
 chapter I
radioinanepropagationmechanics

1 ground surface whiner followtheearthsurfacebydiffraction
2 skymurres reflectedbythe ionosphere If 30MHz
3 spacewaves hand in astraight line f 30MHz

used in lined sightlinks suchas terrestrial

microwaveandsatellitesystems

lined sightdistance distanceto radiohorizon
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satellite a smallobject that mines around alargecelestial

object in a certainnshit

artificialsatellites humanbuiltshjectsthatnshittheearthandother

celestialobjects in orderto perform specifictasks

satelliteashita areclassifiedaccordingto

height inclination share snerage synchronized

TÉedsmÉTigh Equatorial inclined Taloselliptical thatEmet Int Geosynchronous



majorsatellite applications

1 communication 2navigation 3 weather A military

5 earthobservingcrematesensing 6 scientific research

7 recovery 8 Spacestations

communicationsatellitetypes

ponidecommunicationlinksbetweenanytins ormorepints on

earth typically in geosynchronous molniya a bowearth

Hits
three GEO satellites over thewholeearth exceptpolarregs

fixed servicesatellites aside aint topoint communication
links insteadofsubmarinecables

now optical submarinecaller havehighercapacityand

reliability sincesatellites aresubjected to interference
satellitephones connecttootherphones in thenetworkthrough

orbitingsatellites thereforetheyarenotlimited

byterrestrialcelltowercoverage
directbroadcastsatellitesABS oneresmer emergeandhandmade

limitationsof terrestrialbroadcast
throughitshighangleandoperatingYes



satelliteinternet offerhighdataratesandlowlatency itinLE8

advantagesofcommunicationsatellites

I flexibility asidecommunication in manywayswithoutneeding

fixed assets

2 mobility groundstationsarentconfinedto a certainonerogeared

3 Speedydeployment dustneedgroundinfrastructure

globalcoverage dependingonthetypeofsatelliteandorbit

theycanreachall areasoftheglobe
disadvantages

I limitedbandwidth arts5GHz Comparedto1THztofiled
2 cost expensivetobuild placeintonshit andmaintain

3 propagationdelaymuchlargerpropagationdelaythanfibers

sincedistances arelonger

F lifetime short lifetimeof F 15 years
5 specializedsatelliteterminals arerequired

navigationsatellites transmitradiotimesignals todetermine

inshileusers escortlocation

GPS uses trilateration



Weathermeteorological satellites primarilyformonitoring
weatherandclimate

1 polar operational environmental satellites PAES

Ise to earth in sun synchronouscircularnshit

proximityto earthenables highresolutionimagesand

atmospheric orbiter

2 geostationaryoperationalenvironmentalsatellite

earthobservingCremotesensing satellites polar orbitinglow

inclination meantforlongtermshservation

three geostationarysatellites positionedovertheequatorand

separatedby 12s longitudinally conesthewholeearth
militarysatellites

reconnaissance sayingI satellites

anti satelliteweapons killersatellites usedtodestinyenemywarhead

satellites andotherspaceassets

warningsatellites detect ICBMs
scientific researchsatellites observetheenvironmentoftheearth

sun etc Leg astronomicalsatellitesI



recoverysatellites recoverpayloadsfromorbit toearth

Spacestations designed forhumansto lineon lockpigskin
landing facilities

requirespacecrafts toputthehumans intosaltandants

thespacestation aswellas recoverhumansbacktoearth



 Chapter 2
kepler's lawsofplanetarymotion

1 alibiof planetsare ellipticalaroundthesun
2 thelinejoining a planetandthesun sweepequalareas in

equaltimeinternal i.e angularvelocityisgreateratperigee

3 theperiodofexplanets slit squaredispissptimaltothealibi semimajor

axiscubed

T2 OTTImightmintant is08610 m
ellipseMt

Mm
YperigeeRst semimainasai

ellipsecanbedefinedby ra lap an h at d e
where e is theeccentricityandis definedhisb l E
helicityof an object innshit is greatestattheperigee andsmallest

atthe apogee
universalgravitation F ÉÉiÉ m

for a satellitetoremaininorbit itsvelocityshouldgive a centrifugalface

equaltothe gravitationalforce it is experiencing for acircularsalt

Gitmo TE v CEI
be a circularsalt V is constant thustheorbitalperiodis Eftmmhealer'sthirdlaw

T NÉEsummat



example1 V 11 d 2 Re th s Ve 7758Smis

T 271 4367.5 a 1.49 hours

example2 geostationary angularvelocityabstract angularvelocitydeath

subitoperiodofsatellite rotationalperiodofearth

Th e Ain't a 12g go.gg
siderealdayis85528

inaccurate

R 42.241 Mm Re th s h 35.863km

A V É 3071.85 m s

ellipticalorbits

since accelerationshouldbeequalatallpoints intheshirt thereforetheautumn

accelerationduetothestationofthesatellitemustbeequaltotheinward
accelerationduets gravity

mthament m
dythm

date ME 0

bysolvingthealoneequation I canbefoundfroma asfollows

so fast YEH site act ey
l e l e ite

perigeedistanceisat e andapogeedistanceis aTite
re AEI r e 111 If



theshital periodforellipticalslits isthesameas forcircularorbitwhoseradius

is the semi majoraxis and is independentb e

T III T Tat
theaverageangularvelocity is foundfromTas Y É
thesatellite'snebities attheperigeeandapogeewefoundtobe

V.EEEIiICItes r Mii re l e
nebeitzatense

Fears

therelocityatanypoint is V MEET
example3 semi majoraxis 42 ARM 4000 6388 Rp 100063

as 8898km a e III 85 0 169

T 211 8325 A 2hours 18misand458

Up It e 7949mis d Va 5649mis



MOHAMMAD SANAD ALTAHER 130806

EE558 homework l

since a siderealday
earth

isthetimethetime between
egg

t Shh
Ariestoussuccessivestraightlines

tobedrivenfroma certain

point on earthto Aries i.e Aries isthereferencepoint notthesun

and sincetheearth issittingaroundthe sun therebsothesamepoint

will form astraightlinewithAriesbefore it completes a 360 station

Additionally thelinesare assumedparallelsinceAries isveryfaraway

earth rotatesaroundthe sun in 365.25 days

angular velocityofearthorbitingthe sun
T 364.25 24 60 60 271
I 1 If I 15 degrees s s 0.9851degreesday

siderealday 360 0.9856 Fat Yf
Tsidered 07973 24 23 9325 23hours56mins 6.78



MOHAMMAD SANAD ALTAHER 130806

EE 558 homework 2

2.2 h 322km A circularorbit as Vitter 7 Skm s

angularvelocity Eth 1.15 15 sad s

orbitalperiod 5463 6 r 1.52hours hour31mins

2 5 sincebothsatelliteandearthare statinginthesamedirection II
thesatellitemustcomplete astationgreaterthanmeabtto

compensate

fortheearth'sstation satellitemustismstete afullorbitplustheearth'sstation

satellite att 2K DOE i Dbe 4 LE
satellite rotates It every 4 hours

a W IT 5.09 15 sadIs

b orbital period I 12304.2s 383town
c og t RE th III 11544.3 km

d h 11544.3 RE 5166 km

e V W Re th 5876 m s

f 0min 10 s Orange 2 90 10 1600



usingsinolov

EILEEN

a sin IIe sintoo 31 590

he 180 90 10 31.59 48.410

satellite is insight for 48.41 x2 degreeshits

station plusthe angledtheearth'sstatism

Fbs 48.41 211 E 112.960 1.99rod

tamm 3893 a 64.55 mins

2 7 FSS satellites are in GED min range 35986km

i c hand Ya IET Ice 41126km

Muhome MI5 Ix 40586km
so sickka hand Ffs EaEas39554km

REL
RE

ii Cband 294ms

Kw hand 290 my Effie
Mor hand 264 my



4 lookanglesof an earthstation in ishid receiving fromNilesat
Nilesat is geostationarysatellitewith subsatellite pointat

earth70 west
ishid coordinates 320 N and 35 E

uscord ed rate
d CssK cos4Ae cos Laa Lae 50.90

FEL 31 70

Az 180 a e a tan tonight
Az 239 50

5 hosedartershiftfromsatellite in circularorbitat 400kmaltitude

T V IT 7612.9 mrs

d Db ft E K V as i V Ith
D f ft 2 35 10

5
I 0 0023



quiz 2 practice

1 8 h 900 s Rs 9004 6398 V 7504 3mrs

R W I 1.06 153 sad a T 5926.21

2 Rp RE t 400km Ra RE t 2000 km s a 9628 km

eccentricity LIT 0.098

T FEE 6630 s 1.84hours

Vp Vap lee 9976.9 mis

Va Von la es 6550 I m g

locating thesatellite inorbit
in a circularsplit theexactpositioncanbeeasilyfound sincethe

