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The radiation hardness of satellite subsystems, particularly their
susceptibility to total ionizing dose (TID), presents a significant challenge
in space mission design. This study introduces an innovative approach to
enhancing the radiation tolerance of a remote interface unit (RIU) by
leveraging commercial off-the-shelf (COTS) components in conjunction
with a strategic integration of hardware and software solutions.
Experimental irradiation results demonstrate that this approach
successfully increased the RIU's radiation tolerance from 20 krad to over
60 krad—a significant achievement given that geostationary satellite
simulations estimate a cumulative radiation dose of approximately 50 krad
over a five-year mission. Furthermore, comprehensive performance
evaluations confirm that the radiation-hardened RIU maintains stable and
acceptable functionality under high radiation exposure. All proposed
solutions were experimentally validated using Co-60 irradiation, and the
results indicate that the TID-hardened RIU can serve as a viable alternative
to specialized space-grade components in specific applications. This novel
approach reduces satellite development costs and time-to-market and
enhances design flexibility. The methodologies presented in this study
hold significant potential for adoption in other satellite subsystems, such
as on-board data handling (OBDH) units and telemetry, tracking, and
command (TT&C) systems, thereby contributing to the advancement of
more reliable space technologies.
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2. Housekeeping Data
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Fig. 1. Simulated results of total ionizing dose as a function of
aluminum shield thickness.
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Table 2. Part of the data from figure 1, presented numerically.

Thickness of aluminum Total ionizing dose
(mm) (rad)
0.05 2.17E+08
0.10 8.33E+07
0.20 3.03E+07
0.30 1.58E+07
0.40 9.43E+06
0.50 6.14E+06
0.60 4.29E+06
0.80 2.45E+06
1.00 1.59E+06
150 6.87E+05
2.00 3.53E+05
2,50 1.99E+05
3.00 1.20E+05
4.00 5.06E+04
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1. Radiation Design Margin
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2. Hot or Cold Duplex Redundancy
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1. Through Hole Components
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Fig. 2. Block diagram and hardware of the RIU unit in the final
payload.
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Fig. 3. Proposed printed circuit board with protective cavities
and an image of the filled cavities as an example.
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Fig. 4. Schematic of a dual-RIU structure for radiation testing
and switching evaluation.
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Fig. 6. Current (mA) of irradiated samples vs. total dose (kRad).
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Fig. 7. Measured temperature of irradiated samples as a
function of total ionization dose (kRad).
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This study investigates the design requirements for telemetry and
telecommand subsystems in satellites operating in low Earth orbit (LEO)
and outlines the specifications for a diplexer suited for the S-band
frequency range. The analysis emphasizes the critical impact of transmitter
signal leakage and noise floor levels on diplexer performance. The
proposed diplexer incorporates two bandpass filters operating at distinct
frequency bands, enabling simultaneous transmission and reception
through a single antenna in two-way communication systems. One of the
primary design challenges stems from satellites' limited power generation
capabilities, necessitating a strong focus on minimizing power
consumption across all subsystems. In this context, reducing power loss in
the telemetry and telecommand subsystem is crucial, as the diplexer
directly influences transmitter power consumption and receiver sensitivity.
Therefore, achieving minimal transmission loss is a critical design
objective, which requires employing high-quality factor (Q-factor)
technologies in the design of the filters. While waveguides provide
superior Q-factors, their large dimensions and high mass render them
unsuitable for S-band applications in satellite systems. Similarly, due to
sublayer losses, ceramic substrate technologies, such as microstrip and
stripline, fall short of the required Q-factor. To overcome these limitations,
this study introduces a diplexer designed using coaxial technology, which
offers an optimal balance of high Q-factor, compact dimensions, and low
mass. The designed diplexer achieves a return loss greater than 20 dB, a
transmission loss of less than 0.5 dB, and an isolation exceeding 50 dB,
meeting the stringent requirements of LEO satellite subsystems.
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Table 1. Isolation of filters presented in Fig.5.

O/BW(MH?z) 10 20 | 50 | 100

3 75 57 | 32| 14
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5 142 | 112 | 72 | 40
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Table 2. Insertion loss of filters presented in Fig.5.
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Fig. 17. Frequency response of the proposed combline diplexer
using branch line power divider.
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Fig. 18. Isolation of the proposed combline diplexer using
branch line power divider.
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Table 3. Final dimension of the proposed 4-order combline
diplexer using star junction.

