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Static Vs Dynamic Link Budget 15d6
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Dynamic link budget calculates as a
function of time over entire pass
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State of the Art 58 >
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* High dependency on restricted software or database for orbit propagation
e Tools are NOT open source

e
A1~/ AMSAT * Useful but calculates only

. Static Link Budget
IARU Link I\_AOde' e Can be complex to use
by Jan A. King

Telecom Forecaster
¥ Predictor (TFP)
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Repository:
https://sourceforge.isae.fr/projects/dosa link budget analysis

* Calculates dynamic link budget
* Enables to select best passes

* Visualisation of available margins
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OEM and AEM Files in CCSDS format 1S40
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Position ,

Orbit Ephemeris Message (OEM) — “An OEM
Velocity specifies the position and velocity of a single

0 object at multiple epochs contained within a
specified time range.”

Attitude Ephemeris Message (AEM) — “An

AEM specifies the attitude state of a single

object at multiple epochs, contained within
Satellite Frame a specified time range. “

4 EME2000 Frame
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FSL = c
EEEEDDH
N R = Vs2000 — Vsat2000

Loss varies as per satellite-station distance R over the orbit

@T

Centre Spatial Universitaire de Toulowse
Space innovolion, legellver



Antenna Gain Pattern 1538~
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Antenna Gain is function of Azimuth and Elevation

angles in the Antenna Base Frame ‘g T
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General Link Architecture
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Link Budget Equation

General Link Architecture
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Doppler Effect 1D
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Satellite in an overhead

position (Zero Doppler) f
. c”sS
Doppler Shift (fy) =
C
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Doppler Rate = f,

Doppler Shift varies as per
satellite velocity relative to
station
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Case Study - EyeSat 1538
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Free Space Loss vs Time
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Antenna Gain variations

Antenna Gain for only Pass Durations
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CINO (dB)

C/NO Variations and Elevation Angle

Signal to Noise Ratio (C/NO) Variations
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Future Work 15ag ~
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UserInputs.m @

28

29 %% General Data for Link Budget Calculations
30 c = 2957524538; % speed of light m/s

. 31 boltz = 1_.380€4852E-23; %% Boltzman Constant
* Provide Celestlab B s s § e

33" sat alt = 453e3; %% [km] -——> s

COde for OEM’ AEM 34 freq Tx = 2210=6; %% [Hz]
. 35 data _rate = _117E+0£; %datarate bit/s
3¢ code rate =

generatlon 37 mod sym = 4; % modulation symbols

38 bandwidth chan = 350Z%; %Channel Bandwidth in Hz

° S d d' A 39 '‘min elev = 5; % Satellite minimum elevation from station [deg]
ta n a r Ise ntenna 40 graph pass only = true;
. 41 %% Transmitter Data
Gain measurement a2
43 ‘power Tx = 3.0; % dBW Satellite TX Powe
44 loss_cable Tx = -0.5; % Cabl ¢
L4 Develop GUI for user 45 loss_feeder Tx = -3; %dB Coupler lo
. 4e loss_point_Tx = ; % dB Transnm
Inputs :; antG Tx = -£; % dBi Transmitte
49 %%
50

0
"

antenna pointing loss

enna ain

ropagation Losses

)

S$1° loss pol = -1.1; % dB Polarisation Loss

$2° loss_atm = -0.5; % dBE Atmospheric gas attenuati
53 loss_scin = ; % dB Scintillation loss

54 loss_rain = ; % dB Rain attenuation

55 loss_clouds = 0.0; % dB Clouds attenuation
S€ loss si = 0.0; % d2 Snow and Ice attenuation
57

58 %% Receiver Data
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Repository:
https://sourceforge.isae.fr/projects/dosa link budget analysis

* Calculates dynamic link budget
* Enables to identify best passes
 Visualisation of available margins*

*Modenini, Andrea. “Tutorial - Dynamic Link Budget Optimisation for Telemetry Links”. This paper provides
algorithms for choosing optimal bitrate in a dynamic link budget to maximise amount of data downloaded.
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