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06009-2 Abstract

The need to enhance the performance of the Vickay-1 space satellite in orbit amidst the impacts of the
ionosphere constraints necessitated the design of the research work. The Vickay-1 space satellite in orbit
monitored different levels of ionosphere constraints using ionosonde data over Akure, Southwestern
Nigeria, over an average of 11 years (2011-2021) of the solar cycle. The study examined the impacts of
ionospheric constraints such as troubled events like geomagnetic storms, coronal mass ejections, solar
flares, solar wind, and sunspots on the paths of space satellite signal transmission using cross plots of the
analyzed ionosonde data, and also determined to what extent to maneuver the space satellite orbit in
order to overcome the troubled events.

The ionosonde data used in this study, namely geomagnetic field data, coronal mass ejection data, solar
wind data, sunspot data, and solar flare intensity data as monitored by the Vickay-1 space satellite, were
obtained from the National Oceanic and Atmospheric Administration. The data were processed and
analyzed using MATLAB 2019 and Microsoft Excel. Cross-plots of the analyzed data were used to
determine the different levels of the ionospheric constraints (high, moderate, and low) over Akure. Using
Hohmann's transfer function, the orbit elements namely the inclination angle, altitude, total orbit energy,
total orbit velocity and total orbit period of the Vickay-1 satellite were similarly determined to control its
orbit against the ionospheric limitations.

Findings from this study indicated that the estimated values obtained from the cross plots ranged as
follows: geomagnetic storm (6.69 to 8.45 kp), coronal mass ejection (1.59 x 1028 to 6.66 x 1029 MeV), solar
wind velocity (345.97 to 465.35 km s™1), sunspot number (46.22 to 50.45), and solar flare intensity (2.00 x
1075 t0 7.16 x 107 Watts m™2). The determined orbit elements of the Vickay-1 space satellite showed
inclination angle ranges from (82.5° to 262.5°), altitude (9583.69 to 30,454.67 km), total orbit energy (2.10
x 1012 t0 2.90 x 10797), total orbit velocity (2.09 x 10712 t0 2.51 x 10712 km hr"!) and total orbit period
(2.14 x 10712 t0 3.49 x 10712 sec).

The study concluded that signal fading and multipath effects over Akure were caused by space satellite
operational problems resulting from ionospheric constraints, and also proved that the orbit position of the
Vickay-1 space satellite can be controlled from an altitude of approximately 9,583.69 km within the low
earth orbit to an altitude of approximately 35,888.53 km between medium earth orbit and geosynchronous
earth orbit to obtain efficient signal transmission over Akure. The study therefore, recommended that
communication firms should identify the ionospheric impact conditions before adjusting their space
satellite positions in order to improve low signal transmission challenges over Akure.

Categories: Space Engineering and Exploration, Telecommunication Networks, Wireless Communication Systems
Keywords: attenuation, transmission error, coronal mass ejection, geomagnetic storms, sunspot

Introduction

Radio waves traveling in the earth’s atmosphere have many influence factors that affect them, as they
propagates through the earth’s upper ionosphere containing ionized gases or plasma. Solar parameters
such as geomagnetic storm, sunspots, solar flare, coronal mass ejection (CME), and solar wind occurring at
different timescales have implications on the path of radio wave transmission through the ionosphere [1-
19]. These implicative factors are therefore referred to as the ionospheric constraints. It has been
established that solar cycles undergo an 11-year periodic variation of solar magnetic field polarity activity.
These periodic behavior influences variations of all solar parameters on different timescales ranging from
days to years [4,12]. There have been several studies done to ascertain periodicities of different solar
parameters. For instance, the 154-day periodicity of solar soft X-ray flare occurrence was studied and
investigated on the basis of long-term solar flare activity and found that the smoothed monthly peak
fluxes of C, M, and X solar flares have time lags of 1 month, 5 months, and 21 months, respectively [5-
11,17] compared to sunspot numbers recorded during solar cycle 23. Additionally, studies [12-23] explored
solar mechanisms using magnetic flux rope and sunspots connection with solar flares, coronal holes,
green coronal line, large-scale eruptions like CME and other eruptive phenomena to understand the
periodic variations of solar parameters.

Studies have shown that in some cases, communication distances are greatly extended, while in other
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cases, communication distances are greatly reduced or eliminated due to changes in the ionosphere layer.
Thus, changes in the ionosphere can produce dramatic changes in the ability to communicate [24-33]. As a
result of the presence of ions and electrons in the ionosphere, magnetic and electric fields are often
deflected, thereby resulting in refraction and diffraction of radio waves along their transmission paths,
thus resulting in transmission impairment, signal fading, and multipath. How far a radio wave signal will
travel within the radio horizon is determined by the distribution of the radio refractivity.

Several researchers [34-49] have carried out studies on radio refractivity for different regions and climates
using measured local meteorological data in Nigeria and other parts of the world. Their results showed
that the local climate has a substantial influence on the radio refractivity and consequently on the
transmitted radio signals. Similarly, researchers [50-52] studied the variation of radio field strength and
radio horizon distance over a few stations in Nigeria and concluded that, as a result of variation in the
meteorological parameters, hydrometeors such as rain, hail, snow, clouds, water vapor, and other gases in
each geographical location, there is signal fading on the path of satellite signal transmission due to
variation in the radio field strength over radio horizon distances in Nigeria. Hence, our study was
necessitated to overcome these hydrometeors by examining, across an average of 11 years (2011-2021) of
the solar cycle, the impacts of the ionospheric constraints on Vickay-1 space satellite performance in orbit
and to devise means of maneuvering its orbit against such ionospheric impact conditions using
Hohmann's transfer function.

