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Abstract

In this article, the optimization and implementation of a satellite telecommunication relay for
ranging applications is presented. To optimize the performance of this telecommunication relay, a
distance measuring system is modeled in MATLAB software according to DSN standard architecture.
In this system, the nonlinear effects of the mixer, the local oscillator phase noise and the system noise
figure are investigated as important design variables. The simulation results confirm that the designed
relay satisfies the requirements of a ranging system based on the CCSDS and DSN standards. The
results of the implemented relay system also confirm the design. This relay system can be used in local

ground station ranging systems.
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1. Introduction

In the satellite control and navigation center, it is very
important to have an accurate satellite orbit model. This
information allows the satellite control and navigation
team to make the best decision in different conditions.
Therefore, accurately determining the position of a satellite
relative to the ground station and updating the orbital
model with this information is a fundamental requirement

for space navigation.
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Figure 1. Two-way ranging

In this article, two-way ranging is chosen as a suitable
method for LEO satellites as shown in Figure (1). To reduce
the hardware complexity, and considering the good SNR in
LEO satellites, transparent relays are used. Due to the newer
ranging method with pseudo-noise signal, which is
standardized according to the digital hardware used in
today's satellites and the common receiving equipment in the
ground station, and is less vulnerable to noise and other
interference, the pseudo-noise signal is chosen.

CCSDS and DSN standards have been chosen as criteria in
the selection of sequence and system architecture in
simulations. Both DSN and CCSDS standards use a similar
series of components to form their ranging sequence, which
was calculated by Titsworth [1-6].

2. Design and simulation

Transparent relays are not a new issue, but their
performance has not been investigated for ranging and the
effect of different transparent relay parameters on the
performance of such a system. Therefore, the effects of
different relay parameters on the performance quality of
ranging systems should be investigated. Then, based on the
obtained results, the most optimal parameters are selected.
In order to investigate these effects, the entire ranging
chain is simulated by using MATLAB Simulink software.

80

—— RF2051
70 | ——6— ADF4350 | 1
&
60 -
st
=
o
=
@ 40 -
[}
e
S30F
&,
20
10 r
0 i i i i
-80 -60 -40 20 0
Pr(dBm)

Figure 2. Effect of non-ideal mixer parameters
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For simulation with real values, the available parts for
mixer and local oscillator were checked and two mixers
RF2051 and ADE-35MH+ are selected for the test. Figure
2 is obtained by replacing the ideal values with the values
of Table 1 by considering the relay system as non-ideal.

Table 1-Mixer non-ideal parameters for simulation [8, 9]

Parameter RF2051 | ADE-35MH+
1 | Gain(dB) -2 -7
2 | Noise figure(dB) | 12 (Passive)
3 | OIP3(dBm) inf +18

The next effect added to the simulation is the phase noise of
the local oscillator. Figure 3 depicts the phase noise of
RF2051 and ADF4350 effects on the amount of system error
in terms of SNR received in the ground station receiver.
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Figure 3. Range error due to LO phase noise

3. Implementation, testing and verification

Based on the parameters analysis, the optimal system is
implemented and integrated with antennas and other
required parts. Table 2 shows the relay system
specification. Due to the non-availability of a reference
ranging system, the effect of the relay operation on the
value of the bit error rate in a digital receiver is considered
to verify the design and performance of the relay.

For this purpose, an existing data transmitter and receiver
link with GMSK modulation and the ability to send a data
rate of up to 1Mb/s has been used [11].

Table 2-Transparent relay specification

Parameter Value
1 | Frequency Band L
2 | Channel Bandwidth 2 MHz
3 | Channel Number 5
4 | Gain 40 dB
5 | Noise figure(dB) 1dB
6 | DC Power Consumption | 6 W

Afshin Eskandari and S. Hasan Sedighy

The bit error rate and sensitivity of radio link are
measured as reference. The obtained results indicate that
the addition of the optimally designed relay system does
not have a negative effect on the performance of the radio
link. The bit error rate in both modes is better than 10-5 in
the input power less than -91 dBm. Figure 4 depicts the
relay system test setup.
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Figure 4. Integrated system output power measurement
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