare called
CubeSatsyhich in recent years arentributing to different perspectiveasndarein the virtue

of replacing the large satellites because of their effective development time, cost, reliability, and

mission lifetimgVillela et al., 2019)

AEOLUI O teedOtyl ay 6 yNtyyaUy tal which | NNat

isexplained as foll@wv
1 Geostationary orbit (GEO)

The orbital period of GE®atellites is almost the same as that of earth rotational orbit, 23 hours

56 minutes and 4 secamdsulting in the satellites in GEO being stationary over a fixed position.
These satellites orbit Earth at an altitude greater than BBO@bmmunicatiorsatellites are

common GEO satellites that need to be constantly aboy#aoeever the Earth. Weather
satellites are also often launched in GEO as they can constantly provide the data of the specific

area to check the weather trend.
1 Medium earth orbitMIEO)

A wide range of orbits between GEO and LEO are medium earth orbit ranging from an altitude
between 2000 km and 36000 km. Similarly to LEO, they also do not follow specific paths around
the Earth. Hence, it is used by various satellites for diffiepdinatons. It is commonly used by

the navigation satellites like the European Galileo satellite system.

1 Low earth orbit (LEO)

zG° Uty t+tE tNtatgzl OtEuatcu U6Oa "~ B da tO6 -
proximity of LEO satellite&t t G1 |1+ Ot U0Ay yEOUt+yl atddy at as
one of the important aspects is that it can takereggiution satellite imaging resulting in its

YI EIl Uat UOO 1+ O0tiAy OYyl Oct tadEU

10
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2.1.2 The satelliteatalog

The orbit of a geocentrsatellite can be outlined with the help dfa-line element (TLESet.
TLEdatasets are one of the great sources for tracking data for satellites in Earth's orbit. Any object
greater than 10rcpresent in the space can have its respective TLE (lasadet, 2018)he

TLE dataset is the output from Simplified General Perturbation 4 (SGP4) orbit propagation,
allowing rapid and moderately aede propagation of space object motlanthe present

context, the observations are received multiple times a day at the Joint Space Operations Center
(JSPOC)controlled by the US Air Force Space Command (ARSRTado & Cefola, 2012)

JSPOC is responsible for determining the orbits and providing informati@cl®d objects
(Kardol). The quality of the TLE dataset is believed to be improving due to the advanced
technology. However, the result from various research shows that the quality is dependent on the
satellite orbit ands type(Vallado & Cefola, 201R) addition, the exact processpdating the

TLE dataset is still a matter of research.

The format of the TLE dataset is showRigure2, and the details are explainedable2

First derivative of mean Drag term or

Name of satellite motion or ballistic coefficient radiation pressure nfrlsge)?r:nd
(11 characters) coefficient checksum
w _ Epoch year
‘ International  and Julian day Second derivative of mean | Ephemeris
' designator fraction motion, usually blank type

14160§84123 AXS86 50.28438588)0.00000140 ) 00000-0 { 67960-4%0 X 5203

1
2\11416 A08.5105 X 69.23305)0012788 | 63.2628)(206.00658)X14d. 246002020646078
/l A j

!
Satellite  |nclination Eccentricity Mean anomaly
number Right ascension Argument Mean motion
of ascending of perigee Revolution number
node at epoch and checksum

Figur@TLE dataset
adopted frofiduhl et al., 2018)
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TableExplanation of TLE dataset

BElements

Description

Name of satellite

NOAA 6 is a name associated withsheellite.

International designator

98067 A

1 The first two characters refer to the launch year ¢
object.
1 The next three characters indicate the launch nut
starting from the beginning of the year. This lay
was the 67th launch of the yE298.
1 The remaining character indicates the piece 0
b

Nt EEyuaUO Ealyl & A a

<

fraction

Epoch year and Julian ¢

04236.56031392

1 The first two digits (04) represent the year. For )
>=57add 1900, and for all otherdd 2000.
1 Theremaining character of the field (236.560311
the Julian day fraction which means that the d;
the year is between 23thd 237days after Janua
¥, 2004.
1 Spaces or numbers are acceptable on the day
yl+ 60 zZvyo0 | v eaNNAE A&~

motion or

coefficient

The first derivative of mesg

ballistic

0.00020137

1 It is the daily rate of change in the numbe

revolutions that the object completes divided by

12



BACKGROUND INFORMATION

T a0Aw DO 4dyet ylI A "chakacte
position which indicates the positive or nega
value fotthe Ft derivative of the mean motion. Sp

means that it is a positive value.

The second derivative

mean motion

000060

1 Itis used to model terminal orbit decay in the S
predctor.
 Its unit is revolution /dag.

1 Itis usually blank.

Drag term

16538

1 It models the aerodynamic drag on a satellite ¢
by the sparsely present atmospheric molecules.

1 Itsunitism

Element number an

checksum

9993

1 It is the count of althe TLEs generated for th
object. The counter is increased with tiamel once

it reaches 999, it reverts to 1.

Satellite number

M The final number is for the checksum of line 1.
1 Itis a satellite Catalog number.

1 4a2A aEzayttly tobjgct at

Inclination (degrees)

51.6334

13



BACKGROUND INFORMATION

1 Itis the angle made by the equator and orbital p

The right ascension of tl 344.7760

ascending node
1 It is the angle between the vernal equinox an

point at which the orbit crosses the equatplaale.

Eccentricity 0007976

1 Eccentricity is aonstant value that defines the sh
of the orbit.

The satellitecatalogis a type of document which includes different information about the
satellites or any tracked objects in the space that aregrmstsia TLE dataset. This document
contains information particularly related to the tracked objects, like the satellite name, type of
the objects, launch date, and decay (Ksedol, 2018)his information might be useful to the

map users resulting in the optimizésbalizatiorof the satellites. The satellid&talogcan be

used as a database to design a search algorithnviswahzatioras the users are more likely to

search satellites with their name rather than the international desigreaial@yd.

In the present context, there are two effective and relevant sources used for retrieving the
information on the satelliteatalog For many years, the TLE dataset beeneleased to the

public, which is continuousiypdatedand the realime result is easily obtained, first through
NASA and most recently through the Spbreek (https://www.spdrack.ory/ website.
Furthermore, another available source is Celeffiitakl/www.celestrak.cavhith has been
regularly worlkig for several decades on providing the cEt&log(Vallado &Cefola, 2012)
Celestrek allows users to download satedit#log without using an authorization protqcol
whereas the request protocol is difficult to implement in Ba&e The accurate information

of the TLE dataset and satellt@talogcan be easily obtained froGelestrekHowever, its
application is not updated since May 9th, 2021, w8psessackis regularly updated as it does

not depend only on one person to control the website. The datgpéadrackis the primary

14



BACKGROUND INFORMATION

source dthe data, whicRelesTrakgularly copies to keep up to ditardol, 2018 he decision
needs to be made of choosing the site for obtairenfLE dataset and satelligalogwhile

developing a web application for visualizing the satellites.