Materials And Methods

This study investigated the average monthly values of each ionospheric constraints with respect to the
solar activity, using ionosonde data obtained for a period of 11 years (2011-2021) of the solar

cycle. Essential principles and terms of the solar space environments were examined in conjunction with
computer-based software such as MATLAB 2019 and Microsoft packages. The ionosonde data used in this
study composes of geomagnetic storm, coronal mass ejection, sunspot, solar flares, solar cycle, and solar
wind data. The data set were obtained from both the National Aeronautics and Space Administration
website and National Oceanic and Atmospheric Administration website. Parameters of Vickay-1 space
satellite such as periapsis, apoapsis, inclination angle, eccentricity, mass, and period were archived
through National Aeronautics and Space Administration website, to enhance determination of
Hohmann's transfer orbit parameters for onward maneuvering process of Vickay-1 space satellite against
the impacts of the ionospheric constraints.

Averages of the monthly data were computed to investigate the periodic variations and distributions of the
ionospheric constraints. The average monthly data used in this study covered the years 2011-2021, as
obtained in archived folders comprising of daily data prepared into text files by the United States
Department of Commerce [35]. It is important to note that the average monthly data for a month is
obtained simply by adding up all the data values for each day in that month and averaging the summed
values.

The impacts of ionospheric constraints on the performance of Vickay-1 space satellite in orbit were
critically examined via the ionospheric constraints classification, and the Hohmann's transfer function
was equally employed to devise means of maneuvering its orbit against the ionospheric impact conditions
for improved performance.

lonospheric Constraints Classification (ICC)

The ICC was adopted and generally used to measure and predict each of the ionospheric constraints on the
basis of their intensities and strength [17,20,32]. This would foster efficient and transient view of their
impacts on space satellite signal transmission and efficiency as further explained below.

Geomagnetic storms could be classed with respect to their disturbance storm time index (Dst) in four
categories [14]. Geomagnetic storm can be weak (Dst 1. 50nT), moderate ( —100nT Dst < —
50nT), intense (Dst << —100nT), and severe (Dst < —200 nT) while the geomagnetic disturbance
index (Kp) (Table 1) varies from weak (0 =Kp <5), moderate (5 Kp <6),strong (Kp = 7), severe
(Kp = 8), and extreme (Kp =9).

The CME which is often associated with solar radiation can be classed (Table 2) with respect to the
amount of solar radiation wavelength absorbed. Thus, research has shown [40] that the intensity of CMEs
varies from minor (B 1()28 MeV), moderate ( 1()28 < E ~ 1()29 MeV),strong ( 1()2Y < E

< 1030 MeV), severe ( 1030 <E < 1()3! MeV), to extreme (E > 103! MeV) values in nature.

The modern classification system (Table 3) for solar flares uses the letters A, B, C, M, or X, according to the
peak flux in watts per square meter (Watts m™2) of soft X-rays with wavelengths from 1 to 8 angstroms), as
measured by the GOES spacecraft in geosynchronous orbit. X class flares are big; they are major events
that can trigger planet-wide radio blackouts and long-lasting radiation storms. M class solar flares are
medium-sized; they can cause brief radio blackouts. Studies [23,57] showed that each category for X-ray
flares has nine subdivisions ranging from, e.g., C1 to C9, M1 to M9, and X1 to X9. M1 is 10 times stronger
than C1. X1 is 10 times stronger than M1, and so on. The number provides more information about its
strength.

Sunspots come in all sizes and shapes. They are classified with respect to the numbers in which they
appear. Scientists have further classed their groupings on the basis of a more complex magnetic structure,
which makes them more likely to produce solar flares [8]. Our major focus here is based on the number of
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Scale

G5

G4

G3

G2

G1

sunspots that appear. Solar minimum is the point with the lowest number of sunspots, while solar
maximum is the point at which the greatest number of sunspots appear.

The study [49] showed that solar wind exists in two fundamental states (Table 4) as slow solar wind and
fast solar wind, each having a velocity of <350 km s'hyand > 450 km s~y and a temperature of >
1.4MKand < 1.2 MK. The slow solar wind is twice dense and more variable in nature than the fast solar
wind [26,46]. Observations of the Sun between 1996 and 2001 showed that emission of the slow solar wind
occurred at latitudes up to \(30°) to \(35°) during the solar minimum (the period of lowest solar activity),
then expanded toward the poles as the solar cycle approached maximum. At solar maximum, the poles
were also emitting a slow solar wind [33]. The slow solar wind appears to originate from a region around
the Sun's equatorial belt that is known as the "streamer belt" while the fast solar wind originates

from coronal holes [49], which are funnel-like regions of open field lines in the Sun's magnetic field [21].
The solar wind affects other incoming cosmic rays interacting with planetary atmospheres. Moreover,
planets with a weak or non-existent magnetosphere are subject to atmospheric stripping by the solar
wind.

Description Physical Measure (Kp)
Extreme Kp=9
Severe Kp=8
Strong Kp=7
Moderate Kp=6
Minor Kp=5

TABLE 1: Classification of Geomagnetic Storms

Refer to the study in [53].

Coronal Mass Ejection Level

L1

L2

L3

L4

L5

Energy of Coronal Mass Ejection (MeV)
E<10%8

1028 < E <1029

10%% < E <1080

1080 < E < 10%

E=>103"

TABLE 2: Classification of Coronal Mass Ejection Energy Levels

Refer to the study in [40,53].

Class

Peak (W/m2) between 1 and 8 Angstroms

I<107
1<106
106 <=1<10"
108 <=1<10*

I>=10

TABLE 3: Classification of Solar Flares Intensity

Refer to the study in [53].
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Type of Solar Wind Speed Color in Figures Solar Wind Speed (kms'1) Temperature (T)

Slow Solar Wind Fast Solar Wind Red Blue <350 2400 > 1.4 MK <1.2 MK

TABLE 4: Classification of Solar Wind

Refer to the study in [7].

