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Strategic Policy Plans of Developed and
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Abstract

In recent decades, the exploration and use of space has transformed from a mere
scientific curiosity to a cornerstone of technological innovation. The applications of the
space industry include earth observation, environment monitoring, accurate navigation,
fast and secure communications, health and recreational services, which are expanding
rapidly. In this research, with the aim of identifying the most important and latest
applications of the space industry, the strategic policy plans of different countries have
been coded and thematically analyzed. The scope of the research is England, China, the
United States of America, India, France, Sweden, South Africa, the Netherlands,
Brazil, the European Union, the United Arab Emirates, the Philippines, and Australia.
Descriptive analysis method and MAXQDA software were used to interpret and
analyze the data. The thematic analysis of the documents has identified 29 space
applications in 6 categories of environmental monitoring and management, navigation,
safety and security, telecommunications, health and recreation, and tourism.The
analyzes carried out help the government and organizations in making decisions about
investing in the development of new and innovative technologies in the space industry.
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3 ISR: Intelligence, Surveillance, and Reconnaissance
4 Disaster Monitoring and Management
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Abstract

The present research has been conducted to numerical simulation and phenomenology
of the pressure fluctuations and instability of the diffuser with the area ratio of the
diffuser inlet to the nozzle outlet of 1.91. The numerical simulation has been done with
both steady and unsteady methods for the nozzle with an expansion ratio of 30.
Validation of the numerical solution has been done with the help of the experimental
test data of the high-altitude test simulator available in the Space transportation
research institute. Investigations indicate that two types of start occur in the system,
stable and unstable start. In the stable start process, which occurs in high motor
pressure tests, the flow is supersonic over much of the length of the diffuser. On the
contrary and in the unstable start, the flow detection and study shows that the flow is
not supersonic in most of the length of the diffuser and the thickness of the boundary
layer in the supersonic region is very thick. This causes the downstream disturbances
of the diffuser to be transferred to the upstream. These disturbances are mainly caused
by unstable structures of turbulence separation in the flow. The fluctuation of the
separation zones in the diffuser causes the fluctuation of the internal shock train
structure. The change in the structure of the shocks as well as the instabilities created in
the shock train and their movement upstream creates a flow separation zone at the
entrance of the vacuum chamber and mass suction occurs inside the chamber, which

results in the diffuser leaving the starting condition. As the time increases and the

pressure of the vacuum chamber increases, the momentum of the exiting flow from the
nozzle dominates again and creates a quasi-starting state in the diffuser, and this
repetition loop continues intermittently.
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Abstract

In this paper, an optimal nonlinear control method based on extended state observer is
presented for attitude tracking of spacecraft in the presence of actuator faults. To
achieve this aim, system faults are first identified and estimated by the developed
extended state observer, and then a nonlinear optimal controller is designed based on
the fault information obtained from the observer. The control law is extracted in a
closed form by minimizing the next attitude errors. In this method, the prediction time
is considered as a free parameter that is adjusted to improve the system performance. A
redundant reaction wheel is used to compensate for the faults. This redundancy
enhances the system's fault tolerance, reliability, and safety. The proposed controller
uses the faults information obtained from the observer and compensates for the faults
by distributing the torque between the wheels. Simulation results show that the
proposed method has a great performance in tracking the spacecraft attitude in the
presence of actuator faults.
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Abstract

Due to the increasing demand for locating satellites in the geostationary orbit and
considering the operational limitations in defining the geo-orbital slots, the use of a
same location by several satellites is one of the solutions to increase the capacity of
using this orbit, which is known as co-location. As the number of geostationary
satellites increases, there is great interest in new co-location strategies that increase the
degree of satellite automation, primarily because they: 1) increase the number of
geosatellites in a slot; 2) Desire to reduce fuel consumption. In this article, the optimal
initial position of the satellites is calculated with the aim of minimum relative distance
of the satellites and taking into account the co-location requirements and the frequency
band used in the inter-satellite link using the particle swarm optimization method.
Also, in order to minimize the amount of fuel consumed, the differential game theory
optimization method is used to plan satellites’ station-keeping maneuvers as an
intelligent navigation strategy. According to the proposed method, 20 satellites can be
located in the orbital slot of 120 degrees East, which is one of the unstable points of the
orbit, so that they do not have any interference and the average velocity increase
required for one year is about 70 meters per second.
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Abstract

In an operational satellite, the attitude determination (AD) and control system (ADCS)
tasks include attitude determination, stabilization, and pointing against internal and
external disturbance moments. These tasks use several sensors, actuators, and some
pertinent AD algorithms. In this sense, the magnetometer (MAG) sensor is among the
most common sensors used for attitude estimation that can be utilized in association
with reaction wheels (RWSs) as a reliable and efficient actuation mechanism for a three-
axis attitude control satellite. Unfortunately, RWs generate magnetic field disturbances
during operation as ADCS commanded, adversely interacting ADCS commanded,
adversely interacting with the magnetometers. The latter will inevitably cause MAG
errors that affect the accuracy of the satellite AD process. Most effective AD
algorithms utilize the noise-polluted sensor output for attitude estimation via filtering.
The present research attends to the magnetic disturbance of RWSs, which is beyond the
range of the MAGSs noisy output range, to show the disturbance's effect on the AD
process and its enhancement for satellites equipped with MAG sensors. According to
the results of this study, the disturbance resulting from the interference of the
distributed magnetic field, which is due to the operation of the RWs, significantly
degrades AD accuracy.
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Abstract

This research aims to investigate the emerging technology of free-space optical
communication and its applications in the space industry. By employing light beams as
information carriers, this technology offers significantly higher bandwidth and
enhanced security compared to conventional RF methods. The study provides a
comprehensive review of the history of space missions aimed at developing and
utilizing the advantages of free-space optical communication. Furthermore, it delves
into the principles, challenges, and opportunities of this technology in various domains,
including satellite communication, space networks, and deep space exploration. The
research also explores existing technical challenges and potential solutions.
Additionally, by introducing and examining relevant standards and comparing the
achievements of leading countries in this field, a clear vision for the future of space
laser communication is presented. The findings of this research demonstrate that free-
space optical communication can play a pivotal role in developing space
communication infrastructure and revolutionizing space technologies. Therefore, a
precise strategy and a step-by-step roadmap are essential for achieving this technology
domestically.
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Optical system
Transmit power 40.0 dBm
100 W
Frequency 193 THz
Wavelength 1.55 pm
Tx antenna diameter 102 cm
Tx antenna gain 1093 dB
Tx loss 2.0 dB
Strehl ratio -0.4 dB
Pointing loss -3.0 dB
Beam divergence 193 prad
Path loss -290.6 dB
Rx antenna diameter 10.2 cm
Rx antenna gamn 106.3 dB
Rx loss 20 dB
Recerve power 424 dBm
Recerve sensitivity 90 photons/bat
Required power 454 dBm
Link margin 3.0 dB
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RF systems
Ka-band Millimeter-band
Transmut power 17.0 dBW 13.0 dBW
500 W 200 W
Frequency 320 GHz 60.0 GHz
Wavelength 9.4 mm 5.0 mm
Tx antenna diameter 22 m 19 m
Tx antenna gain 55.1 dB1 59.3 dB1
Feeder loss -3.0 dB 2.0 dB
EIRP 69.1 dBW 70.3 dBW
Pointing loss -0.3 dB -1.0 dB
Polarization loss -0.5 dB 0.5 dB
Beam divergence 0.25 deg 0.16 deg
Path loss -215.0 dB -220.5 dB
Rx antenna diameter 22 m 19 m
Rx antenna gain 55.1 dBi 59.3 dB1
Feeder loss 2.1 dB -15 dB
Receive power 937 dBW -93.8 dBW
System noise 29.6 dBK 29.8 dBK
G'T 234 dB/K 28.0 dB/K
Noise density -199.0 dBW -198.8 dBW
C/MN, 1053 dBHz 1050 dBHz
Required C/Nj 1020 dBHz  102.0 dBHz
Link margin 3.4 dB 3.0 dB
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Link scenario Data rate - Frequency band —
Optical Ka-band Millimeter-band

