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1. Direct Services to Rural Communities
2. More Transponder Power

3. Small Aperture Antennas

4. Mobil Services
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TERMINOLOGY

TK Noise Temperature, Degrees-Kelvin
G/T Figure of Merit of a Receiver, dB/K
Geo = Geostationary, meaning an orbit with a
period iqual to the

earth’s (23h, 56m, 4.09s)
EIRP = Effective Isotropic Radiated Power
FDMA = Frequency Division Multiple Access
PSK = Phase Shift Keying
RFl = Radio Frequency Interference
SCPC = Single Channel per Carrier
TDMA = Time Division Multiple Access



Unique properties of satellite links

A satellite channel is often used simply as a substitute for a
point-to-point terrestrial channel. However, it has certain properties
which are quite different from conventional telecommunications. It
should not be regarded as merely a cabie in the sky. New types of
communications architecture are needed to take advantage of saiel-
lite properties and avoid the potential disadvantages. This is espe-
cially so in the design of interactive computer systems.

A satellite channel is unique in the following respects:

. There is a 270-millisecond propagation delay.

. Transmission cost is independent of distance. A link from Washington to
Baitimore costs the same as a link from Washingion to Vancouver. A
computer center can be placed anywhere within range of a satellite with-
out affecting transmission costs. It is becoming economical to centralize
many computing operations. In an international organization worldwide
links can be similar in cost to national links if the reguiatory authorties
SO permit.

Very high bandwidths or bit rates are available to the users if thev can
have an antennz al their premises or radio link to an antenna. thereby
avoiding local loops.

A signal sent to a satellite is transmitied to all receivers within range of
the satellite antenna. Unlike a terrestrnial link. the satellite broadcasts in-
formation.

Because of the broadcast property. dvnamic assignment of channels is
necessary between geographically dispersed users. This can give econo-
mies, especially with data transmission. on a scale not possible with ter-
restrial links but needs new forn. s of transmission control.

Because of the broadcast proper.y, security procedures must be taken
seriously.

Most transmissions are better sent in digital form. Digital technigues can
therefore be used to manipulate and interleave the signals in a variety of
ways. The high bit rates make possibie new uses of telecommunications
not economical on terrestrial iinks.

. A transmitting station can receive its own transmission and hence moni-
tor whether the sateliite has transmitted it correctly. This fact can be un-
lized in certain forms of transmission control.
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Designation of radio-frequency bands

G RE LI ¢ R S T B R R A el

¥

B

B
Il

Frequency Range
Band {including lower figure. Metric
Numbert Name excluding higher figure) Subdivision

T
(TR o

P Y

VLF. very low frequency 3-30 kH=z Myriametn: es
LF. low frequency 30-300 kHz Kilometnic we o
MF. mediom frequency 300-3000 kHz Heclomelric waves
HF. high frequency 3-30 MH:z Decametric waves
VHF, very high frequency 30-300 MH:z Metric waves
UHF, ultra high frequency 300-3000 MHz Decimetric waves
SHF, super high frequency 3-30 GHz Centimetric wasves
EHF, extra high frequency 30-300 GH:z Millimetric waves

300-3000 GHz Decimillimetnic waves

P

i

+ Band number N extends from 0.3 x 10 t0 3 x 10° Hz.

