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Abstract. This paper focuses on the performance analysis of aeronautical satellite baseband link including Aircraft 

Transmitter, Uplink (AWGN channel), Satellite Transponder, Downlink (AWGN channel), and Ground Earth Station 

(GES) Receiver. Impact of a modulation type (BPSK, QPSK, 8PSK, 16QAM), Eb/N0, satellite transponder amplifier 

gain without and with coding on Binary Error Rate (BER) was investigated. Effectiveness of error detection and 

correction for “Aircraft-to-Satellite-to-Ground” link was analyzed using classic linear block codes, like Hamming‟s 

(7, 4) code.  
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1. Introduction 

The aeronautical telecommunication network (ATN) 

has been designed to provide data communications 

services to Air Traffic Service provider 

organizations for air traffic services communication, 

aeronautical operational control, administrative 

communication; and aeronautical passenger 

communication. The ATN comprises application 

entities and communication services which allow 

ground-ground, air-to-ground and air-to-air data 

subnetworks to interoperate using satellite 

subnetwork (Manual…2010).    

Satellite communication systems are used for 

sending data from aircraft to a ground stations 

accessible to aeronautical operation control, air 

traffic management and air traffic control (Roddy 

2006). Wide application of satellites in aviation is 

connected with the possibility of communication 

with a considerable amount of planes irrespective of 

a distance, with independence of expenses on a 

distance between planes, with insignificant influence 

of atmosphere and sites of land stations on reliability 

of communication (The Satellite…2012).  

A satellite tracking of aircraft is a technology 

available to aircraft operators which has huge 

benefits and relatively low costs (An 

Introduction…2009). An aircraft can report its 

position via an aircraft/satellite data link. ADS-B 

(Automatіc Dependent Surveіllance - Broadcast) – is 

a technology which allows pilots and air traffic 

controllers to track aircrafts with high accuracy 

(EUROCONTROL…2012). ADS-B can make flight 

safe and allows using of air space more effective.  

An aircraft equipped with ADS-B avionics 

transmit their exact position in space by means of 

digital communication channels. The digital code 

which contains this information is updated several 

times per second and transmitted by aircraft on 

discrete frequencies.  

ADS-B systems based on Low Earth Orbit (LEO) 

satellites are of special interest (Osborne, Xie 1999).  

It was found (Aircraft-to-Satellite…2003) that 

the most critical factors for all systems using aircraft 

are the transmitting antenna and the data rate that the 

communications system is required to carry. The 

maximum rate for any system in use today is set by 

the transmit power available from the ground (or 

aircraft) transmitter and the sensitivity of the satellite 

receiver. It is therefore necessary to determine the 

amount of data that must be transmitted and the time 

period in which the transmission must occur. 

Problems connected with the performance of 

satellite aeronautical communication channel are 

very important. Even small degradation of 

communication channel parameters influences a rate 

of data transmission, a time delay and coverage. 
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These factors at once impact on safety of flights 

and operational expenses. It is necessary to have the 

system parameters optimized before implementation 

(Elbert, Elanix 2003) and when things go wrong a 

simulation model can be used to track down the 

offending element. The imitation modeling also may 

be useful for pre-testing any corrective action before 

attempting it either in space or on the ground. 

To answer the question how it is possible to keep 

constantly communication channel parameters 

optimal we need to work out realistic models of 

satellite aeronautical communication channels and 

research their behavior. A communication channel can 

corrupt information sent over it (Huffman, Pless 2003).  

An overview of the many practical applications 

of channel coding theory was presented in    

(Costello et al. 1998) and included: deep space 

communication, satellite communication, data 

transmission, data storage, mobile communication, 

file transfer, and digital audio/video transmission.  

In most papers the power of coding was 

demonstrated on the base of the memoryless 
Additive white Gaussian noise (AWGN) channel 

that formed the basis for Shannon’s noisy channel 

coding theorem (Shannon 1948).  

