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Introduction

* The usage of satellites is growing in various fields such as Criminology, climate Change,
aerospace, and Cartographic research, thereby increasing the number of satellites.

* The satellites present in space are spatiaily 1oeated, whose representation can be efficiently and
effectively done through the means of Cartography.

e An interactive application effeetively designed can serve the purpose of representing 2 large
amount of data and effortlessly conveying the information to users (Pietseh, 2015).

* Inrecent times, some organizations have been focusing on designing satellite maps; however, it
seems too technical for general map users.

* The general map users having minimum or no knowledge about satellites must be reached out
to while developing the application.




Research objectives

ROn.
To design a prototype of an interactive web-based application to
visualize satellites and their orbits.

RQu.1 What are the available sources to extract the satellite data for

visualization?

RQ1.2 What platforms are being used for designing satellite visualization

interfaces?

RQ1.3 How is the interactive application designed considering the
requirements of users?




Research objectives

RO02.
To explore the various satellite visualization aspects in the

designed application.

RQz.1 How can the satellites be represented effectively in the interactive web-based map?

RQz.2 Are 2D or 3D maps more effective for displaying satellites on an interactive web-

based map?

RQz2.3 What color or other graphic variable choices must be studied for designing a
customizable interface? Does the user prefer a customizable or fixed interface?

RQz.4 How can two or more user-selected satellites be visualized together for a
comparison?




Research objectives

RO3.
To evaluate the designed application.

RQ3.1 How can the utility of the interface be evaluaced?
RQ3.2 How can the usability of the interface be evaluated?

RQ3.3 How is the effectiveness of the interface evaluated?




Background information
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TLE
dataset

B

satellite.js

library

Interface
visualization

The TLE dataset for
these three applications
is extracted from space-
track.org, and  the
satellitejs ~ JavaScript
library is used for the

calculation of satellite
position.

| IRepresemtation _______________________________ linteraction ______

Satvis.space Built with CesiumJS, Satellite.js, Vue.js, Workbox.

Pan, zoom, retrieve, filter,

overlay

(Ahmed, n.d.) 3D virtual globe representation is found with the possibility to change

into 2D.

A single color dot symbolic representation of satellites is observed.

ST [T ET e 1t is built with ArcGIS API for JavaScript, Bootstrap, jQuery. Pan, zoom, retrieve, filter

Esri

3D virtual globe representation is found.
(Esri, n.d.)

A single color dot symbolic representation of satellites is observed.

Built with WebGL. Pan, zoom, retrieve, filter,

Stuffin.space

search

(S0 BT ESCETGRE 3D virtual globe representation is found.
n.d.)

Multiple color dot symbolic representation, which classifies space
objects based on their types (satellites, rocket bodies, and debris), is

noticed.



https://satvis.space/
https://maps.esri.com/rc/sat2/index.html
http://stuffin.space/?intldes=1965-065E

Background information
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The iterative process of user-centered design Interface success relationship

adopted from (R. Roth et al., 2015). adopted from (R. Roth et al., 2015).
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Prototype design

Data design

« dual sources available
for satellite data
which are Space-

Track and CelesTrak.

CelesTrak data is

chosen because it
does not require
authorization.

O-------0

Expected outcome

simpie navigation
menu design

search function and
filter option

2D and 3D globe

representations

Comparison window

User-centered interface design

* prototype interface is
designed Considering

the UCD workflow

- FIGMA




Prototype design

Prototype interaction

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

User-centered design workflow

work domain analysis (1) and prototype interaction (4)
check the interface with the perspective of users;

conceptual development and revised interface concept
(2) examine the application based on the wtility;

prototyping (3) and implementation (5) evaluate the
usability of the interface.




