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Abstract :  A Concatenated Coding Scheme to provide an extremely ‘clean’ channel is
suggested for onboard spacecraft telemetry system by the Consultative Committee for
Space Data Systems (CCSDS). The outer code is a Reed Solomon block code and the
inner, a Viterbi or Convolutional Code. The Gaussian channel are corrected by the inner
code. However, the Viterbi decoder may introduce some burst errors. These are then
corrected by the Reed Solomon decoder. The inner Viterbi code (K=7, rate 1/2) was
developed and implemented for the first time in RSD2 (Rohini series) satellite. The outer
code has not yet been implemented onboard spacecraft since the decoder has not been
fully developed. However, the onboard encoding system (255,223) has been developed
and tested. This paper describes the development and implementation of Viterbi encoder
in RSD2 satellite along with its inorbit performance.

1.  Introduction:

Channel Coding is a well known method by which data can be reliably sent from a
source to a destination, adopting suitable data processing schemes so that distinct
messages are easily distinguishable from one another. This allows reconstruction of the
data at the receiver with low error probability. From the practical point, Shannon’s
channel capacity has never been the essential limitation of coding schemes. Nevertheless,
the complexity, speed and cost of implementation always poses a problem. For this
reason, efforts have been directed towards the design of encoding and decoding schemes
which can be easily implemented, tested and adopted.

The main cause for the expected signal degradations in the downlink Space Channel is
due to the loss of signal energy with distance and the thermal noise in the receiving
system. If the characteristics of the chanel are well understood and an appropriate coding
scheme is chosen, channel coding allows a far lower overall bit error rate than the
uncoded system using the same energy per information bit. Also, mission operation may
be automated to some extent since anomalies detected in the down link could always be



considered with a high probability to be actual, and not caused by channel errors. The
concatenated codes described here have been recommended by Consultative Committee
for Space Data Systems (CCSDS).  Apart from the reasons outlined above, these[1]

recommendation aims for standardisation and interagency cross support, when one
agency is required to decode the telemetry of another. Fig.1 shows the general block
diagram of a concatenated coding scheme.

2.  Design Philosophy:

The rate 1/2, constraint length 7 convolutional code with Viterbi decoding affords
adequate protection against random errors and is simple to implement. However, due to
the nature of the decoding algorithm, the decoded bit errors of the convolutional code
tend to occur in bursts. Thus the outer code should be capable of correcting these type
of errors i.e. a burst error correcting code. The code recommended by the CCSDS Is a
nonbinary, block code, capable of correcting up to 128 bit errors in a code word of
10,200 bits. In addition, both the inner and outer codes can be interleaved to improve the
performance.

2.1  The Convolutional Code:

Convolutional codes are codes in which the parity generated depends not only on the
present information bit, but also on the succeeding and preceding information bits in that
particular block.  The constraint length of the code expressed in information bits is[2]

defined as the number of shifts over which a single information bit can influence the
encoder output. A convolutional code of rate of 1/V may be generated by a K stage shift
register and V modulo-2 adders where K=constraint length.

2.2  RS Codes:

RS Codes are a special case of nonbinary generalisation of BCH Codes, whose
symbols are taken from a finite field. RS codes are block codes. This means that a fixed
block of input data is processed into a field block of output data. In general, in an (N,K)
code, K input symbols are encoded into N output symbols (N>K). It is also a systematic
code, so that a portion of the output code word contains the input data in unaltered form.
The RS code, like the convolutional code, is transparent. This means that the decoder will
still operate if the channel symbols have been inverted somewhere along the line. Finally,
RS codes are cyclic and can therefore be characterised by a generator polynomial g(x)
and have a well defined mathematical structure. The RS encoder can be implemented
either in Conventional or in Berlekamp’s architecture. The latter offers chip reduction by
adopting a bit serial multiplication technique in the feed back path and has therefore been
implemented here. In the absence of a decoder to test the encoder, extensive simulations



were used to verify the design and standard testing techniques to verify the
implementation. The simulation was done first in software and was made completely
programmable so that RS codes with any required parameters can be designed without
much effort.

