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Soviet First Artificial Satellite Sputnik 1

Integrated Payloads

Sputnik
4-26 October — .
1957 Y
Flying radio __— & 2
transmitter
20 and 40 MHz
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powered . / ,



First Russian Cosmonaut Yuri
Gagarin Lifted in Orbit by Vostok 1
on 12 April 1961




First Commercail Communication
Satellites Telstar 1 (Left) Launched by
US in 1962 and Intelsat 1 (Right) in 1964




Introduction of Multipurpose GEO

Satellite

The South African company CNS Systems (Pty) Ltd
and Space Science Centre (SSC) are potential and
main designers of novel Multipurpose GEO Satellite
constellation for full coverage of the entire African
Continent and Middle East.

The SSC Group at Durban University of Technology
(DUT) may collaborate with similar institutes in the
Country or Continent and provide essential project
of first Multipurpose GEO Satellite by Africans for
Africa. What is Multipurpose GEO Satellite?

This Is an integration of GEO Communication with
GNSS (Navigation) Payloads in a modern satellite
configuration for CNS Solutions.



Advantages of Satellite Communications

 Wide Coverage Areas

 Broadcast DVB-RCS Capability
 Broadcast CNS Solutions

 Broadband, Multimedia and Internet Capability
 High Bandwidth

e Flexibility in Network Set-up

 Mobility and Availability

 Rapid Deployment

* Reliability and Safety

 Economic Solutions Available

 Backbone in Areas without Adequate
Terrestrial Telecommunication and Cellular
Infrastructures



ussian Space Vision
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Negative Effects of Van Allen Radiation Belts

[Inner Belt is from 1000 to 5000 km and Outer Belt is from
16000 to 24000 km above the Earth Surface. In 2012,

observations from the Van Allen Probes showed that a Third
Belt may appear after each Sun eruption. Passing through
these belts is very dangerous for the life of cosmonauts]
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Platforms and Orbital Mechanics

The platform is an artificial object located in orbit
around the Earth at a minimum altitude of about
20 to 25 km In the stratosphere and a maximum
distance of about 36,000 km in the Space. In fact,
a space platform is defined as an unattended
object revolving about a larger one.

Orbital mechanics is a specific Space discipline
describing planetary and satellite motion in the
Solar system, which can solve the problems of
calculating and determining the position, speed,
path, perturbation and other orbital parameters
of planets and satellites.



Kepler’s Laws of Satellite Motion

A satellite is an artificial object located by rocket in space
orbit following the same laws in its motion as the planets
rotating around the Sun. In this sense, three so important
laws for planetary motion were derived by scientists
Johannes Kepler, as follows:

1. First Law — The orbit of each planet follows an elliptical
path in space with the Sun in one focus. Motion lies in the
plane around the Sun (1602).

2. Second Law — The line from the Sun to planet or radius
vector (r) sweeps out equal areas in equal intervals of time.
This is the Law of Areas (1605).

3. Third Law — The square of the planet’s orbital period
around the Sun (T) is proportional to the cube of the semi-
major axis (a = distance from the Sun) of the ellipse for all
planets in the Solar system (1618).



Principia Mathematica of Newton

Kepler’s Laws and theory were based on observational records and
only described the planetary motion without attempting an additional
theoretical or mathematical explanation of why the motion takes place
in that manner. In 1687, Sir Isaac Newton published his breakthrough
work

“Principia Mathematica” with own syntheses, known as the Three
Laws of Motion:

1. Law | — Every body continues in its state of rest or uniform motion
in a straight line, unless it is compelled to change that state by forces
impressed on it.

2. Law Il - The change of momentum per unit time of a body is
proportional to the force impressed on it and is in the same direction
as that force.

3. Law Ill - To every action there is always an equal and opposite
reaction. Therefore, on the basis of Law Ill, Newton also formulated the
Law of Universal Gravitation, which states that any two bodies attract
one another with a force proportional to the products of their masses
and inversely proportional to the square of distance between them.



Satellite Installation in Circular

and Synchronous Orbit
[Direct and Indirect Ascent Launching]

Intermediate Orbit /— Super-sinchronous

Parking Orbit Hp =295 km Transfer Orbit (SSTO)
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Expendable US Titan IV and Russian Proton (A) and Reusable
US Space Shuttle and Russian Energia/Buran (B)
Launch Vehicles (B not in use today)




l. Evolution of Russian Launch Vehicles
with Proton (4th from Right) as more
Reliable Rocket today
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Il. Evolution of Russian Launch Vehicles with Soyuz
(3rd from Right) as a Present Successor

Spuinik  Vostok Molniya Voshod Eny_ﬂz N1-PZ Energia-Buran



Evolution of US Rockets




Comparison of Different Launcher (Present *)
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Ceased the US Space Shuttle and Russian Buran
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Last Generation of Russian Launchers Angara 1.2; A3, A5 and A7




New Generation of Expendable
and Reusable Spaceships
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Soyuz TKS  Shenzhou Orion Big Soyuz Kliper Variants
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Russian New Heavy-lift Launcher Angara 100
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Project of Russian Spaceplane Kliper
© 2005 by Anatoly Zak / Russi@nSpaceWeb.com

-




Spaceplane Kliper atop Launcher Soyuz




Comparison of Spaceships Soyuz and Kliper
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Landing of the Kliper Reentry Vehicle or may
be Grounded by means of a Parachute




Russian Nuclear Propulsion Systems to
be Used on New Angara Boosters made
by Rosatom and Kurchatov Institute




Crew Exploration Vehicle (CEV) of the
USA Company Lockheed-Martin
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Crew Exploration Vehicle (CEV) of USA

RCS Thruster

‘Detail B

Main Engine

APAS Docking Port
Port Hole
Rudder
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CEV with Service Module both may be
Connected atop Launcher




SealLaunch System using Ukrainian
(Ex-Soviet) Launcher Zenit




Global Coverage with 3 Inmarsat-4
Satellites similar to Sir Arthur Clarke
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Global Coverage with 4 Inmarsat-3 Satellites
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Satellite Orbital Elements on the
Celestial Sphere (Left) and Satellite
Determination Elevation (€) and
Azimuth (A) Angles
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Satellite Look Angles

e Satellite azimuth is the angle measured
eastward from the geographical North (N)
line to the projection of the satellite path on
the horizontal plane at the observer point.

« Satellite elevation is the angle composed
upward from the horizon to the vertical
satellite direction on the vertical plane at
the observer point.



