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Abstract

The high—level Space Situational Awareness (SSA) objective is to provide to the users dependable, accurate
and timely information in order to support risk management on orbit and during re—entry and support safe
and secure operation of space assets and related services. Therefore the risk assessment for the re—entry
of space objects should be managed nationally. In this research, the Software for Re—Entry Prediction of
space objects (SREP) was developed for national SSA system. In particular, the rate of change of the drag
coefficient is estimated through a newly proposed Drag Scale Factor Estimation (DSFE), and is used for
high-precision orbit propagator (HPOP) up to an altitude of 100 km to predict the re-entry time and position
of the space object. The effectiveness of this re—entry prediction is shown through the re-entry time
window and ground track of space objects falling in real events, Grace—1, Grace—2, Tiangong—1, and Chang
Zheng-5B Rocket body. As a result, through analysis 12 hours before the final re—entry time, it is shown
that the re—entry time window and crash time can be accurately predicted with an error of less than 20
minutes.
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Fig. 1. SREP STEP 1. Select epoch of orbit element. SREP, Software for Re—Entry Prediction

of space objects.
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Fig. 2. SREP STEP 2. Estimate drag scale factor.



J. Space Technol. Appl. 1(1), 22-32 (2021)

Select st Orbit for Calaulating Debri Fall

Epoch 1(00Y)  Epoch 2(D0Y)  Epoch 1(UTC) Epoch 2 (UTC) DeaDay  Est.DSF Re-£ntry Tme (UTC) Delta SMA (k)

21120 SO0 T1178-STOSTAIT ZORTOSTELATAD. 10T JURIOSOSTE g 24Ty vt {04 ULOET90 -0.4318162  D0ZTOG0BDUSRS. 0417 DSR4, §06LE TEE o7 TE37.20635 0603.29457

1818854
1297433
1.080048
0388212
0328387
0. 432084
0505550

-0.0197667
“0.0412656 50710505154433.0417

Latest Eatest ‘Appled Calbration Factor of Drag Scale Factor : [1

T Generate Mean Orbit Eement

B T — 0-ese2s17| e 1 174181 Apply Eariest Crash | [20210508 030419.2311

PrintStep (sec) 0 [F3ST51 " <0ragScle Facor < [T301053 Boundary (min) : [1405.27
o525 ° P Apply Latest Crash | 20210508 023235 7411

Automati Opton for Crash Prediction Manual Opton for Crash Prediction
4 Execute Crash Range | Execute Debris Fal
Velocity (m/s)

¥ Perform Crash Preciction cd 22 Cone Half Angie (deg) 0 Alttude () : [“57573.17 7457.4216

Duration (seq) G000 Avea (n°m) B Cone Upper Radius (m) o Longitude (deq) : [64.420715  FiihtPath (deq) : [0.216850¢ ShowPlot.

Emissivity 05 Mass(a) 10000 Execute Crash Cone Radis (m) T Geod. Latitude (deg) - [20.198300 Head (deq) : [50.67694

=2
Fig. 3. SREP STEP 3. Calculate re—entry and crash prediction.
Plot of Debris Fall X
Altitude vs. Time Altitude vs. Time
Time of Re-Entry (UTC) : 20210508 134433.2412 Time of Crash on Ground (UTC) : 20210508 135913.7412
- 100
50
250 |
Ll . ]
prik)]
704
Il g
2 150 i 2 504
£ 2
= £ 40
< 100 =
30
20
50
10
May 05, 2021 18:02:03 ] 07105121 '00:00:00 08/05/21 00:00:00 2 4 6 8 10 12 T4 16
Time (UTC) Time from A heric Re Entry Interf: i
Re-Entry Location (Geodetic) Ground Crash Location (Geodetic) Select Crash Plot
ol
Latitude (deg) : | -20.1983 Latitude (deg) : |-2.531153¢ - A!mme
Distance
Longitude (deg) : |64.420715 Longitude (deg) : 54.353635 " Flight Path
 Veloci
Altituce (k) : [ 97.97386 Altituce (an) : [ 5.0012 Velodty
" Deceleration
(" Heating Rate
(" Temperature
Ground Station Access
BOMON . FlLCutoff(deg): 0 Re-Entry Plot
LEMON @ Altitude  ( Perigee
DAEDEOK
Future Access | Big Map
CUKAIM v
Save Plot =g

Fig. 4. SREP STEP 4. Display the result.
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Fig. b. Ground track of GRACE-1 for its re-entry prediction phase on March 09, 2018 21:59;42
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12:16;42 UTC (about 12 hours before re—entry).
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16:07:05 UTC (about 8 hours before re-entry).
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Fig. 10. Reentry prediction performance analysis using SREP.
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