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The work in this paper is a simulation experiment performed by a computer program to determine
the OCDMA system parameters limitations. The system was built up with LED light source in
the transmitter with filters to construct the code where the receiver is constructed based on
AND-subtraction detection scheme. The system was designed to be compatible with the enhanced
double weight (EDW) code, passive optical network (PON), P2P network connection and fiber to
the home (FTTH) topology. Five system parameters were considered in this work: the number of
users, the transmission distance, the bitrate, the chip spacing and the transmitted power.
Optisys 6.0 software program was used as a simulator; the simulator considered the entire practical
effects in the system, like nonlinearities, attenuation in the fiber and dispersion. This paper shows
that for sufficient system performance parameters (BER < 1x107°, Q > 6) the system can stand for
the maximum number of 3 users, the maximum distance of 21 km and the minimum chip spacing
of 0.2. The system also shows that it cannot work for any number of users or any distance without
the amplifier.

Keywords: optical code division multiple access (OCDMA).

1. Introduction

Multiple access techniques are required to meet the demand for high-speed, large-
-capacity communications in optical networks, which allow multiple users to share
the fiber bandwidth [1].

Optic code division multiple access (OCDMA) scheme is considered to be a viable
multiple-access technique for future all-optical networks. This is mainly due to
the availability of excess bandwidth in a fiber-optic medium whereby CDMA
technique takes advantage to construct a redundant signaling scheme in order to
establish an asynchronous and robust multi-access system for the number of users [2].
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OCDMA schemes may be classified according to the choice of coherent versus
incoherent processing, coherent (mode-locked pulses) versus incoherent (e.g.,
amplified spontaneous emission (ASE) and light-emitting diode (LED)) broad-band
optical source and encoding method (time-domain versus frequency-domain,
amplitude versus phase). Schemes based on incoherent processing (summing of optical
powers) and broad-band incoherent (noise) sources are generally the easiest to
implement but offer relatively poor performance.

In all types of optical code division multiple access (OCDMA) systems, spectral
amplitude-coding (SAC) systems have received more attention in recent years since
multiuser interference can be eliminated when a code with fixed inphase cross
correlation is used [3,4]. The elimination for MAI occurs at the receiver side
depending on what detection technique is used. In general, there are three detection
techniques for SAC-OCDMA systems; direct detection technique, complementary
detection technique [5] and AND-subtraction technique [6]. At the receiver side,
the selection of the detection technique depends on the used code to get the maximum
system performance. So far many codes had been proposed for OCDMA system.
The codes showed different system performance under different detection techniques:
like MQC and EDW for complementary technique by [7, 8], respectively and DW
EDW for AND subtraction technique by [6, 9], respectively. However, the work in
this research paper is directly related to AND-subtraction detection technique under
the EDW code; the EDW code and the AND-subtraction technique will be briefly
discussed later on.

2. Enhanced double weight (EDW) code

EDW code can be represented by using a KxN matrix. In EDW codes structures,
the matrix K rows and N columns represent the number of users and the minimum code
length, respectively. The basic matrix H,; for EDW codes consists of K| X N; a matrix
whose size depends on the value of code weight W, as given below

K, =W (D)
N, = Zj (2)
j=1

From the basic matrix, a larger value of K can be achieved by using a mapping
technique:

0 H
H = ! 3)

H 0

where i =2, 3 ... is the mapping sequence of the codes.
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The mapping sequence, i (together with W), determine the value of user K and
code length N:

K=ixW 4)

ixij 5)

j=1

N

The resulting matrix will consist of a chip-combination sequence of 1, 2, 1, 2, ...
(alternating 1 and 2) for the columns (counting from leftmost). A chip-combination is
defined as the summation of the spectral chips (1°s and 0’s) for all users (or rows) in
the same column.

