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satellite history i

� 1945+ “imagination”

� invention of the transistor,

solar cells and the travelling-

wave-tube amplifier

� oct 4
th
1957 – sputnik 1

� feb 1
st
1958 – explorer 1 “early bird”,

� 1960 - courier 1b: 1
st
solar-cell powered

satellite

� 1964 - san marco 1, italy ...



satellite history ii



satellite subsystems i

� structure

� platform (bus) carrying payload

� spin vs. three axis stabilization

� propulsion system

� low power thrusters (orbit control)

� medium and high power thrusters

� chemical & electric propulsion

� aoc – attitude and orbit control

� steering, stabilization, attitude sensors, actuators



� power supply

� directly related to rf power of

the payload amplifiers

� primary source: solar generator

� secondary source: accumulators

� tt&c – telemetry, tracking and

command

� allocated frequency bands

� vital

� thermal control

satellite subsystems ii

communications

payload



satellite orbits i



satellite orbits ii

� circular & elliptical

� inclination

� geosynchronous or not

� geostationary

� prograde & retrograde

� most satellites move eastwards

angular speed of earth

→ velocity at equator
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orbital parameters

ascending node
inclination

argument of

perigee

true anomaly



low earth orbit

� h ~ 500 – 2000 km t ~ 2h

� mobile personal communications services

� iridium, globalstar, orbcomm

� advantages

� improved power budget

� many possibilities for orbits

� polar regions accessible

� disadvantages

� tracking required

� space debris

r orbits

ble



medium earth orbit

� between leo and geo t ~ 6 h

� navigation satellites h ~ 20 000 km

� gps, glonass, galileo

� advantages

� larger coverage area

� less atmospheric drag than leo

� disadvantages

� higher latency

but: toa used for navigation



circular orbits
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� circular orbit

i = 45°

t = tsid

� gravitational force of attraction:

� centrifugal force:
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geostationary orbit i

�

� satellite orbit �

equatorial plane

� sidereal day:

→ height of geo satellite:
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fixed subsatellite

point



geostationary orbit ii

� advantages

� fixed subsatellite point

� no tracking required (in theory)

� few satellites required for global coverage

� higher lifetime

� disadvantages

� crowded

� polar regions not

accessible

� eclipses



highly elliptical orbits i

� molnya orbit

� t = tsid/2 i = 63.4 °

p ~ 1 200 km   a ~ 40 000 km

� communication and broadcast services 

for areas with high latitude

� tundra orbit

� t = tsid i = 63.4 °

p ~ 25 000 km   a ~ 46 000 km

� broadcast services for

confined areas

ces 



highly elliptical orbits ii

� advantages

� apogee dwell →

services for defined regions

� disadvantages

� varying doppler shifts

� molnya: crossing van-

allen belts 4x

a daymolnya tundra



orbital perturbations

� asymmetric shape of the earth

� flattening of poles →

� different equatorial radius

→ east/west station keeping

� atmospheric drag

→ decrease of semi-major axis

� attraction of sun and moon

“8”-shaped path of geo-satellite

→ north/south station keeping

� solar radiation pressure

→ orbit becomes more elliptical
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magnetosphere

� protects earth from

solar wind and

cosmic radiation

� van allen belts

� outer: 13 000 – 65000 km

inner: 700 – 10000 km

� integrated circuits and sensors can be damaged

� solar cell performance degrades

� miniaturization makes electronics more vulnerable to

radiation



decibel

� value in db describes a ratio

� absolute values → reference
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satellite communications link

� network architectures

� station-to-station link

� link-budget analysis�



transponders



link budget

�� ��� � �� ���	�� ���	�� ������ ���

�� � 
 �� �
� �

�

� 
 �� � �

 �
�

� received power

in db:

� free space loss
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antennas i

� isotropic radiator

� hypothetical antenna uniformly

distributes energy in all directions

� Surface power density

� eirp: equivalent isotropic radiated power

� gain describes directivity in comparison to an

isotropic radiator

� example:
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antennas ii

aperture antenna
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antennas iii

� horn antennas

� as feeds for reflector type antennas on e/s

� wide beam coverage for satellites

� reflector antennas

� reflective

surface

illuminated

by feed horn

s



antennas iv

� separate antennas

→ spot beams

� multiple feeds

� array antenna

→ phased array antennas

→ multiple beams &

beamshaping



channel characteristics i

� awgn – addition of white gaussian noise

� attenuation due to oxygen and water vapour
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channel characteristics ii       

