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Telecomunicazioni da/per
un satellite
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Sistemi di comunicazione

Ka-Band

= Ka-Band

(PSTN)

Control

Riceve segnali da Terra / da un altro satellite
Trasmette segryl'% Terra / a un altro satellite

Uplink T~ Downlink
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Caratterizzazione 1/2
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Servizio
Fisso: punto a punto (entrambi fissi)
Mobile: punto a punto (uno o entrambi mobili)
Broadcasting: punto a multipoint
Data relay: space to space
Copertura
Globale
Regionale
Tecnologia
RF (Radio Frequenza)
Ottica: alte potenzialita per elevate velocita di trasmissione (data rate)
Tipo di accesso
Permette S/C di ricevere segnali simultaneamente da piu GS
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Caratterizzazione 2/2

« Frequencies

— VHF: 30 - 225 MHz VHF little LEO and amateur
— UHF: 225 - 1000 MHz UHF primarily military
- L-Band: 1.0 - 20GHz mobile, sound broadcast
- S-Band: 20 - 40GHz ¢ mobile, sound broadcast
- C-Band: 40 - 8.0GHz SHF fixed
- X-Band: 8.0 - 124 GHz primarily military
— Ku-Band: 12.4 - 18.0 GHz v fixed, TV broadcast, data relay
- K-Band: 18.0 - 26.5 GHz EHF fixed and data relay
- Ka-Band: 26.5 - 40.0 GHz fixed and data relay
- Q-Band: 40.0 - 60.0 GHz data relay, military
— V-Band: 60.0 - 75.0 GHz v data relay
- W-Band: 75.0 - 110 GHz data relay
- Signal Modulation Type
— Analog AM: seldom
— Analog FM: common in the past
— Digital: increasingly replacing all others
» Architecture
— Transparent

— Regenerative (on-board modulation conversion, forward error correction, storage, and
information processing)

01/12/2025



Utilizzo delle frequenze

, Commercial SATCOM Services

LEGEND: (Commercial SATCOM)
CAPITALIZED NAMES = Fixed Satelite Service (FSS)
lower case names = Mobile Satelite Service (MSS)/Personal Comm Services (PCS)

reqular® inmarsat,
cellular . =
lobalstar, ellipso, INTELSAT,
orbcomm '-::)M" &..m globalstar INTELSAT GE
137- | 148- | 193- | L6t sou | e | |
133 150 *00 900 1ss | Les 21 25 39 &3 » 1
t ..4 Com’l Com'l. | Com'L * 4 : * 4
:“"‘F UMF [N S s Com'l. Com'L.
3
Gz
3
13-26 GMe
,.!f' /
Globel (5 &
Military AFIELT Positioning /s o DSCS ¥
Radios uro > Ly Space-Ground 7.25.7.75 OMx pscs A
VIR 146 MMz 225400 MMz 133760 137542 Link System
OMz OHe (SGLS)

UNF SATCOM wers are
sutyect toimerference
from tarveatrial UNF umers, who
Nave Ngher iternabonal
reguistony pricrity

Government itary SATCOM Services

01/12/2025

1.760-1.842 OHz uplinks
22002290 GHz downlints

SGLS requancies are ot risk from
intarnational & US eommercial

encroachment

v

4 = Used as Uplinking Band
= Used as Downlinking Band

TELEDESIC,
SPACEWAY, TELEDESIC, SPACEWAY, ASTROLINK,
A~ CELESTRI, CYBERSTAR, SKYBRIDGE,
o 8. iridium (iner-satelite & gateway Knks)
ez s | s
gateway links) AN Yot
12 | . Com'l. designations shown
. Ka (for example, “X-band™)
conform to definitions in
Com'l. WAL Standard 5211984
L3
30
Gz
SHF <+—— EHF >
8GHz ™1 1 27 40GHz 750
=1
X u K K \"
13 4% Cone Thm 43 G
110
Gz
ACTS v Milatar GBS 31 Gite
&GBS v 4
19.2-20.2 Gix
20.2- 202 Gz
MILSTAR A
4345 GHz
B = : currently sought

for commercisl satellite use, with

potential for U.S. or international
apectrum reallocation
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Processo di Disegno del Sistema

01/12/2025

» ldentifica i requisiti

o Specifica: tipo dati, utenti, locazione utente, quantita’ di dati, Ground Station,
tempi di accesso, ritardi di trasmissione, disponibilita’...