In this work, the EDW code with the weight of three is used as an example. The basic
EDW code denoted by (6, 3, 1) is shown below:

00| 11]01
H =101100|11 (6)
1170100

An EDW code with weight of 3 denoted by (¥, 3, 1) for any given code length N,
can be related to the number of users K through the following equation [10]:

N = 2K+ %{sin(%ﬂz %{Sin(@ﬂz %{Sm((ng)n)T
(7)

3. AND subtraction technique

In this technique, the receiver design will be as in Fig. 1 [6]. The spectral amplitude
signal at the receiver side will be split into two branches — the upper branch will have

r-=-=-=-= n==="
DATA 1 DECODER 1 1 RECEIVER 1 |

1
FILTER |{PIN] 1
SPLITTER SUBTRACTOR
FILTER [+{PIN]

ENCODER 1
OPTICAL
SOURCE

EXTERNAL
MODULATOR

, RECEIVER 2 |

1
G !

! SUBTRACTOR

'
1

AmXmro=--~Cc2

SPLITTER
ENCODER 2

Fig. 1. Two users OCDMA system architecture using AND subtraction technique.
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the match decoder for X and the lower branch will have the interfered chips from
different users. The result after the subtraction operation will exclude the MAI and
subtract the created PIIN in both photodetectors.

Table 1. Design components setup.

LED
Wavelength 1550 nm
Bandwidth 20 nm
Power 16 dBm
Single mode fiber (SMF)
XPM Enabled
SPM Enabled
FWM Enabled
Wavelength
GVD dependengt
Dispersion slop 0.11 Ps/nm?/km
Attenuation 0.25 dB/km
Mach—Zhinder Default
Optical filter
Bandwidth Variable
Insertion losses 0dB

Transmitter

Outside
plant

Photodetector
Responsivity 0.85 A/W
Electrical subtractor Default

Low pass Bessel filter

0.75 x bit rate
Pseudo random bit sequence generator

Cut-off frequency

Bit rate Variable
NRZ pulse generator
Amplitude 1 arb.u.
Rise time 0.05 bit
Fall time 0.05 bit
Power (splitter, combiner)
Branches Variable
Flat gain EDFA
Gain 3dB
Noise figure 4
Receiver

i i

Flat Gain
Generator EDFA

Bias LED

Nonlinear
Dispersive
Filber

Mach-Zender
Modulator  Analyzer

& @ & L o B

BER

Photodetector Low Pass Power Rectangle Power Splitter
PIN Bessel Combiner Optical
Filter Filter

Fig. 2. Simulation setup for the OCDMA system with AND detection technique.
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4. Simulation design and setup

Figure 2 shows the OCDMA system design for a simulation experiment where each
component in the design was setup according to Table 1.

5. System performance

5.1. Bitrate

The general proposed designs in Fig. 2 were configured using the data in Tab. 1 with
source power 16.8 dBm, distance 10 km, number of active users 3, EDFA amplifier
gain 10 dB and chip spacing 0.8 nm. The bitrate changed as follows: 466 Mbps,
622 Mbps, 1.25 Gbps, 2.5 Gbps, 10 Gbps. These changes show system performance
as in Figures 3 and 4.

Figure 3 shows that in respect of Q factor the system can work sufficiently until
1.5 Gbps with O factor (7.2) where the BER is (1.59x107!3), as presented in Fig. 4.

5.2. Distance

Figures 5 and 6 show that the maximum distance the system could stand for is 47 km
at bitrate 622 Mbps and 21 km at bitrate 1.25 Gbps. The systems were configured
using data in Tab. 1 with source power 16.8 dBm, number of active user 3, EDFA

T I T T T T I T T T T I
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Bitrate [Mbps]

A

Fig. 3. Q factor vs. bitrate.
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Fig. 5. O factor vs. distance
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Fig. 6. BER vs. distance.
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Fig. 8. BER vs. chip spacing.
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Fig. 10. BER vs. the number of users.

amplifier gain 10 dB, and chip spacing 0.8 nm. The distance varied from 10 km to

50 km.

5.3. Chip spacing

Figures 7 and 8 show that increasing the chip spacing gives better system performance.
The reason is the code in the transmitter side is constructed using optical filters; these
filters give code chips with wide line width which can be compared with chip space

itself.

5.4. Number of users

Figures 9 and 10 show how the increment in the number of users effects the system
performance at different bitrates. The system was configured using data in Tab. 1 with

Table 2. Maximum and minimum system parameters limitations.

