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1 Requirements Database (RDD)

1.1 System Requirements

1.1.1 Orbit Specification, Number of required satellites’

For AIS application:

- 650 km altitude, elliptic semimajor axis a = 7027.748 km
- 10 minutes per satellite visibility - > 10 satellites

- ->10 satellites

- -inclination: 100° - 127°

1.1.1.1 Analysis of required number of satellites, inclination und height

The ground station can receive AIS signals in a radius of 40-40 km when using an antenna 15 m
above sea level. However, Terrestrial stations placed on a higher altitude may be able to extend the
radius and get the signal from to 70-100 km subject to some other factors like weather, elevation,

external antenna, and obstacles around it (1).

The altitude of the station antenna plays an important role to get better reception. Base stations in
higher elevation extend the range and provide efficient reception and get signals from distant

ships and vessels.

However, terrestrial network is not yet efficient for vessel tracking services because of its
limitations considering seas and oceans. They are inevitable to be used in ports for clustering,
traffic management, path prediction, identification and to get better understating of the current

situation at ports and coastal areas.

But when going far into the open sea, it is hard to get the overall picture of what is going on there
using terrestrial network-based receivers, but it does help in navigation for the vessels themselves
and ensure the safety of the ships by providing collision avoidance solutions so the ships will be
aware about each other and the location of each vessel. Thus, this can only work in coastal zones

and ship-to-ship zone.

Satellite based AIS data can be more useful in the seas and oceans when no terrestrial base station
can be found to receive and analyze AIS signals. It can provide a global and yet complete picture

of the world’s maritime network.

When satellites are used to handle these data, term S-AIS is used. While terrestrial network can be
ideal solution for real-time vessel tracking and positions coverage at thousands of coastal areas
and ports, satellites are promising solution to the next generation the AIS devices which need to be
improved also to work better with the satellite-based networks. Because current AIS devices can

not make better use of all the solutions, features and functions that satellites can provide.

CubeSat AIS receivers can be used to detect AIS signals in LEO orbit at the altitude of 650km
(2). Satellites in higher altitudes may suffer from the propagation, AIS packets collision due to

' [5]
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Faraday effect which causes the signal's polarization plane to rotate subject to the elevation
angle and magnetic flux intensity. Doppler effect also makes the signal to overlap. Hence, the
detection probability has to be at its highest which can be obtained by satellites operating in
LEO.

Orbital Period

The orbital period is defined by the time taken by an astronomical object to rotate in its orbit

around another for one complete revolution.

A satellite's period is the amount of time it takes to make one full orbit around a planet, Earth. If
the satellite is placed high above the surface of the planet, it will take a long time to complete its
orbit. However, if the satellite gets closer to the surface of the planet, or to a lower altitude, it will

take less time to complete its revolution - and its period will be shorter.

The time needed for a satellite for one period in the orbit is given by the formula:
21
Vi

Where p is the gravitational constant for the Earth equal to 398600 kms3 /sec.
- Reis Earth's equatorial radius 6378 km.

-z is the altitude.

Thus, a satellite launched into a sun-synchronous circular orbit with altitude 650 km will need a

period of 97.72 minutes.

The period determines the semimajor axis a:

_ 2T . \3)2
T= Va (a)

Thus, the semimajor axis for the altitude 650 km and period 97.72 minutes is:
a=7027.748766 km
Inclination Angle

The angle of inclination is the angle between the reference plane and the direction axis. It is an

orbital element that determine the shape and direction of astronomical orbits.

Description The orbit plane of a satellite that rotate
around the Earth straight above the equator
line is the same as the equatorial plane of the
Earth, and the orbital inclination in this case is
0°. Inclination Angle

The orbital object has a prograde orbit in the 0°
equatorial plane of the planet.

Prograde orbit but not as same as the equatorial 0°<x<90°
plane.

Polar orbit, satellite passes over the poles of the 90°

planet.
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Critical inclination, zero apogee drift in elliptical 63.4°

orbits.

Retrograde orbit, in which the satellite's position on | 90°<x<180°
the equatorial plane is projected in the opposite

direction of the Earth's rotation.

Retrograde equatorial orbit. 180°

Vernal
Equinox

Apogee

Orbital plane with its inclination (i) with respect to the equatorial plane, right ascension &-
of the ascending node (Q), argument of Perigee (w) and true anomaly (v). The vernal
equinex, the ascending node, the perigee and the equatorial plane are represented.

AlS is required for black sea area:

Orbital Satellite
Plane

Considering Black Sea area, polar sun-synchronous orbits with 127° inclination at altitude 650 km

and semimajor axis of 7027.748766 km with a revolution period of approximately 97.72 min is by

far accepted to handle AIS data from this area.
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Below, is a graph with five periods of the calculated orbital elements

B
10

fi
% 10 w 100
— Orbit visualization

f all 100 150 200 2450 300 350

— Ground track

1: The automatic identification system (AIS) : a data source for studying maritime traffic : The case of
the Adriatic Sea. Arnaud Serry, 2017

2: Design of Automatic Identification System (AIS) Receiver for Low Earth Orbit (LEO) Satellite



Analysis with MATLAB AddOn “sat-lab”:

SCHULICH

Schaal of Engineering

INTRODUCTION

SAT-LAB is a MATLAB-based Graphical User Tnterface (GUI), developed for sinulating and visualizing satellite orbits. The primary purpose of SAT-LAB is
1 provide a so

e with a user-friendly interface that can be used for both academic and scientific purposes. The calculation of the sat tate vector

(position and velocity) is done using a Keplerian propagator. After selecting the six Keplerian elements, the computation and visualization of the satellite orbit is
performed s and in real time. Borh the satellite orbit and the state vector at each epoc] wo reference frames, ie., the Inerrial
Reference Frame (IRF) and the Earth-Fixed Reference Frame (EFRF). For the EFRF, both the 3D Camesian coordinates and the ground mracks of the orbit are
provided. Other visualization options include selecting the appearance of the coastline, topography/bathymerry. satellite orbit, position, velocity and radial
distance, and IRF and EFRF axes. SAT-LAB is also capable of visualizing orbits of operational satellites and real-time tracking of their position

aneou:

CURRENT LIMITATIONS

SAT-LAB users should use the current version only for educational purposes or for low-accuracy simulations of satellite orbits. Scientific usage is not yer
advised. Satellite positions are calculated with an aceutacy of several kilometers due to the following limitations:

* A Keplerian propagator is used, which cannot accurately describe the motion of a satellite orbiting a planet, especially in a low orbit. In low orbital altirudes
planet flamening ravitational forces highly affect the sarellite orbit

Tiwo-line element (TLE) ephemerides are used for the computation and real-time tracking of operational satellites. Although TLE ephemerides provide the six
Keplerian clements. they are suitable for use only with simplified perturbation models (e.g.. SGP, SGP4, SDP4, etc.) and not with a Keplerian prapagator
Even using simplified perturbation models, the acenracy of the satellite position using TLE ephemerides can reach several kilometers per day.

Only the Earth's rotation is taken into account for the ransformation of satellite position and velocity from IRF to EFRF. Formally. pre
polar motion effects should be taken into account as well.

ssion, nutation and

ORBIT SIMULATION AND VISUALIZATION

Onbit simulation and visualization examples using SAT-LAB are given m Fi
fallo

res 2 1o 5 The

2 types of orbits are presented

+ Geostationary orbit. A geostationary orbit is considered a special ¢
satellife in geostationary orbit bas a period of 1 sidereal day, an iucl
and an angular velocity equal to the Earth's angular rate.

< of geo onous orbit. A | |
tion of 0° (equatorial orbit)

orbit. Tundra orbit is a geosynchronous, elliptical orbit with an inclination of 63.4

Moluiyn orbit. Molniyn orbit is an elliptical orbit with an inclination of 63.4°, an argument of

perigee of

and a period of 0.5 sidereal days. A satellite in Molniya orbit spends the majority of

its orbit in the northern hemisphere and, therefore. Molniya orbit is suitable for satellite

observations over North America, Russia and northern Europe.

Low Earth orbit. Low Earth orbit is any satellite orbit with altimude of 200-2000 km. Earth
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SOFTWARE DESCRIPTIO!

The SAT-LAB GUT is presented in Figure 1. The main form consists of the 9 elements provided below. following the
same numbering as in Figure 1
1) M.

om operational satellites and a

bar, which contains the “Satellite Data” menu and twa submenus that allow the user to download orbital data

5. as well as other information.

tellite orbit i the IRF.

ess their orbital elen

) “Inertial Reference Frame” panel. which shows the

3) “Earth Fixed Reference Frame” panel. which shows the satellite orbit i the EFRF.

4) “Earth Fixed Reference Frame (Ground Tracks)” panel, which shows the satellie orbit mn the EFRF after converting
ihe 3D Cartesian coordinates of the satellite to geodetic coordinates.

5) “Select Keplerian elements™ panel. When the user selects or changes the Keplenan elements, SAT-LAB produces
and simulates the orbit in real time.

6) “Select appenrance” panel. The user can control which orbital ar

metrie components shonld be shown and can

select their ed 1 time.

olor. The changes

implemented in 1

solution” pancl. The user can define the spatial resolution of the topography bathymetry (rermain).
coastline and day/night (for real-time positioning of operational satellites). For optimal performance. a
medium resolution is recommended.

8) “Select satellite” panel The user can select the orbit and real-time position of selected operational satellites.
on the “Animate orbit” button, SAT-LAB

9) “Animation” panel. Selec

an animation of the current satellite orbit

1g at lenst one reference frame 7

produc

SAT-LAB: A MATLAB Graphical User Interface for simulating and visualizing Keplerian satellite orbits :

GEOMATICS
ENGINEERING

observation satellites, such as altimetry and gravimetry satellites, are orbiting in low Earth arbits Figure 2 — Geostationary orbit

ORBIT VISUALIZATION OF OPERATIONAL SATELLITES

SAT-LAB provides the ability to download
elements and other infor

Keplerian
al saellites in the
The user

iom of ope
form of TLE ephemerides from hrps://celestrak com

satellite, Here, the orbit of the following satellites is chosen to
visualized using SAT-LAB:
LAGEOS 1 (Figure 7). LAGEOS is a satellite mission

dedicated to providi

geodetic and geodynamic data using
The LAGEOS |
satellite is a sphere of 60 cm diameter with 426 reflectors on

the method of satellite laser ranging

Figure 4 - Molniya orbit

. LAGEOS 1 was lunched in 1976 and has an
orbital altitude of 5860 km and an melination of 109,847,
BEIDOU IGSO 2 (Figure §). BEIDOU is the navigation > —
satellite system of China, currently consisting of 21 -
operational satellites. The BEIDOU 1GSO 2 satellite was
launched in 2010 and operates at an altitude of 35700 km
vith an inclination of 33

GPS BIIF-1 (Figu
operated by i

Figure 6 - Satellite

10). GPS is o navigation satellite system

US Department of Defense and cumrently
consists of 31 operational satellites. The GPS BIIF-1 (PRN
25) satellite was launched n 2010
20000 km, an inchnaton of
approximately 12 houss.

GRACE-1 (Figwe 11). The GRACE satellite mussion is
designed to observe the temperal variations of the Earth’s

id has an altitde of

and a period of

vity field. GRACE-1 was launched 2002 in a low

Earth, circular and near-polar arbit

Figure 9 - Satellite information Figure 10

SUMMARY

The SAT-LAB soft

care provides a friendly and ca

-use GUI for orbit simulation, orbit visualization and real-tune wacking of operational sarellites.

orbit simulations only.
ot aptions will be mplemented in future releases of SAT-LAB.
s conysatlab_home btml

The current version of
More rigarous appros

AT-LAB is suitable for educational purposes and low-accu
ches to satellite orbit simulation and. possibly. more vi
SAT-LAB is freely available for dowaload at ltip: www dimitriospirel

EGU General Assembly 2017, Vienna, Austria, 23 — 28 April 201

Visualization of GPS BITF-1 satellite orbit

SAT-LAB is developed using MATLAB R2012 and tested in later releases (i.c.. R2013a) in both 32- and 64-bit operating systems. Overall, SAT-LAB consists of 20 .m files (17 functions and 3 script files).

Figure 11 - Visualization of GRACE-1 satellite orbit

CelesTrak. hitps
Ape 2017b

Figure 5 — Low Earth orbit

REAL-TIME SATELLITE TRACKING

The capability of real-time tracking of operational satellites is also implen
satellite tracking is possible only when the correct datetime settings and UTC time zone are selected by the uset
depending on their location. A day and night map is also caleulated and superimposed ouly for real-time sarellite
acking of GRACE-1 and Intemational Space Station (ISS) satellites are given in
lv. The satellite position can be visnally compared with resulis obtained from
. for both cases.

nted in SAT-LAB. Accurate real-tume

Figure 12 - Real-time tracking of GRACE-1 by SAT-LAB (left) and heavens-abave com (right)

L

Figure 13 - Real-time tracking of 1SS by SAT-LAB (left) and heavens-above.com (right)




Considering Black Sea afea, polar sun-synchronous orbits with 127° inclination at altitude 650
km and semimajor axis of 7027.748766 km with a revolution period of approximately 97.72 min
is by far accepted to handle AIS data from this area.

Below, is a graph with five periods of the calculated orbital elements

10’
.
\

Select Keplerian elements

Semi-major axis (m) :

Eccentricity

Argument of perigee (deg)

iscension of ascending node (deg)

Inclination (deg)

Mean anomaly (deg)

Select Keplerian elements
Semi-major axis (m)

Eccentricity

Argument of perigee (deg)
ension of ascending node (deg)
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Mean anomaly (deg) -
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1.1.2 Mission purpose and Payload

1.1.2.1 X-Ray sensor

Select appearance

| AEarth

Select resolution

Terrain - Low + Coastline : |Low
[ Topography/Bathymetry
- [ Coastline Select satellite
__| Asatelite Satellite name

W 4 sateliite orbit

Current epoch (JD)
- 4 Satellite velocity

Select resolution

Select appearance

—I (4 Earth Terrain - Low « Coastline : Low
[ Topography/Bathymetry
. A Coastline Select satellite
Satellite name
__| Asatelite
Reference epoch (JD)
W 2 satelite orbit

Current epoch (JD)
Wl 2 satelite velocity

et At ok orion ol LA

[SRQ 20] There shall be an astronomical x-ray sensor on board.

Reference epoch (JD) :

+ | Day/ight - Low

None v [[] Show orbit

UTC Time Zone

24595026653

+ | Day/Night - |Low

None v~ [ Show orbit

UTC Time Zone

7]
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Requirements Database (RDD)

1.1.2.2 Satellite based AIS system
[SRQ 30] There shall be a AIS transponder system on board for coordinating AIS signals from

ships in the black sea.

Tasks:

- Satellite Footprint investigation to know how many visible satellites we need for AlS for black sea

Result: Requirements for satellite system:

- Orbit height: 500-600 km (over 600 km we get problems with AlS signals)
- Sun-synchronous orbit (restriction from launcher)
- Inclination: ?

For AIS application:

- 650 km altitude, elliptic semimajor axis a = 7027.748 km
- 10 minutes per satellite visibility - > 10 satellites

- ->10 satellites

- -inclination: 100° - 127°

1.1.3 ACS

[SRQ60] Shall be low cost. For this reason only magnetorquer and sun-sensor is shall be used.

1.1.4 TT&C System
[SRQ10] TT&C shall be realized with the same hardware card as payload COM

OBC -> TT&C/COM transceiver (SDR) -> flat antenna

11



Requirements Database (RDD)

On-Board Computer
(RaspberryPi)

HackRF SDR Card

Antenna

12




2 System Design Document (SDD)

2.1 On-Board Telemetry, Tracking & Control (TT&C)

2.1.1 Overview - Bottum-Up Approach
[SRQ10] TT&C shall be realized with LimeSDR Mini.

2.1.2 Transceiver Card

[SRQ50] The Transceiver Card has to be maximum 10 cm x 10 cm x 1 cm.

2.2 Telemetry, Tracking & Control (TT&C) Ground Station

2.2.1 Bottum-Up Approach

At ground station the off-the-shell HackRF is suitable.

OBC -> TT&C/COM transceiver (SDR) -> flat antenna

On-Board
(RaspberryPi)

Computer

HackRF SDR Card

Antenna
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2.2.2 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE
GROUNDSTATION FOR USE BY WMO MEMBERS [4])

7~ Space Segment

I '\ < Inter Satellite >l
\ A Links &
O 2\

o\oﬁ*\)é’/ / \ %‘r
o??‘.“-'"@f}/ / s,;
s, | B migames APV \ 4
.// \ User
: -.‘Ter.mmals
g::‘::'z . Gateway/Hub 3
Ground Segment { User Segment
Amenna
Mounilng
Racalver | B4 L1 Frame
Synchtonlzset Synchironlzet
i I
]
1 ]
\ | Daia
| I ingesior
| i
] : |
Anishna P Dlghai Dats Data
Conttod  f----- \ Storage Srocassing— Colowr
Uni : Madia -4 Computar Montor
| L
: |
| |
eceeecccmeccee e . | Hardcopy
{ Program fracking ) Ouiput

Fig.1 Block Diagram of a small satellite ground station
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Antenna
Mounting

____________

Printer Disk

——————————
o
Q
=
=

1
:

Convarteri Hard
:

Recelver | Interface Computer | 14"
Monltor

Mouse Keyboard

VHF
Pre
Ampitilar

Fig.2 APTAWEFAX Receiving and Processing Station
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511 S-band parabolic antenna

5111 Diameter of antenna: 21.5m

5112 Gain :260db

5113 Beamwidth -8.1°

5114 Frequency - 1691.0 MHz

5115 Polarization - linear

51186 Mount Afixed, variable adjust, elevation 90°,
azimuth (20° - 70°)

51.1.7 VSWR 2156

5118 Impedance 500

51.2 S-band preamplifier and down converter

51.21 RF input - 1691.0 MHz

51.2.2 IF output - 137.5 MHz or other

51.23 Band width 6 MHz

51.24 IF/RF gain :30db

5125 Moise figure 15db

5.1.2.6 Stability :5x10°

5127 Impedance 500

51.2.8 Cable length 60m

51.3 VHF antenna

To reduce the price and for ease of maintenance, an OMNI directional non-tracking
antenna is recommended. An OMNI directional non-tracking antenna must be able to receive data
above an elevation of 52. This requirement will reduce interference while maximizing the possibility for
coverage of synoptic scale meteorological phenomena.

OMNI directional antenna

51.31 Frequency - 137.5 MHz
5.1.3.2 Polarization - right hand circular
51.3.3 Impedance (500

5134 VSWR 221 max

5135 Gain -3 dbi

5136 Beamwidth - 180°

Depending on the user's situation and requirements, an omni-directional antenna may
not be sufficient for proper APT reception. Under these circumstances, the use of a directional antenna,
such as a crossed Yagi, would provide higher performance and greater coverage. MNote that use of
program tracking and other antenna pointing methods would be required. The following information
describes an alternative to the OMNI directional antenna described in sections 5.1.3.1 through 5.1.3.6.

Directional antenna (Yagi)

51.3.7 Centre frequency - 137.5 MHz

51.3.8 Polarization - right hand circular
5139 VSWR - 2.0 max

5.1.3.10 Gain - 20 dBi or greater
51.3.11 Beamwidth - 20 degrees at 20 dBi
51.3.12 Mount - Elevation over azimuth
51.313 Program track - Program track

514 VHF Preamplifier

16
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5.1.4.1 Centre frequency S 137.5 MHz

5142 Gain :30db

5143 Noise figure :2db

5144 Installation - in antenna base

51.5 Receiver

51.5.1 Type - FM phase lock loop

5.1.5.2 Input frequency :Switch selectable crystals for reception
of APT and WEFAX

5153 IF bandwidth ‘50 KHz and 30 KHz —switch selectable

5154 Noise figure -5db

51.6 Computer

5.1.6.1 486 computer with TVGA card (1024 x 768 resolution)

5.1.6.2 Colour monitor 14"

5.1.6.3 Hard disk -120 MB

5164 Memary -4 MB

51.6.5 Clock - 33 MHz

51.6.6 Keyboard

5.1.6.7 Mouse

5.1.6.8" Printer (optional)

51.7 Outdoor environment

51.71 Temperature c-40° C-+500C

51.7.2 Humidity - 98%

51.7.3 Wind - operational 20 m/s, survival 35 m/s

51.8 Power

5.1.81 110w/220v  + 10%

5.1.8.2 50Hz/60Hz

5.2 Specification requirement, for high resolution ground station

The stations should be reliable and easy to operate. The block diagram of the high
resolution ground station is shown in Fig.3. If the station receives geostationary satellite data, it should
be equipped with a fixed antenna. If the station receives polar orbiting satellite data then it must be
equipped with a tracking antenna and antenna control unit.

17
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Antenna
Mounting

Pre Amplifier and

Hard
Down Converter Printer Disk
:
:
; Recelver |- Bit/Frame - Ingestor (| Computer | -{ Monltor
i Synchronlzer
) T T
| ! jrommmmnm
: : i Keyboard
i ! i Mouse
) Antenna i
— Control |- )
Unlt Colour
Monltor

521

5.2.1.1

521.2
5213
5214
5.21.5
5216
521.7

Fig.3 High Resolution Data Receiving and Processing Station

S-band tracking antenna and antenna control unit for receiving HRPT data

G/T merit of antenna system =6 db/K bit emor rate is better than
1x10® at 5 degree elevation

Frequency 21670~1710 MHz

Polanzation :RH, LH

Impedance SB0M5 0

VSWR 2156

Antenna mounting - azimuth-elevation

Tracking coverage - full geometric coverage including

overhead passes (Z-pass), good
performance of Z-pass fracking

S-band fixed antenna for receiving geostationary satellite
G/T merit of antenna system :G/T depending on which satellite to be

received, G/T must guarantee that bit
error rate is less then 107 in the worst

case
Frequency S 1670~1710 MHz
Polarization - linear
Mounting - fixed, vanable adjust elevation 90,
azimuth 20° ~70°
VSWR 15
Impedance SB0M5 0

2.2.3 As reference a ground station design from 2007 ([3]):

Abstract of [3] :

The CubeSat satellite ground station at the University of Wuerzburg is built with “commercial of
the shelf” low cost amateur radio hardware. It opens up opportunities for students to receive and

operate CubeSats,

including Wuerzburgs UWE-1. As any other satellite ground station, it is built

18
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up on essential hardware, as there are Antenna, Antenna Rotator, Radio, Modem and Computers.
Furthermore software is used to afford basic control over the ground station and provide tracking

abilities to follow a satellite passing over the ground station.

- — =" 2 Meter
Antenna

= i =

=2 L

i e

= -
|~ 7
- 4 EGIS EPSR-203 Mod /'/
Rot =2
;__ e |~ otor
"
=
1 ;
ol 74
— - Ground
Station
—1 Splitter % Computer L]
70 cms
;% Antenna 2 Meter L
Antenna ! !
TNC4e
Radio

PreAmps

Rotor Controller EGIS EPS-103 Mod

Schematic of the Old Ground Station design at University of Wuerzburg, Germany.

Figure 1.1: Old design of the Ground Station.
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Grawmd Station structural study

Relaged CubeSa. University. Antenna Rotor. Rotor Compuiter
Controller &
Tracking Software.
Delf-C3 Delft University of Yaesu G-5500 NOVA for
Technol ogy Windows
AAU Chubesat Aalborg University Yaesu G-5500 Predict
of Technol ogy
ChebeSat University of Yaesu G-5500 NOVA for
Arizona Windows wath
Uni_Trac
FPalySat California Yaesu G-5500 SatPC32
Polytechnic State
University, U.5.
Chebesat University of Elevation Rotator | Othital calculation
Tokyo, Japan ERC54 (Creative software
Design)
(Virtual Ground
Ammuth Rotator Station 3)
RCS54-3 (Creative
Design)
Chebesat TU-Bertlin Yaesu G-5500 SatPC32 and
ARSWIN
- Kagawa University, ERC-54 (El) Satellite Tracker 13
Japan RACEZS
And
RCSE-3P (Az)
--- Kyusyu University | EMOTATOR EV- No avail info
Ground Station. 200D
--- Kyushu Institute of Yaesu G-5500 GS-2324
Technology.
--- Nara Mational Yaesu G-5500 G5-2324 and Nova
College of Tech, for Windows.
Japan
--- Soka Umniversity Yaesu G-550 (EL) G5-232B
Ground Station
Uit And

Taesu G-2300DXA
(Az)

Figure 1.2: Ground Station Structural Study:.

20




System Design Document (SDD)

P — 3 g
L 2 Meter
e 7‘4 Yagi
;i ] ~ Antenna
il P -1 -
/é =0
[!- — - 7
+ = !
e
32;‘“ aesu G 5500 P
el |
Antenna pd 4
Splitter <3 g:u:{nd
; ation
Computer

l
=

. = usB
e Rotor Controller Computer

Interface
Schematic of the new Ground Station design at University of Wuerzburg, Germany.
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7

Antenna

Rotator
G-5500

Yaesu

P Splitter

Preamplifierd

I

THNC4 e

Transceiver
IC210H

Rotator
Controller

Ground
Station
Computers

Figure 1.4: Block Diagram of the Ground Station.

Altitude

310 meters

Tower

Hummel Teletower Jumbo I11

Operating frequencies

2m and 70 cms amateur bands

One 2 meter antenna

M2 2MCP22

One 70 ems antenna

M2 436CP42U /G

Antenna rotator and Controller

Yaesu G-5500

Rotator-Computer Interface WinRotor
Rotator-Computer Interface driver WinRotor XP
Radio TNC4e
Polarisation switch WiMO

Preamplifiers

LNA-145, SLN Series

Tranceiver

ICOM IC-910H

Power Supply

Microset 13.5 Volts

Two PCs

Fujitsu Siemens

Table 2.1: Hardware Specifications Table.
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—
| e —]
@ _.giz\_‘ =
Elevation Control I:I —

i

f

Q Azimuth Control

Winrotor XP
Nova for Windows

Yaesu G 5500 Controller

[o B o] o 0
M ELEVATION
000, 000,
(3880 3880

EXTERNAL L
®

USB Computer
Interface

External Control Cable

Rotor-Controller-Computer Interfacing.
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2.2.4 Graphical User Interface

Installing Nova for Windows

(a) Insert the Nova for Windows CD into the CD-ROM drive of your
computer.

(b) If the setup program doesnt start automatically, click on the Start
button (lower left corner of the desktop).

