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Topics

= Early history of communications satellites

= Various types of orbits

" |nternational regulation and governance of communications satellites
= Ground station equipment

= Factors affecting the performance of a satellite link

= ARPA Packet Satellite Network Projects

= \/SAT Networks



A Brief History

= Arthur C. Clarke proposed geostationary orbit satellites for television and
microwave communications in the Feb. 1945 issue of Wireless World

= John Pierce brought together five Bell Labs innovations from the 1940s and 1950s
to implement Clarke’s vision:

High power traveling wave tube amplifiers (TWTA)

Ultra low noise cryogenically cooled maser*-based receive amplifiers
Photovoltaic solar cells

Transistors

Information Theory (improving communications in the presence of noise)

= After Sputnik and Explorer |, John Pierce proposed a couple of steps:

Echo | —a 100 foot Mylar balloon to passively reflect microwave signals

Telstar — an active microwave repeater

* Microwave Amplification by Stimulated Emission of Radiation



Echo 1 — Launched Aug. 12, 1960

Reflective Mylar
Weight: 146 Ibs
Diameter: 100 ft
Orbit: Eccentric/inclined

Apogee: 1046 mi
Perigee: 947 mi
Inclination: 47.2°

Orbital Period: 118.3 min

View of Echo 1 passing over JPL
Golstone, CA tracking transmit
Earth Station

Carried a pre-recorded speech
by Pres. Eisenhower and first
satellite phone call between
Holmdel, NJ and Goldstone, CA

Bell Labs Crawford Hill,
Holmdel, NJ
Maser-enabled tracking
receive Earth Station

Later used by Arno Penzias
and RW Wilson to detect 3°
Big Bang background radiation
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Telstar — Launched Jul. 10, 19

President Kennedy
Press Conference
transmitted live
to Europe via Telstar

Weight: 377 Ibs Diameter: ~3 ft
Orbit: Eccentric/Inclined

Apogee: 592 mi

Perigee: 3687 mi

Inclination: 44.8°

Orbital Period: 2.5 hours
Transmission Time (US-EUR): 20 min

Arthur:
26m Parabolic Antenna

Uplink: 6 GHz ?;t GOonIfIIIIIIJyKDowns,
Downlink: 4 GHz ornwall,
Bandwidth:

1 Television Channel : TG P
500 telephone channels ' E— 5




Orbits

LEO = Low Earth Orbit (100-1,500 km)

MEO = Medium Earth Orbit (5,000-10,000 km)
GEO = Geostationary Orbit (36,000 km)

HEO = Highly Elliptical Orbit




Geosynchronous vs. Geostationary Circular Orbits

35,786 km or 22,236 mi.
above Earth’s surface

Geosynchronous Orbits

Angle of
Inclination



Syncom 2 — Launched Jul. 26, 1963
First Geosynchronous Orbit Comms Satellite

Syncom 2:
Built by Hughes Aircraft

First geosynchronous communications satellite —
33° orbit inclination

71 cm in diameter x 39 cm height

68 kg with fuel at launch

Syncom 3:

First satellite in geostationary orbit 0° inclination

Syncom 2 motion as seen from Earth due to
inclined orbit



Communications Satellite Governance:
1962 - 2001

= Most countries had a national telephone company (PTT)

= Following successful launch of Telstar by Bell Labs & NASA, Congress
set up the Communications Satellite Corporation (COMSAT)

= COMSAT helped create Intelsat under the auspices of the UN in 1964
and launched the Early Bird satellite in 1965 (became Intelsat )

= |ntelsat helped standardize satellites and ground station equipment

= Commercialization of space by Satellite Business Systems (MCI/IBM),
PanAmSat and others in late 20t Century led to the privatization of
Intelsat in 2001 (and divestiture of some of its satellites)

= Today, Intelsat is the largest satellite operator followed closely by SES
which bought up a number of satellites that were divested by Intelsat
and also satellites owned by GE/RCA



International Telecommunications Union (ITU)

= QOriginally formed in 1865 to coordinate international telegraph communications
and brought under UN administration in 1947 coordinates

= |TU is responsible for satellite frequency and orbital slot de-confliction

= |ntelsat, SES, and various government and quasi-government organizations own
and operate most of the satellites providing Internet, private data and television
services
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The Signal Path: From Earth to Space
and Back to Earth

Gateway
Uplink Remote
Downlink

Gateway

Downlink
Remote
Uplink

v

Remote

== Gateway X o iegel —
d Remote
Router Modem lxdern

____ Gateway :
— | }\4‘ i Terminal
Intern‘— T et — e | | ¢ !'
| End User
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Frequencies Used in Satellite Communications

Maritime Navigation AM Shortwave VHF TV UHF TV Satellite/ Radio astronomy,

navigation aids maritime radio, FM radio, cell phones, microwave radar landing

signals (e.g. loran-C) radio radiotelephony navigation GPS telecommunications ~ systems

aids
L] % '
100 km 10 km 1km 100 m 10m im 10 cm lwm 1mm
¢ Increasing wavelength Increasing frequency »