At the same time the role of a satellite 

transponder as a part of the microwave repeater and 

antenna system that is housed onboard the operating 

satellite is significant (Elbert, Elanix 2003). A 

transponder is used to amplify carriers on the 

downlink side of a communications satellite. Each 

transponder is amplified by either a traveling wave 

tube amplifier or a solid state power amplifier. 

Satellite transponders can deliver data rates in the 

range of 50 to 150 Mbps and achieving these high 

data rates requires careful consideration of the 

design and performance of the transponder. 

This paper is devoted to the performance analysis 

of aeronautical satellite baseband link on the basis of 

original model including Aircraft Transmitter, 

Uplink (AWGN channel), Satellite Transponder, 

Downlink (AWGN channel), and Ground Earth 

Station (GES) Receiver. Then influence of a 

modulation type (BPSK, QPSK, 8PSK, 16QAM), 

ratio Eb/N0, and satellite transponder amplifier gain 

without and with coding on Binary Error Rate 

(BER) was investigated.  

2. Error detection and correction analysis 

The most significant question about effectiveness of 

error detection and correction for “Aircraft-to-

Satellite-to-Ground” link was analyzed using classic 

linear block codes, like Hamming’s (7, 4) code. This 

code is a linear error-correcting code that encodes 4 

bits of data into 7 bits by adding 3 parity bits and 

can correct any single-bit error, or detect all single-

bit and two-bit errors. Hamming’s (7, 4) code is 

effective if transmission medium is not extremely 

noisy and burst errors do not occur.  
Hamming’s (7, 4) code can be computed in linear 

algebra terms through matrices – the code generator 
matrix G and the parity-check matrix H (Huffman, 
Pless 2003): 

0001
0010
0100
0111
1000
1011
1101

G       and    
0001111
0110011
1010101

H   

 

A generator matrix generates all possible 

codewords 

,Gcw   

where w is a codeword of the linear code c, c is a 
row vector, and a bijection exists between w and c. 

A generator matrix can be used to construct the 
parity check matrix for a code (and vice-versa).  

The rows of a parity check matrix are parity 
checks on the codewords of a code. That is, they 

show how linear combinations of certain digits of 
each codeword equal zero. Rows of the parity-check 

matrix H are used to compute the syndrome vector 
at the receiving end and if the syndrome vector is the 

null vector (all zeros) then the received word is 
error-free; if non-zero then the value indicates which 

bit has been flipped. 
In MATLAB Simulink (Communications…2012) 

the Hamming Encoder block creates a Hamming 
code with message length K and codeword length N. 

The number N must have the form 2
M

-1, where M is 
an integer greater than or equal to 3, then K equals 

N-M. The input must contain exactly K elements 

and if it is frame-based, then it must be a column 
vector. The output is a vector of length N. The 

Hamming Decoder block recovers a binary message 
vector from a binary Hamming codeword vector. 

For proper decoding, the parameter values in this 
block should match those in the corresponding 

Hamming Encoder block. 
 

3. Aeronautical satellite channel simulation 

For more realistic modeling of satellite 

communication link we have included in our model 

a satellite transponder and two AWGN channels for 
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uplink and downlink. MATLAB simulation model is 

shown in Fig. 1 and consists of a source of 

information (Bernoulli Binary block), an aircraft 

transmitter (Hamming Encoder block, Modulator 

Baseband block), an uplink (AWGN channel), a 

satellite transponder (Receiver Dish Antenna Gain, 

Complex Baseband Amplifier with Noise, 

Transmitter Dish Antenna Gain), ground Earth 

station receiver (Demodulator Baseband block, 

Hamming Decoder block), and Error Rate 

Calculation block.  

Complex Baseband Amplifier block in satellite 

transponder generates a complex baseband model of 

an amplifier with thermal noise. It simulates linear 

amplifier and allows to specify noise (noise 

temperature – specifies the noise in Kelvin; noise 

factor – specifies the noise by the following     

equation:  

Noise factor = 1 + Noise temperature/290). 

In Fig. 1 BPSK Modulator/Demodulator is 

shown. During a simulation QPSK, 8PSK, and 

16QAM modulation schemes were considered also. 

