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1. About Copernicus

Copernicus started as an undergraduate project during my studigbeatVest University of

¢ A Yara) Romar It was presented at th&omanian Academy Daysy  &akay2®0®and

representedthe basis of myicense thesif 2006 It was first developed i€/C++ using OpenGL

but migrated in 2006 t&C# using DirectX®owever, he roots for its developmentan be traced

back tomy high school years when | tried to create my own program for visualizing 3D stars and

planets.It has nevertheless grown up sinteen and now it offersa wide range of functions

suchas

a) movingthrough the Star System and the Local Space

b) Constellation lineandDeep Sky Objectsmage billboardsn Solar System view

c) 3D viewof planetary surfaces (only Mercury, Venus, Earth and Mars for aswhis
functionality is stilmerelyexperimental)

d) ability to view theplanetaryconfigurationfor the Solar $stemat different timesin the past
or future (the range is from®January 1753 until 31December 9998)

e) realistic comet tails

f) 3Dmesheof comets and asteroids

g) lens flaredor the Sun

h) billboardimagesfor the DeepSkyobjects (all Messiesind several NGC objects included)

i) GoTdunctionfor Solar 8stembodies (all plaats, asteroidsaind comets)

j) possibility to defie your own custom objects andad them into the program.The
maximum number of objects that can be loaded is 30

k) visualizethe present position in the Solar System using one of the two 2D viewing options:
Sitic-Modeor FollowrMode

[) visualizea 2D Polar Projection Map of the sky as it is seen from Earth at the present time

The application allows the loading 87,475 stars, 168 Deep Sky Objects, 500 tramsptunes,
200 asteroids, 400 cometand 30 planetary moonsat any given momentDespite these
restrictions the actual databases that come withe program includé.0,986 asteroids and 755
trans-neptunes. The reasofor not being all of them displayed is purely due tmemory
concerns.

License Copernicus is a freeware and,sbcan be freely distributé without any warranty to
third parties and used in nonprofit actions according to GPL ruldse C# source code |is
available on demand dimarc83@yahoo.com
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Tests It was tested on a Pentium IV Celeron with 3.06Ghz with 1 GB RAM and a video card
[todo] and on an AMD Turion 64x2 1600Mhz with 2 GB RAM ariTh Radeon Express 1150
with 256Mb onboard video card. Both systemesre usinga Windows XP SP2 Operating System.

INFQO Since its release in 2004 Copernicus has been downloaded by moré.d@people all
around the world. It has been used successfully in schools, presentations and for own private
purposes.

2. Changes from previous versions

Copernicus has considerably changgdce version 1.5. Mainlits code has been entirely
rewritten in C# using DirectX as a graphics engine.

Alsg some new features were added such as lens flares and 3D planetary maps. A whole new
way of navigating trough the Solar System was introduced by insgrtihe 2D Solar System
Map in Static and Follow Mode.

Ever needed to dime your custom objects? Sdutgan object(a space station or a space probe)
at a certan position in space Allthese are now possible thanks to tkastomobjectdile which

allows you to define your own objects.

The user interface has been improvedith the possibility to take a seenshot of your
applicaion display image

Several changes regarditige algorithms used to compute planetary positions were also made.

The Black Hole present in version 1.5 was however removed. If you still want to lopfeat it
free to use that vesion.

3. Requirements

A machine withat least 1GB of RAMand a video card of 128Mb should be enough to run
Copernicusih a&¥ 220 Ké YI yySN®

Also .NET Framework 2'0anda A ONER & 2 T (i © are réqairdSt® be instglled on the
machine.

! http://www.microsoft.com/downloads/details.aspx?Family|D=0856 EAG&24BODSEDDBAAB15C5E04F5&displaylang=en
2 http://www.microsoft.com/downloads/details.aspx?familyid=2da43d8871-4c1bbc6a9b6652cd92a3&displaylang=en
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4. Folder structure

The application folder structure is organized as follows:
\copernicusl.6\

\copernicus.exe

\ Odyssey UlLdIl

\data

\media

Alogs

\screenshots

Thecopernicus.exéle is the application executable.

Thedata¥ 2 f RSNJ O2y il Aya Fff (GKS FAtSa ySSRSR o6& (K
position in space. The files have thiat extension, except theustomobjectdile which has thetxt
extension. Neverthelesghe format of the files is plain texdnd you can freely modify it by updating
or adding new objects.