Calculation of Mobile Plotted
Position (See next Slide)

Elevation Angle Map (A) with Plotted
Position 17° for Indian Ocean Region
(IOR) and 25° for Atlantic Ocean
Region (AOR)

 Azimuth Angle Map (B) with Plotted
Position 57° for Indian Ocean Region
(IOR) and 313° for Atlantic Ocean
Region (AOR)



Elevation Angle Map and Plotted Position
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Example of Elevation Angle for the Plotted b =179 for IOR & 25° for AOR
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Type of Satellite Orbits

1. Low Earth Orbits (LEO): Little and
Big LEO

2. Polar Earth Orbits (PEO)

3. Medium Earth Orbits (MEO)

4. Geosynchronous Inclined Orbits
(GIO)

5. Geostationary Earth Orbits (GEO)
6. Highly Elliptical Orbits (HEO):
Molnya, Tundra and Loopus.



Type of Satellite Orbits: HEO= High Elliptical Orbit;
GEO = Geostationary Earth Orbit; MEO= Medium
Earth Orbit; LEO= Low Earth Orbit & PEO = Polar

Earth Orbit
HECQ Molnya




Properties of Four Major Orbits

Orbital Properties LEO MEO HEO GEO
Development Period Long Short Medium Long
Launch & Satellite Cost | Maximum Maximum Medium Medium
Satellite Life (Years) 3-7 10-15 2-4 10-15
Congestion Low Low Low High
Radiation Damage Zero Small Big Small
Orbital Period <100 min 8-12 hours | 2 Sidereal Day | 1 Sidereal Day
Inclination 90° 45° 63.4° Zero
Coverage Global Global Near Global Near Global
Altitude Range (km-3) 0.5-1.5 8-20 40/A - 1/P 40 (i=0)
Satellite Visibility Short Medium Medium Continuous
Handover Very Much | Medium No No
Elevation Variations Rapid Slow Zero Zero
Eccentricity 0 to High High High Zero
Handheld Terminal Possible Possible Possible Possible
Network Complexity Complex Medium Simple Simple

Tx Power/Antenna Low Low Low/High Low/High
Gain Short Medium Large Large
Propagation Delay Low Medium High High
Propagation Loss High Medium Low Zero




Proposal: Hybrid Constellation of
GEO and HEO Molnya with High
Apogee to provide Real Global

Coverage

HEO Apogee
Molnya

GEO
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Proposal: Hybrid Constellation
of GEO and PEO for Cospas-

Sarsat GEOSAR and LEOSAR
Global Coverage

LEOSAR Satellites

GEOSAR Satellites



Proposal: Hybrid
Constellation of GEO and
LEO for Global Coverage




Proposal: Hybrid Constellations of
HEO and MEO (Left) and MEO and
LEO (Right) for Global Coverage

HEQO
Borealis

Concordia Concordia




Spacecraft Sub-System
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Three-axes Stabilized Spacecraft

e Momentum wheels in each axis: roll,
pitch, yaw for stabilization

* No despun platform needed for
antennas

e Large solar panels possible (power
generation)

e Optimum orientation towards the Sun

e High efficiency

* More complex design

* More complicated thermal control



Spin-Stabilized Spacecraft

e Earliest version

* Whole body is momentum wheel

* For stability the momentum around
desired axis must be greater than
around any other axis

 Despun antenna platform for higher
gain antennas

 Easy thermal balance

 Only ~ 1/3 of solar panel area
useable



Components of GEO Spacecraft

Antennas

Sblar Wings



Future Russian GEO Spacecraft Express-AM

[which Bus can be model to build new Multifunctional Spacecraft]




Specifications of GEO Spacecraft Express-AM
built by Russian Company ISS Reshetnev

Spacecraft Express-AMb Ex press-AM6
Orbit Geostationary Geostationary
Designed lifetime 15 years 15 years
Orbital position 140°E 63'E
g:ﬁ;d?m?hﬁw +0,05" +0,05"
Launch mass 3270 kg 3270 kg
Number of transponders

Ku-band 40 44

C-band 31 15

L-band




Reshetnev’s GEO Spacecraft Loutch-5A

[which Bus can be model to build cheap Multifunctional Spacecraft]




The US GEO Spacecraft GOES
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Multifunctional Japanese GEO Spacecraft MTSAT

| 30 m >

L-band Antennas

Solar Sail

Ka-band Antenna
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Advanced Imager of Multifunctional
Japanese Spacecraft MTSAT-1R

ACTIVE
COOLER

DEWAR

ACE —

SCAN
MIRROR

TELESCOPE —



Inter Satellite Link (ISL) Between GEO, LEO and High
Altitude Platform (HAP)




Inter Platform and Satellite Links

LEO-GEO

LEO &' Relay
A LEO "= ;

LEO-HAP Relay

HAP

AP-HAP Relay GEO-HAP Relay

. HAP-HAP Relay



Spacecraft Transparent or Bent-pipe (A) and
Regenerative (B) or Onboard Processing

Transponder (Repeater)

Channel Channel

IBF LNA Mixer Filter Amplifier HPA OBF
il e .
S b I

Rx Antenna
Tx Antenna
A N
Baseband
IBF LNA Mixer Demodulator Processor Modulator Mixer HPA OBF
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Diagram of Spacecraft C/L (A) and L/C-band (B) Transponders
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Communication L/C-Band Transponder
as a part of Multifunctional Payload
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Block Diagram of Ka-band Communications Transponder
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GNSS (Navigation) Transponder as a
Part of Multifunctional Payload

-----------------------------------------------------------------------------------
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GEO Satellite Mission Services

— Mobile Satellite Communications:

« Maritime Mobile Satellite Communications

e Land (Road and Rail) Mobile Satellite Communications

« Aeronautical Mobile Satellite Communications

- Fixed Satellite Communications:

 DVB-RCS Communication via Star and Mesh Networks (Two-way VSAT)
 DVB-RCS Voice, Data and Video over IP (VDVoIP) and IPTV Services

« Communication links between Mobile and Ground Control Centers (GCC)
* Mobile Services (Traffic Services and Operational Communication)

» Passenger Services : VDVolIP, Telephony, Internet, SMS and so on

— Satellite Navigation (GNSS) Augmentations:

« Communication links between ground navigation system facilities (VSAT)
» Broadcast of GNSS Augmentation signals to mobiles via Navigation
Payload

* Broadcast of GNSS signals from mobiles to GC

— Service Coverage : Africa and Middle East



Satellite Networks via Transparent and

Regenerative Transponders
Mesh Network with a Regenerative
Payload [no Hub Station)
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DVB-RCS Concept of Global
Broadcasting Satellite System (GBSS)

GEO Spacecraft —-ﬂ-_
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Our Proposal: Future South African GEO Constellation of
CNS/DVB-RCS Networks for Mobile (MES) and Fixed Earth
Stations (FES)
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Space Segment of Communication
(GEO) and Global Navigation
Satellite System (GNSS) for CNS

2y l_ _ GNSS Spacecraft
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1. Highlights of ASAS Network

As observed previous figure, all mobile users (3)
receive navigation signals (1) from GNSS-1 of GPS
or GLONASS satellites. In the near future can be
used GNSS-2 signals of EU Galileo and Chinese
Compass satellites (2). These GNSS signals are also
received by all Reference Stations (RS) or Ground
Monitoring Stations (GMS) of integrity monitoring
networks (4) operated by governmental agencies
within Africa and Middle East. The monitored data
are sent to a regional Integrity and Processing
Facility of Master Station or Ground Control Station
(GCS) (5), where the data is processed to form the
integrity and WADGNSS correction messages, which
are then forwarded to the Primary GNSS GES (6).



