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Abstract

Achieving new technologies for designing Liquid Propellant Engines (LPEs) with
high reliability, along with cost reduction, is one of the most important challenges
of designers. Hence, the subject of optimization and utilization of new technologies
in order to realize the above approaches has always been considered. Therefore, it
is necessary to provide a solution to reduce the challenges faced by the previous two
generations of LPE, i.e. pressurizing and turbopump engines. So, a new generation
of LPE, called electro pump liquid propellant engines, has been noticed in the space
industries of the world. In this paper, an attempt has been made to compare the
electro pump LPE with the previous two generations, i.e. pressurizing and
turbopump from the point of view of cost and reliability. To this end, reliability and
cost modeling has been performed for LPEs specifically for electro-pump LPE.
Based on these results, it can be seen that the cost of the electro-pump engine is
65% of the turbopump engine. That is important; the reliability of this kind of
engines is 2% higher than the turbopump engines.
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Abstract

Solar sails are currently being widely used for various space
applications, including deep space missions. While most of these
applications are studied within the framework of the Sun-Earth
three-body problem, limited research has been conducted to explore
the potential of solar sails in the Earth-Moon three-body problem.
The aim of this paper is to identify new periodic orbits for solar sails
within the context of the Earth-Moon three-body problem. By
incorporating the acceleration caused by solar sail radiation
pressure into the Earth-Moon three-body problem, the system
becomes non-autonomous, requiring different methods for
extracting periodic orbits. In this study, the identification of
periodic orbits for solar sails in the circular restricted Earth-Moon
three-body problem is formulated as a two-point boundary value
problem. Initially, preliminary guesses for periodic orbits of a
simple spacecraft, without considering solar sail acceleration, are
obtained using a Poincaré map. Then, the precise initial conditions
for the periodic orbits of the solar sail are determined through a
differential correction algorithm. To validate the proposed
approach, the resulting orbits are plotted and their stability is
compared with the periodic orbits of a spacecraft without a solar
sail.
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Abstract

Monitoring the space weather and managing its disruptive phenomena
is crucial to mitigate its adverse effects. Research shows that space
platforms, especially satellite constellations with appropriate payloads,
can complement ground-based monitoring networks. This study
focused on selecting satellite constellations to ensure full Iran and the
Middle East coverage. Payload selection was based on the country's
space weather monitoring needs and strategies. The payloads include a
magnetometer, proton-electron ion detector, radio occultation, lon
drift meter, and radiation monitor. STK software was used to design
and analyze the satellite constellations. The design was initially
performed assuming one ground station and then by creating a
network of ground stations (5 stations) at an orbital altitude of 500 km,
inclination of 45 and 55 degrees, and using a symmetric satellite
constellation with a Walker Delta pattern. The superior satellite
constellations were chosen from 778 scenarios using the statistical
parameter comparison method, which included minimum visible
satellites and cumulative coverage. After evaluating scenarios, the two
superior constellations identified were 7x10 and 14x1. Utilizing a 45
degree orbital inclination and a network of dispersed ground stations
minimizes the required number of satellites and provides
comprehensive coverage of Iran.
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Abstract

One of the most challenging issues in designing and manufacturing
space electronic boards is the fatigue caused by thermal-mechanical
stresses in solder joints. Thermal-mechanical fatigue occurs due to
the stresses caused by frequent temperature changes and
differences in the thermal and mechanical properties of different
materials and can cause failure or degradation of the solder joints
on the electronic board. Any degradation or failure in solder joints
can cause the electronic board to lose its functionality, and
therefore, this phenomenon should be fully considered in the design
of electronic boards. In this paper, a six-layer electronic board with
two hundred electronic components and BGA, Leaded, and LCCC
packages has been investigated, and the estimation of its fatigue life
and failure probability under the influence of space thermal
profiles has been calculated both analytically and numerically. In
the life estimation calculations, three types of solder materials,
PB90SN10, SAC305, and SN100C, have been considered, and the
life of the electronic board and the failure probability have been
calculated for each of these materials. This paper uses a strain
energy-based model for the numerical life estimation calculations.
The main factors affecting fatigue in solder joints, including
thermal profiles, part design, material properties, and printed
circuit board (PCB) characteristics, have been fully investigated
and their impact on the electronic board’s life has been studied. The
results show that resistance to cracking and the distribution of
mechanical stresses in different configurations significantly affect
the system’s life. Numerical and statistical analyses performed with
the two-variable Weibull model reveal the relationship between the
thermal expansion coefficient, PCB layer structure, and
mechanical resistance of solders. Finally, it is shown that SAC305
solder in the BGA configuration provides the best performance in
terms of thermal cycle counts to failure, while LCCC is more
sensitive to fatigue. The numerical results obtained in this paper
were verified with analytical results, and it was observed that the
numerical method used has a very high accuracy in estimating the
fatigue life of electronic boards. These findings can facilitate the
improvement of electronic board design in space applications.
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Abstract

This paper presents a simultaneous attitude control scheme for
satellites equipped with reaction wheel actuators, utilizing an H2/Hoo
model predictive approach within a switched systems framework. The
satellite’s nonlinear attitude dynamics are decomposed into multiple
linear sub-dynamics, each representing specific operating points. A
switching law governs the activation of these sub-dynamics, enabling
the system to leverage simpler linear models instead of directly
addressing the complexity of the nonlinear dynamics. This approach
also facilitates rapid attitude maneuvers, characteristic of switched
systems. Control laws are designed for each sub-dynamic to ensure
accurate tracking across a wide range of operating conditions, thereby
enhancing both pointing accuracy and maneuvering speed. The
proposed scheme addresses the H2 optimization problem to guarantee
closed-loop stability while satisfying satellite energy constraints.
Additionally, it incorporates the Hoo criterion to mitigate disturbances
and improve robustness. The effectiveness of the proposed control
strategy is validated through simulations on a representative satellite
model, demonstrating its capability to achieve high-performance
attitude control under varying operational scenarios.
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Abstract

This study aims to explain and analyzing studies related to technology
selection in space industry. The second goal is to understand the
current status of research area through scientometric maps such as
keyword occurrence analysis, author co-citation analysis, etc. For this
purpose, the popular and practical VOS viewer software has been used.
In the following, based on the analysis of the previous steps, future
paths are discovered with the aim of space technology selection. The
"scientometric" approach, means revealing a visual representation of
the knowledge structure in the target field. It also focuses on conceptual
relationships analysis in scientific documents published in research
databases. Basically, this method is used to explain the status of a
specific scientific concept and other key elements related to it. In this
research, scientific-research documents related to the topic of
technology selection in the space industry that have been indexed in the
scientific and reputable scopus database until 2024 have been
examined. The total number of documents is 145, published by 40
countries. In this study, the results of the analysis are presented with
the focus on identifying the most active authors, countries, affiliations,
sponsors and other relevant parameters. The present study is unique
to provide an overview of technology status in the space industry, along
with data charts and graphic diagrams analyses, without considering
specific geographical or time constraints. This paper also tries to
present a scientific procedure for achieving technology selection in the
space industry, so that researchers, organizations and even countries
can find their positions for investment, development and participation
in a comprehensive manner.
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Abstract

This paper investigates the implementation of the Block Adaptive
Quantization (BAQ) algorithm on FPGA hardware, specifically the
Xilinx Virtex-7 FPGA, which is an ideal platform for real-time
applications due to its flexibility and parallel processing capabilities. In
this study, the BAQ algorithm was optimized using the principles of
non-uniform Lloyd-Max quantization. The hardware design consists of
adaptive blocks enhanced by techniques such as parallelization and
pipelining. The implementation results demonstrate significant
reductions in FPGA resource utilization while maintaining high
performance and low latency. Evaluations indicate that the proposed
method achieves less than 2% difference compared to the reference
approach in metrics such as MSE, PSNR, SSIM, and CC, highlighting
the algorithm's high accuracy and consistency. Furthermore, the
implementation is resource-efficient, utilizing only 10% of DSP48
resources and 30% of LUTs on the Virtex-7 FPGA. This approach
provides an effective solution for applications such as data compression
in imaging systems and signal processing.
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Abstract

CubeSats are small, low-cost, and highly scalable satellites that have
recently become essential tools in space research, education, and
commercial activities. These satellites, due to their small size and the
use of miniaturized technologies, have lower costs and enable the
execution of space projects with limited resources. Despite their
numerous advantages, challenges such as power limitations, thermal
management, and space debris remain. However, the development of
innovative technologies and international collaboration has paved the
way for a bright future in this field. CubeSats are a symbol of the
transformation in space access and an important step toward
expanding the boundaries of human knowledge. This applied, data
mining, and scientometric study utilized techniques for analyzing
scientific database repositories. Data and keywords related to the
research were searched and evaluated from 2010 to 2024 using the Web
of Science database. For data analysis and visualization of the obtained
information, the Vosviewer software was used. The statistical
population of the study included 1,499 papers related to CubeSat
technology. The results indicate that the development trends of related
technologies include miniaturization and optimization of equipment,
advancements in energy sources, development of
microelectromechanical propulsion systems, and the use of advanced
communication technologies such as laser communication.
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Abstract