radiusoftheorbitandangularvelocityare constant hencethetrueanomaly

is a linearfunctionoftime

beellipticalshirts the ellipse is combinedby a circlewhoseradiusis

the semimajoraxisoftheellipse a hynsthetical satellite isassumedtoshut

thiscirclewith an angularvelocityequaltotheaverageangularvelocityof

thesatellite intheellipticalorbit

therefore the satelliteinthe ellipticalsilatwillalwaysform a straight



hirewiththecircularnshithypotheticalsatelliteand apintat aCssE
I ate

fromthecenterofthecircle

the distanceofthesatellitefromthecenteroftheearth canthushe

foundfrom Finemanr a l e cosEl

thetrue anomaly is

a a Eeg
the eccentricanomaly is

E e sinlet D It Émi rims

in rectangularcoordinateswiththecenteroftheearthattheorigin I FIE
beatingthesatellitewithrespecttotheearth

a satellitesorbitdoesnotdependon theearthstationaroundits axis on

the sun

the geocentric equatorial castmate system can beusedto locatethesatellite

inthissystem thepositive K axis starts atthecenteroftheearth

andgoesthroughthecenterofthesun pointingtowards Aries atthevernal

equinox whenthesunis perpendiculartotheequator

sixorbital elements to locate a satellite

Aus definetheshape semimajoraxis a andeccentricitya



threedefinetheshitalplane'sorientation

inclination lit withrespecttotheequatorialplane

rightascensionattheiistientinginite r theangulardistancefrom

thepositivesittinmeasuredeastwardtothepintthe satellites isshit

Crossestheequatorialphonewhileascending

angulardistanceoftheperigeemeasuredfromtheascendingmodeWp

lastone definesitsposition inorbit trueanomaly gg panned
bumthe

classificationofsatelliteslits
altitudesbelow 600 km are ansided becauseof air drag

Nanallenradiationbelts shouldalsobeansided 2000 10000km

asthe particles inthesebelts damage andeventuallydestroy thesolar

cellsand electronics inthesatellite

1 Attitude

lowearthorbit LEG 500 2000km

mediumearthnshit MED 2000 55586 km

high earthorbit HEO alonealtitudeat GEO 35986km

2 inclination

equatorial i o



inclined O c is 90 t ok i 188

plan i 90

3 eccentricity
Circular e o

elliptical o c e I

4 synchrony

nonsynchronous antennasofground stationmusttrack

geosynchronous geostationary at 35986minhasorbitalperiod

equalto rotationalperiodofearth antennas

of groundstationsarefired

Sun synchronous Passesthrough anypointontheearth

surfaceatthesamesolartimeattherespective

pint

5 direction

asgrade i 90 satellitemanesin samedirection asearth

retrograde i 90 satellite slits in theopposite directionof

theearth'snshit

retrogradeisrarelyusedsincetherocketsrequiremuchmorefuelthanforprograde
slits rocketsalreadyhaveaneastwardcomponentfromtheearth'sstationwhichmakesrisgrade
orbitsmorefuelefficient



6 special
Asseto

supersynchronousaloneGED satellitedriftswest

subsynchronous betiGEA satellitedriftseast

graveyard junkdismissalI alinetitis satellitesminedhereattheend

oftheiroperation

Lohmann transferadit monessatellitefromone circular

nshitto anotherusingtonsengineimpulses

Molniya highlyelliptical i 63.40 Te 12ham mostly

omensittinandtheUSA
tundra highlyelliptical i 63.4 T 24hmm Guess

a single area

geosynchronoustransfer ellipticalorbitwithperigeeataltitudeofLE

andapogeeataltitudede GE8

book pointing angles earthstation

subsatellitepoint thepintinearththroughwhichthelineconnectingthe
satelliteandthecenterishtheearthpasses

azimuthanglemeasured alongthehorizon fromthetruenorthtothe

subsatellitepoint O E Az 3600



elevationangle Verticalanglefromthesurfaceoftheearth tothe

linefromtheantennatothesatellite O c d f 900

thesignalmusttravelthroughtheearth'satmosphere alongerdistance

forsmallerelevationangleswhichwillcauseit toattenuateanddistort me

thus 5 isgenerally consideredtheminimumelevationangle

elevationangle is foundfrom Midemaithimian

as d Én.tn mnemmammme

a my as it's militmitts ÉÉÉj t sin LAesinkA
for aGEO satellite LA O Go 2 Gs LAe CssLA LAe

r d Rn I 21 ones

Azimuthangleforgeostationary satellites is foundfrom

ton tmhtÉÉte E Étt Ejaz got

case1 earthstationinnothernhemisphereandthe

satelliteistoitseast ay egg
it mini

ant

DEra

Case2 earthstationinnthernhemisphereandthe

satelliteistoitswest Az 180 a

Case3 earthstationinsouthernhemisphereandthe



satelliteistoitseast Az a

Case4 earthstationinsouthernhemisphereandthe

satelliteistoitswest Az 360 a

orbital perturbations

equationswerederivedassuming theearthis a perfectsphereandthe

effectsofthesun'sandman'sgravitycan be neglected these

assumptions arenotaccurate

t eldestofearthsoblateness
duetostatin

theradiusohtheearthis 20 hm longer attheequatorthan

atthepolesandtheearth'sdensityisnotuniformCi e gravityisnot

uniform

fourequilibrium pointsexistinthegeostationaryshuts tousstille

andtwounstable

satellites driftfromtheunstabletothecloseststableisnt
dat

effectofthe sunandmoon'sgravity

thegravityofthe sun andonion perturbthesatellitessalt

theneteffect changestheplaneoftheslit inthedirectionofthe sun earthplane



andmoonearthplane inclinationchangea north southdrift

themoon'sgravitycausesthe satellites figure8shitalKanations

solarradiation

solarwind highspeedpistonsandelectronsfromthesun causes

frictionaldragthatisstrongerforhighsurfaceareato massratiosatellite

sincethesatelliteis shieldedfromsolarwindwhen thenightside

ofearth theperturbationscausedbysolarwindis irregular

satellitelaunching

t path types after kick

I if speed is Vc Fat thenthe satelliteforms a circular

orbit

2 if thespeed is lessthanVc thenthe satelliteforms an

ellipticalorbitwiththeearthatthefocusfarthest fromthekick

point

3 if thespeed ismorethanVc thenthe satelliteforms an

ellipticalorbitwiththeearthatthefocus nearest to thekickpoint

A the speed is equalto A Vc a
payoff

abt is formed



withthe earthatits focus

escapeKelseity i foundby equatingthepotentialandkinetic

energies IET Mitt ve FI rar

5 If thespeed is greaterthantheescapenelseity thentheorbit

is
hyg.es.tkg

withthe earthatits bars

launching
I firststage heaviest contains thefuelneededto lift therocket

offthegroundandintothesky therocketsbreakoff

oncethefuelis depleted

2 secondstage smallerrocketsigniteafterthefirststage rickets

breakoff Theserocketsaremeant toplacethesatellite

intoinitial slit breaksstoleoncethefuelis depleted

andburns intheatmosphere

3 Upperstage connectedtothesatelliteitself placesit infinalslit

parkingoshita

it is notpossible to place satellites in medium highslits directly



sincethatwouldrequire asmuchfueland tohighof avelocity

thatwouldcausethesatellitetoburn intheatmosphere

instead satellites are parked into initial bwearthsilts
rockets hand verticallyuntiltheyhavepassedthedenserlayers

attheatmosphere thentheyareslanted to gainhorizontalspeed
This isdonetoamiddrag

launchsitesandwindows

hunchingfromtheequatorallowsrocketstobenefitfromthe
earths rotationalspeed whichis man attheequator therefore

lesspropellant is needed a rocket launchedfromtheequator than

forthesame socketlaunchedfarfromtheequator

launchsiteshouldhaveaclearpathwayforthefirststagetoland

in uninhabited areas and fortherocketstonotflyonespopulated

areas

spaceshuttlealsoneeds alandingstrip

launchwindowrefersto thespinoftimeduringwhich a socket

can belaunched



interplanetary launchwindowsdependontheearth'sposition in

itseditaroundthe sun aswellas weatherandotherfactors

Dhital effects on communicationsystemperformance

dopplershift

received frequency Mfa fI I I E ft of

Of ft VI
more dopplershiftoccurswhenthesatellite ajsemininesthehorizon

magnitude

sincethesatellitesspeedcomponenttowards orawayfromtheearthstation is

maximum Tim I I mere Ut V.gg y

whenthesatellite is atthezenith it horizontalspeed component

will be more butthesignalwillbetransmittedparalleltothe

satellite'sdirectionof travelandhencetherewillbe no drexler

shift

satelliteeclipse

occurswhentheearth's equatorialplane coincideswiththeearth'sorbital

phonearoundthe sun forgeostationarysatellites

geostationarysatellites are eclipsed once aday forthe23daysbebee

andalterthemintandwitimitequines emaminitiominutes



andmore idiotsminutes

satellitepowermustbesuppliedfrombatteriesduringeclipses

suntransitoutage
mass10mins

Stairs forshort periods in thesixdays aroundbothequinsues

thesatellite transitsbetweenthe sunandearthandthe sunentersthe

heamwidthof thesatellite

the sun appears as a verymisy sourceandcompletelyblanks

outthesatellites signals



first exam practice
412014

Qi a thesize keplerianorbitalelements are

I semi majorasai 2 eccentricity e 3 inclination

4 rightascensionofascendingnode r 5 trueanomaly

6 angular distanceoftheperigeefromascendingnode

b 1 orbitmustbecircular 2 mustbeequatorial

3 must hepgradeandhavesome angularvelocityasearth

must have correctaltitudeforangularvelocity
c for 23daysbeforeandafterbothretinalandautumnal

