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Parallel Trellis Viterbi Algorithm for Sparse Channels
Nigel C. McGinty, Rodney A. Kennedy,Member, IEEE, and Peter Hoeher

Abstract—The Viterbi algorithm (VA), which normally operates
using a single trellis, can be optimally reformulated into a set
of independent trellises for a special class of sparse intersymbol
interference (ISI) channels. These independent trellises operate in
parallel and have less overall complexity than a single trellis. This
trellis decomposition can be applied to a more general class of
sparse channels approximately resulting in a suboptimal reduced
complexity equalizer.

Index Terms— Equalizers, intersymbol interference, sparse
channels, Viterbi detection.

I. SYSTEM MODEL DEFINITION

Consider the baseband equivalent communication model in
Fig. 1. Binary phase-shift keying (BPSK) modulated symbols,

, propagate through the communications channel [1], which
is modeled as a transversal filter with the impulse response

, or, equivalently in vector notation
where the prime represents transposition,

parameterizes the channel length andis the discrete time
index.

The received signal is given by

(1)

where the noise term, , is zero-mean white Gaussian noise
with variance . An equalizer, using , generates estimates
of the transmitted symbols, denoted by.

II. THE VITERBI ALGORITHM (VA)

The VA is a breadth-first trellis-search algorithm [2]. The
states in the trellis, at time, are defined by

(2)

Each temporal transition between states,to , under
the input , has the branch metric

(3)
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where is a matrix having zero elements except
for for . At the most likely
path is selected according to the path metric calculation

(4)

where is the path metric for state . Each state at time
has a survivor sequence which contains the most likely path

through the trellis to that node. If the survivor sequences
are traced back in time, at some point they converge and a
decision can then be made as to the transmitted symbol, this
time is referred to as the decision delay and is equal to.

III. SPARSE CHANNEL MODEL

A sparse channel consists of a high proportion of zero
valued taps in its channel impulse response. These channels
can exist due to multiple transmission paths in a sparse
environment, such as in an aeronautical channel. Thezero-pad
channel classhas the structure

(5)

where is the number of nonzero taps in the channel.
This channel consists of an equal number of zero valued taps,

, between each nonzero tap. Azero-padchannel can
be characterized by its nonzero parameters as

(6)

IV. PARALLEL TRELLIS VITERBI ALGORITHM

Consider the simple channel, . Given the
receipt of , the VA determines the branch metric

(7)

which is seen only to depend on alternate data symbols. Using
this information two independent trellises can be constructed,
one estimating the sequence and the other
estimating . This independent trellis decom-
position can be generalized to an arbitrary zero pad channel
as given by (5).

The parallel trellis Viterbi algorithm (PTVA) consists of
independent parallel trellises. Each trellis, numbered

, consists of states which, at time , are
defined as

(8)

For each time instance the trellis numberis incremented
by modulo . Note, that each trellis has a transition once
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Fig. 1. A block diagram of a generalized communications system,
where ak propagates through a channel with the impulse response
H = [h0; h1; � � � ; hL]

0, and an estimate of the transmitted symbol,âk, is
made using the received sequence.

Fig. 2. BER versus SNR for the channel with coefficients
H = [0:6852; 0:2056; 0:5482; 0:1370; 0:4111]0.

every samples; the temporal state spacing is increased from
baud interval, , to , allowing more time between metric
computations.

Continuing with the definition of the PTVA, at time for a
given state, , with the received symbol and under the
input , the branch metric can be calculated by

(9)

where is defined similarly to that in (3). Finally, for a given
state pair, and , the path metric, , is
defined according to

(10)

The PTVA reduces the complexity of the VA for the zero
pad channel class with no loss of optimality. The complexity
reduction can be attributed to the lower total number of states
and the increased temporal state spacing. Table I compares the
trellis and numerical requirements for the PTVA to the VA.

Recently a VA using multiple trellises to equalize sparse
channels was proposed in [3]. The trellises for this approach
are irregular (the state transitions are dependent on time).
At any time, there are parallel trellises of length ,

TABLE I
COMPARISON BETWEEN THE VA AND PTVA WHERE L = fg

where is the decision delay. Compared to [3], the
regular trellis structure of the PTVA has a simpler and more
straightforward implementation.

V. GENERALIZED PTVA

A general sparse channelcontains a similar structure to the
zero pad channel class except the assumed zero valued taps
of the zero pad channel may contain small nonzero values.
When the PTVA equalizes general sparse channels a degree
of correlated noise is introduced due to ignoring energy in the
channel impulse response. Ageneralized PTVAis proposed
for the equalization of such general sparse channels. This
algorithm retains the PTVA trellis structure and uses state
estimates from other trellises in the branch metric calculation
for the low energy taps.

Given the parameters and , as defined for the zero pad
channel class, a general sparse channel can be written as

(11)

Define subvectors of , each containing elements, as

(12)

indexed by . The branch metric for state
under transition can be written as

(13)

The summation term in (13) incorporates the state estimates
at time from trellis , where mod .

The path metric is determined using (10).
In (13) a suitable set of state estimates at time can

be efficiently computed by

(14)

for . The state estimates are not binding
as the final symbol estimates will be extracted from the
survivor sequence of the appropriate trellis. The effect of an
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incorrect decision is generally only minimal, it will cause a
decision error if an incorrect path obtains a lower metric than
the most likely path due to that estimation error (as opposed
to a channel noise induced error).

A. Performance Evaluation

The channel
is considered where 0.2056 and 0.1307 are the low energy
taps. The bit-error rate (BER) versus signal-to-noise ratio
performance curves for the PTVA, generalized PTVA, VA
and reduced state sequence estimator (RSSE) [4] (which
is used as a comparative reduced complexity VA) are
shown in Fig. 2. The relatively poor performance of the
PTVA can be attributed to the low energy taps not being
sufficiently small. The VA has a 0.62-dB better performance

than the generalized PTVA, which is 0.71 dB better than
the RSSE a BER of 10 .

The generalized PTVA’s performance is dependent on the
channel. This indicates that the general sparse channel must
be close in structure to the zero pad channel class in order
to minimize the algorithm’s sensitivity to the quality of the
preliminary state estimates.
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