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Abstract: Cyclic Redundancy Codes (CRC) code provides a simple, yet powerful, method for the detection of
errors during digital data transmission and storage. Among Forward Error Correction (FEC) schemes,
convolutional encoding and Viterbi decoding are the most popular because of their powerful coding-gain
performances. In this paper the implementation of CRC and Viterbi decoder on DSP is presented. CRC-32 and
Viterbi hard decision decoding algorithm for rate 1/2 and for different generator polynomials is simulated and
also implemented on DSP-TMS320C5416. Also the for higher SNR receivers concept of serially concatenated
CRC- Convolutional Coding (CC) with lookup table at the decoder side is proposed.
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I. INTRODUCTION

The evolving world of telecommunications requires increasing reliability and speed in communications.
Reliability in information storage and transmission is provided by coding techniques. Information is usually
coded in bit streams and transmitted over the communication medium, channel. The communication media is
prone to errors due to noise present in the analog portion of the channel. Therefore errors have to be detected
and corrected while decoding. CRC has the advantages of easy coding and decoding as well as strong abilities of
checking errors and correcting errors. Therefore, it was widely used in the field of communications. Reliability
in information storage and transmission is provided by coding techniques. CRC is an error-detecting code
designed to detect accidental changes to raw computer data, and is commonly used in digital networks and
storage devices such as hard disk drives. Blocks of data entering these systems get a short check value attached,
derived from the remainder of a polynomial division of their contents; on retrieval the calculation is repeated,
and corrective action can be taken against presumed data corruption if the check values do not match. The CRC
was invented by W. Wesley Peterson in 1961. CRC is an error detecting code that is widely used to detect
corruption in blocks of data that have been transmitted or stored. The Error Control Coding techniques (ECC)
rely on the systematic addition of redundant bits at the transmitting side. The task of channel coding is to encode
information sent over a communication channel in such a way that in the presence of channel noise, errors can
be detected and possibly corrected. There are two coding methods - backward error correction codes and
forward error correction codes. Backward error correction codes requires only error detection, if an error is
found then the transmitter is requested to retransmit the message. Forward error correction codes require the
decoder to be capable of correcting errors. There are several error correcting codes and these are classified under
two basic categories namely block codes and convolutional codes.

Convolutional codes [1] differ from block codes [2] in the sense that bit streams are not partitioned into binary
words instead redundancy is added continuously to the whole stream. Convolutional codes are widely used error
control coding technique in channel coding because of low complexity and error controlling capability. Viterbi
decoding algorithm [3, 4] is the simplest and best algorithm for decoding of convolutional codes. The Viterbi
algorithm first appeared in the coding literature in a paper written by Andrew J. Viterbi in 1967 [5]. Since then,
due to its easiness in implementation, it has been applied to many different areas related to decoding problems.
The 8-bit parallel CRC-32 is proposed in [6] to meet the high throughput of USB3.0. Exhaustive survey of all
CRC polynomials from 3 bits to 15 bits is presented in [7]. A set of 35 new polynomials in addition to 13
previously published polynomials are also described. The method that realizes the ability of multiple bits error
correction using cyclic redundancy check codes is presented in [8]. The structures of 8-bit CRC are presented in
[9]. The joint decoding scheme of serially concatenated CRC and convolutional code (CC) has been investigated
in [10]. This paper is organized as follows. Section 2 gives the proposed work. Section 3 gives the CRC coding.
The Viterbi decoder is discussed in section 4. Processor TMS 320V C5416 is discussed in section 5. The results
of the proposed model are discussed in section 6. Next section concludes the paper.

Il. PROPOSED WORK

The basic block diagram of a system used for the simulation is shown in Fig.1. The output of the source encoder
is given to the convolutional encoder. The output of the convolutional encoder is given to the CRC encoding;
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the output of which will be modulated and sent on the channel. At the receiver the reverse process is done. The
CRC encoding, decoding, convolution encoding and decoding blocks are simulated and implemented on DSP.

Convolution _ CRC _
I ’ Encoder i Encoding d
Source Encoder Out put \ 4
Dala | CRC o+ 1 bits
Channel - Remainder
Source Decoder nbits
. . Zero, accept
< Viterbi - CRC P Nonzero, reject
Decoder - Decoding -
Receiver Sender
Fig.1 Block diagram of an proposed system Fig. 2 Block diagram of CRC
I1l. CRC CODING

CRC are specifically designed to protect against common types of errors on communication channels, where
they can provide quick and reasonable assurance of the integrity of messages delivered as shown in Fig.2.
However, they are not suitable for protecting against intentional alteration of data. The selection of generator
polynomial is the most important part of implementing the CRC algorithm. The polynomial must be chosen to
maximize the error-detecting capabilities while minimizing overall collision probabilities. CRC is divided into
the following types: Code CRC-12, code CRC-16, code CRC-CCITT, and code CRC-32. Code CRC-12 is
usually used to send 6-bit string. Code CRC-16 and code CRCCCITT is used to send 8-bit string, and code
CRC-16 is mainly used in America, however, code CRC-CCITT is often used in European countries.