Survey
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Prototype design

Outlook

Satellite Viz



https://www.figma.com/proto/DZQbWINxxMVMmBDt4e6ogP/satellite-prototype?page-id=0%3A1&node-id=7%3A96&viewport=241%2C48%2C0.04&scaling=min-zoom&starting-point-node-id=7%3A96
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Prototype design

e The application does not allow users to zoom in and out of the interface with the help of a
mouse. The rotation of the globe is also not possible.

o The casy shift from one window to another is not possible Due to the lack of an effective
back button.

e The information of the individual satellites is absent.

o The position of satellites is randomly placed, and the orbital path of the satellites is not
accurate.

® The buttons arce functional as per the requirement only.




Prototype design

e Educational purposes
e Collision of satellites

° Space debris visualization




Familiarity of users with the interactive maps

Results
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Visualization

Satellite 3D vs 2D map Fixed vs customizable Comparison of
representation representation interface satellices
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Satellite
representation

geometric shapes to the actual shape of satellites can be used for satellite

representation

the visualization of the satellites depends on the objective of application

development
to show only the total number of satellites, then a single color can be used.

the preference for multiple colors for the visualization of satellites implies
that most of the users find it easy to visualize the satellites based on their

classification

a combination of different geometric shapes with different colors can be
used for the visualization of satellites to give the information of satellites

4s SOoon as thC USCTs open the interface.




3D vs 2D map

representation
40 participants
15 b |
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3D - ORBIT VISUALIZATION

Search for satellite
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TLE DATASET

: Norad Id:
©INT'LID:

E Object Type:
Apogee:

E Perigee:

i Inclination:

: Period:

: Semi Major Axis:
: Launch Date:

E Launch Site:

39439
2013-066z
673.4 Km
567.78 Km
976°

971 Minutes
6999 Km

Now. 21, 2013
Orenburg Rus

POSITION

LATITUDE

68.76°

LONGITUDE

-160.90°

ALTITUDE [

635km '

VELOCITY |
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1 39439U  13066Z  21160.857

/ \ 2 39439 975975 1470186

GPS 3-4

The outlook of the window when an individual
satellite is selected in 3D globe representation.




3D vs 2D map

representation
40 participants
15 21
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2D - ORBIT VISUALIZATION

Norad Id:

INT'L ID:

Object Type:
Apogee:
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Inclination:
Period:

Semi Major Axis:
Launch Date:
Launch Site:

39439
2013-066z

6734Km |
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Search for satellite o

Search for satellite
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TLE DATASET
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_ LONGITUDE ‘ A # N\ 1 394390
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The outlook of the window when an individual
satellite is selected in 2D globe representation.
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3D vs 2D map

representation
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represcnition

the 3D map was preferred over a 2D map by users for

the visualization of multiple satellites.

when the multiple satellites are to be displayed at once,

then the virtual 3D globe is effective.

the use of a 2D flat map is suggested when the

individual sactellite is visualized.

the combination of the 3D and 2D maps in an interface

is considered to be effective.




e Fixed vs customizable

interface

36 participants

Customizahle Fixed

incerface inrerface

ORBIT VISUALIZATION Customize

_§ RN
e l
@

* color, shape (for satellites),
* line type, line color (for
orbirts).

the inclination of the users
towards having a customizable
interface as compared to a
fixed interface was found

the customizable option allows
the users to freely interact
with the interface, is
personalized, and contains
multiple choices

other visual variables such as
transparency, saturation,
texture, orientation, and
arrangement can be included
to provide additional options
to users




Comparison of
satellites
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Comparison of
satellites

32 participants

Chebi Alvicude
COMprrison COMprrison

an orbit comparison method was chosen
over the altitude comparison visualization
approach for the comparison of user-
selected satellites

the orbit comparison allows the users to
visualize the satellite orbits in the past,
present, and future, many users were in
favor of that.

when the orbit is compared, one can check
if any objects are going to collide




Evaluation

Questionnaire Utility and Benchmark
usability tasks
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c Questionnaire

36 participants

e Mean e Std Deviation

Mental
6

5

Overall Performance Physical

Satisfaction Temporal

Radial chart showing mean value and standard
deviation of questionnaire evaluation