The media folder comprise images used to display the billboard objects or thenglary
surfaces. It also conssstof special x files containng particular 3D meshes for asteroid
representaton, space probes, space stations, 3D nebulae etc. It has the followiHgldebs:

3sd -02yiGlAya GKS oE FAfSa FyR GKS |aAONPR:

3dstexture$ - contains the textures for the .x files

ds\ - contains the Deep Sky Objdutiboard images (.jpg)

lens - contains the lens flare textures

moons - contains the planetary textures for the moons (.jpg)

othen - contains various texmes used for displaying the 2D Solgst8m map
planets - contains the planetary texturesjpg)

stars - contains the textures for the stars (.jpg)

topo\ - contains the topographic textures for the planets. They are used to
compute the 3D height map. Their formatlenp so the occupied
space is quite large.

The logs folder deals withall the logs generated by the application. They can bed use
debugging purposes. ltase something goes wrong, just send me the log file and | will try to fix the
bug. One log is created per day2 G KI (i @& 2 dz Rvihyataige anBuint of filesFirg it Thé& NJ
log file name has the following formatdmmyyycopernicusLog.txt

The screenshotdolder contains all the screenshots of the application you have taken. For
instructions orhow to take a screenshpseeparagraph3.8.
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5. How To

5.1. Move the camera

The camera can be easily moveddbigkingthe left button of your mouse and thedraggingit in
the desired direction.

Another way of aiming your camera is by usingdh@w keys This can be healpfidr adjusting the
camera orientation.

Take your time and experiment with this feature as some found it quite difficult to control it at
first.

5.2. Zoom

Zooming is achieved as easily as aiming the camera. Just click your right mouse button and drag your
mouse. Dragging towards you makes the camera zoomvhile dragging in the opposite direction
makes it zoom out.

Of course, once the camera is zoomiypgu may need to stop it otherwise it will take you to another
global zoom level (se@.3for further details) once the maximum distance for this lei®reached.

This can be accomplishéyg pressing théey S(small or capitglit does not matte}.

If for variousreasons youwant to return to the initial camera coordinatesi.e. where the camera

was positbned when yofirst launched the applicatioq presskey |(di€ as ininput).

Take your time and experiment with this feature as some found it quite difficult to control it at

first.

5.3. Changethe Global Zoom Level

So, you want to go beyond the borders of the Solar System? No problem. Just change the Global
Zoom Levelaccordingto your needs. Currentlythere are fourlevels: PLANETSPACELEVEL
SOLARSYSTEMLEVEBCALSPACELEattelGALAXYSPACELEVEL
The first one caronly be reachedf you comereally close to a planeind is done automatically (see
3.7.for details).
The rest of them can be changed in one of the following ways:
- Automatically by the application: this means that if you zomm farther enough from theSun
F2NJ SEI YL S5 &2dz ¢gAfft Ldzi2YFdAOLfte 6S GiNIyalL
if you zoom out far enough in the LOCALSPACELEVEL and so on.




Copernicus v1.6 Tutorial

- Manually by the user: predeey O and chooseZoom Level from the Copernicus Options Menu
(Image5.1), then select from the drop down list your desired level. AfterwapgssOk for

confirming changes dZancelf you want to abort.
= [ElX]

Copernicus OptionsMenu

GoTo | DateTime | My Location | ZoomLevel

Image5.1. Manually changing the Global Zoom Level

The LOCALSPACELEVEL will show you tidsusfstars in 3D spacConsideringheir number

and distances, they are only dabait if you come close to onef themyou will actually be able

to see its image!

The GALAXYSPACELRH8ws all those wonderful Deep Sky Objects you have been dreaming
about. The objects are gitayed as billboards without any 3fdntent of themselves. Yet is

great to move around all of them.

5.4. GoTo a chosen object

There ae times when you are bored of wdering hrough the Solar System loolirfor various
objects and you just want to get tohem. Easier done than said! All you need is to go in the
Copernicus Options Meninfage5.2.) and pick the GoTo optioY.ou can choose between Planets,
Asteroids, Comets and Custom objeclsist select one and press Ok. You will automatically be
placed onits orbit. However, the camenaaynot be oriented properly so you might want to meit

a little bit until you are able tgee the object you desired.
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(=13

Copernicus OptionsMenu
GoTo | DateTime | My Location |

@© Planets

O Asteroids

O Comets

O Centaurs

© Transneptunes
O Custom objects
O None

Image 5.2

5.5. Determine your position in the Solar System

The Solar System &rather vastplace even in a simulator such a Copernicus, so it is quite easy to
get lost.But do not worry, the application comes to your aid and offers you the option to view your
present location in a 2D Map. You will be able to détha objects surrounding yoas well aghe Z
values of each of themncluding your own. Why the Z value? Because the map is projectéde
XOY plane which causes the loss of the Z coordinate allgwingp navigate in space. Starting from
the 2D map and the Z value bbth yoursdf andthe other objects you should be able to navigate
your way through the Solar System.

