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ABSTRACT

Concatenated coding schemes involving a convolutional inner code and a block outer code
have occasionally been used in communication systems that are very intolerant of errors.
In these schemes the vast majority of channel errors are corrected by the convolutional
decoder while the block outer code is used to detect convolutional decoder errors. Block
code words containing detected errors are erased.

Soft decision Viterbi convolutional decoders operate by comparing path metrics and
selecting the path with the largest metric (the maximum likelihood path). There is a
substantial amount of information in the path metrics that is not used in this pick-the-
largest decision. It is proposed that some of this information be used in a probabilistic
decoding error detection scheme. Such a detection scheme would obviate the use of the
block outer code. The result is a bandwidth savings at the cost of some additional
processing of the convolutional code metrics.

INTRODUCTION

Concatenated coding schemes involving a convolutional inner code and a block outer code
have occasionally been used in communication systems that are very intolerant of errors.
In these schemes the vast majority of channel errors are corrected by the convolutional
decoder while the block outer code is used to detect convolutional decoding errors. Block
code words containing detected errors are erased.

Soft decision Viterbi convolutional decoders operate by comparing the path metrics that
enter each trellis node and selecting as correct the path with the largest metric. There is
more information in the value of the path metrics than is used in this pick-the-largest
decision. In particular, the likelihood of a decoding error is much greater if the decision is
between metrics that are nearly equal than it would be if one metric was by far the largest.
It is proposed that this information be used in a probabilistic decoding error detection



scheme. Such a detection scheme would obviate the use of block outer error detection
codes.

SYSTEM MODEL

Consider a communication system shown schematically in Figure 1.

Figure 1.  Communication System

The modulation technique is 8-ary FSK. The information source produces 25 8-ary
symbols per second. These symbols are encoded for error control using a rate 1/2 dual-3
convolutional encoder. The resulting 50 character per second (cps) sequence is further
encoded with a four chip per character diversity code. The resulting 200 chip per second
sequence is transmitted through the channel where it is distorted by additive white
Gaussian noise (AWGN). In the receiver the chips are processed independently. They are
detected non-coherently and then combined and decoded by a soft decision Viterbi
convolutional decoder. The decoding of the diversity code is handled in the convolutional
decoder. The diversity code has the effect of increasing the convolutional code distances
by a factor of four while decreasing the effective signal to noise ratio by a factor of four.

Assuming that the system is synchronized and frequency locked, a transmitted chip will
have a Non-Central X2 density at the output of the detector. This density is given by [1]

(1)

where

SNR = chip signal energy to channel noise spectral density ratio
N = number of chips combined
IK(·) = Kth order modified Bessel’s function.



The seven remaining members of the signal set will have Gamma densities at the detector
output, given by

(2)

where               is the usual Gamma function.

DERIVATION AND EVALUATION OF DETECTION SCHEME

Two figures of merit of a probabilistic error detection scheme are the probability of false
message acceptance and the probability of correct message rejection. The first is the
probability that a decoded message is in error but the errors are not detected. The second
is the probability that errors are declared to be present in an error-free message. In order
for an error detection scheme to be useful, both of these probabilities must be acceptably
low.

The proposed detection scheme uses a threshold technique. During each trellis node
decision, the values of the largest and second largest metrics are compared. If the absolute
value of their difference is less than a threshold value, then a decoding error is said to have
occurred with high probability. All paths leaving this node would be tagged as containing
errors. A decoding error would be declared when all surviving paths contain tagged
branches. A correct decoding is declared if at the end of the decoding interval the
surviving path contains no tagged branches.

Consider the case of a second path merging with the correct path at any particular node.
The probability that the correct path will be falsely rejected (falsely designated as having
errors) is the probability that the metric of the correct path, mc, will fall in the region

(3)

where mI is the metric of the incorrect path, and Th is the threshold value. This probability
has the value

(4)

where max [· , ·] represents the, largest of the two arguments. The probability of false
message acceptance is the probability that an incorrect path is selected when merged with 



the correct path, and that the incorrect path is accepted as error free. The probability of
this occurring at any particular node is the probability that

(5)

This probability has the value

(6)

The nodal probabilities of Eqs. (4) and (6) can be used to determine upper bounds on the
overall probability of first false rejection or false acceptance, respectively. These bounds
are derived using the generating function technique of Viterbi [2]. The generating function
for the rate 1/2 dual-3 code has been determined by Odenwalder [3J , to be

(7)

The effect of the diversity code is to alter (7) to the form

(8)

(9)

where CK is the set of coefficients of the terms of the power series expansion of (8).
Following Viterbi, the first time false reject or false accept probability can be upper
bounded by substituting in for DK the probability that a path deviating from the correct
path in K positions causes a false reject or false accept, respectively. This is done for each
DK appearing in Eq. (9). The exponent K corresponds to the number of accumulated chips,
N, in Eq. (1) and (2). Thus,

(10)

(11)

where PFA (Th) is the first time false accept probability and PFR (Th) is the first time false
reject probability. The first seven non-zero values of CK are given in Table I.



Equations (10) and (11) have been evaluated for a set of effective information signal bit
energy to noise spectral density ratios and normalized threshold levels. The thresholds
were normalized by the channel noise spectral density for ease of computation. The results
are presented in Table II.

More important than the first time probabilities as measures of the performance of the
technique are the false acceptance and false rejection probabilities for a particular length
message. For instance, a 12-bit message will produce 8 encoded 3-bit characters at the
channel input. Including two flush characters, there are four merge times during the
decoding of this message. Thus, a bound on the probability of false message rejection is

(12)

Similarly, a bound on the probability of false message acceptance is

(13)

The probabilities of Eqs. (12) and (13) have been computed and the results are presented
in Figs. 2 and 3, and Table III.

A 288-bit message (48 6-bit shortened ASC II code words) will involve 96 merges at the
decoder. For this case, the probabilities of Eqs. (12) and (13) would be altered to the form

(14)

and

These results are presented in Figs. 4 and 5, and Table IV.

CONCLUSION

A threshold technique has been investigated with regard to its ability to serve as an error
detection scheme. The quality of the technique has been measured for the case of a
particular system in terms of its probability of false rejection of a correct message, and its
probability of false acceptance of an erroneous message. In order for any error detection
scheme to be useful, both of these probabilities must be acceptably low.

Numeric results are presented in Figs. 2 - 5 for two message lengths and a particular
communication link that includes a rate 1/2 dual-3 convolutional code. As expected, the



probability of false rejection increases with the threshold level, while the probability of
false acceptance declines. As was also expected, both probabilities increase with message
length, and decline rapidly with increasing signal to noise ratio.
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 Table I
Generating Function Coefficients

K CK

16
20
24
28
32
36
40

7
14
63

196
707

2394
8323



Table II.  First Time Probabilities

Table III.  12-Bit Message Probabilities



Table IV.  288-Bit Message Probabilities



 

Figure 2.  Signal To Noise Ratio (dB) Figure 3.  Signal To Noise Ratio (dB)



 

Figure 4.  Signal To Noise Ratio (dB) Figure 5.  Signal To Noise Ratio (dB)




