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Abstract.

A hybrid quadrature phase shift keying-modified multi-pulse pulse-position modulation scheme

is proposed as a new modulation technique to improve the performance of conventional quadrature phase shift
keying (QPSK) modulation in optical fiber communication systems.

1. Introduction

Multilevel phase modulations represent important
modulation category for optical fiber communica-
tions. Coherent detection of phase modulated sig-
nals increases the receiver sensitivity over traditional
intensity modulated direct detected IMDD signals.
Toward further enhancement in the performance of
multilevel phase modulations, combinations with
other modulations are addressed. One direction is to
combine phase modulations with pulse position mod-
ulations. However, combining phase modulations with
pulse position modulations can enhance both receiver
sensitivity and bandwidth-utilization efficiency for
ordinary multilevel phase modulation schemes. The
idea of combing both multilevel phase modulations
with pulse position modulations is recently accessed
in many publications [1,2].

2. Proposed System Model and Characteristics

In this paper, we propose a modified multi-pulse pulse
position modulation and modulate its signal pulses
by ordinary QPSK modulation. We call the proposed
modulation scheme hybrid quadrature phase shift
keying-modified multi-pulse pulse position (hybrid
QPSK-modified MPPM). This scheme is proposed to
improve the performance of ordinary QPSK modula-
tion in optical fiber communications. Comparing with
ordinary QPSK, instead of transmitting consecutive
low amplitude QPSK symbols, we transmit less num-
ber of large amplitude QPSK symbols and exploit the
positions of the transmitted symbols to encode addi-
tional bits per frame. Precisely, with frames of size
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Figure 1. M consecutive symbols in ordinary QPSK scheme.
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Figure 2. Frame structure in hybrid n-QPSK MPPM scheme.

M slots, instead of transmitting M QPSK symbols in
ordinary QPSK, ng (less than M) modulated optical
pulses are transmitted in the hybrid frame. The frame
structures of ordinary QPSK and proposed hybrid
n-QPSK-modified MPPM scheme are explained in
Figs. 1, and 2, respectively. The term modified MPPM
comes from the ability to increase number of trans-
mitted optical pulses per hybrid frame to values more
than M /2.

Obviously, the number of transmitted bits per
frame for M consecutive QPSK symbols is 2M bits
whereas for hybrid QPSK-modified MPPM, this num-

ber is 2ny +log, ( r?,{, ) bits. The 2ny bits are encoded

directly in the QPSK symbols and the log, ( 3141 ) bits
are encoded in the positions of the transmitted QPSK
symbols. To conserve the same transmission bits per

frame for both schemes, there is a minimum value of
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Figure 3. Transmitter and receiver structures for hybrid QPSK-modified MPPM scheme.

ny that could result in near or slightly larger transmis-
sion rate for hybrid one. In other words: for any value
of ny, the maximum frame size M, that makes
the transmission rate for hybrid scheme the same or
slightly larger than that of ordinary QPSK scheme is
given by

M,
> > 2Mpax ey

2ny +log, <
ny

Here, we propose to use coherent detection (either
homodyne or heterodyne), for demodulating both
QPSK and MPPM symbols in the hybrid frame. The
transmitter and the receiver structures for hybrid
QPSK-modified MPPM are shown in Fig. 3. At the
transmitter side, the transmitted data bits are first fed
to a digital signal processing (DSP) device, which
divides them into several blocks. Each block contains
log, ( 2;11 ) + 2ny bits. The first log, ( ,IZI ) bits determine
the transmitted MPPM symbol, i.e., the positions of
the ny signal pulses within the MPPM frame, while,
the remaining 2ny bits are used to modulate the sig-

nal pulses with phases of QPSK modulation.

Optimal Decoding Algorithm

1. Perform coherent detection for the received in-
and quadrature-phase components.

2. Get the received signal amplitudes for both in-
and quadrature-phase components in each slot.

3. Determine the energy received for both compo-
nents in each slot.

4. Get the square root of the sum of components’
energies in each slot.

5. Determine ny signal slots with the highest square
root values.
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6. Decode the QPSK signals of these slots by com-
paring their integrators outputs to zero.