(c¢) Click on Run.

(d) In the file name box, type Setup.EXE.

(e) Follow the directions in the Nova for Windows Setup.

Important:

Be sure to enter the serial number carefully. Serial number must include
the NLD- prefix.

Farst step is to set the type of Map. In the screenshots shown below
“Large Rectangular Map” is selected for convenience.

To choose the new map setting the path is-

“Views” then “Configure current view” and then Choose “Map display”
and “Map Size”.

Refer figure 2.11.

Second step is to set the position of the Ground Station in “Nova for
Windows”. The path is- “Setup” and then “Observers”.
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File Setup Views Utiities AutoTracking Kep. Elements Help

Create new view

i i 2 Sats Quakesat
Confiqure default view Satellites | Observers ] Map | Text ] Stored configurations | s 1ss.a°|
View style > Elevation -16.3°
; A-1 (ASTERIX) ~ Quakesat Range 5 568.2 km
AAP-1 (GE-1A) SRy RV " Height |
AL CUBESAT PRI 5224k
) ABRIXAS > AOStime | 18:45:19 Loc
Close all views ACRIMSAT LOStime | 18:59:45 Loc
ACTS Until 00:06:02
Simple mode ADEOS =P 2 “Duation |  00:14:25
ADEOS 2 satellites e “lag
AFRISTAR A0S Az | 199
AGILA 1 (PALAPA B2P) pelete | Al ~ MeaxEl. | 26*
:Ec“)'&%m 1(5-27) L = e ar
ALOLETTE 2 el R
aicaT Orbit # 17 866
AMAZONAS < >
AMC-1 (GE-1)
AMC-10 (GE-10) e s
AMC-11 (GE-11) 8,505 @ |» I
aNc12 v satellites © 3 I
2| [ |
Celestial objects 22 satsup?
NOAA
2 get Up Satellites
&% Set Up Groups

X Cancel l O3 Set as default I C])))l @Jm | ? ]

General

g Tone Ohservers list Main City Database 2Sate
Satellites Informatik VIl Uni-Wuerzburg, DY = v i
e Cites | DXCC Countries | 144 HzEME | 432 Mrzewe | Y | )|k [ Azmn
Groups — || Eievation
|Aberdeen, ID Ahwahnee, CA Alert, NWT v Range
Abherdeen, MD Aiken, SC Alexander City, AL .
Antenna rotator Aherdeen, SD Ajo, AZ Alexandria, LA Ageslgt:‘ne 18 42,2139'8:;";
Configure defaulk view Aberdeen, WA Akron, OH Alexandria, VA 5 o
9 Abilene, KS Alameda, CA Algiers, Algeria X LOS time 18'59'?5 IToc
TCP \Bhilene, TX Alamo, NY Alhambra, CA v Ur@ 00:02:25
Wcapulco, Mexico Alamogordo, NM Allen AAF, AK , || Duration 00:14:26
\ccra, Ghana Albany, GA Allentown, PA . || AOS Az. 199°
Adda, MN Albany, NY Alliance, NE ; Max El. 26°
Adak, AK Albany, OR Alpharefta, GA . LOS Az, 337°
Adams, MA Albion, ID Altoona, PA i Visual Sun
Adelaide, Australia Albuguerque, NM Amarillo, TX i Orhit # 17 866
Afton, OK Alcoa, TN Ambler, AK -k >
Afton, WY Aldermaston, England Amchitka, AK '
[
1F Delete % sort il >
Edit Location Information
Location  Informatik VI, UiElevation {m)  310.0 ¢ OK
; . Location : Aberdeen, ID €]
Latitude deg. 49 Longitude deg. 9
Latitude min. 47 Longitude min. 56 Latitude : 45.95° North x Cancel
Latitude sec, 439.20 Longitude sec. 56.40 Longitude : 11283° West
North or South North East or West  East 2 Help
Add to Observers List I Make AutoTracking Obs. I

Figure B.2: Nova for Windows - Configuring Observer.

In our case it is:

Location: “Informatics VII, Uni-Wuerzburg, Germany.”
Elevation is of 310 meters.

Latitude is 49 degrees 47 minutes 49.20 seconds North.
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Longitude is 9 degrees 56 minutes 56.40 seconds East.
Refer figure 2.12.

Thard step is to check the availability of the specific satellite from
the Satellite Editor in the database of “Nova for Windows”.

In this editor, new satellite names and its Keplerian elements can also
be added. Also “Update Keplerian Elements” button provides the on-
line update.

The path is “Setup” and then “Satellites”.

Refer figure 2.13.

” Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany B@WZ}
File Setup Views Utiities AutoTracking Kep. Elements Help
r
EBX
X1-v

4 General oc. Satellite Editor

Time

' BEsd Keplerian elements IGroups | 8595 available satellites. Last update on: 95-06-27 pum _ 2Sats -
Grops M - Keplerian elements PSLVDEB PSLVDEB % 3;::u
PSLY DEB PSLYDEB WRaaE 659935k
|/ Observers Satellite name |Quakesat PSLY DEB PSLY DEB == anga =) DKM
@ Antenna rotator PSLV DEB PSLV DEB & 6923 km
X . Catalog number |27845 AOStime | 22:17:24 Loc
b Configure default view 2 PSLV DEB PSLY DEB “Lostime | 22:30:00 Loc
Epoch time |6329.0934029600 PSLYDEB PSLVDEB T Ul | 032954
PSLV DEB PSLV DEB e
Element set {889 PSLV DEB PSLY DEB ﬁ 2%
Inclinati 98.72410000 PSLY DEB PSLY DEB S el 20°
il | Rl PSLY DEB PSLV DEB S =
RAAsc. Node (334.62200000 PSLVDEB PSLYR/B SO S
PSLVDEB PSLVR/B Yisus =
Eccentricity 0.00091260 PSLV DEB PSLVRIB
PSLV DEB PSLV R/iB
Arg. of perigee  [240.95330000 PSLV DEB PSLVRB
,7 PSLYV DEB B
Mean anomaly | 19.12920000 PSLY DEB QUICKBIRD 2
Mean motion | 14.20063416 PSLY DEB QUIKSCAT
PSLY DEB RADARSAT
Decayrate | 0.00000126 PSLV DEB RADCAL
Epoch orbit# [17644 . PSLY DEB RADIATION SAT (5E 1))
-~ - NG =
aat o2 aonf 3 3§ Update Kep. elements | i | S | config. egtral

| ¥& gevivedl = Addl & Sched | ' oK l X Qancell Q'))I ?l AA | Who's Up? ]

Figure B.3: Nova for Windows - Configuring Satellites.

To update Keplerian elements or to get related help click on “Kep El-
ements”. Refer figure 2.14.

Fourth step is to choose the “Current View” in order to see Satellite
and Observer (Ground Station position) all together.

This provides a feature of selecting multiple Satellites and Observation
points on the map at the same time.

The path is “Views” and then “Configure current view”  and then
“Satellites” or “Observes” or “Map” or “Text”. Refer figures 2.15 and
2.16.
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-~ Nova for Windows ver. 2.2b, registered to Informatik VIl, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
-

Disk file update...  »

Internet update... »
o - - 2 Sats XV

Kep. element extractor Azimuth 345.6°
B Kep. element help - i x) N Elevation -22.4°
Rebuild database < 6383.4 km
694 6 km
2217:24 Loc
LOStime | 22:30:00 Loc
Uil 03:27:09
Duration 00:12:36
AOS Az. 26°
Max El. 20°
LOS Az, 154°
“Viwl | S
Orbit # 5961

< >
[«|<|@l
oHe
R EE

" 06-12-10 18:50:14 Loc.

File Setup Views Utiities AutoTracking Kep. Elements Help
2 i T

Configuration for Current View

ure curren
: 2 2 Sats Quakesat |
@l Configure default view Azimuth 185.8°
View style Elevation -16.3°
T Range 55682 km
Height 8224 km

f _AOStime |1845:19Loc
LOStime | 18:59:45 Loc

Informatik Vil, Uni-Wuerzburg

Informatik I, Uni-Wuerzburg

Close all views

; Until 00:06:02
Simple mode Duration 00:14:25
AOS Az, 199°
F Detete | Al Ma El. 26*
_LosAz_| 37
" Vil | Sun
“omitz_| 17868
< >

<@ w]
g

@33 set Up Obsenvers

£l

[~ Update Observer(s) from file E]

Figure B.5: Nova for Windows - Current View Observer.

On the Map, Footprint of the satellite/s and the Ground Station’s po-
sition/s can be easily found. Refer figure 2.17.
On the Right hand side of the screen, Real-time text data of the con-
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- Nova for Windows ver. 2.2b, registered to Informatik YII, University of Wuerzburg, Germany E”E} >
File Setup Views Utilities AutoTracking Kep. Elements Help
EBEX

:
2 Sats Quakesat |

'
i » : : ;
Creata s view) Configuration for Current View

nFig ren — Y
Lo Satellites | Observers | Map | Text | Stored configurations |

Configure default view

T Azimuih 185.8°
View style > A Elevation 16.3°
A-1 (ASTERIX) ~ Quakesat Range 5568.2 km

AAP-1 (GE-1A) - (XY
AAU CUBESAT
ABRIXAS

Height 8224 km
i _AOStime | 184519 Loc

Close all views Ac?ySAT - / LOStime | 18:59:45 Loc
AC =TT 06
Simple mode ADEOS - 2 DL“ gg;?fjgg
r ey ADEOS 2 satellites __Duration | otk
{ BT o AFRISTAR 205 Az, 199
X “ :g:tﬁ ; (PALAPA B2P) ,ﬂ. Delete All Max El. 25:
ALOLETTE 1 (S-27) RECS Az 337
ALOUETTE 2 —Visual | Sun
ALSAT1 Orbit # 17 866
AMAZONAS < >
AMC-1 (GE-1)
AMC-10 (GE-10) —r e —r—
AMCA1 (GE11) 8,595 [«|<|@in I]»I
AMC-12 Uiz
AMCAS v satellites e .l El
HNEERER

Artificial satelites
Celestial objects 22 satsup?
NOAA, —

2 SetUp Satellites

ﬁ SetUp Groups

X Cancel | B3 Set as default I C]>))] @ ||E | ? l

Figure B.6: Nova for Windows - Current View Satellite.

cerning satellite is available. The number of columns in the real-time
text window depends on the number of satellites in the view.

2 Sats
Azimuth
Elevation

Range

Height
A0S time

Figure B.7: Nova for Windows - Satellite Footprints.

Satellite Script.
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“Satellite Script” features the prediction of the flyby time of the satel-
lite or satellites over a particular Observer (Ground Station) up to 48
hours in advance.

This also enables “automatic script tracking”. Refer figure 2.19.

Freeze
View's time

Small and large
time steps forward

Sky noise
map
Tilte|® Faca
pus| V| W map

Launch a
new View

Configure
View

Nova for Windows' floating TeelBar provides access to the most
frequently-used functions.

Small and large time
steps backward

View from
Space map

Text-only
display

Rectangular
map

Change
View's size

L]

Satellite
script

Configure

View's map

Figure B.8: Nova for Windows - Floating Toolbar.
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- Satellite Script
Text display | Graphics display |

Interval AOS Max. LOS Orhit
Satellite Dateil) | AOStime | LOStime | Duration | between | azimuth | elev. | azimuth | number

[>

den 10 december 2006
Quakesat v 06-12-10 ‘ 17:04:23 | 17:19:40 | 00:15:17  12:03:03 | 145° | b5e ‘ 349¢ . 17865
Quakesat 06-12-10 . 15:45:19 | 18:59:44 » 00:14:25  01:25:39 | 199¢° ‘ 26° ‘ 337° , 17865
Quakesat 06-12-10  20:33:26  20:35:53  00:02:26 01:33:42 279° o0e 295 17866

RI-V 06-12-10 | 22:17:30 22:30:08  00:12:38 = 01:41:37 26*° 20 154° 5960

KI-V 0e-12-10  23:54:50 00:05:453 00:13:58  01:24:41 112 61 207° 5964
den 11 december 2006

IV 06-12-11  01:33:12  01:43:49  00:10037 © 01:24:23 358° 11¢ 259° | 5965

Quakesat 06-12-11  05:17:59  05:31:08  00:13:08 03:34:10 28° 16 145 17867
Quakesat 06-12-11  06:57:42 0713116 00:15:34  01:26:34 14 g9 19g8° | 17873

RI-Y 06-1211 | 07:52:56 | 08:01:10 | 00:08:14  00:39:39 83° | &° 9° | 5966
Quakesat | 06-12-11 | 08:38:23 | 08:51:35 | 00:13:11 | 00:37:12 | 5° | 18° | 247° | 17874

RI-Y 06-12-11  09:26:54  09:40:07 | 00:13:13  00:35:19 137 | 33° | 353° | 5969
Quakesat  06-12-11  10:20:08  10:26:00 | 00:05:52  00:40:01  351° | 2° | 305° 17875

RI-Y 06-12-11 | 11:04:22 | 11:17:48 | 00:13:26 | 00:38:21 | 189° | 35° | 339° 5970 |
30passesinScriptlist | Scriptshoudberecalclated! | 1passesselected

Becalc SelectAll | UnselectAll | Auto Select

X Cancel

Figure B.9: Nova for Windows - Satellite Script.

Frequency display.

It also displays the Uplink and Downlink Frequencies, with the Doppler
value for the particular selected satellite.

To check this, the path is “Utilities” and then “Frequency display”.
Refer figure 2.20.
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- Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
" Listing

Two-Sat visibility
Eclipses
Moon Graphs
Quick visibility check

- 06-12-10

Height
. 3 \ . ; " AOStime |1
Internet time set " 3 " il _ LoStime
. 24 - SoF / Until
~ Quakesat il _Custon |
— ! A0S Az,
Downlink / Max El.

Uplink

Freq @ I_ o
L | oooooooomHz | ZF | 436.666 311 MHz ,‘%m"
| Doppler +0.000 kHz -8.889 kHz 2l
4 ¥ <@ |»
Transmit | =
ottty <l oooooooommz g || 436657 423MHz {RX .I. O
| -

Linkage | Notlinked  v| Select |SNNEEENTEETENNE -

Lo | 4 sone 5] 0] 1|3

Figure B.10: Nova for Windows - Frequency Display.

To enable Auto-Tracking with “Nova for Windows”, the first step is
to select the type of Antenna Rotator from the Rotator Interface list.
The path is “AutoTracking” and then “Antenna Rotator Setup” and
then “Interface”.

Select the Rotator Interface from the available list.

For the Ground Station at Informatics VII, University of Wuerzburg,
“WinRotor” is the Rotator Interface.

For Yaesu G-5500 azimuth rotator range is 0 to 360 degrees and
elevation rotator range is 0 to 180 degrees. Refer figure 2.21.
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” Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany. Q@|®
File Setup Views Utiities AutoTracking Kep. Elements Help

Setup/Antenna Rotator

7 06-12-10 19:07:17

Interface | General | Calibration | Advanced | Display |
Azimuth rotator

Rotator Interface 2 Sats Quakesat_|

“Aimdh | 2

i -0-180° Elevati -19.4°

=No interface> v " Range 180-0-180 m"—"g':" e
<No interface= @ Range 0-360° Hei 831.5km

Kansas City Tracker

AOStime | 20:33:26 Loc
SASI Sat Tracker

LOStime | 20:35:50 Loc

- Summary

AEA ST-1 Absolute 3557 Until 01:26:08
Orhit Elect. RIF-PC (naxmum Duration 00:02.24
M2 RC2800P (old) e AOS Az. 279"
M2 RC2800P (new) solute [ A Max El. 0
TrakBoxj RACB0S minimum = 10S Az, 298"
EasyComm | Visual Sun
FODTrack Eleyatior rolatoe Orbit # 17 866
NovaComm 1 < >
DDE only " Range 0°- 90°

ZL2AMD's Uni_Trac
ZL2AMD's Uni_Trac 2003  Range 0°-180°
ZL2AMD's Nova_Tune
Yaesu GS-232A

Absolute ,—j
Kenpro KR-010 5 180 3
Meade LX200 telescope madmum
LabJack U12 5

Minimum elev.
inde b =

v OK I X Cancel | 9 Reset ‘ ? Help

Figure B.11: Nova for Windows - Antenna-Rotator Setup.

More help regarding “Nova for Windows” can be available from “help”
of the display window or please refer its detailed brochure. Refer figure
222,

-~ Nova for Windows ver. 2.2b, registered to Informatik VIl, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
v

" 06-12-10 19:09:57 Loc. Help contents

" NLSA on the Web o a——— e —~—— Quakesat

355.6°
-25.1°
7 064.6 km
831.7 km
AOStime | 20:33:26 Loc
LOStime | 20:35:50 Loc
01:23:29
00:02:24
279"
o°
298"
Sun

About Nova for Windows

Figure B.12: Nova for Windows - Further Help.
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Test Results

Eleven tests are documented in a duration of 10 days from 08 Dec 2006
to 18 Dec 2006. Testing summary is as follows:

08 December 2006

AOS Time 16:04:08 Local Time
LOS Time 16:17:42 Local Time
Duration 00:13:33 hrs

Maximum Elevation 21 degress

355 degress

AOS Azimuth ‘ 118 degrees
LOS Azimuth ‘

Table C.1: Testing - Satellite Seript 08Dec2006.

Number of Beacons received : 3.
tncde2: fm KD7OVEB to QST ctl Ul pid=BB len 255 16:10:18
tncde2: fm KD7OVEB to QST ctl Ul pid=BB len 255 16:10:28
tncde2: fm KD70VB to QST ctl Ul pid=BB len 255 16:10:57
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16:11:08
16:11:00
16:10:51
16:10:42
16:10: 34
16:10:25
16:10:16
16:10:08
16:09:59

16:09:50 T T
1 2 3

Local Time
;

Beacons
08 Dec 2006

Figure C.1: Test Beacons on 08Dec2006.

11 December 2006

AOS Time 15:08:46 Local Time
LOS Time 15:19:13 Local Time
Duration 00:10:26 hrs

Maximum Elevation 8 degress

LOS Azimuth

|

AOS Azimuth ‘ 87 degrees
|
‘ 1 degress

Table C.2: Testing - Satellite Seript 11Dec2006.

11 December 2006

AOS Time 16:45:23 Local Time
LOS Time 17:00:18 Local Time
Duration 00:14:55 hrs

Maximum Elevation 40 degress

LOS Azimuth

AOS Azimuth ‘ 139 degrees
| 351 degress

Table C.3: Testing - Satellite Script 11Dec2006.
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3 Hardware in the loop (HIL) Test System

3.1 System Design of HIL

W

2: HackRF tools (hackrf_transfer -r

..., hackrf_transfer -t ...

‘ HackRF

Linux, Raspberry Pi
LT N

1: Gnuradio

HackRF
3: Gnuradio, RTL-SDR, Linux

in VM / Windows, Laptop

Linux in VM / Windows, Laptop

Payload: Sending from 1 to 2 an AIS file on 161.975 MHz — Sending from 2 to 3 this file on 2.6 GHz

Telemetry, Tracking & Control (TT&C): Sending from 1 to 2 a control command file on 2.6 GHz,

sending from 2 to 1 a file with sensor information on 2.6 GHz
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3.2 HackRF - RTL-SDR - GNU RADIO Setup?
3.2.1 Orange Pi - Raspberry Pi

HackRF One is an SDR (Software Defined radio) working in transmission and reception in a wide

frequency range. IMHz to 6GHz. RTL-SDR is the cheapest and most well-known SDR working in

reception only. Here we will discuss the connection of these 2 SDRs to an Orange Pi or a Raspberry

PI and their operation with the GNU Radio software.

i

N ‘ .

Connection of the HackRF One SDR to an Orange Pi Pc2 or Orange PI One Plus ruhning on
ARMBIAN or a Raspberry PI.

3.2.2 HackRF Library

In console mode, update your system:

sudo apt-get update

2 HackRF — RTL-SDR — GNU RADIO Setup — F1ATB (https://flatb.fr/index.php/2020/08/06/hackrf-orange-
pi-gnuradio-setup/)
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sudo apt-get upgrade

Install the library for hackrf:

sudo apt-get install hackrf

Connect the hackrf to an USB port and check it:
hackrf_info

If the installation is good, you will get a response “Found HackRF” etc ... Sometimes with some

USB cables that connect the HackRF, there is no response. Change the cable in this case.

3.2.3 Installation GNU Radio Companion
GNU Radio is a very powerful tool for modelling signal processing chains. GNU Radio

Companion is a complementary tool allowing to build radio processing chains graphically without
writing a line of code. So far for Debian Buster there is only version 3.7.13 which is considered
stable.

sudo apt-get install gnuradio

3.2.4 Installation Osmocom SDR and RTL-SDR Drivers

RTL-SDR and Orange PI One Plus

sudo apt-get update

Installation of the USB library:

sudo apt-get install cmake build-essential libusb-1.0-0-dev

We clone Osmocom in the user’s Downloads folder for example:

cd ~/Downloads
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sudo git clone https://github.com/osmocom/rtl-sdr.git

Go to the folder rtl-sdr:

cd rtl-sdr

sudo mkdir build

cd build

sudo cmake ../ -DINSTALL_UDEV_RULES=ON -DDETACH_KERNEL_DRIVER=ON

At this point I sometimes got an error because the pkg-config package was not found. Make:
sudo apt-get install pkg-config

and relaunch the cmake from above.

sudo make

sudo make install

sudo ldconfig

3.2.5 Osmocom source module installation

sudo apt-get install gr-osmosdr

3.2.6 GNU Radio launch

You have to be in graphics mode to be able to use this superb signal processing design tool.
Personally, I use my orange-pi or raspberry in remote mode. I connect to them by enabling VNC in

setup and using the VNC extension in chrome on my PC. On a terminal in graphics mode type:
gnuradio-companion

A message “RANDR” missing ... is not important.

3.2.7 Error Xterm executable is missing

If you have when launching a model in gnuradio companion a message of the type Xterm
executable is missing and if you are on Armbian or Raspbian (raspberry) go to the configuration
folder.

cd ~/.gnuradio
edit grc.conf

sudo nano grc.conf

and add at the end of the file:

[grc]

xterm_executable = /usr/bin/lxterminal
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First of all, check that the terminal is installed on your machine. Otherwise installed it with:

sudo apt install Ixterminal

3.2.8 Osmocom module
To enter data from HackRF One or RTL-SDR, use the Osmocom source module in GNU-Radio.

D Iosmosdr_sowco_o 0 ption =

Complex float32 | ¥

;
R |
i

Sync don'tsync |V
Num Mboards 1 v
Mb0: Clock Source Default W
MbO: Time Source Default W
Num Channels 1 v

Sample Rate (sps)
Ch0: Frequency (Hz)
ChO: Freq. Corr. (ppm)

Ch0: DC Offset Mode off -
ChO: IQ Balance Mode Off v

ChO: Gain Mode Manual

ChO: RF Gain (dB)
Ch0: IF Gain (dB)

j

=
@\_Illidu' | XAgmlcr I @Agpliquerl

It is not necessary to identify the SDR if only one is connected to the processing board. For the

D e e e

gains, it is necessary to make tests to find the good values according to the model of SDR.

3.2.8.1 Note On Hack RF Gains
HackRF One provides:

e RX: three different analog gain controls

e RF (“amp”, 0 or 14 dB),

e IF (“Ina”, 0to40 dBin 8 dB steps),

e baseband (“vga”, 0 to 62 dB in 2 dB steps)
e TX:two gain controls

e RF(0Oor14dB),

e JF(0to47 dBin 1 dB steps)
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The RX and TX, RF amplifiers have two settings: on or off. In the off state, the amps are completely
bypassed. They nominally provide 14 dB of gain when on, but the actual amount of gain varies by

frequency. In general, expect less gain at higher frequencies.

3.2.8.2 Note on RTL-SDR Gains

Only the RF gain parameter acts on the RTL-SDR. You can get the available gain values provided
that the RTL-SDR was not started by an application. In a terminal window type:

rtl_test

root@opi-onep-70:~# rtl_test
Found 1 device(s):

0: Realtek, RTL2838UHIDIR, SN: 00000001

Using device 0: Generic RTL2832U OEM
Detached kernel driver
Found Rafael Micro R820T tuner

Supported gain values (29): 0.0 0.9 1.4 2.7 3.7 7.7 8.7 12.5 14.4 15.7 16.6 19.7 20.7 22.9 25.4
28.0 29.7 32.8 33.8 36.4 37.2 38.6 40.2 42.1 43.4 43.9 44.5 48.0 49.6

[R82XX] PLL not locked!

Sampling at 2048000 S/s.

Info: This tool will continuously read from the device, and report if

samples get lost. If you observe no further output, everything is fine.

3.2.9 Multi-SDR

In the case of several SDRs connected to the processing card, they must be identified. For a hackrf
type in a terminal hackrf_info and retrieve the serial number and put it in the ‘Device Arguments’
box. Ex:

hackrf=000000000000000075b068dc3122a607

For an RTL-SDR, type rtl_eeprom and put the serial number. Ex:
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rt1=00000002

The difficulty with RTL-SDRs is that they all carry the serial number 1 when they are

manufactured. You can reprogram this number by typing:

rtl_eeprom -s 'numéro de série'

With the rtl_eeprom -h command, we have the corresponding help.

3.2.10 Purchases
The HackRF being developed in Open Source can be bought in China at Aliexpress for a hundred

Euros. To use it, the Orange Pi solution is very interesting. We forget the Orange Pi Zero which,
following the treatment defined in GNU-RADIO, quickly risks running out of power. We are
going to move towards 64-bit 4-core processors like the H5 or the H6. I have successfully tested
Orange Pi PC2 H5 and Orange PI One Plus H6 for SSB reception and SSB transmission.