Freguency bands are aiso given lelter designations as follows:
E

Band Frequency Range




Major categories of communications satellite

PRI Nty =
R I £

MR L3

BoAWeie + g
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satellites

earth stations

units

Categories of Earth
Saitellite Examples Stations Functions
[ntercontinental | » EARLY BIRD |o Large, expensive. highly 1+ To provide world-wide
Satellites INTELSAT i1 reliable, designed for common-carrier tele-
INTELSAT 11i interconnection to phone and data circuits
INTELSAT IV circuits of national
INTELSAT IVa telephone administrations
INTELSAT V
* The Russian + Point-to-point tele-
MOLNIYA & vision rejays
STATSIONAR
Satellites
* Europe’s
SYMPHONIE
Traditional » Canada's » Large common- * Toenhance common-
Common- ANIK carrier earth stations carrier telephone
Carrier * Western Union's |+ Medium-size private networks ‘
DOITIC.S[!C WESTAR earth stations * To provide leased long- o
Satellites * RCA's * 10 and 4.5 meter distance circuits at
SATCOM * receive-only television lower cost
* AT&T and earth stations * Point-to-point television .
GT&E rela_vs 7 T
COMSTAR * Television broadcasting
|
! .
* Indonesia's ! to local transmitting
PALAPA ] stations or CATV
syslems
* ARABSAT * Music broadcasting
{Musak Corporation)
Domestic * SBS (Satellite * Sor7 meter 12/14 * To provide private
Multiple- Business GHz installable on networks for corpora-
Access Systems) corporate premises and tions and government.
Satellites on city rooflops relaying telephone, data.
and image traffic
Television * Japanese * Large transmitting * Television broadcasting
Broadcast broadcast station direct to homes or
Satellites satellite (JBS) « Inexpensive recejve- schools
*» Canada’s only antennas small
experimental enough for use in homes
CTS and schools
* NASA's
experimental
ATS-6
Mobile « MARISAT » Very small shipboard * To provide telephone
Terminal « MAROTS or portable. Use UHF or data crrcuits to
Satellites {both for ships) frequencies 1o give ships. vehicles. remore
. low-cost. low-capacity sites, or mobile military
* Mulitary




KU-BAND GEOSYNCHRONOUS SATELLITES

Keep up to date with the latest development in Ku-band satellite systems around the world. including GDL/Coronet, ECS,
SBS, 1,11, and M1, the Aniks, and PanAmSat, Sareflite World features Ku-band equipment reviews, discusses the pros and cons
of true DBS service, and examines volatile issues such as how signat spillover might inMuence cultural makeups.
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C-BAND GEOSYNCHRONOUS SATELLITES

Get on the wavelength with the world's only program guide to C-band sarellites around the world. Learn what the Russians a-e
up 10 with their Gorizont and Molniya svsiems. Keep informed about new hardware, such as SCPC receivers and better L™ As
that can dramatically improve reception. Sarellite World tells vou about the growing worldwide C-band market.
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The global network of Intelsat serving over 150 earth sta-
tions in 80 countries. More than $} billion invested in the network
generates over $100 million revenue per year. Intelsat traffic is doubling
every three years. Many new carth stations of lower cost will be
added dunng the next 10 years.
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Telemetry and command antennas

l Nutegtion damper

Earth coverage transmit antanna
! ~ and receive antennas

H . Spot beam antennas
\ {each receives ang transmits)

\ | - Telemetry horn

—_ —— Transponder eiectronics

Telemetry and command equipment

TN o Traveling wave tube power

: 11 supply converters for drivers

¥ Antenna positioning electronics

Gas tanks for positioning and arientation

i b it Solenoid and sauib drivers for
i ) i J‘!i!! position control
f 1

L ! Despin control eltectronics
|

/ \ Sun sensor

! / \\\ ‘ Battery pack

Cylindrical array of solar cells

The structure of INTELSAT 1V,
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The Space Segment

8% Spot beams
A

coverage

beam

$pot beams and earth coverage beams.



The Space Segment

N. Spot beams
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Earth
coverage
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Spot beams and earth coverage beams.
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Major tradeoffs in satellite design.




1 The signal is first “quantized”’ or made
10 occupy a discrete set of values

o~

— i S

D \L_L e F.K

i
A )N >

DIU‘

)

- Oniginal signal
2 . 9 s g — ) 1
[ ~N A A
2 It 1s then sampled at specific points. The
PAM signal that resuits can be coded
for pulse code transmission
] ; L
1 L
1 [ |
1 —]_Amplitude'_‘_ L]._ _J—j
mogulated
L ——-I pulses L -—--I
1 I 1 ]
001 001 1 tle] M
t

Pulses coded in binary

3 The coded puise is transmitted
in a binary farm

Jm____mﬂ__ —— mﬂ ann H‘ﬂ
‘~ /
A
Information from other signals can
be sent between the samples

Pulse code modulation (PCM).



