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Abstract-One OCDMA PON system is discussed in this paper.
Multi-length Two-Weight Carrier Hopping Prime Codes is
selected as encoder scheme, encoded information istransmitted
through Optical fiber. Hard Limiter is utilized in receiver
terminal to ensure lower bit error rate. Simulation shows that
it can be used for large capacity optical networks.

Keywords- large capacity optical networks, OCDMA-PON
system; 2-D multi-length two-weight carrier hopping prime codes,
hard limiter;

I. INTRODUCTION

Passive Optical Network (PON) [1] is a fiber-optic
network that does not contain any active device. It is mainly
made up of Optical Line Terminal (OLT) and Optical
Network Unit (ONU) which are installed in the central
control station and the Client. OLT and ONU are connected
by Optical Distribution Node (ODN), which is made up by
optical fiber or passive optical splitter or coupler. PON uses
Tree Topology. It is simple to maintain, of high reliability
and relatively low-cost, with less consumption of resource
and can provide higher bandwidth to ensure the large
capacity, and obtain better Quality of Service (QoS) service.

Time Division Multiplex Passive Optical Network
(TDM PON) [2] and Ethernet Passive Optical Network (E-
PON) [3] have been placed in developed countries. Because
of the need of high speed transmission in PON, multiplexing
and multiple access technologies have significant meanings
to the issue. TDM PON can support 8-32 users with speed
of 155Mb / sto 1 GB / s [4]. However, due to the time
divison multiplexing transmission, if there are large
numbers of access users, each user can separately obtain
more limited bandwidth. It is difficult to adapt to the high-
capacity transmission in the case of more data users access,
especially in the uplink data transmission, and more difficult
to adapt to different bit-rate transmission between different
users.

Wavelength Division Multiplexing Passive Optical
Network (WDM PON) is passive optical network that uses
wavelength division multiplexing technology. WDM PON
has several schemes: first, to achieve data transmission
through allocated wavelength proprietary with fixed virtual
point-to-point connection between OLT and ONU; Second,
ONU uses tunable laser to allocate wavelength dynamically.
In this case, ONUs can share the wavelengths and in this
case, the network has some reconfigurable characters; third,
the scheme is independent between ONU and wavelength.
Afterwards, the hybrid PON scheme whose downlink using
WDM PON and uplink utilizing TDM PON. Transition

from TDM PON to WDM PON is sure to become the future
industry standards, and because of its relatively low-cost the
ONU manufacturing costs, it can be used to provide alot of
passive optical networking products. Nowadays, 20nm
spacing Coarse Wavelength Division Multiplexing of
between 1270 and 1610nm wavelength has been recognized
as PON architecture by International Telecommunication
Union (ITU). However, because the number of wavelengths
of the WDM PON is 18, it is insufficient for a medium
number of multiple access system users[4].

In contrast, Optical Code Division Multiple Access
(OCDMA) provides another possibility solution for passive
optical network. However, because of the backward of
codec manufacturing technology, Multiple Access
Interference (MAI) between shared channels and Beat Noise
which also limits its practical application to some extent.
Therefore, it is excluded of the actual application after
proposed in the 70s of last century and limited use only can
be found in laboratory conditions around the 1980s.

Due to more mature manufacturing technology of optical
code division multiple long sequence codec [6] and fiber
threshold devices [7] recently, OCDMA has been the
research hotspot nowadays. OCDMA technology relative to
wavelength division multiple access (WDMA) and TDMA
technology, the main features are: 1. The users are alocated
with different code words to distinguish with each other.
Thus it alows multiple users share the same channel with
random access while the wavelength tunable is not required.
In this case, the bandwidth resource is used much more
sufficiently; 2. Time and frequency are asynchronous
without signal consistent requirements between different
users, 3. As for the asynchronous access, it needs no
synchronization while almost no time delay, which is
especially useful for gusty traffic, large capacity and high-
speed network; 4. OCDMA utilizes launching and receiving
point to encode and decode without any consideration of
network structure, which can achieve a truly "transparent”
al-optical network; 5.0CDMA uses spread spectrum coding
technology that match exactly the user’s signals only in the
sending and receiving ends. The others obtained will be
treated as pseudo-random noise signals. Because of these
advantages, optical code divison multiple access
technology has become a hot research area.

