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HEAVENSAT

(NOTE : For Version 1.98)

Updated 16 Dec 2006

1. Introduction

HEAVENSAT isaprogram written by Alexander Lapsin for the visual tracking of artificial earth satellites.

The program has no documentation and | volunteered to write a manual as such an outstanding program deserved a manual and rather than have him
spending his time writing a manual instead of programming improvements | would do the manual.

PLEASE NOTE : Any errors introduced are probably due to me and if a better way of doing a particular task is obvious to you then by all means|et
me know so that this manual can be updated.

2. Features

HEAVENSAT was developed for the visual satellite observer. | happened to come upon it on the Internet and immediately knew that this was THE
program | had been looking for in my video tracking of satellites.

Some featur es of the software :

1 Show aview of the sky for any date,time and location.

1 The program can show in real time aview of the sky that will contain any satellites in the database in use that are in the field of view at that moment.
1 Can handle any sized database - a database containing more than 10000 satellites has been tested with no problems.

1 One can watch a particular area of the sky and watch satellites cross the field of view

1 One can lock on a satellite selected and follow it across the sky and see which other satellites are in the field of view of the main target.

There are many other features which | have yet to explore!

3. Installing the program

Download the following files:

(1) OpenGL version of HEAVENSAT1.97 (previous version),file size 4.7 Mbytes

(2HEAVENSAT 198glPatch.zip file size 473 Kbytes.

(3) Microsoft VC80.CRT 0.6 Mbytes

(4) Sky2000 Master Catalog V4 11.1 Mbytes.

With your unzipper (WINZIP/WINRAR whatever)- click on HEAVENSAT197gl.ZI P and extract to C:\Heavensat

It should do this and you will have a directory structure C:\Heavensat\Heavensat197gl\ and all the files and created subdirectories will be in the sub
directory " Heavensat197gl" .

Now abit of fiddling - copy al thefilesin this directory(ie the one marked " Heavensat197gl" into C:\Heavensat . Having done this then delete the
subdirectory Heavensat197g!.

Unpack Heavensat198glPatch.zip to the Heavensat directory and make sure al the new files unpack into their respective directories. Now click on
Microsoft VC80CRT .zip and extract to C:\Heavensat\ Click on Sky2000.zip and extract to C:\Heavensat.

It should now all be okay but if not thisisthe directory structure | have on my PC:
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Chssc
IChGUIDES
|Chheavensat

Ciheavensat_manual

[CAHNS_FITS
[CHMS_REAL
[Chnsky

In the root directory its called HEAVENSAT which has subdirectories and files as shown :

;-J Bitmaps

cain, dll

DAT File
1 KB

MCZMAMES
File
A3 KB

sats.dak
DaT File
1KE

I vy, dil
L¥- 2.6.3.0

The subdirectories contain :

BITMAPS

INI:
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Microsoft MCE0LCRT

fovpresets,dat

-
-

ArAEN

1Ly DACKLWETT, DRip
% binocular .bmp
E chart.bmp

@ clock.brp

@ constel,brp
m dist.brnp

E Eqarid.brmp
m Fliphar . brip
% Flipwer.bmp
% Forward, brmp
E grass.png

E guiding. brop
@ horgrid. brop
% list.brop

% lack. brap

[ moon.jpa

@ mount. brp

File Folder 2006/10/07 01:22 PM
Filz Folder 2006/10/07 01:24 PM
Fil= Folder 2006/10/21 11:26 AM
File Folder 200610021 11:30 AM
File Folder 2006/10/07 01:25 PM
File Folder 2006/10/07 01:25 PM
File Folder 2006/10/07 01:27 PM

Ini

StarZatalogs

conlines,dat
0aT File
19 KB

Heavensat198qglPatch, zip

473 kB

oo, dak
DaT File
114 KE

simagel .dll

wixbaseza, dl
2.6.3.0

1Ly SCarselprg

ﬁ skop.bmp
m SUnLpng

@ sun_flare.png

@ kext,brp
@ krack.brp

& [« 8 [§e T U

Languages

Tle

Font, ELF
TrueType Font file
260 kE

Heavensak.exe

ms,dat
DAT File
OKE

sonind . dll

wxCare,dll
2.6.3.0

ﬁ kelider.brmp
m zoarnIn. brip
@ zoomiZuk, brnp

@ parameters,bmp

[ play.brop
E sakz . brmp
@ sats.png
m zak3.bmp

ﬁ sak.brp
ﬁ sat.png
4 satp.png
% saksel brip
E saksel,prg
m sk bmp
I, splash.ipg
m skarl.png
% skarZ.png
E skar3.png
@ star.bmp
@ starsel.brmp
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i ey