Bringing up the 2D map is easy. Just plkesgM and you willsee ®mething similar to what is
exhibitedin Image5.3. However this does not end herin this defaulviewing mode allobjects are
stationary andyou are the one moving. Stilyou can change this by pressing th&ey. This will
make you stationary and all the objsatnoving around yo(Image5.4.).

Hiding the 2D map is obtadd by pressing the sanieysonce more
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Image5.4. The 2D map of the Solar Systém in Follow Modé

5.6. Changethe Date

Cmernicus does not confine you to viewing the Solar Sydterthe current dateonly. It also allows
you to go fora date and check out how the Planets were positioned ttan.that just presskey O
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and choose DateTime from the Copernicus Options Menu (Irbdge You can choose any date
ranging betweenJanuary T 1753 and December 31 9998. Remember however that the
algorithms used in computing the positions will suffer perturbations whever the difference
between the current date and youg is significant

SEES E SEES

Image5.5. Changing the Date

5.7. Change the Location

Alright. Soyou can change thBatebut that does nothelp very much peopl&®cated on a differat
Latitude or Longitude than No problem! This issue is also taken care of. To do yiswill use
again the Copernicus Options Mernmége 36.) but by choosing My Location this time. Yauwn
have the ability to define your own position by entering your Latitude and Longitude foftbe/ing
way:

o Latitude from 0° to 90° positive for North and negative for South.

o0 Longitude from 0° to 180° positive for East and negative for West.

InImageb5.6. you can see the coordinates for my position

NOTE You can define your coordinates as real numbefSonsequentlyif, for example you are
located at Longitude 20°15" South, you can write this in@mtionsMenu as-20.25, where we have
converedthe Longitude into degrees exclusiveilith the following fomula:

Long+0NnGegreestLONGinuted 60+ LONGeconad3600 (5.1)
The same is true and equivalent for the Latitude.
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GoTo | DateTime | My Location | ZoomLevel

Lattude
Longitude

5.8. View the 2D Polar Projection Map

Forthose interested in discovering how the sky seen from Earth looKike at the current time or
at custom given date and from a given place, the option of displaying a Polar Projection Map is at hand.
It can be seen by pressikgy 2. In order to hide itpress again the same keyhe map shows the
planets, the deep sky objects, the constellation lines and boundaries and the mainltstdmnsage is
overlapped on the Solar System Imalyeage5.7. shows how the map would be seen.
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A

| Image5.7. Polar Projection Map

5.9. View a planetd €D surface

A quite new and daring feature is that of displaying a full 3D map of various planets. The planets
presently supported are Mercury, Venus, Earth and Mars. Tap i conceived on the basis &f
topographicA Y 38 2F (GKS LX FySd 2y ¢6KAOK (iMeSertlel€sd, dzl £ & N
this feature is experimental and the maps might show some strange things such as oceans raised at

a higher level than the continentfor pland Earth for instance)Bultit is still a great improvement

that allows you to travel and actually see distant worlds!

Ly 2NRSNJ G2 F Oldzk f f damagss58.andb.9.)lydfulmysEy Q%5 Nd 3 ya deiSl OB
atmosphere. The operation is quite simple: aim the cameraatols one of the planets and zoom.

¢CKS LINPINIY gAff Fdzi2YFdAOIff& aK2g &2dz G4KS &dzNA
To go back to the Solar System or other Global Zoom lmeeked as describeid 5.3.
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Image5.8. Hrst view of Mar& 3D surface.

Image5.9. Qoser view of S ¥ dza Q & Yoa dahNFcluaySsee the mountains and valleys!

5.10. Take a screenshot of your screen

There are times when you fodrsomething interesting or looking nice and you would hiierl to
take a screenshot. Do not wotrZopernicus helps you in this direction too. Simply pkessPand
an image is automatically saved in yaereenshotsolder. The image file name format is as follows:



