Journal of Space Science and Technology

'Journal of Space Science and Technology Vol. ?? , NO. ??’ pp . 1 _ 1 4, ????

P-ISSN: 2008-4560 https://doi.org/10.22034/isst.yyyy.nnnn
E-ISSN: 2423-4516

Journal Homepage: https://www.jsstpub.com

Original Research Paper

Sensitivity Analysis of Orbital Parameters on the Number of
Satellite Passes over Ground Stations in Space Weather Missions

Sahar Aminabadi !, Masoud Khoshsima 2* ©©', Saber Karami?®, Hadi Jalili*’”’, and Jamal
Aghayari 3

1. College of Interdisciplinary Science and Technology, University of Tehran, Tehran, Iran
2. Satellite Systems Research Institute, Iranian Space Research Center, Tehran, Iran
3-5. Space Research Center, Iranian Space Research Center, Tehran, Iran

ARTICLE INFO ABSTRACT

Article History: This study investigates the influence of orbital parameters on the number of
satellite visibility events from ground stations, with the aim of optimizing
orbit design for space weather monitoring missions. A two-body dynamical
model was employed to simulate the satellite trajectory over a 24-hour period,
and the number of visibility passes was evaluated with respect to a network
of five ground stations located across Iran. The contribution of key orbital
elements—including semi-major axis, eccentricity, inclination, RAAN,
Keywords: argument of perigee, and mean anomaly—was quantified using the global
Sobol sensitivity analysis method. The first-order Sobol indices revealed that
inclination and argument of perigee exert the strongest independent influence
on visibility, with maximum values of 0.45 and 0.18, respectively. In contrast,
parameters such as RAAN and mean anomaly exhibited minimal first-order
effects, yet their total indices indicated highly significant interactive
contributions, in some cases exceeding 0.9. Furthermore, scenarios
corresponding to the maximum number of daily passes were identified. All
five stations recorded configurations yielding up to nine passes within 24
hours. The associated orbital parameters exhibited diverse geometrical
characteristics, ranging from nearly circular orbits with low eccentricity
(0.0028) to more elongated orbits with higher eccentricity (0.0915), and
inclinations spanning approximately 40° to 60°. These findings demonstrate
the critical role of both independent and interactive effects of orbital elements
in determining ground visibility, and they provide valuable insights for the
multi-objective design of satellite orbits aimed at enhancing temporal
coverage, maximizing pass frequency, and improving the efficiency of space
weather monitoring missions.
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Table 1. Geographical coordinates of the ground station
network.

Longitude Latitude Altitude
(degrees) (degrees) (kilometers)
Ground 50.8114 35.7277 1.165
Station 1
Ground
Station 2 50.0925 30.2602 0.16
Ground
. 60.6496 25.2927 0.006
Station 3
Ground
Station 4 45.6289 38.9307 0.73
Ground
Station 5 59.6062 36.297 0.966
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Fig. 4. First-order Sobol sensitivity indices (Ground Station 2).
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Fig. 5. First-order Sobol sensitivity indices (Ground Station 3).
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Fig. 6. First-order Sobol sensitivity indices (Ground Station 4).
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Table 2. Range of input parameters in Sobol sensitivity analysis.

. Range of
VERRID Variation
Semi-major axis (km) [6771-8371]
Inclination (degrees) [26-60]
Right ascension of the ascending node [0-360]
(RAAN) (degrees)

Argument of perigee (degrees) [0-360]
Mean anomaly (degrees) [0-360]
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Fig. 3. First-order Sobol sensitivity indices (Ground Station 1).
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Fig. 7. First-order Sobol sensitivity indices (Ground Station 5).
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Fig. 8. Variation of first-order Sobol indices of orbital
parameters across ground stations.
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Fig. 12. Total Sobol sensitivity indices (Ground Station 4).
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Fig. 13. Total Sobol sensitivity indices (Ground Station 5).
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Fig. 9. Total Sobol sensitivity indices (Ground Station 1).
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Table 3. Best-case scenario parameters (Ground Station 1).

Parameter Value
Semi-major axis (km) 732421
Orbital inclination (degrees) 58.45
RAAN (degrees) 67.77
Argument of perigee (degrees) 4435
Mean anomaly (degrees) 243.64
Eccentricity 0.0552
Maximum pass 9
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Table 4. Best-case scenario parameters (Ground Station 2).

Parameter Value
Semi-major axis (km) 7884.27
Orbital inclination (degrees) 55.04
RAAN (degrees) 68.72
Argument of perigee (degrees) 12.47
Mean anomaly (degrees) 285.99
Eccentricity 0.0915
Maximum pass 9
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Fig. 14. Variation of total Sobol indices of orbital parameters
across ground stations.
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Table 5. Best-case scenario parameters (Ground Station 3).