2.1.3 Satellite position and orbit calculation

The position and velocity of the Eantiiting objects can be predicted by using the general
perturbationselements sets. Northern American Aerospace Defence Command (NORAD) has
generated few models for the propagation of NORAD elements sets which is maintained for all
type of space objects. These elements sets are made publicly available iwhichuaessbe

used with one of the models listed below to obtain maximum accuracy on the prediction of the
position and velocity of the satelliig¢doots & Roehrich, 1980)he availability of various
propagation models has led to the classification of all space orbits basiedrtit freriod. All

objects having a period of fewer than 225 minutes are classifiedtagmeajects and those
objects having their period greater than or equal to 225 aspdeemwbjects. The resulting
NORAD element sets are based on thesg#ficksons. Hence, the user can calculate the satellite

period and decide which prediction model to use.

Specific algorithms are requiredattalyzeand propagate the TLE datasétich eventually is
useful to obtain the parameters of space ofHi®ts & Roehrich, 89). There are five
mathematical models available for calculating the position and velocity of satellites which are

listed below:

Simplified General Perturbation (SGP)

Simplified General Perturbation 4 (SGP4)
Simplified Deep SpaPerturbations (SDP)
Simplified General Perturbation 8 (SGP8)

= =2 =4 -4 -

Simplified Deep Space Perturbations 8 (SDP8)

Ether SGP4 or SDP4 models are used to generate the NORAD elemehichetiepends on
the nearearth or deep space of the satellilemts & Roehrich, 198@®urthemore, Satellite.js
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is a javascript library that combines SGP4 and SDP4 algorithms to make satellite propagation

possible. Hence, in this section, SGP4 and SDP4 models are described briefly.

The information present in the TLE dataset is used to protistefgoints (X, y, z, and t) for

each satellite using the satellite.js lipnahich incorporates SGP4 and SDP4 algorithms. In
addition, this library contributes the functions needed for SGP4/SDP4 calculations and performs
coordinate transformationg.donverts the TLE dataset into the individual components called
"satellite record" by propagating the paths of objects. Thosegesliltidual components are

finally used to obtain the points along the orbit of the satellite with the help of ditfections

of the satellite.js library.

As previously mentionedhe TLE dataset is generated periodjcaitd SGP4 and SDP4
algorithms are used to determine the position and velocity of satellites within aekdbmet
magnitude precisioivallado & Cefola, 201Zhe further step for visualizing satellites aant th

orbital paths in the web interface is to determine their orbit. Furthermore, the importance of
orbit determination is to track the space debris and foresee the possibility of collision. The
technique behind the calculation of orbit is to estimatedteevector of the satellite containing

the orbital elements, tlyynamic propagatioparameters, and the measurement biases from a
first guess and a set of observable measuréPaulet & Cazaimne, 202I)he accuracy and

easy accessibility within the shortest computation time is the challenging factor behind the
measured orbits. There are two methods involved in retrieving the orbits: Numerical orbit
determination and Analytical orbit dete@nation. The first mentioned method is widely used as

its precision level is radical with realistic force models. However, it demands high computation
time. On the other hand, analytical orbit determination emphasis on computational speed and

sacrificesauracy.

The next step after the determination of satellite position and propagated orbits is their
visualization A visualizationtool is necessary to render 3D models, globe, and maps. Three

commonly used tools fasualizatiorare discussed below:
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= K d ¢ef

CesiumJS is an opprOE Oyl tt+ et OyOaet NavyOt Oy 316l NOel
U1 Oy ewhichastatdsikhat this library can be used for preparing accurate 3D globes and maps
(Cesium,J8.d.) The maps are designedh the best possible performance, precision, visual
guality, and ease of use. In addition, it is used by developers from all around the world in different

fields ranging from aerospace to smart cities to dror@eate interactive maps for sharing

dynamic geospatial data. The main properties of CesiumJsS are:

M Stream in 3D Tiles and other standard formats from Cesium ion or another source
1 Visualize andnalyzen a high precision WGS84 globe

1 Share with users on desktop or mobile

Af dpi
ArcGIS software @ahapps are applicable to combine mapping and data analytics to deliver
location intelligence. For the same intention, Esri has developed an ArcGIS application
programming interface (API) for JavaSewhiich allows the user to access the information and
build an application without the need for an ArcGIS Online account. All users with the
availability of a text editor, a modern browser, and an internet connection can visualize a globe

with the help of this API.

~ ~ ~ T

Gt R dAl aCdi K ! dRA|l An 'AGt Rd! A

WebGL is also davaScript APl used fproviding high-performance interactive 3D and 2D

graphicsThis is usefwlithin any compatible web browser without the use ofipdug

An algorithm is needed to be writtenJawvaScripdfter the selection of the glofepresentizon.
A visualizationtool to represent the satellites and their oraresdesignedn coding based

platforms

17
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2.2 The design and development process

2.2.1 Interactive welnap design

Roth, in his cartographic jourhatates that all maps are inherently intera@®vé&. Roth, 2012)

A conclusion can be drawn from this statement that even static maps can be made interactive.
Roth also argues by adding the featurédding the paper mapchanging thegsition of the

mapfrom theviewingangle annoatingwith pens andolored markers, and by adding pins to
identify important location§Wallace, 20j Bn extent ofa static map can be adjusted owing to

its interactivity (R. E. Roth, 2012)he advarementof personalcompting and internet
technologiekaded tothepossibility ofctive productionf new and unique map viemesulting

in theproductionof reattimeinteractive mapdviacEachren and Monmonier 198#objective

of interactive mapdepend®n the variety afhe endusersdxperts to the general map users
visualizatiorattempting to breakdown the complex data to siraplbthe willingness to produce

aesthetic magmsed on curreaind existingvent{R. E. Roth, 2013b; Tolochko, 2016)

Informationvisualizatiordeals with both representation and interaciRrE. Roth, 2013bhe
following suksection deals witthe datarepresentatiointeraction design workflgwvhich
needs to be addressed while prepalingpes ofnteractivemayping applicationsThis helps

enlighten the existingest practices specific to interactive web map designs.

at o At Kt Ug|l gdg U

Cartographic representatidrelpsconvey the geographic informatiatich comprisesf the
perceptionhow maps are segadgnition(how maps are understooald semiotidhow maps
are infused witthe meaningof a magR. E. Roth, 201Z)e representation desigicludes the
consideratiorof the visual variableand layout designRoth argues that th@ost significant
graphic representation is the identificatodrihe availableisual variablemsnd theirproper use
to conveyheinformation(R. E. Rdt, 2012 he hyout design focuses onc¢hgect placement

of elementsn a mp.