Hohmann's Transfer Function (HTF)

Dr. Hohmann, a civil engineer, published his first seminal book and described optimal orbit transfer
between two circular coplanar space orbits by numerical examples [47], and this transfer orbit is now
generally called the Hohmann transfer. He further showed that an interplanetary trajectory requiring the
least expenditure of energy is an ellipse tangent to the orbits of both the departure and arrival planets
[47]. The Hohmann's transfer function (HTF) was employed to carry out accurate and reliable means of
maneuvering Vickay-1 space satellite orbit. HTF operates with the use of an elliptical orbit termed the
Hohmann's transfer orbit (HTO). This orbit is connected to the low earth orbit (LEO) at the point of
perigee, which is the closest point forming a tangent and also connected to the geosynchronous earth
orbit (GEO) at the point of apogee, which is the farthest point forming a tangent [13]. The advantage of
the HTO is that it consumes the least possible amount of propellant. Space satellites, once in their mission
orbits, need no additional orbit adjustment [13]. On the other hand, mission requirements may demand
that we maneuver the satellite to correct the orbital elements when faced with perturbing events resulting
from geomagnetic storms, CME, solar flares, solar maximum, solar minimum, and solar wind.

Using HTF entails launching a spacecraft and accelerating it across a series of alternate mission orbits
until it moves to some final orbit at the end of its useful life. Each of these orbit changes requires energy
[13]. The V budget is traditionally used to account for this energy. It sums all the velocity changes required
throughout the space mission life. In a broad sense the V budget represents the cost for each mission orbit
scenario. For HTF to be carried out successfully on Vickay-1 space satellite each of its parameters was
extensively examined as outlined below.

The interval of time in which a spacecraft must be launched in order to complete its mission. For a
satellite to be launched into an orbit, it requires an inclination angle 7 in an azimuth direction A,

. cos 1
sinA, = ——
cos P

where @ is launch site latitude, 4 is orbit inclination angle and ~ A, is launch azimuth direction. For a
due east launch A s 900 and *]*] ,hence the launch window is given by:

_ 2A7

We

LW

Where 7 is longitude of ascending node, W, is Earth’s rotationrate and  Agris wet, Agis
termed maximum permissible nodal increment with plane change angle ¢ required to transfer from
launch orbit plane to the mission orbit plane.

& = arccos(cos? i) + sin? i cos Am
Any two body of mass 1M1 and 1o with distance 7 apart are attracted to each other with a force:

mims

F=d

r2

where (3 is constant of gravitation given as (6.6726 + 0.0005) x 1011 m3kg s'2. 4 (3 indicates motion
toward earth while the — (5 demonstrates any motion farther from the earth station.

uw=GM,
4 is a universal constant of gravitation, /], ¢ is Earth’s mass. For a gravitational potential
F=xV

V is the gradient and |/ is gravitational potential. For a spherical body,

v=~t
"

For non-spherical body, 1/, contains additional terms that can be used to determine energy
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"2
The above equation is used to determine the specific mechanical energy of the satellite where 7_ is

Specific kinetic energy of the satellite and - H is Specific potential energy of the satellite.
r

This has to do with the property of the satellite in motion as it relates to the product of the moment of
inertia and the angular velocity of the satellite in orbit.

H? = ir + rBcos©

H is angular momentum of satellite and 3 is constant of integration, 7 for orbit maneuvering

HE

TZ%ﬂ
RN |

2
where ——is P known as semilatus rectum, —is e which is the eccentricity also taken as
K 2\ 1

(1+2¢H )5 )
— and @ is the true anomaly. Thus,

o

P

r =

14 ecos®

This explains the various principles taken to attain the trajectory paths for space orbit maneuvering
processes of a satellite in orbit.

To +7Tp
2

semiminor axisis ) = g+/1 — e2
T —Tp
T +7Tp

semimajor axisis g =

eccentricityis € =

T4 is apogee or farthest radius to the satellite given as a(l + e), while 7 is perigee or closest
radius to the satellite givenas a(1 — ¢e)

P=a(l-¢e?) :b;:rp(lJre):ra(lfe)

7Y = flight - path angle
™
v=5-0

Radial Velocity Componentis V), = \/E esin ©
p

Normal Velocity Component is 1}, = \/E(l + ecos 9)
p

, 0 Vi v,
Flight Path Angleis: ~" = arccos V = arctan —

n

Where 1/ givenas ( Vn2 + Vf)%

Perigee Velocity is 1}, = \/E(l + e)
p

Apogee Velocity is Va = \/E(l — 6)
p

2
Energy £ at any point in orbit is 5 — Vi _H
2 r
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As e — 1,V, — 0,7, — 2a then,

2a
2
V=y/uE-=
w =)
. . _ M
For a circular orbit, VC = -
T
For escape trajectory, g — 00, V, ;. = v/2V,

V/, is circular orbit velocity and 1/, is escape velocity

27
Period of Elliptic Orbitis P = — wheren = %
n a

The A/ budget is used to carry out the orbit maneuvering process of Vickay-1 satellite and is therefore
calculated by comparing the initial and final orbit velocity vectors as well as the inclination plane change
required [45]. We investigate two types of maneuvers using bi-elliptical transfer orbits.

1/ is magnitude of orbit velocity at some point, 7 is magnitude of the radius from the focus to that
point, @ is semi major axis of the orbit,and [/ is gravitational constant of the attracting body.

