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CONVOLUTIONAL CODING FOR HR RADIO
TELEMETRY SYSTEM

Zhao Xianming, Zhou Tingxian, Zhao Honglin, Lu Qun

ABSTRACT

This paper discusses an error-correcting scheme applied to a telemetry system over
HF radio channel. According to the statistical properties of transmission error on HF
radio channel, the scheme uses one important diffuse convolutional code, which is
threshold decoded and corrects the random or burst errors. The operation of this code
is explained, and a new method for word synchronization and bit synchronization is
proposed. Coding and decoding, word synchronization, and bit synchronization are all
activated by software program so as to greatly improve the flexibleness and
applicability of the data transmission system. Test results of error-correcting are given
for a variety of bit-error-rate (BER)s on HF radio channel.

KEY WORDS

Error-correcting code, convolutional code, diffuse code.

INTRODUCTION

Up to now, more and more telemetry and remote control systems employ HF radio
and troposcatter channels to complete the data communication. It is well known that
these channels are all paramatric variation channels. When data is communicated over
such channels, it may always be disturbed by the atmospheric noise, industrial noise,
lighting, transceiver nearby, etc. Therefore the bit-error-rate is high and the error[1]

pattern appearing on this channel is complex. In a telemetry system which utilitzes HF
radio channel, we use a error-control scheme, and obtain a satisfying result. The HF[4]

radio is a memory channel. According to the characteristics of the HF radio channel,
we utilize a ½ diffuse convolutional code, called Massey code. This code can correct
not only the random error, but also the burst error, and it is an adaptive code. The
majority-logic decoding results in a very convenient method of decoding for this code.
However, if it is realized by hardware, its design parameter can not be changed easily,
and moreover if a large diffusity is needed, the amount of the components needed is
very large. Therefore, the size and the power loss of the equipment increase. The
shortcoming mentioned above can be avoided, if the realization of the coding and



decoding of the convolutional code is accomplished by software program. In this way,
the user can choose more reasonable design parameter conveniently according to the
transmission characteristic of the channel, so as to achieve the optimal or nearly
optimal error control.

The stable, accurate, and reliable data synchronization is the prerequisite of the correct
reception of the data. The principle of realizing bit synchronization and word
synchronization with software is mentioned in this paper.

ERROR STATISTIC PROPERTY OF HF CHANNEL

If {E} is the error sequence of the channel, which fully reflect the disturb
circumstance in the channel, the error statistic property is the statistic characteristic of
the error sequence set {E}. The important error statistic information get from {E} are
the bit-error-rate of the channel Pe, the error free zone distribution G(k), etc.

Fig. 1 Error Free Zone Distribution G(k)

Fig. 1 presents the error free zone distribution of a real channel (SSB, 1.2kbps,
2800km), whose Pe is equal to 1.8E-3 , and a BSC (a binary symmetrica] channel
existing only random error), which has an identical Pe. It can be seen from the figure
that on the HF channel the probability of the short zone is much higher than that of the
long zone, this means that the HF channel is a burst channel where error occurs
densely, not only a simple random channel.

Define A(n,m) and B(n,b), respectively, as the probability that the random error is
equal to or greater than m and the probability that the burst error is equal to or greater
than b among the non-zero digits of length n of the {E} sequences. The A(60,m) and
B(60,b) distribution curves of a real HF radio channel are shown on fig 2.



Fig. 2 A(60,m) and B(60,b) distribution

It shows that even though the m and b are given a large value, the probability of the
A(60,m) and B(60,b) still exist, which imply that on the HF channel the random error
length may be very large, and so may the burst error length. Therefore, it is concluded
that the HF radio channel is a channel with memory. Especially, the burst error and
the random error exist simultaneously. The burst error occurs densely. The random
error often appears between two burst errors. The errors within the burst error length
occur frequently. Therefore an error-correcting code, which can correct not only the
burst error but also the random error, should be adopted. The diffuse convolutional
code is a such code with the characteristic mentioned above. Its basic principle for
error correcting is that, first, diffusing the burst error on the channel, and then
correcting the random error.

PRINCIPLE OF CODING AND DECODING

Massey code is a ½ orthogonaliable diffuse convolutional code. The encoder is shown
in fig. 2. The generator polynomial of this code is

(1)
Its parity-check equation is

(2)

x--diffuse factor; I--information bit; P-- parity bit



Fig. 3 Encoder

The operation of the encoder is : under the control of the clock, the information bits
are fed into the register, and the coded sequence in which I and P alternate is formed
by switch K switching continuously.
The decoder is shown in fig. 4.