In OCDMA-PON system, ONU is responsible to
alocate each user a codec that contains a unique address
code and a unique address code. After the alocation, the
user's data is modulated onto an optical carrier and is
encoded via the optical encoder. The encoded data is
transmitted through light distributing link to destination
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OLT and the decoder decodes the encoded optical signal in
OLT. The decoded data streams are uploaded by the OLT
transmitter to other core networks to achieve mutual
communication between each ONU in different PONs. After
the data stream of the core line, transmission is modulated
by the OLT and encoded by the optical encoder. Then the
coded data stream is transmitted to the optical distribution
network through the fiber channel, and each ONU or
ONT .After that, decoder in each ONU can decode them to
recover the original data and achieve the receiving [8].

A basic OCDMA network is made up of OLT in the
terminal and ONU in the client. They are connected via a
star coupler. The sender and the recipient are located in
ONU. Optica encoder of user’s data sources is done in the
sender terminal, and then superimposed together to form a
signal vector and transmitted via the optical fiber. While
receiving, the receiver decodes each signal vector and
origina signa is recovered via a specific threshold decision
technology, and transmitted to the receiver to achieve the
restoration of the origina transmission data. A typical
optical code division multiple access networks can be found
inFig1[4]:

‘ Transmission end 1 H Encoder 1 Decoder 1 H Receive end 1 ‘

Transmision end 2 H Encoder 2

Decoder 2 H Receive end 2 ‘
Star -

topology

‘ Transmission end N H Encoder N Decoder N H Receive end N ‘

Optical circuit end Optical network unit

Fig 1 Basic optical code division multiple access passive optical network
structure

Depending on the coding mode, the optical code division
multiple access networks can be divided into coherent and
non-coherent systems. Coherent systems utilize the phase of
the light to transmit the signal. Non-coherent systems
transmit the signa by the energy of the light field. Phase
encoding can take advantage of strict sequence spread
spectrum to reduce inter-symbol interference. However, its
system structure is relatively complex, and it is strict to
clock synchronization. In particular, in the case of lager
transmission rate, it has very strict requirement of light
source coherence. While the non-coherent systems use light
intensity to represent the presence or absence of the
information. In other words, it uses signals to represents ‘0’
or ‘1. The receiving end of each user can accept signal
from a plurality encoder, and do correlation operation in the
decoder to obtain the original signal by threshold decision.
Device performance requirements of the system are more
lenient, but multi-user interference is more serious and its
error rate will rise when concurrent users focused.

Il. THE CONSTRUCTION OF A TWO-DIMENSIONAL MULTI-
CARRIER MULTI-HOP PRIME CODES.

A. OCDMA Passive Optical Network Address Codes
SHlection

Prime codes and optical orthogonal codes [9, 10] are
used mostly in OCDMA systems nowadays. OOCs become
a hot research area because of its good performance. Basic

parameters of the optical address codes is (N, @, 4,4, ),

where n is the length of code word, @ stands for the weight
of code word which means the number of “1" in the (0,1)
sequence, /. is autocorrelation coefficient which means the

max value of autocorrelation peak, A is cross-correlation

coefficient which means the max value of cross-correlation
peak[11]. One-dimensional optical orthogona codes cycle
should meet the autocorrelation and cross-correlation [12]:

n-1
> XiXier S A,.0<7 <N
i=0

n-1
:E:: X Yier < A., 0<7<n-1
iz0

Where @ is modulo n plus.
The code words capacity of one-dimensional optical

orthogonal codes (n,a),/la,/ic) is the number of code
words, denoted as |C|. For OOCs, there is generaly
A, = A, +a (a is a non-negative integer). It means that
orthogonal code is asymmetric code. The upper limit of its
maximum possible capacity ®(n, @, 1, 1) is.
(n-1)(n-2)..(n— 2, )4,
o(w-1)o-2)..(w-1,)