2. Highlights of ASAS Network

At the Ground Earth Station (GES), the navigation
sighals are precisely synchronized to a reference
time and modulated with the GIC message data and
WADGNSS corrections. The signals are sent to a
satellite on the C-band uplink (7) via communication
payload located in Inmarsat and Artemis satellite (8),
the augmented signals are frequency-translated and
after sent to the mobile user on GNSS L1 and new
L5-band like GPS (9) and also to the C-band (10)
used for maintaining the navigation signal timing
loop. The timing of the signal is done Iin a very
precise manner in order that the signal will appear
as though it was generated on board the satellite as
a GPS or GLONASS ranging signal.



3. Highlights of ASAS Network

The Secondary GNSS GES can be separate or installed
in Communication CNS GES (11), as a hot standby in
the event of failure at the Primary GNSS GES. The
Traffic Control Centres (TCC) terminals (12) could
send request for CNS information by Voice, Data and
Video (VDV) on C-band uplink (13) via Communication
payload located in GEO spacecraft and on C-band
downlink (14) to mobile users (3). The mobile users are
able to send augmented CNS data on L-band uplink
(15) via GEO communication payload and downlink
(16). The TCC sites are processing CNS data received
from mobile users and displaying on the like radar
screen their current positions very accurate and in the
real time for traffic control and management purpose.



4. Highlights of ASAS Network

The most important and unique sequence in this
stage is that traffic controller can use the position
data for managing certain traffic in more safe way
than surveillance radar for collision avoidance,
during any weather or visibility conditions.

In addition, on mobile request TCC operator may
send position data of each mobile in vicinity for
enhanced collision avoidance (13 and 14). Each
mobiles, such as ships and aircraft will be also able
to provide polling of position data memorized in TCC
for any adjacent mobile (ship or aircraft) and use it

for enhanced collision avoidance.



Future African Multipurpose GEO Spacecraft Coverage




DVB-RCS Bands and Backhaul

Hub provides Voice, Data and Video over IP
(VDVolIP) & IPTV on C (4-8 GHz), Ku (12-18 GHz)
or Ka-band (27- 40 GHz) antenna interfaces and
extends the Terrestrial Broadband, ISP, Video
Broadcasting, UMTS/GPRS (Universal Mobile
Telecommunications System/General Packet
Radio Service), Asynchronous Transfer Mode

(ATM), ISDN/ADSL, Fiber Optic Lines,
Terrestrial

Telecommunication Network (TTN), Cellular
Networks, Virtual Private Networks (VPN), etc.



Digital Video Broadcasting-Return Channel
via Satellite (DVB-RCS) Solutions
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Interactive Internet via DVB-RCS+M Backbone for Mobile Applications

GEQO Sat

Hub to mob
terminal link




DVB-RCS/S2 VSAT Network Configuration
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Typical Fixed VSAT Satellite Network

Applications
* Credit Card Validation
* ATM/Pay at the Pump
* Inventory Control

« Store Monitoring

wemmr




DVB-RCS Backbone to Rural Areas




Fixed DVB-RCS Network Designed in 2000

Acronyms:

F-d = Forward downlink
F-u = Forward uplink \
R-d = Return downlink

e C/KulKa-band
F GEO Spacecraft VolP VDVolP

R-u = Return uplink 208 B
ISP = Internet Service Provider A Y
FIT = Fixed Interactive Terminal 87 “N\F?—* -
SME = Small/Medium Enterprise : \m
SoHo = Small office/[Home office FIT
VolP = Voice over IP F-u / /R-d
VDVolIP = Voice, Data & Video R-u S ——
over IP F-d\\R-u g_g -
' DVB-RCP Hub Videoconference/IPTV
= DVB-RCP in Rural Schools
= : HUB
¥ — . G— <
I . Rural/SoHo/SME and Schools
- VolP VDVoIP G4 Fax IPTV

R

ISP

Broadcast ﬂ — —
!

E-learning ISDN/B-ISDN/ATM L SR N S

Centre " |UMTSIGPRSIG4-5 LAN/WAN/WiIMAX Schools




E-education via DVB-RCS Network Designed in 2000

C/Ku/Ka-band GEO Spacecraft

Acronyms:

F-d = Forward downlink
F-u = Forward uplink
R-d = Return downlink
R-u = Return uplink
ISP = Internet Service Provider
FIT = Fixed Interactive Terminal
SME = Small/Medium Enterprise
SoHo = Small office/Home office _,
VolIP = Voice over IP
VDVolP = Voice, Data & Video over IP
VC = Videoconference

DVB-RCP
. HUB
b ¥’ Antenna

s ol

2
=

IE’ortabIe
E-learning

LAN/WIMAX/WiFi Schools
VC VoI VDVoIP G4 Fax

B Setoas ISDN/B-ISDN/ATM
E-learning i TTN

Centre TlUMTSIGPRSIG4-5 Fixed E-education




Mobile DVB-RCS Network Designed in 2000

Ku/Ka-band GEO Spacecraft

Acronyms:

ISP = Internet Service Provider
IPTV = IP Television

VolIP = Voice over IP ¥ , \ —
VDVolP = Voice, Data & Video over IP : v

PIT = Portable Interactive Terminal
MIT = Mobile Interactive Terminal
FIT = Fixed Interactive Terminal

DVB-RCP
Hub
¥’ Antenna

ISP FI

Broadcast
Network g

ISDN / B-ISDN / ATM
& UMTS/GPRS MTN




Military DVB-RCS Network Designed in 2000

GEO C/Ku/Ka-band

Acronyms: Al

Spacecraft
F-d = Forward downlink
F-u = Forward uplink a8
R-d = Return downlink —%
R-u = Return uplink 74

.
MMT
: : ————— Ru %—. <
ISP = Internet Service Provider \ :

MFT = Military Fixed Terminal R-u FE-d S L
MMT = Military Mobile Terminal
MTT = Military Transportable F-d
Terminal F-u//R-d _ Q\
, F-d R-u ,/“—’}K‘
- DVB-RCS " -
g e | “""'.‘-._& ! .‘: 4 F- : =

'1,\

R-u

......

IPTV

Miltary —

Broadcast | [ISDN/ B-ISDN / ATM &= <
Network & UMTS / GPRS TTN Military Remote LAN / WAN

d
MFT
ISP




ESA Design of Mobile DVB- RCS Appllcatlons in 2006




DVB-RCS Architecture for Mobile Broadband

Service | l'._:-l.'.'rl'l'f.El'IEE- |
Provide Provider |




E-education via DVB-RCS
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E-medicine via DVB-RCS

@ Tele-Medicare

Virtual SCPC \

General Hospital




Wi-Fi Solutions via DVB-RCS

~500 m (Yagi antenpa

L

L |

.