Visual variabkedescribeghe graphic dimensioms whicha map or othevisualizatios can be

diversifiedto provide available information to the ug&sE. Rth, 2017Bertin listed seven
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basic visualariables and presedithe importaceof changing their perceptual properties to
obtain meaningfutepresentationGarlandini & Fabrikant, 2009)le also identified visual
variables as selective, associatideredand quantiative This list was updated by Morrison
(1974py adding two additional variableamelycolor, saturationand arrangement. Finally,
MacEachren (19%Xtended the list by adding crispness, resglatidrtransparencyhich was

comparatively easier to manipulate because of the digital pro@@ctorRoth, 2017)

& &
Ground & @E'\ dﬁ%@#
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The initial list of the visual variable by Bertin is brefpfainedn this sectionwhich is extracted

from the work oRoth (2017). ocatiomescribeshe position othe map symbol relative to a
projected spatial coordinated system in cartogrdpieyamount of area occupied by a map
symbol iexplained byizeShapeescribes the outline of the map symidis. direction 6

OO0ttt tadE OU tul at eineghy héri@miatiduabidbieThacEhOdelpN A 4y
to explain the dominant wavelength of the map symbol eisitiie portion oblue, green, and

red colors Lastly,the colovaluevisual variable describes the relative amount of energy emitted

or reflected by the map symiggl E. Roth, 2017)

Theaesthetic part of a map desigdepended on thayout desigiThe proper placement of
map elements a map determisghe layout design. Map elements areirttegralparts of a

map starting from map titlelJegend, map scale to supplemental text box and graphics
(Muehlenhaus, 201B)en thougmost of the map elements are similar inrpape web maps,
some additional elemeifesg.jnteractive legend@rereconceptualizeid the case of welmaps

and some elemenssich as zoom buttons for adjustingstede of the mapre new to web
mapping(Tolochko, 20163ome of the map elemeatse mentioned in the followifgable3

where it has been briefly discussed how theylesnented in web mapping.

TableList of map elements and their implementatiorappineb

Map elements Possil# web map adaptation (s)

Map title A temporary splash screana map title can be usedich disappeat

when the user starts to interact with the intenfattesr than a static title

Mapped area The abilityto pan, zoonxlick,and drag thenapped areallows the usel
to controlthe frane and choose what part of the map they want tq

at.

Map scale The importance of designing a web map is to allow the user to v

mapat different zoom leveldMap designers shoutdrefully allow th¢
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zoom level only when necesséopm levels argsible in all the we

maps.

Supplemental

Supplemera information can include embedded text, links, im

information graphics, videos and be displayed interacti@lyinstance, when tf
user clicks on a button or a map feature, the extra detail is diSiiasy/
information can be presented as information wusdar as a tooltip (0
top of the map itself, moves with the pointer).

Labels The size and number of [Hing on the mageep orchangngat different

zoom labels.

Inset/Locator mag

It changes to match the current view as the user interacts withpth
It helps the user to zoom into the main map by drawing a rectangl|

desired area on the inset.

Map metadata

It includes the name of the cartograpbeta sources, map projecti
and many morevhicharenot required to be displayed directlytba

map but should be easily provided.

North arrow

It rotates interactively as the user rotates the map.

Legend Allows for interaction with the legend to affect the map, such as
able to turn/off layers, adjust the timeline of temporal mapeatata,

Menu* The menu pvides thenap user with additional options and interacti

Help* Providethelink to information for map users who need help learning

to use the map.
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Thesemap elements with (*) are specific to web maps and not in traditional cartography. The

table is adapted from the thesis of Tdtoq2016)

After knowing the available map elements,at absolute importance to knowethplacement
order on the mapent et al(2008 has defined visual hierarchyfasplacement of map elements
and objects into a logical orddérased on their relative importan@@ent et al., 2009)
Mueblenhau§01Bhasrevitalizedhis concept based on the idea that certain map efgrdent
placement should lEmphaged over othesdependig onthed t+ e Ay  @IHeblenBaud,
201301 EL Ay 6 &y Et 6hdésigring mednyingfyl mapgiit Frgdium onlyHence,
Ytyl 3z OE Aoénfuehlignhadshpdm@ip with viebspecific visual hiarchies which
can and must be manipulated based on the communicative purposelsaiseoidthe map
(Muehlenhaus, 20I3ble4 suggests visual hierarchy levelgdoeralthematicand animated

web maps:

TabletVisual hierarchy levels for web map design

adopteffom(Muehlenhaus, 2@itB)reference(zent et al., 2008k in thematic mapping.

VISUAL HIERARCHY LEVELS FOR WEB MAP DESIGN

General Interest Web Maps Thematic Web Maps Animated Web Maps
Title/Splash Screen Title/Splash Screen Title/Splash Screen
Level 1 = Map Symbology Level 1 | Thematic Visualization Level 1 = Animation Symbology
Key Reference Data Legend Map Symbology
Info Windows (opened) Temporal Lepend/Interface
Base Map (generalized)
Base Map Level 2 Info Windows (opened) Base Map
Level 2 | Base Map Labels ) Chart Graphics Level2 = Legend
Mavigation/Directions Tools Info Windows (opened)
Map Interactivity Level 3 Base Map L.abels Locator Map
I 2 ¥ v -Hvity
Level 3 | Pan/Zoom/Rotation Tools ll'-..*}ap ]m:]-ntlt:‘::: looks Base Map Labels
Print/5hare Map Features Menus with Additional Tools Level 3 Map [nt‘_'-]'ntti_\'jt'!,:
PanZoom/Rotation Tools
Locator Maps ] Menus with Additional Tools
Level4 = Chart Graphics Lovel 4 Locator Maps
Multimedia Supplements Multimedia Supplements ) Multimedia Supplements
. E : Level 4 ot
| | n Chart Graphics
i Supplemental Information
. ?up:p{u?mnnltallk]nfﬂfm I:ltIC-I'l _ a||]|:-||]':l_|||.--:t..-:.= Copyright Supplemental Information
Level 5 \” nes -.:| |\ G .II e hl s Level 5 Neatlines/ Grids/ Graticules Lavel 5 | Attribution and Copy right
e Tool Tips MNeatlines/Grids/Graticules
ool Tips ' ool Tips

The visuahierarchysuggests tharespective of themapsype thetitle andthe splash screen is
in the first leveandthe base matakesthesecond leverlhis hierarchy must be consideredile

designing thelement®f a mapand the pority must be proded accordigly.
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Cartographic interactigrwhichis an important aspect in the field of interactive cartography,
gewisualization and visual analytics defined as thdialogie between a human and map
communicated through a computing defRcd=. Roth, 201 3E)e objective of interaction design

is toallow easgccess and manipuat of the task informatiorby making suréhat peoplecan

do the right things at the right(Rosson & Carroll, 2002he components ofadographic

interactionarethe user, computing deviead mapas shown ifigure4 below

CARTOGRAPHIC INTERACTIONS

USCTS cnmputing device map

Figuret Cartographic interactions

adoptednd modifigcbm(R. E. Roth, 2013a)