H5 High Performance Quad

Orange PI PC2

The Orange PI PC2 has the following advantages:

e several USB2 if you want to connect different SDRs
¢ An audio output on headphone jack, useful for an HF receiver
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range Pi

Orange Pi One Plus

Orange PI One Plus
The Orange PI One Plus has the following advantages:

e The minimum required to control a Hack RF or a RTL-SDR from the network (USB, Ethernet 1Gb / s)
e Avery low price: less than 30 € with food and transport (Ebay or Aliexpress)

3.2.11 Posts on Remote-SDR

¢ Remote SDR v3

¢ Gpredict — Remote SDR

¢ Remote SDR — Raspberry Pi 4B or Orange Pi Zero 2 image installation
¢ Remote SDR v3 — Manual Installation

e SA818 — RTL-SDR

e Remote SDR — Examples of realization

¢ Transmit over QO-100 satellite with a Smartphone
e Remote SDR V2 — Software Architecture

e Remote SDR v3 — Tips

e Remote SDR V1- Purchase

¢ Remote SDR V1 — Man Machine Interface

e Remote SDR V1 - Signal Processing

e Web Client to GNU Radio

e GNU Radio to Web client
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e Remote SSB Transmitter

e Remote SSB Receiver

e GPIO on Orange PI One Plus H6

e TCXO installation on HackRF

e (0-100 Transceiver with 2 SDR — Remote SDR V1

3.3 Other Gnuradio/HackRF instructions

3.3.1 Installing HackRF on Raspberry:
HackRF One installation

e Prerequisites

If you did not install these for SDRplay:

I sudo apt install libusb-1.0-0-dev libfftw3-3 libfftw3-dev
e Install
e cd ~/

e git clone https://github.com/mossmann/hackrf

e cd hackrf/host

e mkdir build

e cd build

° cmake ..

e make -7 4

e sudo make install

I sudo ldconfig

e reboot
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You may need to update the firmware to match the version of the driver. As of this writing, the
latest firmware/driver version was 2021.03.1
Most HackRF devices have firmware version 2018.01.1 or earlier. Use hackrf_info to see if the

firmware version matches the driver that you installed.

hackrf info

# If you see "Firmware Version: 2021.03.1 (API:1.04)", then it is up to date.

# Transfer rate test:

hackrf transfer -r /dev/null -s 21500000

#Test sending data:

hackrf transfer -t /dev/zero

Firmware updating instructions are based on this:

https://hackrf.readthedocs.io/en/latest/updating_firmware.html#updating-the-spi-flash-firmware

Note that the zip and tar.xz archives have the firmware files. The git clone procedure does not.

Download hackrf-2021.03.1.zip

Extract only the firmware-bin directory into the ~/hackrf directory

cd ~/hackrf/firmware-bin
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e # To update the firmware on a working HackRF One, use the hackrf spiflash

program:

e hackrf spiflash -w hackrf one usb.bin

o # Press the reset button on the HackRF.

e hackrf info

I # The new firmware version should now displayed.

3.3.2 Installing gnuradio on raspberry:

apt-get install -y gnuradio

3.3.3 running gnuradio:

gnuradio-companion
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3.4 Hardware-in-the-Loop test rig for IAP-SAT (Overview) (2015)

System architecture:

Satie.lliteuBljS# L e éSateIIite Payload:
Software Shate : :
(Scilab fxc Environment :
s &-
S ; Camera
= = v for
- - .:!1_'., meteor
E Sensor images
Actuators Models I
: Models - :
B «— ! Transmitter
: ' commands On board computer : :
- To (Altitude control)
Actuators - Hardware in the :
loop 5
: | Antenna
l

Telemetry

Antenna
: HP Simulation server :

Position (state variables)

Telemetry
Antenna
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Hardware in the loop (HIL) Test System
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In this figure, input 1 is the angular speed wi, and imput 2 is the acceleration. These inputs is
passed by the scale factor, the noise, transfer function and the misalignement of the axis to

measure the final angular speed as output of gyroscope.

Overview is including Simulation model of actuators, space model and sensors of IAP-SAT (for 1.

xcos model, 2. Graphs of simulation results please refer to documentation)

- Interface between Simulation Server and Board Computer of IAP-SAT (for 1. xcos model, 2.

Graphs of simulation results): please refer to documentation)

- Meteorological Images supply by HDSDR

3.1 HIL 2021

3.1.1 Space Segment:

- Raspberty.(Lintix GAuradic, NASA coreFlightsystem)

- ACS (magnetorquer, IMU from IAP-SAT))
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Hardware in the loop (HIL) Test System

- HackRF
- Antenna
- Structure

Gnuradio program and HackRF drivers successfully installed on raspberry pi

3.1.1.1 Ground Segment:

- Laptop (Windows or Linux, GnuRadio/PothosSDR)
- Antenna
- HackRF

Also possible with
Programm CubicSDR, PothosFlow (instead of gnuradio)

3.1.1.2 Task Sending and Receiving file

1. On 2.6 GHz band: sending a file from space segment

2. Receiving this file on ground segment and visualize it
Especially:

1. Recording file from remote control of car opening (probably 433,92 MHz) by raspberry
Sending this file to ground station
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4 Hardware Design Document (HDD) & Hardware Realization Document
(HRD)

4.1 TT&C Tranceiver

4.1.1 Crowd Supply LimeSDR Mini Boards

Crowd Supply Lime Software Defined Radio (SDR) Mini Boards are hardware platform for
developing and prototyping high-performance and logic-intensive digital and RF designs. These
boards use Altera's MAX 10 FPGA and Lime Microsystems' LMS7002M REF transceiver. The
LimeSDR Mini boards are smaller, and less expensive when compared to the LimeSDR. These mini
boards feature two 128KB for RF transceiver MCU firmware, and a 4MB flash memory for data.

The LimeSDR Boards feature 2 SMA (SubMiniature A) connectors for connecting external transmit

and receive antennas, such as the Taoglas TG.09.0113. A U.FL connector is provided for an external

clock source, such as GPSDO or atomic clock, via the Taoglas CAB.721 antenna.

4.1.1.1 Features

Lime Microsystems LMS7002M MIMO FPRF transceiver
e Altera MAX 10 (10M16SAU169C8G) FPGA:

o 169-pin FBGA package
549KB M9K memory
2368KB user flash memory
4 x fractional Phase Locked Loops (PLLS)
130 x general purpose input/output (GPIO)
Single supply voltage
Flash feature

o FPGA configuration via JTAG
e 2 x 128KB for RF transceiver MCU firmware and data
e 1 x4MB flash memory for data
e General user inputs/outputs:
o 2 Xxdual color (red and green) LED
o 8 XxFPGA GPIO pin header (3.3V)

O O O O O O

e Connectivity:
o USB 3.0 Type-A (FTDI FT601 controller)
o 2 x coaxial RF SMA connectors
o U.FL connector for external clock source
o FPGA GPIO headers
o FPGA JTAG connector
e Clock system:
o 30.72MHz onboard VCTCXO
o Possibility to tune VCTCXO with onboard DAC
o External clock input via U.FL connector
e 69mm x 31.4mm dimensions
e Weighs about 20g


https://eu.mouser.com/ProductDetail/960-TG090113
https://eu.mouser.com/ProductDetail/960-CAB721
https://eu.mouser.com/ProductDetail/LMS7002M
https://eu.mouser.com/altera-max10-fpga/

Hardware Design Document (HDD) & Hardware Realization Document (HRD)

4.1.2 Lime SDR mini

RF
4—»] Transcener EEPROM
(LMSTO02M)

USB 3.0 RF Matching RF
controller > —»] Network, 1 Connectors
(FTDI FT60x) Loopback (SMA)

\. J

UsSB 3.0
Connector

FPGA
(Altera MAX10
10M16SAU169CEG)

RG LED,

T. Sensor,

EEPROM,
Flash

[ Grio[r:0),

Power Clock EGPIO[1:0)

Supply Network 7| headers,
fan contrd

N/

4.1 TT&C Antenna
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5 Software Design Document (SWDD) & Software Implementation
Document (SWID)



5.1 Organizational chart (current and future)

Director R&D

Samir M.

Technical
Assistant

Power Supply Subsystem Antenna Attitude Control Propulsion Telemetry and

ystem Integration (Battries, ...) Subsystem Subsystem Subsystem Tracking Subsystem

System Test

Communications
Subsystem, AIS

Payload Camera
Subsystem

Abdurrahman M.

Ground Station

Plasma Thruster Ges

Testing Electrical
Propulsion Unit




AS-COMSAT-1 System (Hardware&SW)
6 AS-COMSAT-1 System (Hardware&SW)

6.1 System Concept for Attitude Determination and Control System (ADS,

B

6.2 On-Board Computer (Raspberry Pi)

On this computer the NASA core flight system shall be implemented. System design: Jana Othman
(Internship AECENAR July-Aug 2021).
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6.2.1 Physical System Overview

Hub
UMPPT/Charger i
odul

ST Camera
DSA control il “
A/S & RBL M

Interface
IRVINE-03 — PHYSICAL SYSTEM OVERVIEW

Figure 1: physical overview

6.2.2 How communication is done

| _Space Segment |
mgm“wé‘s;eiﬁe“’E%m
Links

A

A
’ : ™
V&
Network
Operator % Gateway/Hub
J

‘| Ground Segment ‘User Segment

Figure 2: Communication and TT&C
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6.2.3 OBC System

X-Ray sensor payload hardware
:— i C ication payload Hardware .
|

i — W | i
! & 1 1
i E; ! |
H - | A 1
i 1 | |
! i |
1 | :
\\ X-Ray Sensor payload :
\ I

cmmh,‘ﬁma

ACS Hardware Components ‘

Sun Sensor I .

Magnetorquer (Actuator)

/ Inter-task Message Router (SW Bus - Publish/Subscribe)

Y, A
o g s Tk 'y
/ ' v |
// - v } v
/ \ Sending
mac Processing | | Receiving ) |
: AR A . ‘ ‘

TT&C Hardware Components l

Conkiol Electronic Power Supply

Antennas

Electronics power supply hardware (EPS)
Communication =

Battery —

Control '
Load controller

Figure 9: System Design

Legend:

. : Components of a block
. : CFS Configurable Applications

. : cFE Core Services

: X-Ray Specific Apps

As payload also the AIS system shall be implemented (Rozan Mustafa as master thesis at Marmara
Univ.)
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6.2.4 AIS system on the OBC

6.3 HackRF Card (Responsible: Abdurrahman)

Establishing digital communication between HackRF and On-Board Computer

6.4 Attitude Control System (ACS) (Responsible: Raja)
Sensors: Sun sensor, IMU (see FCS of TEMOLeb-Mintad 2018 in TEMOLeb-Mintad Final Report?)

Actuators: Magnetorquer

6.5 X-Ray Sensor (Responsible: Yahya, Raja)
This project will present the design and implementation of an X-ray detector system that is based on
low-cost PIN diodes (BPW34). General procedure of designing the preamplifier and shaping

amplifier will be presented as well as the practical approach to implement this system.

Typically, the PIN diodes (detectors) have low-voltage input signal and have to be amplified
via an extremely low-noise preamplifier. The preamplifier acts as a first stage in a chain of
amplifiers that has very sensitive characteristics. Then, a shaping amplifier is used to make a
reasonable signal shape that has the shape of a tail which can be processed and interpreted by a
microcontroller. An ADC will then be used to transform these analog quantities to digital. Figure 3
below shows the overall process of converting input charges from a detector into digital readable

signal proportional to input charges.

3 See [2]
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AS-COMSAT-1 System (Hardware&SW)

Detector Shaper
(BPW34) Preamplifier Amplifier Digitizer
X ] [ | 00010010
b Q /\ 10101011101
—@— ~‘ > ~| >— 00010010
111001001
00010010

Figure 3. Silicon Detector Amplification Stages

There are mainly 3 types of preamplifiers and are listed below. However, we are just interested

in charge-sensitive preamplifiers which are the type used for charge detector applications.

e \oltage-sensitive preamplifier.
e Current-sensitive preamplifier.

e Charge-sensitive preamplifier.

6.5.1 Charge Amplifier
As mentioned before, the PIN diode, when used to detect X-rays, outputs a very weak charge

pulse having a pulse width of several tens of nano seconds. Since the detector is can be modeled as
a capacitive device, its impedance is high and the preamplifier should be designed according to this
criterion. For these applications, an integrator amplifier (using capacitor feedback) is used since it
has high impedance, integrates weak charge pulses and converts them to voltage pulses ready for

further amplification.

The first stage of charge amplifier (preamplifier) is usually a low-noise FET and its open loop
gain must be set high in a way that the second amplification stage is not influenced by the detector

capacitance.

When X rays strike into the detector, signal charges Qs are generated with an amplitude
proportional to the particle energy. These signal charges are all integrated in the feedback
capacitance Cs (since it can be approximated that the current entering the op amp is equal 0) and

then a pulse output eou(t) is generated.

I|| >— =) oout (1)

L : Semiconducior defochor capaoiance
Lt Feedback capacianoe

Rt : Fecdback resistance

AJL : Operdoop gain of amplifier
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In general, the following characteristics are required for the design of a good X
ray charge amplifier:
e High gain
e Low noise (Excellent signal-to-noise ratio)
e Excellent integration linearity
e High speed rise time

e High temperature stability

6.5.2 Gain
The gain of charge amplifier is given in 2 ways; amplifier gain alone or the gain for
detector/amplifier together. Amplifier gain (G¢) which is also referred to charge gain is given as:

Vour 1 |4 |4
Qs Cr LColumb picoColumb

The charge fall time of the amplifier can be determined by the feedback

resistance and capacitor. 7, = R;Cs

Amplifier with detector gain can be referred to as sensitivity (Rs). Sensitivity is expressed as
output voltage mV per one MeV of energy particle irradiated onto the detector. The amplitude
of the signal charge obtained with a semiconductor detector is determined by the input particle

energy such as X-rays and also by the material of the semiconductor.

_E.e‘
e

Qs (2)

Where, E is the particle energy (MeV), e~ is the elementary charge (1.6e~1°
C), and ¢ is the energy required to create one electron/hole pair. For silicon, & varies between

3.62 ¢V and 3.71 eV. From equations (1) and (2), amplifier’s sensitivity can be written as:

Vour €~ 1[mV
€

R =—% T ¢ e lMev (3)

Noises:

Noises in charge amplifiers come generally from 3 sources: Thermal noise of first-stage FET,
shot noise caused by the gate current of the first stage FET and dark current of the detector, and
thermal noise caused by the feedback resistance. The noise of the first-stage FET is given as:

8 KT

3 (4)

eny =
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Where, K is Boltzmann constant, T is the absolute temperature in Kalvin, and g,, is the mutual

conductance of first-stage FET. The second noise source, shot noises, can be expressed as:

in = \[2q(I; + Ip) (A/VHz) (5)

Where, q is the elementary charge, I; is the gate leakage current of first-stage FET, and I, is the

dark current of the detector. The third and final source of noises can be presented as:
en, = |[4kTR; (V/VHz) (6)

Where, Rt is the feedback resistance. From equations (4), (5), and (6), the total noise of a charge

amplifier can be written as:

Cin\
en,(jw) = en?. <1 + ﬂ) +
Cr

en,\’ 1
in? +< 2) ] . . 7)
The first term is constant over the entire frequency range and amplified by the noise gain (1 +

Ccﬂ) determined by the input capacitance. The second term component is constant regardless the
f

input capacitance but it decreases with the frequency.

6.5.3 Experiments
6.5.3.1 Experiment 1: |-V characteristics of BPW34 diode: (28-6-2021)

The I-V characteristics of a photodiode are studied with the same manner of an ordinary
diode. The diode is studied under reverse voltage of 12 V to ensure its ionization and with a 100
ohms resistor to measure the current across it using an oscilloscope. A flash light from the phone is

used as luminance input.

12v
Uz
BPW34
Measuremend > ﬁ
R11
100
EEEEN WK
o EEEEw W 1
GND
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6.5.3.2 Experiment 2: Preamplifier Design: (28-6-2021)
This experiment uses an ordinary feedback integrator circuit with pulling down the non-inverting

pin of the op amp. The charge op amp fall time is approximated to be 23.5 micro-seconds (5 pF *
4.7 M).

-

BEmew ]
R T
e +‘:;
LR R
W 3
3 Us U5 U2 U4

n Est3~Zlg BPWMZS BPWMZS BPW34

5 R EEEEE WEENE
ook d—J—LLAJ A AL

GND

|

=

However, the output is constant (left figure) no matter how much light is presented at the
photodiodes. After some modifications, a 10-pF capacitor is mounted between the photodiodes and
the operational amplifier and it can be seen from the right figure above a nearly charging and

discharging signal shape. (FAILED)

6.5.3.3 Experiment 3: Preamplifier Design: (29-6-2021)

Another experiment was done by presenting a bias voltage for the photo diodes by connecting
a voltage divider network into the non-inverting operational amplifier pin. The output can still be
seen as very noisy. (FAILED)
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6.5.3.4 Conclusion: Preamplifier Design: (2-7-2021)
The previous experiments gave unsatisfactory results due to several reasons, such as:

e A JFET transistor should be used at the output of the detector with low capacitance junction
to collect the charges from the detector. JFET transistor suggestions can be: 2N4416,
2SK152, 2N6550.
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+65VQ THE‘J

e Another operational amplifier with JFET input should be used such as TLE2072 or
OPA324.

6.5.4 Monitoring (6-7-2021)

Another approach was taken in order to monitor the energy received by the photodiodes.
The photodiodes in this experiment were dealt with as current sources. A resistor is connected to the
reverse diodes in order to get a voltage image of the current. An Arduino Uno is used to read the
voltage coming from the photo diodes through its analog pin A0 which will be then converted into
current.

P1
UNO_R3

scL %
SDA—
AREF -5—
GND H2—
U4 D13fe—
BPW34 22 1POWER Di2{2—
1
K1 28 10REF D=
27 RESET pD1of3—
28 Iqy3 pDoj2—
u2 2015y pall—
BPW34 50
i 1 20 cup
i g; lGnD
12V |— A —=EVIN
BPW34 D718
K1 — D61z
R11 GND pslle
Ug 10k 19 Iap D413
BPW34 20 1ay D3t
i 21045 S5 DEE,
i = 22 a3 D12
GND 23 Ipa [11
Do
24 a5

The nominal voltage, when the diodes are exposed to normal room lights, was
approximately 750 mV. When an external light source (phone flashlight) is exposed to the diode
array at a distance of approximately 8 cm, the voltage rises to 1780 mV. A complimentary filter is

used to filter out measurement noises which has the following form:
Vfilt = a. Vfilt + (1 - a). Vineasured (8)

Where, a is a wheighing constant between 0 and 1 which prefers one variable over the other,
where it was chosen as 0.8. The current is calculated by dividing the output voltage by the load

resistance of 10 k ohms.
62



AS-COMSAT-1 System (Hardware&SW)

3000

7200

V unfitered
Vfiltered

2500 | 1180

1160 <
2000 |

oy
B
o

1500

Voltage (mV)

1120

1000

Reverse Light Current (u.

1100

500
180

The light intensity, at this stage, can be calculated from the current graphs given by the

datasheet of the BPW34 photodiodes. It is noteworthy that there are 4 diodes connected in parallel

so the current is added.

6.5.5 Testing X-Ray Sensor with e-beam on cupper

You can find the full vidoe on the following link:

https://drive.google.com/file/d/1ftpk XedKj8095qi0vmIOGuOIliWHcSMijj/view?usp=drivesdk
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6.6 Telemetry, Tracking & Control (TT&C) Ground Station

6.6.1 Requirements (A DESCRIPTION OF A STANDARD SMALL SATELLITE
GROUNDSTATION FOR USE BY WMO MEMBERS [4])

Space Segment

."( < Inter Satellite >
\ 4 Links &
N e

7 c
%
\ ¢
\ 3
\ %
Wy
Satellite \¥ TT&C Ground / \ "
Operator ™ Station 1%
/
User
’-. Terminals
Network B .
Operator « s Gateway/Hub
)
Ground Segment User Segment

| B8l 1 Frame
Synchionlzet Synchronizar

Data
ingesior

Dighiai Data Daia
Slorsge Frocassing—| Colowr
Madla -{ Computsr Monlor

........................ . | Hardcopy
{ Program racking ) Output

Fig.1 Block Diagram of a small satellite ground station
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Antenna
Mounting
"""""" T,
Shand EDown l
Pre ! Converteri Hard
Amplifier ! E Printer Disk
............ L---|_______-|
Recelver || Interface Computer || 14"
Monltor
I I
Mouse Keyboard
VeF
Pra
- Ampilflar

Fig2 APTAWEFAX Receiving and Processing Station
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511 S-band parabolic antenna

51141 Diameter of antenna: 15m

51.1.2 Gain :260db

5113 Beamwidth (8.1°

5114 Frequency - 1691.0 MHz

5115 Polarization - linear

51186 Mount fixed, variable adjust, elevation 907
azimuth (20° - 70°)

51.1.7 VSWR 215

5118 Impedance (500

51.2 S-band preamplifier and down converter

51.21 RF input 2 1691.0 MHz

5122 IF output - 137.5 MHz or other

51.2.3 Band width 16 MHz

51.24 IF/RF gain -30db

51.2.5 Noise figure :1.5db

51.286 Stability :5x10°

51.2.7 Impedance (500

51.2.8 Cable length 60m

513 VHF antenna

To reduce the price and for ease of maintenance, an OMNI directional non-tracking
antenna is recommended. An OMNI directional non-tracking antenna must be able to receive data

above an elevation of 5°. This requirement will reduce interference while maximizing the possibility for
coverage of synoptic scale meteorological phenomena.

OMNI directional antenna

5.1.31 Frequency S 137.5 MHz
51.3.2 Polarization - right hand circular
5133 Impedance 500

5134 VSWR 221 max

5135 Gain 23 dbi

5136 Beamwidth - 180°

Depending on the user's situation and requirements, an omni-directional antenna may
not be sufficient for proper APT reception. Under these circumstances, the use of a directional antenna,
such as a crossed Yagi, would provide higher performance and greater coverage. MNote that use of
program tracking and other antenna pointing methods would be required. The following information
describes an alternative to the OMNI directional antenna descnbed in sections 5.1.3.1 through 5.1.3.6.

Directional antenna (Yagi)

51.3.7 Centre frequency S 137.5 MHz

51.3.8 Polarization - right hand circular
51.39 VSWR - 2.0 max

51.3.10 Gain - 20 dBi or greater
51.3.11 Beamwidth : 20 degrees at 20 dBi
51.3.12 Mount - Elevation over azimuth
51.3.13 Program track - Program track

514 VHF Preamplifier
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5141
5142
5143
5144

51.51
51.5.2

51.5.3
51.54

5.1.61
5.1.6.2
51.6.3
51.64
51.6.5
5166
5.1.6.7
5.1.6.87

51.71
51.7.2
51.7.3

51.81
51.8.2

5.2

Centre frequency - 137.5 MHz

Gain -30 db

Moise figure -2db

Installation - in antenna base

Receiver

Type - FM phase lock loop

Input frequency ‘Switch selectable crystals for reception
of APT and WEFAX

IF bandwidth ‘50 KHz and 30 KHz —switch selectable

Noise figure :5db

Computer

486 computer with TVGA card (1024 x 768 resolution)

Colour monitor 14"
Hard disk 2120 MB
Memary 4 MB
Clock : 33 MHz

Keyboard

Mouse

Printer (optional)

Qutdoor environment

Temperature -40°C-+50°C

Humidity 1 98%

Wind - operational 20 m/s, survival 35 m/s
Power

110w/220v  + 10%
50Hz/60Hz

Specification requirement, for high resolution ground station

The stations should be reliable and easy to operate. The block diagram of the high

resolution ground station is shown in Fig.3. If the station receives geostationary satellite data, it should
be equipped with a fixed antenna. If the station receives polar orbiting satellite data then it must be
equipped with a tracking antenna and antenna control unit.
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Antenna
Mounting

Pre Amplifier and

Hard
Down Converter Printer Disk
:
i
i Recelver |- BIt/Frame — Ingestor (| Computer | Monltor
E Synchronlzer
) T T
| ! frommmee
l ! i Keyboard
E ! E Mouse
' Antenna i
N Control |ocoommem i
Unit Colour
Monltor

521

52141

5.21.2
521.3
521.4
521.5
521.86
521.7

Fig.3 High Resolution Data Receiving and Processing Station

S-band tracking antenna and antenna control unit for receiving HRPT data

G/T merit of antenna system =6 db/K bit eror rate is better than
1x107 at 5 degree elevation

Frequency “1670~1710 MHz

Polarization RH, LH

Impedance (5075 Q)

VSWR 215

Antenna mounting - azimuth-elevation

Tracking coverage : full geometric coverage including

overhead passes (Z-pass), good
performance of Z-pass fracking

S-band fixed antenna for receiving geostationary satellite
G/T merit of antenna system :G/T depending on which satellite to be

received, G/T must guarantee that bit
error rate is less then 10¥ in the worst

case
Frequency 2 1670~1710 MHz
Polarization - linear
Mounting . fixed, vanable adjust elevation 90,
azimuth 20° ~70?
VSWR 2156
Impedance (5075 Q)

6.6.2 As reference a ground station design from 2007 ([3]):

Abstract of [3] :

The CubeSat satellite ground station at the University of Wuerzburg is built with “commercial of

the shelf” low cost amateur radio hardware. It opens up opportunities for students to receive and
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operate CubeSats, including Wuerzburgs UWE-1. As any other satellite ground station, it is built
up on essential hardware, as there are Antenna, Antenna Rotator, Radio, Modem and Computers.
Furthermore software is used to afford basic control over the ground station and provide tracking

abilities to follow a satellite passing over the ground station.

| — =" 2 Meter
= Antenna
;é z'.’,é'.':.’,a = e

= v

e 74 o

] 7

= -
. |~ EGIS EPSR-203 Mod / ;
;— ! | — Rotor .
|
-
I/
i 7474
) Ground
Station
E L Computer )
ki) .
Antenna ! 2
TNC4e
Radio

PreAmps

Rotor Controller EGIS EPS-103 Mod

Schematic of the 0Old Ground Station design at University of Wuerzburg, Germany.

Figure 1.1: Old design of the Ground Station.
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Ground Station structural study

Releged CubeSad. University. Antenna Rotor. Rotor Compiiter
Controfier &
Tracking Software.
Delf-C3 Delft University of Yaesu G-5500 NOVA for
Technol ogy Windows
AAU Chibesat Aalborg University Yaesu G-5500 Predict
of Technol ogy
ChebeSat University of Yaesu G-5500 NOVA for
Arzona Windows wath
Uni Trac
PalySat California Yaesu G-5500 SatPC32
Polytechnic State
University, U.S.
Chibesat Urniversity of Elevation Rotator | Orbital calculation
Tokyo, Japan ERC5A (Creative software
Design)
{(Virtual Ground
Ammuth Rotator Station 3)
RC54-3 (Creative
Design)
Chebesat TU-Berlin Yaesu G-5500 SaPC32 and
ARSWIN
-~ Kagawa University, ERC-54 (El) Satellite Trackeris
Japan RACS25
And
RCSE-3P (Az)
- Kyusyu University | EMOTATOR EV- No avail info
Ground Station. 200D
-—- Kyushu Institute of Yaesu G-5500 GS-2324
Technology.
- Mara National Yaesu G-5500 G5-2324 and Nova
College of Tech, for Windows.
Japan
- Soka University Yaesu G-550 (El) G3-232B
Ground Station
Unit. And

Yaesu G-2300DXA
(Az)

Figure 1.2: Ground Station Structural Study.
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ANNNANN

g S
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" Elay -~ =,
I bl 7z
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Schematic of the new Ground Station design at University of Wuerzburg, Germany.