— Stars.ini

= Configuration Settings
1kE

—

LANGUAGES:

Enalish. Ing
LM File
18- KB

Microsoft.VC80.CRT:

. Microsoft, WCE0,CRT. manifest kg
‘vbj’ MANIFEST Fils "ﬁ&
1 KB

N maversn.d
‘vbj’ 8.0,50727 .42
Microsaft@® C Runtime Library

Star Catalogs:
bsc.bin
BIN File
56 KE
TLE:

L Y s T e
; Calculations.ini Chatt.ini
= y‘-b Configuration Settings - Configuration Settings
kKB 2FB
TS Observer.ini Y satellites.ini
= Configuration Settings = Configuration Settings
1KE 1 kKE

rnavcma0, dll
5.0,50727 .42
Microsoft®  Funtime Library

DEC12-DB.TLE
TLE File
1,418 KB

| ol

- Zarmmon,ini

= Configuration Settings
- 2 KB

TEL Skyini

= Configuration Settings
- 2 kB

—

Russian.Ing
LMG File
18 KE

¥ . msycpad, dll
'bﬁ 8.0,50727.42
MicrosofkE C++ Funtime Library

sk 2000, bin
BIM File
15,802 KB
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NOTE :TLE - has asample TXT file. Suggest you delete this and put in your own elements database. Extension TXT or TLE okay. | put in the large

SPACETRACK ~8500 version plus CLASSFD.TLE.

All thisis quicker to do than try and explain :-))

4. Starting the program.

All should now run okay when you click on HEAVENSAT.EXE.

Click on Heawvensat ]

The following screen should appear :
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o - |
! Calculations H Sk o Chart

Start date 2006 |12 15 |[10 ] 14 [ o4 | [ actual time [+] Hlurnination required
Duration 4 hours W [ ] Skip iF magnitude unknown
Distance 0,01

Skar mag. 7

Satelite mag. | g

Sat elevation 1n

Bedin

Search near stars | Passes predickion J SunMaoon transit

5. Setting up thevarious OPTIONS under COMM ON.

Aswith any program running for the first time it is necessary to set up certain values. Click on COMMON , found top right corner and a new sub-
screen will appear called OPTIONS
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Observer | Common | Satelites || Stars [ Sky | Chart |

Latitude, deg | -33.940583 E]
Longitude, deg | 18.512944 E]

Tirne zone

[ Ok, J[ Apply ][ Cancel ]

Thefirst data applies to the observer so fill in the required details and then click APPLY

Now click on Common and see if there is anything you want to change.

Options X

Ohserver [ Comman |Satellites | stars [ sky | Chart |

Drake format DD B W

Language English  |»

Tirme skep, min | 1

Coordinates under cursar

{ ) Equatarial (%) Horizontal

Fun on skart

(3 ]L Apply J[ Cancel J

When satisfied press APPLY

Now click on SATEL LITES and you will get a screen similar to that shown
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Options

| Observer | Common | Satelites |Stars | Sky

Active satelites

& al

{:} Selected

Satelites color

|| Chart |

| | [ Select ] [ ]by magnitude

Marker scale

ir

[ Imarkers

Point scale
*

SEP450P4 model

Earth model  |WiEsgd

|Revised SpaceTrack Repork Mo, 3, #2 (%

| ok

I

Apply

J[ Cancel

J
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Y ou may wish to have your elementsfile in another directory. For example in directory c:\track\v60\. Click on Select - on right hand side of this screen,
then click on CHANGE DIR at foot of screen. A new screen appears

Satellites bases

Cheavensati Tle

Al sakelites

Selected satellites

| | DEC12-DB.TLE

Mame |

Mumber

Browse For Folder

Select a directory

Elernent

File

Mame |

Falder; | Tle

# |3 GUIDES
= 157 heavensat

Ia Bitraps
=50 Ini

[0 Languages

I3 Microsoft WC80,CRT

| StarCatalogs

2 Tle

Vl

[ Make Mew Folder J [

04

Cancel J

Mumber  Element | File

[ Change dir ][ Check all ][ Uncheck all J |

Clear

ik | Apply | Zancel

Move the vertical dider bar to search for the directory you want and find your TLE fileand click on it
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_[o]x]]

