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This article presents a method for enhancing the accuracy of the
initial alignment process of inertial navigation systems with a
stabilized platform using state feedback control in flight mode.
In the proposed method, a state feedback controller is designed
utilizing stable platform deviation angles and sensor errors
extracted via a Kalman filter. By verifying the system's
observability and incorporating suitable flight maneuvers, the
navigation error propagation equations are expressed as a time-
invariant system, enabling the estimation of sensor angles and
errors during the alignment phase. This lays the groundwork for
state feedback design. Subsequently, considering the stable
platform's motion equations and applying the principle of
separation of observer and controller design, a state feedback
controller is developed. Finally, simulation results demonstrate
that the proposed method improves the accuracy of the
alignment process and, consequently, enhances navigation
accuracy compared to the conventional output feedback
method.
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In high-resolution remote sensing satellites, achieving stability and
meeting stringent pointing requirements are crucial for mission success.
Accurate gyroscopes are employed as primary attitude sensors to ensure
this stability. However, gyroscope data must be calibrated at appropriate
intervals to maintain high attitude estimation accuracy and prevent drift
over time. This research investigates an extended Kalman filter (EKF)-
based approach for gyro calibration, aiming to enhance the precision and
reliability of attitude estimation. Initially, a comprehensive model that
includes the main gyro parameters—such as biases, scale factors, and
misalignments—is proposed. This model is the foundation for
developing an EKF-based algorithm designed to estimate and correct
these gyro parameters dynamically. Following this, the study implements
a multiplicative quaternion extended Kalman filter (MQEKF), which
utilizes star sensor data as inputs to improve the accuracy of attitude
estimation further. A quaternion feedback controller is implemented to
evaluate the effectiveness of the proposed gyro calibration method within
the attitude control loop. The simulation results demonstrate that the
satellite's stability and pointing are maintained with accuracies better than
0.005°/s in angular velocity and 0.15° in angular positioning. These
results highlight the method's potential to significantly benefit missions
with tight control requirements significantly, providing enhanced
performance and reliability in high-precision space applications. This
approach offers a robust solution for improving satellite mission
outcomes where precise attitude control is essential.
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Table 2. Specification of the state estimation sensors.

Sensor Parameter Value
Angular random
walk J10x107 rad/s"?
Gyroscope Rate random

walk 10 X107 rad /s%2
i 5 arcsecond
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tracker . 55 arcsecond

Around boresight (RMS)
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Table 3. Gyro noise properties.
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Initial covariance of
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Initial covariance of

0.002/3)° 1, (rad )’
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Initial covariance of
upper misalignment
elements
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Initial covariance of
lower misalignment
elements
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In this paper, we aim to employ the least squares support vector regression
(LS-SVR) for the spatio-temporal modeling of the ionospheric total
electron content (TEC). This model utilizes simple linear equations to
solve the system of equations, thereby reducing the computational
complexity and enhancing both the speed of convergence and the accuracy
of the results. We utilized observations from 15 GPS stations in north-
western Iran from day 193 to day 228 in 2012. The results of the LS-SVR
model were compared with those of support vector regression (SVR),
artificial neural networks (ANN), adaptive neuro-fuzzy inference system
(ANFIS), Kriging model, global ionospheric maps (GIM), and the
International Reference lonosphere 2016 (IR12016) as well as TEC values
obtained from GPS. The accuracy of all models was evaluated and
interpreted at interior and exterior control stations. The analyses indicate
that the average root mean square error (RMSE) for the ANN, ANFIS,
SVR, LS-SVR, Kriging, GIM, and IR12016 models at two interior control
stations are 3.91, 2.73, 1.27, 1.04, 2.70, 3.02, and 6.93 TECU, respectively.
Furthermore, the average relative errors of these models at the same control
stations were calculated as 15.98%, 9.39%, 7.85%, 6.09%, 11.60%,
12.54%, and 26.56%, respectively. Analysis of the precise point
positioning (PPP) method demonstrated an improvement of 50 mm in the
coordinate components using the LS-SVR model. The results of this study
demonstrate that the LS-SVR model can serve as a viable alternative to
global and empirical models of the ionosphere in the studied area. The LS-
SVR model provides a high-precision local ionosphere model.
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Introduce input and
output variables to
machine learning and
Kriging models for
training

Step:
Model
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Calculate the objective function value (18)
If the objective function converges in two
consecutive iterations with the smallest value,
the training phase is complete.

Otherwise, the training is repeated to achieve
a smaller objective function value

Step:
Model
Testing

Calculation Momparison of
model error values in internal
and external control stations and
interpretation of model results
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Fig. 2. Flowchart of how to use ANN, ANFIS, SVR, LS-SVR
and Kriging models to estimate TEC value and evaluate their
accuracy.

oy g gaus gl

5 Uhigel J>lye 5 485 plosl cla sl g o3as ol Lisw ol 5
..\Jyuu.a ).M».o.v cJ»ol> CJLJ 9 oG d\jl)l calises L;LEJ.\A d‘)’ uﬁn)i

9 SVR ANFIS ANN gl Juie (yijg0f al> po
LS-SVR

Bl ol 293 0 asude o Jae die il (bjgel Ao pe o
wm%psomylemdUasoi)aé‘wlw
ol 3 Cimed ) 1y jlade 1 3VL ((Bly (295 9 Jlo (295
Sen oo 31055 0 (5,0l At o> 4 2l San o v Jse
g5 65V Slawbre e g § Jdo il o8 Ay Clex 4 o
Gy Sen loj 5 (Siwuod oy RMSE jiol )l duws ¢l plis Sl
il (5ie g Job Jolis (6395 53, L.S-SVR 4 SVR ANFIS
VTEC jlude .ol F10.7 9 DST KP (Jlo; DOY GPS ol



a5 )sld g pole
4 /\s,LNs AY Byg0 VEY L

Gap 9 oo slas RMSE (sl jadls 3lie (V) JS3
g 9 005 Al dlig) g ek 93 Jloj (slaol > (Stusen
Ol (1) S5 gl scunl 0ad &yl g 3y90 59y V5 S (xSike
YL@ JILS-SVR Jao o 3 S o] 40 5o 50 oS > oo
sles g RMSE (gls oot .ol jlaye5 1 1 Jio plos 4 s
» LS-SVR § Kizw S SVR ANFIS ANN (sla Jio s
o] (V) S 3ollae sl TABZ olias! 3l yiis KLBR o)
a5l 0l dblsl bjgel (claolKiu] bwg TABZ s
)15 dg 031> ol 5 olaw] cpl (ly syt (objgel Clinliie
o oo 5l iy S8 18 oK) 90 52 10 GIM o gllas
ol ANN o jl 530S 5004 LS-SVR § Kiow S SVR ANFIS
b Jae ol alps ol 695 Sise)le @l 2 (e GIM e
Wod o dyglp IGS Slos a8ed (slaolKim] clialin I ol
5 929 S 4 (il 3 sl (i o Jo S ol el
3 b B S ol 95 2 5 IRI2016 o0 Jie (sllas
ool €8sl sanig wiie Jle S IRE Jto sl o o pl
Do 4yl (S ISR g Siuwgigy (slaolSin] clialie cés 4 Jto
ol IRT Jas ¢85 olpl 0 ISR g Wgwgisy (sleolKiu| 2959 pas
VTEC  Siuod (o p &S Cunl ] (¥) IS0 50 1500 o0 4S5 .
& Jad o s oyl (R=0.84) cuwl 543 GPS L GIM s I Juols
ad o aouis VTEC ) Je g Jloj lyuss sy 4 GIM

