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Abstract — Link quality is crucial when designing 

communication subsystems for satellite system including on-

board and ground equipments. The purpose of the link 

quality evaluation is to guarantee the system performing in a 

reliable manner considering the constraints in limited power, 

radio spectral and costs.  This paper will introduce the 

evaluation method for Bit Error Rate (BER) parameter to 

verify the link quality of the telemetry downlink between 

small Earth observation satellite and its ground station with 

International Telecommunication Union‘s recommendations 

taken into account. Case study is also done for simulating 

and estimating link quality for a small Earth observation 

satellite Telemetry downlink.    
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I. INTRODUCTION  
 

Ground station– satellite links are designed to satisfy the 

quality requirements issued by International 

Telecommunication Union (ITU)such as ITU-T 

Recommendation ITU-R  S.1425 and ITU-R S.465-5. The 

required quality is strictly related to the cost in terms of 

ground station’s equipments and satellite’s capacity. 

Therefore, the wanted quality can be obtained by 

designing the link accordingly. In the design of a ground-

satellite link, the attenuation caused by air and other 

factors relevant in radio communication is taken into 

account by the addition of a margin. Due to these 

propagation factors link quality does not remain constant. 

The link quality is therefore designed to meet the 

requirements in the worst case. Regarding the quality of a 

ground-satellite link, Bit Error Rate (BER) values must be 

estimated and evaluated for the worst case. In the scope of 

this paper, method for BER evaluation is done to evaluate 

the link quality between a Sun Synchronous Orbit satellite 

and its ground station. The method is applied to a 

Telemetry downlink for a hypothesis small satellite with 

Sun synchronous orbit in order to propose some measures 

to maintain reliable radio link for its ground control 

station.   

 

II. LINK QUALITY PARAMETERS 
 

A. Bit error Rate (BER) 
The BER, as a measure of the signal quality, is the most 

important figure of merits in all link budgets. The BER is 

a function of a quantity called𝐸𝑏/𝑁0, the bit energy per 

noise-density of the signal. For a QPSK signal in an 

additive white-gaussian-noise (AWGN) channel, the BER 

is given by [1]: 

 

 BER =
1

2
𝑒𝑟𝑓𝑐(√𝐸𝑏/𝑁0) (1) 

 

erfcis the complimentary error function describes the 

cumulative probability curve of a Gaussian distribution. 

The function is defined as in [1]: 

 

 𝑒𝑟𝑓𝑐(𝑥) =
2

√𝜋
∫ 𝑒−𝑢2

𝑑𝑢
∞

𝑥

 (2) 

 

The above equation when plotted has a classic waterfall 

shape when plotted on a log-log scale. The BER is 

inversely related to 𝐸𝑏/𝑁0 . Higher 𝐸𝑏/𝑁0 means better 

quality. 

𝐸𝑏/𝑁0 is commonly used with modulation and coding 

design for noise-limited rather than interference-limited 

communication systems, and for power limited rather than 

bandwidth limited communication systems. 

 

 
Fig. 1. BER for uncoded AWGN channels (plot generated 

by berawgn MATLAB functions) 

 

This is to show that when working with link budgets, we 

will keep monitoring of not just the signal power and how 

it is getting attenuated, but also where and how the noise is 

injected into the link. This dual role makes things 

complicated and messy because there are numerous 

sources of noise. 

B. 𝐸𝑏/𝑁0  and Signal-to-Noise Ratio (SNR) 
Energy per bit (Eb) is defined as the ratio of signal 

power to bit-rate, 

𝐸𝑏 = 𝑃𝑠/𝐵[Joules / bit], 

Where: 
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Ps: signal power i [watts = joules / sec]  

B: bit rate [bits / sec]. The bitrate can be expressed in 

terms of the spectral efficiency b[bits / sec / Hz] and 

bandwidth W [Hz] required for the signal as: 

𝐵 = 𝑏 ∗ 𝑊[bits / sec]. 

Therefore 

𝐸𝑏 = 𝑃𝑠/(𝑏 ∗ 𝑊)[Joules / bit]. 

It is noted that if the noise is flat with constant power 

spectral density No [watts / Hz = joules], then the noise 

power Pn in band width W [Hz = 1 / sec] is 

𝑃𝑛 = 𝑁0 ∗ 𝑊 [Joules / sec = watts]. 

Thus the signal-to-noise ratio (SNR) is 

𝑆𝑁𝑅 = 𝑃𝑠/𝑃𝑛 = 𝑃𝑠/(𝑁0 ∗ 𝑊), 

and Eb / N0 is related to SNR as 

𝐸𝑏/𝑁0 = 𝑃𝑠/(𝑏 ∗ 𝑊 ∗ 𝑁0) = 𝑆𝑁𝑅/𝑏[1/bit]. 
Eb/N0 is the most common parameter used to compare 

communication systems even when they have differing bit 

rates, modulations, and even media.  