Re-arranging the above equation gives,

2 1
V2= p[=— -]
roa
Vi oo
2 r 2
Vi o 1
2 r o 2a
kineticenergy =~ potentialenergy  totalenergy
satellitemass satellitemass  satellitemass

The total energy is dependent onlyon a,as a increases energy increases.

By comparison £ is the total energy of an orbiting satellite, thus

__F
¢= 2a

21 3

Plotting = — ﬁ against P=—a:2 gives the lowest energy and period points corresponding
2
a

to the space satellite parking orbit.

2 1
Recall from the energy equation that, V2 = )u[_ — _]
T a

m
vi-£
T

V. is the circular velocity, thus for the first orbit

Iz 2
V=l S
1 7”1[ 1_’_%

]

Since, 2a =11 + 1y = Tl(l + (r_f))
1
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2+2(2) -2
Vi = VI =
12 cl[ 1+(ﬁ) ]
i |2
Va 1+ (55
AV, Vi-Va 2
Va  Va o 1+ ()
0 2
Vi=Hlp- =
1 rl[ 1+(’%)}
o 2
Vi=Ltpp- ——
/ Tf[ 1+(ﬁ)]
2 2
VPl - )
d ry o L4 ()]
1
rbrg =t o)
VQZﬂ[Q_L%)_]
f Tf 1+(:—i)
) N 2.
Hence since, is —, similarly chls
T Tf
2 2l
V= Vi
TEY _o(rL
vz = v 2w) — 26,
T+ (@)
% 2
yr= Va2
v, 2
Va I+ ()]

AVy B Veg — V4 B i 7 2
Va  Vau :—f %[14—(:—{)]

AI/Total _ & A‘/f

Va Va Va

AVrota = AVy + AV =Hohmann's Transfer Function

For a Bi-elliptic orbit transfer we considered the following sets of equations,

AV Vi-va [

Va  Va o |1+ (B)

AV 2 2

Ve 2[(2) + (D] H+ ()]
AV 20) 1

Ve SEH+ F
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It is important to note that 71 is the radius of the initial orbit while 79 is the apogee radius of the

second orbit,and 7'y is the final circular orbit radius. Combining the last three equations above gives rise
to the equation below, which is also known as Hohmann's bi-elliptic transfer function. It was used for the

maneuvering process of the Vickay-1 satellite in orbit.

A‘/Total = A‘/1 + A‘/Q + AVf

Results

The averaged computed values (Tables 5-9) for each of the ionospheric constraints were carried out across
the 11 years (2011-2021) of the solar cycle. It was observed that the highest value of the geomagnetic
storm index is (8.45 Kp) while its lowest value is approximately (6.69 Kp). The average value of the number
of sunspots across the 11-year solar cycle ranges from 46.21818 to 50.45455 in value. Also, the solar wind
velocity of the streamed electrons emanating from the sun’s coronal region ranges in value from 345.9677

km s7! to 465.3548 km s1. The average solar flare intensity ranges from its lowest value at 2.00 x 105

watts m™2 to its highest value at 7.16 x 1076 watts m~2. Similarly, the coronal mass ejection data varied
from 1.59 x 1028 MeV to 6.66 x 1028 MeV. These values (Tables 5-9) were plotted (Figures I-5) to see how
they affect Vickay-1 space satellite performances in orbit, in order to mitigate measures where
appropriate by maneuvering its orbit against the ionospheric impact conditions.

Months 2011 2012 2013 2014 2015 2016 2017 2018

1 5.5 7 7.6 5 9.5 9 10 5.6
2 6 7.8 5.7 8 9.7 10 9.5 5.9
3 6.7 1" 7.4 7 12 10 10 6.6
4 7.2 11 6.9 7 12 10 11 6.7
5 7.6 9.8 7.5 7 1" 10 1" 6.8
6 7.7 9.9 8.3 7 1" 10 9.9 6.8
7 7.7 10 8.5 6 1" 10 9.7 6.6
8 7.7 10 8.5 7 1" 10 9.9 6.9
9 8.2 9.8 8.1 7 12 10 1" 71
10 8.1 9.8 8.1 7 12 1 11 7

1 7.8 9.6 7.8 7 12 1 1" 6.9
12 7.5 9.1 7.6 8 12 10 10 6.9

TABLE 5: Average Geomagnetic Storm Index (Kp) Value

2019

2020

2021

4.4

6.8

8.1

7.8

7.4

71

7.3

7.2

Average Kp
6.690909
7.309091
8.154545
8.263636
8.136364
8.090909
7.963636
8.090909
8.290909
8.454545
8.309091

8.118182
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Months 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021  Average Spot

