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ABSTRACT

This paper provides information on the development of a decoder system for
reliable high-speed satellite communication. This includes an explanation on how a
satellite communication system works and the definition of the components within the
system. In addition to the steps needed to simulate the satellite communication system.
These steps include writing programs in “C” and “VHDL”. Furthermore, programming
FPGA chips to get a working physical system.

INTRODUCTION

As we all know, the rate at which computers communicate with each other is
continually increasing. This trend will continue well into the next century as we progress
further into the Information Age. One medium over which computers in Hawaii
communicate with computers on the mainland is fiber optic cable. Many computers can
actuaily (and do) share time over one fiber optic cable and the transfer of bits in the Giga-
bits per second (Giga = billion) is possible. Another communication channel with
tremendous potential for this application is the satellite channel where computers
communicate through a satellite. Satellite-based systems have the important advantage
that unlike the fiber optic channel; they can be made portable since the satellite channel is
a wireless channel. One of the barriers to the use of satellites for such an application is
the reliability with which such communication can be performed. This is because of
“noise” that is introduced in the satellite channel.

In order to have a better understanding of what “noise” can do to the performance
of the satellite channel, we must have a little insight on how a satellite communication
system works. When a signal is generated in a computer, it is represented in binary.
Binary means 1’s and 0’s or high and low voltages respectively. Unfortunately, this
digital data can’t be sent over the wireless channel, so we must convert the digital signal
to an analog signal. All this means is converting the 1’s and 0’s to a sinusoidal wave.
This is done by a two step process: 1) The first step is to pass the digital data through an
electrical circuit that converts the 1’s and 0’s to +1 and -1. 2) The second step is to
multiple the shifted data signal by a reference oscillator (or sine wave). After this two
step process 1s done, the signal can finally be sent over the wireless channel. While being
sent over the wireless channel, this is where the effects of noise can be seen. Noise is can
be cause by radio waves and cellular phone waves which tend to distort our sent signal.
As a result, when another computer receives the sent signal, a misinterpretation of the
signal can occur. Generating additional bits to be sent along with information bits from a
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transmitting computer can solve this problem of noise. A good analogy is, think of a CD
which is stored with data required to play the song along with additional “correction” bits
so when it gets a scratch (“noise™), a correct interpretation can be made resulting in the
song not skipping. This research has the potential to make the satellite channel reliable
for very high communication transfer rates. In addition, this research will support the
development of a system we are building for NASA.

METHODS

Layout of Satellite Communication System

The figure on the following page shows a complete block diagram of our satellite
communication system. This figure is based on an 8 bit data stream transmit signal. The
first block, named 4-bit parallel PN Generator, is a random data bit generator that outputs
4 data bits in parallel. These 4 data bits are passed to the encoder where 4 “correction”
bits are added to the data bits and a total of 8 bits in paralle] are outputted. These 8 bits in
parallel are converted to serial that result in our 8-bit data stream transmit signal. The
next block, Phase Shifter, consists of 8 shift registers where the 8 bit data stream is stored
in memory and single random shift register is select to be the output of this block. This
block is used to simulate what actually happens in real life, which is when a transmit
signal is sent, the receiver of this transmit signal doesn’t know where the transmit signal
begins and ends. A test must be perform in order to determine the beginning of the
transmit signal which will be explained later. The Channel block is where the concept of
noise is added in and a distorted transmit signal is outputted. The Channel is followed by
another Phase Shifter that selects another single random shift register to become the input
of the Decoder block. The cutputs of the Decoder are passed to the 9 blocks below to
perform the test that determines whether the inputs to the Decoder are synchronize.
Synchronize meaning that the first input bit to the Decoder was the first transmit bit sent.
If the system is in sync, then the second Phase Shifter holds the shift register it selected to
be the input to the Decoder. If the system is not in sync, the Phase Shifter chooses
another shift register to be the input to the Decoder and the test is performed again. This
process is repeated until the system becomes synchronize.

Simulating the Satellite Communication System

The first step in simulating the satellite communication system 1s to write a “C”
program of the entire system in sync. This means we can eliminate the two Phase
Shifters and the nine blocks that performs the test to determine synchronization. By
doing this, we can see if our Decoder is working properly. Since the programming
language “C” is a software language, the actually implementation of the system can’t be
based on it. As a result, it leads us to our next step, which is to wrte “VHDL” programs
of each block of the entire system. VHDL is a hardware language and thus we can use it
to base the implementation of the entire system. After connecting each block of the
entire system and determining it works in VHDL, we can begin programming FPGA
chips using these VHDL programs. FPGA'’s stands for Field Programmable Gate Arrays.
These FPGA'’s gives us a physical working system in comparison to a computer-
simulated system.
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