� tropospheric effects

� signals > 3 ghz

� atennuation due to

� precipitation and clouds

� atmospheric absorption

�

� signals > 3 g

� atennuation d

� precipitat

� atmospheri

� depolarisation

� refraction & scintillation

� shadowing &

multipath effects



channel characteristics iii     

� ionosphere

� ionized by solar radiation

� monitoring

tec – total electron content

� d-layer

absorption of hf-radio waves < 10 mhz

� e-layer

has little effect

� f-layer

responsible for most rf propagation of

radio waves



noise i
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� digital links: bit error rate

� analog links: carrier-to-noise-ratio
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noise ii

� thermal noise power

� antenna noise temperature

� satellite receiving antenna

� amount of noise captured is sum of noise from earth

and outer space

� ta depends on frequency, orbital position & coverage

area

� → system noise temperature
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noise iii

� e/s receiving antenna

� brightness temperature

of the sky

� noise contributions

from sun & moon

� cosmic noise



noise iv

� e/s receiving antenna

� clear sky conditions:

� rain:

� → system noise temperature
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doppler effects

� satellite moves relative to fixed

position on earth

→ doppler effects

� doppler frequency

with the relative radial velocity
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frequency bands i

so - why high frequencies?



frequency bands ii

band name symbol (frequency) ul dl

uhf l band (1-2 ghz) 1,6 ghz 1,5 ghz

shf c band (4-8 ghz) 5,925-6,425 ghz 3,7-4,2 ghz

x band (8-12 ghz) 7,9–8,4 ghz 7,25-7,75 ghz

ku band (12-18 ghz) 14-14,5 ghz

11,45-11,7 ghz

11,7– 12,2 ghz

10,95-11,2

� satellite communication bands

� frequency allocations depend on

� region

� service (fss, mss, mmss, iss...)



modulation i          

� carrier + information → signal

� analog vs. digital

� basic concepts of modulation

� ask - amplitude-shift keying

� fsk – frequency-shift keying

� psk – phase-shift keying



modulation ii

� binary phase-shift keying

� 1 bit per symbol

� quadrature phase-shift keying

� 2 bits per symbol

symbol bit i q

s1 0 1 0

s2 1 -1 0

symbol bit i q

s1 00 1 1

s2 01 -1 1

s3 11 -1 -1

s4 10 1 -1
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multiple access i

� fdma -

frequency-division multiple access

� transponder bandwidth must be preassigned by

frequency division

� + simple, well proven

� - intermodulation products



multiple access ii

� tdma - time-division multiple access

� burst time plan: transmission within different time

slots

� + high throughput for many subscriber stations

� - synchronization required

intersymbol interference



multiple access iii    

� direct sequence spread spectrum

� uncorellated signals and interferences largely

rejected according to processing gain

� small effect on other transmissions in shared

frequency bands
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multiple access iv

� cdma -

code-division multiple access

� multiple-access technique based

on spread spectrum

� all signals transmitted within common bandwidth

� + no synchronization

no interferences

small interferences produced

� - small data throughput

complex



random access protocol - aloha

� low-data rate, bursty

transmissions

� set up connections

�

�

� pure aloha

� selective

reject aloha

� slotted aloha

� ...



satellite navigation i

� toa - time of arrival

� measuring signal propagation time

→ calculating distance to emitter

� offset of receiver clock

→ four emitter signals needed
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satellite navigation ii

� error sources

� satellite clock errors

� ionospheric error → 2
nd
frequency

gps: l1 = 1575.42 mhz l2 = 1227.60 mhz

� tropospheric error

� ephemeris prediction errors

� multipath & shadowing

� receiver noise & resolution

� tropospheric error

� ephemeris prediction error

� multipath & shadowing

� receiver noise & resolutio

gps



satellite navigation iii

� dop – dilution of precision

� positioning error also depends on the position

of the satellites

good dop value bad dop value



satellite navigation iv

� gps: navigation message example
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satellite navigation v

� one last thing -

relativistic effects

� special relativity:

observer on the ground should

observe on-board clock tick more slowly

� general relativity:

earth's mass bends spacetime → clocks further away

from earth tick faster

� → error of
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awsum thx!

further reading:

� evans: satellite communications systems

� messerschmid, fasoulas: raumfahrtsysteme

� salzburger: signalverarbeitung und messdatenerfassung

� corazza: digital satellite communications

� www.complextoreal.com/tutorial.htm