equinoxes Feb26 April14 and sext I At 16

therefore eclipses last fr I 59days for amaximum

durationof 92minutes

d reusable spaceshuttle
disposable rocket

e theearth's non uniformgravitymaycause eastwestdrift

tothecloseststableequilibriumpoint

thegravityofthe sunandmoonmayalsocause aassthbutt

drift



Q2 a forthe circularparkingnshit T 5431 Tata
OnlyGSD

the Attaint Gsa periodsarebothequalto T38828
beforeperigeefuk
Helseityfor parking bit 9725.8 M s
afterperigeekick
Helscityat perigee 7725.811 03 10155.8min

l a
411 2 6000

3001271
re that 0.928

thiekatytt apogee 3066.9Mt1599.5 min
abnegationago HE 3066.9 mis

b Ask 0.6202 range 1 9 1 184 2 1ma

d 38534km
Del 30.870

r a 60.39 Az 240.39

3 2012

Q T Shown 3600 er HII
Rrr 362ft ur re 8048.44km

h 1680.99km I V 25318.1 km hr

Q2 W LEX MEG HER

b equatorial inclined ashes



4 apogee thefarthestpointfromanellipsesfun
inclinationtheanglebetweentheshitalphoneandtheequat

ascendingnode thepoint atwhichthesatellitesnshitcrossesthe

equatorialphonewhilethesatelliteascertain

retrogradenshit anorbit in which asatellitestatesopposite
inclination i or

tothedirectionof rotationofearth

d orbitalelements I semi majoraxis 2 eccentricity
3 inclination 4 rightascensionofascending

perigeeargument

mode 5 angulardistanceofperigeefromN

G trueanomaly

3 Css N 0.8352 d 39 003 9 km

El I 51 20 A3 148.4

r e 18.4 satellitetothe south westofearthstation

3 2017

Qi at size semi majoraxis shape semimajorandeccentricity

orientation inclination rightascension N andperigeeargument

position trueanomaly

b to reduceweightafter lift off whichallowshigher



accelerationfromforce alsotoalloweasierstationbyreducing

moment

4 inclination equatorial inclined alien
height LEX MEG HEY

d thesatellite eclipsesarelongestatvernalandautumnalequines

213 and2319 respectively foramaximumofMarine

eclipsesrecurdailyfor23daysbeforeandaftertheequine
57 days

Q2 a shitalerisd parking T 5370 a
toy III

period GsoETH 86163 L t s Tata 39921

Nebeity parking 7794.9 mrs

GS4 3094.9min

fortransfer a Method KIM 24396km

e Eat 0.728

Ve Vanning Ite 10.144km s

r Va Vase i e 1603.6 min

b wrk 0.433 A d 39819.5km

El 19.36 r e 93.9 s Az 106.1



312019

Qi asin sthital elements I semi majoraxis 2 eccentricity

3 inclination g sightascencismofascendingnite

5 argumentofperigee angulardistancebetweenserigle
and ascendingnote b angularposition inshutMammy

size
shape semi majoraxis and eccentricity
shentation inclination rightascensionish ascending mode

Mtryumed

position trueanomaly
A t prograde 2 altitude 3 equatorial F circular

4 disposable rockets ELK and reusablespaceshuttle

d height LEO MEX HEY

station augsode retrograde

Q2 T xnxx.to 1
THEM 658 86163.6 r

IF a parking 7725.83 mrs
658 3094 66 mfs

fr Gta VaandVa eccentricitymust hefound

y a Refn Ramkistmat 28421 km



d e Rajat ns.asozfsmtms g.gg

at perigee Vp Vex Ite r Kp Vparking

Ve 10152.9 a s

at apogee Va Kall e t
even Vaso

Va 1606.5 mis

23 N A

Qt GEy

i Es
LA 0 in 28E

Ask As A us Los toe 0.95

a d rn it Eg 24,1as 555 39619.8km
El Ai f mix 42.150

a tomcatthtiffate a a 106

sincesatellite is to the southwestoftheearthstation

Az 180 229 12

5 202

ÉQ1 Taking 5553.5s

TH Tusa 86163 11 Tax 38096.8

Yanking 9668.6 Mds Vaso 3094.9 mis



a 24471 km s e 0 923

Vp Vaking I e 10 07km r

d Va 1 62 km s

Q2 W Gsk 0.398 a d 40055.2 km

El 15.05
r 7438 A 9 AZ 298.3

3 2015

Qi al kessler'slawn I orbits are elliptical
2 dine connectingsatelliteandobject

it silts sweepequalareas insome
timeinternals

3 squaredorbital period is pastoral

to cubeofsemimajoraxis to as

Shital elements I semimajoraxis 2 eccentricity

3 inclination E rightascensionofN

5 perigeeargument G trueanomaly

f geostationarysatellitesolareclipses recur 23 daylose



andaftervernaland autumnal equinoxes during

thisperiod thenshitofthesatellite appears to
becompletelyparalleland in line withthenshit

oftheeartharoundthe sun hencetheearth

ones thesatellitefromthe sun once aday

sun transitoutages also scan aroundtheequines

this phenomenondescribeswhen 658 satellites

crossthedirectlineofsunlight therebyblanking
their signalsandsendingtheSNRto zero

launchingvehicles are multistage rocketsused to

place satellites in orbit thefirststagerocketbooster

is generallydisposableihevenertherestofthevehicle

can be a reusable spaceshuttle a disposableracket

Gk satelliteswill experience an eastwestdrift

dueto theearth's unevengravity theymayalso

experience north southdriftdueto the sunandmoon

The658 is a special typeof circular equatorial

angrade shirtwith acertainheightandspeed



thatallow it to state atthesamespeedofthe

earththereby keeping a fixed subsatellitepint
Q2 a pushing T Flatfoot 5390.1 y

s Kutter 9754.9 mis

Ggg T
2 116 9 86163.6 s

VIFeather 3074.7 Mls

for Gta a raft Rasattaking saggy

e YET 0.9283TÉÉ 39921.8 r

Vip Vanking A Van Vaso

Vp Vaking see 10.2 km s

h Vn Vasa Li e r 602.7 mis

b as 01 0.8352 a D 39003.9 km

El 51.20
N 18.4 Az 198.40



412022

Qi a surfacewanes f 3MHz

sky wanes 3Mt 30MHz

spare homes b 30MHz

b editedelements I semimopsaxis 2 inclination

3 eccentricity e rightascension

5 perigeeargument 6 trueanomaly
0 height LEX MEG HED
inclination equatorial inclined plur
d fse23daybeforeandafter 2113 and 2319

Q2 Marking T 5431 s V 7725.8ms

Gf 8 T 86162.6n V 3074.9 mis

for GTA a 24421hm 8 0.7264

Ve 10141.6 mis
r Va 1607.8 mis

h Gsk 0.5868 I do 38766.9 km

El 28.30

r 4 52.5 s As 180 4 232.50



 Chapter3 Satellite subsystems

satellite communication systems aredividedinto

spacesegment satelliteandcontrolearthstationneededtokeepthesatelliteoperational

groundsegment earthstationsandterminalsthatcommunicate withthesatellitefor

differentapplications

satellitesubsystems
tokeepantennasandsolarhandspointing

i powersubsystem 2
ÉÉÉÉÉ

andsentantssitsisteniaaus

3 Telemetry hacking command andmonitoring TTC M subsystem
soshieldthesatellitefromextremeheatandshtandmamaomen equipment

thermalcontrolsubsystem 5 communication subsystem G payload
nanny gym gym my

communicateswithearth

F Mbpulsionsubsystem andspacecraftuntilmom

AXCS

perturbations canalterthe altitudeandpositionofthesatellite

the ADCS servestocorrect anychangesdueto perturbationsbykeepingthe

satellite'sbodypaintinginthesamedirectionin spaceandmaintainingits
schitalplaneandorientation

position in orbit

attitudecontrol is necessary tokeeptheantennaspointingtotheearthstation

andcollectthelargestamountofsolarpower

attitudecontrol is usuallydone autonomouslyonthesatellitehutcanbedone

fromearth



Attitudedeterminationsensors

I horizonsensors infraredsensorsusedtodetecttherimoftheearthagainst

thebackgroundofmore foursensorsFiremusedtolocate

thecenteroftheearthandestablishit as areferencepint

2 sun sensors two perpendicularlightsensorsusedtomeasurethetwo

anglesbetweenthe sunandthesensorones to find

the sun Rector

3 magnetometers Usedto measurethelocalmagneticfieldoftheearth

gyroscopes usedtomeasuretherateofrotationofthesatellite

5 starsensors camerasthatseedifferentstorpatternsanddeterminewhichway

thesensors areorientedby ascendingtheimagesand

comparingwithstoredimages

i Attitudecontrolmechanisms

spinstabilization satellite ismadetobebalancedaboutone particular

axisthen it is settospinaboutthataxis inorder

to resist perturbations byexploitingthegyroscopic

effect wherethesatellite'sbodyactsasthe

gyroscopeandthesolarpanels arewrongedaround



thesatellitescylindricalbody

Thisspinis initialized atlaunchanddirectional

antennasmustbedessenbyspinninginoppositedirects

at samerate

threeunisstabilization threemomentumwheelsalongthepitchyou

androlloneswhichallpassthroughthesatellites

centerofgravity areplacedinsidethe

satellite'sbodyandspuntostabilize it

aboutthethreeones

Magnetsques sincetheearth's magneticfieldexerts aforcean

currentcarryingcoils themagnitudeoftheforcecan

becontrolledbycontrollingthecurrentin thecoils

Thisonlyworksforsatellitesnear theearth

gravitygradientstabilization depends onthesatellitesinteraction

withthegravitationalfieldtoearn

orbitcontrol

hit control stationkeeping is the maintenanceof asatellites

slit andposition



stationkeepingis donebycontrolledejectionofhydrazineforpropulsion

stationkeepingis requiredto correctsatellitesfigure8driftand

keepsatelliteswithin I
897 oftheir correctposition

tocountertheeastwestdrifttowardsthestablegravitationalpoints athrustonsite

satiiiiiiiiiiii i
geostationarysatellites experience a8984Myersinclinationditigentwhich
mustbecorrectedbypulsingthe propulsionjetspreciselywhenthe inclination