GEO-LEO

Antenna dia. 2.5 Gbps 102 em (1.0) 22 m (21.6) 1.9 m (18.6)
Mass 653 kg (1.0) 152.8 kg (23) 1319 kg (2.0)
Power 93.8 W (1.0) 213.9 W (2.3) 184.7 W (2.0)
GEO-GEO

Antenna dia. 2.5 Gbps 135 ecm (1.0) 21 m (15.6) 1.8 m (13.3)

Mass 864 kg (1.0) 1458 kg (L.7) 1250 kg (1.4)

Power 1242 W (1.0) 2042 W (1.6) 175.0 W (1.4)
LEO-LEO

Antenna dia. 2.5 Gbps 3.6 cm (1.0) 08 m (22.2) 07 m (19.4)
Mass 230 kg (1.0) 556 kg (2 486 kg (2.1)
Power 331 W (1.0) 77.8 W (2.3) 68.1 W (2.1)
Moon-satellite

Antenna dia. 155 Mbps 157 em (1.0) 35 m (22.3) 32 m (204

Mass 100.5 kg (1.0)
Power 1444 W (1.0)

2431 kg (24)
3403 W (2.4)

2222 kg (22
L1 W (22

1y RF pgu yo &l plee g oSyl &l o dun lio 1(8) JSCi
lis gy yaolo sl
S g Jlae i (LI, glas lasbiwl -F
FSO
Sl plre 059> 50 Sy Sl SS9y iy g (slus il
ol el oye3 s oty caeal 5l (FSO) olad (o)5)
Cilisen a3 Sliagas 45 AL a prads b sl
g Sl 55l 0055 b el oSl lawgs oad adgs

VY NV Ll g 5ke (Jol oylosds cpay Jlw— (oLad o 1,5 g (55908 (pole aolladgs



ol

GEO

g GEO core Node &
W c0 core Nodo
@  Optical Ground Station = ~ Cf ‘_‘2
1P exchange - network 1o network Q
interface
AN
7 Terrestial Networks D (Q (G

¢ Secure Networks

Private Networks @ i

[150] HYdRON 639 5 oI5 Sailots :(5) JSoib

Ground Station network

Y mho gy wlaibul ganaies Blhe 35 oanw ol
5 Sl plen Y L ol e 530) Lo Sd Y 5 (So5d
ol 3185 Sl B yne g s 4 (LIS KopS
CCSDS Optical Communications & ylaitow! -¥-¥
oyslie 09,5 53 (e pl s 55 (Mholl o (LS slalesles
Slopinses (S5 45aS 5 10AG) lojl oy Shilas
Olpbee sloslaslinl aswgs sl (CCSDS) olad slaosls
Lo laibiwl ol [149-151]05 s (5, Kem LS00y b S
4 LEO wlbls )l 5l (Sew olad slag Liw glgil 00s 5 550
b bl wols aly cgloylgnle o olbls)) b axd,8 e
g g0 Joli 1) 0,8 g Deep space slale.slad

siiie bz 5, 4 L a5 4o CCSDS (glas,luilel
[149-151] wls sl b 5 ,Lisl dops a5 Wigd oo
L)yl 1, 1SO ghans slos bl 4y yod ol 5
(@B ) S dpogi laws )3 (S (af slo LS
9 (2)) <35 Silueaiine 09l (S p g @S 5 515 Fn
(56 <38) WS (oo wiae |; (2205 slo)5 5 solaas
g WS et ey i) Gl G Sl (S 5 (S
iS) WS I8 eslanal 9550 gyt blixl b el (59,2
sleglosls lawgs Ll 51 L8 b CCSDS wiws ;2 (0,8
lad slouilil poles Jolis Loy o5 LU glo iyl 5 g2e
e gl 4 Db oo dbgy o Dluwge g Jlad

5 ol cilize gloog, 5,5 l)ls CCSDS e azpaS
a0l 9550 5 ol o jlasil 51 B8 sl gae laplejles
YoVF Jlo ;o CCSDS Syl ol i 09,515 i s glazl
G299 Joiee 9 £8,5 JSU ESA Soglae s NASA culy) g

Co pde ‘G}L*’r’liw ‘waju Ty J}Jo 6‘)% .))L).;Lw.,‘

ol Sl U SuaS g gileplRen 4Y e
([149] CCSDS s il Ciy a3 by sillae ayY

cila, bl ol e JUS SnaS 5 gleplfen sl
5 £ & diey 45 Cul o eslinul Hybrid FEC ARQ
JEue g0 0 1, ARQ 5 FEC (lgi oo Cujg0le Dlatins
Sl 5 oS e siluesly iz 5 Jlbpd b b
Sl 00l Con g e o lliwl cpl o Cds @ dbbgs e
odds iy a5 glaisSa 5 Code rate 4 Baud rate clasiw
Ol jeas e I L) atwgn 1 Ghps aigzgs &, a5 cl
RE G TR AP QAN
& el sl (pl S5 g oe e Olprea
b &l (St Sl i 5 Slrlb sl
oz 5l jg0le calizee slagy lw 5l (LolS” Gidgy o509, o0
S5l slad g ey ar Lab dyyo 4y LA dlgn a4y Lad lLad 4y Lab
Sl U Jols jobo 4y o lasbinl ) G584 Lans o &)
5 (PAT) 653, 5 <l «ss,alis slogivmms ol plhe
S g ileplen &Y aiS o i | 5 slayial )l
&35 ,sb 4 Hybrid FEC ARQ 5 Sy, 51 eolicul b 55 JULS
[147] ool 00 oo
el 6l oo o o3 SLel3ll alos 5 bl ol IS el o
Sediee Jols T
ESA ESTOL s laibiw! -Y—F
il o Sie Bly aie SO Glyie 4 o jlulial
Gen lp LES,L s olole plu 5 (ESA) L)l (olad
5l 69y 2 i oyl [150] ol 00 3505 HYdRON
slr ) s SLlill g o)ls 35,005 sy 5 (2laS8 sladsile
ool ol Gan LauS o ey i eols SIS Y g SO Y
iz Gzl 4zl g e o Slee edi o it
el oas 1)) S )5 HYdRON o395 IS Seilos

VY Ve ol g ke «Jl o led cpzy Jlo— oUad bod )l g g 3ld cogle aoliliadss



2 lad Koo/ Ol plo b jIbfpin g CS iy

CCSDS ESAESTOL | SDA OCT
Capnolr S AEE e e
Gl glos lulia | HYdRON
I3
s i RV TRNT Lfyl.....;
Oy ol ol Josle 5,575 Sy,
<upele
ARSIV ;|
i o | TS e 3255 e
<
Sk Sl YL g9 o ax oo 08 S
HydRON
Glio g ylasbiow! awo o :(Y) Joue
S S Ald

ki CCSDS 4 ESA ESTOL . SDA OCT cslas il
s:bad )5 (bl slaptu (S lSe g anwgs )0 sote
slacusgaze g blje basjlilivl ool 51 So 5o aisS (o0
Jeloe a0 bl (o pcwlie Gl g o)lo 1) 045 pl>
4239 g 0,8es Slalfl o jgale g9 alex 5l caliss

=

Sz ORI eSS S boo)b (S
b baolbial ol 45 55,00 Wil ¢ FSO glapins
O G0 o azgi b isd eSS 5 Slie) @ pyle
JoplS e Sl e 9 330 sy sl
S bls el b 9 S slas st

A5l Sl Sliiod gedge S Wlgi e 55iSTolesle

S ul3T s Clad dnnlio g (ouwyp -0
plliy (2 LaS

slad lagulsl 5l plas o ol glacysele (i cnl o
S Sladls y Slasin 4 558 ol 8,50, b plliny

Lol B 18 ) 2090 g

ol 2bdd plojlw sla o ygolo -)-0
Sl Dlpbre 6p5k8 anwgi o gyt Glandl (nl
1 ojlsale sl [158-161] ETS-VI ojlsale 5,15 glolsale
(LCE) )5 Slplre Loy LVARY Jlo jo a5 05 e
JS8)0,5 Slbes 1) (6,5 eeylad Sed S0 GEO Sl )
ssbieds 5 Slles (pl slaaisgalmps azi jo (AsY
Sy 31 soliial sy JPL L ol dacili )y o512