CHTRACK A0 All satelites Selected satelites
COMTROLINI A | Mame Murber | Element | file  #%| | Mame = Mumber  Element | File
COR_TMLIRC | MOSS 0 () 557 0 DEC1
DRAG_BST.OUT MOSS O E679 0 DECL
ELEMENTS.IMNC MOSS 0 () S6E0 0 DEC1
FORMAT. TET MOSS 0 (D) 561 0 DEC1
TNDATES. ING MOSS 0 (E) et 0 DEC1
MO0, TNC DMSP 7 7516 0 DEC1
TESTIMNG.DAT M55 1 (A) ag1a 0 DEC1
PE.EXE MOSS 1 () 8535 0 DEC1
PECONFIG. PB MOSS 1 (D) 5536 0 DEC1
BED B MOSS E )] | 8554 0 DEC1

AMS 1{DMSP F1) 9415 0 DEC1
EE'I"[ESLTP 'EPE'E" AMS Z(DMSP FZ) 10033 O DEC1
: MOISS 2 (A0 10502 0 DEC1
PBEREE NOSS 2 (DY 10529 0 DEC1
PASSLOG.EAE MOSS 2 (E) 10544 0 DEC1
SERECOSAT.DAT MOSS 2 (F) 10594 0 DEC1
Z0OP4.CPP AMS 4DMSPF4) 11389 O DECL
SEECOSAT.EAS MOSS 3 (A0 11720 0 DEC1
SEECCSAT. EXE MOISS 3 () 11731 0 DEC1
SEECOSAT.FIF MOSS 3 (D0 11732 0 DEC1
SEPANEW INC MOSS 3 (i) 11745 0 DEC1
TIMEIMN.INC kH 9-16 Elink 11852 ] DEC1
WHATSMEW . DOC kH 9-17 Elint 13172 0 DEC1
cearch e MOISS 4 (A0 13791 0 DEC1
QUICKSAT MAG MOSS 4 EE; i:ét 13844 0 DEC1
MOSS 4 (F 13845 0 DEC1
?IE;ESEEE'??TT MOSS 4 (HItr 13674 O DEC1
: MOSS 5 (A 1411z 0 DEC1
e R KHo-18Eint 14139 O DEC1
v DECIS.TLE || kH9-18late 14139 0 DEC1 ¥
ALEKS. TXT v e . N
Change dir ][ Check all ][ Uncheck, all ]
1 ik, | Apply | Zancel

the elements should appear in the central column. Click on APPLY and then Ok

Oneis offered the chance to change the colour of the satellite- | like mine yellow as | can then see they are "sunlit". The satellite will change colour to
blue when in earths shadow. The MARKER option allows one to identify a selected satellite with a symbol. Choice #1 is the smallest and #10 the
largest. Around #5 is best but | prefer the MARKER off. Thefinal choiceisthe POINT SCALE. This controlsthe size of the satellite on the screen
with #1 being smallest and #8 being the largest. Around #4 is about the best.

Oneisalowed to choose the prediction algorithm used - the first choice is the original SPACETRACK #3 report which contained some errors. The
second one is the updated reported released in August 2006 and the third one is the implementation by Bill Gray of PROJECT PLUTO of the August
2006 report. Choices #2 and #3 will probably give the same answers but the code by Bill - ie #3 - runs alot faster than #2. One can switch "on the fly"
from one algorithm to the others and therefore see what effect it has. Finally one can choose the geophysical model used - | don't know much about this
but don't think it will make any material difference asto which is used.

Now click on STARS. Select the star catalog you want to use- you should have the option of two. Choose the oneyou like.
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Click on APPLY

Next click on SK'Y . For the moment accept the default values shown- you can always change them later and see what effects the have.

Exploring the options offered:

1 StarsImage Style. #1 gives most realistic appearance, #2 gives big diameter stars and #3 gives the smallest. | prefer option #1.

Options

| Observer | Comman | Satelites | Stars | Sky | Chart |

Ackive stars

) all ) Selected
Sktar catalog | SEYZOO00 W

Ok ][ apply ][ Cancel ]

Options
| Observer | Common | Satelites | Stars | Sky | Chart |

Skars image skyle

Skars color

| | [ Select ] [¥] by spectrum

Stars scale
:
w
Equatarial grid
[] Dlshon
Horizonkal grid
[] i
Equatarial grid numbeting
Horizonkal grid numbering
[ ] ¥ertical flip
[ ] Horizantal Flip

Maunk

) Equatarial () Horizontal

Maon shadaow

|;i 5,

[ ik, J[ Apply ” Zancel

1 Stars Scale. #1 isleast diffuse image whilst #20 most diffuse. Around about #10 is okay.

1 Stars Colour. Select Spectrum as this will then match the spectrum of the star which gives an indication of the star colour.

