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Direct-detection optical communication systems can
achieve high energy information efficiency, and are
thus expected to be applied to communication systems
where transmitter power is severely restricted, such as
intersatellite links. As a modulation scheme, pulse posi-
tion modulation (PPM) is a candidate for NASA’s opti-
cal intersatellite links. However, there is a throughput
limitation for PPM. Thus other modulation schemes
with higher throughput are expected. On the other
hand, error correction coding is needed to achieve high
energy information efficiency in optical intersatellite
links.

This thesis analyzes the performance of multi-pulse
PPM (MPPM), and proposes new modulation and
coded modulation schemes.

In chapter 1, the background and the purpose of this
thesis are stated.

In chapter 2, a new coded modulation scheme is pro-
posed where punctured convolutional codes are em-
ployed over binary erasure channels (BEC’s) constitut-
ing PPM channel. Selecting suitable rate for the chan-
nel condition, the system is shown to achieve high en-
ergy information efficiency in the range of small band-
width expansion.

In chapter 3, the performance of MPPM is analyzed.
Moreover, it is shown that MPPM channel can be seen
as the combination of BEC’s, and from this perspective,
the performance is analyzed; the sum of the capacities
of BEC’s becomes smaller but that of cutoff rates be-
comes larger.

In chapter 4, a new modulation scheme is proposed

where overlapping technique is used for MPPM. This
scheme is referred to as overlapping MPPM (OMPPM).
The superiority over conventional modulations in ca-
pacity and cutoff rate is presented.

In chapter 5, trellis codes are employed over
OMPPM. The error performance is analyzed and shown
that the trellis coded OMPPM can achieve significant
coding gains.

In chapter 6, a new modulation scheme is proposed
where overlapping technique is used for DPPM. This
scheme is referred to as Differential overlapping PPM
(DOPPM). The performance is analyzed under the win-
dow scheme and shown to achieve higher throughput.

In chapters 7 and 8, coherent subcarrier multiplex-
ing (SCM) technique is studied. In chapter 7, coherent
SCM system with distributing local oscillator (LO) in
local loop is proposed. Analyzing CNR, the proposed
system is shown to have good performance with increas-
ing power of only 2 lasers placed at the central station.

In chapter 8, the effect of laser phase noise on the
system proposed in chapter 7 is analyzed. Moreover,
Reed-Solomon (RS) code is employed to increase the
numbers of stations and channels. It is shown that RS
coding is effective to increase them.

In chapter 9, the results and the overall conclusions

are summarized.
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