» Verifica il possibile utilizzo di altri sistemi

o ldentifica: collegamenti e posizionamento GS e “processing” gia’ in uso
o Considera l'uso di satelliti/GS “relay”

» Determina il data rate

o r]campioni'nbit/campione

» Disegna il collegamento
o Seleziona: frequenza, modulazione, attenuazioni, puntamento...

» Disegna lI'antenna
o Seleziona: tipo, dimensioni, massa, guadagni, potenza ...

» Documenta le ragioni della scelta
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Data Rate

01/12/2025

Data Rate: numero di bit di informazioni al secondo che devono
essere trasferiti lungo il collegamento

: ey : 5G
Sistemi digitali: segnali A ~50 Mbps
. . . | 1GbpS
analogici cgmpl_onatl e — RS RS
quantizzati ! N , UM
circuito vocale telefonico: 171,2Kbps ! GPRs
r]campioni=8000 Campioﬁnbit/campione SARkpe Snea TN i
8 bit/campione S6Kbys | :
— data rate = 64 kbps 9,6Kbps finea comummitata :
P i@-
Teorema del campionamento: FISSA MOBILE

un segnale analogico con f ., puo’ essere ricostruito
completamente da campioni presi ogni 1/(2 f..,,) secondi

Esempio: musica di alta qualita’ f.,,.=20 Hz, CD player
lavorano con un sample di 44.1 Hz
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Communication Architecture

Crossiinks or
Intersatellite
Sensor Relay Links  Relay
Satellite Satellte  Retum Link ;ﬂ Satellite
- Forward Link
Retum Retum
Link .
Fomard Relay Forward
Link Satellhe
Sateliite
in oot O TT&C 32 lntetsatellne

Upllnk

/
—=\ )‘L\‘W

Upﬂn TT&C
wn-
llnk
Ground

TT&C = Tracking, Telemetry & Contro!  gyations
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Communication Link vs Architettura

01/12/2025 SMAD - Space Mission Analysis & Design 39



Procedura di richiesta della frequenza

01/12/2025

» Richiesta nazionale: FCC (usa) 1990
> ltalia: richiesta internazionale ITU
> | TU: World Administrative Radio Conferences

(WARC)

»|TU: pubblica le regole
IRIDIUM

1992
1995

41



Un po’ di teoria...
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Trasmissione:

superficie terrestre

Antenna
isotropa

Ricezione:

superficie terrestre
P _ PT GT
s 2
4 r

[W/m2 ]

(esempio downlink)

Antenna
direttiva

cubesat

superficie terrestre

P =PTGR

cubesat
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Analisi del collegamento
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Trasmettitore S Ricevitore

» Energy per bit (E,), Noise density (N,):

E =PLGLLG/R1§‘=>LLG/R
° _‘—vl—t’ e ‘ingrjura di merito
NO - k TS (thermal energy)

trasmettitore

E/N,  =ERPL L, (G/T)/ kR foura i merito

= (EIRP+L+L,+G +228 6-R- TS) ricevitore

N

=10 Log()

» Trasmettitore: P=potenza, L=line loss, Gi=guadagno
» Ricevitore: G,=guadagno, T,=noise temperature

» Sistema: R=data rate, L =space loss, L ,=path loss
43



Caratteristiche di un’antenna
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Circular antenna beam

» Guadagno di picco: G
0G=mn?2D2n/ A\ G =1 (217109%/c0)?

» Half power width alle leyjZ f (GHz): 6
o0 =21/1D (gradi) < D=21/10 [m]

Tranamiter




Caratteristiche di un’antenna

01/12/2025

> Guadagno di picco: G Circular antenna beam
0G=mn?2D2n/ A\ = G =1 (21710%/c0)?