5 GIM LS-SVR Xz S SVR ANFIS AANN cla Jso
VY XIVY XTI L s i s 31 8 olSil o 55 IRI2016
90 30 500 Ojle & funl oals TECU £AY 4 ¥/-V V¥ Y/V-
LS- 5 SVR (el Juo 4 bgyyo Ut o 208 151 ], olSizuy]
il SVR
P oedle 650k oo CB 538> Jod g @i lp
Ssua) 93 Siom S Jio 5 yhiss (228 (S csla oo b sl
oSug] 53 b sl 005 4185 a5 ;5 GPS 4 Sgama 1 )5 S
5 o e cgllad b (gl ien 1GS oy & (claolSi) £ 55
lanlio 5 ol (ot e 5590l sl oad ad 3 )i > g jlaw
clamlie I oalizl b b Jae 350l iore o 6 58 (sloolSin]
PAnd go i ) g1luw 93 nl gl (F) S8 28 U5 ol
JS5 95 ol 5 Wjg) plei sly RMSE (,Sle &5 sl 85 a4 3V
oanlie Jsisds GPS 5l ol VTEC ipuizmen .ol o o3y ol

e 003 &85 a5 3 g pe

el (lode > Gluidy S5 (ygmesS ) Slaye (xS Je 2D 0L

Aoy Bb S cleolKin! clalie | uoted ol )0
9 (Stuod oy RMSE palio (V) JS5 395 oo odliul 5590
«Siozw S LS-SVR SVR ANFIS ANN (gla Jso s (sllas
a Y e e ol (B S oKl 93 40 1y IRI2016 4 GIM
Oleisdy GPS jl ol VTEC davauslis g Cluols colad o cunl 85

I X W JC R ET Fe el

ANN VR | LS GIM IRI

ANFIS| S Kriging

RMSE (TECU)
O = N W A O OO N

SVR
BTABZ 391 | 153 | 123 | 102 | 292 H 699 | 234
mKLBR 3.92 | 394 | 131 | 106 | 312 | 6.88 | 3.06

1
T
]
3]

& 0.9
]
8

c 08
2
I

o 07
g
)

0.6

ANN | ANFIS| SVR | LS- | GIM IRl | Kriging
SVR

mTABZ| 0.72 | 095 | 096 = 097 | 0.84 & 069 | 0.85
mKLBR 0.71 | 0.86 | 095 | 096 | 083 | 0.68 | 0.81

30
25
20
15
10

5

0

Relative Error (%)

ANN | ANFIS| SVR | LS- | GIM IRl | Kriging
SVR
mTABZ| 15.71 | 548 | 512 | 3.82 | 12.08 | 26.49 | 10.31
mKLBR| 16.26 | 13.31 | 10.59 | 8.36 13 | 26.63 | 12.89

b 5 Stusan i (TECU)RMSE (cllas Sl aunglio —¥ JSoud
&y KLBR 3 TABZ sl J,mS claolKias] )3 (4oyd o ) (oo
IR12016 5 GIM « & 5 LS-SVR SVR ANFIS ANN (¢la Juo

coefl abye

Fig. 3. Comparison of average RMSE error (TECU), correlation
coefficient and relative error (in percent) in indoor control
stations TABZ and KLBR for ANN, ANFIS, SVR, LS-SVR,
Kriging, GIM and IR12016 models in the test stage.
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Fig. 4. Comparison of average RMSE (in terms of TECU) in the
36 days investigated for ANN, ANFIS, SVR, Kriging, LS-SVR,
GIM and IR12016 models in two external control stations in the
mode of using the observations of these stations in the training
phase (Figure A) and Not using observations in the training phase
(Figure B).
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Achieving low ripple, high efficiency, high reliability, and optimal
volume and weight are crucial in the power supply of traveling-
wave-tube amplifier (TWTA) lamps in satellites. This article focuses
on optimizing the efficiency and reliability of high-voltage DC/DC
electronic power converters for use in satellite and TWTA systems.
The optimization goal, using the multi-objective genetic algorithm
NSGA-II, is to minimize the objective function, encompassing both
efficiency and reliability. Reliability is assessed through a Markov
model, which considers short-circuit and open-circuit failures in
circuit switches and diodes, as well as short-circuit failures in
passive circuit elements. The optimization process begins with
defining the input variables for the algorithm. Sensitivity analysis is
utilized to eliminate parameters with low sensitivity whose
variations do not significantly impact the objective function.
Parameters for the NSGA-II algorithm, including the number of
iterations, population size, and probabilities of crossover and
mutation, are precisely determined to ensure accurate computation
of circuit variables. The results demonstrate that this method
achieves high reliability alongside high efficiency through the
optimal selection of circuit components, ensuring the converter's
effectiveness for application in satellite systems.
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Fig. 1. High voltage converter circuit used in the satellite.
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Table 1. The equations of high voltage failure rates of this paper.
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Fig. 2. The reliability graph of different parts of the circuit.
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Table 2. The values of optimized parameters.