05950 Liales] 6l LisadlS 5o NASA Sl e oSy
[157-162] 5,5 (¢,iSa (GOLD) (5,5 bl |

LY) .b})).o 6&0)‘\.\.5@‘ )LLS B LS)"KQ) ) 65)4"L""‘" 0ol
5555 09,515 ol [148, 150] el (s pimai] 5 552 Ll

il 03,8 piial) py oS
[152] (Sl wlpls (Sopd ¥ o ol obs =
el Db siluplen 5 Snas 0 ol LS
[153]
Slplre Gl Grenil Sl Sy 0 g SLS E
[154] Sl
b ey b 5598 Dbl e po ()6 LS m
LS ) el V- zge Jsb ~(HDR) ool
00 443 EDRS a,,26 _oll ,; DLR 4 ESA Liwgs
[148] (ol
YL ey b (Sl Ol s 0550 50 2ol oS =
[155] ;esil VOO« e Jsbo ~(HDR) ools
i dawg Jl> 0 1 CCSDS oS yizen
[156] Syl Slplies 4 o kS
5 el Slatie )00 3 B LS
S D (Sl sl Gly s o
J& ,5 NASA 5 NICT JAXA CNES Ly
[157] (ool o350
Slaptwns siloosly @l pg (LSS
100 Gbps ;I ;YL sz, ¢lp Senl Ol plbxe
5 basgalmps 510l 5o 5 dshee St
5 NASA Lisgi LCRD e ol o5, o S5
[149] ool 00y o0lizil JAXA Lawsss JDRS
Slles opslie plojle i (lgioe songexr Olprea
rosls gt oyslic azaS 5 (I0AG) loloiye:
Sl Sl el 1, silies (las bl (CCSDS) L
GBS, b ool LB s bas bl ol ailos S g0
Olbls)l 5l ol a4 Sy g Wsd oo piiie il
ldlipes el 5o CCSDS (gl ailiasl .ijls s oo oS
Cgmre 059> (ul 4O pae (xx e Olyie 4 g odd A pdy
Vg oo
o ylaslow! dus lio -F-F
ol s jlaibinl IS aslie V Jgaz (gdinmex> jelaia
IS o W) 1, ol o) e

VY NFeF lawsl g ke (Jol oylouds iy Jw— 2 Lad oo 1o)5 9 (6593 (pole anliladge



{162] LUCE (5,34 JUuo 55 53190 Jgpamo glod :(1+) S
o 51 o0liiasl b JAXA Lasgs o 4 LEO LL3 | sl
el Y+ o8 Lo ;5 OICETS s ,lgals 33,k 5l s LUCE (5,5
s TU CasS olsale S5 opls YOY Lo o [50] ot
11671 5,5 Sllee ISS sl 53t &,k 5 1, FITSAT-1
o LS JUiil gl LED aylT sniies 3 oSy 5l o lsale o]

NICT Y-\ YF Jlo )0 uizrad 0,5 oo ool e 4y o0
IS IS i e eatie dpame 5SS
B35 b S ofsmle e el s, 21, SOTA ol e
Sy 4y gltws jshaieds 9 (SOCRATES) pbay p,55LS 0
1) Vb o sl okl LLEO e Sl e s conla V-
[84,166-169] (V) JSKa)s S (g lwosls

[161,>l>62] SOTA &3 olLe'u Jlowo y (olad Juw :(1)) JsCi
VSOTA S58 b Sl saiin 3 Jgjlo NICT caslsl ;o
[168-171] 5405 &1, 1, 593 SOTA | 2S>65 asens S 45
angliie 039 Sl ojlsale sl YAV Lo 2l e
Sas L QZSS (Michibiki in Japanese) oL L slo,lgale
ala JhE las o1y QZO jlaw 31 L Gbps Jls )l &5 4 olows
[172,173] o,ls aslol 9585 b axs1,8 ol g
S i b 4 Sgw &S5 9 JAXAL NICT ¥4 Lo
Sl ol Gl SasS (Sl Sl S Sl
Sorm iSe 0 45 Wlesls axwgs |, (SOLISS) _Madlim

|

Uplink

Laser Communication ETS-VI (GEOQ)
Equipment (LCE)

Downlink

» 1 Mbps bi-directional
optical link experiment

* 22 kg, 60 W onboard
equipment verification

——

NICT ptical ground station
LCE (5 &l plko dlgoxo g ETS-VI olgalo (V) Jio

[162]
ETS-VI
ETS-VI » After 15 Hours Cruising
D IR iy IR,

| Telemetry/
Optical Command
Link | Po i

BN\

+
/ \ Optical
Link
‘ I
NASDA e & \
/ TKSC f %Ll

Goldstone Station |
ol

=
)

EIR: )
\*IE* %ata Tran_sm{;siog and JPL Optical
NICT/CRL Optical ommunication Using :
Ground Staton International ISDN Link ~ Ground Station

Lol ! g ETS-VI 6)lsnle Sllos Kilouds :(A) JSCi
[161, 162] JAXA 3 NASA cyae;

o )lsalo NICT g JAXA T Y+ 0 Jlow 10 0] 51 sy
I, (OICETS-KIRARI) (5 loe s (oSl S —ule]
osleiwl (LUCE) (5,3d bl )| @ly gz 5l a5 wisls azxwgs
KIRARI oy y90le [50,160-166] (V+ 4% JS—&) 9,5 s
PESA I oyl ojlsnle Ly (slolsalo (e (S S
sloolfn! ;o (o) 4 pedinne bLI )1 S (pizmen 3 GEO

[163-166] ols ylis 1) calibrs cino)

Optical Inter-orbit Communication Engineering
Test Satellite (OICETS) (August 2005 — Sept. 2009)

.;
Optical Antenni

Satellite size | 0.78x1.1x1.5m
Mass 570 kg
- Mission life | 1 year
3 3 Altitude 610 km (circular)
A IR T '3 __| Inclination | 98 deg. 11
by sloylgnlo (63 il b bL )l opdgl :(]) JSCi
[162] OICETS 45 e,lsnle

VE  INFF bl 55l cJol oylod ooy Jw— 20ad glas 1,5 5 559 pole dolibadgs



2 lad Koo/ Ol plo b jIbfpin g CS iy

L bl yo oty ol glacadled asese U sonpes g
WS (SEIS gt Glyee 1) ldd 5] ol
Dgal A

1994: ETS-VI mission

2025: ETS-IX misgien

A H:I.\
P

039> 30 NICT g JAXA Lol sbacadled ygiunds o :(VF) JCo
[128] lo,lgnle (g3 il wlo

55 50 50 pls slearJled IS w55 sams e VO USSS
L oloyas Laadgamms JLal &5 ial 3l S8 5 ol ol

800 100
W Mass (kg)

600 M Bitrate (Mbit/s) 1000 E
—_— -
g 5
@ 400 100 £
8 g
2 o

200 10 5

0 1
OICETS-LUCE SOCRATES-S0TA CubeSOTA

S Ol 0395 33 NICT g JAXA druwgi 0 i :(18) JSiv
[163] (slo ylgnlo

NASA g 3 Ol plo s Cu j0lo Y-
L ooylaale 4 oy 5l uplink ools Jlasl o dql VAVY JLo o
5 alonil GEOS- o)lgale ceas 4y (355,1 ,5d 51 oslical
I oy Ky GOPEX o355 I 45 143Y Lo, asll
Coeke By AlJE SglS o hlise e ol 5
L (on) 4,5 Sy sl aled 3 1 JLol (5 fnshS
NASA- JAXA s S jiie & ys0as GOLD o35, JB o
s eyt psbaieds Yoo o Lo o [38, 39, 159] w alocl
5 ACQUISItion yiomen 5 385 (g9,alis ol g Slles o

Feve Jl 50 (VY USS8)as cwas JEM- Kibo) ools sl
oKyl 5 ISS 10 ad)b g0 Cipl 6,5 bl S SO
sobas 45wl ooy lis (9595 eSO NICT (5,85 (S
Jlo e o [107, 174, 175] &S oo Jlo )l 1y YL 7584 L
sy bl )l S IDRS Jg5be 5l oolazwl b ol 3890 (15
ol 8 GEO 3 )l #5 a8 )15, |, LEO 4 GEO