71



AS-COMSAT-1 System (Hardware&SW)

7
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o

Rotator
Controller

Ground
Station
Computers

Figure 1.4: Block Diagram of the Ground Station.

Altitude

310 meters

Tower

Hummel Teletower Jumbo IT1

Operating frequencies

2m and 70 cms amateur bands

One 2 meter antenna

M2 2MCP22

One 70 cms antenna

M2 436CP42U /G

Antenna rotator and Controller

Yaesu G-5500

Rotator-Computer Interface WinRotor
Rotator-Computer Interface driver WinRotor XP
Radio TNC4e
Polarisation switch WiMO

Preamplifiers

LNA-145, SLN Series

Tranceiver

ICOM IC-910H

Power Supply

Microset 13.5 Volts

Two PCs

Fujitsu Siemens

Table 2.1: Hardware Specifications Table.
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6.6.3 Graphical User Interface

Installing Nova for Windows

(a) Insert the Nova for Windows CD into the CD-ROM drive of your
computer.

(b) If the setup program doesnt start automatically, click on the Start
button (lower left corner of the desktop).

(¢) Click on Run.

(d) In the file name box, type Setup.EXE.

(e) Follow the directions in the Nova for Windows Setup.

Important:

Be sure to enter the serial number carefully. Serial number must include
the NLD- prefix.

Fairst step is to set the type of Map. In the screenshots shown below
“Large Rectangular Map” is selected for convenience.

To choose the new map setting the path is-

“Views” then “Configure current view” and then Choose “Map display”
and “Map Size”.

Refer figure 2.11.

Second step is to set the position of the Ground Station in “Nova for
Windows”. The path is- “Setup” and then “Observers”.
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-~ Nova for Windows ver. 2.2b, registered to Informatik VI, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
r r

EEFTEPY Croatenew view > Configuration for Current View

urrent view

|
|
i i 2 Sats Quakesat
Configure default view Satellites | Observers | Map | Text | Stored configurations | Lo 1as.s°|
View style 4 Elevation -16.3°
A1 (ASTERIX) & Quakesat “Renge | 55682km
AAP-1 (GE-14) e o VL " Height__|
‘AU CUBESAT EE e B 5224 km
) ABRIXAS > AOStime | 18:45:18 Loc
Close all views ACRIMSAT LOStime | 18:59:45 Loc
ACTS Ul | 000602
Simple mode ADEOS - 2 W 00:14:25
ADEOS 2 satellites e o
AFRISTAR _AOSAz. | 199
AGILA 1 (PALAPA B2P) pelete | Al Max EI. 2"
FerEi e
ALOUETTE 2 aylstial S
ALSAT 1 Orbot # 17 866
AMAZONAS < 5
AMC-1 (GE-1)
AMC-10 (GE-10)
AMC-11 (GE-11) 8,595
mg:}g v satellites
Celestial objects Sats Up?
NOAA =
2 Set Up Satellites
£2 Set Up Groups

?

X Cancel I O Set as default I d)))'@lz

Figure B.1: Nova for Windwos - Configuring View.

-~ Nova for Windows ver. 2.2b, registered to Informatik VI, University of Wuerzburg, Germany

File Setup Views Utiities AutoTracking Kep. Elements Help
-

General Cities

y Tone Ohservers list Main City Database TR
Satelites Informetik VIl, Uni-Wuerzburg, DY e ~ i
. Cities | DXCC Countries | 144 MHz EME | 432+ MHz EME | V[ %)aa [ Azmn
Groups — = — — ————— || Elevation .
PR - 2 nee, CA Alert, NAT - |[“Range | 42264km
/ Ahberdeen, MD Aiken, SC Alexander City, AL ¥ Height 823.8 km
Antenna rotator Aherdeen, SD Ajo, AL Alexandria, LA 205 time 18 45,19' Loc
Confiqure default view Aberdeen, WA Akron, OH Alexandria, VA = o
i 2biene, KS Alameda, CA Algiers, Algeria Lo 1055 45 Loc
sbilene, TX Alamo, NY Alhambra, CA | Ui 00:02:25
Acapulco, Mexico Alamogordo, NM Allen AAF, AK , || Duration 00:14:26
Accra, Ghana Albary, GA Allentown, PA ., | ACS Az 198°
Ada, MN Albany, NY Alliance, NE 8 Max El. 26°
Adak, AK Albany, OR Alpharetta, GA . | LOS Az. 337°
Bdams, MA Albion, ID Altoona, PA ‘ Visual Sun
Adelaide, Australia Albuguergue, NM Amarillo, TX . Orbit # 17 866
A fton, OK Alcoa, TN Ambler, AK -k >
Afton, WY Aldermaston, England Amchitka, AK Al =
= —pr—
i pelete g_gonl i) | 1S
Edit Location Information
Location Informatik VI, UiElevation {m) 3100 ¢ OK
: + Location : Aberdeen, ID O
Latitude deg. 49 Longitude deg. 9
Latitude min. 47 Longitude min. 56 Latitude : 45.85° North x Cancel
Latitude sec. 49.20 Longitude sec.  56.40 Longitude : 11283° West
North or South North East or West  East ? Help
[ginl
Add to Observers List I Make AutoTracking Obs. I

Figure B.2: Nova for Windows - Configuring Observer.

In our case it is:

Location: “Informatics VII, Uni-Wuerzburg, Germany.”
Elevation is of 310 meters.

Latitude is 49 degrees /7 minutes 49.20 seconds North.
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Longitude is 9 degrees 56 minutes 56.40 seconds East.

Refer figure

2.12.

Thaird step is to check the availability of the specific satellite from
the Satellite Editor in the database of “Nova for Windows”.

In this editor, new satellite names and its Keplerian elements can also
be added. Also “Update Keplerian Elements” button provides the on-
line update.
The path is “Setup” and then “Satellites”.
Refer figure

2.13.

" Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany

P8 General | o

= Time

Groups

Antenna rotator
Configure default view

File Setup Views Utiities AutoTracking Kep. Elements Help
r

Satellite Editor
BEsed Keplerian elements IGmupsl

Keplerian elements

Satellite name |Quakesat

, Catalog number |27845

Epochtime (6329.0934029600

Element set |8997

Inclination IW
RAAsc. Node fmTﬂtm—UU—

Eccentricity | 0.00091260

Arg. of perigee m
Mean anomaly W
Mean motion | 14.20063416
Decayrate W
Epochorbit# [17644

Alat [0 %] Aonfp 2

Ja gerivedl Ll Addl Sched |

8595 available satellites. Last update on: 95-06-27 &Lj
PSLVDEB PSLV DEB —pzmah |3
PSLV DEB PSLV DEB S e
PSLV DEB PSLV DEB e
PSLV DEB PSLV DEB s B
PSLV DEB PSLV DEB e 0w R2akoc
PSLV DEB PSLV DEB LU= P o
PSLV DEB PSLV DEB % ggfgg;
PSLV DEB PSLV DEB —hEte e
PSLV DEB PSLV DEB AR
PSLV DEB PSLV DEB ]

PSLV DEB PSLVRIB ke
PSLV DEB PSLVRIB =
PSLV DEB PSLVRIB
PSLV DEB PSLVRIB
PSLV DEB PSLV RIB —
PSLY DEB M Cuakesat ] 1«
PSLV DEB QUICKBIRD 2 3
PSLV DEB QUIKSCAT =
PSLV DEB RADARSAT @
PSLV DEB RADCAL
PSLV DEB RADIATION SAT (5E 1)
& >
3% Update Kep. elements | i | S | config. egtral
v 0K I X gancell d’))lll &A | Who's Up? I

Figure B.3: Nova for Windows - Configuring Satellites.

To update Keplerian elements or to get related help click on “Kep El-
ements”. Refer figure 2.14.

Fourth step is to choose the “Current View” in order to see Satellite
and Observer (Ground Station position) all together.

This provides a feature of selecting multiple Satellites and Observation
points on the map at the same time.
The path is “Views” and then “Configure current view” and then
“Satellites” or “Observes” or “Map” or “Text”. Refer figures 2.15 and

2.16.
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" Nova for Windows ver. 2.2b, registered to Informatik VI, University of Wuerzburg, Germany
File Setup Wiews Utiities AutoTracking Kep. Elements Help
" Disk file update...  »
Internet update... »

- 06-12-10 18:50:14 Loc.

Kep. element extractor
B Kep. element help
Rebuild database

Elevation
Range
Height

AOStime | 22117:24 Loc

LOStime | 22:30:00 Loc

Uil 03:27.08
Duration 00:12:36

AOS Az, 3

Max El.
LOS Az.
Visual

Orbit #

%

File Setup Wiews Utiities AutoTracking Kep. Elements Help
r 1
-7 06-12 C'ete new view ¥ Configuration for Current View F\@]@

Configure curren
2 Sats Quakesat

@l Configure default view Azimuth 185.8°
Elevation -16.3°
55682 km
8224 km
18:45:19 Loc
18:59:45 Loc

View style » - -
: Informatik Il, Uni-Wuerzburg

Informatik Vil, Uni-Wuerzburg

.

Close all views

Simple mode

1 Detete | AN

@ Set Up Observers

1)

[~ Update Observer(s) from file EJ

Figure B.5: Nova for Windows - Current View Observer.

On the Map, Footprint of the satellite/s and the Ground Station’s po-
sition/s can be easily found. Refer figure 2.17.
On the Right hand side of the screen, Real-time text data of the con-
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-~ Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
2 v

7 06-12 Cree 1 SO Configuration for Current View

nfigure cur 7
Satellites | Observers ] Map | Text | Stored configurations | 2 Sats Ouakesat_|
Azimuth 185.8°
Yiew style 4 Elevation -16.3°
A-1 (ASTERIX) ~ Quakesat " Range | 55682km
ABP-1 (GE-14) = (XY ﬁ 822.4 km
AAU CUBESAT 100 CENE ;
) ABRIXAS > AOStime | 18:45:18 Loc
Close all views ACRIMSAT LOStime | 18:59:45 Loc
ACTS = Ut | 06:
Simple mode ADEOS - 2 —DUU";;LH ggi?iigg
ADEOS 2 satellites ] T
AFRISTAR AOS Az. 198
ASKA1 (PALAPA ) i Detete | Al Max El. 2"
ALOLETTE 1 (S-27) 7"85 Af' 3337
ALOUETTE 2 e 0
ALSATA Orbit # 17 866
AMAZONAS < >
AMC-1 (GE-1)
AMC-10 (GE-10) P
AMC-11 (GE-11) 8,595 RUIK
:ﬂgjg v/ satelites |
Artificial satelites %
Celestial objects 22 satsup? QIE
NOAA
2 get Up Satellites
£% Set Up Groups

i X Cancel C‘E‘ Set as default i)))]@_“—gJﬂ

Figure B.6: Nova for Windows - Current View Satellite.

cerning satellite is available. The number of columns in the real-time
text window depends on the number of satellites in the view.

2 Sats Quakesat ]
Azimuth 302.0°
Elevation 20.5°

18221 km

Height 8284 km

f A0S time 8:4518 Loc
d _LOStime | 185346 Loc
Until 00:05.08
Duration 00:14:28
AOS Az. 198"
Max EI. 26°
LOS Az. 337"
Visible
17 866
X
»)
3=
H =

Figure B.7: Nova for Windows - Satellite Footprints.

Satellaite Script.
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“Satellite Script” features the prediction of the flyby time of the satel-
lite or satellites over a particular Observer (Ground Station) up to 48
hours in advance.

This also enables “automatic script tracking”. Refer figure 2.19.

Freeze
View's time

Small and large time
steps backward

Small and large
time steps forward

Sky noise
e map
Radar
map

Launch a
Satellite
script

new View
Nova for Windows' floating TeolBar provides access to the most
frequentiy-used functions.

View from
Space map

Y
Text-only
display

Rectangular
map

Change
View's size

Configure
View 7

Configure

View's map

Figure B.8: Nova for Windows - Floating Toolbar.
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-~ Satellite Script
Textdisplay | Graphics display ]

Interval AQS Max. LOS Orbit N
Sateliite Date(l) | AOStime | LOStime | Duration | between | azimuth | elev. | azimuth | number

den 10 december 2006
Quakesat | 06-12-10  17:04:23  17:19:40  00:15:17  12:03:03 148 = 55°  349° | 17865
Quakesat | 06-12-10  18:45:19  18:50:44  00:14:25  01:25:39 | 199°  26° | 337° 17865
Quakesat 06-12-10 | 20:33:26  20:35:53  00:02:26 = 01:33:42 279 oe 295 17866

RI-Y 06-12-10 _ 22:17:30  22:30:08 00:12:38 | 01:41:37 26° 20¢ 154¢ v 5960

KW 06-12-10  23:54:50 00:08:458 00:13:58 01:24:41 112 61° 207° 5964
den 11 december 2006

K-y 06-12-11 _ 01:33:12 ‘ 01:43:49  00:10:37  01:24:23 ‘ 358 11¢ 259° v 5965

Quakesat 06-12-11  05:117:59  05:531:08 00:13:08 03:34:10 2g° 16 145 17867
Quakesat 06-12-11 | 06:57:42  07:13:16  00:15:34  01:26:3¢  14° g9¢ 198° | 17873

KI-Y C06-12-11 | 07:52:56  08:01:10  00:08:14  00:39:39 83°  &° 9° | 5966
Quakesat | D6-12-11 | 08:38:23 | 08:51:35 | 00:13:11 | 00:37:12 | 5° | 18° | 247° | 17874
KI-Y D6-12-11 | 09:26:54  09:40:07  00:13:13  00:35:19  137°  33° | 353° 5969
Quakesst | 06-12-11  10:20:08 10:26:00  00:05:52  00:40:01  351°  2° | 305° 17875

RI- D6-12-11 | 11:04:22 | 11:17:48 | 00:13:26  00:38:21  189°  35° | 339° 5970 | ¥

| 30 passes in Script list . Scriptshouldberecalculated! | 1 passes selected '

xgancel Eecalc SelectAll | UnselectAll | Auto Select

Figure B.9: Nova for Windows - Satellite Script.

Frequency display.

It also displays the Uplink and Downlink Frequencies, with the Doppler
value for the particular selected satellite.

To check this, the path is “Utilities” and then “Frequency display”.
Refer figure 2.20.
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- Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
-

706-12-10 18l
— wo-Sat visibility - T
Eclipses i % Azimuth

. . L = Gmiuiish ]
Moon Graphs 4 %, P g s Elevation

Quick visibility check [ E o : § 7 3 __Range | 2
AOStime | 1
LOS time

Uniil
’ Quakesat Jll “Dustion |

! AOS Az,

lay

Uplink Downlink / Max EL. 26°

Freq @ / 33
i | oo.000000MHz | % | 436.666 311 MHz Wg m”
>

" Doppler +0.000 kHz -8.889 kHz

Transmit | ’ -]
ettty :J| 00.000 000 MHz & | 436,657 423MHz T RX

Linkage Not linked v
_I-'L Close

Select Default name v

Figure B.10: Nova for Windows - Frequency Display.

To enable Auto-Tracking with “Nova for Windows”, the first step is
to select the type of Antenna Rotator from the Rotator Interface list.
The path is “AutoTracking” and then “Antenna Rotator Setup” and
then “Interface”.

Select the Rotator Interface from the available list.

For the Ground Station at Informatics VII, University of Wuerzburg,
“WinRotor” is the Rotator Interface.

For Yaesu G-5500 azimuth rotator range is 0 to 360 degrees and
elevation rotator range is 0 to 180 degrees. Refer figure 2.21.
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~ Nova for Windows ver. 2.2b, registered to Informatik VII, University of Wuerzburg, Germany
File Setup Views Utiities AutoTracking Kep. Elements Help
= Spbticdid

Setup/Antenna Rotator

Interface I General | Calibration | Advanced | Display |
Rotator Interface

Azimuth rotator 2 Sats Quakesat_|

a rol P Azimuth 352.2°

Sound alarms for AutoTracking - " Range 180-0-180° Elevation -19.4°
i <Nointerface> | Range | 61316k

§ =No interface> & Range 0-360° Height 831.5km

Kansas City Tracker
SASI Sat Tracker

AO0Stime | 20:33:26 Loc
LOStime | 20:35:50 Loc

i - Summary

AEA ST-1 Absolule  [354 ™l Urtil 01:26:08
Orbit Elect. RIF-PC UEL U] Duration 00:02:24
M2 RC2800P (old) A0S Az, 279°
M2 RC2800P (new) Absoluts [l Max El. 0
TrakBox/ RACE05 minimurm L0S Az, 298°
EasyComm | Visual Sun
FODTrack Elevation rotator Orbit # 17 866
NovaComm 1 < >
DDE only " Range 0°-90°

ZL2AMD's Uni_Trac
ZL2AMD's Uni_Trac 2003 * Range 0°- 180"
ZL2AMD's Nova_Tune
Yaesu GS-232A

Absolute -
Kenpro KR-010 i 180 5
Meade LX200 telescope it
ach U12 Minimum eley. -
WinRotor for tracking .

v OK | X Qancell 3 Reset l ? Help

Figure B.11: Nova for Windows - Antenna-Rotator Setup.

More help regarding “Nova for Windows” can be available from “help”
of the display window or please refer its detailed brochure. Refer figure
2.22.

-~ Nova for Windows ver. 2.2b, registered to Informatik VI, University of Wuerzburg, Germany

File Setup Views Utiities AutoTracking Kep. Elements Help
-

706-12-10 19:09:57 Loc. Helolconteots

NLSA on the Web L o = Quakesat
=3 o 355.6°
About Nova For Windows . " 3 " Elevation | -25.1°
7 064.6 km
831.7 km
20:33:26 Loc
20:35:50 Loc
01:23:29
00:02:24

Figure B.12: Nova for Windows - Further Help.
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Test Results

Eleven tests are documented in a duration of 10 days from 08 Dec 2006
to 18 Dec 2006. Testing summary is as follows:

08 December 2006

AOS Time 16:04:08 Local Time
LOS Time 16:17:42 Local Time
Duration 00:13:33 hrs

Maximum Elevation 21 degress

|

AOS Azimuth ‘ 118 degrees
|
|

355 degress

LOS Azimuth

Table C.1: Testing - Satellite Script 08Dec2006.

Number of Beacons received : 3
tncde2: fm KD70VD to QST ctl Ul pid=BD len 255 16:10:18
tncde?2: fm KD70OVD to QST ctl Ul pid=BD len 255 16:10:28
tncde2: fm KD7TOVEB to QST ctl Ul pid=BB len 255 16:10:57
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16:11:08
16:11:00
16:10:51
16:10: 42
16:10:34
16:10:25
16:10:16
16:10:08
16:09:59

16:09:50 T T
1 2 3

Local Time
L

Beacons
08 Dec 2006

Figure C.1: Test Beacons on 08Dec2006.

11 December 2006

AOS Time 15:08:46 Local Time
LOS Time 15:19:13 Local Time
Duration ‘ 00:10:26 hrs
AOS Azimuth ‘ 87 degrees
Maximum Elevation ‘ 8 degress

|

LOS Azimuth 1 degress

Table C.2: Testing - Satellite Seript 11Dec2006.

11 December 2006

AOS Time 16:45:23 Local Time
LOS Time 17:00:18 Local Time
Duration ‘ 00:14:55 hrs
AOS Azimuth ‘ 139 degrees
Maximum Elevation ‘ 40 degress

|

LOS Azimuth 351 degress

Table C.3: Testing - Satellite Script 11Dec2006.
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* Research plan to improve SDR communication system
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TT&C Subystem — On-Board Part
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Prof. Dr. Salih Bayar
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TT&C Subystem — On-Board Part

Master Thesis Task at Marmara Univ./Prof.Dr. Salih Bayar

ingilizce Tez Bashg / Title of Thesis in English

Software-defined Radio (SDR) based Data-Link Design for Small Mobile Platforms

ingilizce Tez Onerisi Ozeti

Small mobile robot platforms designed to operate in air; land and water are today used in defense, aviation and space; It is used in medical, logistics and agricultural
activities. Such mobile platforms, which are acted autonomously, semi-autonomously or manually, should generally be controlled or controlled from one or more centers.
Between mobile platforms and the center; by the mission of the mobile platform or platforms; Real-time data such as motion, telemetry, video and audio must be
transported safely with the help of wired or wireless communication tools insufficient channels, bandwidths and distances.

Service times are expected to be long due to the costs of the mentioned mobile robots. The software of the robots can be changed in the field to increase service times. In
this way, new features can be added to these products and software errors can be corrected, even software solutions can be brought to hardware errors. In a mobile
robot platform, communication equipment is also one of the important hardware that may need to be changed and developed during its lifetime. In traditional radio
topologies, the fact that components such as mixer, filter; amplifier; modulator and demodulator are implemented with software is defined as Software-defined Radio
(SDR). Thanks to the software-defined radio concept, wireless communication devices can be reconfigured throughout their lifetime and even during operation, so
parameters such as broadcast frequency, modulation type, and bandwidth can be changed without interfering with the hardware. Besides, in today's world where data
encryption methods are developing day by day, the ability to reconfigure crypto algorithms in-depth to ensure data security meets a critical need, especially in areas such
as defense and aviation.

The aim of this thesis is to design a software-based data link with optimized physical dimensions that can communicate in a high-frequency band and high datarate
for use on small mobile robot platforms. The design will consist of two main units, a radio frequency front unit and a digital processing unit. The radiofrequency
front unit will consist of low noise amplifier (LNA), power amplifier (PA), mixer and filter groups. The digital processing unit will consist of analog to digital converter
(ADC), digital to analog converter (DAC), Field Programmable Gate Array (FPGA) and memory units.

ingilizce Anahtar Kelimeler / Keywords in English

Software defined radio, digital radio, cognitive radio, digital signal processing

-

TT&C Subystem — On-Board Part

Master Thesis Task at Marmara Univ./Prof.Dr. Salih Bayar

1. AMAG ve HEDEFLER / AIM AND OBJECTIVES

The aim of this thesis is to design a software-based data link with optimized physical dimensions that can communicate in a
high-frequency band and high data rate for use on small mobile robot platforms. The design will consist of two main units, a
radio frequency front unit and a digital processing unit. The radiofrequency front end unit will consist of low noise amplifier
(LNA) power amplifier (PA), mixer and filter groups. The digital processing unit will consist of analog to digital converter,
digital analog converter and FPGA and memory units. The software-defined radio device hardware will be designed as a
stand-alone device to use both mobile platform side and base station side.

Our design goals listed below;

e less than 500gr

® less than 100cm3

e At least 2 hours operation without fan cooler (passive cooling).

e 1MHz to 6GHz operating frequency. (Both ISM and non-ISM bands)
e Atleast 0.05W Output Power @ 900MHz

e 20MHz channel bandwidth
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TT&C Subystem — On-Board Part

Master Thesis Task at Marmara Univ./Prof.Dr. Salih Bayar

3. 0ZGUN DEGER / ORIGINALITY OF STUDY
There are studies on software-defined radio using ready-to-use devices like the HackRE. However, there are not any

domestic software-defined radio hardware development works. In this context, it is clear that a software radio
hardware design is needed domestically. Also, our work will be an open-source project for both hardware and firmware

wise.

4. YONTEM / METHODOLOGY

We can roughly divide this work into two different parts; the digital signal processor unit and the radio frequency
transceiver unit. We plan to use Zynq 7000 System-on-Chip (SoC) from Xilinx as a digital signal processor in our design.
Also, we intend to use AD9361 or similar wideband RF transceiver integrated circuit will for RF microwave part which
can operate at 6GHz. Having these two parts, we plan to place them on different stacked printed circuit boards. So, we will
have flexibility in our design and decrease device volume.

Research plan to improve SDR communication system

Customized Software Defined
Radio (SDR) Hardware Design

Asst. PROF. DR. Salih Bayar
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Agenda

+ Personal information

+ Business idea

+ Facts that support the business idea

* Existing System Problems and Proposed Solution
* Innovative aspects of the project

+ Business packages

* Budget

» Target customers & Competitors

Asst. Prof. Dr. Salih Bayar

+ Birth year and place: 1980, Balikesir

+ BS: Yildiz Technical University - Electronics and Communication Eng., 2003

% MS: Karlsruhe Institute of Technology (KIT), 2007

+ PhD: Bogazici Uni. - Computer Eng, 2015

“+*Worked places: Beko, Turk Telekom, KIT, TEMO Soft-, Hardware &
Consulting e.K., Malex and Daimler Chrysler AG, Bogazici University,

Beyken University, Istanbul Kultur University, Maltepe University, Idea
Technology Solutions, Marmara University

“+Specializations: Embedded Systems, FPGA, Parallel Software and
Hardware, Multiprocessor and core architectures

++Contact:
s*http://ee.eng.marmara.edu.tr/akademik-kadro/ogretim-uyeleri

https://avesis.marmara.edu.tr/salih.bayar
http://www.salihbayar.com/
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Business Idea

* Asingle software-based radio transmitter receiver that can replace separate hardware that can implement
different frequency and modulation types for radio communication purposes.