is atzesstostopfurtherchange
north southstationkeepingmaneuvers requiremorefuelthaneastwest

satellite altitudevariesduetothefigure8movementbyaboutt.it
ofthenominalaltitude

a Ghandsatellite willbeanywherein abowhoundedbythealtitude

AariationandtheeastwestandnorthsouthdriftstheearthFahm

antenna'sbeamwidthmustbechosento omerthisbox

orbitalassertionsare commandedbythe earthTT Cstation

Impulsionsubsystemclassification

launchpopulismplacethesatelliteinto anafrit
smh andkickmtm m

hit contest maintainthesatelliteinitsprecisepositioninshut



attitudecontrol keepthesatelliteorientedintherightdirection

propulsionsubsystemtypes

I chemical
nitrogen propane

oldgas compressedgas a vaporizing liquid
maimedcannothestaredmeaningunderminesenamoringunsentchange

hydrazine MMHIND
hotgas solidpropellant mom propellant a limpellant

2 electrical

electrothermal resistsjet or anjet
electromagnetic MPD thruster

electrostatic field emission

TTC M subsystemfunction

controlthe slit andattitudeofthesatellite

monitorthestatusofallsensor

pintthe antennas intheerectdirection

switch on a stolethetranspondersofthecommunicationsubsystem

duringtransferanddriftorbitalphases omnidirectionalantennasareusedatthe

groundstation sincetheprintingangleswillnotbeknown
dopplershiftcanalsobemeasuredatgroundstationtofindrateofchangeofthesaltrange

satellites canbetrackedbyusingnebeityand accelerationsenses onthesatellite

to measurethechangein orbitfromthelastknownpsition



oftenencrypted

commandsubsystemdemodulatesanddecidescommandsignalsfromtheearth

stationandsendsthemtothetargetedequipmentto beexecuted

CommandsubsystemisusedtofiretheAkM spinthesatellite etc

allcommunicationsatellitesobtaintheirrequiredelectricalpowerfromthesunsein

solarpanelscells

flatpanels onthreeaxisstabilizedsatellites are whitestusingelectricmotor

andtrackingsystems inorderto maintainnormalincidenceofthe sun

light on thesands
sincethebodyofspinstabilizedsatellites is snored insolarcellsthenthe

totalcellarearequiredisthreetimesthatof a threeminstabilizedsatellitesponds

sincenearlyonethirdof thespinsatellite'sbodywill receivedirect

sunlightatanygiven time whereasthewholecells area receive

direct sunlightatalltimes in threeonesstabilizedsatellites

solarsail LblatpanelsI mustonlyheunfoldedwhenthe satelliteis inits

final silit Theirmaindisadvantage'iththattheyheatupwhichreducesebbing
impact

micrometersreducethe efficiencyofsolarsoilshence anextra19

thepanels required area is added

example I É 1.31kW m e p 25 test margin
A It tmargin 331mifor1kW



lithiuminkimbatteriesused

becauseof satelliteeclipses batterieswithhighpowerto weightratiosshouldhe

usedtomaintainservicewhilekeepingthesatellitelight

example1

I 1 25kW int d p 14 required LAW

A 10 667 m actualmentioned É ITA 335m

for normalincidence cells If 83990 all

forshiqueincidence receivedpower I ontol s 85068cells

example2

3 6 kW required for72minutes
aiming

d I all 1.3 905805 x95 8892Wh

38895 08.98 49cellsrequired

moss T.ggtYerdmeaftenugy 94.94kg

mass of 44 cells 18 149 9955kg
thermalblankets shields andradiationmirrors areusedto pimideinsulationand

removeheatfromthe communicationspayload
onesthreeamistainedsatellites

Spin stabilizedsatelliteshavetheadvantageof averagingthetemperatureextremes



Communicationsubsystems

satellites are essentially repeaterstransponders

a satellitecommunicationsystemconsistsof an earthsegmentwith a

transmitting stationand a receivingstation and aspacesegmentwith

manytransponders onthesatellite
DBS

typicallysatellitecommunication requirestinslinks
Ciiiiinkandme

downlink withdifferentfrequencyranges topreventinterference

manysatelliteshoweverhavefourlinks tinsuplinkandtourdownlink

such as while internet andfixedservicesatellites ÉÉÉÉ

almostallsatellitesoperate inthemissionshandwithfrequenciesfrom1GHz

to 30GHz witheachlinkgiven abandwidthof 500MHz

earthstationtransmitter

upconverter highmeramsttier
hogshead fidelity BYifth If miner f BPF Apa

LIF fLy
fRF If If by

earthstationreceiver

hd hmm
bitter

emmiseamain
downconverter

BPF mixer BPF manLNA
man

harland

s fLa GIFinterchangeable



themostbasictaskof transponders is tofilterandamplifythereceivedsignals

andtranslatetheirfrequencytotheappropriate downlinkfrequencyThereare

threeessentialtransponder configurations

Single conversiontransponder I finest

ya
bin downcommenter bit Iii yeaBPF mincer BPF

bus ftp t

doubleconversiontransponder

fu downconverter upconverter f
LNA BPF miscent puffing miner BPF APA BPF

bus fly enen fLa

regenerativeChestpipe transponder
bet bet

demodulator peeking modulator

on
downtonnester

up
Invested

f
LNA BPF miscent mincer BPF APA

fly enen fay tod

sincethetotalbandwidthassignedto eachsatelliteis 500MHz



Manytransponders areusedwhereeachismadeto operatein a

different subhandwithbandwidth I 40 MHz
36 4Midland

j.fi e

for a subbandwidthof 40MHz the canbe a maximumof
12 sub hands with20MHz left unutilized

thebandwidthefficiency canbedoubledbyusingorthogonal

polarization vertical horizontal aFictititiin thereforethere
will be atotalof 24 subhandswithaseparatistsIshii

m

orthogonallypolarized

betweenthecenterfrequenciesoftoursadjacentsultanas

the receiveranddownconverterofa satellitemusthaveawidehand

to omertheentire500MHzbandwidth

input demultiplexers areusedtoseparate thebroadbandinputsignal

intothesubchannelsusedbytransponders whichareusually
esignal toincreasefrequencyseparationandreduceadjacentchannelinterference

arranged intoinentandoddnumberedgroups

alltranspondersneedhighpoweramplifiers whicharegenerallyeither

handingwanetaleramplifiers TWTA a solidstatepoweramplifiers

SSPA bothprecededby attenuatorstocontrolthe outputpowerlevel
TW T SSP

nuptoasewantanthigherthanssea lowermonoutputissuesupto20wsett
huesefficiencyatashigherefficiencyatno
smallersizeandwhinebulkierthanssea

verywidebandwidth lowerbandwidth



transponderhacksff the maximumpoweracceptedwithout

causingintermodulationdistortion

fullduplexcommunication systems usethesameantennafor
transmissionandreception this canbedoneby usingcirculators

primaryreasononusingdifferentfrequencies

anddifferentfrequenciesforuplinkanddownlink mom

Iscirculatorstotal It

smh IIIinto
a

wideband

ya
polarization polarization

splitter summer fi
awe400MHz H

tht Iscommon

In might

satelliteantennas andoveragebeams
thecoveragea footprintof a satelliteis thegeographicalarea wherean

earthstationa user can communicatewiththatsatellite

typesof coveragebeams
menusetoan dtheearth'simbuewithateammateof17

I earth global coveragebeam
menupto20oftheearthsurface

2 hemispherical coveragebeam

3 Zonalcoverageteam
mmmm



omensmallgerundialmenonthansoAtheearthsurface

4 satconeragebeam
t chemise areacalculations a

teammate2r

ornered area radius R eTm 4 180 100minI nTiggy

fromsinelaw IEEomt yE REa RE

example 0min 5 GED REth 42164km

8 sin EETs sin451 8.690 A 76.33

radius coheredarea 76.33 E RE 8496.83km
amendam

percentageMirage 5141 4h cry

the requiredonerage areadictatesthebeamwidthand in turn the

diameterofthedishantenna

Antenna parameters
radiationpattern attofthepowerradiatedfromtheantennaper

unitsolidangle strachan characteristics are determined

by theantenna'sshapeandcurrentdistributionD

directivity rats radiationintensity inthedirection 10,41

iteminntiditistintensity ratio powerradiated

G

Buergain themouththeminimum directivity
andtheiffitentm

hearteridth anglebetweenthetourshalfpurerpoints onthe
mainthe



onsurfacemaneshazmatpolarizationimpliesdatefieldaparallelistengrandmeasureminiminsinuationsamendmentagame