Parameter Sign Amount
Input voltage Vin 26-44 V
Indicator Boost Lb 140 pH
Boost output
voltage Vb S0V
Boost frequency
switching fs 115 kHz
Capacitor voltage
Boost converter Co 95 Wk
Full Bridge
frequency fs 90 kHz
switching
Indicator
resonance Ls 46 pH
converter
Input voltage Lm 900 puH
Series capacitor
resonant Cs 67 nF
converter
Parallel capacitor
resonance Cp 10 nF
converter
.| N1, Nz ns N4 ns, | 18,38/9, 10, 14/9,
Transformer ratio N6, N7 32/1, 16/2. 313
Output filter Cn, Cr2, Cr3, Cr 95 nF
capacitor Css, Crs, Ct7
Vea, Ves, Ve, 880, 2780, 3270,
Output voltage Ve1, Vao,VHix, | 4000, 5570, 6260,
Va1 6420 V
3m,7m,16 m,
Output load lca, Ics, Iez, let, | 15m , 25y, 3m,
currents lao, IHix, a1 48pA
Output power Pout 150 W
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Fig. 4. Radar display of sensitivity analysis for the components
of the objective function (efficiency and reliability).
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Fig. 5. The reliability curves of different duty cycles.
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This paper reviews space technology development models in countries
similar to Iran to identify strategic approaches that can be adapted for its
national context. Two countries are examined: the first group consists of
countries more advanced in space technology, and the second includes
those following the former to enhance capabilities. Leading countries like
the United States, Russia, China, Japan, India, and the European Union
have been excluded from this analysis due to their well-established
programs. The countries under investigation are categorized based on
technological achievements and aspirations: the first category includes
Israel (the occupation regime of Al-Qods), South Korea, and Turkey,
which have made substantial progress in developing indigenous space
technologies, while the second category includes the United Arab
Emirates, North Korea, Kazakhstan, and Pakistan, which are also
expanding their space capabilities. A SWOT (strengths, weaknesses,
opportunities, and threats) analysis was conducted to evaluate space
technology trends and strategic initiatives in these countries. In this
study, three types of development models have been derived. The
indigenous development model, and the collaborative development
model in self-sufficient level and in system design and integration level.
a suitable development model for Iran has been identified, leveraging its
unique strengths and opportunities. The results indicate that an
indigenous development model is the most suitable strategy for space
technology advancement in Iran. This approach emphasizes self-reliance
and innovation in developing critical technologies. Key infrastructure for
this model includes establishing a suborbital laboratory and a minimal
mass orbital launch service, which are essential for fostering
technological independence and supporting sustainable growth in Iran’s
space sector.
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Categury Country

Pioneer Countries China, India, Japan

Al-Quds occupying regime, South

Developed Countries Korea, Turkey

UAE, Iran, North Korea,

Developing Contries Kazakhstan, Pakistan
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Table 2. Collaborating companies in the development of
satellites for Quds occupying regime.

Internatinal Partner Developing
. Companies Time
Satellite . .
(Payload, Propulsion, (Achievement
Power) Year)
Remote L . 16 years
Sensing (1995)
L Alcatel Astrium 17 years
Communication . .
(Equipment) | (Equipment) (1996)
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Fig. 2. Development process of South Korean satellites.
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Table 3. Collaborating companies in the development of South
Korean satellites.

Developing
T Internatinal Partner Time
Companies (Achievement
Year)
SSTL TRW
Remote (UK) (USA) 21 years
Sensing EADS B (2012)
Astrium
Lockheed Alcatel /
Martin Thales
i 27 years
Communication (USA) Alenia Y
(2018)
EADS 0sC
Astrium (USA)
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Fig. 3. The development process of Turkish satellites.
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Table 4. Collaborating companies in the development of
Turkish satellites.

Developing
- Internatinal Partner Time
siEllte Companies (Achievement
Year)
SSTL Telespasio
Remote Agtja}t(e)ll (Italy) 15 years
Sensin 2012
g Thales — (2012)
Alenia
Alcatel / Mitsubishi
Thales Electric
ioati Alenia (Japan) 25 years
Communication (2021)
Airbus —
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Table 5. Types of space technology development patterns.

1 | Indigenous Developement

Self-Suffiecient Level

Collaborating
Developement System Design & Integration

Level
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Table 6. Comparison of the space technology sub-system
achievements.

AI-QuQs South
occupying Turkey
F Korea
regime
Satellite Bus Indigenous | Colaborating ---
Integration Indigenous | Colaborating | Colaborating
Equipment Indigenous - | Indigenous - |\ o kional
International | International
Infrastructure No Data Indlgenc_Jus " | International
International
Launch International | International | International

JS5) Spbee 5 (st slaojlgale drwgs loj 4 argi L

sl Ll 390 loj e 3905 (et g s Ol Anwg (iS5 (F
Sy eyt g Jlo Vo B30 390 i o lgnle Ky JolS dnwsgs
553 sy oo ol Ao Jlo YO B Y+ 3g0 e olsale
Slodels g sl linas (og drwgh slp pfY gloj (58,5
ol Gl Sbnyee dswg ploj I (s dix pp Bl jlidyee

D9 4i8)S Jlaiy (gilge ©ygody Slgi e oo

dzwgd (gl sl g0l o g

Cuonl Pl godge (4 drg LA drwgs Sl hytelin
5 Ty aly ) ol panip e (lad drsgi 5 Cs &S ol

wlad ()ld 5 pole
Y Bylad WV By AFY o [ OA

oodigee VY 5 Cuwl didly drwgs yio WO (5186 SiSa5 ya8 L, X50
3 o il 8 lie ojlgale (slb ;3 SSTL sl)b o JUS"
S g @28 50 o dare (slocus o lgale colo eSS
Oodeo TV 3905 Cuand) Wb pbul cawl 0 (gjllel,y lindlss (o oS
Yoof Gla b 53 daugy 51y 095 51l o lanle duw liwdl;E (¥
(Y3 oo VEA)YAF 5 (V3 (yoabis VNO) Yo 0N (33 oukea Vo +)

D] conl odg05 (5l 5

Oy (o Lad dnuwgi (o8N 52 (5950

Icube-1 Badr-B (2001)  iowuw sbeoylsale ()b ksl
5 Badr-1 (1990) 1yl slasylsale ¢ PRSS (2017) 4 (2013)
[V#] asb . PakSat-1R (2011)

2 Uad (659U drwgi (sgR! gk e

odal ¥ JSC5 53 (Cuts) (2ldd (695 & bt o g dmwgs Sl 5

)

Developing Years
Country Model 1979 - Up to Now
Oce. Domestic Remote Sensing (16 yr)
regime of Bus
Al-Qods Communication (17 yr)
South Cooperative Remote Sensing (21 yr)
Korea Bus Communication (27 yr)
Cooperative Remote Sensing (15 yr)
Turkey Assembly o
Communication (25 yr)
Remote Sensing (2001)
Pakistan
Communication (1990)
North q
Korea Remote Sensing (1998)
Remote
C v N
UAE ooperative Sensing (2006)
. Remote
Kazakhstan Cooperative Sensing (2009)

L2lad (yglid 4 olawd wg) awlis ~F SIS0
Fig. 4. Comparison of space technology achievement process.

dogh 4 G5 oSS & 4 b Gl pasilie oS 4558 o

drg 9Nl Byo drng Jbb 5 (slajeis 0 olad (g)ld
bl ol 28 e LB etigen Mo abassy clb oS
drgd Glp ) )l g g og drwg (I 65N 9 (g
95 ) (5 )lio drgs a5 (B Jod> Bullas) 85 o > oLab 0je>
dnog gl elSeS lhe (iS4 L3 on) DS maw
0ok 4 ($30jl5 b) 20038 5 ot ()b o g (530 ladiged
s9ise oalie oS jebilen il e (5SS Lie 498 o enle
h Slie Jao 55 s oo bl g Ll gl )gis



wlad (g)ld 5 psle
0%/ V Byled Y 555 AF-Y s

95 o 93 Clogile I oS5 @
(o9t oy S9N > & Canl et Clogile duslio |y
O Bl 2 b laen) slacud g sy slacud ol
ool Sl (S ho (655 o Jlo 55 S ] (55
Canl p5Y 0250 ol Sy e § (665 RS g S

o bad (5,9U8 arwgi g1y oS UAEI gy pal

bl ol 3 ¢ lab 05> 13 QoS 5 gromo (532)40l 0 psliten
awgs SgSll 4 d2gi b ojg> ()3 598 &) 5 ans b
oo s g s bl 2 g 9398 (plolid (lad (53
ol 3l 0ges plal Cuslie (oSl o dy Cansss sy ol 53 9y i

DA ] 2900 a1y 3130l (o) 0 9)

e lad oje > Wrs bl

Jols5 (6l By gges pi g lollls (clas 25 32y )
FB Gla oS8 g Sl slae 25 51 (B 292 L
$bysiS b Jols )8 Sgpew w0jx cnl 3 plox]
o5 o1 31 (g )9lid JUaml jglatody (plad (,9lid o5 )
St stz L Ly 3y 181550 ISl (Sl 4
g anlgs ol olSal IS

okad aoliy 33 sISST LB x> o dlais S a4y (ol pas Y

33,5 o p ydl Amd 93 4 youiS HLad a4l 34 b
ool ) s s A1 o 52 ol Jy
w‘ oWl djl)l u;La.‘) uy?a.’xa 4:;.»9) L;‘);

2l | giteo e (sl Ao 5 4L, Sy e s pas T
o plol LE olib ol

lad clacld ly rary JB slaayje oSSl ogg b
9 Neddd Cupde 398 W 4 Jg Cuwl odd Bpo (LS
5 bshaly » bedld ol Job wls @)l
Jlo psboas sl 48)S5 )18 (gl 0 100 3590 (2lad Slogouas
dy90 B Wloais Qg a5 G)b 3959 olaoylsale lisxen
028 Uy (slaojlgnle 105 (s jl 9 25,5 )15 (2LaS L))
ool a2y dioled Gl & Wit 0y 1 (relr 2151 ) 58
ol 5l 38> byl polaie cul sl el S I8 (LS
d.cb)) ui u.ol»)l » B sk Lw\iml) .b]ygfo cL;»La.‘B 039> Lfld

Do (1ol (gldrwgs

2lid Slodiloles daugs o o) 9y 4 pae ¥

adldnugs gl )euiS (goSl olul  (lad (£)gld dangi 3ynly (e

9 o sl (aldd (b Cu 5 1B xS 390 Cus
G drg b dine g ol dely S g gy nl Sl ABl e e
Siyebp ool Ml wree S Sloj 9 Sla2dg Gacydgie
dawgl S ls ( asuin 4339 S5 el &S ASL S b
2lad Jgame K aSST L bl cundas oyl J8lus 3 5Lis g0 ol
DAN] 398 Jols (Sae ploj JSho )3 4o JSlaa L lis 9
plod ( olad sladlbols drwg e o cudly Hai o Wb
o) bl e AU g i el ojex cpl )0 L yse loludl
iy 5 cque0 g Colo A0T8 walo 5 b il Jols @loldl
5 i)l Wl s i s s (il ol Jlg, 5 cus
Sl 9 450 el don ojlgale b blS)) )8y 5 5 oS
AlFee O @l bil g 4z cpl pbsl I G Mee il oo
S P (2L oje Loyl ogad
o ol 03903 0329 9 polato |y (olad wlobs dmuwgs &S £ gud90
gy 3 e b g A8l e Y lisd s plo i3 Yl oS
&S o bl gl gad90 )18 2939 e Mol (gl ol &y paw giisd
S Jlis 3 5 dilliaden s 3y50 adilob (s g bl
A )3 s 3590 ol AT o0 Sl pgd £odg0 g A3k i g0
(S ke 5527l 395 Sl 3y 5 131 (S ol
Al o550 YU Cenl ) olsd (cloalols dawgs
S p 2l glacslo ) s Slogile plyice elel cnl 2
2Ty lad oygls (S)lie b (g dmmg 23Sy,
g0 pMel
o3t drgi $gS Sloglo )
oW ol cale g (Bhb (gyld cue
S sloolgale
o)lgale 3,558 (bl g Slmwgi slacuns Colopj sl @
Sl gylae/ gy slacas il lle
5 ot (b o) (S)lhe dnng S Slegile T
(axe2s
ool plper (2lad ()5l colo eSS Clal e
b il eams Uil
Cogyl o dogi b canlio (loloale ol S, Ll e
(oo b (Sl 0)lgnle) j9uiS (slaaol
2948 3 5 ojlgale calu g (b ol 4 plS el @
Sk colo
136 3y50 (AIT) Cond g @uons oiulojl (gjluilol, @
(135 cle Loy Yyasa) a3 Jisl 5
(285255 o) (55 Lo dmogs (5501 gl .V



NSRS

oylgnle plgied a8” eid 41,5 slaojlgnle (sl (yiekae ()1
Slaly drwes  Slles

wbhad ojen 5 g8 blws

o lnle slacus 5 allu 0> lab il )
iz lojlgalo 0jg> )3 (lad Able cpl s w2 p»
ol oaalia 501 il (glooloale o Lol Canl 0305
byiye ) 53 9 21,3 b (oms 2l izmon 5 <
oo (] 3 E8 2 sl 08 bl | piSu ( olad ojg> &
il 6l gl 5 Wil ol o w3l e
39 Mo lab leMb 4 il b slito

o 5)S Simp g Slojls slajlils xS Ss T
Gloylisls Sy olad ol pbol 4 asg b
Cosl 4B )F IS ()18 (lacSim B o] b canlito g sl
Ablo s gl > S > gl 5B blis ) sk &S
bl b )8 glacsin b 5 b)ldle ol 4l
g Mol Jed byl 9 il

=B oo dawg LT

ol 3 elpl (Sbge 0jop dmmgi g 0d) > 4 aliedes

9 slojlgale (sladlabuyj dawgi sy )3 (i saially

(2lad 4Bbanugs (sloygilS Sl (B oy 00 Sle s

Shlge a2y 295 ool (pizmon 9 (595" SlaSuign dngs

009 A iy 4 do g b Cpuizmans loaly plol gl lanle dauwg

ojp> Syude sbs)sld (g lpl (Sdge o

W8S 00 ¢ 2ldd oj b (Sudge

o9 Jol i 292

Cuol 0315 plosl puwlio leladl dipo; pl )3 jouiS dilisedios

b cusl p3¥ 10l plol Jb 5 (00 4 g lacus

5 Cosd i)l (oog ol S 0jg cul 35 )18 g )90

Cosl g dmwgs 4z 3 13,5 )5 Coglyl 3 YL slosel el L

Gy b g sy Cggs g s b b (sloeilel 4

D9 i Sl yiaS 4t 5o

ebad o > Olagags

o ) 2B el el g Mallip bilgy 3 ey )
Iy had s drws Ly o Mol oy bl dgupy i
2 Gpyaaby 5 (6pSpeaal Cunl (Sao ol Miduy Ce g

2ldd (6ygld 5 pole S
Y bjlosd VY 5y9 AFF L

cro loj ol (il Lelel p olab cladilobs dxwgi pume
3 Ll g (BT il 4 degi b conl ot ol ond
drwgi yrwe SOyl (liee 2L pmen g (2l ojg>
» u.:LaB dLMJLcL.u Anwgd  prano wbun W By
adl 2,5 Jh8 (S5l 590 (Jab Ll g jg) Lalyd el
o Wy sl 485155 (6)S5L 3)50 wree (ol AlSS S
Wl Jpa> pas g S slacld j5e 0 canlie
2590 Josy (> cwlibiaml laojg 5l By > gllas
4oy b olad glaasly alpl Jisle Sloyjem pas .0
Jorel iy ()|
SleMbl 5 Ltils ol 52 y5S ol dcgazme ol] sl
Ak e 5550 g (abj)l BB 2gs Sloj Ll 5 a5 Al o B
(2bab 0j 4 Cums Lo jgpel (b & 45 Pl bl 45yl 51 Lol
b g oad SisB dinej (nl )3 pogad b iSu (nizmed g oAb jlin
3 @b ojox s S I3 oalil 390 9 0 Ml Cunnl oo
ool Wl oo (golaiBl — ()l (558 G 4 (g Bl (508 S
b e (465,55 2yl

1955 &y ol oje> (o 95 LT

3 059> (nl lpde 98 )3 (2lad 0je> (139 68 4 a2 g3 L
A3l o )9yl 50 (658 0l Conit g 3L Sl yls
9290 97 y0 )9S (LdD dxwsgl yraws 3 00 sy yl ()]
2l 2yl i gl g9d9e ieail 99) (aly 5 SlRIL
o3 Sl WL 1) Bl (pl 595 19> £9:290 9 ipud plox]
s g (o L ply & 12 09 Sl aiosn e ol 1Y
4l gl bl ggge ul 5 (LS6 W 28, (sl a8l e
b by g 6,5 )8 cS)lie 390 0js> cnl sl Jemiliy
o Uhgy i cpl Lo calis g cledbl il
JraS5 g Mol jgy 4 59y ol oS e b g osd ool
Folgiee dmaingn (ials g powe cnl )3 @yws Sl 29
Bl Jels Gllnl promen 9 (Holl i €5 )lie 9 0)9lie
285 0300 55T ol sl plo oo
by ol YU sleel cablB b Jobs G g9 pas LY
Lo jlgale 9)Sse
drwg sl ia ials cel s LB eg Jobs S5 2959
Ol > WlSudgd 298 oo pol cpl ) v 5 @y 9 0)lgale
il colos (@l il 48,8 &g (bl pladl 93 059>
LSLDN_AU)J )I ol (u N Slaas dLm)‘J)l)B das b PP J.o1>



wlad (g)ld 5 psle
¥ V Byled Y 555 AF-Y s

2 Moyl o9y dmwgd 9uiS (sl dxwgi (oS yia
aor I Mol lags)Son plad 1 (g5 o (092 dnwgi yume
Sygpo 2 opt 5 sbigel slooyed lgale by «lios 45

9 dld\m}'f L;Lmoliab"lnﬂ 2 drwgl 59§J1 Oﬂ‘ W93 )5 Moo s Olfw\

Sow 51l o jlaisl JBlas pia g (g5lhe 5 Slise slaolKislejl
5 @lad ojex d ydS (b kb (85 Gl b S
anwgs gl piY loy e pizmed g oddoluiST glosniaslys
Olpie adlllas )90 slygulS W9y bl (2LaS okl (op
sbojlgale drwgs loj Gte e ity b od9e lo
g ol il 6 0221 Jlo Ve glej oy > (Sblac (i
3B gles JUo V0 Bl 955 (51 be (slaolgale dnwgs (loj e

Cably dnlgs

&8lo oyl
ol 05 o ol g bawgy @dlie (5 )l dieSoun

&>l

[1] U. M. Leloglu and E. Kocaoglan, "Establishing
space industry in developing countries:
Opportunities and difficulties,” Advances in
Space Research, vol. 42, no 11, pp. 1879-1886,
2008, https://doi.org/10.1016/j.asr.2008.03.010.

[2] D. Wood, M. Rathnasabapathy, K. J. Stober, and P.

Menon, "Challenges and progress in applying space
technology in support of the sustainable development
goals," Acta Astronautica, vol. 219, pp. 678-692,
2024, https://doi.org/10.1016/j.actaastro.2024.03.064.

[3] C. M. Green and M. Lomask, Vanguard: A History,
Washington, D.C.: Scientific and Technical
Information Division, National Aeronautics and
Space Administration, 1970, pp. 283-287.

[4] S. J. Dick, S. J. Garber, and J. H. Odom, Research in
NASA History: A Guide to the NASA History
Program, 3rd ed. Washington, D.C.: NASA History
Division, Office of External Relations, NASA
Headquarters, 2009.

[5] T. Pratt and J. Allnutt, Satellite Communications, 3rd
ed., Wiley, 20109.

[6] N. Peter, "The changing geopolitics of space activities,"
Space Policy, vol. 22, no. 2, pp. 100-109, 2006,
https://doi.org/10.1016/j.spacepol.2006.02.007.

[7] E. F. Bleiler, Science-fiction, the Early Years, 1st ed.
Kent, Ohio, and London, England: Kent State
University Press, 1991.

[8] A. Ayad, R. Matthews, and I. Vitanov, "Evaluation of
knowledge flow from developed to developing

adldnugs gl )euiS (goSl olul  (lad (£)gld dangi 3ynly (e

oles o balyd 53 (2B el ISl s ) laie; (5

o) I (B og drwgi acly g 90 aBly Joiie

Dpdg Oygo Syl

Cap a5 S (ldd dawg bbb (as Jlpu T

Jis Jlosl

9 ol sl en a5 owlgd e olad ojes
5 5 en sl b iy Sp 5 iSos
Sl b Slee Jrsly Wl o ¢ ollis g kel (5l )
b yos cpl dinye Sl awib Mol gl oo
sl i |y lad dnogs 5 Ll 3gy wialys 5 3ub,30
O ogls ol o Cpl 3 puzuo (31540l 5 1 Dged
b ulge (ol glag,Sen 331 ioen 5 059> (0l
Sles o |y sl opl (s0b5 2>

s2Lad 09> )3 o,

s glag o 3 el < o ooz )
loygutS” ol JUiial g (2Uidb dewgi (392 4oy & 4255 |
Cuto (85 5 3 Grizmen g S jide lacdld
ol 3 g (alad ojox 3 jpiS aiS laculld g
Sl o 8 e (pl Dy 0y00 (SUdd Caxivo drwsd (gl Cuo B
bl b il sl wlple by ) pel lndisej pales
ool 5 gz g o sloolSiislej] ojlonle il 4
b oy oyl 5 dlyo

b G dawg SaS & ol @l dxwgi Culils Y
3908 (#1590l )3l yobody ¢ oLaS Closs xizya
drwgs Lol g o8 maw li)l el Llg o g 3yl
Gpo b ol Camiio dawgl el Wlgh o olad Caino
P ol Cotio drngi K05 s | 2gd S e diyje
Syt I Sy Slge pldd Caio dwy by
sl 3l oy el

-

SR>

A5 )3 9 598 sLaiBl g Lulyd jogad 53 ol 1S5 3)l90 4 4255 L
290 glo Olyie cdnwgs GlagSl I Sy a dnngs Slogile (8,5
2503 3929 4 drgi L

Sbls slag o0 2929

S 0jg )3 Loyl g gy @

lad ojg> yd b5 JSb Al e


https://doi.org/10.1016/j.asr.2008.03.010
https://doi.org/10.1016/j.actaastro.2024.03.064
https://doi.org/10.1016/j.spacepol.2006.02.007

NSRS

[14] Earth Observation Portal. [Online]. Available:
https://eoportal.org

[15] Gunter’s Space Page. [Online]. Available:

https://space.skyrocket.de

[16] S. lsakowitz, J. Hopkins, and J. B. Hopkins,
International Reference Guide to Space Launch
Systems, 4th ed., AIAA, 2004.

[17] D. Martin, P. Anderson, and L. Bartamian,
Communication Satellites, 5th ed., AIAA, 2007.

[18] H. Jalili, "Comparative studies of the development of
space technology in the countries of the region,"
Iranian Space Research Center, Tehran, Iran, Tech.

Rep. SRI-5097-D-0001, 2022, (in Persian).

[19] H. Jalili, "Evaluating the weaknesses and strengths of
space technology domestic development for the
purpose of strategic planning," Iranian Space
Research Center, Tehran, Iran, Tech. Rep. SRI-5097-
D-0002, 2022, (in Persian).

wlad ()ld 5 pole
Y Bylad WV By AFY o [ #Y

countries in small satellite collaborative projects: The
case of Algeria," Space Policy, vol. 51, 2020, Art. no.
101360, https://doi.org/10.1016/j.spacepol.2019.101360.

[9] D. Wood and A. Weigel, "Architectures of small
satellite programs in developing countries,” Acta
Astronautica, vol. 97, pp. 109-121, 2014,
https://doi.org/10.1016/j.actaastro.2013.12.015.

[10]T. Hiriart and J. H. Saleh, "Observations on the evolution
of satellite launch volume and cyclicality in the space
industry,” Space Policy, vol. 26, no. 1, pp. 53-60, 2010,
https://doi.org/10.1016/j.spacepol.2009.11.001.

[11] D. Wood and A. Weigel, "Charting the evolution of
satellite programs in developing countries — The Space
Technology Ladder,” Space Policy, vol. 28, no. 1, pp. 15-
24, 2012, https://doi.org/10.1016/j.spacepol.2011.11.001.

[12] D. Burleson, Space Programs Outside the United
States: All Exploration and Research Efforts,
Country by Country, McFarland, 2005.

[13] B. Harvey, H. H. Smid, and T. Pirard, Emerging
Space Powers: the New Space Programs of Asia, the
Middle East and South-America, Springer, 2010.



https://doi.org/10.1016/j.spacepol.2019.101360
https://doi.org/10.1016/j.actaastro.2013.12.015
https://doi.org/10.1016/j.spacepol.2009.11.001
https://doi.org/10.1016/j.spacepol.2011.11.001
https://eoportal.org/
https://space.skyrocket.de/

lnumal of Space Science and Technology

P-1SSN: 2008-4560
E-ISSN: 2423-4516

Journal of Space Science and Technology

https://doi.org/10.22034/jsst.2024.1452

Vol. 17, No. 1, pp. 63-70, 2024

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

Original Research Paper

Cadmium Bioremoval from Water by Probiotics in Simulated
Microgravity and Mars Gravity

Maryam Salavatifar*

Aerospace Research Institute, Ministry of Science, Research and Technology, Tehran, Iran

ARTICLE INFO

ABSTRACT

Article History:

Received 04 July 2023

Revised 04 September 2023
Accepted 25 September 2023
Available Online 06 January 2024

Keywords:

Cadmium

Lactobacillus acidophilus
Probiotic

Microgravity

Mars gravity

Changes in Earth's gravity can significantly affect the behavior and
performance of organisms, leading to the discovery of new practical methods
for various applications. Heavy metal toxicity poses substantial risks to
human health. Cadmium (Cd), one of the most hazardous heavy metals,
causes defects in genome repair following oxidative stress and DNA
damage, potentially leading to cancer. Several strategies have been
introduced to remove heavy metals from water, including surface adsorption,
membrane filtration, ion exchange, chemical precipitation, and
nanotechnology treatments. Among these, bioremediation using probiotics
has been identified as a cost-effective, safe, and efficient method for heavy
metal removal. This study measured the effect of Lactobacillus acidophilus
on cadmium bioremoval under simulated microgravity and Mars gravity
conditions. For the bioremoval tests, 52.5 pg/L of cadmium was added to
bacterial biomass and subjected to microgravity conditions. Similar samples
were also placed under Mars's gravity. Control samples were maintained
under identical conditions but with Earth's gravity. At the end of the
treatment period, the tubes were centrifuged, and the remaining cadmium
concentration in the supernatant was measured. The results showed that a
24-hour water treatment by L. acidophilus removed 43.77% of the cadmium
concentration under Earth's gravity, 54.74% under microgravity, and
54.84% under Mars's gravity. Statistical analysis demonstrated that L.
acidophilus effectively facilitated cadmium bioremoval, and this capability
was sustained even under different gravitational conditions. Therefore, this
bacterium can mitigate heavy metal pollution during space missions,
safeguarding astronauts' health.
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Fig. 1. Samples on clinostat device: a) Mars gravity simulation,
b) Microgravity simulation.