Code CRC-32 is often used in a kind of synchronous transfer which is called Point to-Point transfer. In the
proposed system CRC-32 is simulated and implemented. The Convolutional encoder described in this system is
of rate 1/2, and of constraint length -3. Programming is done in ‘C’ language for both coding and decoding and
the same is implemented on DSP-5416 Kit. Input to encoder is entered by the user. The output of the encoder is
stored in the matrix form, and the same is fed to the decoder part.

IV. VITERBI DECODER

For the implementation of Viterbi decoder algorithm, there are two techniques available: the soft decision
decoding and hard decision decoding method. In case of hard decision, the decoder makes a firm or hard
decision as to whether one or zero is transmitted and provides no other information regarding how reliable the
decision is, hence, its output is only either zero or one (the output is quantized only to two levels) which are
called hard-bits. The soft decoder provides the system with some side information together with the decision.
The side information provides the decoder with a measure of confidence for the decision. The decoder outputs,
which are called soft-bits, are quantized to more than two levels. In this paper the simulation and
implementation of Viterbi decoder algorithm is discussed for hard decision decoding method.

The input to and output from the system are bit streams. The bits entered by the user are used as message/input
bit stream to convolutional encoder. A (n, k, m) convolutional encoder accepts k-bit blocks of input sequence
and produces n-bit blocks of output sequence. It consists of ‘m’ k-stage shift registers and ‘n’ modulo-2 adders.
The outputs of ‘n” modulo-2 adders are sequentially sampled to produce the encoded sequence. A (2, 1, 2)
convolutional encoder is considered for simulation and implementation. While decoding the proposed code
generates output table and next state table depending on generator polynomial and stores them. Basically,
decoding of convolutional codes is comparison of different paths in trellis. The trellis diagram for (2, 1, 2)
convolutional encoder is as shown in Fig.3.
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Fig.3. Trellis for convolutional encoder (2, 1, 2). Fig. 4 The TMS320VC5416 kit
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In hard decision decoding technique, the Hamming distance is computed by simply counting how many bits are
different between the received encoded bits and the actual output bits. The Hamming distance values are
computed at each time instant for the paths between the states at the previous time instant and the states at the
current time instant are called ‘branch metrics’. For the first time instant these results are saved as
“Accumulated Error Metric” values, associated with the states. For the second time instant on, the accumulated
error metrics will be computed by adding the previous accumulated error metrics to the current branch metrics.
When two paths enter the same state, the one having the best metric (i.e. lower branch metric) is chosen, this
path is called the ‘surviving path’. Then by seeing the path and using output table and next state table decoding
is done. This procedure is repeated for all encoded bits and at every comparison makes a hard decision as to
whether one or zero is transmitted. The output of hard decision decoder is compared with original message bits
for verification.
V. PROCESSOR TMS 320VC5416

The TMS320VC5416 fixed-point, digital signal processor (DSP) is based on an advanced modified Harvard
architecture that has one program memory bus and three data memory buses. This processor provides an
arithmetic logic unit (ALU) with a high degree of parallelism, application-specific hardware logic, on-chip
memory, and additional on-chip peripherals. The basis of the operational flexibility and speed of this DSP is a
highly specialized instruction set. Separate program and data spaces allow simultaneous access to program
instructions and data, providing a high degree of parallelism. Two read operations and one write operation can
be performed in a single cycle. Instructions with parallel store and application-specific instructions can fully
utilize this architecture. In addition, data can be transferred between data and program spaces. Such parallelism
supports a powerful set of arithmetic, logic, and bit-manipulation operations that can all be performed in a single
machine cycle. The device also includes the control mechanisms to manage interrupts, repeated operations, and
function calls. The TMS320VC5416 DSP starter kit (DSK) is a low-cost development platform designed to
speed the development of power-efficient applications based on TI's TMS320VC54x DSPs. The kit, which
provides new performance-enhancing features such as USB communications and true plug-and-play
functionality, gives both experienced and novice designers an easy way to get started immediately with
innovative product designs. The C5416 DSK offers the ability to detect, diagnose and correct DSK
communications issues, download and step through code faster and get a higher throughput with Real Time Data
Exchange (RTDX™). The contents of the kit include: C5416 DSK Code Composer Studio™ v2.1 IDE, Quick
Start Guide, Technical Reference, Customer Support Guide, USB Cable, Universal Power Supply and AC
Power Cord(s). The Fig.4 shows the view of TMS320VC5416 Kkit.

VI. RESULTS AND DISCUSSIONS
In this section, simulation results are presented. Different types of CRC are simulated from CRC-8 to CRC-32.
The simulation results of CRC-8 and CRC 32 are shown in the paper. Fig 5 shows the simulation environment
completely.