polarization the directionoftheelectricfield in isdiittsiiiiitit.ie
bsesamemanesnowithmentionanamecannotwww.nonmeeninemmmemmanimmawitheseeingthecatwestmemanentersamwhereasmaneswitheantennaemutemuteonetimenationam
compared to somereference polarizationshouldbeknownto

receivedpowersemenatantennaxasmisalignmentanglesasomenrainedwhenantennaaseminariantheman

alignthereceivingantennawiththemaneformompower
bandwidth measureohhowmuchthefrequencycanvaryaroundthe

inthedesireddirection

centerwhilestillshtaining an acceptable powergain

measuredasthefrequencyrangebetweenthetwoside

III
hair

frequenciesatwhichthepowerishalfthecentral

input resistance boundfromtheeffectiveantennacurrentand
giant

powersupplied
Z Effective measuredatfeedpint

main typesofantennasused
wiremountennos used fortheiromnidirectionalpatterntoprovide

communication forthe TTCEM subsystem
actine

hornantennas usedasfeedersfor reflectorsandforglobalconerage
theirmoregain is 23dB and sinbeamwidth10

passive
reflectsdish antennas metallicreflectorsthatareilluminatedby a

feederantenna parabolic reflectorsare

generallyusedduetstheirfocusingproperty
thedistancefromthedeepestpintonthedishtothefocuspoint

thefocallength in f Edforby0.25thefanspointisinbetweenthereflectsandaperturestone if o.rsthebanisoutsidethenaturegivingummmaminationatmesidesmen



feedmechanismsfor dishantennas

centerfed thefeeder is atthefairpointatthereflectorand

pointedtowardsthecenterofthereflector hencethe

feederanditssupportspartiallyblockthe main

the and reducetheefficiencyby 10
offsetfed primaryantenna isoffsettoilluminateonlythe

upperearththereflectorandamidblocking

doublereflectorfed asubreflectoris fedfromtheprimaryfeeder

through aholein thecenterofthemainreflect

thesubreflectsthenreflectsthewanesto

themainreflector thismethodreducesblockage

gainandbeamenidthof apertureantennas
suchashunandreflectorantennas

thegainofapertureantennas is GYET IIE
m

for adishantenna G D E
anothermetreantennaeyearlingmean

thehalfpowerbeamwidthfordishantennais O as II aim
Equipmentreliabilityandspacequalification

equipmentreliability is increasedby
selecgysemreeminimumsandtesting eachcomment thermalvacuumelectricalandvibrationteststhewholesatellite

spacequalification qualitycontrol andshakeandbaketests



receiverandpoweramplifiesmainly

redundancy one x moresparedevices are addedforthecriticalparts

ofthesystem in parallelwiththeactivepartssothattheymay
beswitchedto if theactineportbreaksdamn

reliability
REI ataspecifictime l

reliabilityistheratioofthenumberofsurvivingcomponentsto the

numberedcomponentsatthestartofthetest

formostelectroniccomponents thepishabilityoffailureis highestat
burn inperiod aging

thebeginningoftheiroperationandneartheendoftheirlifetime

mean timebetweenfailure MTBF istheaveragefailuretime
equaltotheusefultime

alargenumberofcomponents anemone

thereliability is givenby R ÉÉ s t X I MTB



MOHAMMAD SANAD ALTA HER 130806

EE 558 homework 2

3 1 100 samples eachsample8 hits soohits a frame

a for a setofsamples thetotalframesizeis 8 40 200 1 flits

transmissiontime Isecond propagationdelay

d forGEY prorogationdelay FEIT 0.133seconds

thetime 1.133 seconds

3.3 power required 4kW

a lightintensity 1.39kW m D I A crew

A Ifat 2x l l 9.6 m

i lengthofeachsail 4.8m

b y I D h Okw he 11.853.5 4.6 m

3.4 totalpower 5.5kW

a power 5.5kW A Voltage 48V current 114.6A

d current Ko 6 A s capacity 114.6 xTome

batteryDE capacity battery 445.7 Ah

C weight 559 1 by



d if halftransponders areshutdown totalpower 3.5kW

capacity ÉÉ a battery 283.6 Ah

354.5kg I 200kg less

3 5 heamwidth 1.8

a Osos tf Tx at 11 GHz and 28 bitty

D 1 09 m a G 40 Ie dB

for Tic ish ku hand

D 0 625 m A G 40.12dB

for Tx ish kahand
h for Ric d kuband D 0.893 6 40.12 dB

for Ris ish kabond D 0.417 G 40.13dB

QS GED satellite antenna covers area with diameterof 2000km

usingcosine law ht RE Reth 2RE Reth comp

h 35860 I bum

usingsinelaw Ig RE 8 1.59

beamwidth 28 3.18



quiz3 practice
first 2019

3

a tasuressubsystem 2 attitudeandshitcontrol 3 thermalon

a communication 5 payload 6 Haulsim S TTC M

b sensorsto determineattitude earthhorizonsensor sun sensor

magnetometers gyroscopes starsensors

c doubleconversion

1 d DIXIE BEITARa

d
H N pal60

I Bg A480



 Chapter E
satellite design is complexandrequirestrialandcuss inorder tofindthe

suitable compromise for a givenperformancemeasure

thefollowingmustbespecifiedto design asatellitesystem
fixedsatelliteservice internationaltelephonyinternetetc

I typeofservice direstbroadcast mobilesatellite internetsatellite

2 required shut and range elevationangle position

3 information carryingcapacity numberoftransponders

4 frequencyhandsandfrequencyplan astasatellitessat'searthstation
earthstationssatellites

theprimaryobjective isminimizingthesenerallcost whichmainly
dependsonnumberadmersthamanderscubitdictatethesolarsailsandbatterysizes

depends onthecostofthesatellite

the designprocessstartsbyspecifying
sourceencoding channelencoding modulation scheme

analog
digital

multipleaccesstechnique performancemeasure A BER

compression redundancy mustbe Emin

bug
channel
encoder

modulation satellite demodulation channel source
decoder decoder

t Ast canhereducedbyseducing E min requiredfor a certain f n

BE a by using
otherwiseahemmerverylargetomercomethepathboss asooas

powerefficientmodulationschemes e.gBoskandarse
BasierequireshalfthepurestAsm



channelencoder addsredundancyforbetterenseassectioninsaneE
forward error correction techniques givescodinggainbyusingefficientchannelencodingtechniques

removesredundancy

compression techniquesthat improvebandwidth efficiency

high carrierfrequencyto increase antennagain Got

É i EIremedlyregulationagenciesinstead
assuminglosslessantennasandreessen

thereforethe friesequationis Pr MEETmen
i m

in dB Pr ÉÉÉ t Gr Lp idea LeemenCflas

otherlossesthatmustbeincluded
antingandpolarization

antennamisalignment bosses Lant
dependsonfeederwarwaret

feederlosses La
abortion clear rainmustalsobeaccountedfor

atmosphere bosses La

othermiscellaneouslosses Lm
Pr Potgainslosses

hence theequationbecomes Pr EIR ÉLp tant La La L
thesignaltomiseratioattheoutputof a communicationreceiver is

inattobwmiseamalibier

foundfromthecarriertomiseratiomeasured at a reference
fu

bin
peewitamLNA Bff mixerb BPF pissing

fly inear

miseries p it'Éasieing



be atypicalsuperheterodynereamer T ÉÉÉÉÉÉÉÉÉÉÉ
thenoisetemperaturesoftheblacksafterthereferencepointonefoundfromtheirmise

factorsatthatreferencemint Fite f 11

theoverallsystemnoisetemperatureis Ts Ft 1 To

where Ft F t IT II
thenoisetemperatureofthefeeders atmosphereandantennasis foundfrom