Direct satellite-to-Device is an efficient solution for complete coverage
and enabling access, especially in areas outside the coverage of
terrestrial telecommunications systems. Given the importance of this
technology, the provision of experimental services, technical
development, standardization, etc., is being carried out rapidly.
Therefore, analyzing and examining its various dimensions is
necessary to adopt an appropriate approach to dealing with this
technology in the country. In the meantime, identifying satellite
systems that have the ability to provide this service within the
territorial limits of Iran and assessing the technical feasibility of its
exploitation is of particular importance, which is examined in this
article. In this regard, seven satellite systems were initially considered.
By considering the technical specifications of each of these systems, a
comprehensive analysis and review of the link budget in a single
satellite mode for providing two types of services (narrowband and
broadband) was presented. Then, by comparing the performance
results of 7 satellite systems and based on the complementary analyses
conducted for the city of Tehran, satellite systems suitable for
providing this type of service were introduced and technical
considerations such as the carrier-to-noise ratio (CNR) and the effect
of increasing the number of satellites on increasing the number of
accessible points were evaluated.
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Abstract

In this article, the measurement of changes in the total electron content of the
Earth's ionosphere along the path of the GPS satellite signal due to the effects of
the SURA artificial heating system on 15/03/2010 is described. A decrease in the
values of Total Electron Content (TEC) is related to sunset and twilight region. But
a different behavior is observed in the trend of TEC data. The experimental data
obtained from two stations MDVJ and ARTU were examined. The results show
that Traveling lonospheric Disturbances (TID) and Gravity Waves (GW) are also
propagated in long distances, and their intensity is greater in the east of the heating
system than in the west. Also, the range of the waves or disturbances propagated is
about 0.25 TEC The type of waves that are emitted are gravity waves. These waves
were observed in the fourth and fifth harmonic of the heating period.
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Abstract

The expected lifespan is a primary concern for engineers involved
in the design and construction of equipment. Accurately calculating
the lifespan of complex systems necessitates the use of specific
techniques and methodologies. This paper presents an
experimental investigation of a Stirling cooler, as a heat engine that
generates cryogenic temperatures through the cyclic compression
and expansion of helium gas at different temperature levels. The
data obtained from lifespan testing have been thoroughly analyzed.
Four samples of this cooler were utilized for the test, and control
parameters, including temperature and current intensity, were
closely monitored. A system failure or an increase in its parameters
beyond specified levels is considered as a failure event. This study
explores the differentiation of failure modes and their impact on
reliability calculations, as well as recommendations for inspection
and maintenance intervals. Due to the limited number of samples,
various nonparametric methods, including Nelson-Allen, Kaplan-
Meier and Crow, were employed to analyze and estimate the
parameters. The research findings indicate that the results
obtained from the Kaplan-Meier method are less accurate
compared to the other two methods. Furthermore, for these
systems, isolating failure modes facilitates the reliability calculation
process and reduces maintenance costs.
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Abstract

Reducing greenhouse gas emissions is a critical strategy for combating
climate change and requires precise, continuous monitoring. Space-
based monitoring systems are uniquely capable of collecting
comprehensive data on key climate variables, enabling the
identification of climate change patterns. This paper aims to propose a
payload for a domestic satellite dedicated to greenhouse gas monitoring
and to analyze its corresponding platform requirements. The study
investigates space-based monitoring of greenhouse gases as one of the
most significant atmospheric variables related to climate change,
analyzing existing satellites and payloads in terms of measurement
methods, mass, and power budgets. Considering constraints such as
mass, power, complexity, and development cost, a suitable payload for
monitoring carbon dioxide is proposed. This payload employs
diffraction grating-based spectroscopy in the near-infrared and short-
wave infrared bands to measure CQO: concentration. The payload's
optical requirements—including spectral resolution, number of
samples, and field of view needed to achieve spatial resolutions of 1, 10,
and 30 km—are calculated and detailed. A preliminary thermal
analysis was conducted to determine the optimal placement for the
platform's radiators, outlining the thermal management challenges
involved in meeting the payload's temperature requirements, which
necessitate a cryogenic cooling system. Finally, the minimum platform
requirements for supporting this payload are presented. The findings
of this research represent a significant step towards enabling the
nation's space sector to develop satellites for climate change monitoring
and building capacity in this vital field.



:‘5|4.§|:°df ‘Sl.b)‘lf ow b o,lsale sldalgomxo g

ol o yisdy Glol Pl Judons' g dlgorro S Slgaiion

Y69l 33T 1 Gl SlinsS Cuvac

~Olpl Ol lpl (Grie g (ole lagiagh lole (Ml (6)5lid 9 G (owikites 09y, -

e.kishani@irost.ir
Ol Olpl (Fare g (ole slagiegh plojle (Sl wiige 0uSiagl -V
a.anvari@irost.ir -, .|

JS—M od.l.m.).ji *

onSz

oS ool s g ol Elyais b ablie ly wpo sl )Sal, 5 Sy (slUllS slagls Lal ials
slysie ) gl Sledbl (5 jslaex UlF L blad (b ol jeitae 5 335 (b piliase
Wlie sl Ban 3lose wald |y Llsmg] St closSl Slolids oSl ualdl yoris sl
5 o 5 9 SIS GilS b cujgale b agr solsale o sl Algeme S sl
S s 4 G gl las il ibad ol el o sty Sl Ll
Sladgaze g baojlgale 5 438,518 () 2350 paldl jiS b oo (6 phmnel] sloiite (2 Fintee
Lo Wl Ll (55 5 02 (a0 9 Ghori Slaghy, b cilide glaac 5l abs e
3 il Gl celie glgezme Sy il a5 (S Ol8 ez GCudgae 4 ax g
2 M oF e (ecinb 653l il geme (nl el 0ns I sleiiay ()5 STiss
Oeed Spee oyt ()5 SeaSles Shle o (6l obgS-zae 9 a3 1o pssle slanl
S g9 (liwd sl w3 Glae 5 ladigel slasl (b gy ialen sl Wgae (Sl el
St Sodge (sl Sl o3l 5> ila e So el ol g dnaloe agl ST g ) ¢ )
S a5l 5 Agerme les Sl el caz )l slagily 5 easpll oyl sla,silal,
ol Sty Gl oy SN BBlas (bl 5o el oadioly SsalS Lo Sis g
Shop & H9aS glad i3 395 Sux )3 Fhe (U (g (ol @l el oulall )] dgene
9)s0 et 4 0592 (nl 33 Sileud sl g (ool Sl ab sl lgale Garss

(LS 5Oy o ywd
Journal.isrc.ac.ir

9 619L pole alilasgo
@Laé ‘Slbé).g)lf

VAFVFA dio oY o ko pay Jlo
VP Glwo g 3wl

DOI:

10.22034/jssta.2025.516460.1243

$2910 Az ;b

VEF/ /YA sl y
VEF [ OITY 1y

Soals’ (sbojly

SB35 el ool el
5‘5-0*15‘ U‘M‘ 66‘45%
0,lgnlo (g gozxo 'y 3 duST g0
ol Gilwdoe

Ao ol @ sbcw! og2u
(5,5l B glalp SliS Cac
u,.;b 6L:bc)‘5ﬁba 6L:b4\J5w Ls"")ﬁ“
9 9,.;2.@ SO olgrias ey :6‘44'5;15 &5L°’)'lf
doliladgo ! o oy Sl gl o
A o 2 la8 sloo,) 5 5 (5)5LS qpsle
NOF-NVEA SOlras pgo 0 Lo (poxiy
AF-f



mailto:a.anvari@irost.ir

S8 3 oIy LS

ogazme ;o Ll (g5l A5 ws S8 (lalkS sl
Sbml G 9 S o0 JaTe e g 232 1) ()l e Bg0le
63y b Laas gl glallS I ax S gl 0 slals 3
odes Hobas a5 SIS 31 il o cpll sl (5900 o)
slilE Ol emis 13 5 cul ouls e (ga> Cdlee
TA] ol s jlns )T i gy gm0 9 92 5o (slelslS
i nipee 3l (CHA?) gl 5 (COZY) (08 wnSliso
Sl syl S 5l ssye A 5l G oS sies slalS
DI sas o LS5 1) ol

cslE ol ol algese SO ol iy allie ol Goo
a2 so Hlois aS WS o &)1 el oFs imgh cpl gl
Gyl il osgele b 518 o leale S clu 5 b sl
(el ise az 50 g Sl 5Los jee (5,5l8 Slall plas” ( glallS
loptlly (izen 0)lad 3929 p3Y (olab (5 )glid (4,20
ol 2lad 5 )sld sanwss 5 Silses Ll 5o, 5, i
2,5 sales asie @il