Dimension unit: Millimeter

D1 31.24 Ul 32.23

D2 33.39 U2 31.42

D3 33.52 u3 31.42

D4 33.93 U4 31.8

D12 14.65 u12 14.9
D23 15.71 u23 15.81
D34 14.8 u34 14.9
Dil 15.35 Uil 29.7
D4o 3.5 Udo 5.35

Ld 34.24 Lu 8.86
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Fig. 19. Return loss of the proposed combline diplexer using
branch line power divider.
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Fig. 20. Insertion loss of the proposed combline diplexer using
branch line power divider.
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Fig. 25. Isolation of the proposed 4-order combline diplexer
using star junction.
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Fig. 26. The proposed 5-order combline diplexer using star
junction.
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Fig. 22. Input return loss of the proposed 4-order combline
diplexer using star junction.

1900 2000 2100 2200 2300 2400
freq, MHz

Sl 4e sl d b Sl Jlil ol VY U

Fig. 23. Frequency response of the proposed 4-order combline
diplexer using star junction.
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Fig. 24. Insertion loss of the proposed 4-order combline diplexer
using star junction.
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Fig. 29. Insertion loss of the proposed 5-order combline diplexer
using star junction.
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Table 4. Final dimension of the proposed 5-order combline
diplexer using star junction.

Dimension unit: Millimeter

D1 35.14 U1l 31.82
D2 34.21 U2 30.99
D3 34.22 U3 31
D4 34.21 U4 30.99
D5 34.96 U5 31.72
D12 12.74 ui12 12.89
D23 13.76 uU23 | 13.96
D34 13.76 U34 | 13.96
D45 12.64 U45 12.89
Dil 16.01 Uil 33.02
D50 4.03 U5o 5.02
Ld 36.3 Lu 11.12
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Fig. 27. Input return loss of the proposed 5-order combline
diplexer using star junction.
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Fig. 28. Frequency response of the proposed 5-order combline
diplexer using star junction.
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This study introduces a compact, low-profile monopole antenna for
wireless body area network (WBAN) applications. The proposed
antenna is derived from a conventional microstrip rectangular patch
design and operates in two industrial, scientific, and medical (ISM)
frequency bands: 2.4 GHz (2.4-2.5 GHz) and 5.8 GHz (5.725-5.875
GHz). The antenna's overall dimensions are 16x26x0.8 mm3 or
0.13%0x0.21220%0.0065Lo, Where A, represents the free-space
wavelength at 2.45 GHz. These dimensions ensure a compact and
space-efficient design. The antenna achieves fractional bandwidths of
4.89% and 69.13% at 2.4 GHz and 5.8 GHz, respectively. The
radiation pattern is omnidirectional at both frequency bands, with a
maximum gain exceeding 4 dBi. The antenna's performance was
further evaluated on a phantom model of chest tissue, demonstrating
stable operation over body tissues. The specific absorption rate (SAR)
at both frequency bands was also analyzed, confirming compliance
with safety standards. The compact size and robust performance make
the proposed antenna a promising candidate for integration into
WBAN sensors and devices. All simulations were performed using
CST Microwave Studio software.
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Table 1. Optimum sizing parameters for the final wearable
antenna.

Parameter Sizemm] Parameter  Size[mm]
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Table 2. Electrical properties of tissue [31].

. E o £ o
Tissue T r T r
(245GHz)  (245GHz) (54GHz) (5.4 GHz)
Bone 11.41 0.384 9.946 1.010
Muscle 52.79 1.705 49.27 4.266
Fat 5.28 0.102 5.010 0.254
Skin 38.06 1.440 35.61 3.218
Skin
Suggested
antenna
:
o
| ; ;
i 3
z c-x z = x
Front view Front view
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Fig. 13. Suggested antenna placement on chest tissue phantom
model.
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Fig. 12. Variations versus frequency for: (a) total efficiency, (b)
gain.
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Fig. 15. Comparison of the two-dimensional radiation pattern of
the antenna in the state of placement on the tissue model with
placement in free space at frequencies: (a) 2.45, (b) 5.8 GHz.