Fig. 4 Decoder

Among the code sequence fed into the decoder, the information bits {I'} are fed into
the shift register that is the same as the register in the encoder, and a parity sequence
labeled {P"}, is formed. However, sequence {P"} may not equal to sequence {P} due
to the



transmission errors. Because the circuit structure is exactly the same as that in the
encoder, thus we have

(3)

Let us compare P" with the fed P', and label the results as S, which is called
syndrome, that is

(4)
It can be proved easily that the syndrome only concern the element of the error
sequences, but not of the information sequence. By this characteristic, we implement
the error correction. The parity-check equations are

(5)

If the error bit number among the 11 error bits of the equations is not larger than 2, the
error correction can be accomplished by using the judgment of majority-logic
threshold. If on the channel the burst error whose length is not greater than 2x appears,
it can be corrected due to the effect of the diffuse constitution. Its guard space is

g=2 x (3x+1)=6x + 2 (6)

From the equations mentioned above , it can be seen that this code is a
orthogonalizable code. In general, the orthogonalizable code adopting majority-logic
feedback decoding is very sensitive to error propagation. In other words, it does not
own the automatic resynchronization property of the self-orthogonal code. However,
the Massey code is an exception, and it has limited error propagation. [2]

REALIZATION WITH SOFTWARE

1. Coding and decoding

The key to realizing coding and decoding with software is substituting the hardware
shift register with the RAM of the microcomputer. In the RAM of the microcomputer,
after the information bit I has been written into the storage whose address is A , it willi i

be stored in the A storage and not shifted, until the A storage is written next time.i i

However, the written address of the information bit alters in turn with respect to the
address A , where information I is stored, at the rate of the read-write clock and thei i

“shift” of the information bit in the RAM is achieved.



n x 1 RAM corresponds to the shift register n bits long. At the moment t,
corresponding to each digit, a ,a ,a ,....a of the register of length n, their address0 l 2 n-l

sequence is A ,A ,A ,....A . Then at the moment t + )T when the next bit is received,0 l 2 n-l

the sequence of the corresponding addresses is A ,A ....A , A . The operationl 2 n-1 0

continues in this manner. Therefore, at the moment t + I x )T, the address sequence is
A ,A ,...A , where 0+i,1+I,...,n-l+I are calculated modulo n, respectively.0+i 1+I n-1+I

2. Bit synchronization [3]

In the normal method of extracting the bit synchronization clock signal, a phase lock
loop is used. However, to ensure that the phase lock loop can extract the bit
synchronization clock signal, stably and reliably, we must always transform the
baseband signal and make it include more signal clock frequency component, such as
the biphase coding techniques. However, in this way, more of the channel capacity
will be occupied more, and moreover adjusting the parameter according to the
circumstaince of real channel becomes very difficult.

In our telemetry system, we utilize the microcomputer software to carry out the bit
synchronization. Thus, the complexity of the hardware and the trouble in adjusting are
decreased and a satisfying effect is obtained.
The principle of realizing the bit synchronization with software is: the timer of the
microcomputer create a relative clock signal, and the rising edge of the received data
signal is used to correct this clock signal and align it with the clock signal of the
received data. That is, trigger the timer to resume timing with the rising edge of the
data signal.

3. word synchronization

The transmission form of the encoded bit sequence of the diffuse convolutional
code(2,1,3x+1), is that one information bit is followed by a parity bit. Therefore the
word synchronization of such code, in fact, is distinguishing between the parity bit and
the information bit before the decoding. there are only two cases, synchronization and
non-synchronization for this code.

In this telemetry system, we employ a new word synchronization method, whose
principle is that if the system is word non-synchronous, the number of error correct
indicating pulse is greater than that when the system is word synchronous. Thus,
counting up the number of the error-correct indicating pulse within a received
sequence, we can determine that the system is word synchronous or non-synchronous
and resynchronize the system.



To put it more simply, if the number of the error-correct indicating pulse is over a
specific threshold value, we consider the system is non-synchronous, and judge
information bit as parity bit, and parity bit as information bit, hence, the
non-synchronization is corrected.

RESULT OF EXPERIMENT

Simulating various cases of the channel by microcomputer, we have tested the
error-correct capability of our error-control scheme. The result is shown in table 1, 2,
and 3, where P is the burst error bit rate, P is the random error bit rate, P is the errorB R c

bit rate after error correcting, P=P +P is the compound error bit rate, L is the burstB R

error length, T is the occurring cycle of the burst error.

CONCLUSIONS

It is clear, from both theoretical analysis and experiment, that implementing the
error-correct method of the diffuse convolutional code's encoding and decoding with
microcomputer software enjoy the virtues, such as strong error-correct capability,
good adaptability and flexibility, and low power loss. This scheme is extremely well
suited to the data transmission over HF radio channel. It can increase the reliability of
data transmission in telemetry system effectively.
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