Amplitude
modulation

Freguency
modutation

Phase
modulation

Moduiation

1500 Hz carrier

180° phase change

The three basic methods of modulating a sine wave car-

rier with a binary data stream. The amplitude. the frequency, or the
phase can be modified to carry the data.
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MULTIPLEXING

Guard bands Guard ‘imes
I |
4 |
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® 2 2
w L
L
Time — Time Timg ——=

Figure 10.1 (left) The space available for communication (Center)
Frequency-division multiplexing. (Right) Time-division multiplesing.



Telepheone <

channels

s
Speech

signal 1
PR——

Speech

signal 2
——

Speech
signal 3

—{

Speech
signal 4

—— |

Speech
signal 5

t
|
|
|
t

A

—r]
Speech
signal 12

\

Generation
of carrier
frequencies

Low-pass
. Modulator
filter
68 KHz
Low-pass Filter
filter Modulator §4-88 KHz
72 KHz
Low-pass Modulator Filter
filer 68-72 KHz
76 XHz
Low-pass Filter
M |
titter odulator 72-76 KHz
80 KHz
Low-pass Filter
Modui
filter ! odulator 7680 K Hz
1
4 |
1 1
1
Low-pass Modut Filter
fitter odutator 104-108 KH:2

First multiplexing stage

~

i

Antenna

/i
/

/

Further
multiplexing
stages

Power
ampiifier

Up
converter

70 MHz (F
modulated
carrier

6 GHz RF
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Muitiplexing

12 teiegraph channels can be
packed into one voice channe!

Voce zhannei 12 voice channeis form
Dtod krz one channel group

Channel group 5 channe! groups form
60 1o 108 kHz one supergroup
¥
Supergroup 15 supergroups form

312 12 552 kHz ane CCITT mastergroup

“‘;\\‘ CCITT mastergroup
C0r T 308 1o 4028 ke

—

70 MHz
carrier

|52 10 88 MHz

0 20 30 40 50 50 70 80 90 MHz

M v

Up conversion to B GHz
for transmission 1o
satellite

Multiplexing stuges when frequency-division multiplex-
ing is used on o transponder carrving a total of 900 voce chanacls,
Each of the 12 trunsponders of INTELSAT IV can carry such a
block at the frequencies shown in Fig, 0.5,



1 DIGITAL SIGNALS TRANSMITTED OVER AN ANALOG CIRCUIT

Data machines
{e.g., terminals)

Data machin:

Analog transmission

Ansiog Anzlog
multiplexing demultipiexing

Lael

AMALSE SIGNALS TRANSMITTED , N
S, ER A DISITAL CIRCUIT . N

sron s - . ~ Telephone
crones Digital transmission D

!
¥ COOEC
rere———

TOM

)

f

[

— Digital Digital

| . .
—_ Cocec muyitiplexing demultiplexing

L

Modems and codecs.



THE T1 CARRIER

, One frame '
! 193 bits '
. (125 usec) !
|
——Channel 1——~—Channei 2 —, - Channel 24% :
: ‘ Il 1 5
| 1 ; ! L
: |
"TY23a567812345€78 1234656784
. . P . ', .
Speech \ Speech | Speech : !
| /|
’ I ;
S Supervisary and signaling /
information //
e
-

Framing code. The 193rc bits on successive
frames foliow a pattern which is checkeo 1
ensure synchronization has been maintained.
If synchronization is lost this pattern is
scanned for to re-estabiish it. The pattern used
is 310101, . . repeated.

The bit structure of a North American T1 transmission
link operating at 1.544 million bits per second. The above frame is re-
peated 8000 times per second, thus giving 800 samples per second
on each channel plus an 8000 bps bit stream for control signaling. The
CCITT Recommendation for 1.544 bps PCM is slightly different
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1234567‘{%1234567812345678

1

i
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1

$Time slot 0! Time siot 1t Time siot 2|
: w !

I

‘

1

1

e
Channel! 1 ' Channel 2
! '

One frame

'
! !
. '
1 1
1 1
' 1
| |
| '
i 1
' .

