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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 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 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
orbital track operations provided by SKky 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
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. SKky Track uses a MIT library of functions to
process the TLE data.



“~ Sky Track Wurtz, V52015, Thursday, 6 June 2024, 8:49 AM.
Epoch = 22057.61893286, Year = 2022, Day = 057.61893286

Time past Epoch = 6.383 Hrs

ISS Longitude = -16.649403989 Degs

ISS Latitude = -0.657227517 Degs

ISS Altitude = 415.416 Kms

ISS Velocity = 17146.259 MPH

Simulation Step = 30 secs
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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. 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 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
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/sec.



I’.‘ﬁ= sky track record _file.csv - Microsoft Excel
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1 1s5_epoch |SS_epoch_year ISS_epoch_day display_time(hrs) dish_pitch(degs) dish_yaw(degs) dish_rate_of movement(degs/sec)
2 22057.61893 22 57.61893286 0 -75.7049 158.8402 NaN
3 22057.61893 22 57.61893286 0.008333333 -72.64377 118.0728  0.1020378
4 | 22057.61893 22 57.61893286 0.016666667 -73.50572 118.72 0.02873179
5 | 22057.61893 22 57.61893286 0.025 -74.38343 119.3376  0.02925695
6 22057.61893 22 57.61893286 0.033333333 -75.27577 119.9258 0.02974472
7 1 22057.61893 22 57.61893286 0.041666667 -76.18166 120.4848 0.03019638
8 22057.61893 22 57.61893286 0.05 -77.10004 121.0149 0.03061269
9 22057.61893 22 57.61893286 0.058333333 -78.0299 121.5163 0.03099518
10 22057.61893 22 57.61893286 0.066666667 -78.97025 121.9892 0.03134486
11 22057.61893 22 57.61893286 0.075 -79.92013 122.434 0.03166275
12 22057.61893 22 57.61893286 0.083333333 -80.87865 122.851 0.03195063
13 22057.61893 22 57.61893286 0.091666667 -81.84491 123.2405 0.03220876
14 22057.61893 22 57.61893286 0.1 -82.81807 123.6028 0.03243866
15 22057.61893 22 57.61893286 0.108333333 -83.79732 123.9382  0.0326416
16 22057.61893 22 57.61893286 0.116666667 -84.78185 124.2469 0.03281759
17 22057.61893 22 57.61893286 0.125 -85.7709 124.5294 0.03296839
18 22057.61893 22 57.61893286 0.133333333 -86.76375 124.7859 0.03309504
19 22057.61893 22 57.61893286 0.141666667 -87.75968 125.0167 0.03319778
20 22057.61893 22 57.61893286 0.15 -88.75802 125.2219 0.03327789
21 22057.61893 22 57.61893286 0.158333333 -89.75809 125.4019 0.03333562
22 22057.61893 22 57.61893286 0.166666667 -90.75925 125.5568 0.03337199
23 22057.61893 22 57.61893286 0.175 -91.76088 125.6868 0.03338776
24 22057.61893 22 57.61893286 0.183333333 -92.76237 125.7922 0.03338318
25 22057.61893 22 57.61893286 0.191666667 -93.76317 125.8731 0.03335978
26 22057.61893 22 57.61893286 0.2 -94.76266 125.9294  0.0333163
27 22057.61893 22 57.61893286 0.208333333 -95.76029 125.9615  0.0332545
28 22057.61893 22 57.61893286 0.216666667 -96.75554 125.9693 0.03317489
29 22057.61893 22 57.61893286 0.225 -97.74784 125.9529 0.03307673
30 22057.61893 22 57.61893286 0.233333333 -98.73669 125.9123 0.03296153
31 22057.61893 22 57.61893286 0.241666667 -99.72155 125.8474 0.03282877
32 22057.61893 22 57.61893286 0.25 -100.7019 125.7583 0.03267898
33 22057.61893 22 57.61893286 0.258333333 -101.6773 125.6449 0.03251215
34 22057.61893 22 57.61893286 0.266666667 -102.6471 125.507 0.03232854
35 22057.61893 22 57.61893286 0.275 -103.611 125.3446  0.0321284
36 22057.61893 22 57.61893286 0.283333333 -104.5683 125.1575 0.03191147
37 22057.61893 22 57.61893286 0.291666667 -105.5187 124.9455 0.03167725
38 22057.61893 22 57.61893286 0.3 -106.4614 124.7085 0.03142649

Table 1. Sky Track Output
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Table 2. Sky Track Output (continued)
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0.0654349
0.06501223
0.0644282
0.06364517
0.06261361
0.06126925
0.05952778
0.05727901
0.05438067
0.05065454
0.04588782
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0.03235842
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0.01295703
0.001709874
0.009669336
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0.03791301
0.04442488
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0.05367648
0.05685781
0.05933882
0.06127205
0.06277714
0.06394526
0.06484636
0.06553421
0.0660497
0.06642469
0.06668447

Window 1
570 secs
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6.5
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-42.28131
-40.17959
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-9.8167
-10.55338
-11.37082
-12.28356
-13.30973

-14.4721
-15.79954
-17.32931
-19.10986
-21.20523
-23.70089
-26.71228
-30.39604
-34.96387
-40.69421
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-163.8308

Table 3. Sky Track Output (continued)

0.0698981
0.07005742
0.07016983
0.07022642

0.0702142
0.07011827
0.06991813
0.06958573
0.06208302
0.06835639
0.06732934
0.06588916
0.06386872
0.06101631

0.0569541
0.05113414
0.04283625
0.03133949
0.01645857

0.000703049
0.01775173
0.03236389

0.0435633
0.05161072
0.05724246
0.06116807
0.06392097
0.06586647
0.06724834
0.06822834