WiFi 2.4 GHz ;
AP antenna :

mnnn)
™
(Island 200Km away from Land) 3 -?": == }7 | “




Emergency Response via DVB-RCS

@ Monitoring & Control

Forest fire




DVB-RCS HUB Terminals of A)
Advantech; B) ViaSat and C) Hughes

B C ===




Advantech Family of DVB-RCS HUB

Terminals
Type of Terminal | Discovery Challenger Millennium Raptor
Advantech Hub
Configuration ‘
Typ& of Service
| Standard Rates Supported

Throughput Mbfs* | 155 . nx155 nx 155 155
Forward Link Mbjs* 135 nx135 nx 135 135
Retumn Link Mbfs* | 24 | 48 (2x24) 120 (5x24) 24
# of Terminals

Supported 10 =500 100 - 1.500 1.000 + 10500

‘Maximum. Other rates are available on special order. n = number of outbound links




DVB-RCS Hub of S. Korean NanoTronlx
Open-RCSTM HUB

+ Ka/ Ku or C band

+ Forward link
® Max. 80Mbps
® [DM. IP over MPEG2-TS, DVB-5/82

+ Return link

® Up to 2Mbps

® MF-TDMA, IP over ATM{AALSD), DVB-RCS
+ System capacity

® VSAT . Max. 250 client PCs

® Hub : Max. 10,000 VSAT




DVB-RCS Terminals or VSAT

+ Two-Way PC Card
® OpenRCS-4000 Series

+ Two-Way Standalone for SOHO
® OpenRCS-4200 Series

+ Two-Way Standalone for enterprise
® OpenRCS-4500 Series B =




DVB-RCS VSAT Configuration

®

IDU (modem)

Ethernet hub

T

Gateway
= B




Remote In-Door Units (IDU) Terminals
with Antenna or Out-Door Unit (ODU)




DVB-RCS Indoor and Outdoor Units

Outdoor Unit Input/Output Ports
to User Terminals
Indoor

Connecting Unit
Cable

Connecting Cable at [F-type
S50-1450 MHz (up tao 100 m)
or 140 MHz or 70 MHz Indoor

Qutdoor Unit i | Unit

Dermodulator Modulator

| |
Fixed
FELC Frequency || FEC

Fower

Amplifier Upconverter
|

|
_ Femote Agile
Diplexer Freguency

| Syhthesizer
|

Low-rnoise
Fecemer

Decoder| [2ynthesizer| [Encoder

[
LI
Fower Baseband
Supply Interface

Cliownconverter

Fower Supply

Fower Source



Satellite Operators

The current GEO Satellite Constellation Suitable for Satellite
Communication, Navigation and Surveillance (CNS) Space
Segment over Africa and Middle East is as follows:

1. Inmarsat Indian Ocean region (IOR)

2. Inmarsat Atlantic Ocean Region East (AORE)

3. Artemis
The Current GEO Satellites suitable for Space Digital Video
Broadcasting-Return Channel via Satellite (DVB-RCS) system
over Africa and Middle East are as follows:

1. Intelsat I1IS802 Spot Beam and PanAmSat PAS10 Ku band

3. SES — NewSkies NSS71 Ku & C band

4. Eutelsat Ku & Ka band W3A
Research Group in Space Science at DUT already proposed a
Multipurpose Space Segment of three GEO satellites for CNS
over Africa and Middle East offering L/C, Ku and Ka-band
with regional and spot coverages.



Global Intelsat DVB-RCS C-band
Coverage for Maritime Applications




W

Global Intelsat DVB-RCS Ku-band
Coverage for Marltlme Appllcatlons

W_ e o and - K




Global KVH DVB-RCS Ku-band VSAT
Coverage for Maritime Applications




Yonder/ViaSat DVB-RCS Ku-band
Coverage for Aeronautical Applications

YONDER




Satellite Space and Ground Segment

GEO Spacecraft

GLONASS %

GPS
Spacecraft

Spacecraft
Inter-satellite Links
GNSS GNSS
Signals Signals
= GES N ‘

: Aeronautical Network

Disaster -

& SAR m ﬁ.' ‘,

Maritime Network

Fixed and Land Mobile Network




Users

le

DVB-RCS for Mob

| Ka Band Spot

-




DVB-RCS VSAT (A) Star and (B)
Mesh Connectivity with GEO
Spacecraft

GEO Spacecrafﬁiﬂ A

NN
AKX

VSATD
B

VSAT C




DVB-RCS for Fixed and Portable Users

Legend:

1. Intersatellite Links

Users Service Links

. Ground Earth Station

. VDVoIP In/Outdoor Units
. VoIP In/Outdoor Units

. Transportable VDVoIP

. In/Outdoor IPPC/TV

Non,s,WN




DVB-RCS for Fixed and Portable Users

Legend:

1. Intersatellite Links

Users Service Links

. Ground Earth Station

. VDVoIP In/Outdoor Units
. VoIP In/Outdoor Units

. Transportable VDVoIP

. In/Outdoor IPPC/TV

Non,s,WN




Our Proposal: Shipborne DVB-RCS

Gyro Antenna Control Above Deck
Compass Equipment (ACE) Equipment (ADE)

——

DVB-RCS
VolIP Tel DVE-RCS

Ethernet : N —
Adaptor Satellite Modem
B Router Y
> RJ45 RJ45
Ethernet Hub
RJ45

wireair S

Connections |RJ45

RJ11

o S . .

Tel Single PC Multiple PC Terminals




NERA DVB-RCS Ku-band Unit for
Maritime Applications




Our Proposal: CNS for Enhanced Ship Traffic
Control (STC) and Seaports DVB-RCS

Acronyms:
MIT
m——
o

STSC = STS Communication
STS

STSN = STS Navigation
STSS = STS Surveillance =
SSS = Ship-to-Ship Surveillance -
STC = Ships Traffic Control
STM = Ships Traffic Management
SOC = Shipline Operational Control
MIT = Mobile Interactive Terminal
VDVoIP = Voice, Data & Video over IP
VoIP = Voice over IP
ISP = Internet Service Provider

HUB

Control

Broadcast
Network ISDN/B-ISDN/ATM

—
UMTS/GPRS/G4-5 Ship Traffic Services (STS) for STC and STM




Coastal Movement Guidance and Control (CMGC)

.
:_i GEO Spacecraft

Control Tower

GPS/GLONASS

i




ARINK DVB-RCS Ku-band Unit for
Yonder Aeronautical Applications




Our Proposal: Airborne DVB-RCS

Gyro Antenna Control Above Cockpit
Compass Equipment (ACE) Unit (ACU)

. i 7%._“:;‘__‘
- /  DVB-RCS . '
Xcvr (Tx-Rx)
KZLPP;I";I Ethernet " D\_!B-Rc:s
- Router atellite Modem

D RJ45 RJ45

RJ45 Ethernet Hub g et
Wired/WiFi LEEE
RJ11 Connections |RJ45

=

e s —

Tel Single PC Multiple PC Terminals




Our Proposal: CNS for Enhanced Air Traffic
Control (ATC) and Airport DVB-RCS

Acronyms:

ATSC = ATS Communication
ATSN = ATS Navigation

ATSS = ATS Surveillance
AAS = Air-toAir Surveillance

ATC = Air Traffic Control
ATM = Air Traffic Management
AOC = Airline Operational Control
MIT = Mobile Interactive Terminal
VDVolP = Voice, Data & Video over IP
VolIP = Voice over IP
ISP = Internet Service Provider

Airport MIT \ v
Control :
Tower 4

Weather (WX)

ISP
ATSS

e — e

R ﬂ_.-
Broadcast é

Network L, ISDN/B-ISDN/ATM

=

UMTS/GPRSIG4-5 Air Traffic Services (ATS) for ATC and ATM

.,

¢

.