Synchronization
and alarm
channel

Alternate frames
contain a frame
alignment pattern
in which bits 2 to
8are 0011011,
The other frames
contain an inter-
national alarm
indication and
bits reservec for
national use.

500 bps.

v
Speech channels
11016

(8 bits per sampiel.

Each speech channel

is 654000 bits/sec

16 frames
compose
one mufti-
frame. 520
multiframes T
per second

are transmitted.

Frame Q
Frame 1
Frame 2
Frame 3
Frame 4
Frame 5
Frame &
Frame 7
Fraimc 8
Frame 8
Frame 10
Frame 11
Frame 12
Frame 13
Frame 14
Frame 15
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256 bits ;

125 u secs .
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Speech channels
17 10 30
{8 bits per sample)

spare
1 means loss of multiframe
alignment

4 bits given 4 signaling channels
{each 500 bps) for each speech

channel

CCITT Recommendation for the structure of PCM
channels for transmission at 2.04% million bits/sec. [3]. 30 speech
channels of 64.000 bps are derived. each with a signaling channei of



Summary of multiple-access techniques

Division Division of
of leased ransponder
sarellite capaciry

srrbqhanne{

Fixed
assignment

Fixed y>Frequency division
assignment -

Spot beamns

Time division—round robin (each station transmits
in turn)

Dvnamic
assignment
(DAMA:———Spet beams (switch on-board the satellite)

One channel per carrier
Frequen:- division (SPADE and GE Ef144;

Dyvnamic
assignment

Muitiple charnels per
Time division carrer
I :

= {Continuous Channel
k

P—

i
i
!

L

Telephone channeis
Mixed tvpes of channels

Puacket

i
| LALOHA
|

~—Classical 1< 187F channel utilization;
L ——Slotted (< 36% channel utilization:

Packet reservation

—— Mixture ol reserved and ALOHA puckets

—Mixture of continuous (e.g.. speechi and burst
channels with prionty structure

Types of capacity aliocation
Conrrol Priority
e v
|

i |

i
! | .
- =All continuous channels

= Centralized control

t

|
i . —Conunueus and real-time burs!
i —Decentralized control

|

i

——Continuous. rezi-time burst. und bate

—(Contention | N

Mulupriority

T SOV T -
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Earth station 1

transmitter
receiver

Muftiplexor

I

-

Controlling
earth station 2

transmiy =r
receiver

Satellite

RF
transmitter
recever

Ry

r
r
’ z
- T
Transmitted D—— -
signals - =
i i s
U

-

. Control
| signaling

Centralized control of demand-assignment performed by
a computer at earth station 2.



FREQUENCY-DIVISION
MULTIPLE ACCESS

The frequency assignments of SPADE. giving 397 pairs
of usable voice channels in one 36 MHz transponder.

Carrier for common Voice channei carriers, 45 kHz apart.
signaling channel modulated with PCM voice
{128 KBPS}

/
g A ~

SRRV W
\* | / AR T N R | '
5 Vacant ]+ Vacant|Vacant Va

cant 1

] ‘ s

kidz krHz

Piiot frequency

6.320 GHz RF, up-tink transponder

70 MHz IF, earth station on intelsat 14
4.095 GHz RF, down-link } no. 10
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3

f2

3

f4

{784
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- —
_——

—_——
Common, cor
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Time-division multiplexing
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The operation of the SPADE frequency-division de-

mand-assignment system.
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Transponder

Antenna

RF terminal

Muitiple-access
unit

Signal cantrol
units

The Ground Segment

2

Transmitter.

Power amplifier,
Up-converter.

Receiver.
Preamplifier,
Down-converter.

70 MHz Y 'F cable

Burst modem.

Timing control,

Burst buffer.

Burst header generator,
Framing control.

Aliocation of bursts to frames.