For each of these modulations Bit Error Rate 

(BER) was calculated without and with coding as 

function of a ratio Eb/N0. The value of a ratio Eb/N0 

was changed symmetrically in uplink AWGN and 

downlink AWGN channels.  

All calculations were done when 

receiver/transmitter dish antenna gain was equal to 

unit. Noise factor in complex baseband amplifier 

was taken as 2 (290 K – typical noise level). When 

investigating effect of coding for different 

modulation types we took satellite linear amplifier 

gain equal to unit. 

This model also allows investigating a 

dependence of BER on satellite transponder 

amplifier gain without and with coding and such 

dependencies were obtained and analyzed for BPSK, 

QPSK, 8PSK, and 16QAM.   

Results of simulations are shown in Figs 2–8. 

First, it is interesting to compare a value of BER for 

different modulation types without coding. From 

Figs 2–4 (solid lines) follows that the lowest BER 

has BPSK and the highest – 16QAM. For example, 

at Eb/N0 = 8 dB:  

BERBPSK = 5.8∙10
-3

,  

BERQPSK = 6.0∙10
-2

,  

BER8PSK = 3.1∙10
-1

,  

BER16QAM = 4.1∙10
-1

. 

 

 

 

 
Fig. 1. “Aircraft-to-Satellite-to-Ground Earth Station” Link
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Fig. 2. Effect of coding on QPSK (1, 2) 

and BPSK (3, 4): 

1, 3 without coding;  

2, 4 –with Hamming code (7, 4), t=1  

 

 

 

 
Fig. 4. Effect of coding on 16QAM: 

1 –without coding;  

2 –with Hamming code (7, 4), t=1 

 

 

 

 
Fig. 3. Effect of coding on 8PSK:   

1 – without coding; 

2 – with Hamming code (7, 4), t=1 

 

 

 

 

 

 

 
Fig. 5. Impact of Satellite Transponder 

Amplifier Gain on BPSK:  

1 – Eb/N0 = 1 dB, without coding; 

2 – Eb/N0 = 1 dB, Hamming code (7, 4) t=1; 

3 – Eb/N0 = 5 dB, without coding; 

4 – Eb/N0 = 5 dB, Hamming code (7, 4) t=1 
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Fig. 6. Effect of Satellite Transponder Amplifier 

Gain on QPSK:  

1 – Eb/N0 = 1 dB, without coding; 

2 – Eb/N0 = 1 dB, Hamming code (7, 4) t=1; 

3 – Eb/N0 = 5 dB, without coding; 

4 – Eb/N0 = 5 dB, Hamming code (7, 4) t=1 

 

 

 
Fig. 7. Effect of Satellite Transponder Amplifier 

Gain on 8PSK  

1 – Eb/N0 = 1 dB, without coding; 

2 – Eb/N0 = 1 dB, Hamming code (7, 4) t=1; 

3 – Eb/N0 = 5 dB, without coding; 

4 – Eb/N0 = 5 dB, Hamming code (7, 4) t=1 

 

 

 
 

 

Fig. 8. Effect of Satellite Transponder Amplifier Gain on 16QAM:  

1 – Eb/N0 = 1 dB, without coding; 

2 – Eb/N0 = 1 dB, Hamming code (7, 4) t=1; 

3 – Eb/N0 = 5 dB, without coding; 

4 – Eb/N0 = 5 dB, Hamming code (7, 4) t=1 
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The higher amount of alternative modulation 

symbols – the closer plots are arranged. For 

example, at Eb/N0 = 8 dB:  

BERQPSK /BERBPSK ≈ 10.3,  

BER8PSK /BERQPSK ≈ 5.2,  

BER16QAM /BER8PSK ≈ 1.3.  

Secondly, a coding with Hamming code (7, 4), 

t=1 shows that the effect of BER decreasing is 

maximal for BPSK. For example, at Eb/N0 = 8 dB: 

(BERBPSK - BERcodedBPSK) /BERBPSK ≈ 96%, 

(BERQPSK - BERcodedQPSK) /BERQPSK ≈ 57%, 

(BER8PSK - BERcoded8PSK) /BER8PSK ≈ 0%, 

(BER16QAM - BERcoded16QAM) /BER16QAM ≈ 2%.  