Surface Movement Guidance and Control (SMGC)

.
GPS/GLONASS : GEUO Spacecraft

i

Control Tower

: Weather Station
Aircraft Cockpit & Other Offices



Mobile (MSS) and Fixed Satellite
System (FSS) onboard Equipment

M55 Comm-on-the-Move Equipment ::)




Land Movement Guidance and Control (LMGC)

B
GPS/GLONASS © GEO Spacecraft

=0 Control Tower

T, o

g
Hangars —

Terminal

W

Weather Station
& Other Offices



Local Fixed or Mobile DVB-RCS Solutions

WiFi or Bluetooth
Scooty Videoset

WiFio

Bluetooth

;; b ’.:3-_.5' '
WiFi or < <G §

Video Camera

i

Video Phone

Bluetooth Phone |

PC Camera _ -
Camera E

WiFior4g Ypto12
r Cordless DECT Phones

ISDN Modem

G3 Fax G4 Fax

w':* PABX

ISDN Phones

Inmarsat GEO
Spacecraft

WiFi or 4G WiFi or 4G
Cordless Bluetooth PC &
Phone Video Cameras

mea

PC Video

GES

ISDN/PSTN
Internet
Home Office LAN

Videoconferencing



DVB-RCS C, Ku and Ka-band
(A) ViaSat and (B) Hughes
Transceivers for Mobile
Applications

l-'.-. '-*- = N =
A B i e e—
e
. =7 :
il ——




Broadband Antenna
Systems for Ships (A),
Trains or Busses (B) &

Aircraft (C)




DVB-RCS Transportable &
Portable Antennas for Satellite
News Gathering (SNG)




DVB-RCS Mobile and Portable
Antennas for Military Applications




Functions of Satellite Payload/Bus

1. Spacecraft Solar Arrays

2. Spacecraft Power Supply

3. Thermal and Electrical Control
4. Attitude and Orbital Control

5. Spacecraft Telemetry, Tracking
and Command (TT&C)

6. Propulsion Engine

7. Intersatellite Link System (ILS)



Modern Ka-band Payload Overview

South
By ]

Earth
MODCS Antenna I

{L-band)

SOCI Sensor
Ml Ssnsor

B [IODCS Antenna
: {S-band)

TMTC
S-band Antenna

Ka-band Repeater | D . N
Panel A - | i

Earth Sensois

Ka=band Antenna 7

Reflector (\West)
Ka-band Antenna
Reflector (East)



Ku band Solid State Transponder




Controls of the Antenna Pointing Mechanism

(APM) and the Solar Array (SADE)

Applications

- Telec
- Scien

ommunications Satellites.
tific and Earth Observation missions.

Main Features
- Redundant Flight Units and Compact lightweight design.
- Low Power CMOS technology.

- Simu
- Step
technic

taneous control for two or more axis motors.
py step motors controlled by Micro-Stepping
ue.

- Angu

ar acquisition by Optical or Magneto-resistive

Encoders.
Key Benefits

- Flight
- Multi-

heritage.
platform Compatibility



Inmarsat Spacecraft Antenna
System (Left) and Principal Property
of a Parabolic Reflector (Right)

L-band

Aperture Plane
Parabolic. /
efle nri .f / /.(

. Zoint Source
Axis | “whic at Focus
T . !

Parallel Light Rays

=, L'*.:"‘" B
‘ . L l::han:llh: Array i ¥ \* \

C-band 'Double Fence Fan-Shaped Rays
Rx Array Tx Array Structure




Mechanical Parts of APM and SADE




el B _ _
- - = — L - - ;
ETS-VIII (2006) Two Wings ALOS (2006) One Wing

/Rigid Wing 3.23m x 2.46m /Rigid Wing 2.3m x 3.04m

Tmage by

' onboard camera

=

COMETS (1997) GaAs WINDS (2007) Two Wings
Flexible Solar Array 3mx 15m /Rigid Wing 2.0m x 2.34m



Electronic Parts of Satellite APM
and SADE




Spacecraft Command Receivers (Specifications)

Main Characteristics

Uplink Frequancy: CiX/KukK-band

Dual Frequency Operation (Option)

Modulation - PSK/FM or PSE/PM

Demadulation of command signal and autput of the base-band bit stream data
Demodulation of ranging signal and output of the video ranging signal to TLMTX
Common housing design for all freguency bands

oo CcCo oo

Specification Table

No. Parameter FPerformance
1 |Input Frequency C-band : 5.9-6 4GHz=
X-band : T.0-7 2GHE
Ku-band : 12.75-14 5GH=
K-band - 17.3-18.1GHz
2 |Carrier Modulaton FM option © +/-400kHZ deviation
PM option : 0.6-1.5rad
3 |Input Signal Dynamic Range -112 to -20dBm
4 |MNo-damage Input Level up o -35Bm
5 _|Selsctivity =4TdBe @2MHz
& |Bit Error Rate 1e-6 max, @ Pin=-112dBm
7 |Ranging Delay Varation 100nsecp-p max.
g8 |Power Consumption 11W nom.
g |Mass 1.65kg
10 |Operating Temperature QT : -20 to +70degC
11_|Non-operating Temperature -30 1o +75degC




Spacecraft Command Receivers
(Equipment)

C-band CMDRX K-band CMDRX




Spacecraft C-Band Beacon
Transmitter

Specification Table

{Parameter Uit Typical Parformance
Chutput Frequency GHz —Band

Quiput Frequency Stability  |ppm +/=3 max,

Otput Power dBm +WdBm min,

| ourious Output el e
DG Power Consurnplion W |4 max,

Mass ki (.9 nom,
Temperature Hange tdegl —23 1o 60




Spacecraft Ku-band Beacon
Transmitter

Specification Table

Farameter Unit Typical Performance

Output Frequency GHz Ki—Band

Cutput Frequency Stability  Jppm +/=0 mas

Output Power dBm +28dBm min.

Spuricus ODutput o N sl ey
dBe Other =10 may.

