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THE WEB APPLICATION
FOR PLANNING REMOTE SENSING OF THE EARTH

Abstract. This article describes a web application for constructing the orbit of a remote sensing (RS) satellite
and for planning the survey of the specified territory on the Earth's surface. It is important for RS to select an appro-
priate satellite, taking into account such criteria as optical characteristics and frequency of surveys. The developed
application offers a user-friendly interface and efficient calculation of the satellite position. With this application, the
user will be able to see the trajectory of any available commercial ERS satellite for a specified period of time,
calculate all the possibilities that meet the user's requirements for surveying a point or polygon on the Earth's surface
and schedule a survey of the area of interest taking into account all the required restrictions. The algorithm is based
on the SGP4 model, which uses public TLE data for Earth remote sensing satellites, formulas of celestial mechanics,
analytical geometry, and heuristic methods for reducing computations. The program code is written in JavaScript and
PHP programming languages using the Bootstrap, JQuery, and Cesiumjs libraries. JavaScript is the most common
means of creating browser interfaces, new features are added to the language. The article contains screenshots of the
program itself and the results of speed tests of calculations performance are presented in the article.

Key words: remote sensing of the Earth, survey planning, SGP4, TLE, the motion trajectory, web application.

Satellite methods of studying the Earth's surface have become important in recent decades. This is
connected both with the further improvement of space technology, and with the curtailment of aviation
and ground-based methods of monitoring. The main applications of satellite remote sensing of the Earth
(RS) are obtaining information on the state of the environment and land use, studying plant communities,
assessing crop yields and the consequences of natural disasters. Remote sensing tools are effective in
studying soil and water pollution, ice on land and water, in oceanology. These facilities allow obtaining
information about the state of the atmosphere, including on a global scale.

Whatever is the sphere of use of ERS imagery, there is always a need for operative provision of
consumers with up-to-date data. In other words, the speed of the order execution is important for all users.
Most of the time in the work to fulfill the order for space images is taken by the survey process itself. The
duration of this process depends on the size and location of the ordered territory, the climatic conditions
during the survey, as well as the optical characteristics and orbital parameters of the spacecraft itself. All
this must be taken into account when forming a request for space imagery by both the supplier and the
client, in order to correctly plan their further work.

At the same time, remote sensing services are provided by hundreds of satellites moving in low Earth
orbits. In this regard, remote sensing service users have got the problem of choosing a suitable satellite.
The selection criteria here are, firstly, optical characteristics, and secondly, the possible frequency of
surveys with the desired parameters. If we conditionally allocate a class for the similarity of optical
characteristics from a set of all available remote sensing satellites, then it is required for final decision-
making to evaluate to what extent it is possible to execute an acquisition order by means of a particular
spacecraft from this class. The program described in this article can help in solving these problems.

— 186 ——



ISSN 2224-5278 Cepus ceonoeuu u mexnuueckux Hayk. Ne 6. 2017

The software product considered in this paper allows solving the following tasks for any open
commercial ERS spacecraft:

1) To construct a motion trajectory for a given time interval.

2) To estimate the frequency of passing in the vicinity of the territory of interest.

3) To see all the possibilities for surveying the ordered part of the Earth's surface for the specified
date range, taking into account the customer's requirements.

4) To create a time-optimal plan of the survey of the requested area on the Earth surface.

Thus, a user can select with the help of this application an ERS spacecraft, that is the most suitable
for its purposes and requirements, and estimate the time costs in order to take them into account.

The application itself is based on a number of mathematical algorithms, where SGP4 model [1] takes
central part. SGP4 determines position and velocity of a satellite at a point in time by appropriate TLE
data [2], which is in a free and public access for all commercial ERS spacecrafts. So it is enough to run
SGP4 model with some time step in order to construct a motion trajectory for a given time interval.

The task of finding all the possibilities for surveying the ordered territory that satisfy all user’s
requirements expands previous one and includes next subtasks:

— Coordinate and date transformations [3, 4].

— Calculation of the Sun's angle on the terrain at a given time [5].

— The construction of a minimal convex hull of an arbitrary set of points in the plane [6].

