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1. About Copernicus  
 

Copernicus started as an undergraduate project during my studies at the West University of 

¢ƛƳƛǒoara, Romania. It was presented at the Romanian Academy Days ƛƴ ¢ƛƳƛǒoara 2005 and 

represented the basis of my license thesis in 2006. It was first developed in C/C++ using OpenGL 

but migrated in 2006 to C# using DirectX9. However, the roots for its development can be traced 

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

planets. It has nevertheless grown up since then and now it offers a wide range of functions 

such as: 

a) moving through the Solar System and the Local Space 

b) Constellation lines and Deep Sky Objects image billboards in Solar System view 

c) 3D view of planetary surfaces (only Mercury, Venus, Earth and Mars for now as this 

functionality is still merely experimental) 

d) ability to view the planetary configuration for the Solar System at different times in the past 

or future (the range is from 1st January 1753 until 31st December 9998) 

e) realistic comet tails 

f) 3D meshes of comets and asteroids 

g) lens flares for the Sun 

h) billboard images for the Deep Sky objects (all Messier and several NGC objects included) 

i) GoTo function for Solar System bodies (all planets, asteroids and comets)   

j) possibility to define your own custom objects and load them into the program. The 

maximum number of objects that can be loaded is 30 

k) visualize the present position in the Solar System using one of the two 2D viewing options: 

Static-Mode or Follow-Mode 

l) visualize a 2D Polar Projection Map of the sky as it is seen from Earth at the present time 

 

The application allows the loading of 87,475 stars, 168 Deep Sky Objects, 500 trans-neptunes, 

200 asteroids, 400 comets and 30 planetary moons at any given moment. Despite these 

restrictions, the actual databases that come with the program include 10,986 asteroids and 755 

trans-neptunes. The reason for not being all of them displayed is purely due to memory 

concerns. 

 

License: Copernicus is a freeware and so, it can be freely distributed without any warranty to 

third parties and used in nonprofit actions according to GPL rules. The C# source code is 

available on demand at fmarc83@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 and an ATI Radeon Express 1150 

with 256Mb onboard video card. Both systems were using a Windows XP SP2 Operating System. 

 

INFO: Since its release in 2004 Copernicus has been downloaded by more than 1.400 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 changed since version 1.5. Mainly, its code has been entirely 

rewritten in C# using DirectX as a graphics engine. 

 

Also, some new features were added such as lens flares and 3D planetary maps. A whole new 

way of navigating through the Solar System was introduced by inserting the 2D Solar System 

Map in Static and Follow Mode.  

 

Ever needed to define your custom objects? Sought an object (a space station or a space probe) 

at a certain position in space? All these are now possible thanks to the customobjects file which 

allows you to define your own objects. 

 

The user interface has been improved with the possibility to take a screenshot of your 

application display image. 

 

Several changes regarding the 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 look at it, feel 

free to use that version. 

 

3. Requirements  
 

A machine with at least 1GB of RAM and a video card of 128Mb should be enough to run 

Copernicus in ŀ άǎƳƻƻǘƘέ ƳŀƴƴŜǊΦ 

Also .NET Framework 2.01 and aƛŎǊƻǎƻŦǘΩǎ 5ƛǊŜŎǘ· ф2 are required to be installed on the 

machine. 

                                                           
1
 http://www.microsoft.com/downloads/details.aspx?FamilyID=0856EACB-4362-4B0D-8EDD-AAB15C5E04F5&displaylang=en  

2
 http://www.microsoft.com/downloads/details.aspx?familyid=2da43d38-db71-4c1b-bc6a-9b6652cd92a3&displaylang=en  

http://www.microsoft.com/downloads/details.aspx?FamilyID=0856EACB-4362-4B0D-8EDD-AAB15C5E04F5&displaylang=en
http://www.microsoft.com/downloads/details.aspx?familyid=2da43d38-db71-4c1b-bc6a-9b6652cd92a3&displaylang=en
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4. Folder structure     
 

The application folder structure is organized as follows: 

\copernicus-1.6\  

.\copernicus.exe 

.\  Odyssey UI.dll 

.\data\  

.\media\  

.\ logs\  

.\screenshots\  

  

The copernicus.exe file is the application executable. 

The data ŦƻƭŘŜǊ Ŏƻƴǘŀƛƴǎ ŀƭƭ ǘƘŜ ŦƛƭŜǎ ƴŜŜŘŜŘ ōȅ ǘƘŜ ŀǇǇƭƛŎŀǘƛƻƴ ǘƻ ƭƻŀŘ ŀƴŘ ŎƻƳǇǳǘŜ ǘƘŜ ƻōƧŜŎǘΩǎ 

position in space. The files have the .dat extension, except the customobjects file which has the .txt 

extension. Nevertheless, the format of the files is plain text and you can freely modify it by updating 

or adding new objects. 