IYAABI s 5,58 Y/ (il 3 s (ooltn 55T oy
ol (¢ pSonin ialS o] olad 4 Cuws 45 sdel Canday
M ey (65l Gk g Gl slap il Jdsay alius )]
425 aul g 8L g lgp S pSUlies saaastie Gn oLl
03> zrusgs &S jghailen .l glate YL (glo yuils 3 5> alius
pilSo ade 5 YL o wilSys o Suile, iolidl Jdsay ui
ol8 8 )3 W g bl al3l ol ) S o cder p3lS0 UL
U5 gl caslors Juols VASBI 0,5 dints 3,0l55 O/A
5 YA e cuipas 5,085 O/A 5 VI¥D (slawils 3 4ly
53 &S 3945 o odlie iy pl LConlodal Canddy Juoyd AV/FY
g 039 ol b Mol il 3,Slas il Jio jl g yioskio V0 alols
i 2 o g oblsyl ) oa Ny e biin oxl 1Y
255 31,8 edlatwl )50 ;5 WBAN

lad (5)sld g pole
Foyled WV By AF-T o /Y5

T (sld b el elS” (50,Skae iy (ouilS 3 b o (il
58S YIFO LuilS 3 len )3 8L opl 3 5] g cusloss Juols
ol §) o yrarke A dlols y oyl a5 Sley Jbo ol b oS ey
U Cov yude YL wslSy8 b 0 S_11 o3l jlages dyls )8
Jobs wais S 5alS VI Jlg )3 ks culad S 18
S ySllees ol 56 5 il il conb ol ol cls Caslors
YL slo il 50 ol 5 oolatal 350 Y5 4 Ces ] VL
Aol wads Gulp g ol JS 0 Sles om0 &S cl
(sl Loy 3 Slae 8Ll (6 ytordo VO alold )3 ax STe0)135 o
&S amd o s Gllllae iy cplay Calosd ol o5l glad b
5 0393 Sl Mol il o 51 6 yaseo V0 alols ,> oyl 5 Sles
Eloyguis g oliwd 3 asdar Slgie lerdn ool 1Y

2,8 1,8 eolaiol 5,50 WBAN

S11[dB]

0 —d=8mm
o—d=15mm
=== Free space

100 245 390 535 680 824  9.69
Frequency [GHz]
xSy cdls bolil glas y> alols S_11 ojlul Jloges awglio —VF JSWS
A A L o ) calisee Juolgd y> ol
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free space with the placement of the antenna at different
distances from the chest tissue model.
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Fig. 16. Distribution of absorbed power in the chest tissue
sample at frequencies: (a) 2.45, (b) 5.8 GHz.
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Table 3. Calculation of the SAR level for the proposed antenna
for different input powers

2.45 GHz 5.8 GHz
input
power 100 500 100 500
mwW mwW mwW mwW
SAR 1.38 6.88 0.222 1.11
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Table 4. Comparison of the proposed antenna with previous related researches.

Dimensions i i i Efficien

Reference et Operatllrg |_f;}quency Relatlve[(t;]a]ndmdth o cy

[32] 64.6x53.7x3.94 5.8/2.4 5.1/4.9 85.6/72.8
[25] 50x74.69x4 5.3/2.45 - -
[16] 60x60x2 5.8/2.4 49.11/46 -
[23] 40x40x1.6 5.4/2.45 41.48/29.79 -
[30] 88x95x10.2 2.4/0.402 4.16/0.99 -

[26] 70x70%2 3.5/2.38 7/4.1 59.2/63.3

This paper 16x26%0.8 5.8/2.4 69.13/4.89 88.42/88.1
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This article presents a double pole double throw (DPDT)
waveguide switch in the Ku band with significantly lower
manufacturing costs than competing switches. The switch structure
consists of a fixed ring and a rotating cylinder at its center,
separated by an unavoidable narrow air gap. An electromagnetic
band gap (EBG) structure minimises leakage in this gap. Gap
waveguide technology effectively mitigates leakage waves by
incorporating a perfect magnetic conductor (PMC), restricting
wave propagation within a specific frequency range. For cost-
effective implementation of the EBG region, a glide-symmetric
holey structure (GSHS) is proposed. This structure consists of two
parallel perforated conductor plates with a narrow air gap, where
the holes are arranged alternately in a triangular grid. In the
proposed switch, the holes in the inner cylinder are offset from
those in the outer ring by half a period, minimizing leakage
effectively. Design and simulation results demonstrate that the
switch achieves a transmission loss of 0.05 dB and a return loss of
less than —35 dB at its ports. Additionally, the port isolation
exceeds 80 dB, and the switch offers a relative bandwidth of more
than 50%, outperforming similar designs.
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Fig. 1. DPDT switch: (a) first state, (b) second state.