— The determination of the intersection of a point or a convex polygon on the surface of the Earth
with some neighborhood of the subsatellite point.

Thus, the algorithm for the second task consists of the solution of these subtasks. Also the formulas
of spherical trigonometry [7] are used there.

The last task — planning the time-optimal process of shooting a polygon on the surface of the Earth —
extends previous task with next subtasks:

— to cover polygon with shooting strips;

— to arrange the order of surveying strips so that it takes the least time to shoot the entire polygon.

These subtasks and the last one from the previous task have been solved by authors themselves.

To solve the above tasks, a web application has been created. JavaScript and PHP programming lan-
guages, HTML with CSS were used to write its code. jQuery and Bootstrap libraries [8, 9] were involved
in the interface; 3D visualization was realized with the help of Cesium library [10]. The application itself
is deployed on an Apache server.

The consideration of the application would be started from an interface, which can be conditionally
divided into five parts: the main layer, top, left, right and bottom panels.

The main layer represents a three-dimensional model of the Earth. Here the user can specify an area
of interest and see the satellite motion trajectory as a result of the program execution.

The left panel has two modes: input and output. In the input mode the user must select an ERS spa-
cecraft, start and end dates from the dropdown menus, and enter maximal roll angle, minimal Sun height,
latitude and longitude of the area of interest in degrees. If the user is interested in night shooting, he can
set negative Sun angle, for example, -90. The territory of interest can either be entered into latitude and
longitude fields, or drawn on the map, and then its coordinates will automatically appear in the corres-
ponding fields. Besides, three buttons: “Draw orbit”, “Propagate” and “Optimize” — are available. When
you click the "Draw Orbit" button, a satellite trajectory is constructed for the given date range; an area of
interest is unnecessary here (pic. 2). The “Propagate” button finds all possible passes that satisfy specified
restrictions near the territory of interest in the required date range; the results are displayed in the right
panel (pic. 3 and 4). The “Optimize” button creates an optimal plan for surveying a polygon on the Earth’s
surface beginning from the start date, taking into account the indicated limitations. In this case, the
polygon is covered by shooting strips of a spacecraft with overlap. The resulting passes are also output in
the right panel. The end date is ignored here (pic. 5).

In the output mode the left panel is used for displaying and is unavailable for editing. The name of the
ERS spacecraft, the start and end dates, a number of strips covering the area of interest and a necessary
number of passes are output here. To draw the orbit, the last two fields are always zero, the start and end
dates are the same as the input values. For “Propagate”, the start and end dates indicate the dates of the
first and last pass, the last two fields are also zero. For “Optimize”, the start and end dates have the similar
to “Propagate” meaning, strips and passes are shown in the amount that is necessary to cover the polygon.
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The top panel consists of two buttons. The first one, with a “list” icon, is used to toggle the left panel
between input and output modes. The other, with a “hexagon” icon, turn on the polygon drawing mode,
which works as follows:

1. Switch on the polygon drawing mode by clicking the “hexagon” button. The old polygon will be
erased, if there was one.

2. Place the dots on the Earth surface with the left mouse click.

3. After placing all required dots, right-click. The minimal convex hull of these dots will be drawn
on the Earth model, and the latitudes and longitudes of its vertices will be listed by commas in the
corresponding fields of the left panel.

4. Switch off the polygon drawing mode by clicking the “hexagon” button.

The single point can be placed on the Earth surface by double-clicking with the inactive polygon
drawing mode. Its latitude and longitude values also appear in the left panel.

In the right panel the list of passes near the territory of interest appears after clicking the button
“Propagate” or “Optimize”. Each item of this list indicates the beginning of the span. Clicking on any item
of the list part of the spacecraft trajectory, with which it is possible to survey a given territory, will be
drawn. For “Optimize” the strip, which will be shot from the selected pass, will be colored green (pic. 5).
There is a pagination switch in the bottom of the right panel. The length of the list that can fit into the
panel does not exceed 10 elements, so that the appropriate multi-page output is provided for demonstrating
more passes. The pagination switch itself initially has next elements: “left” arrow, page numbers from 1 to
5, “right” arrow. By clicking on the “right” page numbers in the switch increase by 5, provided that
the current five pages are not enough to show all results. For example, if you have received no more than
50 passes as a result of computations, nothing will happen after clicking on the “right”, otherwise page
numbers will change as follows:

{1,2,3,4,5} — {6,7,8,9,10},

and they will grow this way after every click on the “right” until the next five pages reach the end of the
list. Clicking on the “left” decreases page numbers by 5, if there are not first five {1,2,3,4,5} in the switch,
otherwise nothing happens.

The bottom panel consists of a multimedia control unit and a slider. Multimedia control unit allows
you to pause the animation, adjust its speed and direction. The slider is used to rewind the animation back
and forth.
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The inner part of the application is based on solutions to the problems described in the beginning. The
corresponding algorithms can be found in the references [1-8]. Some specific programmatical issues will
be described here.

TLE data acquisition. Upon entering the application, a client sends the GET-request to the server for
the list of ERS satellites and corresponding TLE. After receiving the request from a client, the server reads
the contents of the file at http://www.celestrak.com/NORAD/elements/resource.txt, processes it and
returns an ordered list of satellite names and TLE data. The server stores a copy of this file on its side in
case it is unavailable, and the server can successfully process the request by reading data from this copy.
The above URL contains actual ephemeris of all available ERS satellites, and they update every day.

The visualization of a satellite’s trajectory. The Cesium library, written in JavaScript, is actively
applied in 3D-visualization in the considered web-application. But it works with data of a certain kind, so
the calculation results must be transferred to this kind. Thus the visualization of a trajectory occurs
according to the following scheme:

1. The calculation results are sent to the server with a POST-request with the following data fields:
the satellite name, the start and end time, the time step in seconds, the radius of visibility in meters, the
array of time points and Cartesian coordinates.

2. After receiving the data from a POST-request, the server writes it to the czml file [11], and returns
a link to this file.

3. The client downloads the contents of the czml-file from the received link using Cesium, thereby
triggering a 3D-visualization of the satellite’s motion.

Note that when drawing an orbit, one request is sent and one czml-file is generated accordingly. A
bunch of POST-request are sent to visualize passes near the territory of interest and a separate czml-file,
describing a certain part of the trajectory, is created for each pass.

Output of passes. As mentioned above, the list of passes is displayed in the right panel. Each element
of this list is implemented through the HTML tag <a>. Its markup as a JavaScript string looks like

“<a href = \"#\” class = \"list-group-item track\”
id = \’track-*“+id+”\">"" + tracks[id].date + “</a>"

where id is a serial number of the pass in the array, tracks[id].date is a time of id pass start. In addition, the
callback function, which loads czml-file associated with the selected id, and launches the animation, is
attached to each element by means of JQuery. This function is invoked by clicking on any pass.

Further, the result of numerical experiments are presented. All tests was run on the computer with
following features:

CPU Intel Core(TM) 17-4500U CPU @ 1.80GHz 2.40 GHz
RAM 8GB

Video card NVIDIA GeForce GT 750M, 2GB

oS Windows 10, 64 bit

KazEOSat-1 ERS satellite was used in all tests.

The visual result of orbit construction is always as in the pic. 2. Below it as a graph of the
computation time versus the planning horizon. The ordinates are in milliseconds, the abscissa is the days.
The results are given for up to 60 days.

— 191 ——



Uzeecmuss Hayuonanvnot akademuu nayk Pecnyonuxu Kazaxcman

250

200

100

50

0
12345678 9101112131415161718192021222324252627282930313233343536373839404142434445464748495051525354555657585960

The table below shows the number of passes and the computation time, depending on the end date of
planning for the search for passes near the coordinates point (47.24° N, 66.99° E). As the startting date is
taken on 14/04/2017, the maximum roll angle is 30° and the minimum Sun height is 10°.