It can be derived from this interactivity nature of cartographic interatianthe type of
interactions that can be provided throughrderactive map idepended on thebjective of a
map user, the existing skillstbé map designer adeveloperand the specification of the
computing devicéR. E. Roth, 2013kaowever, theecomponentshown inFigure4 do not
explain how a cartographic interaction must be startedrgodeimented on the maHence,
Rothreproduced thstages of interaction mentione@i® O & stdf)ds pf action merplaining
how the interactions arexahanged ircartography(Norman,1988; R. E. Roth, 2013&ahe
following Figureb explains the stages of interactibased on the context showrthie above

Figured of the cartographic interactiodefinition.
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Roth (202), in his researchriefly explains the stages of interacfid first stage of this action
madelis (i) forming goawhich can be an opemded taskonsidered as a gda).Forming the
intentions theformulation ofa closeeended tasklescribed as an objective of the prdjeadt

works on the path of a go&lhe next stage (8i) specifying an actidhis stage deals with the
identification of a system functiaiescribed as an operatohich support the objective(iv)
Executing the aceamploys the operator through an input deVioe next step is to see the result
through a display device whickvigoerceiving the state of the systeAfteiageeinghe result,

the meaning of the change in the display is evaludt@dnterpreting the state of the system stage.
The final stage {si)evaluating the outcavinichcompare theperceived meaningtiee original

openended goand checkif the gal is achieve(R. E. Roth, 2013a)
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Roth (2012)dentifies three basic cartographic interaction primiti(¢she objectivebased
approachcategoues interactiors based orthe closeended goal that the user wants to
accomplish while interactimgth the mapn the second stage of the interaction ¢RIE. Roth,
2013aThe main objective primitives &e& 3 | E t&otdpar(R 1EERoth, 201d)) operator
basedapproach divides the cartographic interacthmsed on the interactivity tools used to
achieve the objective of the usEinge main operatgprimitives according to Roth (2012je
aYOREY UacEu AinkinghU Oyl y a & wd O a-ESed dppréaatistinglighesdet E 3
interaction based on tlvharacteristicef therecipient of the interaction operatdf. E. Roth,
2013ait | ae OOt NAOYA 5 ¥/t AAt Opetard primitize§Ry B Rofhy2012) O

All three interaction primitives play an important rolthandesigning phase of interactive maps
However, the operator primitives are explained in detail in this section dedtwlye the
components of thimterface design of a mamese primitives are faer compartmentalize
into workand enabling operator primitiv@s. E. Roth, 2013BJjork operatorsllow the user to
accomplish their objectiwghereagnabling operatots allow the user to set up and save their
work for future referencdR. E. Roth, 2013b; Tolochko, 2@i6)ng the design phasetbé
interactive map, the map developer must dedidd operative primitives to includieexclude
which affectghe interaction between the user and the fimap product. The list of these

primitivesisincluded inTable5below
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Tables Cartographinterationoperatqorimitives

adopted frofR. E. Roth, 2013b)

B Changes the geographic center of the map; adjnsts the part of the map that 15 in the
= enrrent view, since part of the map is off the screen
Changes the scale and/or resolntion of the map; “zoom m™ commenly refers to
z changing from a smaller to larger secale, while “zoom owt™ refers to changing from a
oom larger to 2 smaller scale. Zoom can also descobe a change in map detad withont a
change in map scale.
Rets Blequests details abont a partienlar map feamee or featnres of interest, nanally throngh
direct manipulation (e.g. clicking on the feamse].
Filte Idennfies feamres or places on the map that meet one or several conditions, defined
: by the nser. Can he confused with Search, see below for clasification.
Tdentifies a specific place or featnre of mterest on the map. Similar to Filter (see
Search above), with the difference that Search identifies a specific featmre, while Filter
prodnces mnltiple resnlrs thar march specific characteristie(s).
Work
GPEI:I‘ID\I!
Orverlay Adds or removes feamres in the ensrent map mew (e.g. toggle laper misibabty).
Reproject Changes the map projection.
Recmbalize Changes the design of a map, but does not change the map type itself (e.g a change
Fpeata in eolor scheme for a choropleth map, while sull nsing the choropleth map type).
Changes the map representation type (e.g. changes from choropleth to proportional
Reexpress A
symbeol).
Arrangs Changes the layont of different views m a nked wisnalization.
5 Creates a set of related maps that are placed mn a partienlar order (e.g. small muluples
1 showing change over nme).
Calenlate Compntes new information abont map feamres (e.g calenlates new statistics).
Import Loads a new dataset or map to the muerent map view.
ot Pulls ont geographic information or a map created by the map interface to be nsed in
Exp different map settng or interface.
Enabling 5 Conserves the encrent state of the map, inclnding its associated geographic
Operators e information and/or the ensrent system stams.
Edat Alters the nnderying geographic or attnbnte information of the map.
Annotate Allows the nser to add text or praphics to the map inrerface.

The basicinteractionsused for the interface desigre pan, zoometrieve filter, search, and

overhy Theseelements alloveasy interaction wiin the user interfagcewhich shouldbe

integratedwhile desiging an interactiveweb map The usage othe remaininginteracting

elenentsdepends on the purpose of the magudédsis suggested togride various interacting

tools to the userksoweverit should nobe confusingp use

26




BACKGROUND INFORMATION

2.2.2 Usercenterednap design

As argued by Norman, usenterediesign(f | O UCANs ®pildsophybased otheearly
and activaeeeds and interests of the wkemng the design processth an emphasis on making
usableand ealy understandableroductsThe final product designed basedr@lJCD aspect
is aresult of anterative procesthat is influenced byhe endusergAbras et al., 2004)he
positivetransformation in the usémterface desigim the field of huntacomputer interaction,
informationvisualizationandweb desigrhas beepossiblelue tothe consideratiorof human
needs during the design prodssthe researchers and tinggrface designe(Shneiderman et
al., 201{Y¥olochko, 2016Jhe use of UCD for designimgpsin both welkbasedand mobile
based applications is exponentially increassegand supportetly variouscholars (examples
(R. Roth et al., 2018WVang, 2014Robinson et al., 2011)