35 50 Mbps

SOLISS

International Space Station Flight direction
T 3 e

Optical Controt Unit 1(CU1)
Communication
Unit (OCU) o~

Control Unit 2 (CU2)

’L
L 1oy,
LA

S e s
“!3"-

IVA-replaceable Small Exposed
Experiment Platform (I-SEEP)

QD and FSM for
closed-loop fine-
Tx y pointing
aperture 40 mm - £
Image sensor
aperture 26 mm
Rx
aperture 26 mm

Image sensor for
coarse pointing

(d) o (c)
o Olpbe Jlaw i Jojle (L5 wlasin :(1Y) ST
[107] SOLISS

@La.e d)}-:J QUaL,.’i)l dxwgs JL> 5 NICT ‘),él> Jl> 5
J.AL>) ETS-I1X 55 o)‘}QLa )’| solawl b asl » CalE Y-
Y.vY 3O O e a5 [162, 175-177] (HILICALI AJM
JS;»J) Cewl oolidl 9P L Y-YO U QT ub').v Lol ‘bﬁ‘“"’ ul.a).»
bty BU ey Ky LEO 5 ojlsale cpl ,u,l (VY
w5 oiles] Ussle 3 asby gl o5 sl CubeSOTA
aalgs ools J13 o jo el o Hlas oKl o (JEM)

[163, 173] .o
()pu;s gnrs

‘A Space lasercom equipment

10-Gbps g
bidirectional

lasercom

[L77] HILICALL sogedo slod :(1Y) JSciv

VO NP liwsl g 5l cJol opbod pimiy Jlw— o3 Uad 6las 1)l g (o3l pale dolibiadys



ol

gomo :(1V) U
[184] LLCD (5,3

dgaze 1) 5,9 bls,l S S5 NASA Y-V F Jl o
ol o a5 (lasercom pole (gly Sl dlgose) OPALS
oo 0,5 (gilwosly we ool ceal JoJlyn olas
Coolfo B+ ools Jl # 5 g s (39 p,5sLS V04 OPALS

[185, 186] (V4 ¢ VA JSi) 5,5 o &l )l 1) asls (o

2 OPALS (5330) dgomo clekes oo (slos H14) JSCi
[187,188] ISS (59,

ol 658 sebarean YAV Jlw YN0 2l 5

15U CnssaS dns NASA cnsssS 5l oolial b (50 bL3 |

AeroCube OCSD-A, OCSD-B, OCSD-C la o5 L |,

5 el &5 [189-191] 5,8 by LEO Jlae a1, (VY JS)

15l Y0 Jlo)l &5 sl LTES sy eslawl L Tracking
[178] o plxil (yey 4 LEO 51 Ghps

Zaygele (sl deep spaceas bgs Sid rll ()80 jslaieas
9, » LLCD) (Sl )5 dgeme wolo (5,50 Slbols)
Sl S S O SS) ob ceal (LADEE) (sleglad
30 e A s 4l ColKe FYY ool Jlail cee il
5 ol o ooyl (eglS Fee v e ) obo e 5 YT Lo
g Lad Glael 1o (6,5 peiinss Sl S jo colal 598 o jgliws
ool ool o glad as Sy sl 1 o] oy Jlal
olEiyl 51 INASA L s 6l o5, ol o [179, 180]
Jate 51,8 s, bLs )l Lilowl Tenerife ,s ESA JIoy!
b Bpme 5 Sl TV il Syl Wlgazma g2 (28
(LRO) obs glolis 5,5 las sl 5bi 8,50 65,1 pyle ams
ol [181] 54y a3 5 )13 solitul 8,90 cpl 5 i 45 392
G | gloolel gsd 5, Shae (VW o1& JS5) LLCD . g0be
oolawl b adl o coullo Voo Lgs aS ol LaS LRO o34y 4
39] &S oo Jlo, KA slS 3 0L 5

Gadws o a5 (p,SslS YAY( LADEE  (gleglas
Syben 43S i 50 (pSehS 000 2) SzsS slae)lsale
5l ool sty sl 1, ol consles ([75, 119, 182, 183]
oo lyalos Koo (slap il (555 5 55 (ke slaalgarns
b blwosS i fogamme jloww mlie b (aloojlsale L o
&S

Star Tracker Cameras

~—Uvs

LDEX

Omni
Antenna

= LLCD
Optical Module
NMS

CSS Mounted

on Solar Panels

RCS
ocs
(Main Thruster)

LLCD (g5 JUaso 5 9 LADEE p iy gles :(18) S5

V5 INEF ool g 5l cJol oyl qpamiy Jw— Lad oo y,)l5 5 g9 pole doliladgs



2 bdd Syl olplio sl jluifpiiz 5 oo pivy

S olse & "(Optical to Orion) O20"e35, wizren
slonlad I Gloti lp @bt (Seiyl b5 e
SBLEST S5 Cpeizman 5 260MDPS Loyl &35 b 11 o]
121, 122] ol onds (55,400 5 505 oo (slalanylind L
aS Lad gles! jo Sl Ol pbre gl & (pizres NASA
2998 5 Ty LS )0 jlsn Sow L) Psychec, jsele !y
10 25 b (Sl Sid )3 5 oF sl 51 S0 59,
cdl 0) GreeS adke Yoo lawgie alols b Gbps
YoVs Jlo 50 gylopoy lp g (TY USS) asle (659
dg0d 1yl Caddgo L Y-VY Jlo 0 1) 04 00,5 (3,40l p
[194]

J[195] Psyche (glowsLasd j,.o slod (YY) S
NASA Glo 039 (n e ()b 85 Olgiee 5 &l 0
soalie YF S 31,5 sanl 0 1) 6,5 Slplis b bL3 | o
S o obml NASA lo o5 (oles Lol Gua o5
B o a5 cl ole — e plad Gy g (5,5 bl
(YO JS8) cawl oals (659,406 o LunaNet o5,

059 o=l 9, as 29,5 lgieay 1.2 Gbps JI'100 Mbps
ol &5 ) B 2.5 Gbps b g cowl oals &ud

ity B0 by 1, (LCRD) (s,5d lbls | 4l o galo NASA
ol Coibgn L YY) o 4o |, 4l S8 VY s
5 LCRD LEOaJgemae Jolits a5 ILLUMA-T Jgsloa .ol
Slaogile Jolods jolaron 5 abgy o slaoaiiS Zugdi § lapoge
S MIT olS_yle;] g NASA Lawgs w25 1SS oy s
o 4y Bl cosgie sles V) IS [120, 192] il axwss

ams o ilas | sige; oSyl s ILLUMA-T o LCRD

W e s
9 ILLUMA-T g LCRD gy &y bL3 I ogei0 slos :(YY) JSC&
J193] Sy o
Sty Uiy S it Sysots MIT 5 NASA Y-YY s
(200 Gbps s s, L15) 100 Gbps JLo, &5 sl |, TBIRD
[114-116] (VY JS) 5,5 Sldas |, iyso 4 LEO oo
[116] TBIRD &gomxo g3ls Joko :(YY) JSuio

VY I linsl g 5l cJol opbod pimiy Jlw— o3 Uad 6las 1)l g (o3l pale dolibiadys



Loyl 2bad uil3T (g5 BLI I sl Cuygolo -Y-0 ILLUMA-T

( E S A) o Com > Modem and Amplifier Terminal
SILEX 635, loie o gyl o Sl e (slacalas ' :
[41, 42, 45, 46, 47] (Gols ans 3] lo loale (ro iulesD)
ojlsmle g0 o Yeoo) Jlo o sl kT VAR L
e 55 SPOT-4 (gsuil)b o lenls g 535 ,loe ,5 ARTEMIS
[198] i lles 50 Mbps &5 L LEO