The end date The number of passes The computation time, ms
21/04/2017 3 19
28/04/2017 5 28
05/05/2017 8 47
12/05/2017 11 25
19/05/2017 14 70
26/05/2017 17 68
02/06/2017 20 71
09/06/2017 23 84
16/06/2017 26 77

The table below shows the number of passes and the computation time, depending on the end date of
planning for the search for passes near the polygon. As the startting date is taken on 14/04/2017, the
maximum roll angle is 30° and the minimum Sun height is 10°.

The end date The number of passes The computation time, ms
21/04/2017 4 12
28/04/2017 8 22
05/05/2017 12 40
12/05/2017 16 33
19/05/2017 20 42
26/05/2017 24 106
02/06/2017 28 122
09/06/2017 33 208
16/06/2017 27 158

The following table shows the results of planning the survey of the same territory by different ERS
satellites with the same restrictions on roll at 30° and the Sun altitude at 10°. The start date is 14/04/2017.
The computation time is in milliseconds.
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Satellite The end date Strips Passes Comp. time
KazEOSat-1 13/06/2017 32 32 489
KazEOSat-2 31/05/2017 30 30 541
LANDSAT-7 16/06/2017 32 32 297
SENTINEL-3A 13/06/2017 32 32 416
WORLDVIEW-4 22/06/2017 32 32 732
RAPIDEYE 5 15/06/2017 31 31 377
PLEIADES-1B 11/06/2017 32 32 489
KANOPUS-V 1 09/06/2017 30 31 517
YAOGAN 29 02/06/2017 30 30 564

The presented results of numerical experiments demonstrate that the developed software product
perfectly solves the task in a very short time at the rates of computing power, which any average computer
can provide today.

REFERENCES

[1] Vallado D., Crawford P., Hujsak R., Kelso T. (2006) Revisiting Spacetrack Report #3. AIAA Paper No. 2006-6753.
DOI: 10.2514/6.2006-6753.

[2] https://www.celestrak.com/NORAD/documentation/tle-fmt.asp

[3] Meeus J. (1998). Astronomical Algorithms. 2nd ed. Willmann Bell, Inc., Virginia, USA. ISBN: 978-0943396613.

[4] Seidelmann P. K. (1992) Explanatory Supplement to the Astronomical Almanac. University Science Books, CA, USA.
ISBN: 978-0935702682.

[5] http://stjarnhimlen.se/comp/tutorial.html

[6] Cormen T. H., Leiserson C. E., Rivest R. L., Stein C. (2009) Introduction to algorithms. 3rd ed. The MIT Press,
Massachussets, USA. ISBN: 978-0262033848.

[71 G. R. van Brummelen. (2017) Heavenly Mathematics: The Forgotten Art of Spherical Trigonometry. Princeton
University Press, NJ, USA. ISBN: 978-0691175997.

[8] Freeman A. (2013) Pro jQuery 2.0. 2nd ed. Apress, NY, USA. ISBN: 978-1430263883.
9] Bhaumik S. (2015) Bootstrap Essentials. Packt Publishing, UK. ISBN: 978-1784395179.
10] https://cesiumjs.org
11] https://github.com/AnalyticalGraphicsInc/czml-writer/wiki
12] Flanagan D. (2011) JavaScript: Definitive Guide, 6th Edition. O’Reilly Media, CA, USA. ISBN: 978-0596805524.
13] Welling L., Thomson L. (2016) PHP and MySQL Web Development. Sth Edition. Addison-Wesley Professional, USA.
ISBN: 978-0321833891.

[14] Mohammed J.K. (2002) Apache Server 2 Bible. Wiley, NY, USA. ISBN: 978-0764548215.

[15] Gade K. (2010). A non-singular horizontal position representation. The Journal of Navigation. Cambridge University
Press. 63 (3): 395—417. DOI: 10.1017/S0373463309990415.

[16] Lane M.H., Cranford K.H. (1969) An Improved Analytical Drag Theory for the Artificial Satellite Problem. AIAA
Paper No. 69-925. DOI: 10.2514/6.1969-925.

[17] Hoots F.R., Roehrich R.L. (1988) Models for Propagation of NORAD Element Sets. United States Department of
Defense Spacetrack Report (3).