Click on APPLY
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Finaly click on CHART. For the moment accept the default values shown - you can always change them later and see what effects then have.

| oot x

Observer | Common | Satellites | Stars | Sky Chart

Skars image skyle 2 A

Stars color

| | [ Select ] [¥]by spectrum

Skars srale

| e
.
Equatarial grid
- Select [ show
Horizonkal grid
—
Equatarial grid numbering
Horizonkal grid numbering

|:| Irvert east-wesk

[ Ok ][ apply ][ Cancel ]

The options offered here apply to the CHART view and have the same meaning asfor SK'Y so again its amatter of persona choice.

Click on APPLY and then OK and you will be returned to the main screen again.

6.Ready to go

Things now get pretty hectic as so many things can be done so for the moment instructions to get started will be given and you can then explore further.
Assuming all set up correctly, when you load the program the screen will display the number of satellites loaded, your coordinates and the time system.

i

! Calculations H Sy 0 Chart

Obhserver time =zZone:UTC+Z2.0

Now go to the lower half of the screen where you will see you can select three options, namely

1 Search near stars.
1 Passes prediction.
1 Sun/moon transit.

These are self explanatory so it will be left to you to explore but for the moment et us choose the second option, namely Passes prediction.

file://C:\heavensat_ manual\manual.htm 2006/12/16



HEAVENSAT V1.98 Page 10 of 14

Start date 2006 |12 |15 [|20 (|15 | oo |,|:.,.;|;|_|a| Fime [V Tllurrination required

Diaration 4 hours w [ 5kip if magnitude unknown

Sun elevation | g
Sat elevation 1n

Sakelite rag. 15

| Begin

iearl:h near stars  Passes prediction SunjMoon transitJ

Enter the start date and time and make sure | llumination required is checked. Also enter the Time duration and the Minimum satellite elevation ,
typicaly 10 or 15 degrees. Finally enter the magnitude of the faintest satellite you hope to track.

Press BEGI N and the passes will be shown on the screen.
— - |
H Calculations H Sy o Chart

Obhserver time =zZone:UTC+ZE. 0

20081
a0045

Mo ]

- [T

()]
i g e

179 Cn ¢

()]
=

.
(k]

Lo I

1 =
()]

NOTE Currently geostationary satellitesare NOT shown on this screen at this stage.

Asan aside, if you click on CHART at thistime it will show the satellite situation at the time of the pc clock and NOT the start time selected. More
later. The same appliesif you select SK'Y at this point. Changing the time using the option in the Right hand column also does not affect these displays.
These views are only changed once you have performed the next step.

Look through thelist of satellite passes shown on the screen and select one of interest. Let thisbe Lacrosse 5. Click on it and a new screen will appear
and show the trajectory of Lacrosse 5.
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n Caloulations BE sky 0 Chart

w: 100.0°
° Az:142.005°

Y ou can examine this pass in greater detail by clicking on the Slider Bar which is 7th item down in the icons on the RHS of screen. Thisslider has a
coverage of 10 minutes and the start and end times can be changed by clicking on the double arrows at each end of the dider bar.

T [t=lrs

v I W B

fome, T My S A ERe

=

| Skart | Skop Lockan Trajectory Find Labels

Experiment with diding the dider in this bar. Note that you can also drag the sky around by left clicking the mouse in the screen and holding the mouse
down whilst you drag the sky.

If you right click on the satellite you are shown severa options, eg
1 object information.

Clicking on thiswill show awealth of detail as shown in the picture below:
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HOSS 3-2 r #28096

File: C:\TRACK\v60\DEC15. TLE
Element number:0

Time: 16.12.2006 20:11:11.987

Elevation:38.755° Data age:4.6 days Hag:3 .85 [wv] X:6507.505157
ABzimuth: 292 565" Inclination:63.683° Cylinder, Y:689.915147
Altitude:1148. 942 km Eccentricity:0.007 Iength: 8.0 m Z:-3708.750715
Bange:1656. 906 km Apogee:1157. 935 km Diameter:3.0 m

Latitude: -29. 682" Perigee:1053.907 km Ang. size:01.0" wX:2.636293
ILongitude: 8. 007" Period:107.416 m vY:4.001012
5-5s-0 angle:114 _ 3° vZ:5. 457657

Ba: 22h00mdd. 2s
Dec: -05°48'39.8"

1 2809617 03054EB 06346.13962332 0.00000020 00000-0 35B42-4 0 06
2 28096 63.6780 33.99%909% 0069500 95.0211 264.9%78% 13.40577732 0z

1 center object.

This should not present a problem - it centers the object on the screen
1 Add to selected list.

I have till to examine this option and how to useit.

1 Add current event.

I have till to examine this option and how to useiit.

1 ephemeris.