dgrg (o 003> Cuomd 339 W & dbgugw Syl

Aol ) cal phlbolisl coli 5 odid p Cand o oo alold
“algbl P el (pioren 9 5)pe A Gl 5 zoe (5 g
@ ol alol ol b 1 oS e jobne Subre sl b
Sl gl bgy ) (o [V]hBKS pzge (6)gld 98 (5 596
[¥e o] cusl 48, ) 4 35 s pzge Sloguge 9 Sl (S Z90
dol ;> (PMC) Jol5 pmblize (o3l S sl b jogy cpl o
(EBG) ')9“’64 dgdove Lfol> ng:lf)ﬁ 5)Lv P Ty )L\.w.:‘ ¢L¥I92> ol
).)gob.)y):LA{WIM[AC:M‘_;LQQSM‘D))LDMDMQJU}JQAA
(St 8 (5,505 IS5l o] G ot Yl (oS 3 53 5 4 58
e oy gw sk 5| ookl wgui o disiy EBG sl (gilwosly
5 DPDT s95ile @ngw 0 )b oy slp e ol

Sygots [y KU S s pzge qgw o Ggpm gl 9 (o1 025 2
5w 53 alodgad sloul EBG 4l g 03,8 jlog]ygw (5)liie g ol
PR o> oy a3 O yguody Hhaalss PES Sy9ld @lie
2 Calosds Jdoo g Syl GSHS jlislw jl asly Joho S oo
GSHS SsS jl &S (5 pzge DPDT grogu jl JolS jlidls S catol]

Cawlodds J,bu 9 @])b ol 63905 odlézwl
8l9ple Su jXigannl S 53 (ST 90 Emgw (A
@"ﬁb’w

900,85 <8l p) L (655 ye e OBl ) i 350 sl
e Bl b oyl 0 1y ol M casd p (il 2l )

saally Ji&w célyd  ogdle ¢ regenerative sl jlgmdly 350 3 =)
255 (o0 Oygeo 35 00x0 (yameY gdo g (g JUI 0ol gkl (o)l g LuilS 8

2lad (5)gld g pole
Fhylad W Bye0 VFY Ju/ £y

Ol laisl g oM
DPDT GTIS9ITSR99 90 T
Double Pole Double Through
K Lise (oln
PMC o e
Perfect Magnetic Conductor
Liog Sl 5L GBS
EBG bl Sl
Electromagnetic Band Gap
e HI3¢] g bl
GSHS - - (e )ThHew )
Glide Symmetric Holey Structure
TS
GW - RSB pEge
Gap Waveguide
Ao o

sggsSole Shlhe )3 zoe (B e diby 919950l slagmigw
Ol 9180,k agugw 258y edes b siged )
Sl ydigeaily )3 w938l b (Lol Slagloll 5l osliial gl ys
Sl & plgiee gmge ol R S p)ls el hjlsals
s 3,90 (5] pe 5] g o(5yild S G 1k air b S
2ialS ali g yradls e 05 53 (i Ul Ak dan g b 5)
905 0,L3 6 lgnle 1 y9ele cilisee clajl ¢l

Sl b o8 o Sleg sl dlea l (ilisee gl Sloe
(MEMS)_Sl50g:5lg Seo clarianes 5 (GAASFET w255 PIN)
Lld Jl & wsd o a5 Ko sa99,0le laguge J5S Gl
Eege o) O g Gam Yol (g A smgySile (g Joos
[ ] awglise o b o35

9 S5 sl Syl 03y > s pzee slagmge
1> 65Vl 9,0l Gy JooS agmgw 503 Elgl 4 Cons
O Yasl ol sla 293 5 cosl ol Yl gl )5 A
bokiiS Cogh rgys Sicmmgw sy U oyl o b YL
SulSe 005 > mogw SO A Canlie dig8l/ Lol ©)a8
Cuond Sy 5 €l Cond S I (DPDT) (29,5 5359959 5
A3 > Ceomd Sy b cuwlods LS5 ol by )3 edis
VS ) S (e iV S Billae JUSGew JUE prns ¢ Slee
F oV o)y om oo ¥ 9) (e (o pee ()
8 ogb e kB Cuand () ) USS 55 Dgdee )l
OEzen 9 VgV b m S99l goe yrws oS 48,5
Db yl5p ¥ g )



wlad (g)ld g psle
A\ ¥ 5ylad AV Byes AFT o

Soby sly g5l Ko g 05,8 sy w8l o ¥ S pllae

o Bl o 43,5 15 55 s JUS ) Sy p gl sl

ol 295 5 8oy Slgnse bwg Gl o Lol S,

9 )y oS Cogl (29 ) Splie g Ssh

s o €8l L olagugw 5L g oS 018 Cogl (6399

Caol phbolinl spzee logugw il ooliiwl 11 w)ls 2455 oS
IMUX

RX -0 T
antenna

Eas

14-14.5GHz

DPDT
Switch

Fig. 2. Ku-band 2-channel bent pipe transponder.
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Table 1. The unit cell parameters of the designed GSHS.