LASERS
LIGHT THE WAY

LASER COMMUNICATIONS MISSIONS Q

sLoylanle (e (555 (L)l S (cogtde glod (VF) Ui
[47] SPOT-4 4 ARTEMIS

ookl b Lawlsn g0 lsale s SCd opdol Yo o F L jo
Jlie s 9 955 Hlams j0 Laned )T 0)l9ale (6,50 @l e Jg3le
elad ilsl a4 by o Mystere 20 sloslga (55, ,» LOLA
50 Jluw,l &5 5 S ymghs Foov e alold ol CNES ail)s
Cuddge L2 Mbps L il (Uplink) &5 3 Mbps (Downlink)
Sllos (pl sos0ie slos YV S5 [57, 58, 59, 61]as 1,3,

e

[STILOLA o395 58 )3 S (0900 slod (YY) S
gz 90 ¢l oylgrle o Sl S gilwesly lojen

BENEFITS OF LASER COMMUNICATIONS CHALLENGES OF

b« alols glp 5.5 Gbps Jls,l #5 L <LEO-to-LEO o LASER COMMUNICATIONS
A need for precise laser beam
vuracy and Earth's atmosphere

o l9als oo Ceel  yieglS YO+ o+ i S b g yTeolS crance, such as clous

NFIRE IS ol o lsale 5 (YA i) TerraSAR-X  laJ|

LCT Jgslo 51 ealil b (0035 e 308 (ypole (ialojD)

og Lzl Jl> ;0 SILEX 659, M JB o 4 Tesat 5,5 LINASA 5,5 u;ybu sWojgy (&b wiy (Y8) Jb
J[197] LunaNet o359 y plxil o

YA Nf-¥ Ql.’o'.qu 9 )Lér.’ ;J5| e)Lo.»i) ‘W JLw— GJLAS ‘_gUb.b).g)lS 9 L_g)gl.‘é @}LC ngo




2 lad Koo/ Ol plo b jIbfpin g CS iy

@ bxl 51 g GEO slaolgale 4 Las jo akii ;o ;| calises
U 5o ailols ol IS sles [204-208]0iiS ol 1, cyo;

! 00 c\ﬂ)‘ Y.

[209] (EDRS) Lyl 0318 ) poiweaw (cogtco (glod :(Y'+) o
pb L EDRS asshais 5l Sldes o)lsale dgl Yo7 Jlo o
5 1,8 655 (B a0 1 a0 (Eutelsat-9E) EDRS-A
aS EDRS-C ol b dsglate ol 5l o lsale pago [209-212]
By Sy a0 VY e )0 g oals aSls Airbus lawss
S5l G Olpbre dseze Sl ojleale ) o

[213-215] & ,Se ool () JSU&) TESAT

[214] TESAT &8 2 JILCT (g5 &yl dlgamo 1(FY) S5

doshiie 5l pgo ojlsale leie 4 YN Jlo 0 o)lsale oyl
Slles sy gl (285 )18 Jlae o Cuddse L EDRS
S 95w msS dely sleo,laale gyl eols A, ew

[209] wilosgs Y- Jiciiw ¢ V= Jioitw

[199, 200] o plowl coddse b Q] Sldae YooV Jlo o a8
el oals AT IS0 j0 Sldas (] ogp2e (slos

Wet mass: 1209 kg
Orbit average power: 800 W
Size: 5m height x 2.4 m diameter

TerraSAR-X Satellite

Laser
Communication
Terminal (LCT)
5,5 Gbit/sec
data transfer

Solar Generator

—

i X-Band Radar Antenna
&9 384 Transmit/Receive Modules
A e

S-Band TM/TC Antenna

» Satellite-to-Satellite
» Satellite-to/from-Ground

”{__—-—-_—___— B>
V4 . \
= N
LCT on LEO satellite TerraSAR-M{Germany)
launchefl June 2007
LCT on LEQ satellite NFIRE (U.S) o ¢
launched $April 2007 ‘!

"'_ £ In -Orbit verification:The Aerospace ( ompany, Orbilal and the MDA /. ™
US Airforce , Tesat, DLR and the Bundesamt fiir Wehrtechnik und Beschaffung (BWB)

|
pY

9 NFIRE (glo,lgalo ON bl (00 o :(YR) i
[202] TERRASAR-X

» GEO 4 LEO slles 5,5 bls)l slasied ]l
o,lsale 4 Sentinel-1A ojlsale lawgs Y-VF Jlo o ol
Jlo o ceold] o)lsale .o plxs! Alphast (Inmarsat-4A)
e Sl 5 ol g 00 33,55 GEO e ,o Y+ Y
LL5 )| Cuygele ol o [79-81] 5gy TESAT o5, 5 S
Cusldl] olsale LEO ,loe ,o Sentinel-1A o,lsale v (5,5
ool 4 cenldl] 5l b coles yo g 0l 1,8, GEO Llaw o
1.8 Gbpsesls Jlu,l &5 i el s Copbgn by 5 Jiiie e
ey @ sume Slbes (pl og e Cojeele (ol sln
5 eiu Glein Cuygele opl .o conis [203] Sentinel-2A
g 003 (531,400 53 (EDRS) Lig | 0015 &l aites 0595 oIS

o,lsale ;o EDRS-A Juli (EDRS) Ll ools af ) s
Hylas-3 OHB s,lsale ,o EDRS-C 4 EutelSat-B9
slalae Slasin bl )5 bLI)1 ol sl
Gl Sl esls elS &, aSes b wleads >l,b GEO

YA NP Glasl g ke (Jol o)ylouds iy Jw— 2 bad oo 1) g (5593 (pole aoliladge



JE&w Jlwyl J> )0 DLR 3IDO 228 (slouslad 3 guai :(YF) JSCi
[219] 6554 lple JUoo 5 bauwgi (S

Airbus DS

ol,,l:';n JL’».!,;)S-A.) exo Airbus DS (glows 9o w1 guai (YD) JSCi
[219] DLR Syl (Somoj o | g Mynaric (g 5

, BIROS (OSIRISV2) by OSIRIS (5, 31 Cby oyl

OSIRISV1 Flying Laptop o,lsale o1 51 e 5 Y& Jlo

200 51 Jloyl slag 5 sl YNV Jls s [103, 104, 220]

o590 Yo A Jlo yo ol Oy cuiddse L 1 Gbps b Mbps

Al el Ve I Jleyl slez s sl OSIRISVS

[ Sentinel-1A & 2A & 1B & 28 |

e——NNN

Optical Inter-
Satellite Links

user data

[209] EDRS _pus gy (0980 glout (YY) J&

DLR OSIRIS (5,5 &l plsee ol y aiis 4ol ol
e 5 deghine S (2ldd 503 gole (Sl Bl piee)
Wopes ot Sy (bl sladlias 5 5l &S S5 0 )lals
=8 [99] s SLlee YoV F Jlo 3l as el oads JSCas
YU glas )| (95w oy Sid gl Yo o0 Jls 0 DLR )]
Sl Gy LS PF zs; 00 9 sk Y glas,| 51 (HAP)

[216-217] 5 5 Slles codideo L1, 1.25 Gbps Jlo,l &,

L= B Ll =

HAP-altitude: ~22km &
%

e SN

Pormting Acquisition and Tracking Computer
/. Signal

Ostical Ground Station

J217] DLR lawgs HAP o395 «(Y¥) JSi
TESAT 8,5 LCT Jluwys 5 solital L Yoo A Jlo o
s DLR ;| TerraSAR-X ojlsale s (6,5 Sid b3
Cadidge b 5.5 Gbps Jlu,l #5 b N-FIRE SIS, 01 olsale
5 Lawlsn oy ST dgl Yoo A L yo [53, 56] al plxl
VY e alols 511.25 Gbps Jlu,l 75 L DLR G,k 5l 55 s
Jlo o Isaze sesl cnl [218, 219] i Slles (s yieskS
Mynaric S & g,5 Slple Jlaw s 5l oolaziwl b g Y VY
alold 51 1.25 Gbps Jlo,l #,5 L Airbus <5 )5 sleglsn 5
Slpbe slogsesl gl [219] i plol (s sk £
Pl YAV o 5 55 e & Lolse s QKD (astlys
5 Fwey loislesl gl YoV 8 Jlo jo coles yo [220] w
Sl VLYY Jloyl 25 4 gliws Gl 985 Jolee slags L
132 Thps L Y-V Jls ;o g b pll DLR lawgs a4l 5