Facts that support the business idea

* Satellite communication and secure radio link production for our defense and industry needs. In this
context, the development of a powerful communication card, which can be used in both satellite and
defense industry at high frequency ranges (at least up to 20 GHz).
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1/

Work done so far: GnuRadio Reciever

Options
Output Language: Python
Generate Options: QT GUI
Wav File Source
Variable File: ..o-converter.com). wav
Id: samp_rate Repeat: Yes
Value: 24
QT GUI Range
Id: freq
Defauk Value: 16
Start: 16
Stop: 26
Step: 200M
/23/2022

Tau: 250

WBFM Transmit
Audio Rate: 176.4k
Quadrature Rate: 176.4k

Max Deviation: 75k
Preemphasis High Corner Freq: -1

AS-COMSAT, Jan-Feb 20

osmocom Sink
Sync: Unknown PPS
Number Channels: 1
d| Sample Rate (sps): 20
Cho: Frequency (Hz): 16
Cho: Frequency Correction (ppm): 0
ChO: RF Gain (dB): 10
Cho: IF Gain (dB): 20
Cho: BB Gain (dB): 20

21

126

Work done so far: GnuRadio Transmitter

Options
Output Language: 7t
Generate Options: QT GUI
Variable
Id: y:w_ln Sourcs
b Sync: Unknown PPS.
Number Chamnels: |
Sample Rate (sps): 2™
Cho: Frequency (Hz): 16
m Ch0: Frequency Correction (ppm): 0
ChO: DC Offset Mode: 0
Cho: 1Q Balance Mode: |
ChO: Galn Mode: fase
ChO: RF Gain (dB): 0
Cho: IF Gain (dB): 20
Cho: B8 Gain (dB): 20
23/2022

QT GUI Sin
Name:
FFT Size: 1024

Center Frequency (Kz): lGE
| Bandwidth (kz): 204

k

Low Pass Filter
Decimation: 20

Audio Sink
Sample Rate: 44114z

AS-COMSAT, Jan-Feb 2021
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Work done so far: GnuRadio Live Broadcast

Options
Output Language: Python
Generate Options: QT GUI
WBM Transmit
Audio Rate: 32k
Audio Source Quadrature Rate: 32«
raity Sample Rate: 441 1z H Tou: 25
i sp e 75 osmocom Sink
n S Preemphasis High Corner -1 Sync: Unknown PPS
- i Number Channels: 1
| Sample Rate (sps): 21
ChO: Frequency (Hz): 87.7M E—
Ch: Frequency Correction (ppm): 0 frnc s
ChO: RF Gain (dB): 10
H:T:“ =0 ChO: IF Gain (dB): 20
Defauk Value: 87.7M Ch0:BB Gain (dB): 20
Start: 87.7M
Stop: 1077M
Step: 200k
1/23/2022 AS-COMSAT, Jan-Feb 2021

128

Work done so far — Analog broadcasting

1/23/2022 AS-COMSAT, Jan-Feb 2021 129
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HackRF Problems

* Until now, communication tests have been carried out on HackRF style low-performance products that are
already availablerelated to the business idea. Such a requirement has arisen due to the fact that the
frequencies of such devices are not very high (up to 6GHz) and the FPGA cards used on them are very weak

and insufficient.

The specific aspects of the project - Novelty

®,

% It will have its own specific Linux-based operating system

9,
o

Thanks to the Linux-based operating system, many different features can be added

e

» High performance working capacity

3

High frequency working capacity

®,
*

o

% Having high data processing and transmission capacity
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Work Packages

1828/2022

1828/2022

3 Months

Reporting System || ...
Literature Review

Design Document

Test Scenarios

Procurement Study

Work

e e s 3 Months e e 3 Months

Embedded System Prototype
Design and Production and Tests
Implementation

AS-COMSAT, Jan-Feb 2021

General Operating Expenses m Amount Requested

Company / Company 1 4.000,00 TL
establishment expenses

Electricity 12 2.400,00 TL
Dues 12 2.400,00 TL
Accounting 12 6.000,00 TL
Telephone and internet 12 1.800,00 TL
Travel expenses 2 4.500,00 TL
Fixture Expenses 1 4.000,00 TL

AS-COMSAT, Jan-Feb 2021
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Budget cont.

Service Procurement and Consultancy Amount Requested

Card design consultancy 15.000,00 TL
Embedded System and Software Consultancy 15.000,00 TL
Machine-Hardware-Software-Publication Amount Requested
Laptop 16.000,00 TL
Personnel Expenses Amount Requested
Business Owner — Salih Bayar 60.000,00 TL
Personnel 18.900,00 TL

1828/2022 AS-COMSAT, Jan-Feb 2021

Budget cont.

FPGA 2 8.000,00 TL
Peripherals 12 12.000,00 TL
HackRF 2 5.000,00 TL
Antennes 4 3.600,00 TL

1853/2022 AS-COMSAT, Jan-Feb 2021
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Target Customers

- Government Agencies(TUSAS, TUBITAK,
TURKSAT vb)

* Private Institutions
* Municipalities
* Personal Customers

Rivals

oooooooooooooooo

oooooooooooo
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References

1. HackRF, https://greatscottgadgets.com/hackrf/

oo
B
,
;
2
-
:
S

6.2 Electrical Propulsion Unit

Electrical Propulsion Unit for
Orbit Control

1/23/2022 AS-COMSAT, Jan-Feb 2021

96

S AECENAR

» Association for Economical and Technological Cooperation
in the Euro-Asian and North-African Region

S9SN adall

Project of IAP institute by AECENAR

Pl il (58 asie g ) e
i Al ) gliagesliadl i
_a).....ca.a:; . AR ey
s g S adal) A aadid
BIAEE AV Ja ¥ g3
o e gliial rliad ddllad Ayl

2 \ |
ALZIS cifalaad) |

PPT

Pulsed
Plasma y
Thruster "~

B4

" EDDY
current
sensor

gl G Sl s
L gnia oni 38 -
gl O il Y g . e ok
Jeal) Ga L3l g ¥ ke g = {current)
AL EELE Y O
1
wew.ae resfiap

142



AS-COMSAT-1 System (Hardware&SW)

Electrical Propulsion Unit for Orbit Control
Pulsed Plasma Thruster (PPT)

A pulsed plasma thruster (PPT) is a type of electromagnetic propulsion system , with a high specific impulse and low
power and fuel requirements, that has been used on a number of satellites for station-keeping maneuvers.

A PPT works by ablating and ionizing material from a fuel bar (typically consisting of a chlorofluorocarbon such as
Teflon) with the current from a discharging capacitor. The positive ions released are then accelerated between two flat-
plate electrodes — one positive, the other negative — arranged in the form of two long parallel rails which are connected
across the capacitor. Escaping from the spacecraft, the accelerated ions produce a thrust of some several hundred
newtons. The capacitor is then charged up again from a power supply and the pulse cycle repeated.

Teflon Fuel Bar

Main Discharge —- Spark Plug
Capacitor = Capacitor

1/23/2022 AS-COMSAT, Jan-Feb 2021 143

Electrical Propulsion Unit for Orbit Control

* Test Rig for Pulsed Plasma Thruster (PPT)

1/23/2022 AS-COMSAT, Jan-Feb 2021 144
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Electrical Propulsion Unit for = I

Ras Masqa/Tripoli. Lebanon 24-12-2018

Orbit Control .

Eddy current sensor for the PPT teststand

1AP aims to control the position of the satellite IAP-SAT with a PPT
(Pulsed Plasma Thruster),

For this reason we have to test the
specific Impulse of this thruster.
We decided to use for the measurements =

Condacting Tarper
Magnes Tiekd

* Eddy Current Sensor for the ‘:Cb

Pulsed Plasma Thruster Test Rig Can .
S

Tasks:

+  Design of the different components of the detector
+  Construction

+ Takingmeasurement data

* Analysisof results

Contact:

Dr. Samir Mourad,

Mob. +961 76 341526 (Lebanon),
WhatsApp +49 178 7285578 (Mob. Germany)

1/23/2022 AS-COMSAT, Jan-Feb 2021 145

Electrical Propulsion Unit for Orbit Control

I pa e Wcd * Vacuum Chamber for the Pulsed

| st Pondtio Plasma Thruster Test Rig

NI ‘ Rotational axis

Weight e

Knife edges

Ball and string
for calibration
N\

N\

N\

Capacitors L
- N
~~ Electromagnetic
PPT~—
~—~——_|P® damper
Displacement — /,/_/
sensor SR 7
: o

C:\Users\Aecenar]\Documents\IAP-
SAT_2018\Manam\IAP Abgabe30.1.18.00. 41 \Pulsed Plasma Thruster
(PPT) /engine

1/23/2022 AS-COMSAT, Jan-Feb 2021 146
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6.1 CAD Model

AS-COMSAT 3D Model

Maximum 1.3 kg

1/23/2022 AS-COMSAT, Jan-Feb 2021 157

6.1 Simulation platform

Simulation platform

* https://www.rtl-sdr.com/building-a-fossasat-1-lora-iot-ground-
station/

1/23/2022 AS-COMSAT, Jan-Feb 2021 158

6.2 Thermal Control
Source:
Follow this and additional works at: https://scholarsmine.mst.edu/masters_theses
Part of the Aerospace Engineering Commons Department:

Recommended Citation

99



AS-COMSAT-1 System (Hardware&SW)

Boushon, Katelyn Elizabeth, "Thermal analysis and control of small satellites in low Earth orbit"
(2018). Masters Theses. 7755. https://scholarsmine.mst.edu/masters_theses/7755

This thesis is brought to you by Scholars' Mine, a service of the Missouri S&T Library and Learning
Resources. This work is protected by U. S. Copyright Law. Unauthorized use including
reproduction for redistribution requires the permission of the copyright holder. For more

information, please contact scholarsmine@mst.edu.

6.2.1 INTRODUCTION

Spacecraft thermal control is integral to mission success. The process of thermal control for a
spacecraft involves managing the energy entering and leaving the spacecraft to ensure that the

components of the spacecraft remain within an acceptable temperature range.

6.2.1.1 THERMAL CONTROL HARDWARE

The thermal control system on a satellite generally uses two basic approaches
fortemperaturemanagement: passive and active thermal control. ...4.1.1. Passive Thermal Control.
Passive thermal control techniques includematerialproperty selection, controlling the path of heat
transfer, and using insulation systems to ensure that temperatures remain within acceptable limits
[22]. Techniques including the use of multilayer insulation (MLI) and thermal coatings have a long

heritage on traditional satellites, but may require modifications for use in small satellites.

Dutsr muer -| " u 'i -i k] h k] ] il - k] ] o k] il ‘_f K - ]
nght mDGI(\ \’IH“"\‘- .f_E.r"[:.r'J-'Ez .-'x NN NN

|r'| nEﬂEEan
Metalized reflactor!

Netting spacer = : — —
: Ff-ggsgd Adheswe tm?STEE 1ape Glass fabric tape

(15 10 20 reflector/ “jonexposeq  Adhesives I"'. Metalized tape

spacear layers, total , ,
P y . threads pook-and-pilel | Grounding tape
: . \.conneclors | |
Metalized reflector — 111 N ] T " T
Netting spacer Gl e e e

IHHEFGD'LFEFI‘-‘-'hx\\\hw e M m m T e W n W % m u w s
Structure# —

Figure 4.1. Typical MLI Blanket Composition [14]

Materials used for fabrication of an MLI blanket should always be treated as flight-critical
hardware from the moment they are received. The materials should never be handled with bare
hands and should never be exposed to uncontrolled and corrosive environments in order to avoid
contamination and material degradation. Actions such as pulling or unnecessarily wrinkling the
material should be avoided as this can cause stress in the layers and defects that may not appear
until launch. Fabrication should occur in a temperature and humidity monitored Class 100,000
clean room to preserve the cleanliness and optical properties of the material. The fabrication area
requires tables large enough to support the largest blanket being manufactured. All tools,

equipment, templates, holding fixtures, and tables should be cleaned with a solvent that has a
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nonvolatile residue that does not exceed 0.02 g/L. The solvent must be compatible with the
materials to avoid damaging the materials during normal cleaning operations. Clean white gloves
or powder-free latex gloves suitable for clean room use must be used when handling the material,

and clean room lab smocks must be worn [14].

6.2.1.2 Sunshields.

Sunshields offer shading for a satellite from direct solar

simpingement and the radiation environment of space [6]. Traditional sunshields have been made
from a thin aluminum, titanium, or stainless-steel substrate, with a low absorptivity and high
emissivity coating of silvered Teflon or white paint on the outer surface [1]. Sunshields for small
satellites must unfold from a smaller form factor than their traditional counterparts. The
implementation of sunshields for small satellites applications is fairly new, though Sierra Lobo has

flown deployable sunshields on a few small satellite missions [10].

6.2.1.3 Radiators.

Waste satellite heat is rejected to space through the use of

sradiators. Regardless of the radiator configuration, be it a satellite structural panel or a flat plate
radiator mounted to the satellite exterior, radiators reject heat from their surfaces by IR radiation.
The optical properties determine the power of the radiator. Radiators must reject waste heat from
the satellite while also rejecting heat impinging on the satellite. Most radiators have a high
emissivity to maximize heat rejection and low absorptivity to limit heat loads from the space
environment. Typical finishes include quartz mirrors, white paint, and silvered or aluminized
Teflon [14].

*The simplest and most common radiators are the existing panels of the satellite exterior. For
example, an exterior aluminum honeycomb panel can serve as a structural panel as well as a
radiator. The face sheets of the panel distribute away from electronics boxes that are mounted to it,
with the outside panel face acting as the radiating surface. The face sheets can also be made thicker
to increase the heat distribution. Separate plates called “doublers,” typically made of aluminum,
can also be added under high heat dissipating electronics boxes to help distribute the heat. These
measures may result in mass increases that will not fit within the satellite mass budget. Heat pipes

can be considered in this situation to distribute spread the heat.
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412 Active Thermal Control.

= 4.1.21 Heaters. Haaters are often the simplest device to use for active
= thermal control [19]. Their main functon is to maintain satellite

c in the requited temperature e, but they can also be
used to Warm up components that are dn:{'::fm before their activation,
to conirel temperamre differences to greater stability, and fo dissipate
excess satellite power [1]. Heaters are the only active thermal control
hardware that have been successfully miniatorized for nse on small
satellites [4].

= 41.21.1 Heater types. The most commonly used type of heatar is
the patch

= heater Patch heaters consist of an electrically resistant element
bonded betwesn two sheets of flexible elacmically insulatng material

Feauiie 4.7 Cuvtean Shaped Pach Heoeis [14]

[14]. The electmically resistant element is typically an foil, such
as Michrome, and the insulating material i fypically 2 Eapton film
(11

6.2.2 THERMAL DESIGN PROCESS

@ Messian Profile Locations & Qrentaions
[Distance & Direction o
- Lawnch - Heat Sources)
- Maneuvers
- Cirtits - 5un
- Crulss Period E:i: E:‘"“t @ Temperature
Requirements
- Ayerage Limits
Elactrical Power - Local Limits
- Components S&IEGC;E:MIIM - Gradients @
- Duty Cycles By
Infarmation
Analysis
Y k J
Select Suface Finsh Campute All Auvarage
Properties (a & &) ® Irncident Heat F|HHE'5®
Y L J ) Y
Compute Radiant Compute Absorbed
Dissipation Capability . Heat Fluxes ®
o Y
Compare Compulad
Temperatures with
L] ¥ L ] Requirements

Compute Temperatures for Heat Balance -

Change Areas and Finishes

L ]

Figure 5.1. Thermal Analysis and Design Process [18]
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Heat Load on a
Node

Faceto-Face
Contactor

Case Study

Node-to-Node
Contactor

Node-to-Node
Contactor

Figure 6.16. MR SAT Model Revision C — Conduction and Heat Load Locations

Figurc 6.15. MR SAT Side Pancl Brackets AS-COMSAT, Jan-Feb 2021
Face-to-Face Heat Load ana
Contactor Node
Case Study
Heat Loadona
Node
Face-io-Face
Contactor

Figure 6.24. MR SAT Model Revision D — Conduction and Heat Load Locations
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Table 6.11. Model Revision E — Transient Results for Components

T Meax Temp [*C) - | Mmn Temp [°C] -| Max Operatmg | M Operatmgz | Max Survival | M Survival
Hot Case Cold Case Temp [°C] Temp [*C] Temp [*C] Temp [*C

TiNil 423084 2.4930 70 -63 -150 150

TiNi 2 38.6136 27749 70 -63 -150 150

TiNi 3 39.97%6 27160 70 ] -150 150

MCU Dhgital 46.7935 10 9356 B3 A0 -85 150
Case Study Tsovalve | 17.0767 10.9767 4 13 - }
Lovalve 1 47.0771 10,0768 48 -12 - -
Liovalve 3 47.0768 109767 45 -18 - -
Thruster 1 47.5563 1.8898 49 -18 - -
Thruster 1 16.8478 14100 43 -18 - -
Thruster 3 48.0069 15618 44 -18 - -
Thruster 4 489011 15335 49 -18 - -
Thruster 3 348042 19714 45 -18 - -
Thmster & 35,5930 21640 4% -18 - -
Thmster 7 37.3262 24533 44 -18 - -
Thmuster & 36.0817 23751 40 -18 - -
Thruster % 41.0231 3.5942 49 -18 - -
T hruster 10 42,4853 34162 44 -18 - -
Thruster 11 38 4585 26354 49 -18 - -
Thiuster 12 42,1236 22127 45 -18 - -
Prezsure Transducar 1 16.6006 10,9703 g1 i - -
Pressure Transducer 2 44.5972 109711 Bl -8 - -
Comm Padio 46.6040 11.3703 0 -30 -30 B35
GPS Fecemer 46.8809 11.3113 81 -40 -33 73
GFS Antemna 39.1379 -1.9531 B -55 -55 85
Flight Rasphemry Pi 402888 13 7380 B0 -13 - -
U 44.7473 111784 BI -40 - -

Sun Sensor Camera 1 23,1908 -2.2587 70 -1 95 40

Cam Srnsnt Camern 7 SRLIA -1 MRA1 Eli] 10 05 1]

6.2.2.1 Lessons Learned.

Many lessons were learned throughout the process of thermal model construction, analysis, and
application of thermal control. It is very important to keep up-to-date documentation during the
process. Documentation should include information regarding all model input parameters
including orbit profile, satellite dimensions, and material properties. It should be very clear in the
documentation which parameters are used for which model revision. Each new model revision

should be saved as a separate file and should be accompanied by its own documentation.

6.2.3 CONCLUSION
THESIS SUMMARY

Proper thermal analysis and control for spacecraft is essential for successful mission performance.
Thermal control methods for traditional satellites are well documented, but many methods for
small satellite applications are still in the development stages. This thesis study presents proven
methods of thermal analysis and control specifically relating to small satellites in low Earth orbit in

order to act as a resource for future reference.

Satellite thermal analysis typically involves using analytical processes assisted by computer
software to determine temperatures at nodes in the model by applying a numerical approximation
method, typically the finite difference method. The solar vector, albedo factors, satellite component
dissipation, orbit beta angle, and orbit altitude all affect the outcome of the thermal analysis.
Thermal extrema cases define the upper and lower bounds on temperature predictions. The results
of thermal models are then verified through testing, and the thermal model adjusted to more

closely reflect the test results.

104



AS-COMSAT-1 System (Hardware&SW)

Satellite thermal control methods are used to regulate temperatures to ensure that components
function properly throughout the mission. Thermal control systems on a satellite can use both
passive and active thermal control. Small satellites most commonly employ passive methods as
they tend to be lighter, more reliable, and do not require power. Passive thermal control methods
include the use of multilayer insulation, thermal surface coatings and finishes, tapes, sunshields,

radiators, heat pipes, phase change materials, and heat switches.

6.2.4 CONTRIBUTIONS TO THE SMALL SATELLITE COMMUNITY

The goal of this thesis study has been to provide a resource to guide the small satellite thermal
control system design and analysis process. Inexperienced engineers and academic teams will be
able to use this thesis study as the starting point for their work in the thermal analysis and control
of their small satellite designs. Basic heat transfer concepts and satellite heating environments are
discussed for the benefit of student engineers still learning about the topics. Thermal analysis
processes from various sources are summarized and presented, as well as a case study to
demonstrate the use of these practices and an outline of the practical application of model

construction, analysis, and design in Appendix A.

105



AS-COMSAT-1 System (Hardware&SW)

Optical Properties of Common Surface Coatings and Finishes [14]

Materal Absorptivity Emissivity
Optical Solar Beflectors
Teflon, Alnmmized, 0.5 mm 0.14 0.4
Teflon. Alummized, 1 mm 0.14 0.6
Teflon. sitvered, 2 mm 0.08 0.68
Teflon. sitvered, 10 mm 0.09 0.88
Black Coating
Chemglaze Z306 Black Pamt 0.96 0.91
Black Z306 polyurethane pamt, 3 mm 095 0.87
Ebanol C Black 0.97 0.73
Fough black matte. black paint 0.9 0.9
Films and Tapes
Kapton. alnmmized. 0.25 mm 0.31 0.45
Kapton. black (carbon loaded), 1 mm 0.92 0.88
Tape. 235-3M. black 0.95 09
Tape. alnmmum 0.1 0.04
White Coatings
Chemglaze A276 white pamt 0.24 0.9
Hughson A-276 white pamt 0.26 0.88
Magnesmm oxide white pamt 0.09 0.9
Polyurethane white pamt 0.27 0.84
Other Pamts
Alymmum Pamt 0.3 0.31
Chromacoat alumimmum pamt 0.28 0.03
Sihicone alummum pamt 0.29 0.3
Metals
Alnvmmum, buffed 0.16 0.03
Aluminum, polished 0.15 0.03
Beryllmm copper 031 0.03
Copper. buffed 0.3 0.03
Copper foil tape. tarnished 0.55 0.04
Gold. electroplated 0.23 0.03
Silver, polished, unoxidized 0.04 0.02
Stamnless steel 0.47 0.14
T tanmm 0.4 0.35
Anodized Alummum
Black anodize 0.65 0.82
Chromic anodize 0.44 0.36
Clear anodize 0.27 0.76
Plam anodize 0.26 0.04
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7 Launch issues

7.1 Exolaunch

=\ 1 ALINICLWY
=>XOLNAUNCH

SpaceX Transporter-3
(nfv:Hl:lShl(.\'N’ dverse
customers from countries

Combined Payload
Capacity ~

Lo Bl
“1il=]
I O X8l 3

29 customer satellites from
17 different countries

I think they used a tape meter for the antennas. They can be folded and they can open like a
switchblade by the tension of the material which is a nice idea. I have seen yagi type antennas from

cut tape measures made by RF amateurs before .

5x5x5 cm pocket sat Grizu 263A is on air
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https://www.aa.com.tr/tr/bilim-teknoloji/turkiyenin-ilk-cep-uydusu-grizu-263a-uzay-yolculuguna-
hazirlaniyor/1861764

7.2 Offer from Russian Company (Launch with Soyuz) from May 2021

www.gklaunch.ru, info@gklaunch.ru

@ GK LAUNCH CONFIDENTIAL

SERVICES #00548 06.05.2021

2 U, 3 kg: 110,000$

Dear Samir! Thank you for your launch quote request. We have prepared a ROM price
proposal based on your satellite’s charalZleristics and selelled a suitable mission.
Mission:

> Cluster launch

> Launch period: 2 quarter of 2022

> Orbit: SSO, LTAN 11:00

> Baikonur Cosmodrome

> Primary payload: contracted

> Secondary payload: available

Launch price:
for 3kg satellite is 1100005

The price includes:

1. Program management and program documents;

2. Support of Customer personnel visits;

3. Administrative support to the Customer personnel at GK facilities in accordance with
the terms and conditions to be defined in the contract;

4. Program reviews and meetings as may be necessary;

5. Interface Control Document with the results of analyses and reports as may be
necessary;

6. Hardware (adapter and separation system, umbilical connector, harness for testing),
personnel and equipment for fit-check to be performed at the NPOL facility (SC
dummy for testing to be provided by Customer);

7. Hardware (adapter and separation system, umbilical connector, harness), personnel
and equipment for integration of the flight SC with the launcher;

8. Hardware, ground support equipment (Space Head Module (SHM), Fregat upper
stage, launch vehicle) and personnel for processing of the SHM with SC and execution
of launch;

9. Customs clearance of SC/GSE on entry into Russia, customs clearance of GSE on exit
from Russia;

10. TranBlortation of satellite and GSE from the entry/exit port to payload preparation
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facility and back of GSE, including their customs clearance;

11. Performance of launch campaign and provision of:

Work place in AITB;

Administrative and storage premises;

Power supply;

Provision of logistics to Customer’s personnel whilst at the launch site (payment

for the services to be made by Customer);

Communications services (international telephone calls to be paid for in

accordance with the terms and conditions to be defined in the contraf).

Launch of deployer with CubeSat(s) into the required orbit;

12. Provision to Customer of LV telemetry data confirming the SC separation and initial
orbit parameters;

13. Post-launch services;

14. Photographic and video documentation;

15. Linguistic support;

16. Procurement of third party liability insurance for the damage due to the launch
activities and support in obtaining the satellite insurance;

17. Launch observation.

You can add insurance of the satellite ground and space related risks and insurance
of

the launch service. To do so, call us or write a response letter.

This is a ROM launch price proposal to be finalized after we receive all the documents.
Some mission parameters may change.

Standard Milestone payment plan:

Milestone Payment, USD (%) Preliminary Date of milestone
completion and submission of invoice
Manifesting of Payload o e
1 on a Launch Mission 15% Manifesting of Payload
IRD review 15% Completion of IRD review
3 ICD approval 25% Approval of ICD
Ground Tests 20% Completion of ground tests
5 Start Of, Launch 15% Upon Payload arrival at Launch Site
Campaign
6 Successful launch 10% L+2 weeks
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GK Launch <A ROSCOSMOS
Services isan
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The proposal is valid for 20 work days.

GK

Team

Contact us at:
+7 (495)150-44-71
sales@gklaunch.ru

From

7.3 Companies launch satellite
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Steps for Launching Sateflite

7.3.1 GKlaucnh (Russian)*
GK Launch Services is a company established by Glavkosmos (a subsidiary of ROSCOSMOS State

Space Corporation) and International Space Company Kosmotras. GK Launch Services is an

operator of Soyuz-2 commercial launches from the Russian spaceports.

The key targets this joint venture aims at include advancing of commercial launch services,
promotion of Russian launch vehicles on the world market, and strengthening the positions of

Russia as the most competitive launch service provider.

A solid competence of the two partners facilitates achieving these ambitious goals. Glavkosmos
has been participating in global international space projects over 30 years and has already had
experience in provision of launch services with Soyuz-2 rocket. Kosmotras has lofted over 100

payloads within 22 commercial launches.