For (n, @, A,, . ), greater capacity can be obtained by

relaxing cross-correlation constraints, but inter-symbol
interference can be increased, in proportion, the bit error
rate is also increased. Increase the capacity in the case of
smaller inter-symbol interference and bit error rate is the
key of this study. Currently the research mainly focused on
constructing multiple optica orthogonal codes. Hard
Limiter [12] is the threshold value judgment and it isused in
the sending and receiving end also possessing significantly
meaning to improve the system performance.

One-dimensional optical orthogonal codes and prime
codes are inadeguate to the transmission of large amounts of
data. Therefore, it is particularly important to effectively
increase the capacity as much as possible with sufficient
fault tolerance. Currently, the mainly methods are spreading
spectrum coding technologies with multidimensional codes
that extend the data to time domain, frequency domain and
airspace to increase the capacity.

o(nw,A,,1,)<

B. Construction of 2-Dimensional Multi-Carrier Hopping
Prime Codes.

Multi-Dimensional coding techniques have been studied
by many scholars. Current research focuses on 2
Dimensional Optical Orthogonal Codes (2D OOC), which
mainly include: Prime Codes/Prime Codes (PC/PC) [13],
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Prime Codes/ Optical Orthogonal Codes (PC/OOC) [14],
Extended Quadratic Congruence Codes/Prime Codes
(EQC/PC) [15] and so on. The segquence of prime numbers
utilized by 2D OOC and EQC/PC are wavelength hopping
seguence. PC/OOC utilizes hopping sequence of OOCs.
2-Dimensional Multi-length Carrier Hopping Prime
Codes (2DMCHPCs) [16] can achieve the transmission in
different rates and different bit-error-rates. The construction
of multi-carrier hopping prime codesiis as follows:
Given two positive integers @ and t; , if t,<p,
p,2p 2w. For Gdois field GF (P,) and GF (P,) , the

shorter matrix X; can be obtained as:
(00, i) (220, 1) fo-L@-Bgy i)y et -1

A longer matrix can be obtained as.

{00 i1, (22,2, Bl -l eo-Uey @Bl i
Where j, |:tl‘pl—1:|’ i,e[0,p,~1] , ©p, donates modulo-p

multiplication. Double-long CHPC codes [6] structure is
completed in this way. Its code weight is@ , length of

matrix t, —1 is p, and length of matrix pz(pl—tl)
isp, P, .Takew=pP =P, =3 t,=2for instance. The length
of matrix t, —1=1 of this double-long CHPC codes is 3. It
is the Xl=[(0,0),(ll),(2,2)] . The length of matrix
pz(pl_tl)=3i88.Theyare:
X,6=[(0,0),(13),(2.2)]  X,,=[(0,0).(15),(2.7)] -
2:[(010),(178),(2,4)] . If use the horizontal and

vertical axes of the matrix to represent the positions and
transmission carriers of the data segments. Its schematic
diagram can be shown as Fig 2: Thus, it can be expressed as
some forms of sequence: S;=WoW; W,, S;0=WooW,oWy,
SZ]_:WOOOOOW]_OWz, SQVZ:WOOOOWQOOOW]_.
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Fig 2 Schematic diagram of MCHPC code
with ¢ = Pp=P,= 3, t1:2
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I11. SYSTEM CONSTITUTE AND PERFORMANCE ANALYSIS

All of the codes of 2DMCHPC consumption the same
sequence of energy (chip power), support different QOS and
service priorities. 2D Multi-Length Multi-Weight CHPCs

employ the same two sequences of 2DMCHPCs with
different code weights. In other words, they combine the
low code weight codes and high code weight codes. A
double 2-D MCHPCs OCDMA PON system is made up by
the encoder, optical fiber transmission and decoder parts,
which can provide large-capacity data transmission,
improve the spectral efficiency. The wavelength number
must not greater than the number of dlots in this system.
Hard limiter is utilized in the decoder section to reduce the
bit noise and inter-symbol interference. Suppose that there
are N users transmitting data with shared multiple access
fiber channels. Each user uses its unique optical coding
sequence for data transmit, the basic structure of the system
can be showed asin Fig 3.