The media folder comprises images used to display the billboard objects or the planetary 

surfaces. It also consists of special .x files containing particular 3D meshes for asteroid 

representation, space probes, space stations, 3D nebulae etc. It has the following sub-folders:  

3sd\  - Ŏƻƴǘŀƛƴǎ ǘƘŜ ΦȄ ŦƛƭŜǎ ŀƴŘ ǘƘŜ aƛŎǊƻǎƻŦǘΩǎ оŘǎ ǘƻ Ȅ ŎƻƴǾŜǊǘŜǊ ŎƻƴǾоŘǎΦŜȄŜ 

3dstextures\  - contains the textures for the .x files 

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

lens\   - contains the lens flare textures 

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

other\  - contains various textures used for displaying the 2D Solar System map 

planets\  - contains the planetary textures (.jpg) 

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 format is .bmp so the occupied 

                 space is quite large. 

 

The logs folder deals with all the logs generated by the application. They can be used for 

debugging purposes. In case something goes wrong, just send me the log file and I will try to fix the 

bug. One log is created per day ǎƻ ǘƘŀǘ ȅƻǳ ŘƻƴΩǘ ƎŜǘ ŀ ŦƻƭŘŜǊ with a large amount of files in it. The 

log file name has the following format: ddmmyyy-copernicusLog.txt. 

The screenshots folder contains all the screenshots of the application you have taken. For 

instructions on how to take a screenshot, see paragraph 3.8. 
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5. How To 

 

5.1. Move the camera 

 

The camera can be easily moved by clicking the left button of your mouse and then dragging it in 

the desired direction.  

Another way of aiming your camera is by using the arrow keys. This can be healpful for 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 zoom in, while dragging in the opposite direction 

makes it zoom out.  

Of course, once the camera is zooming, you may need to stop it otherwise it will take you to another 

global zoom level (see 3.3 for further details) once the maximum distance for this level is reached. 

This can be accomplished by pressing the key S (small or capital, it does not matter).  

If for various reasons, you want to return to the initial camera coordinates ς i.e. where the camera 

was positioned when you first launched the application ς press key I (άIέ as in Input). 

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

first. 

 

5.3. Change the Global  Zoom Level 

 

So, you want to go beyond the borders of the Solar System? No problem. Just change the Global 

Zoom Level according to your needs. Currently, there are four levels: PLANETSPACELEVEL, 

SOLARSYSTEMLEVEL, LOCALSPACELEVEL and GALAXYSPACELEVEL.  

The first one can only be reached if you come really close to a planet and 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 zoom out farther enough from the Sun 

ŦƻǊ ŜȄŀƳǇƭŜΣ ȅƻǳ ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ōŜ άǘǊŀƴǎǇƻǊǘŜŘέ ƛƴ ǘƘŜ [h/![{t!/9[9±9[Φ ¢ƘŜ ǎŀƳŜ ƛǎ ǘǊǳŜ 

if you zoom out far enough in the LOCALSPACELEVEL and so on. 
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- Manually by the user: press key O and choose Zoom Level from the Copernicus Options Menu 

(Image 5.1.), then select from the drop down list your desired level. Afterwards, press Ok for 

confirming changes or Cancel if you want to abort. 

 
Image 5.1. Manually changing the Global Zoom Level 

 

The LOCALSPACELEVEL will show you thousands of stars in 3D space. Considering their number 

and distances, they are only dots but if you come close to one of them you will actually be able 

to see its image! 

The GALAXYSPACELEVEL shows all those wonderful Deep Sky Objects you have been dreaming 

about. The objects are displayed as billboards without any 3D content of themselves. Yet it is 

great to move around all of them. 

 

5.4. GoTo a chosen object 

 

There are times when you are bored of wandering through the Solar System looking for various 

objects and you just want to get to them. Easier done than said! All you need is to go in the 

Copernicus Options Menu (Image 5.2.) and pick the GoTo option. You can choose between Planets, 

Asteroids, Comets and Custom objects. Just select one and press Ok. You will automatically be 

placed on its orbit. However, the camera may not be oriented properly so you might want to move it 

a little bit until you are able to see the object you desired. 
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Image 5.2 

5.5. Determine your position in the Solar System  

 

The Solar System is a rather vast place 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 see all the objects surrounding you as well as the Z 

values of each of them, including your own. Why the Z value? Because the map is projected on the 

XOY plane which causes the loss of the Z coordinate allowing you to navigate in space. Starting from 

the 2D map and the Z value of both yourself and the other objects you should be able to navigate 

your way through the Solar System. 