7.3.2 Swarm company (U.S)°

Swarm Technologies, Inc. is a private company building a low Earth orbit satellite constellation for
communications with Internet Of Things (IOT) devices using a Store and forward design. An early
investor was Craft Ventures. On July 16, 2021, Swarm entered into an agreement to become a

direct wholly-owned subsidiary of SpaceX.[2]

They have an Federal Communications Commission (FCC) licence for low bandwidth

communications satellites in low Earth orbit.[3]

In 2018 Swarm became the first ever company found to have deployed satellites without
regulatory approval after an FCC investigation into the startup’s launch on an Indian PSLV rocket

of its first four picosatellites in January that year.[4]

By December 2020, Swarm had launched 9 test satellites and 36 of a planned 150 low Earth orbit

satellites to provide communication with IOT devices.[5]

4 http://gklaunch.ru/en/

5 https://en.wikipedia.org/wiki/Swarm Technologies
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In February 2021 Swarm announced that its commercial services were now live using 72

commercial satellites providing its global low cost data to customers.[6]

The Swarm Tile is its dedicated satellite two-way data modem designed to be low energy and
embedded on the PCB of third party products. Other products include a data plan and
development kit.[7]

7.3.3 Exolaunch company (Germany)®
The protocol of launching is:

1) LAUNCH PLANNING

Every mission is unique. We listen to you and offer solutions that will enable the successful launch
of your satellite. With precision, knowledge and expertise, we make the complex work of your

specific campaign a simple and affordable experience. No stress.

2) MISSION MANAGEMENT

Next, we produce your event. We provide technical management of the satellite adaptation to a
launch vehicle, interface control document development, mission analysis delivery, and launch

schedule coordination.

3) SEPARATION SYSTEMS

EXOpod deployers for cubesats and CarboNIX, the shock-free separation systems for
microsatellites, are designed and produced by Exolaunch to support your mission needs. Later, we
adapt the deployment systems to the launch vehicle to safely deliver your satellite into its target

orbit.
4) DEPLOYMENT SEQUENCER
EXObox is essential for smallsat cluster launches. It is a unique, highly reliable and modular

deployment sequencer to manage the deployment of up to 50 satellites with just one EXObox unit.

It will precisely and safely separate small satellites into their target orbits.
5) LICENSING
In this phase, we handle the complex legal and regulatory support documents that are required for
launch. Your desk is now clean!
6) ENVIRONMENTAL TESTING
Our fully-fledged environmental testing services are tailored to the requirements of any launch

vehicle, ensuring your satellite has made the grade. All of the tests are performed in Berlin, and

yEnvironmental tests profiles and types:

a. Vibration and shock testing

6 https://exolaunch.com/
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We provide a full range of mechanical testing to cover the qualification, proto-flight or acceptance

requirements of all launch vehicles.
b. Thermal and vacuum testing
Thermal cycling and thermal vacuum testing is available to meet your mission requirements.

Whether testing survivability limits or simply performing a vacuum bake-out, we can perform the

tests that fit your needs.

c. Qualifation and acceptance test
Qualification of your design based on the composed mechanical loads in order to meet the
requirements of most common launch vehicles. Tailored acceptance testing profiles of your flight

models to the launch vehicle of your choice, ensuring the function of your spacecraft while

increasing confidence in its reliability.
d. Test profiles design
We offer support to develop individual specifications for mission tailored test profiles with

optimized loads and durations. Inclusive our acceptance guarantee of the test profiles by the

launch authority.
e. Adapters & additional hardware
We offer TestPods and other test fixtures with the test interfaces identical to the launch vehicle

interfaces, ensuring the validity of all test results. ou are offered our cleanroom for satellite

checkouts.
7) SHIPMENT
Our expertise in global logistics and experience with customs clearance allows us to process

worldwide shipping of payloads and equipment in a safe, convenient and timely fashion. We will

ensure your satellite reaches the launch site safely and without hassle.

8) INTEGRATION SERVICES

When your satellite meets the launch vehicle. We will seamlessly integrate your satellite with the

support hardware onto its launch vehicle.

9) LAUNCH

The launch vehicle has left Earth. Shortly afterwards, we receive a positive signal that your satellite

is in orbit and is ready to start changing the world.
7.3.4 Gunter's space page’

The four SpaceBEE, formerly known as BEEs (Basic Electronic Elements), picosatellites, built to

the 0.25U CubeSat form factor are to demonstrate two-way satellite communications and data
relay for Swarm Technologies Inc.

7 https://space.skyrocket.de/doc _sdat/spacebee.htm
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The mission is to test the world’s smallest two-way communications satellites to serve as a cost-
effective low-data rate Internet of Things (IoT) network connectivity solution for remote and
mobile sensors. The initial experimental space deployment is comprised of four satellites, each
with a 1/4U form factor employing radar signature enhancement technology, which enables them
to be passively tracked, and using VHF band frequencies for communications. There will also be

an experimental deployment of ground stations for communications with the space units.

The mission is to demonstrate the capabilities of these picosatellites for serving low data rate
communication relays for remote sensors and data collectors. Experimental operations is

scheduled to begin upon launch for a period of at least 6 months and up to 2 years

The tiny satellites have very small radar cross section, which might complicate the tracking.
Therefore they featured a GPS device in each satellite that would broadcast its position on request.
Also the four smallest faces of the satellites are covered with an experimental passive radar
reflector developed by the U.S. Navy’s Space and Naval Warfare Systems Command, which

according to the FCC application would increase the satellites radar profile by a factor of 10.

The FCC dismissed Swarm’s application. Nevertheless, the satellites have been launched,
apparently without a valid licence, in January 2018 on an Indian PSLV-XL rocket under the
name SpaceBEE. The ownership of the SpaceBEEs remained obscure, until in an IEEE Spectrum
article the identity of the SpaceBEEs with Swarm's BEE satellites was revealed.

A follow-on mission, SpaceBEE 5 to 8, with larger 1U CubeSats was also not granted a licence after

this. Later the licesnce was granted. SpaceBEE 1 to 4 were also granted an operation licence.

The operational 2nd generation SpaceBEE satellites reverted back to the 0.25U form factor.

7.3.5 Antrix corporation®

I contact this company and the emails is below:

7.3.6 RE: FW: question for procedure to launch a satellite
November 25, 2021 7:44 am 28 KB

Ganesh Mohan <ganesh_mohan@antrix.co.in>

siham.aisha@temo-group.com

Hi Siham,

Could you please elaborate on what is it that you’re looking for in administrative and legal procedures?

8 https://www.antrix.co.in/
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I presume all the permits, authorisations and notices of non-opposition including frequency filing / other
regulatory mandates would be already done by you, during the course of the project.

We will support in any administrative matters during the import and re-export of the payload and the
auxiliaries, including transportation, testing facilities, accommodation of personnel etc during the launch
base. Once the satellite is separated in a low earth orbit, the control gets passed over to you. All the other
aspects like Indemnity, Insurances etc would be covered in the launch contract and we can discuss over it
during the course of execution of the contract.

Thanks

Ganesh

From: Siham [mailto:siham.aisha@temo-group.com]

Sent: 22 November 2021 15:53

To: Ganesh Mohan

Subject: Re: FW: question for procedure to launch a satellite

Hello,
Thank you for your response.

We need know what is the administrative and legal procedure in details, | mean if we want to keep
some legal files we wish to inform us.

| prefer an email contact to be clearly.
our location is in Lebanon - Tripoli - Ras masga, hame of my organization is North Alternative
Power departement TemoGroup

Regards

On November 22, 2021 at 11:57:24 am +02:00, Ganesh Mohan <ganesh_mohan@antrix.co.in>
wrote:

Hi Siham,

Thanks for your interest in Antrix.

The procedure is that

there will be a launch services agreement that we will have to execute, wherein the said satellite will be
accommodated as a ride share with one of the upcoming PSLV / SSLV missions.
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2. There will be an Interface control document, where all the details of the testing, Dynamic studies,
sequencing, power supply etc would be addressed and cleared.

3. The launch would happen from Sriharikotta, where the necessary testing / operations / safety procedures
would be happening.

With respect to the pricing, it will vary. May | know where are you based at and the company that you’re
working for? We can probably discuss it over a call.

Thanks

Ganesh Mohan

Manager, Antrix Corporation

From: Siham [mailto:siham.aisha@temo-group.com]
Sent: 16 November 2021 15:39

To: sonali@antrix.co.in

Subject: question for procedure to launch a satellite

Hello,

I want to launch a satellite, Could I have a quote of price and what is the procedure to launch it?

1- the time frame it's about in the middle of 2022

2- launch to the same inclination, | mean in the same orbit and the inclination is 100 degre - 127 degre
3- our spacecraft don't have propulsion

4- size of our spacecraft is : 10X10X20 cm 2U for 2 satellites

5- mass is: 3Kg

6- the purpose: small pilot system for communication satellite.
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7- altitude: 650 km
8- elliptic semimajor axis a = 7027.748 km

9- orbit heigh: 500- 600 km

Regards,

Siham

7.3.7 Procedure to launch a satellite in India®1?

Norms, Guidelines and Procedures for Satellite Communications Announced

The Government has approved a policy that envisages allocation of INSAT system capacity for
non-governmental users, registration of Indian satellite systems by private Indian companies and
limited use of foreign satellites in special circumstances. The Department of Space (DOS) will be

the administrative ministry in all matters related to satellite systems in India.

As per the policy, the Indian National Satellite System (INSAT) capacity will be made available to
non-government (private) Indian Service Providers on a commercial basis subject to availability
after meeting the government needs. The DOS will allocate INSAT capacity for private users. DOS

may also build capacity in INSAT system for private users on request on commercial basis.

Private Indian companies with a foreign equity less than 74 percent are now allowed to establish
Indian Satellite Systems. These companies can submit their applications for registering their
satellite systems to the Committee for Authorising the establishment and operation of Indian
Satellite Systems (CAISS). The office of CAISS is set up at the SatCom Programs Office at ISRO
Headquarters, Antariksh Bhavan, New BEL Road, Bangalore- 560 094. The authorisation to operate
the Satellite System and the Orbit spectrum notification/registration will be done by CAISS.
However, operating licenses for services to be provided by the Indian Satellite Systems will be
issued only by the concerned administrative departments like Department of Telecommunication

for telecom services and Ministry of Information and Broadcasting for TV/Radio broadcasting.

9 https://www.isro.gov.in/update/08-may-2000/norms-guidelines-and-procedures-satellite-communications-
announced

10 https://www.isro.gov.in/contact-us-0
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Foreign satellites will also have allowed to be used in special circumstances for satellite
communication services in India. The service licensing departments may allow the use of foreign
satellites only in consultation with the Department of Space. If suitable capacity/capability is
available in INSAT or Indian Satellite Systems, operations with foreign satellites will not be
permitted. For the use of foreign satellites for Internet Service Provider (ISP) gateways, the existing

procedures established by Telecom Commission will apply.

7.3.7.1 India’s Space Policy

Remote sensing

Recognizing that Remote Sensing data provides much essential and critical
information - which is an input for developmental activities at different levels, and is also of

benefit to society.

Noting that a large number of users - both within and outside government, use Remote Sensing

data from Indian and foreign remote sensing satellites for various developmental applications.

Taking into consideration the recent availability of very high-resolution images, from foreign and
commercial remote sensing satellites, and noting the need for proper and better management of

the data acquisition/ distribution from these satellites in India.

Recognizing that national interest is paramount, and that security consideration of the country

needs to be given utmost importance.

The Government of India adopts the Remote Sensing Data Policy (RSDP) -
2011 containing modalities for managing and/ or permitting the acquisition / dissemination of
remote sensing data in support of developmental activities.
Department of Space (DOS) of the Government of India shall be the nodal agency for all actions
under this policy, unless otherwise stated.

1. For operating a remote sensing satellite from India, license and/ or permission of the

Government, through the nodal agency, shall be necessary.

o As anational commitment and as a “public good”, Government assures a continuous and
improved observing/ imaging capability from its own Indian Remote Sensing Satellites
(IRS) programme.

o The Government, through the nodal agency, shall be the sole and exclusive owner of all
data collected/ received from IRS. All users will be provided with only a license to use the
said data, and add value to the satellite data.

11 https://www.isro.gov.in/indias-space-policy-0

118


https://www.isro.gov.in/indias-space-policy-0

Launch issues

(e]

(o]

Government reserves the right to impose control over imaging tasks and distribution of
data from IRS or any other Indian remote sensing satellite, when it is of the opinion that
national security and/ or international obligations and/ or foreign policies of the

Government so require.

2. For acquisition/ distribution of remote sensing data within India, license/ permission from the

Government of India, through the nodal agency, shall be necessary.

(e]

Government reserves the right to select and permit agencies to acquire/ distribute satellite

remote sensing data in India. DOS shall be competent to decide on the procedure for

granting license/ permission for dissemination of such data, and for the levy of necessary

fees.

To cater to the developmental needs of the country, the National Remote Sensing Centre

(NRSC) of the Indian Space Research Organisation (ISRO)/ DOS is vested with the

authority to acquire and disseminate all satellite remote sensing data in India, both from

Indian and foreign satellites.

= NRSC shall enter into appropriate arrangements with DOS for acquiring/ distributing
data from IRS within the visibility circle of NRSC’s receiving station(s).

= NRSC and/ or Antrix Corporation Ltd., shall be competent to enter into agreements
with foreign satellite operator(s) for acquisition/distribution of foreign satellite data in
India. However, NRSC will distribute the data as per terms agreed to with Antrix
Corporation Ltd.

NRSC shall maintain a systematic National Remote Sensing Data Archive, and a log of all

acquisitions/ sales of data for all satellites.

3. For acquisition and distribution of IRS data for use in countries other than India, the

Government of India, through the nodal agency, shall grant license to such bodies/ agencies of

those countries as are interested in the acquisition/ distribution of IRS data, as per specific

procedures.

O

The Antrix Corporation Ltd. (of DOS) is vested with the authority for receiving the
applications for grant of license for acquisition/ distribution of IRS data outside of India; to
consider and decide on the granting of license within the policy considerations of the
Government, and to enter into licensing agreements with the prospective users on behalf of
the Government. Antrix Corporation Ltd. shall also be competent to levy such fees for
granting licenses as may be considered appropriate by it. It shall also be responsible, where
necessary, for rendering any further help/ guidance needed by the license.

The Government reserves right to impose restrictions over imaging tasks and distribution
of IRS data in any country when it is of the opinion that national security and/ or

international obligations and/ or foreign policies of the Government so require.

4. The Government prescribes the following guidelines to be adopted for dissemination of

satellite remote sensing data in India:

(o]

All data of resolutions up to 1 m shall be distributed on a non-discriminatory basis and on
“as requested basis”

With a view to protect national security interests, all data of better than 1 m resolution shall
be screened and cleared by the appropriate agency prior to distribution; and the following
procedure shall be followed:
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= Government users namely, Ministries/ Departments/ Public Sector/ Autonomous
Bodies/ Government R&D institutions/ Government Educational/ Academic
Institutions, can obtain the data without any further clearance.

» Private sector agencies, recommended at least by one Government agency, for
supporting development activities, can obtain the data without any further clearance.

* Private sector agencies, recommended at least by one Government agency, for
supporting development activities, can obtain the data without any further clearance.

» Specific requests for data of sensitive areas, by any user, can be serviced only after
obtaining clearance from the HRC.

= Specific sale/ non-disclosure agreements to be concluded between NRSC and other
users for data of better than 1 m resolution.

5. This Policy (RSDP-2011) comes into effect immediately, and may be reviewed from time-to-

time-by Government.

I contact spaceflight:

7.3.8 RE: [External] - Sales - Website Submission
November 17, 2021 6:31 am 52 KB

Keiko Nasu <knasu@spaceflight.com>

siham.aisha@temo-group.com

Hello,

Sorry, for some reason your e-mail has been in the spam box and it took me a while to find your response. |
deeply apologize for that.

We are just to close the manifest for June 2022 SpaceX rideshare. We need to provide a good portion of
deliverables to SpaceX by December 1, but if you will be able to do that, we might be able to launch your
satellite with that mission.

The issue is how you would like to separate the 2 satellites. Our Sherpa-OTV could provide in-plane phasing
but it’s not going to be very economical for 2U satellite (and | heard that our Sherpa capacity is already
filled).

We might be able to separate a little bit by delay the second satellite deployment (30min or so at most),
but it will not give you a lot of separation.

Please confirm SSO is the orbit you would like to go, and will check other possible launch options.

Let me know if you prefer to have a brief call.

Warm regards,
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Keiko Nasu

Business Development, Spaceflight Inc.
KNasu@spaceflight.com
Mobile:+1-206-384-0678

From: Siham <siham.aisha@temo-group.com>
Sent: Monday, November 15, 2021 1:36 AM

To: Keiko Nasu <knasu@spaceflight.com>

Subject: RE: [External] - Sales - Website Submission

CAUTION: This email originated from outside of the organization. Do not click links or open attachments unless you
recognize the sender and know the content is safe.

hello,
I'm waiting for response.
another question: what is the procedure to launch a satellite ?

Regards,
Siham

On October 2, 2021 at 9:20:37 am +03:00, Siham <siham.aisha@temo-group.com> wrote:
Hello Keiko,

1- the time frame it's about in the middle of 2022

2- launch to the same inclination, | mean in the same orbit

3- our spacecraft don't have propulsion

4- size of our spacecraft is : 10X10X20 cm 2U for 2 satellites

5- mass is: 3Kg

6- the purpose: small pilot system for communication satellite.

Regards,
Siham

On September 29, 2021 at 1:34:32 am +03:00, Keiko Nasu <knasu@spaceflight.com> wrote:

Hello Siham,
Thank you so much for reaching out to us.

In order to figure out the launch options and pricing, could you provide below?

What is the time frame you are looking to launch?
What orbit do you want to launch your spacecraft to?

-> Do you mean to launch to Mid-inc? 45 degrees inclination, Or you would like to launch to the same
inclination but do the plane phasing?

Will your spacecraft have propulsion?
What is the size of your spacecraft?
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->2U x 2 satellites

What is the mass of your spacecraft?
What is the purpose of your spacecraft?

Thank you!
Keiko Nasu
Business Development, Spaceflight Inc.

KNasu@spaceflight.com

Mobile:+1-206-384-0678
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Tasks and Responsibilities, Technical Documentation

8 Tasks and Responsibilities, Technical Documentation

Working Responsible Name of Technical Documentation | Department/
Package Stakeholder
Samir System Design IAP
ACDS Technical Report IAP
Rozan AIS Clustering Marmara University,
Istanbul, Faculty of
Computer Science
Orbit and Altitude Specification
Abd COM/OBD
Yahya X-Ray Sensor IAP
Vibration damper
Thermal Isolation
Packages:

1. CoreFlightSystem, on-board computer

2. Attitude control system

3. Telemetry and payload COM system, intersatellite communication
4. Ground station

5. Launching issues

6. AIS

Staff:

For 1: new Turkish bachelor student group
For 2: Raja

For 3: Abdurrahman

For 4: new Turkish bachelor students

For 5: Siham

For 6: Rozan
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ADCS_TechnicalReport.pdf
S-AIS.pdf
MasterThesis_X-RayDetector.docx

Tasks and Responsibilities, Technical Documentation

8.1.1 Summary of System Parts

MAGNETOMETERS - Magnetometers sense magnetic field strengths and direction.

The measurements are compared to the Earth’s magnetic field map (which is dependent

on the spacecraft position) to determine the attitude. Moreover, it can only be used at

low altitude orbits, where the magnetic field is strong enough.

8.1.2 Status of Hardware

i e

Onboard Computer

Solar Cells

Power System

Chassis

ITC Designed Solar Panel PCBs
Radio

Clean Room

Deployable Antenna

Camera

Recevead

Receved

Ordered — 10 Week Lead Time

Crdered — Unknown Lead Time

Designed — Out for Quote

Crdered — & Month Lead Time

Procured and Setup for Ribbon Cutting

Crdered — Unknown Lead Time

Receved

8.1 Project Documents & Databases for AS-COMSAT-1 (1 Satellite
10cmx10cmx10cm) (Last update: 8.4.21)

8.1.1 Development Documents

Development Phase

Name of Document

Purpose/Content

Analysis

Fire Detection System Description

Presentation

about 130 pages Project
Description, Supplier Parts

Initial Cost Estimation

381,000 § for satellite and ground
station (including launch)

Systemdesign

System Design Document

Mechanical Design

Hardware Design

HackRF

SW Specification

Software Specification Document (SDS)

on OBC and HackRF

SW Design

Software Design Document (SDD)
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8.1.2 Mechanical CAD Models

AS-COMSAT- 1 Integration

Payload 1 (X-Raysensor)

9,5cmx2,5cmx7cm

PV Cells and Controller

Load Controller&Batteries

Magnetorquer

Sun Sensor (Photocell)

On-Board-Computer (OBD)

Raspberry Pi 3

SDR (HackRF) (TT&C and Payload COM)

FioeCAD

- nEm
RN-HWTHBAIH - QAT AL - @
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Suppliers

9 Suppliers

9.1 Satellite Parts

www.cubesatshop.com

126


http://www.cubesatshop.com/

10 Parts from Suppliers

10.1 2U Sommunication Satellite System

Communication Satellite System

General Block Diagram of
Communications Satellite Space Segment
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Parts from Suppliers

10.2 SAT - Power Supply System

Power Supply

* Solar Panels

* Charger and Batteries
* Regulators

* DC/AC Converter

Solar Panel Suppliers

Vendor
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Solar Panel Suppliers

EXA

¢f Eigwm @

Configuration  1.panel Array, deploys as 3 panels (2 on top side. ¢

Extra Options  yone

2 intop side, 1 on bottom side,
Low cost cells 2.75 W each

1/23/2022 AS-COMSAT, Jan-Feb 2021 18
DSA 3A.STEP
DSA 2A.STEP
Moo Tads
Labels & Arrbntes A
8000 M Strand Simgiied
B N0 Mcude Strand Simpiied -

ane 02 - D54 sembh02

B Porel (2- 05A Arsembhi) ¥
>

Broperty Vatoe

Placement (1900000 1005 180°; 0.
e Pl 00 Wiehout Paths -

DSA Control. STEP

1/23/2022 AS-COMSAT, Jan-Feb 2021
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EXA Solar Panel

w / s f s - om0
:-c: % ; I |
: I
DSA Control { T ) )

AS-COMSAT, Jan-Feb 2021 20

EXA Solar Panel

5. CONNECTIVITY SCHEMATICS:
The DSA are normally folded during deploy. then are released and deployed in orbit via the use of the DSACTRL control
baard, which is a circuit that automatically performs the RELEASE and DEPLOY operation without requiring user
intervention upon receiving the 3V3/5V ACTIVATION signal

DSA Connectivity Schematic

343 to SV @0.05A activation signal
for as long as RELEASE/DEPLOY
process duration (typically 30s)

2vwires - \CC/GND

Control path (8 wires) Provides signal voltage for PELEASE(2) and DEPLOY(2) sensors (4 wires)
CT() and SKS(S) o —
|

OSACTRL circuit can Power for RELEASE/DEPLDY operation

control up to 2 0SA arrays
From battery array 4 IV to 8 4V

[ To UMPPT. MPPT. DET controllers ar EPS |
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Solar Panel Suppliers

DHV 1U Solar Cell

€1,450

Solar Panel Suppliers

DHV 1U Solar Cell
Performance

Solar Cell String (Spectrum: AMO WRC = 1367 Temperature sensor:

W/m2; T = 28 °C; Series configuration) « Manufacturer: MAXIM

« Type: T) Solar Cell 3G30C - Advanced * Model: LM75BIMM-3+

*+ Base material: GalnP/GaAs/Ge on Ge substrate  « Package: UMAX® (USOP)

+ Open Circuit Voltage (Voc): 5.4V « Type: Temperature sensor /Over-temperature detector

« Short Circuit Current (Isc): 0.52 A * Supply Voltage: 3.3V

” + Current: 4pA (Shutdown Mode), 250pA (typ), TmA (max)
» Communication: 12C (configurable address)

« Efficiency: 30 % + Conversion time: 100ms

* Accuracy: +2°C
* Resolution: 9bits
* Temperature range: -55°C to +125°C
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Solar Panel Suppliers

Solar Panels ISIS

1-Unit-Solarpanel 2500 EUR

CONFIGURATIONS

* Top/Bottom 1U panels

uuuuuuuuuuu

* EXA TITAN-1 E ;
* Price: 3000 EUR  rwosrmam s ;

* Su ||er- EXA comemeenvien
pplier: EXA e bt | AT T

.......................................
::::::

* CrystalSpace:
* 1PU
* Price: 4400 EUR
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I1S1S Modular Electrical
Power System

ISIS iEPS Electrical Power
System

Vendor: ISISPACE Vendor:1515)

- €

Power systems

Request more info
Request more info

1/23/2022 AS-COMSAT, Jan-Feb 2021 26

\\\; Electrical Power System (EPS)

The ISIS Electrical Power System (iEPS) is the second-generation compact power system for

nanosatellites, ideal for 1U up to 3U CubeSats. The system leverages wide bandgap

ge ¢ semiconductor technologies, implementing GaN-FETs to improve solar power conversion

1sis iEPs Erectrical Power  ETTICIENCY @nd performance. It is equipped with an integrated heater, hardware-based
System Maximum Power Point Tracking (MPPT) and hardware voltage and over-current protection.

The iEPS provides 3.3V and 5V regulated buses, as well as an unregulated bus. An add-on

daughter board allows additional configurations to suitably power the system and payload

instruments.

systems Type A (2-cell battery pack): 4,600 EUR

Compact single PC/104 form factor board solution

FRAM based MCUs for improved radiation tolerance

Hardware voltage, over-current protection and hardware-based
maximum power point tracking

Designed for low (idle) power consumption

Solar Panelinterface utilizes GaN-FETs

Allows customizations through mountable daughter-board

Vendor: IS!

icepsv2_type_a.stp

Power delivered 20W @ 5V over 4 channels
Energy storage 6300mAh/22.5Wh (Type A)

1/23/2022 AS-COMSAT, Jan-Feb 2021

27
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Electrical Power System (EPS)

\-\-\‘?\ : The ISIS Electriqal Power System (iEPS) is the second-generation compact power system for
- ~nanosatellites, ideal for 1U up to 3U CubeSats. The system leverages wide bandgap
" semiconductor technologies, implementing GaN-FETs to improve solar power conversion
efficiency and performance. It is equipped with an integrated heater, hardware-based
e Maximum Power Point Tracking (MPPT) and hardware voltage and over-current protection.
SHLTEEEIESTE ) The iEPS provides 3.3V and 5V regulated buses, as well as an unregulated bus. An add-on

daughter board allows additional configurations to suitably power the system and payload
instruments.