Transmission
terminal

Modulo— Multi-access

Bit input| Notation 2-DMCHPC

— S 2°K optical
converter i encoder .
add transmit
Signature
sequence
Receive
terminal
Bit output| DIt | Uizl Hard
——— Converte W—t Decoder i tronic (¢ Despread Limiter ¢
P ' detector :

Fig 3 Basic structure of OCDMA PON system with double
2DMCHPCs

For users that use low-weight code of a double
2DMCHPC. The high-weight codes will aways result in a
complete hit. After hard limiter, the BER of receive end can
be found as[9]:

1q, 1 J '

L O R

|
Where @ is the code weigh of low weight code, @, is the

19,
@y,

code weight of high weight code, M |, donates the number of

low weight codes, M, stands for the number of high weight

codes, Q , is the number of one complete hit by low weight

codes, q'I 4 is the number of one complete hit by high weight

codes. Because of the equal probability of O and 1
transmitted in OOK, for a given code word, the possihility

a)l ,q |wn_
2m’ " 2mn

For user that uses high weight code, high weight code
aways contributes a complete hit. But low weight code can
only built P, /th hits. In other words, there should

of hit by other codesare: g, =

have f :|_PQh /PCJ_‘IOW weight codes to complete a complete

hit. Where[ ] stands for the ceiling function. After the
hard limiter, high weight code error rate in the receiver ends

T |
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Where M| is the transmission number of low weight

codes, M , is the transmission number of high weight codes,

g, stands for the probability of one complete hit by the

high weight codes once, q',Ll donates the probability of one

complete hit by the low weight codes. Because of the equal
probability of transmitting O and 1 in OOK, for a given code
word, the probability that interrupted by the hit in each

condition can be expressed as.
g, = 20? g @ (@, - ®) Suppose that the system

h1 q h1 ™

2mn 2mn

adopts{11x121,{7,5},0,3 double 2-D MCHPCs, the system

performance with selection of low weight and high weight
codes can be shown in Fig 4:
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Fig 4 System performance with selection of low weight and high
weight codes

As can be seen from the figure, for the system, the initial
selection of low-weight code will bring small error rate. But
as the number of users increasing, the bit error rate of low-
weight code increases more quickly. Suppose only low-
weight codes or high-weight codes are used in the systems
respectively, they can be showed as the Y, X axis curvesin
the figure above. From the figure, for system utilizes low-
weight codes only, the initial error rate is low. With the
increasing number of users, bit error rate is on the rise. The
error rate increase becomes much placid with the increasing
number of access users. System that utilizes high weight
code has the same performance. Error rate increases more
rapidly for the system with low-weight codes.

In order to maintain good system performance, the
system can alternately select the program of high weight
codes and low-weight codes. In the case of small number of
users, the article mainly uses low-weight code as
transmission coding schemes. As the number of users
increases, the system will use high weight code as the
encoding scheme to get better performance.

IV. CONCLUSION

For one-dimensiona OCDMA PON system, it can get
better performance by using multiple 2-D MCHPCs
OCDMA PON system, which can accommodate more
concurrent users. The use of spectrum is also increased to
some degree in this way. Hard limiter used in the receiving
end reduces some bits of noises and inter-symbol
interferences. Simulation results show that the OCDMA
PON system that uses multiple 2-D MCHPCs, as the
number of usersincreases, the bit error rate of low and high
weight codes possess diversity between each other.

ACKNOWLEDGEMENT

This work was supported in part by the Ministry of
Science and Technology of P.R.C and in part by the
Ministry of Finance of P.R.C, under grant 2012-DHFWY -
10056.