Bringing up the 2D map is easy. Just press key M and you will see something similar to what is 

exhibited in Image 5.3. However this does not end here. In this default viewing mode, all objects are 

stationary and you are the one moving. Still, you can change this by pressing the Z key. This will 

make you stationary and all the objects moving around you (Image 5.4.).  

Hiding the 2D map is obtained by pressing the same keys once more. 
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Image 5.3. The 2D map of the Solar System in Static Mode 

 

 
Image 5.4. The 2D map of the Solar System in Follow Mode 

 

5.6. Change the Date 

 

Copernicus does not confine you to viewing the Solar System for the current date only. It also allows 

you to go for a date and check out how the Planets were positioned then. For that, just press key O 



 
10 Copernicus v1.6 Tutorial 

and choose DateTime from the Copernicus Options Menu (Image 5.5.). You can choose any date 

ranging between January 1st 1753 and December 31st 9998. Remember however that the 

algorithms used in computing the positions will suffer perturbations whenever the difference 

between the current date and yours is significant. 

 
Image 5.5. Changing the Date 

 

5.7. Change the Location 

 

Alright. So you can change the Date but that does not help very much people located on a different 

Latitude or Longitude than I. No problem! This issue is also taken care of. To do this, you will use 

again the Copernicus Options Menu (Image 3.6.) but by choosing My Location this time. You now 

have the ability to define your own position by entering your Latitude and Longitude in the following 

way:  

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

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

 

In Image 5.6. you can see the coordinates for my position.  

 

NOTE: You can define your coordinates as real numbers. Consequently, if, for example, you are 

located at Longitude 20°15´ South, you can write this in the Options Menu as -20.25, where we have 

converted the Longitude into degrees exclusively with the following fomula:  

Long=Longdegrees+Longminutes/60+ Longseconds/3600   (5.1) 

The same is true and equivalent for the Latitude. 
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Image 5.6. Changing oneΩs location 

 

5.8. View the 2D Polar Projection Map  

 

For those interested in discovering how the sky as seen from Earth looks like 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 pressing key 2. In order to hide it, press again the same key. The map shows the 

planets, the deep sky objects, the constellation lines and boundaries and the main stars. Its image is 

overlapped on the Solar System Image. Image 5.7. shows how the map would be seen. 
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Image 5.7. Polar Projection Map 

 

5.9. View a planetȭÓ 3D 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. The map is conceived on the basis of a 

topographic ƛƳŀƎŜ ƻŦ ǘƘŜ ǇƭŀƴŜǘ ƻƴ ǿƘƛŎƘ ǘƘŜ ŀŎǘǳŀƭ άǊŜŀƭέ ǘŜȄǘǳǊŜ Ƙŀǎ ōŜŜƴ ǇƭŀŎŜŘ. Nevertheless, 

this feature is experimental and the maps might show some strange things such as oceans raised at 

a higher level than the continents (for planet Earth for instance). But it is still a great improvement 

that allows you to travel and actually see distant worlds!  

Lƴ ƻǊŘŜǊ ǘƻ ŀŎǘǳŀƭƭȅ ǾƛŜǿ ŀ ǇƭŀƴŜǘΩǎ о5 ǎǳǊŦŀŎŜ όImages 5.8. and 5.9.) you must ŜƴǘŜǊ ƛƴ ǘƘŜ ǇƭŀƴŜǘΩǎ 

atmosphere. The operation is quite simple: aim the camera towards one of the planets and zoom. 

¢ƘŜ ǇǊƻƎǊŀƳ ǿƛƭƭ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǎƘƻǿ ȅƻǳ ǘƘŜ ǎǳǊŦŀŎŜ ƻƴŎŜ ǘƘŜ ǇƭŀƴŜǘΩǎ ŜŘƎŜ ƛǎ ǊŜŀŎƘŜŘΦ 

To go back to the Solar System or other Global Zoom Level, proceed as described in 5.3. 
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Image 5.8. First view of MarsΩs 3D surface. 

 

 
Image 5.9. Closer view of ±ŜƴǳǎΩǎ ǎǳǊŦŀŎŜ. You can actually see the mountains and valleys! 

 

5.10. Take a screenshot of your screen  

 

There are times when you found something interesting or looking nice and you would have liked to 

take a screenshot. Do not worry, Copernicus helps you in this direction too. Simply press key P and 

an image is automatically saved in your screenshots folder. The image file name format is as follows: 