Select Ephemerisand you will be shown rise and set times of the satellite. Y ou are aso asked what items you want shown as well asthe Time step
interval between successive predictions - use (say) 0.1 minutes

Lacrosse 5
Start |2|:n:|5 || 12 || 15 ||2|:| || 19 || 10 |
End |2|:|nr5 || 12 || 15 ||2|:| || 32 || 34 |

Time skep, min

[ Calculate ][ Save J

Time Azimuth Eletation Time errar Magnitude Range Phase angle RA Der age of elements

| | Time | Azimuth | Elevation | Time error | Magnitude | Range | Phase angle | RA | Dec | Age of elements |

[ ok ][ Cancel

Press Calculate and ephemeris will be produced which you can save.
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Skart

End

leoos |1z |
200 |1z |15 || 20 32 | a4 |

Timne step, miri| 0.1

15 |20 [ 19 [ 10|

LB

[ Calculate ” Save ]

Time Azimuth Elevation Time error Magnitude Range Phase angle R& Dec Age of elements
Time | Azimuth | Elevation | Time error | Magnitude | Range | Phase angle | RA | Dec | Age of elemenl #

1 01910 IZD?.‘}QD‘B‘ 0oo.o7z24 00,0 5.3 03154 150 240.6139 -47.4464 0005

2 (201916 207.0795 |000.3706 [00.0 5.3 03121 1449 240.3849 -47.9249 0005

3 (201922 206.,6597 |000.6710 00.0 5.3 030858 149 240.1426 -45.4092 0005

4 (201925 206.2314 |000.9734 [00.0 5.3 03056 1449 239.8863 -43.8995 0005

5 (201934 205.7942 |001.2780 (00.0 5.3 03023 148 239.6151 -49.3955 0005
6 (201940 2053479 |001.5849 [00.0 5.2 02990 143 239.3281 -49.8952 0005 =
< ¥
[ Ck ” Cancel

If you now click on CHART you will see al satellites above your horizon at the instant you chose for Lacrosse 5.

NOTE all the things you do in the main window ( SK'Y ) can also be donein the CHART window.

On the right hand side of the screen you will see acolumn of icons. These are al necessary for full use of the program

The iconsin descending order do the following

P& Fw

F AT BSOS ) D> E e

1 Zoom in - note how more stars become visible asfield of view gets smaller
1 Zoom out - opposite to the zoom in function

1 Start time running - watch how the satellite/satellites move

B

@

ko

Page 13 of 14

1 Advance time - S0 you can set your time to match the real time . Note the time is shown at top left of screen aswell asin the taskbar at right bottom
corner.
1 Retard time - opposite effect of Advance time

Set time

1 Invoke the Time Slider M ode
1 Show satellites - several options are available here - for example you can elect to display all satellites above horizon in your database at that instant -
to show all- select Draw Satellite and then Click on All)
Set field of view (' binocular symbol)
Lock on selected satellite (aso unlock )
Show trajectory (also don't show trajectory)
Constellation lines ( option of ON or OFF)
Equatorial mount ( instead of working in alt/az mode works in RA/Dec mode

Flip vertical ( or inverse)
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Flip horizontal ( or inverse)

Show RA/Dec grid ( or don't show)

Show az/d grid ( or don't show)

Measure angular distances on screen

Guiding --- don't know what this does yet :-)))
Options menu select ( hammer symbol)

7.DROP-DOWN menus

Looking at the opening screen you will see the following line:

Dealing with each in turn:

COMMON

1 Full Screen This enables you to set the full screen as your view window - the DROP-DOWN menu line will disappear. Either click on this option
with the mouse or press F11. To RETURN to the original default view press F11 again.

1 Night Vision To preserve your night vision you can either click on this option with your mouse or press CTRL-N. To return back to default view
click with your mouse on this option or press CTRL-N again

1 Set calculations window font This enables you to change fonts and colours used in your windows cal culation section. Set up for what pleases you

most.
Fort: _ Font style: | gize.
_Eu:uurier = _ _Hegular _ _12
’m " Couier Em a IEl:luIar - A~
| €} Estrangelo Edesza [talic [ {14
H Fiolex Girls — | | Bold 16 '
Fixedsys Bold [talic 18
€} Franklin Gothic Mediur 20
(} Gautami 22
A} Georgia S | IR |
Effectz Sample
] Strikeout
[ ] Underline AaBbYyZz
Colar;
:-Hed »|  Scrph
I'wigstern bl

1 Set Sky/chart fonts. Thisis similar to the previous option so select what pleases you most.

1 Options Thiswas discussed earlier so will not be repeated. Note Options may also be selected from menu at right hand side screen ( the Hammer
icon.
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