[18] Kelso T.S. (2007) Validation of SGP4 and IS-GPS-200D Against GPS Precision Ephemerides. 17th AAS/AIAA Space
Flight Mechanics Conference, USA, Arizona, Sedona. P. 15.

[19] Vallado D., Crawford P. (2008) SGP4 Orbit Determination. AIAA Paper No. 2008-6770. DOI: 10.2514/6.2008-6770.

[20] Beutler G., Mervart L., Verdun A. (2005) Methods of Celestial Mechanics. Volume I: Physical, Mathematical, and
Numerical Principles. Springer, Germany. ISBN: 978-3-540-26870-3.

[
[
[
[
[

—— 193 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

M. II. 3al‘[JIETI/IHl, A.T. )Kam,monl, b. M. MasaKOBaz, A.C. )KyMaxaHOBa2
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KEPII KAIIBIKTBIKTAH 30HATAYFA APHAJIFAH WEB KOJIIAHBA

AnHoTanus. Makanana xep/i KambIKThIKTaH 30HaTay ciyTHUTiHIH (K3C) opburacein cany sxone XKep Oe-
TIHIHIH KaXeTTI ayMarblH TYCIpyXi »ocmapiay BeO-OarmapiiaMachlH Kypy KapacTelpburraH. Kamiblkran 30HATaY
YILiH, ONITHKAJIBIK CUIIaTTaMallap MEH 3epPTTeY KULIIr CHAKTBI KPUTEPUIIIEP/i eCKepe OTBIPHII, KOJabl CITy THUKTI
TaHJlay MaceJIeciH Iiemry MaHb3Ibel. OChl KoyanOa apKbUIbl TMaiianaHyibl Ke3-keareH kommepusiiblk K3C cryT-
HUTiHIH Oenrim Oip yakbIT Ke3€Hi YIIiH TPaeKTOPUACHIH Kepe anansl, JKep OeTiHIEeri HYKTe HeMmece ITONUTOHIBI
3epTTey YIIiH NaiJaNaHYIIBIHBIH TaJalnTapblH KaHAFaTTAaHABIPATHIH OapiblK MYMKIHIIKTEPIi €cemTeili >KoHe
0apIIBIK KQKETTI IEKTEyIePAl €CKepPe OTBIPBII, KbI3BIFYIIBUIBIK aHMAaFbIH MIOTY /bl JKOCTIAPIaibl.

O3ipiieHreH Oarnapiama naiijalaHybiFa bIHFailibl HHTEp(EiCT] )KOHEe CIYTHUKTIK OPHBIH THIMJI €CenTeyi
ycbiHazbl. OCbl KOCBIMILIAHBIH KOMeriMeH naiinananyiusl XKep OeTiHIeri 3epTTey HYKTECi HeMece MOJUIOHBI YIIiH
KaHaFaTTaHbIPAThIH TaianaHyibl OapiblK Tajantap MYMKIHAIKTEPIH ecerTeyre »oHe Ha3apra 0apiiblK KaKeTTi
LIEKTEYJEP/i eCKepe OTHIPBIIN, KbI3BIFYIIBLUIBIK aiMaKThl TYCIpY YIIIH JKOCIapiay, ajjblH ana Oenrini 0ip Mep3imre
Ke3 KelreH Kojjga 0ap KOMMEPLHSUIBIK CEpiriH TPaeKTOPHSCH KAIIBIKTBIKTAH 30HATAY KOpe anachi3. AJTOPHUTM
acraH MeXaHHMKachl (OpMyJiajapblH, aHAIUTHKAJIBIK T€OMETPHS JKOHE €CeNTey/l a3alTylIblH 3BPUCTHKAIBIK SIic-
tepiH, Koramablk TLE nepexrepai maiinanana oteipsin SGP4 ynricine Heriznenren. barnapiaama xoapt JQuery sxone
Cesiumjs kitanxaHajapbH naiganansin JavaScript xxone PHP 6arnapnamanay tinaepinne xaspurrad. JavaScript —
Opaysep mHTepdelcTepiH kacayAblH €H KeH TapalfaH Kypajbl, TiIre jkaHa MYMKIHAIKTEp KOChUTanmsl. Makamama
OarmapiiaMaHBIH CKPHUHIIOTHI XKOHE €CETTep i OPBIHIAY KBUIIAMIBIFBIH TEKCEPY HOTIDKEIEeP] KENTipijreH.