Parameter | First value (mm) Tuned value (mm)
h 4.4 5
g 0.1 0.1
r 4.9 5
p 18 13
1. Stop Band

2. Iteration Method
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Table 2. The geometrical parameters of the proposed switch.

Parameter Value (mm)

h 55

g 0.1

r 55

p 13
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d 1.5
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9.52

H 50

o Mgl )3 3)l8 el dze o8 VL Gl Srase Eem S osld Arwg

Mode3| |

@
T
g
- .
2
o
4
<
s
H

Frequency(GHz)
B
T
-

X r

coxd (b GSHS Suiil Jloges -0 JSWG

Fig. 5. Dispersion diagram of the designed GSHS.

GSHS ;| salews! U DPDT (6 g0 gt g
daws &1yb

s Ol 005 (53lodesd 5l O JSS Caslors |k GSHS
L nase Sbppe 5 ol o bghow plodn wad (Shb
5SS 0 mugw (otin o eyl VO] Wlosds dblsl lazlygu
Ol 1) gogw et paw (0) £ S5 losds ool lis ()
SUocwl awsS Juo CST-MWS  lidley > zugw
Jobw adgl polde flgeas V Jodo 0 zyae h g 1 p sla gl
d)9]o ).J H 9 R dLm)J..al)l) 43]9‘ )J.)LQ.A 9 ol odlawwl GSHS
«db; Py (o D g 0y il J oW &S s ol
e gl b 5o piel)ly (silodige dian bgrpe pzge gl
B g b gops sl atsly 1) 35 Sl pllouinl gugw o
Silodingy Wilon. Bl yusi o] o wogllas n 4 )
3 55 s S ot 8 i o GSHS Jsho S, csla il
Qe Gl & Gy U (in sl il 9 0 oalial 1S5 55,
porSlo & (hpwy B b lajpielly cpl ol 0dld i 1) S
Ol oy e (yieS ppizmen g ame¥ginl 5 SL sl
Cowlodds 0210 (L Y Jodo )0 gusgw (&5lwdians guld LA dg
Okt o3l (g yzge guow S 59y |y GSHS jl ealil g1V S
o Ege SO g Yol dasMo LB g0 @ls cul > e300
&S am e ol JSS oyl sgpaie GSHS Jidle I eolazal

s Job JB o3l (6 pizge uogm S (sl By (n g



Sonl Dliag g ((FRAS Cpuste (paie by plod]

S Parameters

S, (9=0.1-15%)
S,,(9=0.1-10%)
$,,(9=0.1-5%)

S,,(g=0.145%)

$4,(9=0.1+10%)
S,4,(9=0.1+15%)
S,,(9=0.2)

-50

Isolation(dB)

150 I I L L I I I
9 10 1 12 13 14 15 16

Frequency(GHz)

J odlizal b osd (b gmse omeYonl oy colo Gl 51 -8 S
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on the isolation of the designed GSHS switch.
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Table 3. Comparing the parameters of the designed switch with other references.
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Exposure to microgravity induces significant changes in the morphology
and biological properties of cancer cells. Globally, breast cancer is the
most prevalent cancer among women and the fifth leading cause of cancer-
related deaths. Increasing resistance to conventional cancer treatments has
emerged as a critical challenge, prompting researchers to explore novel
anti-cancer strategies to enhance cancer cell death. This study aimed to
evaluate the response of breast cancer cells to simulated microgravity. In
this experiment, 20 mice carrying the 4T1 breast cancer cell line were
randomly divided into groups of 10. The experimental groups included a
normal gravity condition and a simulated microgravity condition. Mice
were tested over a 30-day period, during which tumor growth was
measured every three days using a digital caliper. The number of casualties
was recorded daily. At the end of the experiment, the mice were sacrificed,
and the final tumor size was measured. The results demonstrated that
simulated microgravity significantly inhibited tumor growth over the 30
days compared to the control group under normal gravity. Furthermore,
the group exposed to simulated microgravity exhibited the highest survival
rate, whereas the control group recorded the lowest. These findings
suggest that simulated microgravity effectively reduces tumor progression
and enhances survival in mice with breast cancer. Investigating cancer
under microgravity conditions may offer valuable insights into the
mechanisms underlying tumor progression and resistance, potentially
leading to the development of novel treatment approaches.
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Fig. 3. The survival rate of the mice after 30 days of being
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group under normal gravity of 1G. (ns: not significant).
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Space explorations on Mars are compelling scientific endeavors
that provide critical information on how to establish life on the
planet. Designing a bioregenerative life support system capable of
supplying food and oxygen is essential for long-duration human
missions to Mars. The atmospheric pressure on the Martian surface
is significantly lower than that on Earth, and the ability of
photosynthesizing organisms to grow under such low atmospheric
pressures is crucial for developing a life support system.
Dunaliella salina, a unicellular microalga, is a rich source of the
valuable metabolite [-carotene. This alga exhibits rapid growth,
tolerance to environmental stress, and potential as a candidate for
space studies. This study investigated the effect of low atmospheric
pressure (860, 340, 160, and 80 mbar) on growth, chlorophyll
pigments, and antioxidant enzyme responses in D. salina. The
results demonstrated that growth, cell number, density, and
chlorophyll content increased under 340 and 160 mbar pressures
but significantly decreased at 80 mbar. Protein content increased
by 32.1% at 340 mbar, declining at 80 mbar. Reduced growth
under 80 mbar atmospheric pressure resulted in the high
accumulation of carotenoid content (13.4 mg g™*) and B-carotene
(9.4 mg g™%). Superoxide dismutase increased with decreasing
atmospheric pressure, while catalase activity declined at 80 mbar.
These findings suggest that the ability of D. salina to grow under
varying atmospheric pressures is linked to alterations in cellular
metabolism and enhanced antioxidant capacity.

