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A NEW ERROR CONTROL SCHEME
FOR REMOTE CONTROL SYSTEM

Tingxian Zhou, Xiaohua Yin, Xianming Zhao
Harbin Institute of Technology, China

ABSTRACT

How to rise the reliability of the data transmission is one of the main problem faced by
modern digital communication designers. This paper studies the error-correcting codes
being suitable for the channel existing both the random and burst error. A new error
control scheme is given. The scheme is a concatenated coding system using an
interleaved Reed-Solomon code with symbols over GF (2 ) as the outer code and a4

Viterbi-decoded convolutional code as the inner code. As a result of the computer
simulation, it is proved that the concatenated coding system has a output at a very low
bit error rate (BER)and can correct a lot of compound error patterns. It is suitable for
the serious disturb channel existing both the random and burst error. This scheme will
be adopted for a remote control system.
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INTRODUCTION

The concatenated coding system was first proposed by Foney [1 ] for the purpose of
achieving very low error probabilities. Toward this end, Odenwalder proposed [2] a
concatenated coding system which uses the Viterbi-decoded convolutional codes as
the inner code and the Reed-Solomon (RS) codes as the outer code. To achive reliable
communications over a noisy channel with acceptable coding complexity,
concatenated coding systems are used, NASA's Voyager spacecraft, launched in 1977,
encounted Jupist in 1979, Saturn in 1981, and Uranus in 1986, sending back
spectacular pictures of these planets, their rings and satellites, employs a
communication system which uses a (2,1,7) convolutional code as its inner code (with
Viterbi decoding ) and an 8bit (255, 223) RS code as its outer code. This system
achieves a bit error rate (BER) of 10E-7 at a bit SNR of 2.53 dB[3][4].



We used a K = 3, R = ½ convolutional code as inner code (with Viterbi decoding ) and
a (15, 9) RS code over GF (2 ) (with interleaving ) as outer code concatenated. The4

error-control of a remote control system at a rate of 9600 bps had been achieved with
software decoding. As a result of the computer simulation, the concatenated coding
system have a output at a very low bit error rate (BER). The error correcting coding
system offers a BER#10E-8 at a random error channel when BER#10E-4. The
concatenated coding system offers 4.96 dB more asymptotic coding gain. The
concatenated RS/Viterbi channel coding system is a very powerful scheme for
correcting burst error. The simulation showed that the scheme offers an error
correcting capability, which some single burst error length of 208 bits can be corrected
and other lots of compound error patterns.

THE SCHEME

A block convolutional concatenated coding system is shown in Fig 1. We use K = 3, R
= ½ convolutional code as inner code and J= 4,E = 3 (2 -1, 2 -1-2E)RS code withJ J

symbols over GF(2 ) as outer code. The coding system is formed by concatenating an4

outer RS code of interleaving depth I=6 with a Viterbi-decoded inner convolutional
code.

The RS code as a outer code is over GF (2 ). The encoding constraint length (m + 1)4

of the convolutional code had been selected K. For the convolutional with encoding
constraint length of K, it is most possible that the error pattern from the inner decoder
has a length of K. When the output of the inner decoder is fed to the RS decoder, it
only corresponds to a symbol error of RS code. Therefore, it is very easy to play the
correcting capability of the RS code.

The idea is to have a inner decoder to clear up the majority of random error and to
indicate the burst of error with which it could not cope. The output of the inner
decoder is treated in the RS decoder which will correct the burst of errors. Interleaving
of RS code is used for the RS code is the type B interleaving as described [5]. This



interleaving scheme is illustrated by a deepth I = 6 interleaved RS code array as
follows.

Each RS code array consists of I = 6 RS codewords. The oredr of symbol trans
mission is as follows.

The deinterleaving prcoess is the reverse of the interleaving prcoess. The transmitted
symbol seguence is reassembled during the deinterleaving process into an RS
codewords array, and decoding is performed on each RS codeword in the array. An
advantage of this interleaving scheme is that data symbols are be used for real-time
analysis without any preprocessing. Another advantage of this interleaving scheme is
that storage for information symbols is not required in the encoder.

PERFORMANCE ANALYSIS

Table 1. shows the error bit and the bit error rate (BER)for the concatenated coding
system at .Pe=1.95E-3.
Table 2. shows the error bit and the bit error rate (BER)for the concatenated coding
system at Pe=3.91E-3.
Table 3. shows the error bit and the bit error rate (BER)for the concatenated coding
system at Pe= 0.78E-2.



Tabel 4. shows the error symbol over GF (2 ) for the concatenated coding4

system at an artificial multi-burst error channel.
Tabel 5. shows the error symbol over GF (2 ) for the concatenated coding4

system at an artificial single burst error channel.

For the K = 3,R = ½ convolutional code, we can see the asymptotic coding gain of
Viterbi-decoder that

(1-1)

For the (15, 9)RS code over GF (2 ), we can see that4

(1-2)



Then the asymptotic coding gain of the whole of concatenated coding syystem is that
(1-3)

CONCLUSION

The performance of the concatenated RS Viterbi channel coding scheme has been
evaluated experimentally under a computer simulation. The simulation results showed
that the concatenated coding scheme have achieved very low bit error rate
(BER#10E-8)at 10E-4. The caculation result showed that the scheme provides
asymptotic coding gain of 4.96 dB.

Since the error in the output of a Viterbi decoder are highly bursty, the information bit
errors along a path are concentrated into only a few symbol errors. After
deinterleaving, the symbol errors will be corrceted with high probability by the RS
outer code. This fact provides a basis for above statement. The concatenated RS
Viterbi channel coding system is a very powerful scheme for correcting random error
and burst error.
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