C. Transmission Equation 
Theoretically, the power received in a communication 

link is the result of the transmission equation which is 

based on the Friis equation. The Friis equation assumes 

perfect conditions between two antennas and therefore, the 

only loss considered is free space loss. Based on the 

transmitted power and the gain of the two antennas, the 

received power Pr can then be estimated by [2]: 

 

 𝑃𝑟 = 𝐸𝐼𝑅𝑃 + 𝐺𝑟 − 𝐹𝑆𝐿 (3) 
 

Where:  

Pr: received power 

EIRP: Effective Isotropic Radiation Power 

Gr: Received antenna gain 

FSL: Free Space Loss 

In practical conditions, other losses along the path and 

misalignment between transmitting and receiving antennas 

may be included in the above equation giving the modified 

equation as follows: 

 

 𝑃𝑟 = 𝐸𝐼𝑅𝑃 + 𝐺𝑟 − 𝐿𝑝𝑎𝑡ℎ − 𝐿𝑇𝑋 − 𝐿𝑚𝑖𝑠 (4) 
Where:  

 
𝐿𝑝𝑎𝑡ℎ = 𝐹𝑆𝐿 + 𝐿𝑝𝑡,𝑇𝑋 + 𝐿𝑝𝑡,𝑅𝑋 + 𝑃𝐿𝐹

+ 𝐿𝑡𝑟𝑜𝑝 + 𝐿𝑖𝑜𝑛 
(5) 

Where:  

Lpt,TX  and Lpt,RX: pointing losses of transmitter and receiver 

PLF :  polarization loss 

Ltrop  and  Lion: atmospheric losses 

Lmis: pointing loss due to Tx and Rx antennas 

misalignment. 

D. Noise Power Spectral Density (N0) 
The quality of the signal at the receiver is also strongly   

influenced by thermal noise power. This noise is due to 

random motions of molecules, atoms and electrons, any 

component with a temperature of more than zero degree 

Kelvin. Thermal noise is power modeled as AWGN. The 

noise power N is proportional to the temperature T and the 

bandwidth Bo f interest, and is given by 

𝑁 = 𝑘𝑇𝐵 

where k is Boltzmann’s constant and   

k = 1.38 × 10-23J/K. 

The noise power spectral density N0 is also proportional 

with the temperature and is given by [4]: 

 𝑁0 =
𝑁

𝐵
= 𝑘𝑇 (6) 

The unit for N0  is W/Hz. 

 

III. LINK QUALITY EVALUATION FOR SUN-

SYNCHRONOUS ORBIT (SSO) SATELLITE’S 

EARTH STATION 
 

A. Used Parameters 
The evaluation for link quality is performed for the S-

band Satellite-ground communication with the following 

parameters: 

Satellite : Type of orbit : Sun Synchronous Orbit (SSO) 

 

Table 1.  Orbit parameters 

Parameter Value Unit 

Earth Radius 6,378.14  km 

Height of Apogee (ha) 689.0 km 

Height of Perigee (hp) 670.0  km 

Semi-Major Axis (a) 7,057.6 km 

Eccentricity (e) 0.001346   

Inclination (I) 98.08 degree 

Argument of Perigee (ω) 97.3 degree 

Right Ascension of the 

Ascending Node (RAAN) () 166.50 degree 

Mean Anomaly (M) 237.74 degree 

Period 98.344 minutes 

 

On-board Telemetry Tracking and Control (TTC) 

parameters 

 

Table 2 . Onboard TTC parameters 

Parameter Values 

TC frequency 2048.1 MHz 

TM frequency 2240.0 MHz 

TC data rate 20 kbps 

TM data rate 384.615 kbps 

Transmitter RF Power  
31.5 dBm minimum 

34.0 dBm maximum 

S/C receiver threshold (at 

diplexer I/F) 

-120.0 dBm (@ TC 

data rate) for 10-5 BER 

at receiver output 

Required TC BER 
10-5 viterbi decoder 

excluded 

TM on-board losses -4.8 dB 

TC on-board losses  -4.8 dB 

Antenna gain  
TC: -10.7 dB 

TM: -4.4 dB 

Antenna axial ratio 
TC: 5.0 dB 

TM: 5.0 dB 

Ground station (GS): Location: Hanoi, Vietnam 
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Table 3.  Ground station parameters 

Parameter Values 

EIRP 50dBW 

G/T (Elevation ≥ 5°) 10.5 dB/K 

Polarisation Antenna Circular 

Antenna axial ratio 2.0 dB 

Pointing Losses 

 Elevation: 0° to 30°  

 Elevation: 30° to 90° 

 

0.3 dB 

0.5 dB 

Receiver losses  2.0 dB 

Transmitter quality losses 1.0 dB 

Required TM Eb/No 

3.5 dB (ITU 

recommendatio

n for QPSK 

modulation and 

rate ½ coding) 

 

The slant range between the GS and the Satellite is 

estimated by the following figure: 

 

 
Fig. 2.  Slant range between GS and satellite 

 

The GS-Satellite maximum distance is calculated as [3]: 

 

𝑑𝑚𝑎𝑥 = −𝑅𝐸 sin(𝛼) + √(𝑅𝐸 sin(𝛼))2 + 𝐻2 + 2. 𝑅𝐸 . 𝐻 (7) 
 

The FSL (Free space loss) of the GS-Satellite link is 

given by [4]: 

 

 𝐹𝑆𝐿 = 20 log (
4𝜋𝑑

𝜆
) (8) 

Where: 

d: GS-satellite range 

: wavelength 

 

IV. MODELING AND TOOL FOR GS-

SATELLITE LINK EVALUATION 
 

As the SSO satellite is orbiting around the Earth with a 

period of about 98 minutes so the GS shall maintain the 

antenna tracked with the satellite position in order to keep 

a certain pointing accuracy and a reliable communication 

link. Therefore an orbit prediction model is used to 

estimate the satellite position.  

SatLink is a software tool developed by Space 

Technology Institute (Vietnam Academy of Science and 

Technology) to estimate the link quality parameter 

(Eb/No) of the given GS-Satellite link using the above 

formulas and parameters. The software integrates the 

SGP4 model as a core to predict the satellite orbit and 

calculate the Earth-space range which is a key input for 

the link modeling. The final outcome of the estimation is 

the Eb/No of the telemetry downlink at the ground station 

and is compared to the threshold recommended by ITU to 

verify if the link is reliable. The Eb/No threshold for 

QPSK modulation and ½ coding scheme is 3.5db and the 

outcome is below this value. This shows the above 

designed link can be accepted for real-life system. Details 

results will be shown in the section V. 

The interface of the tool is illustrated in the following 

figures: 

 

 
Fig. 3. SatLink software for orbit prediction and link 

modeling 

 

 
Fig. 4. Input parameters for GS-satellite link modeling 

 

The input interface in figure 4 allows the user to input 

and modify all the parameters in tables 2 and 3. The orbit 

parameters of the satellite are updated frequently by Two-

line element (TLE) files. 

 

V. RESULTS AND PROPOSAL 
 

A. Link Quality Estimation 
Eb/No is calculated based on the worst scenario of the 

link which is assumed 5 degree elevation angle. The result 

is summarized in figure 5. Eb/No in this case is 3.8db and 

higher than the threshold of 3.5db, which means the radio 
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link works with 0.3db margin. Therefore the GS-satellite 

link is well-designed and shall be reliable during its 

operational phase. 

The estimation is performed based on the assumption 

that all the on-board and ground technical parameters are 

un-changed since the launch of satellite. Besides the 

atmospheric factors which cause the radio path loss and 

certain level of antennas misalignment are fixed.    

 

 
Fig. 5. TM downlink link quality 

 

B. On-line Monitoring of Link Quality 
When the satellite is in–orbit the need for real-time 

monitoring of link parameter is confirmed. This is due to 

fact that there are always some uncertainties of the 

equipments and environment factors hindering the signal 

quality. Real-time estimation data is useful to be used to 

verify with the ground-truth data in order to evaluate the 

link performance. This work is enabled thanks to the real-

time orbit prediction. A sample outcome for one satellite 

pass is illustrated in figure 6. 

 

 
Fig. 6. On-line link quality monitoring during one satellite 

pass 

 

The gap between the simulated and real data from 

operating equipments may be an indication for the 

operator to assess the impacts on the radio link. If the gap 

is small enough it can be explained by assuming the 

fluctuation of the environment factors and uncertainty of 

the on-board and ground equipment parameters. 

If the difference is un-negligible and causing service 

interruption, analysis must be done to figure out the root 

cause and counter-measures. The bad factors may come 

from ground equipments such as antenna misalignment 

and receiver’s malfunction, on-board failure or from 

external environment such as rain, fog or man-made radio 

noise.  

C. Proposal to Maintain Reliable Radio Link 
During operation of an Earth observation satellite 

system including the in-orbit satellite and its complex 

ground stations, there is normally no back-up for ground-

space radio link. Therefore, maintaining the reliable link is 

a primary task to ensure non-interrupted services provided 

to the end-user. Following activities are proposed to 

support this task: 

- Using SatLink to simulate the link parameter 

frequently. 

- Comparison with the real measurements data which 

may be from the ground or on-board equipments. 

- Evaluate the difference between the simulated and 

real data. 

- Analyze the difference to find out the possible 

causes and counter-measures. 

- Perform on-site radio survey frequently to eliminate 

the man-made radio noise and evaluate the 

surrounding environment. 

 

VI. CONCLUSION 
 

The primary contribution of the paper is to summarize 

the method to evaluate the link quality of a SSO satellite 

system focusing on the TM downlink on ground and to 

propose a tool for the link modeling and estimation. It is 

believed that the proposed tool shall be applicable for any 

SSO satellite ground station. 
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