*Corresponding Author’s E-mail: hassanpour@ari.ac.ir

How to Cite this Article:
H. Hassanpour, "Effect of low atmospheric pressure on the growth and antioxidant defense response of Dunaliella Salina," Journal
of Space Science and Technology, Vol. 17, No. 4, pp. 56-64, 2024, (in Persian), https://doi.org/10.22034/jsst.2024.1483.

COPYRIGHTS

© 2024 by the authors. Published by Aerospace Research Institute. This article is an open access article opgn ¢ | Access
distributed under the terms and conditions of The Creative Commons Attribution 4.0 International (CC BY 4.0).



https://doi.org/10.22034/jsst.2024.1483
https://www.jsstpub.com/
https://doi.org/10.22034/jsst.2024.1483
https://creativecommons.org/licenses/by/4.0/
file:///C:/Users/hassanpour/Downloads/hassanpour@ari.ac.ir
https://orcid.org/0000-0002-8991-5279

T 2 Ua8 (559U g pgle

Sl 559l 5 pale

S¥-0F dawo F D)Lo.«:} MY 0)9.) N¥-Y JL»

Yerh-FOFe i gla LS https://doi.org/10.22034/jsst.2024.1483
YEYY-FOVS 1 Suig Sl gblid

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

S 553l g poke

Sl SamSDT EBS Gy g Ay 39 (5 il JLid S il

LIl MG 99

T ag e dogls

Ol (Ol RS s )glid g Sliiod pole )l5g Ladlgn olKiimg3, o Luiils

oS Die Sl
)I)sbu.\:l Lﬁ‘)‘ |) dw))l SleMb .¢\J|9J 0 9 0Oy u‘.\> G"lc uLoyo )‘ C.s).a 2 dLaﬁ olslis) sa/léo M)L'"

@l cde SYeb lacuysele 3 Fpe 4 Gl byl nles wald o)l ol 0 ol
Gore o (il L8l (38T g 138 (el (el (2ljL B Sl Gty e (2
Sly 08l bl LS )3 oA g Clgrge By Cubls g Cunl (oj a5l a8l
J g Joho S5 Sl (o9 Wllo MUgd 01 (pljun Cumal Sl platidy g il
g 039 (e (Sl 4 gl Al (o A8y Sl ol sl ()5l L)) Clglie
R5+) ] 58 Mt 5 adllnn ) o il olis bl (gl s gicds Slgse
Sl a1 5l slam 3T Gy 9 Jidg)lS (losS5y lgime by 2 (e Ar g Ve Y-
V¥ U8 53 Jedg)lS (slgime g (Joho o815 ¢ 2lasi cady a7l (LS ulis b (o) 2 Wl S
b yiall cnl sbine (ol 4 jote Sl e Ar (g pdunesl jLid )3 (g el (Il ke VP
Sl A pd (Jg el (Rl 2o s TV Jb e Y (gphal jLiS ) (g (slgne D
lsize 6V azs 4 i bike A (g yhmedl L 5> 13, LialS .l sl ) e
SpuSTpg 3l Cllad 3 (25 5 p )5k VF) 39k 5 (p5 22 p)S ke VWIY) a5
oo Av Lz )3 VLIS 3T cullid & oy il il (6 phanes] Lib inlS L Sgammd
el L5 s o Sl el Jghas ) ol 48 313 L5 Lty ol gl il ytals

sl a1l b Gal3l 5 Jolo muadplio s b asyo

VT 958 YA il
VF¥ ol s WY ()S550

Wer s ¥ Ghpdy
VEY 5V jLisl oy

Al slojls
o8-l

S el L3 ialS
b Mbgo
)