Order wire.
Supervision High-spee.
digitai links
Voice Data
Multiplexing. Multiplexing.
D:gital speech Error correction
interpolation. coding and
Digital echo control. decoding

s

Earth
> station
equipment

-

This equipment coulc
be at the earth
> .

station or remote

from it
-
MU TN N g e ey
Data network interface:
SPVLIRL QW W e

Concentration,

Private ey Private Data compaction.
branch p-.:| branch =] Addressing and control.
| exchange | F*| exchange | Error detection coding and L
retransmission (ARQ). Y

Basic functions of a TDMA system used for telephone
and data traffic. The SBS system operates as shown in this diagram.
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Satellite Links

The earth stations of the 1960s were huge and very ex-
pensive. (Courtesy British Post Office.)



Canada's CTS (Communica-
tions Technology Satellite)
makes possible excellent qual-
ity television reception with
this 32-inch earth station.
{Photo courtesy Canadian De-
partmen: of Communications.}

This earth station is 4 feet in
diameter. 1t is used on board
ships for worldwide voice and
data communications using the
Marisat satellite. (Its protective
dome is removed in this photo-
graph.) (Photo courtesy Comsat
General.)

Satellite Links




Transmitter output: B dow per transponder

Front end gain: 14 decibels

Spot beam Global

5./ Anterna gain: 26 decibels 14 decipels
A1 iper Soot Beam  Giobai

; transponder!: 34 gdpw 22 cow

Spot beam Glebal
Antenna gain: 29 decibels 17 decibels

Free space [oss: 200 decibels Free space loss: 196 decibels

‘,) / Attenuation in rain

}7? and cloud: 2 decibels

et

% Antenna gain = 59 decibel
EIRP: 108 dbw

Antenna gain: 62 decibels Spot bearr G.cbs! \
i Transmitter cutput: 43 dbw Received signal:  —i03 dow —175 gbw FR

4
Note: dbW means decibels 1/ y

referenced to 1 wart.

Figure 6.10 Typical figures for losses and

gains in a 4-6 GHz Sy's-
tem with large earth station antennas.



Transmission Losses

Gain: b decibels

- %
eo\la“o,n? -7
P -

—

& Gain; a decibets Gain: ¢ decibels

Total gain=(a + b+ ¢ — x — y) decibels

Suppose a signal is transmitted over a line which reduces it in
power in a ratio 20 to 1. It then passes over another section of line
which reduces it in a ratio 7 to 1. The net reduction is in the ratio
140 10 1. Expressing this in decibels, the first reduction is 10 log,,
20=13.01 decibels; the second reduction is 10 log,, 7 =8.45 deci-
bels. The net reduction is the sum of these: 21.46 decibels. (10 log,,
140=21.46 decibels).

Similarly, if we sav that line loss is 2 decibels per mile, then
the loss at the end of 25 miles of line is 50 decibeis. We therefore
need an amplifier of gain 50 decibels to produce a signal of the origi-
nal power,

The chart below will enable the reader to quickly convert power
or amplitude ratios to decibels and vice versa.

)
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Ay
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Power Ratio (p

Amplitude Rauo(
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e awcinwrs: * 10 '°qu{ ).
| ; i

|
H 4 H
'

l P‘ £y ""U«“—
(P—J 10—




Walts
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10" T—transmitting—to atmosphere — 100
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-180

A LINK OPERATING AT 4/6 GHz

Gains and losses in power of signals being relayed by
satellite. The signal falls 10 about one hundred biliion billionth of s
strength {107%%} on each of its 25.000-mile journeys through space.
This great loss is balanced by the gains of the antennas and amplifiers.

Decihels {referenced to one watt)
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A LINK OPERATING AT 20/30 GHz

At the higher frequencies of the above illustration. antennas pro-
vide more gain in signal strength. However. the loss caused by bad
rain storms is worse. As discussed in the following chapter. bad
weather causes not only loss but also noise which degrades the signal.

