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Abstract 
With the  increasing interest in  nano, micro and small satellites,  need arises for miniaturization of satellite systems for small 

size, low weight, low cost designs and short development periods. For the operation and maintenance of a satellite in the 

designated orbit, a reliable commanding system is mandatory. This paper presents the work carried out in designing and 

developing a telecommand modem for use with student satellites.  To transmit low bit rate command data, PSK/PM a two level 

modulation scheme is adopted.  The architecture and the simulation and test results of the hardware realized on an FPGA are 
provided. 
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1. INTRODUCTION 

Miniaturizing technology has created vast interest towards 

small satellites. Unlike conventional large satellites, small 

satellites have smaller size, lower weight, cheaper designs, 

and shorter development period, which made it possible for 
universities to develop nano and micro student satellites.   

Up-to-date technology can be incorporated into nano, micro 

and mini satellites without bothering for most expensive 

space proven designs which are essentially required for 

much larger, more expensive missions. 

 

Student satellites are generally designed with commercial or 

industrial components and VLSI chips.  Telecommand, 

being the one of the most critical subsystems of the satellite 

communication network, needs utmost care in design and 

realization process. The command sub system is simulated 

on Matlab simulink platform to optimize the performance 
and realized on an FPGA. 

 

2. DESCRIPTION 

Command data being very low is formatted and encoded at a 

bit rate of 100 bits per second. A carrier in the standard ITU 

allotted up link frequency band  of 2015 to 2110 MHz is 

phase or frequency modulated with  the command data for 

transmission.  Since the data rate is low compared to the 

carrier, the sidebands will be close to carrier and the receiver 

cannot detect the data as C/N will be too low due to phase 

noise of the high frequency carrier.  To overcome the phase 

noise limitation, a two level modulation PSK/PM[6] is used 

for modulating the command data on an IF carrier which is 
further up-converted to the operating frequency band and 

amplified for transmitting to satellite from a satellite control 

station.  The onboard satellite communication system 

receives the signal, down converts to an IF frequency and 

the two level PM/PSK demodulation carried out for 

extracting the command data. This paper presents the 

architecture that is implemented on an FPGA along with 

simulation and test results. 

 

3. MODEM ARCHITECTURE 

The satellite telecommand modem consists of a modulator at 

ground station and demodulator at the on-board satellite 

along with clock recovery circuit.   The ground station 

computer formats and encodes the command data.  a low 
frequency carrier of 10 KHz is BPSK modulated with the 

command data.  The BPSK modulated carrier in turn phase 

modulates the IF carrier.  The PM carrier is up converted, 

amplified and transmitted to satellite. The onboard 

command receiver receives the PM carrier, down converts, 

phase demodulates.  The demodulated PSK carrier is PSK 

demodulated to extract the data.  The clock is generated 

from the data for further processing the recovered data. The 

RF up conversion and the down-conversion modules are 

generally external and not addressed in this paper.  The 

block diagram is as shown in Fig.1. 

 

 
Fig.1 MODEM blocks 

 

4. CIRCUIT DESIGN & IMPLEMENTATION 

For the designed modem, the specifications used is as shown 
in below table 1, 
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Table.1 Specifications 

Type Frequency 

Data rate 100bps 

Subcarrier sine wave 1kHz 

Carrier wave 16kHz 

 

After optimizing the performance on Matlab Simulink 

platform, implemented in Xilinx system generator for data 

rate of 100bps.The implementation module is shown in 

Fig.2 

 

 
Fig.2 Sysgen MODEM module 

 

The proposed modem consists of five sub-modules: 

a) PSK modulation 

b) PM  modulation 

c) PM demodulation 

d) PSK demodulation 

e) Clock recovery 

 

4.1 PSK Modulation 

The random data generated is converted to bipolar signal 

and it is fed as one of the input to the PSK modulator and 

the other input to the modulator is the sine wave, which is 

the carrier for the PSK modulation is as shown in the below 
Fig.3. 

 
Fig.3 PSK modulator 

 

4.2 PM Modulation 

PSK modulated wave is differentiated and is given one of 

the input to the NCO and the other input to the NCO is 

carrier which is 16 kHz, the PM modulator is as shown 

below in Fig.4. 