Y o 8 el oald aoleilu ) Ogody allie asll
o W‘Qf M‘P ‘_g‘A_xL?Llf ‘_QLQ)L? w.\JLx ‘_tho)‘}QsLa 9 eda
9 Wlie g Gl gy 5 Loolsale cnl loosiomiw gloil F 25
6L®ow MLQA l.) ¥ g)“;u PR éa...ucso )y s.i: Br] u.:L:.n
@ e 900 Sediton (255 wmnSTies 55 by (sl cnlie
ol ol 5 Sl Slalill s adsame slizl 5 Lo S ol
O Gl ool Sl (gilw Joe calsl o 090 o aSls
u_:Lo‘).” 9 S o\.\_w‘al:u‘ t)—‘ ﬁ)j:‘l’ QSLQ)}’L")‘) Sdte g.,.».’ﬁﬁ.a
G5 e 5 o i b allide Caled ) os—diee Ol (o0 8
e yso Ol @

SlallS sl by sleeylgalo 5 6)9)"‘
6l.mo|.> )" L_.;‘cb'b’clf (_ng)‘lf LS‘L»L.....J ‘51).1 ‘)’Lé—\ )

9 ‘)%T ;‘95] ‘w.uy[ leo,lanle ;o 09250 Wb e szl
YeooVEYe-V ol jo bojlsale cpl o oo oolawl ge

2 Methane

A.o.\.if.n‘

bl olgn g Of slagSl jo Bawady Ol s 4 @8l s
Sl emd Gl s ailigm ohgts (Sl slacadlad oeh
ol S 30 il Wy a4 ymmie (g0 YA+ ds Loyl
ol Sl mlbe,S opl slaasls V] el sas Sl
el YU dogn ol gl Wyl Sl gm ] da JloSas
e Sl aS sl Sy g9 a5 g e dalys
2l5 V] o )ls Sl dnmgs 5 (st anelr 2 ()l
ealsmsn] s Sl L 6,5l 5 sl sl La]
Iv] s b adls ol b allio 6l solprins Lol sla,Sal
Oy 0 S Cewl (ol Dlyis do )y 5 by wiels S5 90 2
Tf] ams o gy o Bl las

Jyere lacsyeSosluil e alse 5 O lss ao) 5 Gk Gl
50 Sledlbl il L5 e Slaslive |y ) asins wel ST e
33 pgal Wil ool g Wgd oo Sgume el dilaie S 3500
983l sl 0] wms wl)l e e wlad xie
5 oolial b a8 ol sasanslis sam, s, o slolsale
57 9 020 3 Boetr 9 g DIbL (ouled é sla S
o s |y Gl ol booa 6,5l ul S e (8 )sle
G5 s (SIS slalS dsm o slee )3 Wl ales |
5 65 5 2l Ol (b sladlzs Ghalod (e Gids
bl 4 Sledbl ol [F] a)sl caws @ bys maw s
ey Dy 3 ez S0 05 5 2l 5 T Sl slag
If] oS oo S5

SoeYob ooalin slie el Slod e
5 P headl 3 ey 05 el pulel gla e
Gl 2pSer Doge Lol GilusS 5 ey GlaptsS]
5 6355 5 it ntbrond ( Se3ed (St ol bn it
Olyeds piie 00,0l Jb o V] aiis s e sla e
ol sanlice gz s augs aldl iorin olul glo it
5 opldl Ghuasl 09,5 aw ;0 ol e | o] a5 Siloads s
@ bgre 3y90 V7 itie 00 cpl 5 IV 85 sanatus s
Ll Gl slalE l.QQT SRR IS VP L R VIW SV WO

I Carbon Dioxide



O iy lol i Joloer 5 dlpaco 5 Slgridny (SIS SIS il (sloo lpalo s loalpao sy

QLY oY O 55l sleolsale 5 LS el (onsiacVL|
Lol ,S by Lad ay Yo 12 g Y F Yo cla o o ool
ol oo lsale sl salgams os axlge conSs bV oS5l S
@88 Sl Vlps—29 b ln 6555 » (e miieb 4
S5l 9V 555l syl gl )03l 00 CO2 Jgo 1S (5 505l
503 e Sl egleS e g gl S VOL plp s Y
Y oSol (so,lgnle jo a0 VA Y 554l (g0,lsale jo ax 0 /A
Ol Ol Byae oo S5k F7 pln ¥ 555l o2 sl aily il
Ol b z—25 5 pS5kS YY) o gadsarms o2 (g OV
Dveor0] el ol YYY b YOA il osgaoms b jiogil /¢ F
WS o o3l ul ¥ 5S) g0 lsmle oz slod 5| 5 ¥ oSl
Iyl

a1y om0 i olsale YAV Jlu o Ll lid sl
So 3500 ol (semg s 45 ojlsale (nl (galgezme 3,5 by Lad
sbas wlgioe &5 Cunl 03,08 (il 18 (6 el (govazmin
39500 SeSTi65 10539 AeSTisd vl e s (sliz lojen
Ve g ose g g SV 0 sl SV aldd pasg LIy e g
sy olsale o ipee 51 (o @]y (T 5 035 (Glolids jieslS
dad piored uill cpl sl oo ST Lo e jo ol goanlin
Ol &5 a5 Ol s ) ()8 aeSTies by solgale aw sl
VIO o] S ygale 5 ol oais i ,aeln Yo Y8 Lo sl T b 5
oS AeSles 6555l Lo lsale ol Bun gy walss all
VLl 5 ol aldd geos ced Y G 2505 L i
S8 g Sl jleglS YO Iy (oye 50 Jegl ST o seglsS
CHi Lauseis c85 g fygukin o (25w + IV L plp CO2 Lasess
DAL el s )ls ys 350 a Ll

3 SIS slasls by lp iles saslin cnoss
oS il glailane &yl bl o a5 ol oaiolgiiny
2O )l so)lsale (n g e el ladais ailis
45 Cl ()5 aSlies JI8 Slata i ol gy 25
Slas jo o leale VY Ly oblls o)low a8, SO g
(GUE olalE anits il o lgale sl . oodansls
il SO doolgals ol (goaimi i loly lie ofgdn

aS Cewl oo i 8 0us ausly Log -0l )l ppe—as

L)l (lad GuilsT g (b (olad 5 go,5ils0 (Lo plosls Lansgs
Sl ez glos asile Lame 5 557 sl el )l sanllas (sl
Sl bowad Sbp Lad 4 g slajls cdale
G slayl5 olalis sl bosls ol alsh slap 55l
5 b gy L 4 Jol> glaosls (Jlonll aid) )5 4 50
> slaolsale (Lo cpeen 4 [NY-A] wogs S ds
arwgs ooVl gl Lawg SIS sl (aseis sl
WFSIN

Sl a5 cnnlie g0 lgple (ol jauiS Yoo d Lo yo
5 lie sy 0 )lgale pl Cujgele 0,5 by Lad a1, () Cewg®)
19 0,1l iyl 383 0,4t uliie o (IS olalE clails
555 elis) g azys WN-F )l s b Sinl and s o
OlF @, SslS VYO« olsale cnl pym IVF] s)ls 13 jeols
ol e Y ox VA x YIV 5T olal 5 ly YA o] 5
Sl FTSY) 458 o5 kel S ol o] sloalpome
2z lepgal Sy osr 0 SIS Slagls clle (g ySe il
el Tg 5 Glae D13 5 bl s o5l sl (CAIY) il
Oladads e figole (riwiinl by, 5l eolitul b esimi
b Wbk 0 1 e gl ) edd S (g90h)0>
Slalds o8 Sbjs)l sl p 2o sloosls 5 0iS co (6,03l
5 byl o3k, 80T sl CAl sonimiw (izmon ap0 o )
b Wbz o 1) il ngal 999,00 ) A lse 55 Blee )3
ol DVF] ses o plol ooy 8000k 5 (S sl o
b CHa Jgo 15 CO2 Jgo 8 (5 50505l0l 4 o)lgale
by Sglis oad Jlo i jals dga )3 Blae D)5 (555 Gos o
IS p o (SiS 50 (AL Abg 5l JedglS il jsld g LS

Lad a1 Y cwsS goylaale F VA Jlw jo cpls caalol yo
Lol 3g 1o 1, 1 CassS (slrodizminns lod o)lsale 1yl 0,5 by
ik 5 load sy g sl i GTFTS (il gosgume
6o,lgnle ol dad e (plf el AlBlOgugy Gud odiziw
b slar g aiS Cbp Lad 4 VY0 Jlo oI, ¥ censS
b aiS oolii sl (5l ()98 » (e giciab 68 o
Iy slalsdls slasl8 Clasliw 5l lai g 900 S i ligy
DVF] )90 ol