9o dpuSTp gus

hassanpour@ari.ac.ir : Jgiwe odw g (Suig Sl Com™®

How to Cite this Article:

H. Hassanpour, "Effect of low atmospheric pressure on the growth and antioxidant defense response of Dunaliella Salina,” Journal
of Space Science and Technology, Vol. 17, No. 4, pp. 56-64, 2024, (in Persian), https://doi.org/10.22034/jsst.2024.1483.

COPYRIGHTS

© 2024 by the authors. Published by Aerospace Research Institute. This article is an open access article OPEN A ACCESS
E distributed under the terms and conditions of The Creative Commons Attribution 4.0 International (CC BY 4.0).



https://doi.org/10.22034/jsst.2024.1483
https://www.jsstpub.com/
https://doi.org/10.22034/jsst.2024.1483
https://creativecommons.org/licenses/by/4.0/
file:///C:/Users/hassanpour/Downloads/hassanpour@ari.ac.ir
https://orcid.org/0000-0002-8991-5279

2RO dosl>

My iged (gly Aid e 65y My Jauwsly gyl a8 canlodls
oS hasSlen ¢ opl lié o Anabaena cylindrical s
Slgzme Sl g Sl S lgme Gl 4 e (6 jhud]
[F1 48 o9
S5l bl g (LT ) 95 b Shgrge Sl
came bilpd 3 iy 4 B 1) gl o w1, ol Lalpda
09 S o) op g p)S sbgbly der ) cte
Gge by [Ve Al wlede 08 9 (pSiw Sl (gob (lalaee
035 ()5S shide Vool 08k syttt LiS 5 b Syl
(b s SN e ady Salid 4 bgype Glije Lol
b olacSils (g9 1y (6 phunes] L LialS 31 a8 cldllae slass
I Mgy 4] cwlasS cope YU s Jesly
dul) Tando)lS 03y 4 glte «Spjs (oo S Sl
i) WsSel ) 8 are Sug Tawdigs oy T,
s ol 0ad (gySo)las 03K, 5 Silr uose ()8
ol G S g Sl (o] (i @lo )3 gy 2
Seog A oeliy Slegie plsa el wedl 0SS,
059 FNE 4 Mgy Ss g3 ol Jhde g ol (o985
wls 25 lalyder oYU Jaod Mlgs Sl [ <] o St
Blg o Sy opl ol oy 5 590 slac] 3 asy <l )l
Silr yled 0y (Yoo OO G +/+0 ) (6)98 I (g 39950
9 ol (o Mgl o 5odS cpaiz 3 (o)l joba Mg
iy 3 Sl dolod slad (oS 53 45 5 3950 35 s
9 oSl ge (ne (lpsd g od CulS Ogbly Cpgons
ot b o)l 4 Sl U5 2500 Cguome s ]
s s s o> pp pie a3 (el 5 518
28l eS| Sl Mg sl (alie @it plgisas Sl &S
2 e il lulyd 56 L bl s adlae fpain (98T
slod g 595 b Cewldid 3 oo Sils ol Sl 5l s b
claepl cdlé a8 ol ol Mgy S 5 agw 0 p b
Ol 7N e o b abglS o 700 b bygSnl (clgime o Slans]
g5 Gl G (598 SRR 5 Wb y98 G e [V 8l
m2iopl YL clled b bLsyl > a8 0 Mgy Sl )3 45454,8
4 e Vb (gypd (15 [IV] 351 Shigeunsd uSTsm w3l ool
sebay 1y gl xeod Lol Mbgy Sils jd udy Syl
2 Sl 28 ials 56 L bl [ﬁ] 3 Gl 5yblise

1. Dunaliella Salina
2. Chlorophyceae

3. Volvocales

4 . Dunaliellaceae
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Fig. 1. The growth curve of D. salina alga after 18 days of
cultivation.
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Table 1. The effect of low atmospheric pressure on the cell number and concentration, growth, and chlorophyll a and b contents.