Necibels {referenced to one watt)



A summary of the gains, losses and noise in

the sateflite link. The figures can be varied as -E'
trade-offs between the design parameters are ]
explored. (il
c =
—_ L
= -4
= ) C
7 b ; =
e - E
= S v g
N 9 - ]
& g 5 R
g F o2 g s 3 =
- e 8§ B .22 3
1 ERra 5 28 B Ay
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- o Zge Y32x mug
T . * % = EZZ22 £23E
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Y ) z . ® 5 = ~Z ¥ T.x =
v =T = - E L e )
TE.E - £ -2 .C —~£T7 =
S SEZ2  » 5 = > B2y
- = = T oTgx
—<=3 ~ = o E RN e
- - ! z . ' T v
Ce<iz 2 = < $ Tr<t
£==58 5 - = 2=
TEZE - S > - EE 2
<AL Z < = < I - i
Up-Link
Transmitter power, dBw~ 3% 25 20 o0
Transmitier system loss. decibels -1 —1 -1 -1
Transmitting antenna gain. decibels b 46 76 62
Atmaspheric loss, decibels 4] -5 =2 —0.5
Free space loss. decibels =200 -20% =214 —-208
Receiving antenna gain. decibels 20 48 R 60
Receiver svsiem loss. decibeis —1 -1 -1 ~1
Received power. dBw™ —-92 =93 4 —69 —68.5
Noise temperature. “K 1000 1060 1000 1000
Received bandw:idih. MHz 36 16 150 36
MNoise. dBw " —128 —-128 —11K —128
Received SR, decibels 16 34.5 49 59.5
Loss in bad storm. decibels 2 10 25 10
Received SNR in bad storm. decibels 34 245 24 49 5
Down-link
Transmitter power. dBw* 18 20 8 10
Fransmitier system loss, decibels —1 —1 -1 -1
Transm:ting antenna gein. decibels 16 44 49 58
Free space loss. decibels -197 -206 =210 =206
Atmaospheric ioss. decibels 0 ~0.6 -2 0.6
Receiver antenna guin. decibels 51 44 72 44
Receiver system losy, devibels -1 -1 =1 -1
Received power, dBw™ ~114 —100.6 -85 -96.6
Noise temperature. K 250 1000 150 1000
Reveived bandwidth. MHz 16 16 350 16
Noive, dRw™ ~1131 —128 =121 —128
Received SNR. decibels 17 174 36 3id
Loss in bad storm. decinels 2 10 25 10
5 17 .4 11 214

Revened SNR in bad storm. decibels 1

*JdBw means decibeds referenved o one watt, |E T watt =0 dBw ;. HID watts = 2 JBw, ere



Typical numbers of bits needed for different types of messages.

Message Type Bits

. A high-quality color photograph 2 million
. A newspaper-quality photograph 100,000
. A color television frame 1 million
. A Picturephone frame 100,000
. A brief telephone voice message 1 million
. A vocoder telephone voice message 100.000
. A voice message of code-book words 400
. A document page in jacsimiie form 200.000
. A document page in cown.puter code 10,000
. A typical interoffice memo 3.000
. A typical telegram 2.000
2. A typical flip chart 1.000
. A typical computer input fransaction 500
. A typical electronic fund transfer 500
. A typical airline reservation 200
. A coded request for a librarv document 200
. A fire or burglar alarm signal 40

categories of end-to-end
delivery time:

1. Almost immediate (as with telephone speech).

2. A few seconds (as with interactive use of computers).
3. Several minutes,

4, Several hours.

5. Delivery the following moming.



Demand trends for transmission of records (from & study about satellite
uses commissioned by NASA [Hh

