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Sky Track is a 3D program written several years ago to display recorded HFI and 
RPG tracks around military aircraft.  In this study, Sky Track was modified to 
show a high resolution picture of the Earth with the International Space Stationshow a high resolution picture of the Earth with the International Space Station 
moving about its orbit.  Attached to the top of the ISS is a parabolic dish facing 
zenith or straight up.  The parabolic dish is modeled with the ability to pitch 
down 25 degrees from Zenith in any direction allowing it to track objects in space.  
In this study, TDRS 9 was selected as the object to track.  Figure 1 shows a 
snapshot from the Sky Track display with ISS and parabolic dishsnapshot from the Sky Track display with ISS and parabolic dish.

Sky Track executes on a Microsoft Windows platform using XNA gaming 
software under C#.  XNA provides a rich set of vector calculus functions which 
execute under DirectX on the Graphics Processing Unit, GPU.  Performing the 

bi l k i id d b Sk T k i h lorbital track operations provided by Sky Track requires rather complex vector 
calculus operations made easier with the XNA library of functions.   

Movement of the Earth, ISS, and other objects in space (in this study, TDRS 9) is 
derived from a 2-line standard format called TLE.  Each object has an associated j
2-line TLE data set which includes important orbital parameters, such as the 
satellite's position, velocity, and other relevant information at a specific epoch or 
time.  For this study, a set of TLE data packets was on-hand from a previous 
study covering year 2022 day 57.  Sky Track uses a MIT library of functions to 
process the TLE data.p
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Green line shows track path
to TDRS 9 where pitch is 
‐13.99 degs.

ISS

Parabolic dish attached toParabolic dish attached to 
top of the ISS.  May pitch 
from zenith position down
25 degs in any direction
to track objects in space
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Figure 1.  Snapshot from Sky Track showing ISS and Parabolic Dish



The purpose of this study, specifically, was to show periods of time or 24 hours that the 
ISS could track TDRS 9 with its parabolic dish limited to 25 degs of pitch TheISS could track TDRS 9 with its parabolic dish limited to 25 degs of pitch.  The 
simulation step is a user set variable and set to 30 seconds for this study.  Accordingly, 
Sky Track shows the movement of the Earth, ISS, and TDRS 9 every 30 seconds as 
these objects move through their orbits.  If the dish antenna pitch is less than 25 degs, a 
green line is show from the center of the dish to TDRS 9 indicating a good track for 
recoding data.  If the dish antenna can not be moved to provide a good track, a red line 
is shown.  Sky Track output is a file of records advancing in time with each 30 second 
simulation step.  Each record reports epoch time, dish yaw, dish pitch, and rate of dish 
movement.  Tables 1 through 5 show chunks of the output file where the parabolic dish 
was able to be oriented to track TDRS 9. Green records show dish information forwas able to be oriented to track TDRS 9.  Green records show dish information for 
good tracks when the antenna pitch is <25 degs.  Red records report when the dish 
could not track TDRS 9 due to limited pitch.  

Tables 1 through 5 report that there are four windows of opportunity for the ISS to g p pp y
record or monitor TDRS 9 with a parabolic dish limited to a pitch of 25 degs over a 24 
hour period.  Namely, Window 1 with lines 571 to 589 provides 570 secs.   Window 2 
with lines 763 to 782 provides 600 secs.  Window 3 with lines 2154 to 2176 provides 690 
seconds.  Finally, Window 4 with lines 2354 to 2362 provdes 270 seconds.  The 
maximum dish antenna rate of movement is <0 076 degs/secmaximum dish antenna rate of movement is <0.076 degs/sec.
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Table 1.  Sky Track Output



Window 1
570 secs570 secs
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Table 2.  Sky Track Output (continued)



Window 2
600 secs
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Table 3.  Sky Track Output (continued)



Window 3
690690 secs

7
Table 4.  Sky Track Output (continued)



Window 4
270 secs
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Table 5.  Sky Track Output (continued)



Figure 2 shows the Sky Track display at 29.558 hours while in a mode where the 
Earth is rotating.  This snapshot shows that the dish antenna pitch is -18.15 degs
and, accordingly, able to monitor TDRS 9.  For further information, a dish yaw 
of 0 degs implies that the dish azimuth is facing in the forward movement of the 
ISS.  A -7.59 deg yaw indicates the dish antenna is turned counterclockwise 7.59 
degs from forward movement of the ISS and a pitch of -18.15 degs implies thatdegs from forward movement of the ISS and a pitch of 18.15 degs implies that 
the dish is tilted down by 18.15 degs from zenith to directly point at TDRS 9.

Figure 3 shows the Sky Track display at 29.550 hours while in a mode where the 
Earth is not moving or stationary The green path drawn from the ISS parabolicEarth is not moving, or stationary.  The green path drawn from the ISS parabolic 
dish to TDRS 9 indicates that the dish antenna is able to point directly at TDRS 9 
for best reception with yaw of -6.44 degs and pitch of -20.36 degs.  More 
specifically, the dish antenna is turned in azimuth counterclockwise by 6.44 degs
from ISS forward movement and tilted down from zenith (zenith implies straight 
up from ISS) by 20.36 degs.  If the pitch had been greater than 25 degs tilted 
down from Zenith (or -25 degs) for example and consequently beyond the 
movement range of the antenna, the path would have been shown in red.

Figure 4 shows a close up view of the Sky Track display at 29.600 hours with the 
Earth not moving.  The yellow dots show the ISS orbital tracks about the Earth 
over the time period.  This is the typical view shown in literature illustrated with 
Figure 5 and serves to provide a "sanity check" on the validity of Sky Track.

9



•
ISS orbital Information

Green path reports TDRS 9 within ISS dish antenna 25 deg pitch downGreen path reports TDRS 9 within ISS dish antenna 25 deg pitch down

field of view.  Detail information shown in green text to left.
TDRS 9 orbital information

ISS

ISS orbital path shown in yellow at 29.588 hours

TDRS 9

TDRS 9 orbital path shown in red at 29.588 hours
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Figure 2.  Sky Track in Earth Rotating Mode with TDRS 9 Orbital Path at 29.588 Hours



•
The red track shows TDRS 9 orbital movement at 29.550 hours
while Sky Track in Earth Stationary Mode

The yellow tracks show the orbital
motion of the ISS at 29 550 hours whilemotion of the ISS at 29.550 hours while
in Earth Stationary mode

ISS

TDRS 9
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Figure 3.  Sky Track in Earth Stationary Mode showing the TDRS 9 Orbital Path at 29.550 hours



• Yellow track lines show ISS
bi l 29 600orbital movement at 29.600 

hours

ISS

Parabolic dish
Green line shows antenna
path to TDRS 9 with pitch
= ‐7.35 degs
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Figure 4.  Close up view of Sky Track display in Earth Stationary Mode at 29.600 hours
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Figure 5.  View of ISS Orbital Movement from “engaging-data.com” source



Additional Personal Notes

• High resolution .WMV and .MP4 video files available documenting Sky Track simulation displays for 
each 30 sec simulation step.    
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