Parameter Value
Semi-major axis (km) 7298.74
Orbital inclination (degrees) 40.42
RAAN (degrees) 57.75
Argument of perigee (degrees) 233.53
Mean anomaly (degrees) 115.74
Eccentricity 0.047
Maximum pass 9
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Table 6. Best-case scenario parameters (Ground Station 4).

Parameter Value
Semi-major axis (km) 8063.92
Orbital inclination (degrees) 57.91
RAAN (degrees) 125.55
Argument of perigee (degrees) 353.64
Mean anomaly (degrees) 266.61
Eccentricity 0.0028
Maximum pass 9
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Table 7. Best-case scenario parameters (Ground Station 5).

Parameter Value
Semi-major axis (km) 7520.11
Orbital inclination (degrees) 59.73
RAAN (degrees) 109.93
Argument of perigee (degrees) 318.45
Mean anomaly (degrees) 306.53
Eccentricity 0.02
Maximum pass 9

Sl Wl olSin] olod D Y LY Jolis ks sillae



lad (oygld g pole
Ay Bylass 55 59 ¢ S5 L

C. Rocken, "GNSS radio occultation technique and
space weather monitoring," in 26th International
Technical Meeting of the Satellite Division of The
Institute of Navigation (ION GNSS+ 2013),
Nashville, TN, 2013, pp. 2508-2522.

[6] H. S. Choi et al., "Analysis of GEO spacecraft
anomalies: Space weather relationships," Space
Weather, vol. 9, no. 6, 2011, Art. no. 597,
https://doi.org/10.1029/2010SW000597.

[7] M. Nowakowski, E. Dudek, and A. Rosinski, "The
influence of varying atmospheric and space weather
conditions on the accuracy of position
determination," Sensors, vol. 23, no. 5, 2023, Art. no.
2814, https://doi.org/10.3390/s23052814.

[8] J. Gross and S. Rudolph "Rule-based spacecraft
design space exploration and sensitivity analysis,"
Aerospace Science and Technology, vol. 59, pp. 162—
171, 2016, https://doi.org/10.1016/j.ast.2016.10.007.

[9] R. Reynolds, P. Eichler, A. Bade, P. Krisko, and N.
Johnson, "Sensitivity analysis of the orbital debris
environment using the evolve 4.0 model," Advances
in Space Research, vol. 23, no. 1, pp. 175-185, 1999,
https://doi.org/10.1016/S0273-1177(99)00002-2.

[10]L. Dell’Elce and G. Kerschen, "Probabilistic
assessment of lifetime of low-earth-orbit spacecraft:
Uncertainty propagation and sensitivity analysis,"
Journal of Guidance, Control, and Dynamics, vol.
38, no. 5, pp- 886-899, 2015,
https://doi.org/10.2514/1.G000149.

[11]C. Chen, S. D. Huang, G. Z. Cao, G. Jing, and L. Yan,
"Thrust force ripple analysis of linear switched reluctance
motors using Sobol sensitivity analysis method," in /3t
International Symposium on Linear Drives for Industry
Applications  (LDIA), Wuhan, China, 2025,
https://doi.org/10.1109/LD1A49489.2021.9505782.

[12]D. Q. Hu, R. Q. Chi, Y. Y. Liu, and B. J. Pang,
"Sensitivity analysis of spacecraft in micrometeoroids
and orbital debris environment based on panel method,"
Defence Technology, vol. 19, pp. 126-142, 2023,
https://doi.org/10.1016/j.dt.2021.11.001.

[13]G. L. Somma, H. G. Lewis, and C. Colombo,
"Sensitivity analysis of launch activities in low earth
orbit," Acta Astronautica, vol. 158, pp. 129-139, 2019,
https://doi.org/10.1016/j.actaastro.2018.05.043.

[14]R. Teja Nallapu and J. Thangavelautham, "Design
and sensitivity analysis of spacecraft swarms for
planetary moon reconnaissance through co-orbits,"
Acta Astronautica, vol. 178, pp. 854-869, 2021,
https://doi.org/10.1016/j.actaastro.2020.10.008.

[15]1. Morgan Jones and P. Loskot, "Regional coverage
analysis of leo satellites with kepler orbits," arXiv,
2019, https://doi.org/10.48550/arXiv.1910.10704.