Pressure Cell number | Cell concentration Biomass Chlorophyll a | Chlorophyll b
(mbar) (x 10°) (OD 750 nm) (g LDW) (Mg g FW) (Mg g FW)
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80+3 0.37+0.71 cd 0.08+£0.011d 0.15+0.11d 125+2.36¢ 10.3+0.67¢
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Fig. 3. The effect of low atmospheric pressure on the protein
content of D. salina alga. differnt letters indicate significance
at P >0.05 level.
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Fig. 4. The effect of low atmospheric pressure on the
antioxidant enzyme activity of superoxide dismutase (SOD, A)
and catalase (CAT, B) of D. salina alga. differnt letters
indicate significance at P > 0.05 level.
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Fig. 2. The effect of low atmospheric pressure on the total
carotenoid (A), B-caroten (b) of D. salina alga. differnt letters
indicate significance at P > 0.05 level.
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Fig. 2. Functional tree of Armita Rover [6].
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Table 3. Armita rover natural frequencies [8].

Mode Frequency

1 15.73
2 19.37
3 24.32
4 29.65
5
6

44.95
53.70
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Fig. 5. Probe body structure [7].
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Table 2- Mechanical characteristics of aluminum 6063 and
aluminum 7075 [7].

Characteristics A _7%75' g _?_%63' Units
Property Value Value -—-

Elastic Modulus 7.2E10 6.95E10 N/m”2

Poisson's Ratio 0.33 0.33 N/A
Shear Modulus 2.69E10 2.58E10 N/m”2
Mass Density 2810 2700 Kg/m"3
Tensile Strength 570E6 240E6 N/m~2
C%Trzzzstﬂ"e - 240E6 | N/m~2
Yield Strength 5.05E6 215E6 N/m~2
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Table 4. The operating temperature range of the used hardware

[10].

Material A (o € a
CFRP 10 795 0.80 0.80
Stainless steel 17 510 0.56 0.80
Al 7075-T6 130 960 0.06 0.25
ULTEM 0.1225 1470 0.84 0.40
Magnesium 156 1050 | 007 | 0.39

alloy

Ag Teflon 5.02 1400 0.76 0.17
Solar panel 66 320 0.85 0.92
Agel 2.60 1150 0.79 N/A
FR4 0.22 1386 0.75 N/A
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Fig. 7. The figure of the first mode of the Armita probe
structure [7].
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Fig. 8. Wheel and suspension system in Armita probe [13].
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Table 5. List of electronic equipments [8].

. Power Dime
. consum | nsions Shape Name CampE
g g nt
ption W mm
Arduino
10 80);10' Sg );2 ’ (Blupill | Processor
: b stm32)
Pressure
4 igg% BMP180 and
altitude
Temperat
4 15(_)2 10 56( :;x SHT10 ure and
' humidity
-GY
10 | 180X10 | 25%2 NEOSM |  GPS
-3 5x3 V2
5 | 5x103 | - /@\ DS18B20 Thzrtz‘rom
5 1.65x1 | 25x1 MAX170 Voltage
0-5 1x3 43 sensor
10.56x | 35x1 MPU925
5 103 | 5x3 0 IMU
15 3.3x80 | 35x2 JPEG Camera
x10-6 5x10 Camera
Water Water
4 0.1 600X><72 sensor detection
YwRobot sensor
Soail .
71.65 < Soil
10 02 | x24x } M“‘/’I';tté‘r'e moisture
1.6 AHN-72 sensor
Image
52 ) | 172 TS582000 | transmissi
7%30 on
2 Data
50%5 DRF7020 .
30 0.5 0%20 D27 tran(s)rr:nsa
22.8% ‘ MG90S
13.4 2.1 12.2x ..é:é: (Micro Servo
285 |~ ¢ Servo)
167.4 5.1761 - - - Total
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Table 7. Probe engine specifications [14].

Minimum | Maximum A Minimum Minimum
shaft shaft er:\A;Xe; T:;nlh output torque
diameter length Y 9 speed output
4 mm 20mm | 995 - m7r?1 40rpm | 5010 g;.cm
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Table 8. Probe battery specifications [15].

N.O battery Voltage power Dimensions | Weight

packs \Y, wh mm g

1 111 9.435 55x30x%25 73
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Table 6. The final specifications of the probe wheel [13].

Dimension Weight T
s (mm) (grams) Shape Subsystem g
9=100 2200 Wheel set 1
W=62 (4 pcs.)
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Table 9. Armita probe system specifications [6].

Number | Number Energy Geometric Total
of of consumption dimensions mass

Sensors engines (Ahr) (mm) (kg)
8 4 112 480%387x360 | 6.9
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Fig. 9. Armita probe isometric view [7].
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