wlad (g)lid 5 pole
Y Bylad WY Byg0 VFY Lo N4

" Saigman’ Clyiear 155145 ool Y oalgils clags S,
o Dl 4 (v Jlail b lgs e Sgdoe (Byxe
oy ol 5l S DF] ams il 1y bl
oY gz ) &S cuwl Lactobacillus acidophilus « g
ol Gy oglewlissY il ladygu ol @l) (2138
DY) wlads 5150 Gl 2)5e (i l3ls QYL o
slodsbs by oSis Sl VU Cans ol (g5l
ol 523 S350l b 5 SelS sty S U o2 S,
Sloie ghls daJewbigSY (Jolo o)lp2d [IV] conl s8I L
S 5yt M Sy 5 SKsS5 lassl 51 s3L;
c,w._»)' DAT 85l S Sl3lE tnj abad gl (oYL cud )b
oS B chale ale alise 5)lee 4y S Sl YL
‘u—" 2 ogMe )b (S by 5 PH 00y Couj cldale
Ol 58 Gl cud)l cwl (See (2l 38 sla Sl Lo
ARYECH

Slyass 13l 090 )3 (39a50 ldllas (Lo iils Lolul p
oosaligSY (L by S S8 (VL Sl
5 L. Acidophilus <,a8 asdllas pl o oplpl 5l 342
S orer 9 Gy O Ll )0 psredlS (VL Cun
dwolio (pej adls bylyd b g <8 )5 )18 b5yl g (hosiw )90
93,8

g 9 3190

S 25,S4e dc g0 jl L. acidophilus ATCC 4356 (¢ xS0
bz )3 Jolodg Cunj and Cua 9 20,5 ()l 3 G j 0
L« (oWl «Sye) (Man-Rogosa-Sharpe) MRS wle cuis
el V¥ Gde @ ol)S ole e d YV glod o pH= /Y)Y
(i j e pll Hb g (gl 05U (oS cuiS b ool cuiS
o 0 iljy b g 03l kS and (gl b ags Lol cuiS )
TF Caeds g adlsl mle MRS o) Lo 0 & Lol cuis” 51,2
488> 1D 590 YO Lis s 9 0,5 il ax 0 YV clod o celw
) gz 04 3)lg (6,38 dlaws iyles (glyy 00,5 (610050
plosl g Jlaisl (s3l8 slo Sogl 03,5 Biloys soion

el YF Sde (gl Cg b allS Il ¢ i j ol livlejl
03330 Ol L s 9 ALIS jpabse Lo 1O Sy Al
@ 420 WA glod b j58 (49,0 9 oad oxildgy Jogd b sladed



lad (5 )9lé 5 pole
a8 Y Bylad Y Bye0 VFY L

1lg55 oy 5 Ml Gl ol sy 4l 03294 Slools
0y resillsSee (Jobo )l (peek Slge [V TP cutly
bl doy Sl L dotigys jl Bdas o dzdls ¥l JoSlo
Sl 5 (So il oad S 0y g e« Singad Slge Sl
o bl s ol )3 glos s 4 a8 cul 0,810 g 531 o)) (ol
2l (35l (Se3glsnsed 9y cnl i gdise AT Lo g PH ¢ laoxd
o] ok 4 ol il Al Bl plerd- 03 o S
b baoe 1 1) e )l b (S lilS gy oo g b amd e
[Y0] Canlbopuusil8 g Suo 4365 ol 51 (S Laacidophilus ¢S .8
J‘:lf Lulyd 5 sl Sy haw ajldle Sl @ g L
S S3lé Ol )38 (l3E e 9 [YV] o) 2 Sl ) 2 4l

3 pawedls” 518 Ll duolio &y adlllas oyl 3 V] lpuss 665 oyl Judoay

s>y L. acidophilus lawg og),55,5e g g0 ye adls bl >
5350 ICP-MASS 6182005 Lausgs 45 16 alé oladly I Lol gl 15

ol 0dd SV Jgds 43 ) B ot

B Cle mli =Y Jgsa

Table 1. Metal absorption results.

Final concentration of Cadmium
after treatment (ng/ 1)

ot | o900 | osa | 19
22.52 25.75 27.43
52.5 23.87 23.71 28.28
24.89 21.85 32.85

poredls ol (lje drwlre 9 ¥ o ¥ JISS! (sl 3905 (polsl
(ol Joloro b pglome ol VY 5l g (655 457 1305 oo
bolys 3 1) ZOFIVY Guye adls lalps o 1) 36 ZO¥/AY
sl 03905 Ll VG 3l byl s 3 1) ZFYIVY g 04l)59,S0
Lilps 58 Ol e oS mob olis bl ola U
gl Clale &) Cos (o) Al (i en g o ye Al 005 (gilwdnd
4 3890 L acidophilus (plply o awily deg (gl sixe glas o318
Lyl ps 10 o 6551 bawgs paradls” e line 1 Lol ol 039 318 L
(p-value> 0.05) s ssalin (gyld dme Ciglds puoj b Fuye adls
bt ol ol dwle 2 izes (¥ S5 2 s
S (gre gl L G eyl clald 4 Cus 35 glS e S
298 98w bl e ads lise y0 Lol (p-value< .05) w9
Uis) (p-value> 0.05) wis sdalie (gl dze Cglas yro didls b

(¥ JSb

e 29 9)5en 5 e Al 53 aSTamg bwgs O 3l paradls i i

lus b dads Vo de 4y badlg) oYU G loj ©de LU 5o

Jie g adly cE L ooy slb el us Seuts yile Feov g
Inductively ) ICP-MASS o5 buwgs poredls” 518 sailoudly

(Perkin Elmer (Coupled Plasma Mass Spectromrtry
cbalé pon 5l s 3,5 i 9 Lioww ELAN 6100 DRC-€)