System with light emitting diode (LED) in the transmitter

Bit rate Power Distance Chip spacing Number

[Gbps] [dBm] [km] [nm] of users
Maximum bitrate 1.25 6.8 10 0.8 3
Maximum distance 1.25 6.8 21 0.8 3
Minimum chip spacing 1.25 6.8 10 0.2 3
Maximum number of users 1.25 6.8 10 0.8 3
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source power 6.8 dBm, distance 10 km, EDFA amplifier gain 10 dB and chip spacing
0.8 nm. The bitrate changed as follows: 622 Mbps, 1.25 Gbps, and the number of active
users varied from 3 to 9 users. We can see clearly that the system can stand for 4 users;
at bitrate 622 Mbps this number is reduced to 3 at 1.25 Gbps.

6. System parameters limitations

The system parameters limitations for minimum and maximum system parameters
values at sufficient system performance (BER < 1x107°, O > 6) for the simulation
proposed designs are listed in Tab. 2.

7. Conclusions

The simulation experiment showed successive implementation for LED power source
in OCDMA systems, P2P network connection and FTTH topology. However, this
implementation is not absolute but restricted by the system parameters. The simulation
showed that for sufficient system performance (BER < 1x10~, O > 6) the system can
stand for maximum bitrate 1.25 Gbps, maximum distance at 21 km, maximum number
of users 3 at maximum bitrate and minimum chip spacing 0.2 nm at maximum bitrate.
The system has showed that it cannot work without an amplifier for any number of
users at any bitrate or distance.

Refrences

[1] JianGg Z., SEo D.S., YaNG S.-D., Leairp D.E., Roussev R.V., LanGrock C., FEJER M.M.,
WEINER AM., Four-user, 2.5-Gb/s, spectrally coded OCDMA system demonstration using
low-power nonlinear processing, Journal of Lightwave Technology 23(1), 2005, pp. 143—-158.

[2] Azmi P., NASIRI-KENARI M., SALEHI J.A., Low-rate super-orthogonal channel coding for fiber-optic
CDMA communication systems, Journal of Lightwave Technology 19(6), 2001 pp. 847—-855.

[3] Smita E.D.J., BLAKIE R.J., TAYLOR D.P., Performance enhancement of spectral-amplitude-coding
optical CDMA using pulse-position modulation, IEEE Transactions on Communications 46 (9), 1998,
pp. 1176—1185.

[4] Zou WEI, GHAFOURI-SHIRAZ H., Proposal of a novel code for spectral amplitude-coding optical
CDMA systems, IEEE Photonics Technology Letters 14(3), 2002, pp. 414—416.

[5] ZaccarIN D., KAVEHRAD M., New architecture for incoherent optical CDMA to achieve bipolar
capacity, Electronics Letters 30(3), 1994, pp. 258—-259.

[6] Hasoon F.N., ALjuNID S.A., SAMAD M.D.A., ABDULLAH M.K., SHAARI S., Spectral amplitude coding
OCDMA using AND subtraction technique, Applied Optics 47(9), 2008, pp. 1263—-1268.

[7]1 Zou WEL, SHALABY H.M.H., GHAFOURI-SHIRAZ H., Modified quadratic congruence codes for fiber
Bragg-grating-based spectral-amplitude-coding optical CDMA systems, Journal of Lightwave
Technology 19(9), 2001, pp. 1274—-1281.

[8] Hasoon F.N., ABpULLAH M.K., ALJUNID S.A., SHAARI S., Performance of OCDMA systems using
a complementary subtraction technique, Journal of Optical Networking 6(7), 2007, pp. 854—859.



676 [.SH. HmuD, F.N. HAsooON, S. SHAARI

[9] Iussan SH. Hmup, F.N. HASOON, S.A. ALJUNID, SAHBUDIN SHAARI, Performance of OCDMA system
using AND subtraction technique based on EDW code, Journal of Optical Communications 29(3),
2008, pp. 178—181.

[10] HasooN F.N., MoHAMAD KHAZANI ABDULLAH, ALJUNID S.A., SAHBUDIN SHAARI, Construction of
a new code for spectral amplitude coding in optical code-division multiple-access systems,
Optical Engineering 46(7), 2007, p. 75004.

Received July 15, 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