While preparingthe earliestdesktopbased applicatiorthe usercentereddesign was not
consideregeven though it was alreadyraatuced irthe field ofGISfor a long tim&Tsou, 2011)
Traditionally GEprojects wereaken over by thmapdesignersleveloperand their experience
related to GIS and cartograplsther tharthe consideration af U | ZV |(TO Y2018 | 3V
addition,UCD is desired by interactive map users during the conceptualization, evaluation, and
refinement process of theiapping systentsut prior evidencassumekat UCD might not be
common in such practi¢®. E. Roth, 2019he reason behind éhdeviation fronthe UCD
approachmight be the lack of access to the target users, time, andouerégrm user stugy

and alsca general belief thaihe designeknows bes{R. Roth et al., 201%)owever, it is
important to consider UCD while designig interactive map as dtvessavng a projecf y
resourcegonsideringhat it ismorecostly to make extreme chargfesr the interfachas been
deployedo the enduserscomparedo makingadjustments ithe earlier stages of design and

prototyping(Krug, 2006)

UCD isa highlyiterativedesigrprocesgHaklay, 2010and its objective is gBnhance the user
experience by obtainifgedbackrom the users throughout the entire pro€eslechko, 2016)
The importance of iterative évation and revisiof a design while considering UCD is
emphasizEby Nielsen1988)n his work on usability with the following ten elements of usability

engineering lifecyc{®. Roth et al., 2015amely(i) knowing the user, (iipmpetitive analysis,
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(i) setting goals, (i\participatory design, (€pordinated design, (vi) guidelines and heuristic
analysis, (viprototyping, (viii) empirical testing, (ix) iterative design, and (x) collecting feedback
from field useRobinsorhasadapted these ten elements to come up with a simplified version of

theusercenteredlesign processhich is shown ithefollowing diagranfRobinson et al., 2005)

#1: Work Domain
Analysis

#2: Conceptual
Development

éPrototyping

#4 Interaction &
Usability Studies

4

#5: Implementation

user participation/input at each stage

#6: Debugging

Figure Iterative process ofcseterediesign
adopted frofR. Roth et al., 2015)

Work domain analysithe first tageof the UCDiterative procesalso known as needs assessment
or requirement analysi{@olochko, 2016Wwhereit deals with theprimary research and
communication ofdeasbetween clientand developer@Robinson et al., 2009)he goabf the
conceptual developstagésto prepare a written formulation of desired attributesessary for

the applicationbasedn the work domain analysisdrequirements of engaserqTolochko,

2016)inally, a graphical concept prototype is drawn regarding the layout, tools, and architecture

28



BACKGROUND INFORMATION

of the applicatiorfRobinson et al., 200Bjter this stage, therototypingtagebegins resulting
in the preparation ohighly functional and interactivockups The interaction/usability
assessmstage is incorporated in thkCD process to obtain feedback from the deerslly
and informaly. This helps to understand how effealif the prototype worksand if it is
obligatory to make some changbe necessary changes are implemantkdimplementation
stagemaking sure to avoid the critical issues in the development of the applibatiast stage
is debuggirsgagewhich focusean the stability and compatibility of the applicat{&obinson
et al., 2005)

2.2.3 Evaluation of interactive map

Theactof evaliatinganinteractive web map iimportantthroughouthe mapdesign process

verify that the cartographic interfatesmet the objective of intended endersand is not

limited only to itsaesthetic desigiR. E. Roth, 2013Bemsaargues thatverA E + 406 Fay dz
340t yA |, the dedighdrstobtdirEinformal feedback from usetbpiiass of the design

procesZ Al a n t Ferdbacfor thé evaluatioarecollected through various observadio
mediunsmade when the target users are interacting with the int@rédoehko, 2016)he map
designercag | £ 1 yt tul | vaytatceu eOOYNI & &aE tul a&aEt

accordinglyo resolveéhese problem@Rosson & Carroll, 2002)

Evaluation of a map ithe main process to determine whether an interface is suatessful
obtainingits goal(Tolochko, 2016lhe success of a map interface can prirbaolytained from

the usefulness an interfacéusabilityand utility, which helps to check whether #pplication

can be usdd perform certain tasks to obtain the desitgdctiveZ A | ad, 2Q07Vtility suggests

whether the designed interfazen perform its defined tagkobtain the goalwhereassability
describebow well the users can interact with the inteifdedsen, 1992¥henhaving a debate

on what comes first the utility -usabilitytradeoff, Rothand his tearargue thait is important

firstt O yOEyazl O aRy | Oy Rah etad Q01Heade,drés kippriatttoz | y a y a
understand the three Wé UCD: users utility, and usabilityto evaluate the success of an

interface.
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As the name suggestsusercentereddesign, the priority must be given to the-esers by
defining thearget user granphecommunity of usetbeinteractive maps intended to support

(R. Roth et al., 201Bpth and his team eoffered four grougof enduserghat map designers

must consideait the beginninghase of recognizing their audiendechis: (i) key stakeholders

or domain expertsaving more experience and knowledge than the typicali)sestarget
usersvhereproject team need to translate the abstract of users into a concrete requirement, (iii)
the target users wrare likely to evolve, and therefore the interface should also evolve with the
target usersand (iv) the target users vextibit substantial diversity their characteristics and
needgNielsen, 1992)

As mentionedn the previous paragraphsabilit)can be defined by how gédswasto use the
interface(Grinstein et al., 2003; R. Roth et al., 28dd&ijionally,in the case of interactive map
usabilityis also the extent to which a computer system allows the users to achieve specified goals
and does so effectively, efficiently, saisfactory (Ivory & Hearst, 2001)sabiity.govhas
adbptedthe guidelines from Nielsowhich lists five measures of usab#gyfollowgAffairs,

2013; Nielsen, 1992)

i.  Learndility: how fast catheuser understand the interface without previous use
ii.  Efficiencyhow fast cathe user perform the desired tadter getting to know
the interface
iii.  Memorability how well cathe user remember thenctionality of thenterface
the next time s/he uses it
iv.  Error frequency and error securityow frequently are usenaking mistakes
while performing the tasks and how critical are those mistakes

v. Subjective satisfactionow well desthe user enjoy the interface.

The productivity of the work can be primarily evaluated fhafirst four measuresi) to (iv),

whereas (V) measurgthe involvement of the user with the interfRcdRoth et al., 2015)

Along with the usability guidelines, it is also importabetawaréhat if the designedhterface
isinformativeenough to achieve the amkis goalThe guidelines for measuring the utility of

the interfacarenot frequently availabia the literatire, as compared to the usability evaluation
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(Tolochko, 201&othet al. (2015) has put forth two apphes as the guidelinessfaluating

utility whichis briefly described below:

i.  Benchmark taskshe capabilityof the user to complete the desired tasks while
interacting with the interface
ii. Analytical products:the hypothesegeneratd, knowledge constcted or

decisiosmade by the usesileinteracting with thenterface.