0000:05CC F495 NOP

nnnn.ncMm 1108 il #0D/AY B

; 0000:05CA FO20 LD #0ffffh, 0k
A

enter the total no. of hitsl ‘\ }Flash is disabled.
n =Benter the message bits1 11001110 ‘CPU Reset Complete,
remainder hits = 0110 el Startlp Complete
transmission bits= 111001100110

enter the transmitted bitsl 110011 00110

final remainder bits =000000000000, transmitted bits are correct =

[T P i , St / lel | NG

h @ HALTFD: sfw break Fle: CACCSHudin v {iMyProdectsleredsn.c

Fig. 5 Simulation Environment of DSP kit

The bottom left window called ‘stdout’ shows the input and output of the program. The simulation result of
CRC 8 is shown in Fig 6 when received message has an error. Fig 7 shows the output when the received
message has an error. Fig 8 and Fig 9 shows the input and output of the CRC -32 with errors as well as without
errors.

the message bits1110011001000111 [the message bhits111001100100011
check bhits = 11111101 check hits = 11111101
transmission hits= 11100110010|| +ransmission kits= 1110011001
the received hits are=1110011001| +he received hits are=1110011010
final remainder hits =0000000000f|fing]l remainder hits =000000000

transmitted message has error transmitted hits are correct

Fig. 6 CRC-8 with error in the received message  Fig. 7 CRC-8 with correct received message
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the message bits1110011001000| the message hits1110011001000
check bhits = 001101111000001)| check hits = 001101111000001
transmission hits= 11100110|| transmission hits= 11100110
the received bhits are=1110011|[the received hits are=1110011
final remainder bits =0000000ffinal remainder bits =0000000
transmitted message has error transmitted hits are correct

Fig. 8 CRC-32 with error in the received message Fig. 9 CRC-32 with correct received message

The code has been verified for all possible lengths of message polynomial and generator polynomial. The CRC-
8 to CRC-32 are successfully implemented on TMS320VC5416 fixed-point DSP.

The simulation and implementation of convolutional encoder and Viterbi decoder is carried out for different
message bits and different generator polynomials. The processor implementation results for rate % convolutional
encoder and Viterbi decoder with generator polynomials g1= {1 1 1} and g2= {1 0 1} and for message bits (1 1
1 0) are as shown in Fig.10 and Fig.11 respectively.
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Enter no of message bits
4
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i1 01 10 01
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Fig.10. Implementation result of convolutional encoder for message stream (1 1 1 0)
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Fig.11. Implementation result of Viterbi decoder with one bit error for message stream (1 1 1 0)

Similarly the results are verified for generator polynomials by giving different message bits as input. The
simulation results of Viterbi decoder for generator polynomials g1= {1 1 1}, g2= { 1 1 0} and g1={1 1 0},
g2={1 0 1} are as shown in Fig.12 and Fig.13 respectively.

Enter no of message bits
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Fig.12.Implementation result of Viterbi decoder with two bits error for message stream (100 1 1 0) for
Generator polynomial g1={1 1 1} and g2={1 1 0}
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Fig.13. Implementation result of Viterbi decoder with two bits error for message stream (11010 1) for
Generator polynomial g1={1 1 0} and g2={1 0 1}
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Also different generator polynomials are given as input to the encoder block. The simulation and
implementation results exactly matched with the theoretical results. The proposed algorithm is working for all
message bits and delivering the expected results. In this paper separate results for CRC and Viterbi decoder are
shown. Many researchers suggested ideas how to reduce the computations by selecting only few branch metric
[10, 11] based on the hamming distances. The investigation on joint decoding schemes for serially concatenated
cyclic redundancy check (CRC) and convolutional code (CC) is done in [12]. A soft decoding algorithm for CC
decoding is used with CRC to check the hard decision output from the soft CC decoding module for errors.
After Viterbi decoding to check the errors CRC was used. The use of CRC was after decoding [12]. It is
possible to use CRC before the Viterbi decoding for the errors; if no errors found just using the lookup table
decoding can be done without going for the online computation using trellis. The lookup table will be having the
decoded output offline. This saves the time as well as computations. If the errors were found then classical
decoding of Viterbi decoder may be used.

VII. CONCLUSIONS

The procedure of calculation of remainder or redundant bits at the transmitter and checking the errors at the
receiver is presented in the paper. The CRC code has been verified for all possible lengths of message
polynomial and generator polynomial. The CRC-8 to CRC-32 are successfully implemented on
TMS320VC5416 fixed-point DSP. The simulation results are presented in the paper. Convolutional Encoder and
Viterbi decoder for the rate %% is simulated for different constraint lengths. From the simulation it is found that
the error recovery capability of the Viterbi decoder varies from generator polynomials as well as for different
constraint lengths. Convolutional encoder and Viterbi decoder are successfully implemented on DSP-
TMS320C5416. The usage of look-up table may help in fast decoding.
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