Type B (4-cell battery pack): 6,400 EUR

IS1S iEPS Electrical Power
System

Vendor: IS

«em: Mass Type A 184 5 grams (2 cell battery pack)
Type B 310 + 5 grams (4 cell battery pack)
Type C 360 + 5 grams (4 cell battery pack + daughterboard)

Power delivered 20W @ 5V over 4 channels

Energy storage  6300mAh/22.5Wh (Type A)
12800mAh/22.5Wh (Type B/C)

1/23/2022 AS-COMSAT, Jan-Feb 2021 28
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10.3 SAT -Attitude Control System

Satellite Bus and Attitude Control Sytem

* Antenna Subsystem

Telemetry Tacking and Control Subsystem
* Attitude Control Subsystem

* Propulsion Subsystem

o } Propulsion

| Subsystem

Attitude Control Subsystem

<
V '\/
arcsec Sagitta Star Tracker arcsec Twinkle star tracker BiSon64-ET

Vendor: arcsec Vendor: arcsec Vendor: Lens R&D
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Attitude Control Subsystem

Attitude Sensors

€ C @ cubesatshop.com/products/ QA % k »

n CubeSat 00 IPRODUCTS S|  VENDORINFORMATION v HOWITWORKS ~ FAQ W INQURYLIST(0) Q

P
-
v n nanoSSOC-D60 digital sun sensor

. S,'.,'o HEAD Thermiszer Immersed Infrared ‘,} arcsec Sagita Star Tracker BiSon64-ET-8
> v Detector
1 A A e
@ cubesatshop.com/product-category/attitude-sensors, Q &
0o @
3 °®
o®
® @
BiSon64-ET-B HEAD Infrared Band-Pass HEAD Thermister Immersed
Filter Infrared Detector
or: Le and
1 2022 A A e
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MAI-SS Space Sextant

MAI-SES IR Earth Sensor
Vendor

MAI-KE Sun Sensor
Vendor: M

Vendor: M
Request more info Request more info Request more Info

w
w

nanoSSOC-D60 digital sun
sensor

Nano-SSOC-AG0 analog sun

Vendor

MAUS cubesat sunsensor

Vendor: |

Request more Info

Request more info

137
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NSS CubeSat Sun Sensor

Vendor: NewsSg

NSS Magnetometer

Vendor: A

Request more info

NSS Fine Sun Sensor

Vendor: )

1SAT, Jan-Feb 2021

NST-3 Nano Star Tracker

Vendor: TY-Sf

138
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NSS GPS Receiver

Vendor: NewSpace

35
Pigtail
Vendor: Lens R
36
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o %

Flight heritage since 2 Flight
Transport box
SSOC-A60 2-Axis analog SSOC-D60 2-Axis digital sun

sun sensor sensor

1/23/202

Attitude Control Subsystem Attitude Sensors
nanoSSOC-D60
SOLARMENN ‘

Technical Chracteristics: ITAR FREE

Type 2 orthogonal axes

Field of View  £60°

Accuracy 0.5 ° (3sigma]
0.1 © (precision
Electrical interfoce  UART, 12C or SPI Sun Sensor on a Chip (SSOC)
10-pin micro-connector
R 2 rusotion nanoSSOC-D6O digital sun
Mechanical interfoce 43 x 14 x 5.9 mm sensor
659 Digital
Housing  Aluminum 6082 Spoce Qualified €3 P 6 O O

Black anodizing

Sun Sensoron a Chip (SSOC) is a two-axes and low cost sun sensor for high accurate sun-tracking,
pointing and attitude determination. The device measuresthe incident angle of sunray in two
orthogonal axes, providing a high sensitivity based on the geometrical dimensions of the design.
NnanoSSOC sun sensoris based on MEMS fabrication processes to achieve high integrated sensing
structures.

NnanoSSOC-A60 has tiny size, low weight and low power consumptionto be the perfect ADCS
solution for nanosatellite platforms like Cubesats.

1/23/202

139



Parts from Suppliers

Attitude Actuators

< 8 c com/product-category, tuators/ Q % B
ﬂ C u beSat PRODUCTS v  VENDOR INFORMATION v FAQ W INQUIRYLIST (0)
- >
Antenna systems > v
_ R « D CubeTorquer and CubeColl ' CubeWheel Small . CubeWheel Medium
de sensors > v
Cameras & payloads > »
CubeWheel Large ISIS Magnetorquer board MAI-400 Reaction Wheel
Command & data handling > v
Communication systems > v
CubeSar kits & buses > v O EXA MT01 Compact Magnetorquer (Emmme NCTR-M002 Magnetorquer Rod p NSS CubeSat ACS solution
CubeSat Structures > ¥
~

o> -
Ground station: v RS100 - Reaction Sphere
Incegrated ADCS > ¥

1/23/2022 AS-COMSAT, Jan-Feb 2021 39

Attiﬁtude Actuators

“ s e e

(_ Flight heritage since

_ Flight heritage since 2 ) 4
FILTER BY FLIGHT HERITAGE F
= CubeWheel Small EXA MT01 Compact 1S1S Magnetorquer board
er and CubeCoil
Magnetorquer
Vendor: Cubespace endor Exn vendor:
) Attitude actuators Attitude actuators
Attitude actuators
Integrated ADCS
ey T, PR
1/23/2022 AS-COMSAT, Jan-Feb 2021 40
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Attitude Actuators

(e ——

MAI-400 Reaction Wheel NCTR-M002 Magnetorquer NCTR-M012 Magnetorquer
Rod Rod
T MAL
Verp\(ior’: Vendor: NewSpace Vendor: NewSpace
BENH0 $1200 $2000
Attitude actuators
Attitude actuators Attitude actuators
1/23/2022 AS-COMSAT, Jan-Feb 2021 41

Attitude Actuators

Flight heritage since 2013 €800

Home / Attitude actuators / EXA MT01 Compact Magnetorquer

With only 7.5 grams and 3.2 millimeters thickness, the MT01 Compact
Magnetorquer is @ vacuum core magnetic coil designed fo ADCS
control in cubesat mission from 1U to 3U that boast an impressive
performance compared to its small footprint over the mass, power and
area budget of the spacecraft. Even with that small dimensions the
MTO1 is capable of greater magnetic moments, turn speeds and
angular accelerations than comparable products on the market, yet
the power usage is kept to a minimum: It can turn a 1U mass 90
degrees in 60 seconds using only 0.2 Watts at a LEO orbit of 500kms.

MTO1 can be integrated in to our BAOx family of high capacity compact
batteries and our DSA Deployable Solar Array family too, the biggest
advantage of the MTO1 is that it can be easily affixed anywhere on your

spacecraft using a minimal area.

- #..A,, ﬂ ‘ Every coil is tested and qualified in our own facilities and shipped with
i) ! full reports and packed with additional match connectors interfaces.
74

Availability: 2 weeks

Vendor: EXA

1/23/2022 AS-COMSAT, Jan-Feb 2021 42
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Attitude Actuators EXA Magnetorquer

Performance
Features Performance Product properties Materials Testing Configurations Documents

*Working Voltage: From 1.25V to 7.5V

*Working Current: From 100mAh to 2000 mAh

*Nominal Magnetic moment: >0.19 Am2

+Saturation Magnetic moment: >0.85 Am2 Configuration Price

sLinearity: +/-4% across operating designrang

-Residual moment: <0 0045 AmZ MT01 Compact Magnetorquer 50x50x3.2 mm € 800
*Torque:5.36 UINm @ 7.2-3 Tesla (1U mass)

3 Optional: Integrated to BAOx High Capacity Battery Array -€100
*Angular acceleration: 3.2-3 Rad/sec-2 (1U mas
*B-center=8.9 Gauss Optional: Integrated to DSA Deployable Solar Array - €100

*B-corners= 14.5 Gauss

°5UPP|y Power: From 250mW to 1750mW Optional: Integrated thermal sensor +€150
*Typicalresistance: 4.1 to 4.7 ohms @ 25°C

*Random Vibration: 16g rms

sLifetime:>10years

1/23/2022 AS-COMSAT, Jan-Feb 2021 43

Propulsion Unit (Thruster)

B a5

Cluster of IFM Nano — Nanosatellite

Thruster for Smallsats IFM Nano Thruster for Micropropulsion System
CubeSats

AS-COMSAT, Jan-Feb 2021 44
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10.4 Command&Data Handling (On-Board Computer)

10:24 AM © Sl hal G

On-Board-Computer

ADCS100 - Integrated ADCS with
Reaction Sphere

Vendor: Tensor Tech
$50000

C Flight heritage since 2014 ) Integrated ADES

ISIS On board computer

Request more Info

Vendor: ISISPACE
€4400 - €12600
=)

Command & data handling 91 ™ @® P

On-Board-Computer (e.g. for TT&C)

Home / Command & data handling / ISIS On board computer

ISIS On
Board-

€4400 - €12600

iter (IOBQ) is a flight qualified, higt

Computer ¢
Availability: 8 - 12 weeks
Vendor: ISISPACE
Board Configuration Main board only o
Optional Software Libraries None s
€4,400
1/ 022 AS-COMSAT, Jan-Feb 2021 46
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On-Board-Computer

The ISIS on-board computer (iOBC) is a flight proven, high performance processing unit based
around an ARMS processor with a clock speed of 400 MHz and offers a multitude of standardized
interfaces. Combined with its daughterboard architecture, allowing for easy addition of mission
specific electronics or interfaces, this makes the iOBC the ideal candidate for your main mission
computer or payload processing unit.

d computer

FEATURES INTERFACES
Vendor: ISISPACE * 400 MHz, power efficient ARM9 processor * I*C master or slave mode
| § * Multiple OS options available: * SPI master mode (up to 8 slaves)
& dats handiing + FreeRTOS operating system for simple and * 2x UART (RS232 + RS232 / RS485 / RS422)
lightweight cooperative multitasking * General Purpose Input / Output pins (GPIO)
+ KubOS Linux (coming in 2017) * ADC (10-bit, 8 channels)
* On-board telemetry: voltages, currents, and * Pulse Width Modulation (PWM)
temperature * JTAG for programming and debugging
* External on-board watchdog, * Dedicated debug LEDs and UART
power-controller, and real time clock * USB host and device
« High reliability data storage and fail safe * Image Sensor Interface
filesystem

* Flexible daughterboard architecture
* Robust design

1/23/2022 AS-COMSAT, Jan-Feb 2021 47

On-Board-Computer

PRODUCT PROPERTIES
* Operating Temperature:-25 *C to +65 *C
* Power Supply: 3.3V
* Dimensions: 96 x 90 x 12.4mm (incl. FM daughter board)
* Mass: 76g mainboard only, 100g with EM daughter board
« Power Consumption: 400mW average

1515 On board computer

Vendor: ISISPACE DAUGHTERBOARD ARCHITECTURE

SD card slots
* The pluggable daughterboard offers flexibility and

customizability by providing a wide range of interfaces for
payloads, sensors, actuators in a compact form factor

* EM daughterboard: all interfaces for development and
debugging

* FM daughterboard: all interfaces in compact form factor
using high reliability connectors

* Custom daughterboard: design your own daughterboard
with additional interfacing and electronics based on mission

requirements

AV/AN ARIE CACTIA/ADE 1 IBDADIEE EM Daughter Board

1/23/2022 AS-COMSAT, Jan-Feb 2021 48
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On-Board-Computer

AVAILABLE SOFTWARE LIBRARIES v weug e Bueru

10BC Hardware Abstraction Layer library (included)
* Library that supports all iOBC hardware peripherals and
includes FreeRTOS and the fail-safe FAT32 filesystem

Subsystems interface library (optional)
o Library for interfacing the iOBC with the most commonly

used satellite subsystems over the FC databus

1515 On board computer

Mission Support library (optional)

* Library providing high level mission software functionality,
includes flight parameter storage and logging modules

Vendor: 15:5

emmand & dats handling 10BC with FM Daughter Board
Custom solutions on request

PRODUCT CONTENTS AND ACCESSORIES
* i08C main board
* JTAG programmer / debugger + USB cable
« Adapter board (including debug UART to USB conversion) + ”
USB cable
* 2 x 2 GB high reliability SD cards

* Power break-out board for easy connection to power supply ‘/’ g,

* USB drive containing manuals, iOBC SDK installer, and
applicable software libraries

1/23/2022 AS-COMSAT, Jan-Feb 2021 49

On-Board-Computer

Labeis ot Artributes
Application
v & ISISpace OBC

@ iobc_Baseline FM
iobc_Baseline_FMO0O01
obc_Baseline_FM002

1515 On beard computer

obc_Baseline_FM008

[ ]
[ ]
[ ]
[
[
[ ]
@ iobc_Baseline_FM009

Vendor: 15:5

S s iy Property Value

CAD File:

g

iobc_Baseline_FM.zip

1/23/2022 AS-COMSAT, Jan-Feb 2021 50
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On-Board-Computer (from ISIS)

ISIS On Board Computer
€4.400,00 - €6.850,00
*400 MHz, power efficient ARM9 processor
*Multiple OS options available:
* FreeRTOS operating system for simple and lightweight
cooperative multitasking
*  KubOS Linux
*On-board telemetry: voltages, power-controller, and real time
clock
*High reliability data storage and fail safe filesystem
Flexible daughterboard architecture
*Robust design
+Includes Hardware Abstraction Layer Library

Flight heritage
since 2014

T

$24700 - $37400

Flight heritage since 2014 )

Cube ADCS

Vendor: CubeSpace : o ‘, 1 Fave

Int t ADCS Vendor: CubeSpace
Integrated ADCS
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On-Board-Computer
inclusive other
components

All in one USB 2.0 bus 0OBC, SDR
radio, Laser comms, EPS, Solar panel
manager, Deployables manager
EXA ICEPS Spacecraft System Core

Cubesat system core

Vendor: EXA
€16500 - €53000
1/23)zuzz AS-COMSAT, Jan-Feb 2021 53

On-Board-Computer
inclusive other
components

All in one USB 2.0 bus OBC, SDR
radio, Leser comms, EPS, Soler panel
mananan Deployables manager

Configuration | choose an option ° psat system core

Choose an option

1 - FULL EPS ONLY (12C INTERFACE) + 25W BATTERY (1 single deck)

Configuration | 2- FULL EPS (USB/I2C)+ OBC/SDR RADIO/32GB SSD

2 - FULL EPS (USB/12C)+ OBC/SDR RADIO/32GB SSD

3 - FULL EPS (USB/I2C) + OBC/SDR RADIO/256GB SSD + LASER COMMS e
€29,000
4 - FULL EPS (USB/12C) + OBC/SDR RADIO/256GB SSD + LASER COMMS + D/R CONTROL
5 - FULL EPS (USB/12C) + OBC/SDR RADIO/512GB SSD + LASER COMMS + D/R CONTROL + 25W BATTERY
6 - FULL EPS (USB/I2C)+ OBC/SDR RADIO/512GB SSD + LASER COMMS + D/R CONTROL + 50W BATTERY (2 single deck or 1 double deck)

7 - FULL EPS (USB/12C)+ OBC/SDR RADIO/512GB SSD + LASER COMMS + D/R CONTROL + 100W BATTERY (2 double deck)

1/23/2022 AS-COMSAT, Jan-Feb 2021 54
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O

On-Board-Computer e

Bus type:
Xilinx Zyng XC72010-21 System-on-Chip
Programmable Logic (PL) Specification

inclusive other e

80 DSP shces
Processor System (PS) Specification
Dual-core ARM Cortex A9 CPU running up to 733 Mz

Unx 4.11
512 MB of DOR3L RAM
32 MB of QSP1 flash storage for uboot bootioader, kernel, and root file system

Temperature Semsor: TMPLOJAYFFR Accuracy: 40 deg C to +125 deg C (+/- 1 deg €
typ). Resolution: 1 deg C

06C/0S: Linux_computer running 105
Radio SOR from 70Mh: to 6GHz
[ +28.5 dBm integrated LN

Sensitivity | -110 dBm

Antenna | 2 RX and 1 Transceiver (DURX)
ports

System Storage | From 32 to 512 Gigabytes 60MBJs t/w (user chooses)

Number of ports: | USB2.0 60MB/s 14 total: 6 external, 8 internal. 1 12C port

High Speed Laser 4050m or 450 nm solkd state laser, temperature stabilized . 10 Mbps, variable
communications _| beam aperture, variable focus. integrated sensor range -SOC to +125C

Power rads SV@3A. 12V@3Nadjustable), 3v3@3 SAL2 redundant); 42 ~ 3.6 (uwegulated) @
12A ;1 auxiblary APU port

Battery | One or two at 3. 7@6A, SOW max nominal

packs
Power SOW Nominal (continuously] . 65W Maximum, 100W peak for 2.5 vec
delivery
Solar mgmt 4 UMPPT channels 16V 2A max each
Solar charger Based on TPS100 2A continuously, 15, 25,35
Internal sensors. | 20 internal sensors, integrated IMU
Actuators. Integr ated automatc management of Relesse/deploy mechaninms . integr ated
W automatic INB/PA switching
Built in protection | RBL. 10A Activation switch w/ MTBF>1000, 2A and 7A resettable fuses
Inertial 6-axis MotoNTracking Device: (3-axis Yroscope, 3-axs accelerometer)
EXA ICEPS Spacecraft System Core Measurement TOK / invenSense ICM-20602
Unit Gyroscope sensitivity error: $1%
Gyroscope nose: 24 mdps/VH:
Accelerometer noise. 100 ug/g/ Wz
Mass 100 grams
Operating temp__| -50C to +125¢
Vendor: EXA Dimenions D6a96a25mm
P T © The system is modular, this is 2 full description, but the user can choose what components
& 6500 €5 )UC":' 10 be added or ubtracted

w
vl

On-Board-Computer
inclusive other
components

W

EXA ICEPS Spacecraft System Core

Vendor: EXA

3000
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On-Board-Computer inclusive other components

Main battery charger

EXA Irvine Class Electrical Power System (ICEPS)

Main power core

LASER head

DSACTRL subsytem

Vendor: EX

DESIGN:
USB architecture
Solar charge (UMPPT) /
Laser Communications Modulel 4

Power Supply

High Capacity SSD Storage
Epiqg Sidekick Z2 OBC
Software Defined Radio

r oG mmoOon®me

DSA Deployment Control

Sensors and actuators
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3 Power Cores

UMPPT/Charger

LASER coms

Internal Sensors

DSA control

A/S & RBL

Main Hub

Epiz 22:
OBC/SDR

Propulsion
Module

Science
Module

Laser
Modulator

FLASH DRIVE

External
Interface

ADC Sensors

Secondary
Hub

ST Camera

GPS
XRAY

Shielding

Solar Arrays

Integrated Magnetorquers

Sband Antenna & PA

IRVINE-03 — PHYSICAL SYSTEM OVERVIEW

AS-COMSAT, Jan-Feb 2021
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USB Architecture

WS RPORY

° / \,sﬂwo«\
é

< harkwars
b L CONNECTOr IS backwart

compatible and normally uses

USB 2.0 protocal \ / e
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Solar charge using Unified Maximum Power Point Tracking

AS-COMSAT, Jan-Feb 2021

g or agmmun
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PIM-02 Power plot modulation 2.25Mbps at 1.7 W

IRVINEOS PLMO2 LASER MODULATION TEST AT 2250KHZ ON PHOTODETECTOR
AVG POWER: 1.706 Wetts

PR

Time (HH:MM:SS)

ICEPS USB 2.0 Satellite System Core

PLMOZ: Pointing accuracy vs. Power flux density
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512GB of high speed, radiation tolerant SSD storage

* |CEPS can be fitted with a minimum of 3268 and a
maximum of 81268 of high speed (50 MB/s read/write)
USB 2.0 SSD storage, which is natively radiation tolerant
made by Samsung.

* |n addition to that native tolerance, the SSD is protected by
its own radiation shielding, encased between 2 battery
banks and protected by the NEMEA shielding.

* The 8SD is connected to a high priority USB 2.0 channel,
so it can drive at a top speed of 480Mbps if needed.

AS-COMSAT, Jan-Feb 2021 67

Epiqg Sidekiq Z2 OBC

MiniPCle Edge Connector
(USB OTG, serial console, [TAG, GPIO, Power)

ICEPS computing core is an Epig's Sidekiq Z2:

* Dual-core ARM Cortex A3 CPU running up to 733 MHz

e Linux computer running [0S

e 012 MB of DDR3L RAM —

o 37 MB of OSPI flash storage for uboot bootloader, Linux )
kernel, and root file system

User LED

External Reference
Clock Input

RF Shield &
Thermal Transfer Surface

o USB 2.0 main network port ot oo iE>”
* Internal independent watchdog and temp. sensor m...,q

o Internal IMU, b axis sensor, ADCS ready

Antenna Port #1  Antenna Port #2  Antenna Port #3
(Rx) (Rx) (Tx or Rx)
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Z2 Software Defined Radio OBC

The ICEPS's Sidekiq 22 is an SOR Engine: e — e . ——

Ral 20,000 8Bm REW 30000000 kHz  VBW 250 000000 ke
D100 Asen,

X
o
Wi 1 2401777 Gz, 0220 con| R

1 I . 7 ‘,. . "—l]‘ e e -
e 1,[]51' range: /m‘-"\:/ t [l\m/ b B bes semomne
- = I [ co ] ot
 EIRP: fZ8adBmw/ext I =_5, | - t —
Y N Jn. — i nwima (2] woujem
 Sensitivity: -ll0 dBm o ; =
‘ . I — P :
* Antenna ports: 2 RX e |
| Transceiver (TX/RX) =R | o ===
* [Complete libraries in G++ and Linux progre -

imming

B R——— Ao o m | 6000 f 5 o
gnvironment
oy A g y

‘ i o) fledind
Automated RF Switch intearated into the S/C | - [o
 Automated RF Switch in ggrated Into the o/ L DUS i e
AT Start 2 375000 GHz Center 2 400000 GHz Stop 2 425000 GHz

Span 50 000000 Mz Swp Time B4ms (6500 pts)

.| swesmamaa | swsesRucomng | Pesraoe

AS-COMSAT; Jan-Feb 202 1

DSA Deployment Control

The Deployable Solar Array Deployment control allows

ely on [CEPS for deploy

. ne simple command from the u

. he an

. )y is

. s and Nitinol-

thermal knite user devices using
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s.rEneuse O O s.roen

Lstuise O O s.terez

wean O Qv

v_Suout O Ov_&m.n

v o Qu-siom

Sensors and Actuators Control

CEPS has 24 internal sensors:
« laser(l), OBC(I), External (2) and battery(Z) temperature
« Solar panel voltage (4)

* Power rails (3) voltage

* Solar array deploy/release (4)
e [IMMPT bus ()

* B Axis gyroscope ()

And 4 actuators:

« [DSA R/D sequence, Power amplifier, power rail cont

AS-COMSAT, Jan-Feb 2021

MODULARITY

ICEPS can be configured from an EPS configuration only
to a full System Caore configuration at user request:

* Power rails, |to B, user configurable output

* Solar channels, | to 4

« Solar charging manager, single or dual
* Release/Deploy circuitry, 0 to |

* laser comm module, 0 to |

 [nboard 0BC, 0 to |

« RBattery arrays, | to 4

 USB 2.0 bus or just GPIO

AS-COMSAT, Jan-Feb 2021
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IN-ORBIT DEMONSTRATION
ICEPS ONBOARD IRVINEO3 TO BE LAUNCHED ON NASA ELaNA SLOT IN Q2/2020

AS-COMSAT, Jan-Feb 2021

LUNAR DEMONSTRATION

ICEPS ONBOARD QBWALKER TO LAND ON THE MOON ON BOARD ASTROBOTIC’S PEREGRINE
IN Q3/2021
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CONCLUSIONS

Pros:

Can serve missions from 1U to 240,
Takes the cubesat community beyond the limitations of the 12C, SPI, CAN-bus etc.

High computing power, throughput, high capacity storage and high speed laser communications are included.
SOR naturally embedded into the system.

Modularity allows great configuration and cost flexibility.

ISR bus enables cubesats to interface with the millions of devices on the ground that have long since
standardized to it.

Cons:

Thank you for your

Needs heavier radiation shielding, but EXA's NEMEA solves this need

The payload development needs to strictly follow USB 2.0 developing guidelines

AS-COMSAT, Jan-Feb 2021

attention

info@exa.ec

AS-COMSAT, Jan-Feb 2021
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On-Board-Computer inclusive other components

EXA ICEPS Spacecra ft System Core

Vendor: EXA

EXA ICEPS Spacecra ft System Core

Vendor: EXA
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10.5 COM Elements: TT&C and payload COM

Communication Elements (TT&C, payload COM)

https://www.cubesatshop.com

/product-category/communication-systems/

FILTER BY BRAND

FILTER BY FLIGHT HERITAGE

TOTEM nanosatellite SDR
platform

1/23/2022

10.6 SAT - TT&C System

I1SIS UHF downlink/VHF
uplink Full Duplex
Transceiver

vendor

Default sorting

ISIS TXS High Data Re
Band Transmitter

Vendor

&
Spac,
3 €
. em /

S-Band Transmitter for Pico
and Nanosatellites

Request more info

Telemetry, Tracking and Control (TT&C) Subystem

General Block Diagram of
Communications Satellite

Space Segment

“inter Sateiiite
Links

Eﬁﬁg&v <
RS

O
o ¢

<

Satellite

/' Forward"

Link

N

Telemetry,
Tracking, and

>
>
>
>
>

Operator

g‘ TT&C Ground (
Station i
X F

User

Return o
Control = L \/ \ Link Terminals
Subsystem Network N -

Control Operator ) Gateway/Hub
signals
to all | Ground Segment |
subsystems

Telemetry Antenna

1/23/2022 AS-COMSAT, Jan-Feb 2021 80
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10.6.1 TT&C GCS

TT&C Subystem — Ground Control System (GCS)

B ruicont

SETImGS -
LN LA e

HAG
wo

e 1731 prowr 1733
RATE

ExP0

READ  RESET  CALBLMAG CALBACC WHRIE SELECTSETING. ©

STARI STOP  CycteTeme: 2800 2Cercon: O

e

Y
L
ISIS Full Ground Station Kit  1SIS Full Ground Station Kit  ISIS Full Ground Station Kit
for S-band for VHF/UHF for VHF/UHF/S-band
etk ; Yencel 1SIS VHF/UHF Ground QubeFlex CubeSat/SmallSat S-Band Receiver for
Transceiver/Modem HISPICO (Ground Station)

Station Transceiver

AS-COMS,
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10.6.2 TT&C On-board part

TT&C Subystem — On-Board Part

Telemetry
Tracking, and
Control

Inputs
from
on-board

A AN A

Sensors Subsystem

Control
signals

to all
subsystems
Telemetry Antenna

1/23/2022 AS-COMSAT, Jan-Feb 2021

)
w

TT&C Subystem — On-Board Part

Analysis Digital Processing
Filter Bank Block
I'\I\I"\ |
SNV NN
: SEASEY
“Analog | e IFto H D H
2 v
FrontEnd | o @

Analog Payload | Baseband
Processing Beam 1 RS |_tolF
- Analog Payload B 7‘ Baseband
. -

Analog Payload | Baseband |
Processing Beam M e | tolF

Svnthesis Filter Bank

On-board processing architecture (from: A. |. Prez-Neira et. al., “Signal processing for

high throughput satellites: Challenges in new interference-limited scenarios, IEEE Signal

Processing Magazine, vol. 36, no. 4, pp. 112-131, 2019.)