Te 1 G To l I To I G t
carrierto miseratio is I Finnmark Iggy

firetan tetant la tewas

In1dB EIRP Gr bosses 18byfatBn
MinigntrmHE

I LdB1 EIRP losses 10byRBn Of mas
rain isoftenthemostsignificantcausedsignalfading andaffectshigher

frequencies more

rain results in signalattenuationandincreasestheemeraldnoisetemperature

rain's effectonuplinkis greaterthandownlinkduetothehigherfrequency

suchthat La rain i Ldrain I
however increasein noisedueto rain canbeignored in uplinksince

theradiation emanatingfromtheearthssurfacecontributesmost to the

receivedmise E rain E dem Lrain Stintchangessystemwisemenduetorain



in downlink rain degradesthereceived Er byattenuationandincreasing
thesky atmospherenoisetemperature suchthat

rain E dear Em Shim
systemtemperaturewithwin

A enrain to byfifteen
dueto raindropsbeingelliptical in shape apolarized wanepassingthrough

willhaveits verticalandhorizontalfieldsaffecteddifferentlybythediss
hencethe signalwillbedecolorized

to avoidoperatingtheamplifiers intheirsaturation regionsandminimize

intermodulation the operatingpointofthetransmittedpower ishackedoff

fromthesaturationpoint givingrisetothebacksffloss

EIR P FEE Gt Let
forsmallearthstations le j DBS1 the receivingantennagain issmallon

mustbecompensatedforby increasingthe transmissionpower
the designof uplinkis generallyeasierthandownlink sincethesearen't

limitationsitErinsmittedjoin Additionally uplinkpowercontrolcanhe

usedtocompensatefortemporaryreductions I receivedbythesatellite

powertransmittedbytheearthstationisstilllimitedbythesatellitetransponders
saturationpower



sincethenoisereceivedbythesatelliteis amplified itmustbeaddedtothedownlink

mise É ÉTE TI
thenerallmisetowniesratsis É v11 III It

E a Y II Em Erinthat

whenincludingtheeffectof rain it shouldonlybefactored in oneofthe

links since rain is unlikelytobe inbothupanddownlinkpaths atthe

same time calculationsaredoneoncefor rain in theuplinkpathand

once in thedownlink thecalculationgiving a loverEr is used

example1

s YET 24.9 fwm Pr 204AW 126dBW

example2

EI RP 29 dBW T G TIF Gr 52.3 dB

A Le CITY 205.3 dB Pn 27 52.3 205.3 126

example3

case1 Ta 25 50 Is 15 82.5 k

case'sTimman so Is t IET 129.6 k

example 4 toreferthetemperaturestotheinputoftheLNA theymustbemultiplied

bythefeederloss Tin 25re x it Twa l E xT



I Jr Tim Two Tre Er Ifan 176.6 k

example5

C 10by 20 20 2 449.9 196.5 3 0.2 0.5 119.4dBW

N lobye RTs 2PM 135.5 dBW

Er Cal Nat 119.5 f 135.5 16dB Emma

for a 1dB rain loss

T Ts dear 99M Ta dear Il Foon To 13 k

d Ta dontrain I In Ta 70 A

Ts rain Ts Tu dear Ta cleantrain 132K

IN rain LoboscoTITEL 2.46 dB

f rain f dear I 2.46 12.5 dy Bmargin

example6

C 10kg460 34.3 33.5 204.7 3 0 x 0.4 119.7dB

N tobase Arts20m 133.9 dbw

IN 14.2 dy
Emin 86dB 5.9dBmargin

including rainbossA3dB

Ta dear I Too Ta Ta demtrain f Too T
Ts win 149 157.4 25.5 277 K



min E am É 5 84 8.57d

enamel

Ip jiffies on emcee nowol

127ABW Pe t Gt t Gr Le Le La 2

Pa 8.2 dBW 6.61W

M Pt rain Padeart train 15.2 dBW IN rain neglected

example8 Em tht at 152 18 18

E a 41.9 16.2dB

system designexamples

example9

mustfind Pt foruplinkand Gr at Es

I clearair

uplink Pr Ptt Gt t Gr Lp Lant La Emin Lm

Ce Pa 95.26 abw

95.26 Pe t 55.7 31 207.2 2 0.7 0.3

downlink



Pn PE L tGitGn LY Lint Li Lin Li
o kn Is a e CI Mut la

It I t E d E a 52.96

G a 17.22dm C 113.6 Now

Gr 46.5 No 44068.36

T G y Tf fordish assume 1 644

Est Es IT D 2.19m

2 effectof rain onlythe link canbe affected

uplink
Teen I It 290 43.17 K

Themtrain I To 290 227.99 k

To rain 900 43.19 227.94 684.93

D Nain 10 by 6885 1.365 db

d E a main E udem Lwin DNain

22.635 24 it ovumignored

ignore DNrain in uplink
E u win 24 db

f a is affectedbytherain eventhoughthere is no



rain in the link This is becauseof thepowerreceived

at theinputofthetransponders is attenuated hencethe

poweroutputofthetransponderwillbeattenuatedbythe
same amount

A changeinnoisetemperature

f d rain E d dear train u
G d win 11.22dB

Elam so t it s E a.mn ijIeis
downlink

Town I 15 190 31 be a

Train dear 1 150 290 20827 k

Ts rain 140 31.56 4208.29 316.73 k

D Nain 10by oYET 3.546 dB

E d rain 19.22 3.546 5 8.694dB

E 15 508 E 8.638is

personalcommunicationsystemusing LEYsatellites
mmmm

outland link the link fromthegatewaystationtothemobileterminal

inbound link the linkfromthewhiteterminaltothegatewaystation



timedivisionmultistening highhitsate
theoutbound link uses TSM wheremanyuserssharea singletransponder

theinbound link was Iii is'Éinitwithverylowhitrate

using Tsn hastheadvantageoflesshackableloss thebacksbb

bossfor FDMA ismuchgreatersincemanycarrierspassthrough one

transponderandsaturateit

forglobalcoverage the beamwidth isverylarge sincebeamwidthat DOG

is immenselyproportional togain thetransmittedamermustbe

verylarge

forfrequencyrevise mostLEDsatellites use multiplebeamantennas

whichalsoincreasesthe gainofeachantenna

forglobalcoveragewithLEO satelliteconstellation

thetotalsatellites in me abt is roundme

8
thetotalshits are 32 I rounda

Crumple 10 Lp mobile a 16364 dB

inbound link bandwidth bitrate
uplink
Pa Cu toby 4 4 O 23 16364 3 0 5

Ca 197 is elbow s E I7 65 db



downlink dividebynumberstmshiteusers

in ca s g I4 5 3.5 Le 3 1 10kg I ofterminal

Co 138AW E a 32.33dB

E j
s 183233 a l 17.5dB

outbound
meow s w e as 3 j i s 118.2 dew

F a 28 64 dB
downlink

Ca 10 1 23 to Lp o g 3 I III b daw
E a 14 a6 dB

E a to
2800 j t

s to 14.29dB

Ital bandwidth

forhalfrateconditionalcode

Butt EI IEEEc it t ti Je users
I will decreaseby 3dB sincedullinghitratedoublesnoiseBn

Wisebandwidthfor a raisedcosinefilter similarto a nyquist
filter is independentofthe rollnoblefactor 1 Yiit see

E new E old codinggain 10bye t
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4.1 Gt 54dB Gn 26dB Pt 100W R 39500km

as Le TT 199.6dB

b Pe t Ge t Gr Le Pr

20 58 t 26 199.6 99.6MW

4 N lologiolentsBn 126 ABW

d C N 26.4 dB

e Cat Lin t 110 10.4 dBW 10.96W

THA

4.2 M G YET 32.603 at edge 6 29.6 dB

b Pe t Ge e Gn Le Pa Let 196 assuming3.875GHz

10 29.6 t 53 196 103.4 ABW

4 N 10bye Ts 36m 133LBW

d C N 29.6 dB Gloss



4.3 a T Pt that 20W Pochannel too 40mW channel

b Ptchannel Get Gn Lp C

14 30 40 206 150 Now

N toby kino goal ygg.gg
E 4.9dB

4 margin a E received G min 9.9 6 3.9dB

4 9 a Pt t Gt t Gr Le 3dB Pr

Coby4.51 18 4 I Lobye TI 3dB 153.4 dBW

b N 10kg k 260 20k 161.4 FBW

C E dB 8dB



quizpractice
1 Ptt GetGn Lp C

20 50 25 20kg472 100.4 dBW

U N 10bye k 300.36m 1h6 I dbW

f dB 2h db

transponderout Cin t 110 9.6 dBW

2 at EIRP 10by 400 no 49dBW

T Lp 206 41 10
1

2 39674.5km

Gt MI D A 9.65 ki'm she 4 l am

diameter 9.8 um

b EIRE t Gr Lp Pr

49 30 206 129Nsw

h Nt 10byesants long g yaw
E de9.6dB

second exam practice

29 8 2022

a tensfunctions of attitudeandshirt contest me tomaintain

thesatellite'snshit and to keenantennasandsharpanels

Hinting in the rightdirection



b fine typesofsensors I earthhorizon 2 sun 3 star

magnetometer 5 gyroscopes
C L global earth emerge 2 hemispherical 3 zonal

regional

4 Ant coverage

a are Y
I
see seer G

Qe a p 4kW Ilbo ere Ao s Ae 16m

go 40000 cells

energyneeded 5kW e tf 6kWh

battery all 1.3 100 130Wh

effective charge 130Wh X 0.99 0.8

a number of cells 60.73 61 cells

weight 61 130 wht 0.45 0.8 60

100.45 by
h G Cft 39.29 db

am ME I 2.50 but

for sphericalearth



sin140 8 0.140 Sin 180 90 05

sin 40 0 0.104 8 81.910

A 180 90 81.91 1.29 7.04

I 7.04 k 0 X RE 783.7km
diameterassumingsphericalearth 1567.4fun

be flat earth
a 80 40 4 82.96

I Egg
ten

R 781.7km
diameter 1563.4

1 4 2018

Qs a I communicationsubsystem 2 payload 3 attitude

andshitcontrolsubsystem 4 telemetrytrackingmonitoring

andcommand subsystem 5 aspersion G thermo

9 powersubsystem downconverter

b b sBARI II
Ber s fr

I



Qt a if diameter 1000km b 0.159nod I
I 4 5

cosinehw C FIRE stiffs
C is range do 35809 km

En FET 8 0.8 Bw 1.60

1.6 PI D E 1.17 m

GE 41.13 dB

114 2019

Qs a CI 10 I 23 3 1631 3 0.5 q 1

Lee bby TT 163.1dB

136.6 dBW

NE 10 Ago ATSB Ta dear 32.6k

Tatsaintdem 193 56 K a Torain 660.161

N 180.34 dBW

CIN 3.94dB



 Chapter5

modulation is necessaryfor

utilizinglargebandwidthofthechannelbymultiplexing
difficultto useantennas at lowfrequencybaseband