Satisfaction

Overall performance

Temporal

Physical

Mental

0%
Mental

: 3
& 9
3 7
Hy 3
us 5
m6 2
u7 2

Questionnaire evaluation

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Physical Temporal per?(:rer?alicc Satisfaction
5 6 4 0
7 9 6 1
3 6 4 T
10 6 10 5
6 6 7 10
4 1 4 10
1 2 1 9

Number of participants and their
evaluation to the questionnaires

Unsatisfied-neutral-satisfied

Relaxed-neutral-stressed
Low-neutral-high

Less-neutral-more

Easy-neutral-difficult
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o] S.N Utility Ratin
@ Utility Sl

Disagree Agree
I would use SatelliteViz frequently. 6 5 4 o 7 0 3 356
36 partiCipantS - It is not an application of my interest. 6 7 3 8 5 5 2 3.61
It would be useful for the visualization of satellites and their orbits. T I o 1 7 10 16 5.94
. h .. . D It would be applicable for those users who want to understand the 2 I o I 8 6 18 5.83
elg t pO sitive que stions satellites and their orbits.
two negatlve queStlonS It would not be helpful for the users who are experts of the satellites. 10 4 6 5 4 3 4 339
F It is a novel approach to provide information about satellites to general 2 2 4 5 6 8 9 4.97
users.
It has all the required functions to explore the satellite data. T 3 4 6 6 8 3 4.14
. !
[}
4' I 6 belng the Users It has all che essential functions to analyze satellite data. 1 3 4 6 6 8 3 4.58
average result m terms . It has all the necessary visualizations to understand the mechanism of 4 1 6 10 4 6 5 431
Of utlllty sacellices.
It provides many ways to visualize the satellite data. 2 0 3 5 5 I 0 533
° it Sh OWS th at th ey f oun d The average rating for positive questions (8) 4.83
tl’lﬁ lntﬁrfaCﬁ to bﬁ a blt The average rating for negative questions (2) 35
more USCfUI than . . -
Overall average with negative questions inversed 416

aver age

Number of participants and their
evaluation to the interface utility
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Disagree Agree

A SatelliteViz was easy to use. 4 3 2 6 o 38

4.42

(S8

36 participants

It was troublesome to use. 8 6 4 8 5 2

(o8]

339

A support of a technical person is needed to be able to use SatelliteViz. 10 6 2 7 7 I 3 3.28

Some detailed help and tutorial is required to be able to use SatelliceViz. 1 3 4 38 0 4 6 4.64

S1X positive questions

fOU,I' negat1V€ qUGSUOl’lS Many people will be able to learn to use SatelliteViz quickly. 2 o 2 13 8 7 4 4.72

Some previous knowledge of using an interactive map is necessary to be 3 3 5 4 12 5 4 439

able to use SatelliteViz.

I felt confident while using SatelliteViz. 3 1 4 10 10 6 2 436

H I was often confused about where to click or where to look when using 5 4 2 8 7 5 5 419

* 3.98 being the user's result in terms of

SatelliteViz.

The visual design of the application is well done. 2 0 1 9 6 ) 0 525

usability .
. SatelliteViz violates basic cartographic principles. I 10 4 8 I 2 o 256
* it shows that they found the interface
to be a bit le SS pr aCth al th an average The average rating for positive questions (4)

The average rating for negative questions (6)

Overall average with negative questions inversed

Number of participants and their
evaluation to the interface usability




e Benchmark tasks
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Conclusion

The research had two-fold objectives: (i) in-depth study of
the existing literature to examine UCD for interactive maps;
(i1) a design and evaluation of an interactive web-based
application prototype.

In practice, there are a few satellite visualization
applications. The TLE dataset can be extracted from two
available sources to get the available information of
satellites.

The evaluation of the designed interface was done by
considering the success rate of the benchmark tasks, utility,

and usability.

For future reference, this prototype can be implemented into
a coding-based application.

Other loops of UCD can be implemented to improve the
utility and usability of the interface.
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