Tyiiin ce3aep: xepii KamIBIKTBHIKTaH 30HATAY, TycipimiMai xocnapiay, SGP4, TLE, Tpaekropusi, Be0-KOCHIM-
manap.

M. II. 3amerun’, A. T. XKaxpimos', B. M. Ma3zakosa’, A. C. )KyMaxaﬂoBa2

'MI'Y um. M. B. JlomonocoBa, Mocksa, Poccus,
*KasATY nwm. C. Ceitpymmna, Acrana, Kazaxcran

BEB TPUJIOKEHUE JJI1 JUCTAHIIMOHHOI'O 30HJANPOBAHUSA 3EMJIN

AHHOTanusl. B cratee ommcheiBaeTcs BEO-NPHIIOKEHUE IS TTOCTPOCHUSI OPOMTHI CITyTHHKA JUCTAHIIHOHHOTO
3oaupoBanus 3emin (/133) ¥ maHWpOBaHUS CHEMKH YKa3aHHOH TeppHTOpWH Ha moBepxHOocTH 3emum. s /133
Ba)XKHO pEIIeHUE NMPOOIEMBI BEIOOPA MOAXOISIIETO CIyTHHKA, C YI€TOM TaKUX KPHUTEPUEB KaK ONTHYECKUE XapaKTe-
PHCTHKH M 4acTOTa ChbeMOK. Pa3paboTaHHOE NpHIOKEHHE NpeaaraeT yaoOHbIH MHTepdeiic 1Is moyb3oBaTeNs U
3¢ GeKTUBHBIN pacyeT MOJOXKEHUs CIyTHUKA. C MOMOIINBI0 3TOTO MPUJIOKEHHUS IMOJIb30BATEb CMOXKET YBHICTh
TPAEKTOPHUIO ABHKEHHsI JIFOOOr0 JIOCTYITHOIO KOMMepYecKoro ciyTHuka J[33 Ha 3ajaHHbIA NEepuoja BpeMeHH, pac-
CUUTATb BCE€ BO3MOXHOCTH, YAOBJICTBOPAIOMINE Tpe6OBaHl/IﬂM MOJIB30BaTCIIA, AJIs1 CbEMKH TOYKHW WKW ITOJIMI'OHA Ha
MOBEPXHOCTH 3€MJIM M 3aIlJIaHUPOBATh ChEMKY O0JIaCTH MHTEpeca C yYeTOM BCEeX TPeOyeMbIX OrpaHMYEeHUH. AJro-
put™M ocHoBaH Ha Mozaenn SGP4, ucnons3ytomeil obmenocrynusle ganusie TLE s cytHuxoB /133, dopmynax
HeOECHOW MEXaHWKH, aHAJIMTUYECKONH IeOMETPHU M IBPUCTUYECKHX METOJax COKpalleHusi Borunciennii. Kox npo-
TpaMMBI HaNMCaH Ha s3BIKaxX mporpammupoBanus JavaScript u PHP ¢ npumenernem oubmmorek Bootstrap, JQuery u
Cesiumjs. JavaScript sSBIseTCS cCaMbIM pacIpOCTPaHEHHBIM CPEICTBOM CO3JaHUS Opay3epHBIX HHTEP(ENCOB, B SI3BIK
J00aBISIFOTCS. HOBBIE BO3MOKHOCTH. B cTaThe MpHBENEHBI CKPUHIIOTHI CaMOM MPOTrPaMMbl U PE3YJIbTaThl TECTOB
CKOPOCTH BBITIOJIHEHUS PACUETOB.

KiroueBble cj10Ba: AUCTaHIIMOHHOE 30HAMPOBaHHUE 3eMiH, MaHupoBaHue cheMku, SGP4, TLE, Tpaekropus
JIBIDKCHUS, BeO IPUIIOKEHUE.
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