4

Cloud and Aerosol Imaﬁer 3 Fourier Transform Sﬁectrometer

A} V.Y QLMM) 9 ).ub @ge o)Lo.»i) ‘P)Lé.—'.,’. JL«J— @W 6&.),3)15 9 ‘s)gl.lé ‘p9l£ ngb/



S8 3 oIy LS

20 FoskS ¥ (T (lad ooy 5 ) PPM 5 i o] (s o
IY0-YF] 59 walys jiesls ¥

Ol e &5 o b e 90l s (s0,l9ale 5l > o
ool dangi b0 LedT g a3 augs S e jsboay 3 ls ol
P ok 8 Sl s S sloplol 5 6 xSojld 5 o)lsale )l
oledl Gosge p jlad oz Sl g (2lb o)l 5 e 5>
Ol el adl b Gouges 2 ojlgale J5US g el st s
9 VPYOI0OY) wslite slogsesb b 55 by 50 5l 0)l9als
S e ool e 58 5 uF0sladl gl Gregili VEFO/ATS
Wl oo e yo> )95 dr (Sialy pae o 4l gosizmiw
Lo lgale ol wlaseie [YA-YF] 0iS Jae jlas 10 pglae jsboas
Lol ol M gy (V) Jgoz jo

SIS bl ol gbolgale IS Slaskiv () Jsus

3l elisSzae 3o 30s0le Esedsh sodgamme 3 1) )l ppg—a
5 o YO o] lSe ry gm0 e plasl Zagli \ Ve o LS -
50 oo lgnle (ol el joghS VY o agkSVY T 0o lose
DAl ss oo 55150 5 oSy 5l plie i slolis &
2 Ola sleojlsale gae g Loy Jlad jsbas 55 enr
0 iy YoVF paliod 5o a5 e g0 lgmle onsl )5 aulio
S5 so)lsale gl el oo BLL (255 (s0)leale (g
el S anSles p ol g jasis 4 aS caul oo
elas )l g ax 0 AAY o b Sl ol j95 o lgale ol jlow .5,ls
el a8 518 saizmin g9 o)lgale pl el JeglST Ve
ot 6l Vb (G 2929 b Gl ()95 2 (e sk
S0l (sl (i B Sl psal SG g (05 SSTiss
IV ] el CO2 Jga 7uS 5 (3lae D133 (695 Bos w50l Sl
Jlae 0 ¥ ppm g (8o a4y CO2 o i3 0 c s
10 Slez oS e meis wolsale ol Gas el atilions
S dnwgi J 50 ez uizred (el Yl B0 L g 59, e ples
Vhzsos b oS @l )l gl S8 o jlsale sanglaie
S SLSE a8 s SzrsS g0,lpnle o el wol IS
sosloale WV cnl ol 6 5aslS Ve lgs (250 5 e Yo
U JNE N R N IV SOt
01 6aels gblis 51 Jlsie oo, F LY ablys o 45 018
[V1] sas plil 59, Jsbo
05 iy Lib a1, 0 53515 o lsable e ¥ VA Sl 4o
Slp el jebdras el ootz w cpadz glils o,laale oyl
ooy b Sogll ol b b g e jlaime 0l
E—iel Sl SRS GlajlS k4 b ye stz

NE: .| (113

9 | 0 ) &, g ) -

EN 2 Y N

o P T S A = S A e A |

& 0 I N B S B B B

CS I 2T

Vao | Ve [ Sealas,es| YA-- [VVO- [aA-#| £85 | Y. -4 | GOSAT-1

Vs | Y | Sl acs,es| OV | fae [AAY | Vea | YVF | OCO-2

Y Yo | Seelags,gs £oe [ FYe [ANY| V- | Y-V# | Tansat

Veo| V| Rielagdyes V8e+ | QA [AAIVE| AYF | Y-1Y [Sentinel-5P

Vae | Ve | Sl as,es| 8 [VY-- [AVIAE| 5AY | Y-AA | GOSAT-2

Ao | Ve[Sl agggs| = [Vree[AMY | VoA | YA Gaof”'S

arlad oSy
Vveis |y $oo | fo- [0VE| e |YVa | OCO-3
el

Y R I O 6 ST IRV Ve - - | Y0 | YY) |Gaofen-5B

-0 [Selasyg| - - |ANY | Y0 | Y-YY | Dagi-1

a- ;

\’ Vooor| sl ans g3 OY- [YR--|AA-8| £55 | Y.YY |GOSAT-3
- - - | Y-0|Y-Yo | Daqi-2

voo | v | Swelasses| - - lavv |y [v-vs | cozm

- - [ Kaalogsyes| Oe- | FY [AV/F [ 0-# | Y-YO | Merlin

RIS R =S| - LY RCE SOW

4 Ngyeo )5 4 S b 6 Soslasl gl aS oleodizin
3,551 sl )l 3e 3090k lagiwinl 5l odes jsba

e e 68 5 @l Jlai e cul S cplog e
LYY=yl ass o oolitul Yo b zodgts (ydams,
P 2568 fadl buze by s0)lsabe rrizes oz
Oddsl plsieas olsale nl )5 Cliy Load ay Y- (Ll
et sl gl Jled gonimin 5l a8 col o> g0 lsale
2 odle S e oolaiul ) PPM I sy <o L COZ cdale 5.8
Ol o aalys Sl YYD Jw ;0 a5 Y 0565 o,lsals ¢y
5 JUd sosizmn 5l S it gosliinl b oS il le (50 )lgale
D305 o0 Yzguog g CBo b 0,5 aS g pluls 4y Jled 8



\ld!

O iy lol i Joloer 5 dlpaco 5 Slgridny (SIS SIS il (sloo lpalo s loalpao sy

seig o ale Jan ol JLa ¥ i o] et Jobo 5 55
Lol 4330 AN (500 a9 yiaghS Ve e glas | b oSl
Slsline SIS lagls b salseme SBL s
il opdle il sdlgane 39 428,5 JL 10 il soute
W8S (oS (Brae 5 g o (Sl icmlio S 5 il B0
5 oz 2l Jsine 5 o] ganje 5 cole la Sz 5 il
Sl bl 5 o5l 511y 5SS Slai lgame oS e o
5ol wwle slo Sauzmy 5l S oo bl ojlsale (gais )9
Woaze Sloiinn slp 4854 (Bg) wallee o)lale 1S
o 3 SIS slajlS b slaoleale sladlgeze (o)
Slop il 5 5925 i sy & a5 b o] 53l i
slasl haly laodizin Glgs g o2 (V) Jguz 50 ol 0924
sz ol illas el oaad]| Ciliss (sloo,lsale o (glailils
e g Oy Bpae (S ¥ o ¥ 5S4l slaejlgale oz
30 5 e 0,lsmle (odiziw ol edioiiw ple Gl jo
Syl olas! e il 4 oaizis cpladlogls (198 cow 4,

.u\J.)L) deL )L.m.: b_‘a].a.c U‘?"ﬁ ‘n).>).‘.> LQ:OA.M ).:Lw

Gonioiuw jo Llize s UK ZgoJob cdgume Wlo > (V) Jgo
SIS (S 3(5 il Job

lf LQJL)LT ocsm L ] LA b
R )90 ok ey o,lgale pU
(ye,550)
OS] “IVY G - /YOA
s 5 02,5 ST VIVY B V08 b il
b 5 5 aSlis e T GosAT-1
oS aeeSTgs ¥/ A G VAY e
Ol eyil o, amnSTgo ARAREININ
Ry -IV$0
oS Sl VS , . 0Co-2
ol ey 2
O Sl Y/-#
ST SIVYA L -/ YOA »
(Gnd) oS aaSlgo | VEYELAAE |7 ] ST Tansat
s s
(659) oS aeSlss | YIAY b Y/ ¥Y TRe
YV
SR G -IY
SEOL Y| e il
Sentinel-5P
IR Sy )9

SIYYO L - /8VD
AT RYAA A

6 Short Wave Infrared

V.Y QLMM) 9 ).ub @ge o)Lo.»i) ‘P)Lé.—'.,’. JL«J— @W 6&.),3)15 9 ‘s)gl.lé ‘p9l£ ngb/

sk 5l g s> Sle jhwgmeyd 0 (S aSled
QS g0 00l CO2 JS' fgiw (ob3b sl oligSzge 5580550k
Srwoil g ypo pelan 5l oad uSaie iy 93 98 3l lnosioriw oyl
s plxl |y 395 (sla s 1T o3l b oS oo 0500

b sl slad 5 Jgesoyabay Jlad gloodizn  blas o
dnS1 58 aiile SlaldS slajlE e cdale 4 by o ledls]
L sy ol 99 (o lad (gosizmin aiS oo eoliiul Glie 5 (S
4 gy gaedsb S oo Jloyl Ty Gisals g (pd) slazse sk
zsedob 5l hsals zoedsb 9 cunl 0035 CO2 Liz zge sk
4...4‘0 By 05'“&50 OQLM‘ é")'“ L)‘?'“'C‘L' 9 w‘ )50 COZ uu\>
oolaiwl (T o3l gl 59,4l 5l Cels o 30 Wilgh oo e
I¥y-va ] sgs