The benchmark tasks help to understand how cortketlysers providdhe answer to the
guestionprovidedto obtain the desired go#&n the contrary, analytical products help to

comprehend the perception of the users about théager

After understanding the importance of usatilty, and usability teevaluate the success of the
interface, it is also an utmost necessitpetaawag of therelationshipbetween themThe
interconnective nature of these three components of an interface success is shown in the following

Figurer:

user

Interface
Success

usability utility

Figure Interface success relationship
adopted frofR. Roth et.a2015)

During the primary stage of the interface evaluattbe,user interacts and identifies the

potential issues related to the usability of the interfacgrandles their inputs about the
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possible revisions its utility in the next versiofR. Roth et a] 20157 he measurequiredfor
utility and usabilityshould be collected during this evalugtimtessThis relationship suggests
firstly to collect the user needs and characteyatidshen to set the utility thresholdréspond
to these usaequirements, arttiirdly to improve the usability of interface dedigeed on the
utility threshold and lastly toeturnto the user to evaluate tiierface, leading to a nemer

utility-usabilityjoop(R. Roth et al., 2015)

2.3 Existingapplicatiors

In this section, a brieéview of theeexisting applicatiagis done to understangowthey are
designd. The compason is focused on the data extraction, the medium of designing the
visualizationand the interactiothat are usetbr the preparation ahe satellitevisualization
applicationThe TLE datasetor these three applicationsigractedrom spacdérack.organd

the satellite.js JavaScript librasyusedor the calculation of satellite position. The comparison
of the existing applicatiorabed on their representation and interaction are showabla6

below:

Tables The comparison of existing applications to visualize satellites.

Representation Interaction

Satvis.spacq Built with CesiumJS, Satellite.js, Vue.js, Workbox. | Pan, zoom, retriev

filter, overlay
(Ahmed, 3D virtual globe representatiois found with the

n.d.) possibility to change into 2D.

A snglecolordot symbolic representation of satelltse

observed

Satellite _mg It is built with ArcGIS API for JavaScripBootstrap| Pan, zoom, retriev

- Esri jQuery. filter
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(Esri, n.d.) | 3Dvirtual globe representation is found.

A snglecolordot symbolic representation of satellite

observed.
Stuffin.spacq Built with WebGL. Pan, zoom, retriev
filter, search
(Stuff in| 3Dvirtual globe representation is found.

Spacen.d.)
Multiple color dot symbolic represttion, which

classifies space objects based on their types (sg

rocket botes and debris)snoticed

Table 6 compares the existing applications based on which platform was used for the
representation of the application and the interactions Tisisccomparison helps to understand

the pattern of developing satellitsualizatiorapplications.

2.4 Summary

The satellitesarecladslf 3 aE t1 0ay OU tiul ad teeNayttaldEu
These classifications help in the preparation and production of concise methods to obtain
information on satellites and their Keplerian orbits. Every satellite(>10cm) Ipeciteadd E,

which is a concatenation of general perturbation elementatdlhte catalogand TLE dataset

are used in satellite identificatiadathematical models, namely SGP, SGP4, SDP, SGP8, and
SDP8, utilizethe TLE dataset to obtain the position and orbit of satellites. The obtained
information then can be developed into interactive visual maps using software development

tools/libraries like CESIUM, WebGL, dsdi API.

The development process of an interactive map revolves around infeimai@ationa user
centeredapproach, and evaluation of the map. Repadieenand interaction are the backbones

of a map design process. Here, the available visual variables are identified and meaningfully
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represented. The layout design is determined by the proper placement of map elements. The
placement of map elements sti@gdsentially follow a logical hierarchy or dsdeed on their

relative importance. The interaction design should allow users to access the map conveniently to
achieve their goals. The whole design process should be based on the needs of users, which is
described by the concept of UCLED itself is an iterative process where the feedback of users

is obtained in the entirety of the process. This contributes to the evaluation of interactive maps

as well. The success of a map ineedan primarily be obtained frate usabilityand utility
evduationUsability is the measurement of how easy the interface is for users. The ability of the
user to perform a certain task and the decisions made durisggbeate analytically quantified

by a utility. This contributes to the success of interactive map development
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METHODOLOGY

In this chapter, a brief descriftithe methods used for theisleegkiined. A workflow used is
represented wiitlehelp of a flowchatrtcdnsists thfreesubsectionsvhickexplain the design of the

prototypehe survey done for the evaluation of the,@otbtiipesummary of the chapter

A mixed research method was used to achieve the research objectives and answer the researct
guestions. A background study of theiagisatellitevisualzationapplications was performed

to select the data, type of representation, and the interaction of the interface. These representing
elements selected were to be implemented in the application design. Avasatirurvey was
performed to check the preference of thewemis for theisualizatiorof the interface. The

evaluation of the designed application was done based on the discrete rating scale system. Finally,

a quantitative and qualitative analysis approach was chokerefaltiation of the survey result.

A detaied analysisof the existing applicatiovas conductedto understand the basic
requirement®f cartographic elements neeftadthe preparation of an interactive mahis

analysis wagserformedon finding the presquisite of data, represerda, and interactionlhe
Application wasdesignedased orthe UCD approackonsidering these requiremenitse

detailed study of the UC&pproactior thepreparatiorof an interactive mapasexaminedavith

the help ofthe availableresourcesywhich isexplained in chapter 2. After tbellection of
necessamlements and thmasic information for preparing an application, FIGMA software was
used to prepare the meagg prototype. This ishagh-fidelity interactiveprototype of a web map

that was built with the browseased user interface design applicaigmagFigman.d.) It

allows the implementation of various interactive tools, which are useful for the user study and

beneficial for designing a usenteredpplication.

A userstudy was dona the formof anonlinesurveyparticularlyto achieve twobjectives: )i
to answer the research question aboutitfualizatiorof the satellites and (ii) to evaluate the
interface based on its utility and usabilitye workflow of the methodologged for the thesis

isshown in the followingigures:
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Analysis exisring Literature
upp]i-::uinm SOLTCES

Interacrive

Concepr tor
web-map design

interface design

.................................................................................

Protocype dusign
FIGMA

==

Evaluarion survey

Sarellite 2D Ve gD Customizable Sarellite
representation map inrerface comparison

e

Figur8 Workflow of the methodology

In theonline survey, thasualizatiorquestions consistedadcreenshot of the specific window
of the applicatiorMultiple-choice questi@wereasked to users witheability to choosesingle

answerAn openendedjuestion was also asked to know the reason behind their preference. The
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qualitative results weamalyzd with the help oMicrosoft ExcelThe feedback dfi¢ useras an
answer to the opeandedquestionwasfirst analyzd qualitativelyand then quantitatively.

Keywords were extracted from the scaptl a treemap was createdisnalize the results.

3.1 Prototype design

A brief explanation of the methsugsed in the prototype design is discyssetl as data design,
the expected outcome of the prototype, various components of the interface design, and the
outlook of the final designed product. Heistioralso focuses time limitations and use cases of

the finishegrototypeproduct.