3.0  Design Details:

3.1  Convolutional Code:

The rate 1/2, constraint length 7 convolutional code  With Viterbi (maximum[1],[3]

likelihood) decoding has been established as a standard technique. It was used in the
RS-D2 satellite for demonstrating the expected coding gain. Both the encoder and
decoder structures are simple for short constraint lengths and can be used for high bit
rates. The convolutional encoder for the following parameters is shown in fig.2.

a)Code rate : 1/2 bit per symbol
b)Constraint length: 7 bits
c)Connection vectors G1 = 1111001 ; G2 = 1011011

The encoder accepts data and clock from the onboard telemetry package and converts
each bit into information and parity bits. The decoder  is based on the maximum[4]

likelihood decoding of convolutional codes. The viterbi alogorithm computes a metric for
every possible path through the trellis. It then discards a number of paths that are created.
Thus it is possible to maintain a relatively small list of paths that are always generated to
contain the maximum likelihood choice. The Viterbi decoder receives data and clock from
the bit sychroniser and outputs the corrected data and clock. The basic design involves
the primary functions of five sub circuits.

1)  The control circuit
2)  The Memory Unit
3)  The Arithmetic unit
4)  The normaliser
5)  Synchroniser
These can be described with respect to fig.3 as follows:-

(1)  The control circuit:

The control circuit generates the required pulses and waveforms needed to control the
main memory circuit. These signals are the Read, Write, strobe and chip select pulses
along with the address generation for reading and writing the data.



(2)  The Memory Unit:

The memory is organised as an array of 40 x 64 bits and two 40 bits long buffer
registers. The two path registers from the memory are accessed one at a time as
determined by the decoder algorithm & stored in two buffer registers. The buffer register
contents are written back in the memory with a left shift after getting the control and
metric input from one arithmetic unit. The memory is cleared after the detection of
synchronizing signal from the synchroniser.

(3)  The Arithmetic Unit:

The arithmetic unit consists of four 5 bit full adders and two Hamming distance
computation logic PROM. The Hamming distance computed from the lower order 6 bits
of buffer register is added to the corresponding metric count. The comparator circuit
gives out a control signal along with the minimum modified metric count for writing back
in the path register.

(4)  The normaliser:

The normaltser subtracts the minimum metric count from all the metrics for a particular
scan. The subtraction is carried out once in 70 bits of input data to prevent metric over
flowing. The normaliser is introduced in the path between metric reloading in the memory
and the metric computation circuits.

(5)  Synchroniser:

This circuit checks for the minimum and maximum metric values continuously. The
decoder enters the sync mode and reinitialises the scan counter, metric & path registers.
This synchronisation signal also introduces a one bit delay in the received bit stream to
achieve synchronisation.

3.2  The RS encoder:

The class of Reed solomon codes of interest for practical consideration has the
following parameters:-

J = No. of bits per symbol
N = 2  -1 = Total number of symbols per RS code word.J

E = The symbol error correction capability
2E= Number of check symbols



K = N-2E = Number of information symbols
I = depth of symbol interleaving where J, E and I are independent parameters.

The RS encoder design due to Berlekamp incorporates two ingenious features.  First,[5]

the number of multiplications per symbol shift is approximately halved by selecting a
generator polynomial g(x) for the parity symbols, whose 2E roots are E reciprocal pairs.
Second and more significantly, Berlekamp formulated a hardware design of bit serial
multiplier over GF (2 ) which is compatible with the serial organisation of the RS encoder.J

Thus, by changing the representation of the 2 , field elements, the 2E multiplications ofJ

two J bit elements have been transformed into a single set of E+l modulo-2 additions
which is repeated J times per symbol.