DT Power Consumphbion iy 12.5 max.

Mass g 1.0 nom

Tamperature Hange degl =10 to +G0




Spacecraft Telemetry Transmitter

Ku-band TLMTX Ku-band TLMTX with 10W SSPA

Specification Table

No.]  Parameter | __Performance
1 [Output Freguency Ca=band ; 3,7-4 2GHz
: . Bu-band ; 10.7-12. FSGHz
2 |Culput Frequency Stability Cwverlife | +5ppm max.
3 |Output Power Hi Fower Cutput ; +26dBm min
Lo Power Quiput - +848m nom
4 [Phase Noise Jcdeg rms
S |Spurious Ouiput Harmonics : -40dBc max.
6 Cithars : -BdBE max.
7 |Modulation Fi (Up to 3 sources)
8 [|Modulation Index 1.0rad o-p
(Autematie Ml coniral




Spacecraft Microwave Devices

Applications Microwave Filters, Diplexers and

+ Communications Satellite RF Assemblies from S to Ka Band
payloads.

for Space Applications

+ Scientific payloads.

¢ Telecommand, Telemetry
and Ranging subsystems.

Main Features

+ Waveguide, coaxial and dielectric
resonator based filters.

+ Bandpass, lowpass and stopband
responses. Wide and narrow
pand filters.

+ High Power handling capabilities.

+ Light weight silver plated
aluminium and thermally stable
thin wall INVAR

+ From C to Ka Band.




Spacecraft Receiver of
Regenerative Transponder

The components of Spacecraft Receivers (Rx)

are as follows:

. Rx Antenna and Input Bandpass Filter (IBF)

. Low Noise Amplifier (LNA) and Downconverter

. Mixer/Local Oscillator (LO)

. Input Multiplexer (IMUX)

. Switch Assembly (SWA)

. Demodulator and Automatic Level Control (ALC)
. Power Divider and Onboard Processor (OBP)

NOOGOAhL, ON-



Spacecraft Low Noise Amplifier (LNA)

FSS LNA BSS LNA

Main Characteristics

o Low noise figure and high aain performance
- Ku-band F35:

Molse figure: 1.5 dB max. at +58degC
(f=12.75GHzZ t0 13.2GHz, 13.75GHZ to 14 50GHZ)

Gain: 40 dB nom.
(f=12.75GHz to 13.2GHz, 13.753GHz to 14.530GHzZ)
- Ku-band BSS:

Moise figure: 1.80 dB max. at +58deqC
(f=17.3GHz to 18.1GHz)
Gain; 40 dB nom. (f=17.3GHz to 18.1GHz)

o Self gain compensation over temp. using PIN diode attenuator



Spacecraft L-band Low Noise Amplifier (LNA)

L-band LNA
Specification Table
Faramatar Linit apecincation Typical Perfoemance
Fraquency Rangs MHz 16:26.5 to 16605 1626.5 to 16605
Lizatle Bandwdth MHz KLl a1l
Ggin dB 43+ 5 &
Lgin Flatmess B .7 max (.5
Maise Figure ILNA Portion) dB &85 max 041 (365 ot AMB)
[ B =1 max at Pout =3 1d8m -82
Poresar Consumpitian il 05 (V) (144
Pz kg 042 041
Eiifll’ﬂ" H: men 07 « B = 105 07 = 50 = 105
Temperaturs Henes LY =13 to B =15 to 65

Main Characteristics

o Low noise figure and high gain performance
Noise figure: 0.65 dB max. at +23degC

Gain: 43 4B nom.

o Light weight and small size
Mass: 041 kg nom. [sach LNA)
Size: 97 x 50 x105 mm {each LNA)

o L-band LNA Assembly are 2 for 1 redundant configuration which consists of 2 RF Amp and

InputCutput switch.

o We can provide the Central Power Supply (CPSU) for each LNA.




Spacecraft Low Noise Amplifier (LNA)

C-band LNA
. Specification Table

' '1‘1, Parameter Unit Spec. Typical Perdfarmnace
' Frequency Hange GHz 0.045 to G725 o845 o 6423
6148 o 6795
Lisahle Bandwidth flHz ]l Sdme as left
iSain dB A00+ 05 A0.0%0.3
[Gain Flatness over usable bandwidth dBpp {075 max 05 max.
Moise Figurs =] 1,48 men 148 mee, 1.80 BAmb
ICPC A3 dBm H 8 mintOIP3) +21.0 dBm
FPower Consumpkion Per LAY Power Suophy
Wioltage Y 0155 rin, 5310 max.  [Sarre as left
D2 Power W 1.2 max =3
Mazst 4LNAS with 4 Power supples) kg 1.30 maw. 094 kg
Size il s W H i 1202110 Same as left
Temperature Range G 15 rrin, 58 rmax Sarre as left

Main Characteristics
o Low noise figure and high gain performance
Noise figure: 1.2 dB max. at +23degC
Gain: 40 dB nom.
0 Self gain compensation over temperature using the PIN diode attenuator
o Two band width
Low band type: 5.845GHz to 6.425GHz, Bandwidth = 580MHz
High band type: 6.145GHz to 6.725GHz, Bandwidth = 580MHz

0 Quad type configuration:
4 LNAs (RF portion) and 4 power supply boards




Spacecraft Ka-band Low Noise Amplifier (LNA)

Ka-band LNA

Specification Table

Main Characteristics

o Freguency range. 28 0GHz to 30GHzZ,
Cparational Bandwidth 1, 900MHZ

o Low noise figure and high gain performance
Noise figure: 2.34 dB max. at +&0degC and life
(=8I 45.0 dB ndm.

o CQuad confilguration which consists of 4
RF portions and 4 power supplies

o The LMA module for Ka-band LNA Is using super

low noisa PHEMTz for front 2 stages and

GaAs MMIC's for output stage
o  Sealf gain compeansation over temperatura using

the MMIC s attenuator

arametar unit bMaer Porformance
Oparatng Fregusncy Hangs Mz 30t S0
Isable Blandwidii fdiH = | 500
Ciain (21 ] 5 o005
Gain Flatness ounr usable bandwadth dEp—p O max

Maoiga Figura

4.0 typ ot +FEdagls
2 4 vmpx, at Hhlldeg:

PG M

FlE min

‘prevEr Dan —rligl=jd{=1§]

1.5 max |1 RF portion and 1PS)

FF brtertaca

BF brpat

NWRZE or WRHad

BF Qutpst BZE or WEI4
LS SCMO-TLM Interface sub 15pins
Massithuad caonfiguration, .4
imensionl Quad corfipuration | |.15= 1 85%4