1/23/2022 AS-COMSAT, Jan-Feb 2021 84
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TT&C Subystem On-Board Part

e | stt-systemtechnik.de/index

. i stt-systemtechnik.de

STT-SystemTechnik GmbH

Q

Space

Data-Link/Radio Frequency Charity Donation 2020

STT donates to “Tabaluga
Kinderstiftung

ROKVISS/KONTUR ends

ROKVISS/KONTUR ends after
16 years in operation.
more]

Antennas -
ESAIL launched

Telemetry / Telecontrol ESAIL successfully launched

onboard VEGA VW16
Sensors o
Systems
Services B
News Industry Space Days 2020
16 - 17.09.2020, ESA Virtual
Links

Event

TT&C Subystem — On-Board Part

TOTEM nanosatellite SDR platform *SDR + UHF front end platform
+ 5W@30dBmin 437 MHz
+SDR tunnable from 70 MHz to 6 GHz
*UHF front end as a piggyback board
« Unregulated voltage supply from EPS and
3Vv3
« Multiple GPIOs and DACs available
*Embedded Linux
*Multiple interfaces: CAN, UART, Ethernet
*PC/104 standard
-Phy5|cal properties
Mass: 131 g ( shieldings included)
+ Dimensions : 89.3mm x 93.3x 13.9mm
« Power consumption
+ ~5W @ 30dBm output power
+ <2WinRX mode
+ 1.36 W with front end OFF
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TT&C Subystem — On-Board Part

ISIS VHF uplink/UHF downlink transceiver

The ISIS VHF uplink/UHF downlink transceiver is a full
duplex communication system for CubeSat TT&C
applications. The radio can operate in commercial and
amateur bands of the VHF/UHF frequency spectrum. It
is low power, low mass, and highly configurable,
offering the flexibility of changing data rates and
frequencies in flight. This radio is tailored for CubeSat
missions and cross-compatible with other subsystems
such as onboard computers and antenna systems.
Flight proven since 2016.

Availability: 8 - 12 weeks

Vendor: ISISPACE

TT&C Subystem — On-Board Part

FEATURES
« Full duplex communication
« Data rate re-configurable in-flight
« FM transponder mode available
« Safety watchdog

ISIS VHF uplink/UHF downlink transceiver

« Low power consumption
« Single PCB radio
- Single board Telemetry, Telecommand and Beacon capabilities

PRODUCT PROPERTIES

Dimensions: 90 x 96 x 1Smm

Mass: 759

Supply voltage range: 65-20vDC

Power consumption: 0.48W (receiver only)
4 W (transmitter on)

Operating temperature: -20t0 +60deg C

RF interfaces: MMCX (S0 ohm)

Data interfaces PC
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TT&C Subystem — On-Board Part

PERFORMANCE
Transmitter

Frequency range

Transmit power:
Modulation options

Data rate selectable:

Data link layer protocol:

Receiver

Frequency range:
Modulation:

Data rate

Sensitivity

Data link layer protocol

1/23/2022

ISIS VHF uplink/UHF downlink transceiver

435 — 438 MHz (amateur-satellite UHF allocation). Other ranges are available
on request

27 dBm
Binary Phase Shift Keying (BPSK) with G3RUH scrambling
Gaussian Minimum Shift Keying (GMSK) with G3RUH scrambling

1200, 2400, 4800 and 9600 bps
AX250r HDLC

145.8 MHz - 146 MHz

Frequency Shift Keying (FSK) with G3RUH scrambling
1200, 9600 bps

-104 dBm Sensitivity for BER 1E-5

AX.25

TT&C Subystem — On-Board Part

QUALIFICATION AND ACCEPTANCE TESTING
Test
Functional
Vibration
Mechanical Shock
Thermal Cycling
Thermal Vacuum

ISIS VHF uplink/UHF downlink transceiver

Configuration

~

AT

: *Receiver/Transmitter operating

v frequency

: «Downlink data rate
«Custom beacon message (AX.25)
*CSKB connector type and location
*RF connector position and orientation
+12C watchdog implementation

i e

S0
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TT&C Subystem — On-Board Part

ISIS.TXS.DS.001, version 1.0 TXS S-band Transmitter Datasheet

1SIS_TXS_RevC.stp

0o el 4
& -,
jsal &2 B
Sl L =
"0 W ] 1
I ¢ r[\ * o : ) t Physical layout
[y o ]2 :
0810 o 2 o o oo . t B
= l ) i e
T _:& i N2
0
¥ 6T - F 7 Bote
Figure 8 Mechanical outline® b acaddos A wure rom view
1/23/2022 AS-COMSAT, Jan-Feb 2021 91

TT&C Subystem — On-Board Part

TXS S-band Transmitter Datasheet

Absolute Maximum Ratings

Stresses at or above the absolute maximum ratings in Table 3 may cause permanent damage to the product.
Operation at or beyond the maximum operating ratings may affect product reliability.

Table 3 Absolute Maximum Ratings

Parameter Symbol Min Max Unit
Supply voltage Vcc 6 26 \"
Operating temperature range Tamb -40 70 g
Storage temperature range Tstorage -40 85 *C
Voltage on I2C pins Vi -0.5 7 Y
I2C pull up resistor value Rpu 1.2 kOhm
LVDS input pin voltage Vin_vos -0.3 3.6 \')
LVDS output pin voltage Vour wos -0.3 3.6 \"
GPIO input voltage, any GPIO pin Vin ceio -0.3 3.6 Vv
1/23/2022 AS-COMSAT, Jan-Feb 2021 92
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TT&C o
Subystem —
On-Board Part

Pc
housekeeping
data interface

TXS S-band Transmitter
Datasheet

LVDS payload

Block diagram doa itertace
TXS is based on a MicroSemi SmartFusion2
SoC. A separate supervisor MCU takes care

of power switching, telemetry gathering and
watchdog functionality. An LVDS interface is
provided for high speed payload data,
although (low speed) data to be transmitted
can also be routed via the I.C bus.

12C repeater

12C repeater

wes
receiver

vos
transmitter

Senaicats |

* FPGA Fabric

Smartfusion?2 SoC

Clock

» V3V
F—
Temp
sensor
Settngs
VQdata
-{ RF chain » AF output
0
Toct
—
20 MHz
Toxo

Figure 1 TXS high level block diagram

TT&C Subystem — On-Board Part

Typical link budget

TXS S-band Transmitter Datasheet

167

th TXS to a small groundstation (1.9 m diameter), for a link

upported from S degrees elevation With higher
tes can be supported

th thes eters, 2
Tabie & rin‘ XS fink Mix

% / €233 / 85 s9ace-to-Earth

“tanea ga for $ Cag ewaTon and Nadi
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TT&C Subystem — On-Board Part

Antenna system

VHF/UHF Antenna

The ISIS deployable antenna system for 1U/3U CubeSats contains four tape spring antennas of up to 55 cm length.
The deployment system relies on a thermal knife composed of one wire and two redundant heating elements per
tape. RF phasing / BalUn circuitry ties the antennas together in a turnstile configuration.

Depending on the configuration, one or two radios in the CubeSat can connect to the antenna system by means of
miniature RF connectors. The top face of the antenna system can accommodate a two solar cell solar panel and it
can be customized for accommodating sensors or other systems to protrude to the exterior, e.g. camera apertures.
The antenna is compatible with any UHF and/or VHF radio system. It can be mounted on all ISIS CubeSat structures
and Pumpkin rev C and rev D CubeSat structures. For custom made structures, which adhere to the CubeSat
standard mechanical envelope, mounting should also be possible.

Availability: 8-12 weeks

Vendor: ISISPACE

TT&C Subystem — On-Board Part

Antenna system

Frequency Allocations

Uplink Downlink Bandwidth

(GHz) (GHz) (MHz)
IEEE S band
Frequency range 2-4GHz
Wavelength range 15=7.5cm
Related bands *E / F bands (NATO)

*UHF / SHE (ITU)
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10.6.2.1 Antenna system

Antenna System

Default sorting

Showing all 6 results

"10

I1S1S GPS Patch Antenna

-

C 't Heritage sinc

Helios deployable antenna 1S1S Deployable Antenna
System for 6U/12U CubeSats

Vendor: ISISPACE

Vendor: HCT

Antenna systems

Antenna systems
Antenna systems

Request more info Request more info Request mare info

AS-COMSAT, Jan-Feb 2021

1/23/2022
>
~
New V\ Flight heritage since 2010
S-Band Patch Antenna
ISIS S-band Patch Antenna ISIS Deployable antenna RHCP for HISPICO
system for 1U/3U CubeSats
Vendor: |Q wireless
Vendor: ISISPACE €4,
€4500 - €5500
Antenna systems
Antenna systems
Antenna systems
1/23/2022 AS-COMSAT, Jan-Feb 2021
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TT&C Subystem — On-Board Part

€4500 - €5500
Antennasystem ISIS Antenna

w0
NG

TT&C Subystem o

* Antenna main beam gain .
< UHF.0dBI -
— On-Board Part
* Max RF Power 2W
* Bandwidth

* UHF

Mhz (-10db bandwidth)
+ VHF: >10 Mhz (-10db bandwidth)
* Antenna element deployment duration: <3s at 15°C

PRODUCT PROPERTIES

Radation pattern simulation

AT ByEtem i e onle on bmnin
ISIS Antenna

+ UHF: 17cm average

VHF: 55cm average

* 30mm diameter through-hole for pass-through of payload or

(not avallable for turnstile configuration)
* Power consumption

other interfa

* Nominal: <40 mW
+ During deployment: < 2W
* Interfaces
+ Electrical: Miniature 9 pin OMNETICS connector
* Power 3.3Vor 5V
* Data: 12C
RF input/output: MMCX and SSMCX, female S0 ohm
* Qualified operational temperature range:-20"C to +60°C

CONFIGURATIONS

Antenna mounted on CubeSat

98
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TT&C Subystem
— On-Board Part

CONFIGURATIONS

« RF Antenna

ropoles (UHF and/or VHF)

d/or VHF

Antenna system
ISIS Antenna

nector type and orientatior
n (solar panel, through hole, Middle
* Customization and simulation on request

DELIVERABLES Bottom

* Hardware: antenna, RF harness, refurbishment kit for

on: user manual, test and build reports

* Services: fine tuning, functional and thermal testing

TT&C Subystem — On-Board Part

Antenna system

ISIS S-band Patch Antenna

Description

The ISIS S-band patch antenna is a part of a new generation of antennas
designed for S-band communications on nanosatellites and CubeSats. It is an
off the shelf compact antenna designed to complement the ISIS S-band
transmitter for telemetry and payload data transmissions. The antenna is
mounted onto a Rogers PCB, ideal for high-frequency RF circuitry ensuring
fewer losses than traditional FR-4 PCBS.

The ISIS S-band patch antenna is a compact, low mass
solution suitable for the commercial S-band frequency
range of 2200-2290 MHz. This passive antenna is £
suitable for any CubeSat platform. ISIS S-band transmitter for telern

and payload data transmissions
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TT&C Subystem — On-Board Part

Antenna system

1/23/2022

* Applications:

- CubeSat TT&C

- CubeSat RF Payloads

+ Lefthand or Righthand Circular
antenna polarization

+ Dual Modular Redundant Release
Mechanism

+ Designed for combination with
multiple Receiver/Transceivers

+ Compatible with ISIS products and
recent Pumpkin, ClydeSpace

and GomSpace products

« Compliant to CubeSat standard

RF Impedance (deployed): 50 Ohms

* Max RF Power: 1 Watt

+ Frequency Range: 400-3000 MHz

+ Electrical Power: 8 VDC at 7 Amps for 1 minute to
deploy

+ Envelope Stowed (I x w x h): 100mm x 100mm x 35mm
+ Antenna Axial Height (deployed): 330mm

* Supply Voltage: 8 VDC at 7 Amps for 1 minute to deploy
+ Operational Temperature Range: -40°C to 85°C

+ Antenna mainbeam gain: 3dBi+

+ DeploymentDuration: 60-90s

+ Antenna Return Loss at resonance frequency: >10dB

+ Power Consumption:

-Nominal:0

TT&C Subystem — On-Board Part

Antenna system

C(v HCT 400 or 437 MHz Heritage QHA

,.gxy‘... Technologics

400 or 437MHz Heritage UHF QHA

634 Bames Boulevard Suite #206, Rockledge, FL 32955

0O: 321-208-8978

E: HelicalCommunicationTech@gmail com

https //www helicomtech cony

About Us

Helical Communication Technologies was formed to serve the increasing need for specialized antennas for
use with ground-based and space-based communication with satellites placed in low earth orbit and deep
space.
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TT&C Subystem
— On-Board Part

Antenna system

TT&C Subystem
— On-Board Part

Antenna system

ure | stt-systemtechnik.de/index.php?id=67&L=1

Data-Link/Radio Frequency

Antennas

Airborne Antennas
Ground Antennas

Telemetry / Telecontrol
Sensors

Systems

Services

News

Links

STT-SystemTechnik GmbH
Job Offers

Impressum

Datenschutzerklarung

Space

524008 S-Band Airbome Antenna >>

2,200 to 2,500 MHz
Rugged, airborne design, for aira
1,20

helicopters, UAV's,

trer than 1,5

CW, omni-directional, wide|

wide temperature ran de in Germany

52400A S-Band Airbomme Antenna >>

2,000 to 2,500 MHz
ed, airborne Design, for aircrafts, missile, UAV's,

ctional, wide temperature range, Made in

U0405B UHF Airborne Antenna >>

380 to 470 MHz
Rugged, airborne design; for aircrats, missile, drones

wide temperature range, Made in

ure | stt-systemtechnik.de/index.php?id=60

Space
TT&C, Transmitters, Receivers
Antennas

Data-Link/Radio Frequency
Antennas

Telemetry / Telecontrol
Sensors

Systems

Services

News

Links

STT-SystemTechnik GmbH

Job Offers

Impressum

Datenschutzerklarung
AS-COMSAT, Ja
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52023R Satellite Antenna >>

The S-Band

board of small sat

Antennz 52023R has been designad for

[more]

QFH-5180R Satellite Antenna >>

The C-Band Antenna QFH-5180R has been designed for usel
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TT&C Subystem — On-Board Part  Antenna system

S2023R S-Band Satellite Antenna

The S-Band Antenna S2023R has been designed
for use on board of small satellites. The pattern
shape has been optimized particularly for low
earth orbit (LEO) missions with NADIR orientation.
The antenna is broadband and operates at both
the standard S-Band frequencies for satellite
missions, i.e. downlink at 2200 to 2290 MHz and
uplink at 2025 to 2110 MHz.

The antenna design is compact, solid and very
rugged.

To achieve spherical coverage the S2023R could be
used in pairs with opposite placement at the
satellite body.

AS-COMS

T, Jan-Feb 2021 105

frequencies for satellite missions, i.e. downlink at 2200 to 2290 MHz and

TT&C S b t uplink at 2025 to 2110 MHz.
u yS e I I ' The antenna design is compact, solid and very rugged.
To achieve spherical coverage the S2023R could be used in pairs with
O n - Boa r Pa rt opposite placement at the satellite body.

Electrical Specifications

Frequency Range 2025 MHz...2110 MHz uplink
2200 MHz...2290 MHz downlink
Gain 3 dBic boresight,

> 0 dBic for -45° +45°, typ.

Anten na System > -6 dBic for -90° < © < +90°, typ.

Coverage Hemisphencal
HP Bandwidth 140° typical
Polarization Right circular (Left circular optional)
- Power 40 dBm CW, max.
S2023R S-Band Satellite Antenna impedance 50 ohms
VSWR better than 1,5 : 1
Connector SMA female

Environmental Specifications
Operating Temperature -60°
Vibration 20.
Shock 1009

C...+120°C (extended range upon request)
00 Hz; 25g rms random, 3-axis
(100 Hz), 3,500g (>1000 Hz)

Mechanical Specifications

Dimensions Length approx. 70 mm w/o connector
Reflector d = 100 mm
Radome d = 60 mm

Mounting 6 holes each 4.2 mm
Weight ca.140g
Radome PEEK (beige)
VESPEL (gold brown) optional
Reflector AW6082 with finish Alodine1200 or SURtec650
1/23/2022 AS-COMSAT, Jan-Feb 2021 106
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10.7 SAT - Payload Communications Subsystem

Payload Communications Subsystem

* Receiver

¥ | Receiver [ ’;m Transmitter | -
* Frequency Translator

Transponder

L] Tra nsm itter Other Transponders

v - —
Antenna
Subsystem

1/23/2022 AS-COMSAT, Jan-Feb 2021 107

COM Payload — On-Board Part (Downlink)

ISIS.TXS.DS.001, version 1.0 TXS S-band Transmitter Datasheet HSHg

Overview

The ISIS High Data-rate S-band Transmitter
is a CubeSat compatible transmitter
designed to meet the needs of high data-
rate downlinks of up to 4.3 Mbps (usable
information bit-rate at CCSDS TM Transfer
Frame level). The transmitter can be used
for both TT&C or Payload Data downlinks.
The S-band transmitter is flexible,
implementing CCSDS as datalink layer
protocol and allowingin-flight configuration
of data-rate, modulation scheme,
frequency, and RF output power.

1/23/2022 AS-COMSAT, Jan-Feb 2021 108
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SDR (Software Defined Radio): HackRF Hardware Platform and
GnuRadio Software Library - Introduction

Tutorials

First stepsand analog modulation

This tutorial/guide is a good start into HackRF and Gnuradio, including installation instructions,
theoretical basics, and simple examples for analog (de)modulation.

After installing and trying out the software HDSDR and SDRSharp, we made 3 tutorials out of
this guide: Receiving, Transmitting, and Live Broadcasting FM Radio Signals.

1/23/2022 AS-COMSAT, Jan-Feb 2021 109

Figure 4: equipment: 2x HackRF One, smartphone as FM radio (receiver),
laptop(not in picture), traditional radio(not in picture)

1/23/2022 AS-COMSAT, Jan-Feb 2021 110
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Options
Output Language: Python
Generate Options: QT GUI

Variable
1d: amp_rate
Value: 2M

©osmocom Source FFT Stze: 1026

Syna Usknown FPS Center Frequancy (Hz): 1G
Number Chamnels: 1 Bandwidth (Hz): 204

Sample Rate (sps): 2
Cho: Frequency (Hz): 1G

[ | Cho: Frequency Correction (ppm): 0
€ho: DC Oftset Mode: 0

€ho: 1Q Balance Mode: 1

Cho: Gain Mode: fatse

ChO: RF Gain (dB): 0

ChO: IF Gain (d8): 20

Cho: B8 Gain (dB): 20

Audio Sink
Sampie Rate: 441 kHz

Quadrature Rate: 441
Audio Decimation: 10

Figure 1: Gnuradio flowgraph — Analog Receiving

1/23/2022 AS-COMSAT, Jan-Feb 2021 111

Options

Output Language: Python
Generate Options: QT GUI

WBFM Transmit osmocom Sink
~ Way e Source Quldf:::: Rt .S.‘y::;' o.-u::S 1
ariable File: ...o-converter.com).wav Tau: 250 38| Sample Rate (sps):2M
Ud: samp_rate Ropentiie Max Deviation: 75k Cho: Frequency (Hz): 1G
Valus: 2¢ Preemphasis High Comner Freg: -1 CHO: Frequency Correction (ppm): 0
ChO: RF Gain (dB): 10
ChO: IF Gain (dB): 20
ChO: BB Gain (dB): 20
QT GUI Range
Id: freq
Default Value: 1G
Start: 16
Stop: 2G
Step: 200M
Figure 2: Gnuradio flowgraph — Analog Transmitting
1/23/2022 AS-COMSAT, Jan-Feb 2021 112
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Options
Output Language: Python
Generate Options: QT GUI

WBFM Transmit
Audio Rate: 32k

Audio Source Quadrature Rate: 32k
Yariable Sample Rate: 441 kiz Tau: 25u
Id: samp_rate

osmocom Sink
Sync: Unknown PPS
Number Channels: 1

Max Deviation: 75k
Value: 44.1k Preemphasis High Corner Freq: -1

= hal Sample Rate (sps): 2M
ChO: Frequency (Hz): 87.7M
ChO: Frequency Correction (ppm): 0

ChO: RF Gain (dB): 10
Id'qi;reqsm el ChO: IF Gain (dB): 20
Do‘hul Value: 87.7M Ch0: BB Gain (dB): 20
Start: 87.7M
Stop: 107.7M
Step: 200k

Figure 3: Gnuradio flowgraph - Live Broadcast

1/23/2022 AS-COMSAT, Jan-Feb 2021 113

Technical info

GNU Radio Companion: 3.8.1.0 (Python 3.8.5)

0S: Ubuntu 20.04.1 LTS as Virtual machine on Windows 10 Host (using VirtualBox)
HackRF One Firmware version: 2015.07.2 (API:1.00)

2. HackRF One Firmware Version: 2018.01.1 (API:1.02)

1/23/2022 AS-COMSAT, Jan-Feb 2021 114
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Digital modulation

Here is our current stand. In addition to other well-known

digital (de)modulations, there is the PSK (de)modulation,

we are currently trying the following tutorial:

https://wiki.gnuradio.org/index.php/Guided Tutorial PSK
Demodulation

10.8 Electrical Propulsion Unit

Propulsion Unit

Cluster of IFM Nano
Thruster for Smallsats IFM Nano Thruster for Micropropulsion System

CubeSats
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10.9 CubeSAT Structure
CubeSAT Structure

AL )

CubeSat

2-Unit Long Stack
structure

e Sir

CubeSat Structures

CubeSat Structures
CubeSat Structures
AS-COMSAT, Jan-Feb 2021 148

&
IS1S 1-Unit CubeSat
structure

1/23/2022

CubeSAT Structure

Availability: 4 - 6 weeks
Vendor: | PACE
Side-Shear Panels Set of 1U Aluminium side shear panels &
SIS CubeSat STS PC104 Skeleton.stp
| PC/104 <

PCB Formfactor

149

AS-COMSAT, Jan-Feb 2021

1/23/2022
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TT&C Subystem — Ground Support Equipment

zontal Int tion ISIS Integration Jig Set for
et Jig for 2U 2U/3U CubeSats

EyasSat Single axis air

ISIS Integration Jig Set for ISIS Vertical Integration bearing for Attitude Control
@ 1-Unit CubeSat Support Jig for 1U/2U/3U Studies
r ]
1 Uz AS-COMSAT, Jan-Feb 20 15(

RBF pins

EM door lock

Set screw
Latching hooks

Chassis

Access window

e < Flight heritage since 2013 >
Rails
ook 1SIS ISIPOD 1-Unit CubeSat deployer

e o et 1U ISIPOD have a sales price of €20K.

Deployment

mqoti ISIS - Innovative Solutions in Space BV
Motorenweg 23

Spni

i Vendgs cR DELFT | The Netherlands

Price ‘t +31(0) 15 256 9018
rice
www.isispace.nl J
https://exolaunch.com/ Launch adapters
1 2022 AS OMSA Jan-Fel 0 151
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10.10 Ground Support Equipment

TT&C Subystem — Ground Support Equipment

EyasSat Single axis air
ISIS Vertical Integration bearing for Attitude Control

ISIS Integration Jig Set for ISIS Stack In
a 1-Unit CubeSat

Support Jig for 1U/2U/3U Studies

1/23/2022 AS-COMSAT, Jan-Feb 2021

10.11 Launch adapter (SAT deployment)

Launch adapter

RBF pins
EM door lock

Set screw
Latching hooks

Chassis

Access window
Slot divider
Rails
mechanism

Deployment
wagon

Spring

https://exolaunch.com/

1/23/2022 AS-COMSAT, Jan-Feb 2021
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ndor: EyasSat

ISIS Integration Jig Set for
2U/3U CubeSats

150

( Flight heritage since 2013 >

g ISIS ISIPOD 1-Unit CubeSat deployer

e 1U ISIPOD have a sales price of €20K.

ISIS - Innovative Solutions in Space BV
Motorenweg 23

Vend 23 CR DELFT | The Netherlands
. t:+31(0) 15256 9018
Price «

www.isispace.nl
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10.12 Minimal System

Minimal
System for
Demonstration

1/23/2022 AS-COMSAT, Jan-Feb 2021 152
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Electronics Power Supply

Communications Payload
ACS (Sensors+reaction wheel)
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Minimal System for Demonstration

The parts for a minimal communication 1U cubesat (without camera, only
communication payload) will costinscha Allah about 48,000 EUR (See above sheet).
The launch also about 40,000 EUR.

That means we need about 90,000 EUR for a demonstration satellite system.

The communication payload costs about 10,000 EUR from cubesatshop.With the
master thesis proposal from Salih hoca this will be reduced to the cost of an S-band
patch antenna (about 4600 EUR)

When we have this demonstration system working, then we will find inscha Allah
investors for larger systems.

Next step:

Verifying power requirements for electronic parts. (Is the 1U Power Solar Panels +
Batteries System enough?)

Minimal System for Demonstration
Next working packages

Scientific:
Technical:

- Verifying power requirements for electronic parts. (Is the 1U Power
Solar Panels + Batteries System enough?)

Administrative:
- Business Plans (ROI for municipalities, ...)
TODO: Specifying working packages

184



Parts from Suppliers

Minimal
System
for
Demonst
ration

1/23/2022

AS-COMSAT, Jan-Feb 2021
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