[221, 222] wilos,S s Lo o 1y Jloyl &5 o ydem

Ao VY Ll g 5ke (Jol oylods cpay Jlw— (s Lad o 1,5 g (559U (pale aoliladgs



2 lad Koo/ Ol plo b jIbfpin g CS iy

OSIRISV1 OSIRIS4CubeSat (04C)  CubelSL
Open-Loop Body Pointing Body Pointing mit zusatzlicher 04C Evolution
Datenrate: 200 Mbit/s aktiver Strahisteuerung Inter-Satellite Links: 100 Mbit/s
Datenrate: 100 Mbit/s Downlinks: 1 GBit/s
Gewicht: 395 g
4 QTESAT

L3
| 2021 @ [ 2025
il 2023 2024
" i\ A I B . i b

OSIRISv2 OSIRISV3 QUBE

Closed-Loop Body Pointing  Aktive Strahlsteuerung 04C Evolution
Datenrate: 1 Gbit/s durch Ausrichteeinheit fur QKD-Technologien
Datenrate: 10 Gbit/s mit 1550 und 850 nm L8

[224] DLR (5,3 &l plbio ()l drwgi aoli p :(YF) i

OSIRISV1 - Flying Laptop ‘#7
[113] TESAT &8 & CubeLCT (555 &l ploeo dlgosmo :(¥A) Jis Bis

o590 PIXIFL Gbp 5l sowl Cavoas slasgliws wlol p
’ ) Transmit - .

33 DLR Lawgs 55 CUDRISL fsssS oy (5550 ol ptee TS RS 25 P ~Galimators

[220] el plnil Jl> : \(/53, /
P N - ‘\\\\\ '“5' OSIRISV
\ L8 .
/ \\ -—

(:,,“
g8/ .o

r
(3

© Cuyy

-y
Flying Laptop, Univ. of Stuttgart OSIRIS Flight Model integrated in satellite

Oless K gl ol idls 31 Flying Laptop o ylgale (YY) Sl
[220] OSIRIS 4ol ys 31 o5 sl

CubelSL EM
[220] CubelSL (25 o ylgale (pwasgen Jow glos :(Fe) ST
A sbbans o Jlo)l £ 5 Slais S w5 BV USE Jlages

Satellite LaserCom Data Rate vs. Time

oL : 1223] OSIRISV3 algazma :(YA) JS
n 3 .
‘;105“ PIXL-1 (OSIRISV4) o,lsale 55 Y-V Jlo ;o 5 aslsl o
7 Slpbe Sl dgerme b 3U CawgsS S a5 wd by
Al Oloic 4 45 el TESAT &S,5 5 CubeLCT s,
100 Mbps Jlol ¢35 sl b (655 Jwoys (52525
5 [113] 5,5 walss Jlil |, U pgus oy Joleo glid
£ 10% £ &
= o
8 101t -

100 & ‘ ‘ ‘ ‘ ‘

1995 2000 2005 2010 2015 2020 2025
Year
lyls iz oy ygolo JUwyl & 55 Ol (JS w3 5 :(FY) S5
G ©l b b Jloe i

LS| Soly Sialy 8l b gy ooy BB a5 jsblen
o Lo Jla )l 255 0l sl o2 b oo Jlo )l e Lis (o

A NFF bl g kg sl oyl cpamy Jlo— 2 Lad s o)l5 5 555U cogle anlilaigs



ol

14000 Chin‘a Laserclom Data Bate vs.Time ‘ l_’ UL‘QM Lﬁ)-’a )| e oo)_f ‘..\..u W‘P‘ 6]‘5-«.& & pods
—©— Data Points
12000 f 5 Lao,lgalo daca jgole o ) Slae lii)l g Liss #,5 iol38l
2 10000 | Ol (9 ;5 S 9 iS5 Caons 4 (65 Slo Lo
é 8000 - lad,
<
£ 000t -4 .
& o 2 bad bojle -F-0
T 4000 -
< TPl Sl S GolAn 4 barye e 3850 O Gl
£ 2000 -
f o YoA) Jlo o ome; 4 HY=2 o lgale Lasgs 504 Mbps JLs,|
T 2 SIOM (5,34 e ss Y15 Jlu 4o [70, 105, 225] ou
%10 2012 2014 2016 2008 2020 202 208 51 5.12 Gbps Jlo,l #5 slp MOZI oglsS o)lsale (59,

Year

O G Ol e sy jaole jo Jlwyl & 5 Ol i (FY) JSCi

9yt GLCS 2 g (LA glracgormo ;S50 -0-0
ol o 9 (o905

4 1y BTLS (5,5d alpbre Jlany duwg, YoVY Jlo o
o) b LU (5518 4 3850 g sitae (olad oliu
172, 162] o 4l conlSe FYY 5 VYO glag i b e
5 ISS Gg,m 40y ;0 BTLS-N Jlwy g0 3 s 2
ol o)l ol ol ond oS5 1SS J5ls e BTLS-V
172, 228] col o <o Sl bl Jlso

[228] anwgy BTLS (g 3 Jbowo 5 Jgjlo :(FY) S

Coddge b oojlgnle a4y cpey 51120 Mbps Jlu )l &5 5 o)lsale
QSS Luls 6,50 slapl b o lsale ol [70, 105] wis alsl
QUESS (Quantum L (Quantum Science Satellite)
Sgi g0 a3l 35 Micius |, Experiments at Space Scale)
aegarme lawgi oud asle Jlasy Jlo olea o [226]
4, Tiangon-2 o,lsale 31 1.6 Gbps Jlo,l &5 !, CAST
Jlo 5o am Jle 5 [105, 70, 112] wis plos! giee; ol
ooliztl b Lad 5l sogiileS (Saus wo,0 Lialesl odgl Y1V
A% pl=il 5,12 Ghps Jls,l 7, sl LEO Micius o,lsale ;|
shijian-13 o395 <JB ;5 Jlo oles ;o [70, 105, 225, 226]
&5 L LEO & GEO I (5,5 bls)l Sid StulesT oy
YoVA Jl sl s [70, 105, 225] o )5, 5 Gbps L)
solitul L IGSO-IGSO § MEO-MEO (s34 bLs,l b ol
JL ;3151 [70, 105] w18, 1 Gbps &5 L SIOM g5k
JL,l £, Shijian-20 o34, JB o CASC-5 &8,b 51 Y14
Jlo s [70, 105, 225] wis )55 e s GEO y 10 Gbps
3 d Sl Jlaw s SO Xingyuan-2 o jlsale Y- Y-
100 Mbps JLw,l 75 5,18, sl LaserFleet o5 5 &b
Iy oo 4 o,lgale g LEO-LEO (slo)lgale oo S (sl
&y Tianwen-1 o555 Y Y+ ,3lgl ;o [70, 105] o, Slles
Slhkee 5 Gbps b osls JUisl #5 Gaa b g g e liless]
[227] ael 05,8 olo (59) » Curbgo b YTV 408 50 a5 0
Ol e Josle 31 eslinal L DMT-B ojlsale Yo¥Y Jlo o
om Sid sy 10 Gbps o)l &5 sl SIOM (5,54
Jlo o ol o [70] o5 eolaiw! LEO-LEO (slo,lsale
77 CGS Jgilo 3l eolaxwl L Jilin-1 o34, JB jo Y-YY
358 610 0580 3580 (yeey 4 LEO Llue (51,5 10 Gbps L))

[70,105] ¢é,5

AV INFF bl 5 5l cJol oyl iy Jlw— 2Lad glas 11)l5 5 559 pole dolibadgs



2 lad Koo/ Ol plo b jIbfpin g CS iy

[239] cubecat (g5 &l plie dgaze :(FO) JSi

O ) Ol pbee SU gl YN0 JLs jo Google s

L LooN o3 B ;51 (S ol 5 Lapdly I (slaaglane

htws Baa L Mynaric ¢S ,4 5,5 sl Jle i 5l oolasul

Ly sk Ve alols 5l ail 5 coulKe VOO Jlo)l 25 4
[240, 241] o 5 slles

J[241] Google Loon 639y (s0a4k0 ‘5 (FP) IS
sl Jssle 5l eolawl L Facebook «8,i YeVA Jlo o
&l eolawl owul L g Mynaric ¢S5 5| MLT-70-ATG
Jloyl &5 6lp bodinn, ;550 3 UAV 5l Glacgomme asiils
059, bl plod ;o Sy iyl &l jshaiea, 10Gbps
[242] 5 5 sldes |y b0