S3b ol 5 e b pue slmosizin Lol oMt 51 (s
3l ol sloools poran Wgd aseinl gasels b Solednw
Sasly 9> u_:‘).ul; el 5 siledse 4 5ks bodssun
Jepll ams oo Gil8l 1) Conhad pac aS wi)ls 0 08 g 0l 95
OBl g auS s @2l 31, (glos S il (Jled e slaosioin
Lo T 1,50 b e ol 5 2501, SRS laglS sy il
s B il blae o e slaodisin sl gaS il
(V) Jgozr 5o aiied i (Brae Ol 5 dgome (il
Sl slosE il e lsale jo aid, S alises slo g,
el 000] L{bQT calises 6LbJUL§ C?"’J}‘a (503935 g

38 ol ln el sdlgome S5 oL&*MJ
Pty

O deSliss Clale ol o jpele Baa a2l 5
e 2lolid jolieds conlio (il 9 S0 z929 L lnl 92 50
o) el a6 Sl §f Sluiiy 5 CO wlys
(NIR®) 50 ,3y50l0 S35 glaaily jo Jleb d (soizmins jlo)lsale
osliiul o3ls (g slmax slyy (SWIRE) olisS—zge 30,3090k s

5 Near Infrared



S8 3 oIy LS

®
3 ol sbao,lenle 31 5w srossw ylgi 9 oy (V) Joua YIYAO B Y/Y 0
slalls OS] NALSNRAT
oJsale o |GOSAT-1[GOSAT-2[0CO-2,3[ MERLIN [ Sentinel-5P (o) (8 3euSlgs | VDAY G VIBFA  |nlog i W@Gaofen% A
- ,, (VA
osimiw oy | YO Yo ") VF- Y-$ ol V/PAR L VY B
(S 9k5) (658 )5 smSlgs | YI-OAL Y/ FY
iz g | YN Yy V-0 \o- W Syl gricb
() 4l b gp-s 08 | GHGsat
03y 30

Oty sWgomo o T3 "“”4

Lg‘).g FU g;i“"“ GO SO ‘6¢M 6‘\-]5*"-"
B 53900 )1 4 pnal] ()5 nSlies S5 (gt (5 50l
Yo7 g VIFY) (0,5 uSlso (g pSosladl gl ails g0 slyls
GogSn +IY7) 5aST (6 S0l (sl wile SG 5 (o9 e
Soop sy jo 1) Cawlis pay Sl yeg S V/FY Wb ol
YIo8 g+ IVF Gloadias e o vos oo lis e g as
sles (gl e JLid o gl 5Los g0 Sledbl «yieg S
SD.JG C5“a5 .\MSGA p.%‘)s |) )L».C u_:‘)é 9 L‘bf‘ u_ii)l?u ‘).o_w.o.:‘
OS5 de—Slss slasil Ak g—dg g WV v 5 ST AL
AR dRCWIR SIS

SOl (o sl
599,59 u‘j.».ccb S Conl k-)?i»..l.’ 0w u.:‘ £ 3> U"J9|
4 35 yeie Oygods |y 0ddisyslaez 55 5 WS o Jas 55 (54
65 gl odizin j0 a8 o Colue Sl w00 sl i
SPE aold Cos) S9lS Cand b o KulS g4 5l eSilds oyl
)| o el odw:‘s>|).|a laosls cds WIJB‘ 9,9 She 6)51&“?
0355 Lwlyen ) 5ilendsS Buw 398 o s5ileddsS 5y 558 e sSls
2 Sl g Bl gl kE malS 5 glagiy
W PP SUC S S B AT B LW ‘5>|).|a 9 (s> slcgsgaze
ol G alolh 5 (0 Sl g5l 5 oolinalsyse jgilardsS
) 4l 35 ol (0 Kl b el sl 5| 5SS
JrS 1y 555 e a5 ol (45300 (ga] G 5 p2ie agl (sais]
31og oFledsS 5l e gbos Solia (Sgl8 (abali 4 5 WS (o0

@ S ¥ o5l g0 lale w0 (Lt 55 (V) Jgozr (o2
Pz CrreS WS oo il ) 52 weSTes a5 alaojleale S0
e Gl o s, G e 5l sl ) Ol Brae
Jlos 5 (o) 2 SIS slasl5 il sloelsale )5 oalinuls 5o
ol C lp @Bl 488 b (el S
a5 oo b 1y il oMbl ras 5 00,5 oolicial g 5l
oo99zme 5 W g 4y JuSo Y il 2905 9 p5lse oo @y
o olS Lol cenl (miwcial (29) (nl bl 5l iy ek
2 (e el )0 el a5 (Sl kil 00
b szl a s a8 o0 e SMn o8 Sl e 6oy
o gy ol 0gise Cad Ly SET langs e g 00y 325
g foolw ay;98 bod mwab | el i Zaog cpdls
doss 4l 93 (595 JHI S g 0m s pld (im0
b bohs g uiS o ool (S el olbx! (ol Blads
sodgame Lel Cenl YU« g, ol sl gy S ol |, ool
S5z S35 welr 5 alfaiz (il sl g ol SL T b
JA YL L bwgie Cumdg )0 w2 (Suzmn Sl o)l Cosgase
&8 S b 6995 45 (Sl e (il (3 3l
Gl Sl oolainl b o 5 99 g0 S 5 Ogliie uilS 3 L
) ol ogdier xSl ol el ¢ il (6,550 5 Blads aas
@ M o8 p e (il by Wl a5
ST 9 AR s 5 elie S 5 S (o )l Lo
Godizinw Culgdye Al ool Ladd cwle eSS
oxte Al )8 p (e (riwinb by, 5l 45T 959 o lsals
ladgaze (o )3 (Bras OlF g ez S S g e
@olgiidn (godizmin lyied Sl alie Zuj50le b sloe lsale
A0 5 O]

7 Spatial Heterodyne Spectroscopy (SHS)



Py

O iy lol i Joloer 5 dlpaco 5 Slgridny (SIS SIS il (sloo lpalo s loalpao sy

FSL S Glaee il o0 iy S5 Sy plolis
5ol ol Gl cuw Lol 22 (S zo—dg sl 0925l
S z509 as (sl s Gl A 055 o 525 (LSl e
e, 35 slaws 390,85 anlie (0) Jguz 40 g sodbdmloe calizee
ol s 9 gk S Ve (g lae glis ) a8 b eolal 5l o lsale
=2 S g2 sln Sl 59, 50 ;38N 3500 a0 A
Lol foghS Vo /F )85 5 50 (Sl lgs (550 ¢ asl S VY
plod Galy (e yieskS VPFANAD) jo 25 ol oo ar azss
Ol onl ede o iS oo Jsb 59, YT sga ol sldl
3 Sl j9S gy Clas 5 (Sl g SOk e (ol
OSlJlg 2ye aghS Ve (b s S sy Sl Oy
T 55 5SS il 3 el sty il kS A
Sl 22 g S ¥ (dse (e pg—dg sln 09—S o plx]
Sy 0 55 U5 il Ol 3 e inshS Y+ 4 o

b os ol 59, V¢

ozt (S| Wlol 1 :(F) Jguz

ke ol o
fia S s
oboly e VOV 0 Glaee
A gt olaws
Ve Solee S5 Wged p2 53 Sy Sl
VIEY 5 VO oy5mST sl siag S+ IVOA Tsodsb Sl
OS5 Sl (sl ey S
YIAY 5 VSV ypanST sl yiog Seoo +/VYY Tsedsb siSTa
OS5 Sl sl ey S
O3Sl VYo e e 5l 385 b zeos
oS Sl sl Ve 5l 5S 5
agod yr JuSy V5l 55,5 b (6,10 paiges

sl IS Giul glojose 9 Se zadg o lio :(B) Jgua
Al slwss (luwe 6l Hols

slrpYoley | ead oSul)ly o | (e zads %0 e
9SS b o)lsale )35 a5 =2F =2F
Gsp) (fraghS) (raghS) (obsly )
Y- Vo/f VY VO-1 ¥
Y. A ) Nf
Ve e Y- rYa

V.Y QLMM) 9 ).ub @ge o)Lo.»i) ‘P)Lé.—'.,’. JL«J— @W 6&.),3)15 9 ‘s)gl.lé ‘p9l£ ngb/