0.0689153

0.069384
0.06968613
0.06985893

0.0699295
0.06991844

0.0698396
0.06970622

Window 2
600 secs



2144
2145
2146
2147

2148
2149
2150
2151
2152
2153
254
2155
2156
257
2158
259
2160
2161
2162
2163
2164
2165
2166
2167
2168
269
270
un
2172
2173
um
2175
176
2177
27
2179
280

2181

22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893
22057.61893

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286
57.61893286

17.85
17.85833333
17.86666667

17.875
17.88333333
17.89166667

17.8
17.90833333
17.91666667

17.925
17.93333333
17.94166667

17.95
17.95833333
17.96666667

17.975
17.98333333
17.99166667

18
18.00833333
18.01666667

18.025
18.03333333
18.04166667

18.05
18.05833333
18.06666667

18.075
18.08333333
18.09166667

18.1
18.10833333
18.11666667

18.125
18.13333333
18.14166667

18.15
18.15833333

-46.49136
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-15.75371
-13.50292
-11.24829
-8.990855
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-6.896197
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-171.6483
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177.3732
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Table 4. Sky Track Output (continued)

0.07069524
0.07107913
0.07145475
0.07182045
0.07217547
0.07251867
0.07284851
0.07316399
0.07346389
0.07374725
0.07401269
0.07425887
0.07448489
0.07468923
0.07487036
0.07502639
0.07515437
0.07524779
0.07529187

0.0752351
0.07476604
0.05920756
0.06444304
0.07482857
0.07522716
0.07526595
0.07521038
0.07510703
0.07497022
0.07480548
0.07461593
0.07440338
0.07416941
0.073591523

0.0736426
0.07335179
0.07304465
0.07272211

Window 3
690 secs
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-22.89806
-22.97761
-23.25956
-23.73609
-24.39497
-25.22089
-26.19689
-27.30554
-28.52995
-29.85435
-31.26442
-32.74743
-34.29223
-35.88911
-37.52969
-39.20675
-40.91405
-42.64628
-44.39879

28.78241
29.96323
31.25797
32.67993
3424413

35.9674

37.8686
39,96847
42,28959
44.85588
47.69192
50.82151
54.26567
58.03985
62.15002
66.58858
71.32999
76.32794
81.51494
86.80567
92.10423
97.31378
102.3466
107.1319
111.6197
115.7809
119.6054
123.0972
126.2704
129.1454
131.7459
134.0964
136.2212
138.1433
139.8838

141.462
142.8951
144.1985

Table 5. Sky Track Output (continued)

0.06067886
0.06021398
0.05963656
0.05893008
0.05807304
0.05704231
0.05580953
0.05434176
0.052602
0.05054703
0.0481294
0.04529794
0.0420002
0.03818709
0.0338199
0.02887726
0.02336979
0.01734606
0.0109019
0.004177793
0.002651596
0.009398333
0.01588434
0.02196255
0.02753086
0.0325332
0.03695513
0.04081357
0.0441466
0.04700228
0.0494339
0.0514932
0.05322952
0.05468597
0.05590184
0.0569102
0.05774079
0.058417

Window 4
270 secs



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 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 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.



= Sky Track Wurtz, V52015, Thursday, 6 June 2074, 8:49 AM.

Epoch = 22057 61893286, Year = 2022, Day = 057 61893286
Time past Epoch = 29.558 Hrs
155 Longitude = -27 630867736 Degs

155 Latitude = 7. 170468296 Degs
1SS Altitude - 414.850 Kns \ ISS orbital Information

IS5 Velocity = 17147 956 MPH

\ Green 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

Simulation Step = 30 secs
Carth Rotating Simulation Mode

'.'I!ll.‘ ),

\ ISS orbital path shown in yellow at 29.588 hours

ISS

TDRS 9 orbital path shown in red at 29.588 hours

/

Figure 2. Sky Track in Earth Rotating Mode with TDRS 9 Orbital Path at 29.588 Hours




Wurtz, V52015, Thursday, 6 June 2024, 8:49 A M.
Epoch = 22057 61893286, Year = 2022, Day = 057 61893386
Time past Epoch = 29 550 Hrs
I55 Longitude = -28 857335130 Degs
I5% Latitude = #.692030015 Degs
IS5 Altitude = 414 846 Kms
Iss Velocity = 17148, 180 MPH

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

Simulation Step = 30 secs
Farth Stationary Simulation Mode

The yellow tracks show the orbital
motion of the ISS at 29.550 hours while

: / in Earth Stationary mode

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




 Sky Track Waurlz, VS2015, Thursday, 6 June 2024, 8:49 AM.
Epoch = 22057.61893286, Year = 2022, Day = 057.61893286
Time past Epoch = 29.600 Hrs

ISS Longitude = -21.585747329 Degs Ef“‘EF +Z (Nor..th)
L J

1SS Latitude = -0.472359890 Degs
ISS Altitude = 415.316 Kms
ISS Velocity = 17146.324 WPH

Yellow track lines show ISS
orbital movement at 29.600

-~ .. p 1 it = b Ly,
Simulation Step = 30 secs a8 £ g . = * S hOU rs
. . S . . .
Earth Stationary Simulation Mode 1

Green line shows antenna ; “i S &
path to TDRS 9 with pitch S . T o Parabolic dish
=-7.35 degs el . -

Figure 4. Close up view of Sky Track display in Earth Stationary Mode at 29.600 hours




Figure 5. View of ISS Orbital Movement from “engaging-data.com” source



Additional Personal Notes

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