217] S grnsd (5550 o oo algazo :(FY) JSCib
L

el

[228] NLT-1  Jorn ) 005y i 13 Jolo :(FF) i
J...a .)P 6)L‘> 6Lmo)5f o DARPA @LA:B AL gox0
;10 Gbps b Jlo,l #5 !, Space-BACN 4 Blackjack
S o Slplre sladloe 5l g cal g3 4ol I
58St MIT oKiils [229-231] 5,5 aalss colaiw! Mynaric

IR |

ol 63,5 (558l NASA ssgams sl Iy 350 o35 i
Slp pledsile anwg Jl o oBails (nl ol 2 opdle
39 CLICK-A s s alazpy] 5l a5 cenl 5 badesessS
Sl ad Sy Coddee L 10 Mbps Jlo)l &5 sl YA
Jlo ;5 20Mbps Jlu)l 5 !y j5 CLICK-BIC algems
[105, 232] o Sllee Cuddge b Y- VY

S5 obol g Gl Jb oy YN L 5l oneWeb oS %
Ghps asye (paiz 5l (ole S @ Sliws (6l asslane
[131, 233] ol

S5 oobul 50 YN Jlo 5l SpaceX Sl bl 055
I, 1Gbps Jslee 55 aSeds o] Jlae i ;o 45 Canl doglaie
Mynaric S 1o (6,5 Ol pbe sla Jlaw 5 5l g ales 0351 5
[234-238] 5,5 sl coliul

woyar S S ol 4 53 AAC Clyde Space oS )%
039 b 093 (FmseS 655 b Joile gpin (Sude wix
Jlosl 25 5 Oy 10wy Bpae ol o Tk 133
5 S5 el illae a8 ool 05,5 slods, 1GbPS iSTus
[239] ol o Slilos Lab o Yo YY Lo

AY NFeF lewsl g ke (Jol oylouds iy Jw— 2 Lad oo 1o,y 9 (5593 (pole anliladge



GEO EDRS-C
2019 <2 m—“‘
GED EDRS-A n Operation |

015 % T SommeC

i 1 r
GEO ALPHASAT bl + 5 st ¢
1 wms

- C v
2013 > Shane. 10
09 -

S 5 63 Ol e Gl 5 druwgs' a5 ((FA) S
[245] TESAT
Mynaric &S ,o
Jeame pdgl g ol el Yo+ Jls o Mynaric s ,%
A DLR Jawgs YV Jlo [0 ol 0 plsn 6,5 Jlase
L PVWERA SV FUVSIVECHCEN I PRV S PN WIS PR
S i ol SYsame 51110 Gbps Lol 75 4 olows &y
Coydgyre 5l MK3 g MK2 Jow g5 [240, 241] o eolaxwl
Y Jgas 5o Loyl Glasin aSaiwe &S0 ol OY gaxe
DARPA’s asbp L Mynaric ,ol> b )0 .ol oals &l
{257] ReOrbit’s UKKO<wy ,sele [229-231] Blackjack
[258] Nortthrop Grumman <5 ,.% ;| Tranchel slao,lgals
York 5,5 [259] Loft Federal o5 & 51 NEXT o ,eelo
=l sleleale  asglai.  ([260]
31 Tranche 2 transport layer 4.l,; [261] WARPSPACE
DLR <, ;I QUNET o35, {262] Rocket Lab &S ,%

Space  System

s ScyLight asli,s 51 case lsie 4 Pegasus acl [263]
Raytheon 5,5 [264] ESA &,b ;5| Hydron o5,
[234-236, SpaceLink <S5, [265] Technologies
oS ,i g [269] JR Aerospace s oS L5 266,268]
S cpaiz 5l s eew ols 1,3 [270] Cloud Constelation
Jie s 95 IS Slasetie 3)fs Ll cass o 1, 5,5 Jlise 3
W PV R S FRPRRRNTER g S0) IO S PSSO JCH S ESR

[232, 271-273]

Mynaric )5 Jbae i (I Slasidn (V) Joux

9y SOCS b (omwy -7
S Db lalaey onijle S, (n ke
dalol jo oS wiiue Mynaric TESAT slacS & cslolsals
aloz 13 (g p 3550 plaTYgame 5 ES 1D (ol Condg
PR
TESAT 5,5 <
wlis ol oyl LYoo ) Jlo 5l lew, TESAT 8,8 wiz je
sladlioes Wy 5 cile o aai Sl 5 955 e
Gl asiie &8 s dmde 5 0 Lol oS 5T (g5 &l ple
3 [243] cl atals codled Ladlga 039> ;0 VAV ans 5l oS
i dils law, 85,8 oy Vgame a5 YooV Lo
Jisas 08 51 Gy 0935 b 0508 g 1, L 5 lilae
o595l [244] wilisls Slles Lad o oS5,8 ol )i
CubeLCT SmartLCT TOSIRIS (5,5 sl Sl
cVgams Hlsicas TESAT o8, 5l .. s LCT135 .ConLCT
Slibos LAY iS5 wiload Slles Lad s g0
o losy Lol clasis [245] ool oad L3, Gige
> dad o jpam wed Gyl bl eS8 a5
[245- 247] ol 00 a51,) 115 Jsor
TESAT 5,3 s Jluny L5 Olasin (V) Jgoo

First Type
flight Model ?;t:l P System budget
2007 SCOT135 25— MEO & 75-340 W, 28 kg,
[248] 10 GEO optic: 40*68*40
Gbps constellation & electronic
up to 80000 22*27*20 cm®
km
2007 SCOT80 25— LEO 60-80 W, 11.9
[249] 10 constellation kg, optic:
Gbps up to 8000 31*29*47 &
km electronic
26*19*24 cm?®
2013 LCT135 1.85 Up to 80000 120 W, 53 kg,
[250] Gbps km (GEO- 60*60*70 cm®
GEO, GEO-
LEO, GE-
Airborn,
GEO-GND
2019 TOSIRIS 1.25t0 LEO-GND 40W, 8 kg,
[251] 10 28*20*15
Ghps
2020 SmartLC 1.85 LEO-GEO 150 W, 30 kg,
T70 [252] Ghps 35*35*20 cm®
2020 ConLCT8 | 10Gbps LEO
0[253, Constellation
254]
2021 CubelLCT 100 LEO-GND 10 W, 397 gr,
[255] Mbps 9*9.5*3.5 cm®
2025 SCOT20 100 LEO-LEO, 35W, 1.6 kg,
(predict [256] Mbps LEO-GND 10*10*11.35 cm®
ed)

MK3
Model MK2
Data rate 312.5 Mbps to 1.25 313 Mbps to 2.5 Gbps
Ghps
Distance 5000 km 6500 km
Wavelength 1536 to 1553 nm 1536 to 1553 nm
Aperture 80 mm 80 mm
Transmit 1w 4W
Power
Dimension Optical System : 573.3 Optical System : 343.5

X 271.6 x 230 mm,
Optical Communication

x 210 x 170 mm,
Optical
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Controller : 340 x 259 x
163 mm

Communication
Controller : 150 x 170
X 207 mm

oS o Ks %
AAC & lgs oo o (5,b5 Jpame slls slocs 15 Ko
Thales (Astrogate Labs Space Micro Clyde Space
5 General Atomics .iXblue .Astrolight Alenia Space
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Range Specifications
Manufacturer Model
Thales Alenia | Optel-p LEO-GND 2 Gbps, 8U, 43W, 8
Space [274] kg
CubeCat | LEO-GND Up to 1Gbps
AAC clyde [239] downlink & 200kbps
Space uplink, 1U, 15W,
1.33kg
uULCT GEO- Up to 100Gbps,
SINGLE | MEO-LEO | ,scalable optical head
APERT | (80000 km) assembly (1cm to
URE 20cm aperture)
OHA
[275]
ULCT | LEO-MEO Up to
DUAL 200Gbps,scalable
APERT optical head
Space Micro URE assembly (1cm to
OHA 20cm aperture), 26
[276] kg, 168W
pLCT™ | LEO-MEO Up to 100Gbps,
100 10cm aperture, 28kg,
Gbps 160W
Laserco
m
Terminal
[277]
ASTRO- | LEO-GND 1 Gbps (Upgarades:
Astrogate LINK 2.5 Gbps & 10 Gbps
Labs [278] versions), 95 x 95 x
80 mm
ATLAS- | LEO-GND | 1Mbps to 12.5 Gbps,
1[279] 2.5kg, 1.8U, 1 to 5W
Astrolight transmition power,
30W power
consumption
SDA GEO 2.5 Gbps, 70/135/225
General v3.0 mm aperture, 10W,
Atomics OCT
[280]
SOT-90 5000 km 45*30*38 cm®, 60W,
[281] 16 kg
MOSTCOM SOT- 50000 km 60*40*48 cm?®,
150 100w, 50 kg
[281]
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https://www.satnow.com/companies/1474/astrogate-labs
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EDRS Europian Data Relay System
FLP Future Low-cost Platform

