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ABSTRACT
In the present paper, we have planned the deployment of passive, active and splitting optical devices employed in passive
optical network (PON) standards such as giga-passive optical networks (GPON), broadband passive optical network
(BPON) and Ethernet passive optical network (EPON) has been modeled and investigated over wide range of the affecting
parameters. The utilization of the transport capacity was analyzed on the Internet protocol (IP) traffic's point of view,
illustrating how large portion of the links' capacity is actually used for carrying maximum number of subscribers' IP traffic.
The transmission transport efficiency and utilization of the transport capacity were estimated using space division
multiplexing (SDM) technique to evaluate costs of the passive optical networks transport concepts to build an optical
access communication network for a known subscriber or user population. Moreover, the number of supported data
channels, number of supported users and subscriber or user bit rates were analyzed.
Keywords: Passive optical networks (PONs), SDM, Communication protocol, Network architecture, Access optical networks.

I. INTRODUCTION
Traditional optical network solutions based on
point-to point architectures are expensive for access
configurations: besides fiber deployment costs, they need
maintenance for the outside plant active systems. Time
division multiplexing passive optical networks (TDMPONs) have been developed. The optical line terminal
(OLT) is the main element of the network and it is usually
placed in the Local Exchange. Optical Network Units
(ONUs) serve as an interface to the network and are
deployed on a customer’s side [1]. The very high available
bandwidth of fiber is thus mostly wasted. The optical
access is gaining more interest as the demand for higher
and higher bandwidth is getting stronger. The major
drivers for larger bandwidth are the increasing processing
power of user terminals and development of services that
require substantially larger bandwidth than available in
present day access networks [2]. The optical access offers
significantly higher bit rates and longer transport
distances. The high cost has been the foremost factor that
has been slowing down penetration of the optical access.
Most customer premises are connected to the nearest
central office with twisted copper wires and to obtain real
broadband these wires need to be replaced or
supplemented with fibers Installation of an entirely new
infrastructure is costly to carry out. To keep the
installation cost in reasonable limits, various solutions are
being studied to find the most economical optical transport
concepts [3]. The PON is a network, which carries data in
the optical domain between the OLT and ONU or optical
network terminal (ONT) and the transport path of the
optical signal is passive. This implies that the optical
network devices (between the transmitter and receiver) are
non-powered, i.e. no electrical devices are used. The idea

of PON is to use passive components, which have no
requirements for power or maintenance. These
components are responsible for traffic distribution to
several fibers between an OLT and several ONUs. Two
types of components can be used for the purpose. The
optical splitter/combiner is used with TDM-PON
networks. It divides the optical power, originating from
the OLT, to all ONUs and combines the upstream signals
coming from the ONUs into a single fiber. In wavelength
division multiplexing networks, arrayed waveguide
grating devices are used for the traffic distribution. In the
optical fiber communication era, it is expected that
broadband network provision will require thousands of
optical fibers to be accommodated in a central office (CO)
for the optical access network. Optical fiber is capable of
delivering bandwidth-intensive integrated, voice, data and
video services at distance beyond 20 km in the subscriber
access network. All transmission in a PON is performed
between an OLT and ONU. The OLT resides in the central
office, connecting the optical access network to the metro
back-bone, and the ONU is located the end-user location
[4]. Optical fiber maintenance is a very important issue to
be consider in a developing a high quality and reliable
PON. The long feeder line in a PON is a vulnerable part of
the network; when unprotected, a break of it puts the
whole PON out of service. To support various optical
communication network services expected in the coming
years, there has been much effort to develop a fiber to the
home (FTTH) passive optical network (PON). FTTH-PON
offers many advantages such as high speed, large capacity,
and low cost [5].
In the present study, the efficiency utilization of
the transport capacity was further used to evaluate costs of
the PONs transport concepts to build an optical access
network for a known user population. Multiplexing,
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demultiplexing, and Splitting optical devices have been
modeled and employed in passive optical communication
networks to increase the transmission bit rate or
transmission capacity of the utilization channels.
Moreover we have investigated parametrically and

numerically over wide range of the affecting parameters
the number of supported data channels and maximum
number of supported users and terminals.