Gla ol adg) clle e Sl ol ages S g I8 osiledly
JBley b odls Jlows 5 45 5 bajlages muy b dpsloce
yolaieds .05 plosl GraphPad Prism software (version 9)
5 bl pdaw 33,9] Candas g calice (ol ylogs ;> dlael duolie
(One-way ANOVA) a,b 5 uibyly 3JUT ;I «p-value
A 48,8 ey o )b me </ | jiSs oS p-value g aniS ool
250 plosl LS5 5k s b W ygejl ooles

wlae 4 B 1y glul olas cblis] Gob Jb
03503 (yoj 92 5l @yl Laulpd 5 lawe b (6,55l syl
e 0 gl eyl Jolge 9 @bl I il s .l
plxl lp GHS a9 uebliaeg i8Sl 5 (Sl Ol
ljloars 3,05 o) cpl 5l Abbe o Slilejl wss ol
ComlgialS oKt Ll 03503 SaS ple ol € iy 4 ¢ o
Jo> 0 2 b &S canl b jludnd 4565 (ol 51 (S (Clinostat)
oily Mblie pate Sl iS5yl 85 4 B b g9
&Bly 13 295 00 438,55 13 " G55 Jolao o (st F S
Adlge yho 4 S5l AL 0358 Hho M5 adl>
e )by Bl winlgils (id e alj i b iz on
0lStws ] 5 03lital b cplpls 8L e oaly 3 @) lu
A yraie Sl )3 1) 0dij Glagage g dlge L8, g5 e
I )
Codls gl odas ot S plgie 4 S b (So]
5 ol ol ABLS drwgs Jla ) (sla)edS ) ohgh (seges
s e plpl cwl ond )3 Gl ot & byl wlibpw <l yallas
Wi o (Sl OV gaze b g diud dijp p b pgwye (VL
S g ol )8 o st 5 G Loy, o S o
NPom SLSESS 4 e (ae Cunj )i 5l el (sl
el ol gl 1 b3 Ss) (n e Sl (N 25Sler |y
4 o8 Cul ol Vg 5 0950 035 G Bk | st
Ol 3 VO] cunl 0ad (Byne dp0dy (yg)e g cuslio (B9, (lsie
gl B g ol 039y ol s3> &S Sgngn oSt ol
Ol 353 5l (@Y el dlgie pl )3 j3 Bl 00 0455 g2 90



5 Slslo mye

g5 (pl 45 392 9) sl aalllan @l 1 1S jeSe addllan &y by
09 9 Staoy] ey 1503 Sk 316 s 9> o & ol pSe
ol 55 e ol opde sl ] oy ol sl 5 Lae
ool adlias olul 5 5 il gjloatas 4 Casl (Sas Cglis
il bgie pole (a3 [V MY ]

(Sl 5T ol 4 Beie o o ey ol el
Bl gty Al SB9S (92 S 5 5l (8 Wl oe e p S
s ol (23 GlanSop (B9 S g el SIS0
laog)S joax 4 bgpe o8 ClSS ol 5l e e
4 o @ WP LSl il cwl JeuS9)S 5 JeuSsyin
Il gl g aniS Jate siws cute )b doly & (g5l (slagyy,
Gl L bl ) Qe ©pu8 YA ] S Cls e
Cuolbus Wlsty aS” g 5less o g3y rv:w_‘d‘)tg‘ajﬂ’ o lgsd Cuolouss
b salgd @)y g8l cpl (oYh Congj yad 34 YU 1y o)lesd
Soxs 2 e o 4 & Wi walp ) (ailpd adle ol
Mg (i i (Sidiee 1 Gl Cwl (Sea (ol SR
9 e bapyinl 4 Cuglis (oliilen sl slacdplie
9 Mauclaire cldlee zobs [YA &+ ] s 2 o Jolo S35
2 oodd (gilwand (0ol)Te Sk &S Cuwl odgad culi Ko
SIS o 8 oS3 oS5535 65T (el csloanl
o sloady y55he lulyd 3 g ol ogdlety 38 e 5
bl bled oo Ay (gl S b g 0390 5 (5l (Jgho
L. acidophilus slic culbus clpuss 3y00 3 SleMbldgsge il
Slayo b Sluoss 4 do g b bol il o 39350 ddls> ialS bl s 3
Wil & S (555580 Lailyd 53 s pSt (S oo @)
pie 3l Sb ol )5 (Shb adlas ool {YV] o) (b
915 9,50 balpd ) o poredls’ I8 oYL (e 5> gl
Sly 3 29 o) g (b WDl & Cund G W o2
oy bl bl (5,08 L L. acidophilus Sismey sSL
D92 O 3l popedls 3l Bl g o 4y 08

8 35 4o

Sl ) > Sgng 0 slos Sl g (s Il VL
aw sl Lol 00 L] L}al u.l>o]) 019.’&43 u.g.lirl JI}o 9 g.j
5 o Jb &S K @l3ld & g0 ysboay L. acidophilus ¢ xsb
b wole o las Jalore s l.m"j 9 0D Jhao zre%.oalf OFnd
L 35 adls wlyuss b s L. acidophilus el -yl a8 ol o\lis

ol ) ol @ls sile (Bl 3890 poredls oVl o) ) g aLiS

wlad (g)lid 5 pole
Y Bylad VY Byg0 AF Y Ju/ A

Cilods bulyd 5 ol (@ pawedls clale yiilgd (olaldges — ¥ JSKd
(L glS 9 )Se 0ad (sjlwdnnd lalpd )3 @l (B uye ale ond
.indicate p- value< 0.01, ns: non-significant)

Fig. 2. Cadmium concentration reading graphs. a) Results in
simulated Mars gravity conditions, b) Results in simulated
microgravity conditions. (** indicate p-value < 0.01, ns: non-
significant).
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Fig. 3. Comparison chart of reading results of cadmium
concentration under variable gravity conditions (** indicate p-
value < 0.01, ns: non-significant).
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High-gain antennas are crucial for ensuring stable communication in
imaging and remote sensing satellites due to their ability to support high
data transmission rates while compensating for the limitations associated
with increasing transmitter power or reducing transmission rates. Various
antenna types, including electromechanical pointing structures, planar
phased array antennas, and conformal phased array antennas, are employed
for high-resolution image transmission and communication with ground
stations. In satellite communication systems, small-gain omnidirectional
antennas typically exhibit a significant gain of 15 dBi. Among these, the
conical structure maximizes effective area, while the polyhedral pyramidal
structure is also highly effective. An X-band patch antenna was designed
and subjected to full-wave simulation using CST software to enhance
performance. The designed antenna achieved a peak gain of 5.64 dBi at
8.45 GHz. The antenna array configuration includes eight patch antennas
mounted on each face of a polyhedral array, with power distributed via an
8-way Wilkinson power divider. The resulting array achieved a gain of
14.3 dBi, by array theory principles. The construction of a polyhedral
conformal array yielded a maximum gain of 18.3 dBi, with consistent gains
exceeding 15 dBi for elevation angles beyond 30°. A high-gain circularly
polarized array antenna was specifically engineered for satellite system
applications, ensuring a robust and effective design and construction. A
triangular planar array facilitates the development of various conformal
array configurations, making it well-suited for satellite applications.
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Fig. 1. Different types of conformal array antenna [5,6].
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Table 1. Specification of transmission link of NigeriaSat2
satellite [6].

1 | Orbital height of the satellite 700Km

2 | Frequency 8.45 GHz

3 | Data transmission rate 210 Mbps

4 | Bit error probability 10

5 | Transmit power 6W

6 | Satellite antenna gain 15 dBi

7 | Satellite antenna polarization Circular

8 | Satellite antenna noise 290 K
temperature

9 | Diameter of the antenna of the 7.2m
ground station
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