1 27 94 9 17 93 57 26 7 8 6 10 49.18182

2 37 72 79 131 81 57 26 9 4 3 9.4 46.21818

3 81 77 79 130 72 56 23 7 6 3 12 49.63636

4 58 79 86 126 73 51 26 7 7 3 15 48.27273

5 58 83 93 123 76 51 24 8 8 3 16 49.36364

6 57 84 9 120 74 46 23 10 6 3 18 48.27273

7 59 87 90 17 73 44 23 8 6 4 20 48.27273

8 59 88 9 116 72 45 24 8 5 4 20 48.27273

9 66 88 86 17 73 45 26 8 5 4 24 49.27273

10 72 87 89 114 72 44 25 8 4 5 25 49.54545

1 78 87 91 113 71 42 23 7 4 7 26 49.90909

12 81 85 94 113 70 40 22 7 4 9 30 50.45455
TABLE 6: Average Sunspot Value

Months 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Average Solar Flare

1 0.06 2602 037 3 3.308 044 044 002 004 001 01 092

2 074 026 039 9427 263 1539 024 018 0 0 013 141

3 1755 4258 049 4198 3899 017 046 004 053 0 0.06 144

4 3.305 1598 2702 2187 2987 076 126 003 003 1285 063 152

5 076  3.013 4.07 3353 2819 098 037 005 041 0 148 157

6 134 3188 16 4133 3878 02 052 011 0 0.02 022 138

7 2906 1115 2452 3675 1702 192 1733 0 0 0 036 235

8 3.654 3.188 1.854 5903 4213 085 2114 0 0 0.06 094 207

9 8433 171 067 5505 4152 069 7455 0 0 0 1.04 2.7

10 157 084 5585 17.005 158 042 001 001 0 046 144 26

1 2485 1572 233 8198 2731 026 0 0 0 1.08 046 174

12 136 024 2007 9745 2465 041 0 0 0 046 154 163

TABLE 7: Average Solar Flare Values
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Months 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Average CME
1 5.41E+29 6.07E+29 3.82E+29 7.18E+29 2.42E+29 9.94E+29 5.88E+29 4.15E+29 6.26E+28 1.66E+28 0 1.57E+29
2 3.31E+29 7.94E+29 5.8E+29 3.67E+29 4.3E+29 3.46E+29 2.27E+29 3.28E+29 1.7E+29 3.58E+28 0 8.25E+28
3 6.97E+29 6.98E+29 3.84E+29 5.41E+29 3.67E+29 5.57E+29 5.12E+29 3.84E+29 6.66E+28 2.24E+28 0 2.41E+29
4 3.9E+29 8.07E+29 4.06E+29 6.14E+29 6.06E+29 1.69E+29 2.04E+30 5.31E+29 2.47E+29 3.06E+28 0 4.74E+28
5 3.41E+29 7.36E+29 9.34E+29 5.41E+29 5.47E+29 3.05E+29 2.55E+29 4.34E+29 6.07E+29 6.84E+28 0 6.58E+28
6 4.41E+29 9.01E+29 1.47E+30 5.71E+29 1.61E+30 1.58E+29 1.11E+30 6.37E+29 6.32E+28 4.72E+28 0 1.03E+29
7 7.21E+29 9.46E+29 4.98E+29 3.17E+29 3.76E+29 3.17E+29 9.18E+29 4.39E+29 7.ATE+28 2.24E+29 0 6.66E+29
8 4.56E+29 5.16E+29 5.78E+29 2.68E+29 6.25E+29 1.39E+29 4.82E+29 3.24E+29 6.19E+28 1.18E+29 0 4.22E+28
9 8.32E+29 2.97E+29 5.33E+29 3.87E+29 9.43E+29 4.95E+29 1.15E+30 4.73E+29 8.57E+27 8.37E+28 0 5.57E+28
10 3.99E+29 2.78E+29 5.73E+29 3.38E+29 1.37E+30 1.59E+30 1.08E+30 5.89E+29 3.7E+28 2.31E+29 0 6.22E+28
1" 6.36E+29 3.43E+29 4.79E+29 6.03E+29 9.39E+29 4.66E+29 3.39E+29 4.02E+29 2.17E+28 1.89E+29 0 1.59E+28
12 7.4E+29 2.63E+29 4.61E+29 3.32E+29 7.99E+29 1.97E+29 8.28E+28 3.13E+29 4.18E+28 2.16E+29 0 1.28E+29

TABLE 8: Average Coronal Mass Ejection (CME) Values

Months 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 Average Solar Wind

1 4122258 406.7478 365.2580 421.9032 413.3870 427.7096 485.58064 395.6451 406.2580 366 366.4516 413.8064

2 403.3214 4116955 365.5 413.0357 410.9642 402.4482 471.4642 398.4285 411.8928 400.6896 436.2857 4146206

3 426.4516 431.0909 417.4838 381.0322 473.5483 440.4838 504.8064 406.5161 387.1290 398.1290 441.0645 465.3548

4 4414 407.1848 367.9 400.5666 422.8666 407.2 464.8333 394.6333 3826 380.5333 4176 398.9

5 4457741 404.8005 448.4516 355.6129 402.3225 460.6451 414.1935 416.9354 394.9354 323.4516 383 407.4838

6 456.0333 411.3848 448.7333 379.9 454.6333 452 400.3333 424.9666 345.9333 339.9666 387.4666 435.2666

7 462.7419 411.7829 402.1290 337.4193 422.4838 456.7096 452.8064 399.2580 390.3548 358.5806 391.6129 455.5161

8 442.7741 422.7008 437.6129 361.1612 451.8387 446.5806 466.7096 422.7096 434.7096 388.1612 371.9032 425.5483

9 434.1666 431.3636 393.8666 421.4333 455.2666 462.9 515.2 433.7666 460.0666 405.1333 3828 380.4

10 383.4516 406.6839 371.3125 396.0967 435.5161 488.3548 433.2258 406.7419 415.5806 390.2903 371.4687 382.48387

1 371.4333 406.8484 376.1666 437.0333 430.6333 438.5333 425.4333 4026333 377.6666 379.1666 465.1333 3715

12 362.2903 413.0910 362.6333 476 472.2258 469.8064 4216451 436.6129 364.6774 402.7419 429.4 345.9677