» Half power width alla frequenza f (GHz): 6
o0 =21/1D (gradi) < D=21/160 [m]

antenna 1 antenna 2

f (GHz) 0.500

A (m) 0.600

| 0.58

L 0.8

P ) 25 1
coverage area —> 8 (gradi) 75 15

D (m) 0.560 2.800

Gy 5 125

figure of merit —> EIRP (PLG,) 100 100
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Caratteristiche di un’antenna
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Circular antenna beam

» Guadagno di picco: G
0Gz=n?D?%n /A2 = G = n (217110%/c0)?

» Half power width alla frequenza f (GHz): 6
o0 =21/1D (gradi) < D=21/160 [m]

» Riduzione di guadagno da offset di puntamento
e(gradi): Ly=G;=L, G
oLy, =-12 (e/0)2 dB

46



Perdite

» Path loss (atmospheric & rain): L,

50

40

Rain Attenuation (d8)
8

10
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Perdite

» Noise Temperature: T,

» Space loss: L,

0 L = (M47s)? s=path length

Downlink Crosslink Uplink
Frequenza (GH2z) 0.2 2-12 20 60 0.2-20 40
System Noise Temperature  (K) 221 135 424 682 614 763
System Noise Temperature  (dB-K) 23.4 21.3 263 28.3 27.9 28.8

01/12/2025
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Modulazione 1/4
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Amplltude Shift Keylng

s(t) = (1) sin(2nft + )

ASK

larghezza di banda
inalterata

wide (narrow) band:

banda f - f,, >> banda f(t)

111111111

- ()
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Modulazione 2/4
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+ 0 O/2
Phase Shift Keying s(t) = sin(2nf,t + o) "
o S 32
PSK
e BPSK
=gnal m m H
EEEEEN QPSK
MPSK
M fasi: 2nm/M
Signaling rate: numero di volte in cui cambia il m=0,1,... M-1

parametro del segnale (A, f, ¢). Misura: baud
ASK, FSK, PSK: bit rate = signaling rate
QPSK, MPSK: bit rate > signaling rate
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Modulazione 3/4
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'---
Base- o S M|

Band 1oou|1o o AR
2

-—
-
L]

= WA A
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i
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Modulazione 4/4
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Probability of Bit Error

102

103

10-4

10-%

10-®

107

Ll l RJ T l’
BPSK i
- oo BPSK
+ Solomon QPSK +
(255, 223) MSK
- _ Plus .
R-%K=7 BPSK
T Viterbi R=7%%, T
K=7
- sh Viterbi 1
~ Shannon Soft
) Limit DEC T
» .
1 1 | 1 | 1 1 'Y 1
-2 0 2 4 6 10 12
E,/N, (dB)

Phase/Frequency Shift Keying
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Esempio

01/12/2025

» Downlink analysis

o f=2.2 GHz, R=17 Mbps, bit err rate=10-°

o Trasmitter: P=13 dB, L=-1 dB, Gi=1.4 dB, e=70°
oL,=-...dB (h=1000 km), L_=-0.5 dB

o Receiver: G,=39.1 dB, ¢~=0.2°/ T,;=135 K

o n=0.55
o PSK
= E, /N, = (EIRP+L+L_+G[+228.6-R-T,) dB
= Margine = (Ey/N,) — (Ep/No)required — PErdite

» Uplink analysis ...
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Esercizio (downlink)

Orbit & Geometry S/C

Altitude 600 km  Antenna efficiency 0.55

Inclination 60 deg  Pointing error 0.2 deg

Min. elevation angle 10 deg  Transmitter Line Loss 3 dB
Antenna diameter Tm

Link Ground Station

f 12.6 GHz  Antenna diameter 4 m

Modulation QSPK Antenna efficiency 0.65

Implementation loss 2 dB Pointin error 0.04 deg
Noise Temperature 135 K

Requirements Increase Noise due to rain  174.55 K

R 28.8 Gbps

Bit error rate 1.0E-05

Margin 3.5 dB

Evaluate the power of the S/C
transmitter!!!

E,/N, = (EIRP+L+L,+G +228.6-R-T,) dB
01122025 EIRP =P + L, + G, 54
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