3. Performance Evaluation

Here, we aim at evaluating the bit-error rate (BER) for
the proposed hybrid QPSK-modified MPPM. Toward
that, the optical fiber is considered as the transmission
medium and the system is assumed to be limited by
the amplified spontaneous emission (ASE) noise gen-
erated from the optical amplifiers [3]. The BER for the
hybrid QPSK-modified MPPM scheme is given by

log, (}Z)

2ng +log, (%)

2111-1

BERy X BERMppM +

2ng +log, (M)

ng

SERMmpPM

nH[(,j,‘f,) —1]

X; |:(nH — l) X BERQPSK + l:| } 2)

{ (1 — SERMPPM) X BERQPSK +

lng M —ng]

)}

i=1 2

where, BERqpsk is the bit-error rate of ordinary
QPSK, BERymppm and SERyppMm are the bit-error
rate and the symbol-error rate for ordinary MPPM
scheme, respectively. For MPPM scheme that trans-
mits L bits per frame, the relation between SERyppm
and BERyppy is given as [4]

L-1
2L

Also, X; represents number of MPPM symbols that

differ with i slots from the transmitted symbol. The

value of X; could be calculated as

BERMppM < x SERmpPM

3
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Figure 4. Bit—error rate versus average received signal-to-noise ratio
for hybrid 6-QPSK 9-PPM scheme.
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The first term in Eq.(2) accounts for the errors that
occur to the group of log, ( 12141 ) bits which is the same
as the bit-error rate of ordinary MPPM. The second
term of the equation accounts for bit-error rate of the
remaining 2ng bits.

4. Numerical Results

In this section, we compare the performance achieved
by the proposed hybrid QPSK-modified MPPM with
performance achieved by ordinary QPSK under the
average power constraint. For fair performance com-
parison, we assume the usage of same frame size
and same transmission bit rate for both schemes.
Specifically, the evaluations are performed for two
hybrid modulation schemes which are hybrid 6-
QPSK 9-PPM and hybrid 12-QPSK 22-PPM. For
these schemes, the numbers of transmitted bits per
hybrid frame are 18.39 bits and 45.36 bits, respec-
tively, which are slightly larger than that of the ordi-
nary QPSK schemes (18 and 44 bits, respectively).
Also, in terms of the average received optical power,
comparisons are performed under the average power
constraint.

The bit-error rates (BERs) versus the average
signal-to-noise ratio SNR,, are plotted in Figs. 4 and
5 for hybrid 6-QPSK 9-PPM and hybrid 12-QPSK
22-PPM schemes, respectively. Cleary, at small val-
ues of SNR,,, ordinary QPSK achieves better per-
formance (less BER) than that of hybrid schemes.

Bit-error rate (BER)

—6— Ordinary QPSK

—@— Hybrid 12-QPSK 22-PPM

1 ¥ L L L L L
0 6 8 10 12 14 16 18
Average received signal to noise ratio (SNR ) dB

Figure 5. Bit—error rate versus average received signal-to-noise ratio
for hybrid 12-QPSK 22-PPM scheme.

While, at moderate and high values of SNR,,, our
proposed hybrid schemes outperform the ordinary
QPSK scheme. Numerically, as indicated in Fig. 4,
at BER = 10~® , a reduction of 1dB in SNR,, could
be achieved by the hybrid 6-QPSK 9-PPM scheme.
The performance gap between two schemes is much
increased by raising the level of SNR,,. Moreover,
as indicated in Fig. 5, increasing frame size results in
better performance for the proposed hybrid scheme.

5. Conclusions

A new hybrid modulation, hybrid QPSKmodified
MPPM has been proposed for optical communica-
tions. The performance measure of the proposed
scheme in terms of an upper bound for BER was
obtained. Intensive numerical evaluations were per-
formed to compare the performance achieved by the
proposed hybrid scheme with the performance of
ordinary QPSK scheme. The evaluations were car-
ried out under the average power constraint at nearly
the same transmission rates for hybrid and ordinary
schemes. At Moderate and high levels of signal-to-
noise ratio, the proposed scheme achieves much less
bit error rate levels than that of traditional optical
QPSK modulation.

References

[1] M. Karlsson et al., Eur. Conf. Opt. Commun. Tu.6.B.6.
(2011).

[2] X. Liu et al., Eur. Conf. Opt. Commun. Tu.3.B.4 (2011).

[3] F. M. K.-P. Ho, Phase-modulated optical communication
systems, Publishing Springer (2005).

[4] N. Aoki et al., IEICE Trans. Commun. E79-B, 52-56
(1996).

198 2013 Second International Japan-Egypt Conference on Electronics, Communications and Computers (JEC-ECC)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