II. PASSIVE OPTICAL NETWORK LAYOUT MODEL

Fig. 1. Schematic view of passive optical network layout

Figure 1 illustrates a typical passive optical
network layout, showing that the access network is
divided into network links and each link supports a
number of customers. The OLT sends all downstream
information to all ONUs. The data is addressed to specific
ONUs, and the unaddressed ONUs ignores the data. The
ONUs could interface with each other if they are not
instructed when to transmit upstream data [6]. The price of
PON link is usually much higher than that of an Ethernet
to the home or a 100 Mbit/sec point to point Ethernet link,
but a PON link support a much larger number of end users
than the two. As shown in Fig. 1, there are several
independently modulated laser diodes, each emitting at a
unique wavelength. Here, AWG as a multiplexer is needed

to combine these optical signals from the emitters into one
signal of continuous spectrum and couple it into a fiber
cable. At the receiver side, arrayed waveguide grating as a
demultiplexer is required to separate the combined optical
signals into appropriate detection channels for signal
processing. The cost of the access network has a
significant contribution to the overall cost of a
telecommunications network and thus it is justifiable to
compare the access network cost of the various optical
access techniques. The total cost is access technology
dependent, but common to all techniques is that the cost
depends strongly on the number of connected customers
and on the offered bandwidth per customer. These two
together contribute to the number of required network
2
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segments [7]. The downstream direction signals sent by
the OLT arrive at the splitter’s input and then the same
signal reaches every ONU. The signal is attenuated but
otherwise its structure and properties are the same.
Although the point-to-multipoint nature of the PON in the
downstream direction may create issues concerning
security, complicated traffic management and bandwidth
allocation algorithms are not necessary [8].

III. NETWORK MODEL ANALYSIS
As shown in Fig. 1, assume that the total
transport capacity of the link Lk is Ck and utilization of the
transport channel is ρ, then the total bit rate Rk available
for user data in link Lk is given as the following [9]:
Rk   Ck

Mk
 rk , j
j 1

,

(2)

Where rk is the transmission bit rate to each user, and the
aggregate bit rate RT of all the K links is as follows [10]:
RT 

K
 Rk
k 1

(3)

,

The number of users in the link Lk is Nk, which is the sum
of users (nk, j) connected to all ONUs in the link Lk as:
Nk 

Mk
 nk , j
j 1

,

(4)

And the aggregate number NT of users connected to all the
K links is as follows [10]:
NT 

K
 Nk
k 1

,

(5)

If we assume that one end user should have transport
capacity of C0 then link Lk is able support up to:
R
mk  k
C0

K
 mk
k 1

,

(8)

Where γ is the transfer rate of users for entering
the network, C is the total capacity for all users, β is the
connected user percentage, N is the coverage user number
of the network for connecting, and C0 is the transport
capacity of one end user. And from this we can solve the
required number of links to be [11]:
K

  N C0
C

,

(9)

Each link serves γN/k customers that are
connected to the ONUs of that link. When comparing the
costs of different network solutions that cover the same
area and customers or subscribers and use the same
dimensioning parameters, relevant measures for the
comparison are the number of network links, and the
number of optical interfaces (i.e. ONUs and OLTs). From
Eq. (9) can directly be used in evaluating the required
links. It include several parameters and by varying one
parameter at a time and keeping the other fixed, the study
is how K develops as a function of the selected parameter.
Provided that the average number of the optical interfaces
in a network link is Mot, then the total number MT of the
interfaces is given by [12, 13]:
MT  M ot K

,

(10)

Parameters that affect the network performance
are the data rate and the splitting ratio (S) of the network
link. The total number of users (Nk) is determined by the
number of remote nodes and the splitting ratio in the
network link [14]. Based on MATLAB curve fitting
program, the fitting of the relationship between the
network equipment cost (CE) as a function of total number
of optical terminals MT for different PON standards is
estimated based on the practical operating data of Refs.
[12, 15, 16]:
CEE  3.45 x104 MT  1.745x103 MT2  10.85 x105 MT3 $

(11)

(6)

,

CEG  1.935x103 MT  0.396x104 MT2  6.632x105 MT3 $ (12)

Simultaneous users and all K links support up to:
mT 

RT  K  C    N C0

(1)

The total bit rate of each link is the sum of the traffic from
all ONUs connected to the Lk as:
Rk 

that the know the percentage β of the connected users that
operate during a busy hour, the required links K is given
From Eq. (1), and from the above assumptions, the
obtained expression result as in Ref. [11]:

,

CEB  9.975x105 MT  1.324x103 MT2  8.875x104 MT3 $ (13)

(7)

Let's suppose that in the target area all links offer
the same transport capacity, the size of the population is N
and the broadband access take rate is γ (0<γ ≤1). Provided

Also based on MATLAB curve fitting program,
the relationship between user cost (CU) as a function of
total number of optical terminal, MT for different PON
standards is estimated based on the data of Refs. [12, 15]:
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CUE  2.75MT  3.98MT2  7.35MT3

$

(14)

CUG  1.95 M T  0.85 M T2  0.72 M T3 $

(15)

CUB  8.45 M T  3.55 M T2  5.48 M T3

(16)