TABLE 9: Average Solar Wind Values

2025 Victor et al. Cureus J Eng 2 : es44388-025-06009-2. DOI https://doi.org/10.7759/s44388-025-06009-2

10 of 19



Cureus Journal of Engineering

G5 — . . . .
: xfreme ndexs = = = p== $
g2 | Ext Ind o
G4 81 e
x A Y 8.2
g TP .
_— Py W
25| X6 w ]
E f7'5 Y71.7 N -
] » S
N :
P Strong (gp) Index
G3 —X—E j 7
1 ¢=> 'Y
S 6.5
E |
8.
G2 ——X—G [ »
'55 - Minor (Kp) Index
G1 : ' : - - :
2 4 6 8 10 12
i Manths
FIGURE 1: Average Geomagnetic Storm Index Constraint Against
Months of Years (2011-2021)
505 = : e e r———
Solar Max. X 12
50 Y 50.4545
495 | .4 1
— " ¥
Z 49t } ! ]
& \ Moderate
%48'5 [l Sunspots 1
= :
@ 48f ! ]
() \
Z4715f | ! 1
a1/ :
X2
465 | Y 46.2182 ]
f.--_.,_-_-,.-__|$01arMini., | )
2 4 6 8 10 12
Moanths
FIGURE 2: Average Sunspot Constraint Against Months of Years (2011-
2021)

2025 Victor et al. Cureus J Eng 2 : s44388-025-06009-2. DOI https://doi.org/10.7759/s44388-025-06009-2 110f19


https://assets.cureusjournals.com/artifacts/upload/figure/file/18868/lightbox_76779cd0431511f0aadf0dbe7e5992b5-Geo-021.png
https://assets.cureusjournals.com/artifacts/upload/figure/file/18886/lightbox_a11382b0431511f0a11c45296785ec64-Spot-021.png

Cureus Journal of Engineering

10% ¢ . v —0 .
— M6, } s &
g AP
3 | X 12 [ S &
5 | X5 Y 6.050-05 |
3 M2 Y 2e-05 o
Z
5 . X 10
E10°% Y 7.16e-06 t .
o ' —_— [ s &
g o
H E »(J’ é
° C S
w E 3 %
@ ! X3 !
< Y 1.2¢-06

10.5 A A - A N - N

2 L) 6 8 10 12

Month(s)

FIGURE 3: Average Solar Flares Constraint Against Months of Years
(2011-2021)

L4—>10% -
5 e
= : X7
=1 - Y 6.657217647058823e+29
o =
-
D 1
Wy
§ 103 1 \Y 8.24975¢+28 1
=
ﬁ 1
5 L2!
S x 11
&)
. ! Y 1.590380952380952e+28
- °
g Y
L1->»10%8 . . A
2 4 6 8 10 12
Month(s)

FIGURE 4: Average Coronal Mass Ejection (CME) Constraint Against
Months of Years (2011-2021)

2025 Victor et al. Cureus J Eng 2 : s44388-025-06009-2. DOI https://doi.org/10.7759/s44388-025-06009-2

12 0f 19


https://assets.cureusjournals.com/artifacts/upload/figure/file/18890/lightbox_d3beb3b0431511f0bf9ef919fcfee409-Solar-Flare-021.png
https://assets.cureusjournals.com/artifacts/upload/figure/file/18892/lightbox_102ecf10431611f09d9789a530bdfdb4-CME-021.png

Cureus Journal of Engineering

?460 - ﬁ\x 3 Py .
€ 'y 4653548 7
=440 | / / .
'§ / \ ﬁ
Q I / \ . » 1
o 420 = 5 X 4 \
2 [} \ a
£ Y 398.9
% 400 | L \ X9 ]
3 \'Y 380.4
» 380 | &~ -
@ Na.
< a0 | X 12
Y 345.9677
D
3400 : : 0 : : —t

s 4 6 8
Month(s)

FIGURE 5: Average Solar Wind Speed Constraint Against Months of
Years (2011-2021)

12

Vickay-1 space satellite was explicitly studied with respect to the observed ionospheric impact conditions.
The satellite was launched at a space spot center to a LEO with an inclination angle of 82.50° to an
altitude of approximately 9,583.69 km. The satellite while operating within the LEO orbit was seen having
perigee and apogee radius of 249.5 km and 270 km, respectively, while its semi-major and semi-minor axis
were 259.75 km and 259.72 km, respectively. Orbit parameters (Table 10) such as the radial velocity (VT)
, Normal component velocity (Vn ), flight path angle (fy), perigee velocity (Vp), and Apogee Velocity
(V,) of Vickay-1 satellite were determined in order to know the total orbit energy and total orbit
velocity that would be needed to carry out its maneuvering process. To effectively achieve this orbit
maneuver, we equally determined the Hohmann’s orbit parameters (Table /1) for each of orbits 1, 2, and 3.

Mass Eccentric  (e)  Perigee (km) o (km)  Apogee (km) ra (km) Alti.  (km)  Inc. Angle a  (km) b (km) Ve (km)  V(km) ¥o Vp (kmihr) Vg (kmihr)
2260 0.00297 499 2495 540 270 9583.69 825 259.75 259.72 7.09E-05 2.41E-03 1.68 2.42E-06 2.40E-06
2260 0.00297 61608.64 30804.32 61964.36 3008218 20,080.93 1725 30893.25 30887.1 857E-04  220E-03 7562 2.22E-03 2.20E-03
2260 0.00297 71731.34 35865.67 721455 36072.75 30,454.67 2625 35969.21 35965.61 -6.08E-15 2.05E-12 -0.2 2.06E-12 2.04E-12

TABLE 10: Estimated Orbit Parameters
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Total
Orbit

Energy

(€

2.90E-09

2.40E-12

2.10E-12

Orbit

Period

(sec.)