[16]C. Qin, Y. Gao, and Y. Wang "The optimization of
low Earth orbit satellite constellation visibility with
genetic algorithm for improved navigation potential,"

i ygole 33 (o ol jl o lanle 135 sluss y (gylhe (gl ol (sl

e Phb dly ele lee Oliee s badl ol

ledd oluss a8l b g 15,8 )8 ool 5590 (glojlgale (sladoglis
T3o5 390 < Sloj by S8 4 ¢ uo; (sloolKi jlo)lsale joue
UGS S Lad o8l slaosyy Julod g ol jo <l iul58l 5 laesl

lad bl dwgin b by (lagsjlumess )3 &5 (£9590
LS o Bl g8 i85 e Sl eyl cblas 4

alox 5l o)l wlislize] Sl o] Slisbsd )5 95 oo Sl
S92 S 5 dedy B (b LS (e S e 292 MRl
s P sly Ll pd 53 gl €83 5 (5l B o9 3)lg Jaa )3 5
b gl pob Coil Ghmeg il p oM 8
S S 3 e Sl Jols gy g slojlgaleis
(Lo oeldl duo) 5 (5 oy pp9ma5 (sl ygolo 13 fger) (gleaghiie
giole) 5 ol SRl iluainny sl lofl e Vs
Comslus Jlod o9y S 5 aales 10 25l ool b o)lgnls yse
S35y HlFe @hiane gileaie eyl b Jnge
Gan b jowcaymele glajlie H805  slb cly w8
Al S g Sloj by (6jlwdisdn

&8 o)

Gl 0 o B an g bawg zélie (15l 4gSoun

&>

[1] H. Tabatabaeci and M. Mashhadi Hossainali,
"Evaluation of electron density measurements of
Swarm and CSES satellites for using in ionospheric
studies," Journal of Geospatial Information
Technology, vol. 11, no. 3, pp. 1-19, 2023, (in
Persian), https://doi.org/10.61186/jgit.11.3.1.

[2] "Swarm (Geomagnetic LEO Constellation)." Last
updated: (2024, May, 02). [Online]. Available:
https://www.eoportal.org/satellite-
missions/swarm#0.1. FDCNPZ.3WQ32K. TRGIWM.X

[3] A. Caspi et al., "Small satellite mission concepts
for space weather research and as pathfinders for
operations," Space Weather, vol. 20, no. 2, 2022,
Art. no. €2020SW002554,
https://doi.org/10.1029/2020SW002554.

[4] O. P. Verkhoglyadova et al., "Addressing gaps in
space weather operations and understanding with
small satellites," Space Weather, vol. 19, no. 3,
2021, Art. no. €2020SW002566,
https://doi.org/10.1029/2020SW002566.

[5] X. Yue, W. S. Schreiner, Y. H. Kuo, D. C. Hunt, and



http://dx.doi.org/10.61186/jgit.11.3.1
https://www.eoportal.org/satellite-missions/swarm#0.1.FDCNPZ.3WQ32K.TRGIWM.X
https://www.eoportal.org/satellite-missions/swarm#0.1.FDCNPZ.3WQ32K.TRGIWM.X
https://doi.org/10.1029/2020SW002554
https://doi.org/10.1029/2020SW002566
https://doi.org/10.1029/2010SW000597
https://doi.org/10.3390/s23052814
https://doi.org/10.1016/j.ast.2016.10.007
https://doi.org/10.1016/S0273-1177(99)00002-2
https://doi.org/10.2514/1.G000149
https://doi.org/10.1109/LDIA49489.2021.9505782
https://doi.org/10.1016/j.dt.2021.11.001
https://doi.org/10.1016/j.actaastro.2018.05.043
https://doi.org/10.1016/j.actaastro.2020.10.008
https://doi.org/10.48550/arXiv.1910.10704

&Ll s 4 (el (0l ((0)S plo lapw Jis3 dgrue ¢ 3Ll el o

National  Conference on Computational and
Experimental Mechanics, Tehran, Iran, 2023, (in
Persian).

[19]A. Saltelli, "Making best use of model evaluations to
compute sensitivity indices," Computer Physics
Communications, vol. 145, no. 2, pp. 280-297, 2002,
https://doi.org/10.1016/S0010-4655(02)00280-1.

[20]H. D. Curtis, Orbital Mechanics for Engineering
Students: Revised Reprint. 4rd ed. Butterworth
Heinemann, 2020.

wlad (gyld 5 pole '
S5 8 ke 55 895 (555 o

Scientific Reports, vol. 15, 2025, Art. no. 30798,
https://doi.org/10.1038/s41598-025-16815-7.
[17]M. Khoshsima, S. Aminabadi, H. Jalili, and S. karami,
"Selection of satellite constellations with space
weather monitoring payloads for Iran," Space Science,
Technology and Applications, 2025, (in Persian),
https://doi.org/10.22034/jssta.2024.464398.1192.
[18]M. Haji Jafari, S. Aminabadi, M. Mokari Qahrudi, A.
H. Mohammadi, and R. Ahmadpur Rahkalai,
"Developing a Tool for simulating the number of
satellite passages in LEO circular orbits," in 5%



https://doi.org/10.1038/s41598-025-16815-7
https://doi.org/10.22034/jssta.2024.464398.1192
https://doi.org/10.1016/S0010-4655(02)00280-1