So b, slogin s Rl s WS e jsee HRIM LS
CodeS 0aiSlyy H95 Bl by g wmd o0 jeue 1) olE (gl )N
s & il 5l yaee Gl e g8 S oo g | Lo JLSns
SLJUE & 55 el Ay pics (nl D95 o0 Culia 4,
b JBB aw coniomw ol jo ol sage |y il b
SIS 5 cy3nST gl yiog,Sae - IV5 JUIS s ol a5 5 )5 055
JUS o 950 05 5euSliss sl siagsSen T/ 5 VY
4 )9 Zaled)s D9 se Julow gl S by i jobas
ik Szl e iz ol sakby oS aw) e ek
sledsS (63959 Jled S Jolds il sl el il
S el (GB3b e o g chhanie Bl oaSh (o) LS
el 5l jgu 5l (b 49803 oo lasl ) (aib g
S gl S 4 1, ] 45 598 e colan jlo,KAT 4,

23S oo Jlo) s @0 el g o3l sl g 93 (o0 s

s (S| Wbl
s 00 Syl el
9 u;...x) A 955‘ o)‘s_mLa (GO g_)l.a‘).” 9 W g_)L.....:L?:.o
S5l s ol el ol el oa ) (F) Jgaz o

uuL_m‘ » 6&&3‘# . dam

295 & JUiS s Sl S50 9 i 35 Sl Sl i
as crwl Fee sl i 3lis a0 e a4 JUSw Cod ol
b sl ISl 5l ooliiwl il slaail 385 Gl &,k
Oldas puizrad ol Jaaz BB aigs ool iiloy slapis 631
A delss (Sl jlgi o e cwl sobaid 3 ks o Lol s
@ Sy Ve laosls (6525 e S0lee l diges o oS il Wiged
@l sla JULS slp ool (slaesgame .aul co Cws
ol @8 sb)ly pandis Ol (ST g 25 SeSliss
JUE gl WY e el i ek ooy S o o0l 3 1) LS
oo e ,S anSlg0 Gl JUIS (gl Yoo v e 51 s 5 S|
Sl paige (raizmed il oe (Ses | 551 Slag g B0
Iy Wools (18, cows 3l digad o (6l JouSu V5l o b 2l
w‘ J_SGA QM ‘) Lhd)afo)‘.\_" 8o 9 ..\_QOGA U’“&U
g bojls cdale 585 6 pSoslail Gl ) osimw b o S



S8 3 oIy LS

SINDA  Jljéley aslipy 0 599y olear odnlcwsa
w,lsle gadgl Jao )0 zolaw glos 5 <85 1,8 coliuls e
it o o Jsale 1518 35, bl alo e cnl 40 A daslons
ool oaiazd 5 a3 s adats ae sla,l B0 5 o0

Ol e ]y elsale (oSl sloejlss (ples Ol (V) S5
slosleale (ol Candg J S aSul 4y az g5 b aas oo ol Joe
o)lsale (i3 yz (s, b ol ol 5 sl ojsome a Jolas 53
A sy b pled ol L S| (S 095 90
odablio &i)ls )13 ol )3 45 (2gzg b aid 5138 0052 Ll
ol sl Wlaa 5 o3 o)l J 58 jslaioay cnlplos s055 s
Wiz Gle glagh bojlw (osil> gshw JS (il o )lsale
g oaillig

53 Joe Gg8 Az g sl wgie sl @l (1) S5 5o
a5 by il (gblg sl s el Coraidg 45 e g8 S
S L olgale lEgh i enol odbosls L (4,0 +3+
St WS 5 Cl a8 515 (loe O jpoay (oD )55
o)lpale gl (pl Sl 4 az g b oS ood SBL o 1) G095
R0k (Bl Gl b o ls B gl jeme sl 5o
1y 59 Sl slod cnl ol sl yio 525 o)1 (g900l 5 (e
Do Job 5o az )0 jio by sasly 0 azy (nl S e 4y
Sl (o i 9 WS (o0 S8l o Iy gt ye L G yiten o)
G0 —Ae Dgas wapl aS s Sles o5l ol jo 1) Las
Ve g o m by bls) )3l b )l g 815 (Sl
oS g onl 400y (a5 )LD liee e a4z o
aS el S 4 pY 0yl Jgi yu Led  pomie e )0 gl o0
Oolie sles @z )0 jio Lo sasly 4 Cod sl 4o
Slp oo as ol s oo Lazg pl «je—o 2,0 .05 00
Syars § LB ool CapBga o Jsake (sl gilol, Ll
Ded odildg Yaix Hle glogn L ol

15 olsale Slis gamio gl |, Jobs sles oF) S
@ g, 0,lpen Sl gamio aSlxiljlams o lis alisee sLlg;
5 70l ()L Lo pil cos Sase 0T Gles el (e
Oyt it Sl L5 358 olin (97 5 Canl (e (0]
59 95 o0 0dpline a5 job les .l Bgaste i dzras (pl obeo
@SS i oty LS Glae l sgase galals v
3900 By Sugly b Lod il 9o 45 990 oo 00l mhaw ()

CRVE SO S\ JE AN ts“’)!f‘

Oygods 45 ol Lo, K0T aw (golpidn Godizmin B
Lloals  beS w2 4 Sl Ll Ll wlas S8 i
GOMLS S s 1 00liiinl b ¢ 0,5 aunSTg0 (sl 100
sl VA los b 3enST o KT 5 sl VY- glos b gl S
L, 1 3 U 5 1 (Sl i 5 s s sm 5
sboo ;o S oo Jos ol 5 le 4z 0 -Y0 sl oo o>
p9o Hebol) S sl o (55l oS sile Az 0 -0 VD
$lp U cwloadad 3 b o ol )8 il az 0 -V sleo jo 58
Sels 3,25 15 oslins o 1 iy 25U S (55 S5
pdlliions s9oxa (slily 50 5 (e 25 S s9ale plin 43 0)l5ale
g oW

SIS sliinss 4D ol o e Sl 4 4z L
@5k jlre gles loodgazs o pyatly 5 dsese Dlige
ol JFS ey o 55 Jlab 5 b el 5 ool
aVair sl clogn Jels Jlbé el cl ojlsale
Sl JUl Copsa g ()l slapld g (o glagidy
el o fyale slo gl 4 ojl sl 5 s b | 5
Calsn s b 5 slody) 5 55,8 el 55 L

o)lgple gookuw ()l > s}wJM‘

Zawl ool Lo Joo Sy 0B g 12 50 l9be (5,1, Je
Oy Srbds g oadaid F L 50 ad ) b Joe S5 mlas
b ol o a5 55 Sligh pelas il 00h o paillciess
iy G155 0 ondigy ks <55, b el Lol o
e 0 o ylsabe ol sl <AV ainits Ll g 5 - /1D
el 00418 5 a5 )3 (5 eghS Ve e gl 5o g e

S5l 51 eslital U ojsale goddiools woin o
sl polie (18,5 ,la o L g ol axs-Ls Desktop Thermal
ok 2 )y ()l layls e 30,8050 5 g0l (g0 o>
Sagly 23,5 dlro by alise sbls; il 4 o)lgale Calises
ool ael jo3 Gl sy 5 0lsale (55l0e (Ao (e sl L
sebieds WIS oo SeeS 0,l9ale (59, Ay B Oliee e 4 g
e Sl slagls polie wjlsale Jao Sl Jelos



O iy lol i Joloer 5 dlpaco 5 Slgridny (SIS SIS il (sloo lpalo s loalpao sy

50 100

e
=]
=]
|

]
=]
=

-10

-20

-30

i

-50
43 )0 > L as
S sLlss 13l 4 oylgale Juw Gl b Jolai gloo 1(Y) S

o5 sl 4z )0 = Jolas glao

p yoidy ol

B b soli—in so)lsale sl 5Ls 50 eyl o5l
Fo ) B3 L (gt ghafie g e ¥ ol 4 Jlao (lalils
S Ol 09d Gleaez ol Gdlgerme 5 (ool Sl B el
eob 555k sy Pl S Sy L 451 3050
Ol O yimtion <8l 30 jolateds .l Dl v+ Sl iy 092 oo
Pl oz Jo Lo Jily 9o Sloe an o a5 (005>
YO o)l ar golei—ing jLisyoe slas b cul 5l pjinly
b 50 5L550 ()l B aiie ()59 00 IS 55 5 g el ]
oolaiul b g JUsd (g, 4 0)lsale (g5lslsly anles el 1) loe
WCoxdy J 7S Gl K sl 050 planl (2515 slag 2
B9 o Slpadin gyl (6T 03Il axly g o liw (goduS Codss

by @5l 58 slaosls (5 yslpex jshiteas logivwei b
s ity (IS QLS onlply ils 585 (6 oS Saa
Soyge a0 /o) il joli b aygly Laas ol (g pSailas (VL
SealS 4 i Wilg oo (g9,a0lis s (o malS digS o |y g el
Soal 5 s pSalias gluk nl 2 egdle 0gd laosls CudsS
Jsb 5o ojlsale atulysl slacS > b i) 56 o ls (sob;
Sl g 3 5 gy ssbas bools 5 oad (5T sl Slaslive
JrS e S i Ol g 330 Sl 4 5l Jds 4 g
093 4 Mz ojlgele (nlplo g Conl (55905 p il (g097e An
Y RUKPENT