2.14E+12

2.78E+15

3.49E+15

Escape

Velocity

(Vesc)

km/hr

1.01E-

Circular

Velocity

(Ve

km/hr

241E-

Total

Orbit

Velocity Transfer Time  (T) (sec)
(AVqT)

kmihr

251E12 1.41E+12

209E-12  1.59E+12

1.78E+12
2.26E-12

TABLE 11: Hohmann's Orbit Parameters

A plot of the calculated total orbit energy (&) against the orbit period shown in (Figure 6) gives an
interception point that predicts the parking altitude which should be between an altitude of 3 x 10%

km and 4 x 10* km lying between medium earth orbit (MEO) and GEO as depicted in Figure 7. An altitude
of 35,888.5332 km is precisely the most convenient parking altitude because the higher the satellite
parking altitude, the better the signal coverage.
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FIGURE 6: Vickay-1 Satellite Parking Orbit
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MEO, medium earth orbit; GEO, geosynchronous earth orbit; LEO, low earth orbit

Discussion

Figure I depicts the plot of the average geomagnetic storm index values (Table 5) obtained across the

11 years of the solar cycle. The averaged Kp index values were plotted against the months in order to
classify their average values on the basis of minor, moderate, strong, severe, and extreme impact
conditions represented as G1, G2, G3, G4, and G5, respectively. The morphology of the graph (Figure /)
showed a consistent and moderately steady rise in Kp index value. While the minor G1 level exists at 5.55
Kp, the moderate is said to be seen between G2 to G3 having 6 Kp to 7 Kp index. Satellites within these
regions are subject to little drag and moderate or minor signal fading transmission might occur. However,
a steady and strong geomagnetic storm index was observed at 7.7 Kp which is between G3 and G4. This
period lies between June and August. The extreme geomagnetic storm index was staged at 8.2 Kp index
between G4 and G5. The reason attributed to this is due to the increased surface charge on the satellite
electronic components, creating sporadic intermittent satellite navigation, orientation, and tracking
problems due to increased drag.

The second constraint under consideration has to do with the number of sunspot seen across the 11 years
of the solar cycle. It was observed that the highest number of sunspot counts was taken as solar maximum,
while that of the lowest sunspot count was taken as solar minimum. This study has helped to unveil the
highest and lowest points of sunspot count across the 11 years of the solar cycle from the average data
obtained (Table 6). Figure 2 displays a plot of the average sunspot data (Table 6) against the months. It
was observed that the highest count of sunspots exists at 50.4545 and that of the lowest count exists at
46.2182. Thus, solar maximum and solar minimum exist at these points, respectively. However, the
number of sunspots seen as 48.2727 shows a moderate and steady increase in value between the months
of June and August across the 11 years of the solar cycle. It was also discovered that there was an
undulating variance in value of the number of sunspots within the period of January to May. This
inconsistent rise and decrease in value are as a result of the variance in the activity of the sun and most
importantly as a result of the variance in the intensity of the sun’s core activity. It is worthwhile to note
that the moderate and steady rise in the number of sunspot count as stated earlier have adverse effect as
most of the electronic components or solar panel of the space satellite could be obviously affected or
burnt due to overcharging. Thus, the satellites must be clearly examined to avoid wreckage and signal
fading.

One of the major factors also confronting satellite transmission performances is the solar flares. They are
as a result of intense outburst of radiation released from the sun’s surface. Mechanisms associated with
flare eruptions have been studied by several authors [9-10,22,27,34,43,44] using soft X-ray techniques to
show flux in B and C class flares. This study unveiled how the satellite data transmission is disrupted with
respect to the radiative influence of the solar flare intensity. Figure 5 depicts a plot of the average solar
flare intensity values (Table 7) against the months across the 11 years of the solar cycle. The letters A, B,
C, M, or X were used (Table 3) to depict their variance across an average value of a complete solar cycle.
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The only class of solar flares seen were that of class "C and M", whereas classes A, B, and X were absconded
due to the set of available data within the period of the solar cycle. Class C though with least adverse effect
to class M solar flares can result into radiation storms which often lead to transmission impairment that
affect space satellite signal transmission. It was observed that they occur at an average range of values
between 1.2 x 100 watts m 2 to 7.16 x 10°® watts m"2 within the months of early January to late April, and
later seen during the month of July to November with a consistent, steady and moderate value of 7.16 x 10~

6 watts m~2. The observed classes of C solar flares are that of C1 and C7, with C7 being the strongest to that
of C1, the number provides more information about its strength. However, class M solar flare were seen

between the periods of May to June at an average value of 2 x 10™5 watts m™2 and later seen within the

month of December at 6.05 x 105 watts m™2 M class solar flares are medium-sized solar flares that can
cause radio blackouts which affect and disrupt satellite signal transmission. Therefore, it is well noted that
within the period of June to August most space satellite signal performances could be well affected by
solar flare intensity resulting from the sun’s solar activity. The observed classes of M solar flares are that
of M2 and M6, with M6 being the strongest to that of M2. This implies that the M class solar flares seen
across the 11 years solar cycle are six times stronger in the month of December while that of C class solar
flares seen are seven times stronger within the months of July to November.

Another important factor under consideration was the CME, which are huge bubbles of highly charged
energetic plasma from the sun’s corona that often produce geomagnetic storms posing hazards to space
satellite operations. As a CME enters interplanetary space, it is capable of reaching and colliding with the
earth’s magnetosphere to form an interplanetary coronal mass ejection that damage space satellites
through the release of a high current discharge penetrating its electronic components. The average CME
data (Table 8) was plotted against the months (Figure 4) to depict the various energy levels (Table 2) of the
accompanying CME discharge across the 11 years of the solar cycle. It was observed that the only energy
levels seen were that of L2 and L3, while energy levels L1, L4, and L5 were absconded due to the solar
activity of CME across the average solar cycle. From the graph, CME was seen to be at the highest peak
between the months of June and August with an average energy level of L3 having an approximate 6.6572
x 1029 MeV. This indicates a very strong energy level impact. Thus, within this period there could be an
increased charging on the space satellite solar panel or micro ships which of course would cause
interruption in receiving a better signal transmission. The energy level L2 of the CME depicted showed an
approximate average energy value of 8.2498 x 1028 MeV between February and May and 1.5904 x 1028
MeV between very late August and November. This shows an undulating rise in the CME values due to the
amount of plasma bubbles being released from the Sun’s corona. These undulating rise and fall has a
minor impact on the space satellite performance compared to that of L3 with a very strong impact.