T

— 1B} P+




Spacecraft C-Band Receiver/Downconverter

C-band Downconverter specification Table
o Faramete Ll Typice Pefonneres
RF P wency (1 505 bp G AFS Mypniy G875 ko & 735 (Typed]
F Frogpeirey 45 F3Tia 42 (Tepell T4 b 3T (T apsad:
| !i Ert"""l".". H K i |
iadile Babanidils FMHL GO0 (Type |} 300 | il.r.luE.'i
Gpi dfi #4 5 nom
Hanr Flalrmas dBp-p (8 mmas. (o mpardtoriol Baivdvadlh)
Magis Fipurn 1] gl mpi (Crogr AT ared ECIL
i A ﬂUI.: 47 mas {Pin = = 18546m sagh)
ir-fland Sperioge dfic 5 mas
/=1 maw (nklal eetking]
Frecae ey =lalibly B =T i, DO r Dir il |
=1 8 max (O AT & Life w'o inthal geitingl

amin Ml

F1Hz #HI max

i EHE -1 mao.

ikl K] maa

1l dBcHz 1161 max

i | =1 10 riaan

o Tl H: o A T

o |- = | X1 mias
!": i Power E”‘:Enk arpdign | ¥ S mib
Pl kst 1 OV rriian

Main Characteristics Tamperslurs Rangs dogll |6 by o6 [ATY -5 En 075 (0T

o C-band DMC consists of an RF Section, a Local Oscillator and a DC/DC Caonverter.
o RF Section converts the 8GHz input signals to the 4GHz signals using Local signal of
2.22aGHz(Type 1) and 3,023GHZ(Type 2).
o Local Oscillator provides the Local signhal to the Mixer of the RF Section.
TCXO is used for Local signal reference source.
o DC/DC Converter supplies the secondary voltage to the RF Section and the Local Oscillator,
And it receives the Turn ON and OFF commands and provide the OMN/OFF Status telemetry.
o Typical performance of C-band ONC is as follows:;
Gain: 24.5dB nom._ / NF: 20dB mas. / IP3: +32 5dEm min. / Pde: 7.5W max.



Spacecraft Ku-band Receiver/Downconverter
for Broadband Satellite Service (BSS)

Specification Table

Ku 'band (BSS) RCVR PARAMETER TYPICAL PERFORMANCE |Remark
7 Frequency Range
Input 173 o A7 77 GH=z
Output 1171101247 GHz
Local hE6GHz
Bandwidth 460 MHz
Moise Figure 1.8dB {@+50deg. C,BOL
1.6dB {fEr23deg.C.B0OL
(3ain 535dB
(3ain Hatness 0.3 dBpp any 34.5MHz
Gain Stahilty 0.3 dBpp any 10deg.C
Third oder IM 51.0 dBc Fin=-52dBm each
Local Frequency Stability +/-0.8 ppm over QT Temp.
Phase Noise
10Hz offset -52 dBciHz
& 100Hz oifseat -78 dBciHz
= = . 1kHz offset -88 dBciHz
Main Characteristics b AMoete
z = +
o Low Noise Figure, High Gain & Linearity 1MHz offset -140 dBoHz
— Power Consumption 6.9W
NF= 1.8dB nom. @+60degC e
Gain= 53dB min. ar -10 10 +60 deg C
: Start Up -35 deq.C
C/3IM=-51dBc max. (Pin=-52 dBm each) Mass 079 kg
o High Frequency Stability: =lalan e

Over Temperature Stability : less than =0.8ppm

Self gain compensation by using the Variable Gain Amp over temperature.

o This Ku-band RCVR was developed for BSAT-2c¢ Satellite, and has already qualified
(PFM/FM : 2units)

O



Spacecraft Ku-band Receiver/Downconverter
for Fixed Satellite Service (FSS)

Ku-band (FSS) RCVR Specification Table
Far gervsd e LRI Tl Pt ain o
M FoE 1= P 8 R R T
IF FREL: taHzr 1156 122
Lk FREA) taHzr I ]
Ulsabde Barcherith bz B £
[EE T dH EH mm
Laan Fhmane i B L raisH
Foza F purs dB 1.H mae
R cHe -5l al Pre-bddEm
-Eand Smrweas aHe £ih
Liai of Bard Spamcas
SdRF-TLO o S
5'L'-':* cBim -20

SLEY _
Feriplierecy Tiabliy

#1401

Prams Mose
10Hz o R
1 (H= -] mas
Tz T max
1R Hz =111 ®ax
1K H: 115 Wi
1HHE -1 may
T T 12 =5 o 12001
Main Characteristics ol
%
o Ku-band (F25) RCVR consists of an e

RF Section and a DC/DC Converter |—yoem e
o RF Section converts the 14GHz Input

signals to the 12GHz output signals using sxternal Local signal
o DC/DC Converter supplies the secondary voltage to the RF Sectior

o Self gain compensation by using the Variable Gain Amp over tempearature




Spacecraft Ka/Ku-band Receiver/Downconverter

KalKu-band RCVR Specification Table
FARAMETEN UMIT | SPEGIFIGATICN | TYPIGAL PERFORMANGE
frout Freguorcy (Hz M1 Sama as lehi
Outpt Feoguency Oz ISt 1275 Sama as it
eomrson Frequency OHz 1 15 | Sama an befi
iy [angC D™ =l + G
e 1w on -1 T
{Erry L] B1 % mn 25 nom
PPRTOTR . .. déip-o L 007 nom
| 504 dfp-p M A 022 nom
'\ oo Slope 40 W 007 mas 0,003 nom
: TR Kisn Stabdey sl Sl ity s < 0
MNF 3T Rargn dH 28 I35 & gk
Main Characteristics —— sy e e
o Ka/Ku-band RCVR consists of anferere 2 - YT
RF Section, a Local Oscillator (i em Comeresn ey - e
and E E"::-'IDI::- ':EIH'I.I'EHET HHH ........ ‘ ,._.m“ 'rm — h — '}5-1 — = - y ul]
o RF Section convers the 2TGHz rae Deew At . 05 mas 01
input signals to the downlink Steuy Seoke W 118 max 5.0 nom
frequency of 12GHz using Local Pt Orpimplion S A— " KL mas 1014 o
Oscillator frequency of 15GHz  Man ] | & I m | s
27531027 15—125 W0 12.75GHZ | 1o un Accatarca Temp Ao 15 to =60 Sama as le
o Light Weight 0.93kg nom Lhssric o Tamp T 0 to *63 Sama s ey

o Sealf gain compensation by using the Variable Gaiy Amp over temperature



Spacecraft Ka-band Receiver/Downconverter
Specification Table

Ka-band RCVR

Main Characteristics

0 Ka-band RCVR consists of an

RF Section and a DC/DC
Converter

o RF Section converts the 30GHz [Temperature Range
input signals to the 20GHz output signals using external Local signal
o Self gain compensation by using the Vanable Gain Amp over temperature

{Paramatan Linit Typical Performance
|RF Freguency GHz Jod 1o 200
[IF_Freguency GHz 19.7 to 202
{LOh F-reye-m::g GHz 8.7
|Usable Bandwidth MHz o
| Gain B B nom,
|Gaain Flatness dBp-p {08 mpe over pperational bandwidth) |
|Moise Figure dE 2.6 maw (Over AT and EOL
[c am e |40 ma (Pin = $dcBm ssch] |
In=Band Spunious dEc =)
. Py - :
e =
|Phase Hoise