REFERENCES

Kerim Fouli and Martin Maier, OCDMA and Optical Coding:
Principles, Applications, and ChallengesJ], IEEE Communication
Maganize, Vol.45.2007, 27-34

P. Green: Paving the Last Mile with Glass[J], IEEE Spectrum,
Vol.39.2002, 13-14

Kramer. G and Pesavento. G, Ethernet Passive Optica Network
(EPON): Building a Next Generation Optical Network, IEEE
Communications Magazine, Vol.40. 2002, 66-73

Ken-ichi Kitayama, Xu Wang and Naoya Wada, OCDMA Over
WDM PON- Solution Path to Gigabit-Symmetric FTTH, Journal of
Lightwave Technology, Vol.24.2006, 1654-1662

P. R Prucnal, M. A. Santoro and T. R. Fan, Spread Spectrum Fiber-
Optic Local Area Network Using Optical Processing[J], Journal of
Lightwave Technology, Vol.4.1986, 547-554

[6] X. Wang, K. Matsushima, A. Nishiki, N. Wada, F. Kubota and K.
| Kitayama, Experimental Demonstration of 511-Chip 640 Gchip/s
Superstructured FNG for High Performance Optical Code Processing,
Europe Conference of Optica Communication(ECOC), Stockholm,
Sweden 2004, 9

Z. Jang, D. S. Seo, S. D. Yang, D.E. Leaird, R. V. Roussev, C.
Langrock, M. M. Fejer and A. M. Weiner, Four user,2.5Gb/s,
Spectrally Coded OCDMA Sysrem Demonstration Using Low-
Power Nonlinear Processing, Journal of Lightwave Technology,
Vol.23.2005, 143-158

Zhu Songlin, Geng Dan, Chen Biao Wang dawei and Cheng Liang,
Optical Code Division Multiple Access-Passive Optical Network
(OCDMA-PON) System, Optical Distribution Network Device
(ODN) and Optical Line Terminal (OLT), China, wo/2011/13099527,
27.10,2011

Guu-Chang Yang, Variable-Weight Optical Orthogonal Codes for
CDMA Networks With Multiple Performance Reguirements, |EEE
Transactions on Communications, Vol.44. 1996, 47-55

Fan R K Chung, Salchi JA and Wei V K, Optical Orthogonal Codes:
Design, anadysis and application |EEE Transactions on
Communications, Vol.35.1989, 595-604

Fong-Ray, Gu and Jingshown Wu, Construction and Performance
Analysis of Variable-Weight Optical Orthogonal Codes for
Asynchronous Opticad  CDMA Systems Journal of Lightwave
Technology, Vol.23.2005, 740-748

Jun-Jie Chen and Guu-Chang Yang, CDMA Fiber-Optical Systems
with Optical Hard Limiters, Journal of Lightwave Technology,
Vol.19.2001, 950-958

(1

(2

(3]

(7]

(10

[11]

[12]

Published by Atlantis Press, Paris, France.
© the authors, 2013

0856



Proceedings of the 2nd International Symposium on Computer, Communication, Control and Automation (ISCCCA-13)

[13] L. Tancevski and |. Andonovic, Wavelength Hopping/Time
Spreading Code Division Multiple Access System, Electronic Letters,
V0l.30.1994, 1388-1390

[14] S.PWan and Y. Hu, Two-Dimensional Optical CDMA Differential
System with Prime/OOC codes, |EEE Phontoelectron Technology
Letter, Vol.13.2001, 1373-1375

[15] L. Tancecski and L. Andonovic, Hybrid Wavelength Hopping/Time
Spreading Schemes for Use in Massive Optical Networks with
Increased Security, Journal of Lightwave Technology,Vol.14.1996,
2636-2647

[16] Guu Chang Yang and Wing C. Kwong, Prime Codes with

Applications to CDMA Optical and Wireless Networks, norwood,
MA, Artech House, 2002, 79-96

Published by Atlantis Press, Paris, France.
© the authors, 2013
0857