OSIRIS Optical Space InfraRed downlInk System

QZsSs Quasi-Zenith Satellite System
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SOLISS Small Optical Link for International Space
Station

TBIRD TeraByte InfraRed Delivery

LCRD Laser Communications Relay Demonstration

ILLUMA- Integrated LCRD LEO User Modem and

T Amplifier Terminal

QKD Quantum Key Distribution

Al Artificial Inteligence

OCT Optical Communications Terminal

SDA Space Development Agency

ESTOL ESA Specification for Terabit/sec Optical Links

PAT Pointing, Acquisition and Tracking

CCsDS Consultative Committee for Space Data Systems
HDR High Data Rate
OICETS Optical Interorbit Communications Engineering

Test Satellite
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Abstract

The use of explosion instead of combustion can lead to a significant reduction in the
dimensions and mass of the propulsion chamber. Explosion releases significantly more
energy compared to combustion, which causes more effective thrust and can create a
new evolution in the aerospace industry. The purpose of this research is to develop the
knowledge of enabling technologies in the field of space propulsion and to develop the
concept and performance and to examine the status of scientific productions in the field
of rotary explosive engine technology. The current research is of applied, data mining
and scientometric type, and scientific database analysis techniques were used in its
implementation. Data and keywords related to research between 2010 and 2024 were
searched and evaluated using the Scopus database. Vosviewer software was used to
analyze the data and visualize the obtained information. The statistical population of
the research was 895 articles in the field of technology related and involved with the
rotary explosive engine. The analyzes included the frequency of publication by year,
the countries publishing the most documents, and the preparation of a map of
technologies and a map of emerging technologies in this field. The results of the survey
show that the main keywords include combustion chamber design, modeling and
simulation, heat-resistant materials, and fuel injection systems and efficiency. The
frequency and trend of publishing scientific documents in the field of rotary explosion
engine is on the rise, China and the United States Muttahida has done the most research
and support (scholarships, joint courses, equipping infrastructure and laboratories, etc.)
in this field of technology.
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¥ Detonation Wave
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Abstract

Given the increasing prevalence of CubeSats due to their low research and development
costs, there is a need for a reliable standard separation system. The satellite separation
system must securely hold the CubeSat during flight, protect it from loads during launch,
and accurately deploy it into orbit. Typically made of aluminum, these separation
systems include a spring-loaded mechanism to position the satellite in orbit and a locking
and release mechanism to secure it during launch. In this paper, the design and analysis
of the separation system for a 6U CubeSat are presented. Initially, the design process for
the separation system is outlined, considering the requirements related to the satellite
and launcher. Subsequently, a 3D modeling process for the separation system is
described, taking into account the satellite and launcher requirements. In the design of
launch separation system, a new mechanical locking mechanism based on the pin polar
has been developed, which improves the accuracy and stability of the lock in launch
conditions. This locking mechanism, in addition to bearing the vibration loads caused by
the launch, provides higher reliability in maintaining the satellite until the moment of
injection into the orbit. Following the modeling phase, dynamic behavior analysis is
performed using ADMS and ANSYS software, and finite element analysis of the
separation system is conducted to determine its natural frequencies and response to
random and sinusoidal loads. Also, quasi-static and buckling analyzes have been
performed to ensure the proper strength of the separation system against the launcher
loads. The results obtained from the mechanical and dynamic analyzes showed that the
well-designed system can release the satellite optimally in the orbit with the appropriate
speed while bearing the incoming loads.
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Abstract

In this paper, an improved pulse repetition frequency selection method for the
spaceborne synthetic aperture radar is proposed, where the design considerations of the
other system parameters including antenna dimensions, azimuth and range resolution,
pulse width, swath width, incidence angle / look angle, orbital altitude and local radius
of the earth are taken into account. In the proposed method, in addition to the ability to
change the incidence angle, the effects of changes in the orbital altitude and the local
radius of the earth are also considered in the design. Also, in this method, in order to
stabilize the transmitted power, the design for constant duty cycle mode can be done
accurately, which can be very important in a practical system. Also, by using fixed duty
cycle in the proposed method, the range of available pulse repetition frequency values
and incidence/look angles will significantly be increased. Finally, for a typical system,
the results of computer simulation and design using the proposed method for the both
constant duty cycle and constant pulse width modes are given, which confirms the above
capabilities.
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Abstract

Extensive research has been conducted for predicting earthquakes using satellites and
space-based methods in recent decades. In pursuit of this goal, the correlation between
the ionosphere's total electron content (TEC) distribution and earthquake events has been
studied and analyzed. Tri-band beacon transmitters (TBB) transmit coherent-phase
signals to receivers. The primary objective of using TBB is to study electron density in
the Earth's ionosphere through TEC data analysis. This approach enables the creation of
two-dimensional maps or one-dimensional electron density profiles. This article focuses
on the thermal analysis of the beacon transmitter payload in a typical seismological
satellite under different space environmental conditions. The findings indicate that, in
the satellite's thermal design, implemented using passive thermal control hardware, the
transmitter payload maintains its operational temperature range under worst-case hot and
cold orbital conditions. The results can be used in designing a thermal control system to
monitor and control the TBB temperatures under different conditions in the satellite
orbit.
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Abstract

This paper aims to enhance design knowledge in the field of space technologies by
elaborating on the conceptual design process of a lunar orbiter structure. Initially, the
technical requirements and subsystem interfaces of the structure with other subsystems
have been examined. Subsequently, leveraging statistical analyses and studying similar
projects and existing models, several material options for the lunar orbiter structure have
been proposed. To evaluate these options, modal analyses and mass calculations have
been conducted using finite element modeling, and the results have been compared with
the material production capabilities within the country to determine the final structural
material. Furthermore, the conceptual design process, including component layout and
calculations related to mass properties, has been performed. The outputs of this stage
include the initial structural layout, mass budget, and preliminary mass calculations of
the lunar orbiter. This research, as the first national step in lunar orbiter design, provides
a valuable contribution to the analysis, design, and localization of space probes and

represents a significant milestone in advancing indigenous space technologies.
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Abstract

Plants are the main components of the bioregenerative life support system in long-term
space missions to Mars. To cultivate plants in the Martian conditions, it is necessary to
understand how they adapt to low atmospheric pressure. The atmospheric pressure on
Mars is very low, about 0.2 to 0.9 kPa, and is much higher on the Earth's surface
depending on the altitude above sea level (101 kPa at sea level). Therefore, the
structural materials of life support system as well as the plants grown inside it must be
able to withstand reduced atmospheric pressure. Facilities and capabilities for plant
growth in low atmospheric pressure must be developed for long-term space missions.
So far, studies on plant cultivation in low atmospheric pressure have been limited to a
few experiments that examine the ability of plants to grow and survive. To understand
how plants adapt to low pressure, it is necessary to examine physiological responses
through signaling pathways and oxidative stress tolerance mechanisms. In this study,
the effect of low atmospheric pressure on the design of space greenhouses, its
application in reducing spacecraft mass during long-term voyages, plant physiological
responses, pathways of oxidative damage, and molecular mechanisms of tolerance to

low atmospheric pressure will be investigated.

Keywords: Low atmospheric pressure, Plants, Life support system, Growth, Gene
expression
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