Sl eist (soliing sdlgerme lod slajls b bl s
2SS o (Sl (mly Sl (slod o sl ST (5l
5 Phb )eiS 0 oSt &S Cul jlisyee (plad Sl S

P 5 LS mhaw @z 4F g Az - 7 glo sty 5o
Ot Sz Ol A 0055 o0 18 (ol L lade o i
100 sblsy o aSil 4y L5 sl o0lzdl 5Ll Ll ol o Lo e
bid g cunl jlaie (5268 gadl )l b @z y0 -0 g az e
Slde (2 2eS sy o0 398l 4 (e 080093k (1> LS
Sl los aSul 4y axgi b conl ooloz, Llgy cpl ;o Lo
oalsazd § a0 ol )8 ol dx o Gy saie 090 ba,gibol,
w)lgale (nl sl g oatio il ,g5bal, (lgieas 1 mhan cpl e

el 5153550 (hol o3l 5| Jitns (sla)gbiol,

150 © O

00

Ul
[=]

o

84.5 85 85.5 86

a8 il am o s o ol gleo
o0
@ o2
wn
®

50
= E = = = = = = A = R=—= k= =]
-100 ©
Sl o 1 0l
""" Vsl o lms Yoo aylps = Y il elas = _deojlas

olgale Juwo sul: so,lgo ‘53‘Lo-> Ol s 1()) S0
0

-100 -50 0 50 100
-50

-100

-150

-200

-250

A D = 2 l_]._‘aL-.'i él—n._‘a
B JL gt

-300

430 o p L dygly
iligo 5Ly SLle) il 4 eSSBS Tl Jolai sloo (YY) S

V¥ Lo 9 by g o)lod ool JLw — (2 Lad (sbs )5 g (559l cpale aoliladgo]



S8 3 oIy LS

90,105 Lid > o] 5lss g0 myail 1 g ol 5L o pSailias @l
0l58ls 0525 solad . Cawl 0 j97e dus Cundg S pltunns dio S
A Az g 0gh edildy aYax Gle slagsn L sl
ool 5L 955k (a5 sla il

S Gl jshaieay B o jleale S cale 5 ik o
5 @i S ghite o b slojlgale ppatly a4y ()5 STiss
bogdil ondyss sl 4 jezme a5 Conl 5l e 90 Jsb
Loakal) )0 Geigred a3l ojgome A Cundy JFUS e
slady cole 5 (Al @V O)l> S5 phes )
4295390 Sl S Glapta § e Solaa oo b (Sl
sloglly olulid Sy 50 She (S (Aagh (nl 005 )3
Cle Goje> A Dy Suxr LeiS (@lAd i sy Ui
ke o 4 5L5 oS ol SIS (slajlS b slae lsale
s g baiye (B R S sl dnngi 5 e i 50 mems
30 E3090 plole g BT o8l il sloosls (g5luaiins
5 95T 3590 55 )28 (Lad (6318 (mmasiie o3l (slaiags:
[yo-vfl el a3 515 coonl

&l o)l

"l i ylo B hian i Lawgr g8lio 5l digSmn

S1oyu3 g S

Vede AN VY 0SS L gy b jlass § 0 sl allis
Sixis 5 ol slotagy chajlw o oo b a5 2 sle
3 5is g 10,08 Colye alwg oy Lol oo pladil 4y ) 5l
28,5 o0 3l pree sl

&l

[1] Intergovernmental Panel on Climate Change (IPCC),
Climate Change 2021: The Physical Science Basis:
Contribution of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change.
Cambridge, U.K.: Cambridge Univ. Press, 2021.

[2] A. L. Salvia, W. Leal Filho, L. L. Brandli, and J. S.
Griebeler, “Assessing research trends related to Sustainable
Development Goals: Local and global issues,” J. Cleaner
Prod., vol. 208, pp. 841-849, 2019.

[3] Intergovernmental Panel on Climate Change (IPCC),
Climate Change 2022: Impacts, Adaptation and
Vulnerability: Contribution of Working Group Il to the
Sixth Assessment Report of the Intergovernmental Panel on

)5 iz g ol Lol (50,l5nle aSTowTjl ilods azs L
g 0,00 )18 ah e blde ;0 a5 2y o wad oles LS
097y (oled (nlplh wedioe ol olsale (il 0s2y nlu
Eyoge (| Sgd oaildg HVaix Bile slaggh b (Gl o)lgals
0979 $9) Ols ) and o> slafn 45 098 0 9o (rizren
sk b s> sl bl 4 amisys g ols)lE o lsale il
]
Slr JeddlpSe slog 2l islangly potngs apas sl
pynge GanSS (gl mmbline loSlos 5l g @8 8
Slog s plp jo ) o)lgale Cowasly Gl af 095 o ool
ol 52 ogdle LIS o prari Ay il L aile 215
b el gyl 6T o3l slaaxly g o b Cbo, cpauz 4 5Ls
hol Slbd jo 22 595 Ojge 9 (> 0)lgale pslae o Shee

6)-54-’“*'9‘-‘-"4

sla)ls (il slaojlsale elyil (cwyn 4 pol> calie o

ozt Ky aled,d 5 A 4131 o] glaalgare 5 (glailsdS
sy Sl (Fammy S ol s 1Ol el &S
B ol ekl adls 1) (Brae Gl g px Sl
2 o9lotemie sodizin (nl s S Sleidn ()5 weSTso
slash o Ay o8 2 e b 5l sal
9 VI7) obsS—gge 30 809k 5 (Fhog,See + VF) Su835 50 Sy90le
S5k 35 e g S oslwl (sl g 0 (o0 Jos (g S V- F
et b aS el S8 4 p3Y 09,00 ) 92 g e el Sl o
G o3l L il 4 ol ssimins ol ¢ ek (slauil
Sloldl sl 35 Greg, e VIV 5 V/PD) e 5 alexsl
Ll 525 5 o Slaslno ol s 0dizmins ) 5903l it
Trosh s @lp ad e ¥ 55l o )lgale gosizin
Ok LSy 59, Y0 5o 5088 IS iasl STV B o9 50 SlSe
=) o)l 292y S 99 S (b w5l Sjge 50 09h e
ool -V el wis lawse (o8l gl oS SSG zasg yialS
OBl gk SV Sl 9oy et b slolgale (sanshiie
ok 50,90 Sl 5 998 o0 ool wliale O jsoa H52S S
gozmo (nl ) wals JLoglS Ve ay e b9 o2 039, -
5 YL (g9 alis cdo b o paly 4y oS slaosls (5 glaex sl



\#Y

O iy lol i Joloer 5 dlpaco 5 Slgridny (SIS SIS il (sloo lpalo s loalpao sy

radiometrically calibrated products,” Atmos. Meas. Tech.,
vol. 10, no. 1, pp. 59-81, 2017.

[17] A. Eldering, T. E. Taylor, C. W. O'Dell, and R. Pavlick,
“The OCO-3 mission: Measurement objectives and
expected performance based on one year of simulated
data,” Atmos. Meas. Tech., vol. 12, no. 4, pp. 2341-2370,
2019.

[18] European Space Agency (ESA), “Copernicus Sentinel-
S5P.” Accessed: Aug. 21, 2025. [Online]. Available:
https://www.esa.int/Applications/Observing_the Earth/Co
pernicus/Sentinel-5P

[19] GHGSat, “World's first commercial CO- sensor in orbit.”
Accessed:  Aug. 21, 2025. [Online]. Available:
https://www.ghgsat.com/en/newsroom/worlds-first-
commercial-co2-sensor-in-orbit/

[20] Y. Zhang, J. Liu, L. Liu, W. Wang, L. Wang, and D. Wang,
“TanSat: A Chinese satellite for global carbon dioxide
monitoring,” Remote Sens., vol. 9, no. 6, Art. no. 596, 2017.

[21] G. Meng, Y. Wen, M. Zhang, Y. Gu, W. Xiong, Z. Wang,
and S. Niu, “The status and development proposal of carbon
sources and sinks monitoring satellite system,” Carbon
Neutrality, vol. 1, no. 1, Art. no. 32, 2022.

[22]Y. Zhao, Y. Liu, and X. Zhang, “Gaofen-5: A new satellite
for environmental monitoring and analysis,” Remote Sens.,
vol. 11, no. 6, Art. no. 674, 2019.

[23] X. Liu, S. Zhang, and Y. Hu, “Monitoring of atmospheric
greenhouse gases using Gaofen-5 satellite,” Environ. Sci.
Technol., vol. 54, no. 5, pp. 2751-2760, 2020.

[24] Y. Wang, J. Zhang, and X. Liu, “The launch of China's
DQ-1 satellite for atmospheric monitoring,” Remote Sens.,
vol. 14, no. 5, Art. no. 1040, 2022.