1950 1960 1970 19K 1990
Stolen vehicle informa- Cusestsr » ¥ ta0 0 820 1950 4600
tion transfer
Facsimile transmission of Cuases/yr < 0% 2 4 7 13 25
“mug shots,” finger
prints. and coun records
Stolen propeny informa- Casesfyr » 10% 430 880 1700 3500 7000
tion transfer
Motor vehicle registration Ttems yr « 107 46 T4 110 164 ©o2as
Driver's ircense renewal Htems:vr = 10" 38 4K 6{) 75 90
Remote library browsing Accessesive x )" 0 0 Neg. 5 20
Remote tile and abstract Searches;vr x 10" { 0 Neg 8 20
searches
Interlibrary loans Books;yr » 10" — - Nep a0 100
Remote medical diagnosis Casesivr » 10 0 0 0 60 200
Remote medical browsing Accessesiyvr x [0 0 0 20 60 200
Electrocardiogram analysis Cases;vr »~ 10" ¢ Neg. 20 60 200
Patent searches Searchesiyr X 10" & 6 6.5 7 7
Checks and credit transac- Trans/ve > 10% 11 25 56 135 340
tiens
Stock exchange quotations Transiyr x 10% 0 0 | 2 4
Stock transfers Transivr x 10* 290 S8R0 1200 2500 4900
Alrline reservations Passivr = 1Q® 19 62 193 500 1400
Auto rental reservations Reservivr x 10¢ 0 Neg. 10 20 40
Hotel/motel reservations Reservivr x 10° - - 28 50 100
Enteriainment reservations Reserviyr x 10" - - 100 140 200
WNatjonal Crime Information Trans!yvr = 10 0 0 6 20 70
Center
National legal information Trans/vr x 10° 0 4] Neg. 5 30

center




The composition of the U.S. mail, with an indication of which mail is po-
tentially deliverable by satellite or other digital channels

Type of Maii Percentage

individual households to:

Business 58
Individual households 14.0
Government 04

bt - 3

Business 1o business:

TOTAL POSTCARDS ' 3.2
Newspapers and magazines 13.6
Purcels 1.3

TOTAL BUSINESS TO HOGUSEHOLDS 46.7
A s . e e o '

TOTAL BUSINESS

*: Potentially delivernble by sateltite 1o the end user (22.7%).

; . , (Shown by the red bandsg
**. Potentilly deliverable by satellite, sorted. to a post oflice (22.87¢),
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SPORADIC
TRANSMISSION

Uses of Satellites for interactive Computing
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- ‘J—‘ The poer 210t reoiy
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= Finot messoge trom computer
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In man-computer conversations, transmission
place sporadically.
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Average Quantity Typical

of Bits Transmitted Line Speed
Specimen Application in 1000 Seconds (bps) Efficiency
1 Calculation in BASIC 8.000 100 0.08
4800 0.0017
2 Stock analysis 10,000 150 0.067
4. 800 0.0021
3 Airline reservations 10,000 4.800 0.002
Sales order:
a. With simple terminal 40.000 4.800 0.0094
b. With programmabie 2.000 4,800 0.0004
terminai
5 Data entry 15.000 4,800 0.002
6 Circuit design 200.000 S6.000 0.0036
{oniy new panels
are transmitted)
Desirable
Average Rate Peak Rate Peak/Average
Specimen Application {bps) (bps} Ratlo
1 Calculation in BASIC 8 100 12.%
2 Stock analysis 10 i50 15
3 Airline reservations 10 2,000 200
4 Saies order:
a. With simple 40 4,000 100
lerminai
b. With program- 2 4,000 2000
mable terminal
5 Daia entry 15 1,500 100
[ Circuit design 200 200.000 1000
TERRESTRIAL

LINE CONTROL

1. Frequencv-division multiplexing.

]

Time-division muluplexing.
Polling.

Concentration.

L Fiv tad

Loop control.

=]

Packet switching.
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TRADE-OFFS IN SYSTEMS
DESIGN

Government vailability . Diversity
regulations earth
¢ stations?
Market Freguency ecurity Cost of
concept DAMA
and multi-
olexing
‘ Number of
Anaiog or carriers per umper of
H ]
] Avoidance of digitat transponder channels
Types of terrestrial per satellite
appilications microwave
\ interference 1
DAMA an
onc:enti td n Number of
l techniqu:slo channrels per Channe! —————-w = Cott per
. transponder utilization cnannet
Number of earth {see Fig. 24) / Der year
{ antennas
Esumated Antenna and
tratfic . transceiver
volume Any receive-only cost

antennas?

Noise
tolerance

Cost of

Digitization
and compression
techniques for
analog signals

satellite
(see Fig. 4.1}

Cost of
terrestrial
interconnections

Lifetime of
system
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