B 10Hz -40) max

w1 D0z =10 max

Ll B o B =) mazx

@i kHz dBec. Hz |- 100 rmax

@i D0kHz =105 max

o IMHz =115 max

o) DMz =130 max
IDC Power Consumptiond¥y f max
|Mass HE 0.9 max

gepl 1-15 to <60 (AT . 20 to +63 (0T




New Generation of Spacecraft
Ka-band Downconverter

Mass Reduction and Compact Size
Achieved by Application of Multi
Chip Module Technology

—

Features
o Low mass of 630g (max)

o High performance and reliability backed up
o QOutstanding Moise Figure performance of 7dB (max)



Spacecraft C/X/Ku/Ka-band Input Multiplexers (IMUX)

Applications
+ Telecommunications Fayloads.
+ Broadband Multimedia Satelltes

Main Features

+ Min@aturized lightweight technology based
o Dieleactric Kesonators

+ MNarrowband (<16 MHz) and wideband designs
(=500MHz BW achievable in Ku band)

¢« LUltra low frequency drift with temperature

+ Modular design allowing customized mechanical
arangements

Tt e O gy
e Dy ST R
Technical Description S R purCiges e ys
+ Filter tachnalegy based on the use of Dielectric ' K 5 P
Resonators

+ Dual-channel azsemblies with integrated switches

+ Folded monomode cavies arrangement in
a single mechanical block

+ Self-equalised channel filter implementation

+ Input/Cutpul sections in coaxial or waveguide
technalogy

+ Compact mechanical assembly with flat or
stacked configuraton




Spacecraft Transmitter of

Regenerative Transponder

The components of Spacecraft Transmitter (Tx)
are as follows:

1. Onboard Processor (OBP)

2. Modulator (MOD) and Channel Amplifier
(CAMP)

3. Linearizer (LIN)

4. Upconverter/Mixer and Drivers

5. Power Amplifier: Travelling Wave Tube
Amplifier

(TWTA) and Solid State Power Amplifier (SSPA)
6. Switch Assembly (SWA)

7. Tx Antenna



Spacecraft Onboard Processor (OBP)
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Ka-band Modulator (A) and
Dual TWTA (B)

A B




Spacecraft High Linearity SSPA

L-band 40W S5P

L-band 55W S5PA

Main Characteristics

Operational Freguency Range: 1525 = 1558MHz

High power and High gain

Output Power : 24W min. at NPR 16dB

Gain ;| 91.5dB min

L-band SSPA consists of the Low Power Section (LPS), High
FPower Section (HPE) and dedicated power supply (EPC)
L-band S5PA has the gain control functon over 15.5dB 0.5dB
step

L-band SSPA ocutput Qutput power monitor telemelry, Bus
input current telemetry, Temperature telemetry, ON/OFF status
telemetry and Gain status telemeatry

Main Characteristics

Operational Frequency Range: 1540 = 1580MHz
High power and High gain

Cutput Power | 535W min

Gain : 61dB min

L-band S5PA consists of the LPS HPS and EPC

L-band S5PA has low phase shift and high lineanty using
linearizer.

Phase shift- 10deqg at saturation point (2dB compression)
CI3IM: -18dE at saturation paint,

o L-band SSPA output Cutput power monitor telemetry, Bus
input current telemetry and Temperature telemetry

[ B I 5 IO i T e ]
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Satellite C-band Solid State
Power Amplifiers (SSPA)

C-Band SSPA

Main Characteristics

High power and High gain

Cuutput Power : 200W min 42W min at saturation.

Gain - 86dB nominal

Operational Frequency Range

3400MHz to 4200MHz Operational Bandwidth 2500MHz

C-band S53PA consists of the Low Power Seclion (LPS). High

Power Section (HPS) and dedicated power supply (EPC).

o C-band SSPA has gain control funclion over 31dB 1dB step
and over drive protection function.

o C-band SSPA output Bus input current telemetry. ON/OFF
telemetry and Gain status telemetry.

o O o O o g



Spacecraft C/Ka-band Upconverter

C/Ka-band Upconverter

Specification Table

Parameter Lnit Typical performance
Typel Typed

Input Frequency Range GHz 3583 to 3728 3,983 to 3.778

Qutput Frequency Range | GH= 19.69 to 20.21 18.628 to 19.96

LO [nput Frequency GHz 80535 1.9225
81160 8.0535
8.1785 g.1160
8.2410)

Lagin dB =-7.5 to 0.5

(3ain Flatness dBp—p 0.5 /1256MHz

Maise Figure dB 14 max.

Power Consumption W 2.6 max.

Mazs hi 0.18

Dhimension mm_ 876 X 35.5 X 606

Main Characteristics
o C/Ka-band UPCN consists of an BF Section and a STB circuit.
o RF Section converts the 4GHz input signals to the 20GHz output signal using external Local signal.
o Key parameter of C/Ka-band UPCN is as follows;
MNoise Figure: 15dB max. @ +74degC, EOL
Gain: -835dB nom.
Cl3IM; 47dB min. (Pin = -24dBm each)
DC Power: 2.6WW max.
Mass: 180g max.
o Self gain compensation by using the Variable Gain Amp over temperature



Spacecraft Ku/Ka-band Upconverter

Specification Table

Ku/Ka-band Upconverter
Performance
- y PARAMETER UNIT § Min, Naom. Max,
| [nput FREG GHz
Typel GHz 4 14375
Typed GHz | 14.5
External LO FREG
Typel GHz 4.3
Typal GHz 5.1
Qutput FREQ
GHz 18.3 18.675
GHz 19,7 20.2
BW
Typel MH:z 375
TypelZ MHz SO0
Gain dB_|__ao 3]
MNF dB B.5
[CP (OUT) dBm | +20
Spyrious Qutput
Inband Spuricus| dBc -Gl
LD Harmonics | dBm -40
In/Cut Return Loss| dB 21
Main Characteristics RF Input IF WA Forars
0 Low Noise Figure, H|gh Linearty g’dﬂutput I/F - Extended SMA Femlnjalﬁe
iz :
MF=8.5dB max. @+60degC i Kn 08
s i Temp
Gain= 30 dB min. Qualification | depC] =15 G5
C/3IM= -30dBc max. (Pin=-38 dBm each) Acceptance | depC] —10 G0

o Self gain compensation by using the Variable Gain Amp over temperature.
o Positive Slope : Ghot-Geold=0.51t0 1.5dB



Dual Microwave Power Module —
MPM (A) and C-band OMUX (B)




Thanks for your attention!!!

Please, any questions?!



The End

Thank you for your attention!

Space Science Centre (SSC)

DUT
CNS Systems

Cell: +27 82 7650817; Tel: +27 31 3732692
E-mail: ilcev@dut.ac.za
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