Furthermore, the solar wind, which is a continuous stream of protons and electrons from the sun’s outer
atmosphere known as the corona, when strong enough would cause geomagnetic storms which invariably
could wreak havoc on space satellite performance in orbit and threaten astronauts in space. It equally can
lead to auroras expanding close to the equator during space weather conditions. Average solar wind speed
data (Table 9) was plotted against the months (Figure 5) across the 11 years of the solar cycle. The solar
wind speed was classified on how fast or slow (Table 4) they emanate from the sun’s corona. It was
observed that the solar wind speed was slowest between the months of November to December with a

steady decrease in value to approximately 345.97 km s™1. This is as a result of the least solar activity
within the nucleus of the sun’s core, thereby leading to little decrease in the release of streamed protons
and electrons from the corona. This would pose little or no threat to space satellite performance as little
or no geomagnetic storms were formed. A close look at the graph shows the solar wind speed is fast but

quiet undulating within the month of March with an approximate value of 465.35 km s™!, whereas it
exhibited consistent and steady rise in value between the months of April and August with an average
value of approximately 398.9 km s™! to above 458 km s1. This implies that within the said period there
was steady and enormous release of streamed electrons and protons from the sun’s core which invariably
could result in the steady creation of geomagnetic storm and aurora that would cause a threat to the space
satellite performance in orbit.

Therefore, it is worth noted that between the period of June and August of the solar cycle, performance of
Vickay-1 satellite in orbit could be obviously affected due to the imposed threats received from the
ionospheric constraints and it is deemed necessary to accord statutory maneuvers of its orbit to prevent
malfunctioning and fading in the course of operation.

The values of Table 7 along with the orbit parameters (Table 10) were used to carry out the orbit
maneuvering of Vickay-1 space satellite against the ionospheric impact conditions. The polar plot

(Figure 7) depicts the exact altitude to which the satellite can be positioned to overcome the ionosphere
constraints encountered in the cause of operation. From the polar plot (Figure 7), it can be seen that the
total orbit velocity change ( AVl, AVQ, AVS) at every maneuvering points were added tangentially
to the eccentric orbit in order to attain the next desired altitude. Thus, this has help to show that Vickay-1
space satellite, which was subjected to ionospheric impact conditions while operating in orbit, at an
altitude of approximately 9,583.69 km can be maneuvered twice to an altitude of approximately 35,888.53
km to overcome the ionospheric constraints. However, the differences in the values of each of the total
velocity changes were as a result of the differences in both the gravitational constant and altitude in the
cause of maneuvering.

In order to minimize cost of maneuvering Vickay-1 space satellite ( AVh AVQ, AV:.)) must be applied

tangentially in line with the direction of the earth’s equator than at the pole, this is because the earth

rotates faster with a speed of 1,667 km hr~! at the equator, thus providing the maneuvering process of the
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satellite with an additional speed of 1,667 km hr~L. This speed bonus means Vickay-1 satellite needs less
fuel, low cost, and short time frame for its maneuvering process.

It is worth to note that one of the major contributions of this work lies in the application of

Hohmann's function in the context of determining the inclination angle, the total orbit velocity, total orbit
period, and total orbit energy of the Vickay-1 space satellite in order to control its orbit against any
ionospheric constraints. This is hoped to assist by way of giving space to scientist, meteorologists,
militaries, national security agencies, and telecommunication industries afore knowledge of devising
means to maximize their space satellite signals amidst ionospheric impact conditions for efficient image
resolution and communication.

Conclusions

In this study, we discovered that ionospheric constraint is the major cause of satellite signal fading and
multipath over Akure area, thereby resulting into low frequency radio propagation. The geomagnetic
constraint was seen to be at strong and extreme conditions at 7.7 Kp and 8.2 Kp, respectively. The highest
sunspot count was seen to be 50.4545, while the highest solar flare constraint was observed to be class

M having 6.05 x 1075 watts m™2. The highest CME energy level was seen to be L3 having 6.6572 x 1029
MeV while the fastest solar wind speed observed was 458 km s™L.

Vickay-1 satellites, while operating within the LEO was found to be subjected to sporadic intermittent
tracking problem due to increased drag as a result of the strong and extreme geomagnetic storm seen. It
was also subjected to memory loss due to the high sunspot count and high radiation storm from the CME.
The satellite while in orbit is said to experience radio blackout and radio frequency interference due to the
high Class M solar flare constraint and fast solar wind speed observed.

Hence, the need for the maneuvering of Vickay-1 space satellite orbit from LEO to a position between
MEO and GEO. The Hohmann's transfer function was used to carry out the maneuvering process from an
altitude of approximately 9,583.69 km within the LEO to an altitude of approximately 35,888.53

km between MEO and GEO. This is because the higher the satellite parking altitude, the better the signal
coverage. In order to carry out the maneuvering process of the Vickay-1 space satellite, its orbit
parameters and that of the Hohmann's transfer orbit parameters must be properly determined, to obtain
the exact total orbit velocity, total orbit energy, and total orbit period that would be required.

The technical strength, validity, and limitations of our study were strongly based on the available data;
hence, efforts to access the uplink and downlink frequency of the Vickay-1 satellite for valid comparison
with modeled signal loss proved abortive due to strong restrictions from its service providers.
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