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Abstract— In this paper we present a new
reduced complexity maximum likelihood se-
quence detector for intensity modulation / di-
rect detection (IM/DD) fiber optic systems.
The proposed detector takes into account the
presence of thermal and amplified spontaneous
emission (ASE) noise. The results presented
here show a negligible performance degradation
from the optimum receiver, while implementa-
tion complexity is significantly reduced. The
mathematical models derived in this paper are
attractive for the design and analysis of very
high speed optical receivers.
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I INTRODUCTION

Long haul high-speed optical fiber transmission sys-
tems suffer from impairments such as chromatic dis-
persion (CD), polarization mode dispersion (PMD),
and the amplified spontaneous emission (ASE) noise
introduced by optical amplifiers. In intensity mod-
ulation/direct detection (IM/DD) schemes, fiber dis-
persion combined with the square-law response of the
photodetector gives rise to nonlinear intersymbol in-
terference (ISI). Additionally, after the photodetector,
ASE noise becomes nongaussian and signal-dependent.

Recently, there has been a great deal of interest in
using digital equalization to compensate the dispersion
of optical channels (Sauer-Greff et al., 2003; Agazzi et
al., 2004; Agazzi and Gopinathan, 2004). It has been
shown in (Agazzi and Gopinathan, 2004) that feed for-
ward equalization (FFE) and decision feedback equal-
ization (DFE) are severely degraded in the presence of
nonlinearity, whereas equalization based on maximum
likelihood sequence estimation (MLSE) is not. MLSE-
based receivers for optical channels have already been
reported in (Haunstein et al., 2001; Sauer-Greff et al.,
2003; Agazzi et al., 2004). Unlike in traditional dis-
persive linear channels with additive white Gaussian

noise (AWGN), in IM/DD optical channels ISI is non-
linear and noise is nongaussian and signal-dependent
(Agazzi et al., 2004).

MLSE can be efficiently implemented by using the
Viterbi algorithm (VA). To detect the transmitted
data sequence, VA evaluates metrics based on the
probability density function (pdf) of the received sig-
nal. In (Marcuse,1990; Marcuse, 1991) a detailed anal-
ysis of the signal on a fiber optic system affected by
ASE noise (owing to the transmitter laser and the op-
tical amplifiers) and by thermal noise (caused by the
electronics of the receiver) was presented. However,
the proposed mathematical models are not attractive
for implementation of MLSE based receivers due to
the high number of numerical calculations needed for
metric calculation. This seriously limits the implemen-
tation of MLSE receivers for optical communications
on integrated circuits.

In this paper we introduce a new reduced complex-
ity MLSE based receiver for IM/DD optical channels.
This receiver is based on a simplified statistical model
of the received signal. The obtained results show a
minimal performance degradation with respect to the
optimal receiver, while the numerical complexity is re-
duced by nearly 50%. Furthermore, the models devel-
oped in this work can be used not only for the practi-
cal implementation, but also for performance analysis
of MLSE based detectors in IM/DD optical channels
(Crivelli et al., 2003). The paper is organized as fol-
lows. In Section II we present the system model.
In Section III we introduce the simplified statistical
model for ASE noise. Based on this model, in Section
IV we propose the new receiver for transmissions af-

fected by thermal and optical noise. In Section V
we show numerical results. Finally, in Section VI we
draw the conclusions of this work.

II SYSTEM MODEL

The system model to be used throughout the rest of
the paper is described below. It is a single mode fiber
link with optical amplifiers deployed periodically to
compensate for fiber attenuation. In Fig. 1 a block
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