Notice, that in the range 5 dB ≤ Eb/N0 ≤ 10 dB an 

effectiveness of coding for 8PSK is lower than for 

16QAM (compare Figs 3 and 4). 

An investigation of BER dependence on satellite 

transponder amplifier gain without and with coding 

was provided for two meanings of a ratio Eb/N0 

(1 dB and 5 dB) in uplink and downlink when 

receiver/transmitter dish antenna gain was equal to 

unit, noise factor in complex baseband amplifier was 

taken as 2 (Figs 5–8). 

The most significant influence satellite 

transponder amplifier gain has on BPSK (Fig. 5). 

The nature of coding effect on BER decreasing is 

similar for BPSK and QPSK but for QPSK the effect 

is less (compare Figs 5 and 6).  

For BPSK and QPSK decreasing of BER is 

bigger for higher ratio Eb/N0 (compare upper plot for 

Eb/N0 = 1 dB and lower plot for Eb/N0 = 5 dB 

correspondingly in Figs 5 and 6).  

Quite different impact satellite transponder 

amplifier gain has on 8PSK and 16QAM (Figs 7 

and 8). For Eb/N0 = 1 dB BER decreasing after 

coding is bigger than for Eb/N0 = 5 dB – a converse 

effect than for BPSK and QPSK.  

Another interesting feature is that the higher 

amount of alternative modulation symbols is – the 

less is impact of transponder amplifier gain 

increasing on decreasing of BER (plots in Figs 7 

and 8 when gain is more than 6 dB).  

4. Conclusions 

Satellite communications are very important and 

there exist international competition in space 

industry. European R&D in satellite 

communications has encompassed a large number  

of activities spanning many programs and 

organizations. In overview (Castanet 2011) it was 

pointed out: “Optimization of satellite systems 

requires taking into account propagation information 

early in system design. The propagation channel has 

a strong impact on system performances and 

relevant channel models should be available to 

assess by simulation the end-to-end quality of 

service and the satellite system performances. 

Propagation impairments may be mitigated by 

specific techniques. To design and optimize such 

techniques, it is necessary to simulate or emulate the 

dynamic behavior of the propagation channel”. 
Our results of simulations presented here          

can help to understand and solve mentioned      

above problems. This paper deals with the 

performance analysis of aeronautical satellite 

baseband link.  

Original model includes aircraft transmitter, 

uplink/downlink (AWGN channels), satellite 

transponder, and ground Earth station receiver. 

Impact of a modulation type (BPSK, QPSK, 8PSK, 

16QAM) and satellite transponder amplifier gain 

without and with coding on Binary Error Rate 

(BER) was investigated. Effectiveness of error 

detection and correction for “Aircraft-to-Satellite-to-

Ground” link was analyzed using Hamming’s (7, 4) 

code.  

The most important results for our model with 

two AWGN channels and satellite transponder are 

the following:  

a) the lowest BER has BPSK and the highest – 

16QAM;  

b) the higher amount of alternative modulation 

symbols is – the closer plots of BER as function of 

Eb/N0 are arranged in the sequence BPSK, QPSK, 

8PSK, and 16QAM;  

c) a coding with Hamming code (7, 4) shows 

that the effect of BER decreasing is maximal for 

BPSK;  

d) in the range 5 dB ≤ Eb/N0 ≤ 10 dB an 

effectiveness of coding for 8PSK is lower than for 

16QAM;  

e) the most significant influence satellite 

transponder amplifier gain has on BPSK;  

f) the nature of coding effect on BER decreasing 

is similar for BPSK and QPSK but for QPSK the 

effect is less;  

g) quite different impact satellite transponder 

amplifier gain has on 8PSK and 16QAM – the 

higher is amount of alternative modulation symbols 

the less is impact of transponder amplifier gain 

increasing on decreasing of BER. 
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