3.1.1 Data design

As explained in chapter 2, ssdction 4.2satellitecatalogthere arelual sourcesvailableor

satellite datavhich areSpacelrack and CelesTak. Although the datasetvailable in Space

Track is more updatescompared to CelesTrak, for this researciC#hesTraklatais chosen
because it does not require authorization. Sectimdlgtudy is concerned with the prototype
design for theisualizatiorof the satellites antbt the fuly functional application desigmhich
finds the data extraction from CelesTrak astefleandcompatible Additionally, CelesTrak
offers data downloading based on the classification of the satetliieas special interest
satellitesweather resources satellites, communication satellites, navigation ,sstedlitiefsc
satellites, r@d miscellaneous satellifBlsisfeature has helped in the classificaifdhe satellites

while designing the interface of the application.

Upon request &&PS operational satellite ddke format that appeairsthe CelesTrais shown
in Figure9 below
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GP5 BIIR-2 (PRN 13)
1 245760 S7@35A 21293.54530854 . Q0Q@geds o80E0-0 G2020-2 © 2 9996
2 24876 55.4884 165.8335 8854058 54.3622 396.24096 2.80552666177845
GPS BIIR-4 (PRMN 28)
1 263680 @aa2sA 21293.76875498 - . 000@aeld oa0e0-0 eedga-2@ @ 9993
2 26368 53.86597 B8.7855 9854983 174.6823 68.5338% 2.885583372157165
GP5 BIIR-5 (PRMN 28)
1 28470 aaadas 21293,25845834 -, 00g@gada o@0e0-0 e200@-2@ @ 9996
2 26487 55.6338 282.7934 @lVs498 283.%75@ 152.8856 2.065538727155830
GPS BIIR-2 (PRN 1&)
1 276630 @3aas5A 21293.6945%621 -.00099235 oa0e9-@ eegg@-2 @ 9993
2 27683 55.0838 282.5753 89121753 38.1e88 134.4826 2.8@551879137289
GPS BIIR-2 (PRN 21)
1 277a4U a3alesn 21293 .68385284 -.000@ales oa0eE-a@ O200@-@ @ 9994
2 27784 54,9223 33.8397 8243669 293.3681 B4.4973 2.885359131136883

Figur® A format of a Tldataset

After the request is made, the data so received is the TLE whtzsetlesption can be found
in section 22 of the background information chapter.generalthis dataset is used for the
calculation of the positicand orbitof the satellites Howeverit is only taken as a refererioe
this prototype desig Hence, the placement of the satellites visible in the intexfaceomly

arrangeabnly forvisualization

3.1.2 Expectedutcome

In designing the interface, the following features mentioned were deliberately chosen to meet the
expected outcomeBhese critaa werederived from thditerature sourceand analysis from

similaravailablepplications.

1. A simple navigation menu designused withminimum iconsvhich are self
exploratonso that the users are guiffeth one window to another frictitessly
Thename of the icoris placedclose to them as visibleon the hoverto avoid
the confusion of users while interacting with the interface

2. Thesearch function and filter opticarekept, allowingthe users to select the
individual and group satellites based on their function and characteristics
respectivelyThis feature is inserted so that the usersfindntheir desired

satelites quickly angiewther information.

38



METHODOLOGY

3. The 2D and 3D globeepresetationsare displayedn the interfaceThe idea
behind it is thathe use of a 3&hd 2Dglobecaneffectivelyisualizenumerous
satellites and the inddual satellitéo see its patlmespectively

4. The comparison windows designedo compare two omore userselected
satellitesThis allows the users ¢comparethe satellitebased on their altitude

andorbits in differentimeframe.

3.1.3 Usercenterednterface design

Theprototypeinterfaces designed considering the U@arkflow, which isin its initial phase
Robinson andthershave come up with the six desstages for UCD workflowvhich are
explained in the 2.2.2 subsection of the background information chapter. The Fodjorel®)
compares thproposed workflow and how it interlinks with the user, usgkand utility

evaluation method of the UCD design process

Prototype interaction

Worlc domain

analysis
Debugging user
usability utility
Prototyping Conceptual development
Implementation Revised interface concept

FigurdQUsercenteredksign as an iterative process

adopted and revised fRarRoth et al., 2015)

Figurel0consistsof a triangle in the cem and dash aows run from number one to ,six
representing the workflow of the applicatibme workflow is designed iterate through three

evaluation componenEor instanceyork domain awysis (1) and prototype interactoheihe
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interfacewith the perspective of usecenceptual development and revised interfacd concept (
examine the application based on the utjtitgtotyping (3) and implementatevalate the

usability of the interfac&he workflow numbered in this figuresperthe workflow of the UCD

laid downby RobinsonRobinson et al., 2005)

The triangle represents the interconnectivity of user, utility, and us@biktynterrelationship
between these components should be maintained while designing an ajgestematically

shown by the dashed arrmwfigure () While desiging the applicatio SatelliteVjfirstly, the

users of the interfaveereanalyzd, and all general map users willinpeéaware of the satellites
wereselectedAfter the users were determined, the concept of the application was designed by

considering the available mapach aghe Esri satellite mapd Suff in spac®©ne of the

shortcomingof these web maps wiasir technicalitieswhich madé difficult to navigate for

the general userSatelliteViwas designgd overcome this difficulty and make it easiethe

users to understand the navigation pro&sssed on thabovementionedonceptformed,a

prototype was designaddwas informally tested lafewusers. Upon their feedback, an initial

concept waswrised and adopted in the prototypenerally,iese stageserepeated as long as

LUl ate 316l NOel & ay EOt ang afterdajfithhdetuggintet 0t U |
application is deployed to the @sand the application is considered asessfuHere for the

final evaluation of the applicati@me formauser testhrough an online questionnaivas done

wheretheZ y | Oy A UdnalyzeYor tifislesgatcly project

3.2 Survey

This sectionfocuses on theorkflow of the onlinguestimnairebasedsurvey carried out to
evaluate the moakp prototype of the applicatiowhich isexplained inthe previous section of
prototype designThe description of the survey, participants, and the evaluation method is

presented.

3.2.1 Description

The user studyasan onlinebased survey consisting of various objective and subjective questions.

The survey method for this study was chosen bésdlaek frommanydiverse groups aters
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from differenteducationabackgroundwasrequiredlIn the present context, it was rieasible

to arrange a fade-face survey or an interview.

The survey took plaoa the platform calleQualtricsThe survewasdivided into five sections:

() the general information of the participants, (ii) interface interaction, (iii) evaluation of the
performance, (iv) utility and usability test of the application, and (v) subjective questions. The
first section is the p#est questionnaire to get a perspective on the participants. As the
application was designed for all kinds of map usemgsitimportant to know the basic
information of the user§he survey was designed tditishedin approximately 25 minutés.

was dbstributed to the users through various social media platforms.