 

 
Fig.4 PM modulator 

 

4.3 PM Demodulation 

The PM demodulator is implemented with the help of 

simple PLL and with the loop filter as shown below in Fig.5 

& the loop filter is designed as per the specification. 

 

 
Fig.5 PM demodulator 
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4.4 PSK Demodulation 

The PSK demodulation is done using COSTAS loop and is 

as shown in Fig.6, this Costas loop performs both carrier 

reconstruction and data detection within the loop. The upper 

loop is referred to as quadrature loop and functions as a 

typical PLL, the lower loop is referred to as in-phase loop, 

provides data extraction. The corrected error signal is 

applied through the loop filter to the NCO, which gives the 

phase estimation. 

 
Fig.6 PSK demodulator 

 

 

4.5 Clock Recovery 

The clock is generated from the PSK demodulated wave and 

this clock recovery circuit contains filter and simple PLL, 

this generated clock is synchronized with system clock and 

the schematic for the clock recovery circuit is as shown 

below in figure 7. 

 

 
Fig.7. Clock recovery 

 

5. SYSTEM GENERATOR SIMULATION 

RESULTS 

5.1 PSK Modulation 

The generated random input data at 100bps and the 

subcarrier of 1kHz sine wave is PSK modulated[2] in the 

system generator, here at the transition of the input data the 

phase of the carrier wave is changed and is as shown in the 

below simulation result in Fig.8. 
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Fig.8 PSK modulated waveform 

 

5.2 PM Modulation 

The input to the PM modulator is the differentiated PSK 

modulated wave and the other input to the PM modulator is 
the carrier wave[3], here the carrier wave is taken as 16kHz 

and the simulation result for the PM modulation is as shown 

in the below Fig.9. 

 

 
Fig.9. PM modulated waveform 

 

5.3 PM Demodulation 

The PM demodulator consists of PLL, where the reference 

frequency for the PLL[5] is carrier used at the PM 

modulator and the filtered output of the phase detector gives 

the PM demodulated output. The simulation result of the 

PM demodulator shown in Fig.10, depicts that both PSK 

modulated wave and the PM demodulated wave matches 

exactly at the transition. 

 

 
Fig.10. PM demodulated waveform 

 

5.4 PSK Demodulation 

The PM demodulated wave is split it into In-phase and 

quadrature phase component as shown in the PSK 

demodulator fig.,11, the simulation result for the PSK 

demodulator is shown in Fig.10., depicts that the 

demodulated data and the input random data matches the 

same but it contains some phase reversal due to the 

communication channel, in order to overcome that problem 

differential decoding is done after demodulation, which is 

not addressed in this paper. 

 

 
Fig.11. PSK demodulated wave 

 

5.5 Clock Recovery 

From the PSK demodulated data the clock is generated, 
which should synchronize with the system clock[2] if the 

demodulated data matches the baseband data, the simulation 

results shows that the clock generated matches the system 

clock and is shown in below Fig.12. 

 

 
Fig.12. Generated clock 

6. SYNTHESIS & FPGA RESULTS 

The design summary for the designed modem is as shown 
below in figure 13. 

 

 
Fig.13. Design summary 
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Overall RTL schematic is taken from the VHDL code and is 

shown is below in the figure 14. 

 

 
Fig.14. Overall RTL schematic 

 

 

Power analysis is made for the designed modem through 

Xilinx tool and the report is as shown below in the figure 15. 

 

 

 
Fig.15. Power analysis report 

 
Designed modem is implemented in the Vertex 5 FPGA 

ML605 and the results for the same is as shown below in fig 

16. 

 

 
Fig.16. PSK modulated wave 

 

Input random sequence with 100bps is recovered at the 

receiver is as shown in the figure below 

 

 
Fig.17. Recovered data at receiver 
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7. CONCLUSION 

A two level modulation namely PSK/PM modulation is 

considered for transmitting the low bit rate command data 

on an S-band carrier in the frequency band allotted by ITU 

for satellite uplinks. A PSK/PM modulator and demodulator 

are designed, simulated with simulink tool of Matlab.  After 

optimizing the performance a bit file is generated using 
Xilinx system generator and an FPGA is fused. The 

simulation results are presented. 
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