[25]1L. Zhang, C. Zhao, and H. Li, “DQ-2: The next-generation
atmospheric monitoring satellite,” Environ. Monit. Assess.,
vol. 195, no. 2, Art. no. 82, 2023.

[26] O. Bock, J. Bremer, and D. Zeng, “The MERLIN mission:
A lidar-based approach for methane monitoring,” Remote
Sens. Environ., vol. 266, Art. no. 112689, 2022.

[27] K. Gerilowski, et al., “The Methane Remote Sensing Lidar
Mission (MERLIN): An intergovernmental approach to
global climate monitoring,” Atmos. Meas. Tech., vol. 13,
no. 7, pp. 4131-4144, 2020.

[28] N. Strasser, C. Wiihrer, C. Kuhl, M. Haiml, D. Viehmann,
and M. Kritzler, “MERLIN (MEthane Remote sensing
LIdar missioN): Heading towards PFM and observation of
interesting effects,” in Proc. Int. Conf. Space Optics (ICSO
2022), SPIE, vol. 12777, Art. no. 127770X, 2023.

[29] L. S. Rothman, I. E. Gordon, Y. Babikov, A. Barbe, D. C.
Benner, P. F. Bernath, M. Birk, et al., “The HITRAN2012
molecular spectroscopic database,” J. Quant. Spectrosc.
Radiat. Transfer, vol. 130, pp. 4-50, 2013.

[30] T. Rockmann, et al., “Active and passive remote sensing
of greenhouse gases,” Remote Sens. Environ., vol. 178, pp.
180-193, 2016.

[31] D. W. T. Griffith and J. Notholt, “Active remote sensing
of greenhouse gases using laser technology,” Atmos. Meas.
Tech., vol. 9, no. 5, pp. 19011913, 2016.

[32] R. Haring, R. Pollock, B. Sutin, and D. Crisp, “Current
development status of the Orbiting Carbon Observatory
instrument optical design,” in Infrared Spaceborne Remote
Sensing XIII, Proc. SPIE, vol. 5883, pp. 61-70, 2005.

V.Y ub.w.o) 9 ).«.sb @ge o)Lo.J} ;,a)Le,? JL«:— ‘sslaaﬁ 6[.@.)).3)15 9 ‘5)31.'& ‘99.1.: ngé/

Climate Change. Cambridge, U.K.: Cambridge Univ.
Press, 2022.

[4] S. Zhao, M. Liu, M. Tao, W. Zhou, X. Lu, Y. Xiong, F. Li,
and Q. Wang, “The role of satellite remote sensing in
mitigating and adapting to global climate change,” Sci.
Total Environ., vol. 904, Art. no. 166820, 2023.

[5] C. J. Merchant, O. Embury, C. E. Bulgin, et al., “Satellite-
based time-series of sea-surface temperature since 1981 for
climate applications,” Sci. Data, vol. 6, no. 1, Art. no. 223,
2019.

[6] J. Yang, P. Gong, R. Fu, M. Zhang, J. Chen, S. Liang, B.
Xu, J. Shi, and R. Dickinson, “The role of satellite remote
sensing in climate change studies,” Nature Climate
Change, vol. 3, no. 10, pp. 875-883, 2013.

[7] World Meteorological Organization (WMO), “Essential
Climate Variables.” Accessed: Aug. 21, 2025. [Online].
Auvailable: https://gcos.wmo.int/en/essential-climate-
variables

[8] Intergovernmental Panel on Climate Change (IPCC),
Climate Change 2014: Synthesis Report: Contribution of
Working Groups I, Il and 111 to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change.
Cambridge, U.K.: Cambridge Univ. Press, 2014.

[9] J. Heymann, M. Reuter, M. Hilker, M. Buchwitz, O.
Schneising, H. Bovensmann, J. P. Burrows, et al.,
“Consistent satellite XCO: retrievals from SCIAMACHY
and GOSAT using the BESD algorithm,” Atmos. Meas.
Tech., vol. 8, no. 7, pp. 2961-2980, 2015.

[10] M. Zhang, X.-Y. Zhang, R.-X. Liu, and L.-Q. Hu, “A study
of the validation of atmospheric CO: from satellite
hyperspectral remote sensing,” Adv. Climate Change Res.,
vol. 5, no. 3, pp. 131-135, 2014.

[11] C. Crevoisier, A. Chédin, H. Matsueda, T. Machida, R.
Armante, and N. A. Scott, “First year of upper tropospheric
integrated content of CO: from IASI hyperspectral infrared
observations,” Atmos. Chem. Phys., vol. 9, no. 14, pp.
4797-4810, 20009.

[12] C. Serio, G. Masiello, P. Mastro, A. Cersosimo, P.
Pasquariello, and S. Venafra, “Simultaneous retrieval of
OCS and CO: from the IASI shortwave spectral band:
Assessment of the accuracy of the retrieval products and
validation with in situ observations,” in Proc. SPIE, Remote
Sens. Clouds Atmos. XXV, vol. 11531, Art. no. 1153107,
2020.

[13] S. S. Kulawik, D. B. A. Jones, R. Nassar, F. W. Irion, J. R.
Worden, K. W. Bowman, T. Machida, et al,
“Characterization of Tropospheric Emission Spectrometer
(TES) CO: for carbon cycle science,” Atmos. Chem. Phys.,
vol. 10, no. 12, pp. 5601-5623, 2010.

[14] Japan Aerospace Exploration Agency (JAXA), “About
Greenhouse  Gases Observing  Satellite  ‘IBUKID’
(GOSAT).” Accessed: Aug. 21, 2025. [Online]. Available:
https://global.jaxa.jp/projects/sat/gosat/

[15] World Meteorological Organization (WMO), “OCO-2
(Orbiting Carbon Observatory-2).” Accessed: Aug. 21,
2025. [Online]. Auvailable:
https://space.oscar.wmo.int/satellites/view/oco_2

[16] D. Crisp, H. R. Pollock, R. Rosenberg, L. Chapsky, R. A.
M. Lee, et al., “The on-orbit performance of the Orbiting
Carbon Observatory-2 (OCO-2) instrument and its



https://gcos.wmo.int/en/essential-climate-variables
https://gcos.wmo.int/en/essential-climate-variables
https://global.jaxa.jp/projects/sat/gosat/
https://space.oscar.wmo.int/satellites/view/oco_2
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-5P
https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-5P
https://www.ghgsat.com/en/newsroom/worlds-first-commercial-co2-sensor-in-orbit/
https://www.ghgsat.com/en/newsroom/worlds-first-commercial-co2-sensor-in-orbit/

S8 3 oIy LS

®

[35] O. Shekoofa, M. Khoshsima, S. Ghazanfarinia, and F. [33] J. G. Rivera, J. I. Rodriguez, and D. L. Johnson,

Bagheroskouei, “Toward the establishment of a national “Development of the Orbiting Carbon Observatory

center for space weather services: Vision, mission and instrument thermal control system,” SAE Int. J. Aerosp.,
organization,” Space Sci. Technol. Appl., vol. 1, no. 2, pp. vol. 1, pp. 268-279, 2008.

34-48, 2022, doi: 10.22034/jssta.2022.309735.1034. (in [34] A. Hashemi, S. Shakhesi, M. Haghgoo, T. Abdollahi, H.

Persian). Bazrafshan, M. Abedi, et al., “Exploring the multifaceted

landscape of space industry applications: Thematic analysis
of strategic policy plans of developed and developing
countries,” Space Sci. Technol. Appl., no. 216288, 2025,
doi: 10.22034/jssta.2024.461961.1172. (in Persian).



Vol. 5, No. 1, 2026

Comparison of electro-pump liquid propellant engines from the viewpoint of cost and reliability with the
previous Engine generations

Innovative Approach for Solar Sail Periodic Orbits Identification in Non-Autonomous Circular Restricted
Three-Body Systems 14

Selection of satellite constellations with space weather monitoring payloads for Iran 23

Estimating Low-Cycle Fatigue Life and Calculating the Probability of Failure for the Space Electronic Board
Under Thermal Cyclic Loading 34

Attitude Control of Satellites Equipped with Three Reaction Wheels Using an H2/Heo Switching Model
Predictive Control Scheme Over a Wide Range of Operating Points 54

Exploring the technology selection in space industry: A scientometric analysis approach 75

FPGA Based Block Adaptive Quantization Design and Implementation 89

Scientific Status and a Review of Recent Achievements in CubeSat Technology 103

Technical feasibility of Direct Satellite Connection to Terrestrial Communication Equipment and Service
Provision in Iran 123

Observing gravity waves due to artificial heating system 136

Evaluating the lifespan of a Stirling cooler system, considering different failure modes 144

Analysis of Satellite Payloads for Greenhouse Gas Monitoring: Proposal of a Payload and Analysis of Its
Platform Requirements 156