basebandsignalscannotbe transmitteddirectlythroughhatpins channels

typeofmodulationcanreducepowerofbandwidthrequired

analogmodulation carrier is continuouslymarriedwith message

a digitalmodulation carrieris nosieddiscretelyin timeandamplitude

powerefficientmodulation transmittedyamendecreasedbyincreasingbandwidth
suitableforpowerlimited systems

examples FM MFS K

bandwidth efficientmodulation bandwidthdecreasedby increasingpower
suitableforbandwidthlimitedsystems

examples MAS K MPSK QAM

figureofmerit ratioof SNRatoutputofthe receivertothechannel

sun YET
immurementfacts ratsofoutputSNRtoinputSNRdo aspecificreceiver



wimpsnementfactorforanalogamplitudemodulation

if thefigureofmerita imsynementfactor is greaterthanunity then

theoutset SNR istradedoffwithbandwidth

thefigureofmerit of SSBSC SSB andVSBsignalsare all1 theyalso

havethe same SNRs

thefigureofmeritofBSBLC islessthan I and itwastes powerin the

carrier howeversignals canberecoveredeasilywith envelopedeter
synchronization

try whereascoherentdemodulators arerequired forDSBSC SSBandVSB
in frequencymodulation thefrequencyvarieswiththemessagesignal

whereas in phasemodulationthefrequency'sderivativevarieswiththemessage

signal

FMhastheadvantageofeasymodulationanddemodulation inaddition

topower efficiency

FMbandwidthis calculatedfrom Carson's rule us

BW 2 of WET 2W ji
theoutputsignaltonoiserats is

Arlo I taobao.laaeidtiigiisstloeg.gr
bnatired thedeviationratscanbeincreasedtodecreaseE

includingme emphasis deemphasis andwiseweighting

f a f t 10by 218 11 t 20by D 10by 13 II
Tigmentupting



advantagesofdigitalsignals

immuneto noise can cleanthesignalbeforeaccumulating

easydesignofdigitalelectronic circuitsandsystems

easystorageandretrieve

easyto encryptandaddsecurity

easyto compress

easyto multiplexanddemultistere

stepsto convertfromanalsytodigital
nyquistrate

1 sampling at a ratehigherthantwicethehighestfrequency

2 quantizing quantization errs canbe decreasedby increasingthenumber

of levels butthiswouldincreasethenumberofbitsrequired

3 encoding variouslinecodesmaybeusedeachwithits respective

advantagesanddisadvantages

M my PAM hastheadvantageof reducingbandwidth where

Ijm ftpmn Bt I f Bt n my 2ham
hit error phobility rate dependson inadditiontothesemendensityofmise

linecode energy in pulses euclideandistancebetween

twoadjacentsignals



Est isbetterthanÉÉ sinceit requireshalf thehit energyforthe
same performance

giventhatthereare by M hits in a symbol the symbolenergyis

Er Ee by M

thesymbolto raiseratio canbeobtainedfrom thecarrier to noise

mom

Tr Ir Ts Bn BE 1 II f
foranalogsignalsusingdigital transmission

Imma ifeng.TT z je
Menningettmamanism

the requiredsignedhitEnergyto noiserats isfoundfromtheBERspecified

chapter 5 examples

Enl

f t loby211 1 sobyAl P t Q t 10boys
o Manningwas y 30 2 4.2 Dtl

D 2 57

I I 15 1.8 t 9 8 t 10byEA t l t 20byD

I 50 53 dB

Ex 2



for BPSK B 4 e Re Re 25.9 Meds

for QPSA B Ite Ra Ra RE Re Sl q Mt

Ex3

for BPSk assumemisebandwidth asignalbandwidth 1MHz

symbolsate noisebandwidth Ra Ra IM his

B 11 0.3 LM 1.3 MHz

Perfect Pez 9.8 18

for QPR signalbandwidth 1MHz

Rr It Re 2 Many
B 4 4 Rr 1.3 MHz

EI In a En zEa EE E
Pe t ere EF 2.79 No

Ext

em Ieee Ieee
a f pen 48.15 dB b f pen 48.05dB

C f pen 49.15dB d E pen I 42.48 db

e f pen 33.82dB



Er 5

fr BBK Pe terbefE
15 I É é 1.256658

I 4.265 ET
EI 18.19 12.6dB I
f pom I Ien 83.98dB

An apse Pe ZerbeEF E 18.19

In EI s f 2 7 36.0As.cm

F pom 83.9803



Chapter 6
fixednumber'ssignalsandbandwidthcanhitrate

multiplexing groupofsignalsmadetoshare a commonchannel

whileutilizingitswhole resources

multiple access groupofsignals'shirematichannelbutthenumber

ofsignalsusuallyexceedsthechannel'scapacity

andtheusers arehighlydispersedwithvarying
traffic

multiple access us multiplexing

in multiplexing users are enteredat commonpint whereas

users aregeographically dispersed in multipleaccess

inmultiplexing the numberofusers is equal tothe maximum

whereas multipleaccesshas more users than mare

typesofmultipleaccess

preassigned resourcesfirednthfscertainusers

demandassigned resources availableto allusers andassigned

accordingtodemand

FAMA andT SMA can he demand assigned a preassigned

but CDMA is randomaccess



most important criteria forselectingthemultipleaccesstechnique

I throughput a capacityofthesystem
2 Karentransmittedfoegivenhit rate

3 synchronizationrequirementsbetweentransmissionofdifferent

usersto amid interference

A complexityandcostofthe system
S easeof reprogrammingfor newprotests

frequencydivision multiplexing total availablebandwidthis

dividedinto non overlapping

frequencysubhands

dueto its simplicityandeffectiveness FSM is themost

commonlyusedtypeofmultiplexing

typesof FD MA

I singleaccess singlemodulated carrieroccupiesthewhole

bandwidthofthetransponder
2 preassigned

3 demandassigned afrequencysht is assigned to a userfromthe

plot anailablefrequencies usingFilling



usersrequestcallsandamasterstationassigns

centrallycontrolledrandomaccess or distributed
eachearthstationassignsitselfafrequencybasedoninformationisamiableomnes

controlrandomaccess
sorerammeatinessdemandassignmentcomment

4 Spodesystem uses a pilotfrequencyforfrequencycontroland

a commonsignalingchannelfordemand

assignment

timedivisionmultiplexing eachuser usesthewholechannel in acyclic

mannerduringagiventimeslot
rete numberstentsisoneuserintheframe

intent hit rate is given us vkeitelthedatahitsinahomeforNaser

a Fit NÉE TE hit s
Ehr

Feininger
É im n u xRt
M bits Idate

buffer
Re
at M bits 2

buffer
ne sete

datahw Common
channel

Re Y r

ME M hits
buffer

8 H
hits

inter
i s s s been



theframerateis oftenchosen as an integermultipleofthesampling

Kid ofUsiresignals Tf I k 80100 samplingrateofnicesignals

The main disadvantageof FSM is thehighbacksblelossdueto

multicorriers

the main disadvantageof TSM is requiring many input

buffers

FAM and FAMA areverysimilar however TDMandTDMA are

differentsince nocollisions occur in TSM giventhatall users are in
duetodifferentsesamoidbatonsofusershencethedifferentrangesmymuseidenticalanimaltimesdespitedifferenttransmissiontimesalsoGEsesatellitesatsedatesstorming

the samelocation whereas TDMA isprone to collisions

thenumberof time slots in TDMA are equalto thenumberd
stationmusttransmititsdatawithinitsrestedsetatnitratetoscamtheentirebandmatesbuthitrate Tshuttime

earthstationsservedconcurrentlyplusone shotforthe referencebursts

sinceonlyone carrier uses thetransponderat atime thereis no inter
duetsumlinearannexationamatineeamiss

modulationdistortion whichallowsoperatingtheTWT atnotumpower
guardtimesareinsertedbetweenburststo onsidebustsoverhanging

amusementalienist Miss
TsmToma

frameefficiency is Mthetian n 1 Iiit
Thetimeavailablefordatatransmission foreachstation