The functional logic diagram of an (N,K)RS encoder utilising Berlekamps architecture
is shown in fig.4. The linear binary matrix has as its inputs the contents of the Z register
which is the representation of a given field element in the dual basis. The outputs of the
matrix are E+l Trace values. The J components of each of the 2E (E reciprocal values)
multiplications are computed recursively. Each register section except the last is J bits
long. Register Y serves as a staging register. After the J bit products (Outputs of the
Trace matrix) have been determined, register Z is reloaded with the contents of the register
Y. At this time, register Y contains the next information symbol to be fed back. Until all
information symbols have been entered, the Y input is the bit by bit Ex-OR of the bits
composing the information symbol being entered & the bits composing the symbol
emerging from the last register (S 31th). After the last information symbol has been
entered, a control signal level is changed to disable the information mode to the check
mode. The set of 2E check symbols are then bit serially delivered to the channel as the
output. The Y & Z registers are now cleared for the next code block. The trace matrix
was implemented by PROMS so that the parameters can be changed easily. The entire
encoder was simulated by software so that outputs of every stage at every clock period in
time was available for any given set of parameters Debugging the implemented hardware
was therefore easily accomplished. The implementation is shown for the following
parameters:-

J = 8, E = 16, I = 1

4.  Test Results:

4.1 Convolutional Encoder/Decoder that was implemented in RSD2 satellite was evaluated
both in preflight and also inorbit.



4.1.1  Bench Test:

In the absence of automatic BER measuring equipments the convolutional encoder
was simply tested by, collecting approximately 10  bits both in coded and uncoded7

transmission for a fixed transmitter power. The received decoded sequence was
compared with the original sequence for both coded and uncoded cases. The number of
errors in both cases were estimated. The Transmitter power was changed and the above
test was repeated. The results are given in the Graph-1.

4.1.2  In Orbit Test:

Assuming that there is no large variation in signal strength for a 10 minutes duration in
a pass, the number of bits were collected in the first half and second half of the pass for
uncoded and coded systems respectively. The received information was compared with
the original information and error rate in both cases was estimated. The procedure was
followed during different passes and the results were tabulated tn table-1.

The results of the experiment were approximate and shows only the trend since it has
the following limitations

1)  Signal strength was assumed to be constant throughout the pass.
2)  The parameters like antenna gain, elevation angle, path loss etc. were variable due

to the low earth orbit.
3)  Coded and uncoded data could not be transmitted simultaneously for true

comparison.
4)  The decoder did not work well for burst errors.

4.2   RS Encoder:

The size of the code word dictionary of a (255,223) RS code implemented here is
255  or approx 10 . However, the number of information symbol sequences required223   537

to test the functional integrity of the encoder is surprisingly small. This is primarily due to
the linearity & cyclic structure of the code. Three classes of RS symbol sequences
provide a systematic & effective means of testing RS encoders. They are

a)  The generator polynominal coefficient sequence (GCS),
b)  The constant symbol sequence (CS)
c) The Iterative symbol sequence (IS)

The actual testing was carried out by generating each type of information sequence and
ensuring that the check symbols were valid. In the GCS symbol test, all information
symbols are zero except the last which is L then the check symbols are the other 2E roots



of the generation polynomial g (X) (where L represented by 00000001 in the dual basis is
one of the roots). In the CS symbol test, each of the information symbols is equal to a
constant value, say K. Then each of the check symbols is also equal to K. In the last test,
the information sequence was the sum of some number of sequence in which only one
position was non zero. The check symbols have then to be computed theoretically as the
sum of the preceding information sequences and compared against the actual value.

All the sequences except the last were tested and the encoder performance verified.
The decoder has not yet been implemented since the encoder is required to work at a
minimum bit rate of 100 kbs. At present, the decoder implementation for a (255,223) RS
code around 100 Kbs will require special purpose architecture and this is being studied.[6]

5.  Conclusions.

An attempt was made for the first time to introduce the convolutional coding scheme
in RS-D2 Spacecraft. Ground tests have confirmed more or less with the theoretical
power gain. But the inorbit test shows a less gain because of the various reasons
mentioned above. For R-S coding, as recommended by CCSDS, the hardware is being
developed and will be implemented in the future spacecrafts.
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