After thegeneral information of the usemsstaken, theyereput to interact with the interface
to be familiarized with the applicatiobhe users were now requested to answer thé&epbst
guestions which were related to the applicatitere, he participants had to perforthe
designatethsksand answer #questions related to thésualizatiorof the satelliteS.hen,the
userdhadto evaluate their performanibased on the difficulty or easingfsgsing the interface
Further, he utility and usabilitpf the interface arechecked with ten quest®each In the
section of subjective questidmg open questions were asked tdegetback and suggestions

fromthe participantsegardinghe interface.

3.2.2 Participants

The user test was surveyed on participants from vediacetionabackgrounds hey werenot
restrictedonthe grounds oige, gendeoy familiarity with thesubject mattefThe participants
were asked tstatetheir major educational backgroudget an ideaf how the interface was
perceived bparticipants from different backgrousd total number ofiOparticipantgpartook
in the surveyout of which28weremales and 12verefemalswith the age range df854. The

following Figurellllustrates the educational background of these participants.
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ENGLISH LITERATURE

answs GEOGRAPHY gcrom, .
BACHELOR NFI]RMATII]N TECHNOLOGY

ll

ROCK AND TUNMEL ENGINEERING ELECTRICAL ENGINEERING

ARTOGRAPHY

ELECTRONICS RND COMMUNICATION COMPUTER ENGINEERING

CIVIL ENGINEERINGLAW
BEODESY CEOMATICS

GEOINFORMATION

Figurd Educational background of the participants

The users were askedltiple-choicequestiosrelated to their familiarity with the interactive
maps.Figurel2shows the pie chart representing the results of the participamtauiver
indicateghat most of the participants are slightly familiar with using the interactps boa

few users are fully unaware of interacting with the web mapping.

Ex:r:m:l}' Wery Modcru[:l_y Slib'l"T].‘- Mo
familiar familiar familiar familiar familiar ar all

Figurd Z=amiliarity of users with the interactive maps
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The familiarity of the participanisa £ U £ 0| t | GditypésjamdHundidplays anA  + E 3
important rolein this studyFew of the usersvlittle knowledge of the function of the satellites.
Howeverit was found thahereexistaparticipant who is completely unaware of \alsatellite

isandits purposeFigurel3illustrates th&2 y | OAy e OOUaNI OE tul dzEO; N

purpose.

1 \
r \'\.

Drefinirely Probably Probably Definitely

Mavhe

wes ves noL atals

FigurdFamiliarity of users vatttellites and their orbits

3.2.3 Bvaluatiormethod

The participantsvere asked to interact with the interface whexehbenchmarktaskswere
assignedandthey wereaskedo find the answer. Bsequestions wergesignedo understand

the difficulty experiencetly the users while interacting. The correct answers would mean that
the interface wadfective enoughior them touse,and they culd eadly interact with the
application without any prior instructionshe resulof these tasks would help to evaluate the

effectiveness of the designed application.

Additionally, the utility and usability of the interfaceevealso evaluatettrough the online
survey methodhe survey consisted of a total of 20 quesgiaadls for utity and usability. A

total of 14 positive questions andhegative questions were asked in the survey. The users were
able to answer the questions based on a discrete scaleThatimgsults weranalyzd

quantitatively considering the average valtieeach question. The positively and negatively
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framedquestions were treated differenflystacked chart was designed to visualize the overall

result.

3.3 Summary

To summarizegut of the two available sources, Celessrekosen because it does not require
authorization and partly because the objective of the work is to design a prototype. While
designing, features suclieagericons to simplify thaser interfice search and filter optiotie

choice between 2D andwgualizatiorand, comparison window to contrast two or more selected
satellites were added to meet the expected outcome. lieseknentereddesign protocol was

used employing beta versions to users to determine the most efficient prototype possible. Figma
has leen used to create a browsssed usarentereddesign prototype allowing the

implementation of various interactive tools.

A five-sectiond questionnaire survey, deployed to participants through social media irrespective
of their age group and academic background, was usectuoditiee prototype. Benchmark

tess were set uypguizzingthe number of satellite and junk sateflite LEO diplayed by the
prototype they had interactedth while following the instructions in the questionnaire, in which

40 participantgook part it The evaluation of the interface and finding touisealization

guestions were done based on the same qudastionna
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4
RESULT & DISCUSSION

In this chaptehe resulbf the user studydiscussed in detidits analysiand discussion are
presented. This chapdended inttbursectionprototype desigsualizatigrandevaluatiarinthe

first sectiorthe outlook of ttlesigned prototype, with its limitations and use cases, ahe explored. T
participant's preference foistaizatioof the satellitisanalyzin the second sectiothehird
sectignevaluatigntheinterface based utility and usability evaluatedith its analysisThe
guestionnairasevaluated based erstirvey, and its result is discussed here. The chapter consists of tl

last section, which summarizes all the results and discussions.

4.1 Prototypedesign

Theprototype was designed considering the expected outcomes-aadtassimap design as
stated above. In this section, an outlook of the final product, its limitations, and various use cases

are discussed.

4.1.1 Outlook

The main view of the prototype is shamwRigurel4 The layout of the interface is designed on

the following basis:

1 inthe cente: the 3D base map is placed consisting of small dots representing satellites,

1 in the upper right corner: three émactive icons such as a layer, map, and compare are
provided.

1 in themiddle sectionf the navigation bar: the search function is positioned,

1 in the upper left corner: the filter option and visualize option is placed, and

1 in the lower right corner: zoeim and zoorout interactive tools are presented along

with helpandabouicons.
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Figure4The outlook of the home pagetdrthee

Once an individual satellite clicked, a new window openswith the satellite descriptipas
shown inFigurel5below. This window gives an overview of each sasgdliiteng with their
name, TLE dataset format, positiotituale, velocity, and other various details. It also allows the

user to switch the base map from 3D to 2D andersz.
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Period: 971 Minutes SLTTUDE / | :

635 kr I / 1 -

Semi Major Axis: 6999 Km : / \ GPS 3-4
Launch Date: Nov. 21, 2013 VELOCITY /
Launch Site: Orenburg Rus

Figurel5The outlook of the window when an individual satellite is selected.

Thecompaieon allows the users to select two or more satellites and compare them based on their
altitude and orbits. Thasualizatiorof the comparison of the satellites is showigurel6and

Figurel? The upper two viewports in altitude comparison allow the users to select an individual
satellite or several kinds of satellites. Bastte @election, theaxis visualizes the altitude of

the satellites, and theaxis visualizes the launched year to compare the satellites. The orbit
comparison has four viewports where the upper two ports allow the users to select the satellites
for comprison and the lower ports allow the users to visualize the satellite orbinme rexad

the useiselected time.
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Figurd6Visualizatioof altitude comparison.

Figurd isualizatioof orbit coparison.
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