3 KHz 30 KHz 300 KHz 3 MHz 30 MHz 300 MHz 3 GHz 30 GHz 300 GHz

1-40 GHz -
SATELLITE FREQUENCY

18 26 GHz 40

Ku

= Satellite communications typically utilize a lower frequency for the downlink (from space to
ground) and a higher frequency for uplink (ground to space). For example:

— Cband: 6 GHz for uplink and 4 GHz for downlink
— Ku band: 14-15 GHz for uplink and 11-12 GHz for downlink
— Kaband: 27 GHz — 31 GHz for uplink and 17 — 21 GHz for downlink
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Attenuation Due to Atmospheric H,

Sea Level Attenuation {dB
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ITU Rain Fade Zones
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Transponders and Channels

- Typlcal Ku band Satelllte has 24 VER"C*:- 1-K| | 3K ‘p-IK -K 3.K| |11 3-K| 115-K] [17-K| 9K |21-K] |23-K 14500
. K J12-K| [4-K] 16K |18-K] |20-K] |22 2
transponders HORGZONTAL :o'c(o 1$ :::o :1:0 :fm 200 W20 14320 1460 1400 16M0 14480
= Each is 36 MHz wide and spaced with “UPLINK RECENE.
4 MHz guardbands
4 B
= Some have 72 MHz transponders e P ,
1 1-K| | 3-K| | 5K] | 7-K]| | 9-K] |11-K] H3-K] [15K ‘I‘V_-JK 3-K| J21-K] |23-K 12200
= Transponders can be divided up into  vesncw. L2l L] [ex] Lex] [0 [1z4] pax] {164 rex] [z04] 22K
11740 11780 11820 11860 11900 11540 11580 12020 12060 12100 12140 12180
Channels CENTER FREQUENCY, Mz
DOWNLINK TRANSMIT
= Customers can lease a whole
transponder or a channel of X MHz W /
Satellite Transponder >
Uplink Transponders Freq.
and Channels
Uplink I:Downlink ‘ | ' ‘ ' \ | l / S
requenc
Frequency q Y Downlink Transponders Fi‘%q-

and Channels



Gateway Block Diagram

Transmit
Parabolic
Frequency Antenna Gain
Translation ~Area /A
. e . Ka band
Transmit Power Amplification 30 GHz
Coding Waveguide
Modulation Outdoor Equipment
Indoor Equipment
P Block »
T ; UpConverter
Internet Internet Gateway + TWTA
Router Modem |
RX
% Low Noise Amplifier
' + Block
Ethernet IFL Coax DownConverter
Receive at L band
Demodulation 1-2 GHz i .
Decoding Received Signal Ka band
Amplification 20 GHz
+ Frequency Waveguide
Translation
Receive
Parabolic

Antenna Gain
(~Area/A)/Tin °f§
1
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Remote Terminal Block Diagram

Ka band
30 GHz
Waveguide
Outdoor Equipment
Indoor Equipment
l Block quip
UpConverter
< + SSPA* <
Remote
1 Modem
"I Low Noise Amplifier >
' + Block
| DownConverter IFL Coax
at L band
1-2 GHz Ethernet

Ka band
20 GHz
Waveguide

* SSPA = Solid State Power Amplifier

Bz g
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Satellite Link Performance:
The Link Budget (calculated in dB)

= Gateway Uplink

— Gateway antenna (~A/A) + power amplifier gain:
Effective Isotropic Radiated Power (EIRP)

—  Path Loss (signal strength falls off as 1/R?)

— Satellite antenna receive gain (G/T in °K)

+ LNA Noise Figure
= Gateway Downlink
— Satellite antenna EIRP
— Path Loss
— Gateway antenna G/T

Gateway

“-. = Gateway
- ; Modem

- Router

Intern%— — —r»ﬂa o E— )

-

Gateway
Uplink
30 GHz
Gateway
Downlink
20 GHz Remote
Uplink
30 GHz

Q

J

= Remote Downlink
— Satellite antenna EIRP
— Path Loss
— Remote antenna G/T
= Remote Uplink
— Remote antenna EIRP
— Path Loss
— Satellite antenna G/T

= QOther factors

Remote — Background noise
Downlink
20 GHz — Rain attenuation

— Lower modulation rate
— Add Forward Error Correction

Remote
Terminal

- S

Remote
End User

! Modem



ARPA Packet Satellite Projects
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The Beginnings of the Internet in the 1970s

= The ARPANET based on packet switches (IMPs) connected by point-to-
point 50 Kbps circuits was up and running

= ARPA wanted to demonstrate that packet switching could also work
over local line-of-site radio channels (Packet Radio Networks) and
broadcast satellite channels (Packet Satellite Networks)
— AlohaNet in Hawaii (Norm Abrahamson at Univ. of Hawaii)
— Packet Radio Network (SRI, BBN, and Collins Radio)

— Atlantic SATNET (BBN, Linkabit, and COMSAT): 64 Kbps Intelsat Atlantic Ocean
Region satellite channel to support for NATO cooperative C? exercises

= Wideband Satellite Network: 3 Mbps Westar l1l/IV channel testbed for:

— High bandwidth multiprocessor packet switches (BBN Pluribus and Butterfly)
— Packet voice (VolP)

— Multi-site video and multimedia conferencing
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The Interconnection of Diverse
Networks by Gateways - 1983

MASSACHUSETTS
INSTITUTE OF
TECHNOLOGY

BBN
FIBER
NET

UNIVERSITY
COLLEGE LONDON

NORWEGIAN (UCL) NETS
TELECOMMUNICATIONS .
B TELENET & ASSOCIATION RESEARCH,
INTERNATIONAL ESTABLISHMENT
PACKET-SWITCHING (NTARE)
SERVICE (IPSS)
B
ROYAL SIGNALS
ARPANET s AND RADAR
ATNET Lt ESTABLISHMENT
(RSRE) NET

DATA

SRI
INTERNATIONAL

LINCOLN
LABORATORIES

WIDEBAND SATELLITE NETWORK

DEFENSE

INFORMATION Ecr?GmlxéJENRrIrNYG
Ii‘;’fﬁ‘,ﬁﬁi CENTER (DCEC)

XPERIMENTAL

NETWORK

GERMAN
AEROSPACE RESEARC
ESTABLISHMENT

ITALIAN DATA
COMMUNICATIONS
NETWORK (DCN)

LEGEND

Q ARPANET TYPE
O LOCAL NET

[ saverume wer EXISTING LINE
/ PACKETRADIO ===~ FUTURE LINE

<> commerciaL NET
[0 cateway
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DARPA’s Atlantic SATNET
Extending the Internet to Europe: 1977 - 1980

= Linked UK, Norway, Italy and THE ATLANTIC PACKET SATeL e WeTwon
Germany to the ARPANET in the US

= All sites listen on a common shared
64 Kbps satellite channel and take

INTELSAT Vv
ATLANTIC OCEAN REGION
MAJOR PATH 1
SATELLITE

oy g ’,
turns transmitting on that channel ‘
. . .. sl %
= Distributed control: Priority /) | A
v | NORWAY

Oriented Demand Assignment Ghe
7]

(PODA) to schedule and allocate oo | g WSy
\ USA £

time on the satellite channel (BBN)

= Burst Modem/Viterbi Coding
(Linkabit)

| v 111 [ (1111

. LEGEND:
Data Reserv. Data Reserv. Time G: INTERNET G
Slots Frame Slots AR ENAY
Frame :aoc: BBN NETWORK OPERATIONS CENTER
PACKET SATELLITE PROGRAM TERMINAL
sle S S
& i€ > s SATELLITE INTERFACE MESSAGE PROCESSOR
Channel Channel TAC:  TERMINAL ACCESS CONTROLLER

TV TERAMINA
Frame Frame .L INTERFACE UNIT



Wideband Satellite Network
3 Mbps Shared Satellite Channel

Wideband Packet
Satellite Network

by 7 WESTAR IV {3 Mbps)

E s

E IS1
E‘ M/A-COM

BBN Laboratories Incorporated

LAG
] Q RADE A~ A
‘ ﬂ FT. MONMOUTH

4 cmu

ﬁr‘r. KNOX ﬁocsc n

ﬁ FT. BENNING u

ARPA - Systems Integration
BBN — Satellite Packet Switches,
Packet Voice Multiplexers, and
Multimedia Conferencing
Linkabit — Satellite burst modem/
codec

Western Union — Satellite Channel
& 7m C-band Ground Stations
MIT LL — ST Protocol and Packet
Voice Vocoders

USC-ISI - Video Conferencing
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Wideband Net — Typical Site Configuration
Voice and Multimedia Conferencing

Wideband Network

| Site Configuration
:Ig VIDEO
HOST
MULTIMEDIA l i : BUTTSETRFLY
CONFERENCING
FACILITY GATEWAY |
VOICE f BUTTERFLY[ |
et =—1|  HO%] SATELLITE MO EARTH
IMP i TERMINAL
®saT) |, |
BUTTERFLY
g— INTERNET
, GATEWAY
MULTIMEDIA _l_ (Tv‘vk\'l’“l‘;"
SORKATATION TERRESTRIAL)
ooooo HOST T
| BUTTERFLY
Q ) INTERNET
ETHERNET LAN GATEWAY
|  ETHERNET LAN

/./‘/ % eoe I g

WORK-
ARPANET HOST STATION

BBN Laboratories Incorporated




Wideband Net Packet Voice, Packet Video
and Multimedia Conferencing




VSAT Networks

= Forward Path —Time
Division Multiplexed (TDM)

= Return Path — Time Division
Multiple Access (TDMA)

* Hub & Spoke Network

— Traffic between remotes has
to pass through hub

INTERNET G

Router



VSAT Networks in US Today

= Commercial VSAT networks

— Heavily used for retail
inventory and POS terminals

= Consumer Internet Services
— HughesNet
— ViaSat Exede

— S40/mo. (10GB) - $130/mo.
(50GB)

— Terminal + installation ~S300

ViaSat Exede
Modem/WiFi Router
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Thanks and Questions
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