IEEEEEEEE EEE IN



theburstrate isgivenus FIT tin Remar
thelubbersinput hit rate is Rent Tf Re

TDMA cannotbeusedwith satellitesotherthan GEO since earth

stations ranges willchangetooquickly causing collisions

sincebursts andsubbursts in TDMA are controlledbysoftwarethe
networks aremoreflexiblein reassigningchannels andchangescanbe

amirerevemyaminmentiscontrolledbyhodman

madequickly whencompared to FAMA systems

FAMA examples

Esc l totalpowertransmitted 2hOW

3dBhockoffboss Pt transponder 20W

assumingevendistribution

PESA 240 btw I 240 125W

PESB 240 83.33W

PEsC 2h0 350 41 69 W

content oftransponder

Pt Esa I 20 10W

Pe ESB 6.69W PeESC 3.33W



Ex 2

forbandwidth users 111TH 625 62uses

forseven Pat 144 t 130 18Nsw O IW

numberofusersfor 5wanted tFsex
thenumbercanbeincreasedto Gt if theinsetpoweris

Pout 5 W a Pant user 652 0.0806W

Pin user 18bye 0.0806 130 145dBW

which wouldreduce E to 15dB from16dB

TDMA examples

Enl

To Th Tr N Tat Tan N

To 2m 5 5 u son 5 375 us

Rent Ra by 4 IT 2 30 60Mbs

Re 11.25 Mhs hit rateofeachES

YET 195 channels

y IT 43.79



Ex 2

totalinputbitrate 30 Mein 30kt mo

n Ta Ter Tr N Tatty IN
N To I ma 3 Lutton 964 us

i bursttimes

ESA 964m 482ms

ESB 321.33mn ESC 160.669 us

burst rate 30th 31.12 Mais

symbolrate 15 56 MS s

Las dB Pe transponder Olay s 40 I

Pttransponder I 1015 31.62W

totalpowerofEss IT 240 395.25W

toutilizethewholebandwidth anailable eachstationtransmits

the samesymbolrateandhencethe samepower



Chapter11

DBS TV Uplink transmitter

that LIF

g

hmmmm mhm T
condition

mod Muxencoder
arsamdulatn remultistener

ammeter

digitalmatistener needsommender interleaner

qanalsguides
R S interMPEG MUK eneden leaneraudio ADC 2

meansender

otherdigitalsignals



DBS TV receiver

LNB
j

12.2 traits ooolooomitz

y LNA
Wiffen

yn
Iffier

minerglutamittin

apse basebandAIFA

Iggy
min

dead
I

Tuned18 input
berminanzer mirspscessm

l
t t

c
9d

Day
hides

MPEG
audio

outer
demure Wisden

inner DI decoderdecoder

pantaloons



DBS TV link budgetexample

Pr Pt the t Gr Lant La Lp Lp 20kg TT 205.8

Pa 117 68 Now

I Pr soby o 1kt Bn r B 20MHz

In 16.36dB

tofind Emin Peapse I erbeFf
r Ent E E o

o

2C EN 11.28 E min 22.59

E min 13 53 db Canesded

E min coded E minuneded codinggain 7.53dB

systemmargin 8.83dB



final exam practice
final 612020

Q2 OPSK C 0.25 Re38400 km fr 12GHz
a FIRE Pts Lea Gt 10kg 200 1 40

EIR 62 dBW

a Le 20 lmao TT 205.73 dB

Pr EIRP t Gt Lp Lant Ln Lm

Pa a 110.73 Now

Gr 30dB 18 p F assumingdish

D F 0.405 m

Pala s EIJI 17.09 pwm
f Pa 110.73 dbw

I Pr 10by oktoBn 18.31dB

4 Tam Ios 240 31.50 It

ATalentwin I Is 290 84 64k

To min 140 31.544 84.64 203.15e

G rain G dear train DNrain

15.99 a 16dB



Q
a f a En t 10by 210 1 t 20byD 10kg

Pt Q

08 Bar 26bar Aman 2bmon Dtl

36M 2 e GM Dtl D 3

f a 12 t 10kg 8 20by 31 10kg

f a
31255

8 so 50 db

b noisebandwidth 36MHz for all

Rs IT 24 MS s

for Best Ree Ra A BER erbe F
for Qesse Re 48 Mhra ABER tubeEf
for 8 my pre Rh by 8 20 92Mks

NBER Leste F
C FAMA

B 347 look gookHz peruser
or Re 90 X 600kHz Is 20 Mels

TDMA



Ty 2m Lou so hut on 50

To 30 6 us

R Le Mals

Re N 2am 3 N 18.36
Mel

5 2019

Q1

a the iridium whilephonesystem requires 6 LED

polar circularshirts freatstal 66satellites

b digital technologyallowsusingdigitalmodulation

which enables foreword errorinsertion impression

is immune to noise and reducestransmittedpower
c FAM WSM TAM CAM

FAMA TDMA CDMA

the main differencesbetween multiplexingand

multiple access are
fixedtrafficequaltocapacity

in multistening users fill entire capacity
system inherentmisers esetceedmmmmfpmstitid.mn

seconddifferenceis users are dispersed in multipleaccess



d Ask FSK PSK BOSKQPSKetc

PSM ismostused althoughothersmaybeused

e source codingmeans compressing the signal

to reducebitrate

channel codingmeans adding redundant

hits for em correctionanddetection

Q2

at assuming FM

f e f t 10by 210 11 blogD PtQ

toby3
T B I 2W D D D Ew 1 3.28

Ss e f t toby 214 286 20by13.2861
18 11 9

I 13.536dB

Er if in DSB SC 55dB
b for Best

Re Rs ambits s

Bet EM 11 8 5MHz



BER EMCEE A E E
BER t é It 3.6 56

forest
Rs E Emeritus Ra 8Mbit

Bae Ra lte 5MHz
in arse EE EN ZEE

Eg En BER 5 36 104

Q

a for FAMA
datBWfoeeachEs

36 9510 80okay

Best BW Re ate see brokers

Pt transponder 24W

Pata ES 290W 6.29W ES

forTAMA
Th LIF TR NHatTWIN
To 41.5 un

Rama EFTA't 28.8 Meir

Re 28.8 Etf 499.6 kills



Pt E to W s 400W transmitted

LOW ES

f wjy.hn
choose

ÉE DEFEATIST
Ij

HANDMAID Mm
channel bounce

1 BW 30M Roll Rs LO Meir

Ren no Mdl n

Gt y F 40.439 dB

Gr 28 7

Pa I 10kg 2007 I 40 43s 29.7 Lp

3 O S 1 S

Le job I dB

Pr E 121 Now



IN 121 10kg often
r Bn do 20MHz
IN 14.6 dB

Eg E t QPSk 11.6 dB

BERE I É 4.2 58

I Eats 67.75 db

6 2021

Q1

a EIRP 59.76 Now

path distance 10
0

TI R 39694.5km

Pr EIRP t Gr 206 3 0.5 2 117.74dBW

T Gr 38 D E 0.5 m assuming 1 0.65

s III 8 new m

se S Effy 1g
total

h 08 Bn 20MHz Ro 24ms to

Birgitte 30MHz



Desk Ree 2Rs 48mW
C Pa 119.84 dew

fr 119 70 lobghtsBn 14.05dB

d T Tmdem l 10
0 8 290 31.58 k

r Tn dear train 1 180 270 126.92k

Ts rain 200 31.54 t 126.42 299.38

E rain E an 2 toby 4 71 10.3
Q2 D 2

a fr I I t Coby26 1 tho by Pt Q

I 10 t 9.78 t 6 y 8

I 41.78 Ms

h of BW 30 MHz Ro 4 4 Rs e 28Mst

for FAMA

Buries 30MÉTT 640kHz
Re Ra GET baskets

for TDMA
To Tf Ta Ko Tatty 40

TALES 40 5 us a ES



Re Reust TT
r Reust 37 3 Lamarr

Re 486 kills
Qs

a E min
100 150 BER

15 I E K E mm 10
E min 2.834 4 b dB

b Pa z 118 Nsw

I Pr lobgerKt Bn 15.84
I margin 11.34dB

4 Gn BB AB r Gn Tf y

D J 801 m

chapter G examples

1 S III I 2 Serj wme Pn 2.5 15 W

5 C Pr 31 49.7 116 S 3 0.2 0.9 119

I 119.4 toby fatsBn 16 03 Ms

for 1dB min loss

Ta dear 1 10
007200 13.05 k



Ta dear train 1 10
0 290 70 k

Ts Rain 132 M

f man 16 I 10kg1
1
5 12begs

6 Er 14.32 No

less rain loss of3dB Ts rain 276.73 K

E min 8.51 db
7 Pa a 1 15 0.199 pW

T Pr spy t Gt t Gr Lp 1.9 o h 2

Pa 8.19 Now

DBS unlink

Fettig
modulator

mga garum



DBS downlink

IAEA B

detainmentDIBIASE DIT
te

Dasan Dae

61202s
Q1

as uplink Lp 163.60

Pr Pt 23 Lp 3 O S

f w 107.15 lobykt.sn 19.87 dB

downlink Lp I 180 5

Pr 10 3 34 435 Lp 3 1 121ABW

Elo 49.33 Ms



E a 19.864dB

Q2 a power efficient FM and MFSK

bandwidthefficient Mask QAM MPSF

charter t

example9

I f w 30 AB CE 94.26 ABW

Pa Pe t Gt t Gr Le Lunt La Lm

Pa 28.4 Now 666 W

brr E 19dB E a
19.22dB

Pa 113 57 ABW

Gr 46 5 db

including rain

uplink omit ON deduct attenuation from
both u and E d

downlink std
example 10

inbound

uplink I 17.65 Ms



downlink Lp 180.5 I 32.34 dB

E a 17.6 db
needto divideby number ofterminals for
Kinerreceivedfrom 1 device


