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● Dipl. in Electronics Eng. → Universidad Simón Bolívar (USB), Venezuela (VE)

● MSc. in Electronics Eng. - Digital Communications →  USB, VE

● Experience within academia  and industry:

○ Communications and Signal Processing Teaching Assistant at USB

○ Intern at CANTV → Largest broadband and fixed telephone operator, VE

○ System engineer at Digitel → National mobile operator, VE

● Industrial PhD in Wireless Comm. → Aalborg University, DK

○ Telecommunications engineer at Steinwurf ApS, DK

● Postdoc Researcher in Nanosatellite Comm. → Aarhus University, DK

My Background



● Telecommunications

○ Iridium (voice) → 66 satellites → 11 satellites in 6 planes at i = 86.4°

○ Globalstar (voice) → 48 satellites → 6 satellites in 8 planes at i = 52°

Constellations examples and Walker Delta parameters



Basic orbit parameters in LEO

● Basic analysis for 1 plane: i = 51.6° & NS nanosatellites



Satellite velocity / Orbital period in LEO



Satellite Passes / Connectivity Time for Cubesat - AU GS

● Simulations with STK 11.02 for 7 months starting from mid-June 2018
● Based on an early proposal of the Delphini-1 orbit: 4.66 passes/day, 390 s.



● 3 link types:

○ Uplink / Downlink

○ Intersat / Inter-GS

● AWGN models each link:

System Overview

Transmitter ReceiverChannel +

Noise
Information source:
1010011….

Information sink:
1010011….
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Modulation Spectra and Bandwidth

● Send random bits with bit rate Rb in a bandwidth B

● Transmitted bits control sinusoid waveform values (Amplitude, frequency, phase )



● Computes the probability that a decoded bit is corrupted by AWGN

●  Plotted with the y-axis in log scale and x-axis in dB for Eb/No

Bit Error Probability

QPSK: ✓✓BER, ✓✓B, ✖SL

MSK: ✓BER, ✓B, ✓SL

GMSK: ✓BER, ✓✓B, ✓✓SL

B: Bandwidth

SL: Sidelobes



● Computes the SNRrcvd and from proper conversions also (Eb/No)rcvd 

● A modulation and coding requires at least an (Eb/No)min for a target Pb,cod

● We verify if (Eb/No)rcvd > (Eb/No)min → If ok, link works properly, otherwise 

adjust

Link Budget Guidelines

● We refer as free space loss to the dependence on distance and wavelength

● We may include other gains and losses of the system as well



● The noise power is defined as N = NoB → How to calculate No?

○ No = kBTn with kB is  Boltzmann’s constant , kB = 1.23 x 10-19 J/K

○ Tn is defined as the noise temperature required to generate a thermal 

noise power equal to N in a bandwidth B

○ All the noise sources can be represented by a noise temperature

○ The system temperature is defined as Te = Tant + Tsys , where Tant is the 

antenna noise temperature and  Tsys is the equivalent system noise 

temperature

Noise Temperature



Link Budget Calculation  -  Downlink Scenario
● Transmitter: Antenna gain, line loss

● Orbit: Elev. angle, height → distance

● Link: Frequency, free-space loss, others 

● Receiver: Antenna gain, line losses

● Receiver noise, modulation, bit prob.

● SNR, Rb, (Eb/No)rcvd and (Eb/No)min

● ~ 8-11 MB / day



Link Budget Calculation  -  Inter-satellite Scenario
● Transmitter: Antenna gain, line loss

● Orbit: Number of satellites → distance

● Link: Frequency, free-space loss, others 

● More stable, stationary links due to 

permanent connectivity

● Slower links due to the long distance



Thank you!

Questions?

E-mail: nh@eng.au.dk
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