$

Using the data of Ref. [16], and based on
MATLAB curve fitting program, the relationship between
user cost (CU) as a function of both user bit rate (RT) and
splitting ratios (S) for different PON standards is estimated
as follows:
CUE  1.08RT S 1  1.76 RT2 S 2  5.63RT3 S 3 $

(17)

CUG  3.75RT S 1  0.92 RT2 S 2  1.28RT3 S 3 $

(18)

CUB  6.73RT S 1  2.37 RT2 S 2  0.94 RT3 S 3 $

(19)

The total bit rate per subscriber or user (RT) can
be expressed in terms of number of calls (n A), number of
TV programs (mV), number of quantization levels (Q), and
the modulating frequencies of both audio (F mA) and video
(FmV) signals as the following expression [17]:
RT ( Audio)  2 nA QA FmA  ,

(20)

RT (Video)  2 nV QV FmV  ,

(21)

Where QA is the number of quantization levels
for audio signal, and QV is the number of quantization
levels for video signal or TV program.

IV. SIMULATION
RESULTS
PERFORMANCE EVALUATION

AND

The following numerical data of the set of
assumed controlling parameters of our suggested network
model are employed to obtain the best performance of the
passive optical networks (PONs) as the following:
Number of links: Lk with k ={1, 2, 3, ……………..…, 8},
0.5 ≤ transport channel utilization, ρDownstream ≤ 0.95, and
0.5 ≤ transport channel utilization, ρUpstream≤ 0.92, and 100
≤ number of supported user, Nk ≤ 1000, optical line
terminal (OLT) cost= $ 900, OTN cost=$ 100, modulating
frequency of audio signal (fmA) = 4 KHz, modulating
frequency of the video signal (fmV) = 8 MHz, 4 ≤ number
of quantization levels, Q ≤ 64 and 100 Mbit/sec ≤ user bit
rate, RT ≤ 800 Mbit/sec. Installation cost at the end users
premises also plays an important role when implementing
new services. To keep the networking costs on a
reasonable level, the future network components should be
cheap, long lasting and easy to install. Based on the series
of the equations analysis which support the results of the
Figs (2-16), the following features are assured:
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i-

As shown in Figs. (2, 3), the user bit rate
increases in the downstream and upstream
directions with the number of links increases at
constant channel utilization. Moreover as the
transport channel utilization increases, the user
bit rate increases in both downstream and
upstream directions at the constant number of
links.
ii- Figs. (4, 5) have indicated that the user bit rate
decreases as the number of supported users
increases in both downstream and upstream
directions at constant channel utilization. As well
as the transport channel utilization increases, user
bit rate decreases for both downstream and
upstream directions at the constant number of
supported users.
iii- As shown in figs. (6, 7), the number of optical
terminals (i.e. OLTs and ONUs) increases as the
number of links increases in both downstream

and upstream directions at constant channel
utilization. Moreover as the transport channel
utilization increases with number of optical
terminals increases at the constant number of
link.
iv- Figs. (8, 9) have demonstrated that as the number
of optical terminals increases, network equipment
cost also increases at both downstream and
upstream directions for different PON standards.
v- As shown in figs. (10, 11), as the number of
optical terminals increases, subscriber or user
cost also increases at both downstream and
upstream directions for different PON standards.
vi- Figs. (12-14) have indicated that as subscriber bit
rate increases, user or subscriber cost also
increases at the constant splitting ratio for
different PON standards. Moreover as the
splitting ratio increases, user or subscriber cost
decreases at the constant user bit rate for different
9
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PONs. We have observed that Giga passive
optical network (GPON) offered the lowest user
cost than the other PON standards.
vii- As shown in Figs. (15, 16), as the number of
quantization levels increases, user bit rate also
increases for both audio and video signals at the
constant both number of calls and TV programs.
Moreover, as the number of calls or TV programs
increases, the user bit rate also increases at the
constant number of quantization levels.

V. CONCLUSIONS
Within SDM multiplexing technique, we have
indicated that the increased number of links, yields the
increased transmission bit rates for the maximum number
of supported users, and the increased transport channel

utilization in both downstream and upstream directions.
Therefore, we have planned for the network to grow in the
number of RNs due to an increase in the number of users
or in the network bandwidth requirements. We have
demonstrated the increased number of optical terminals,
the increased both network equipment and subscriber cost
for each link. Also, in the same way the increased
transmission bit rate per user, the increased subscriber cost
achievable with increased splitting ratio for different PON
standards. Our current work have assured that GPON
offered the lowest network equipment and subscriber costs
than the other PON standards for different applications
such as home and business. We have summarized the
network equipment and subscriber costs for different PON
standards compared to the their equipment and subscriber
costs as in Refs. [14-16] as shown in Table 1.

Table 1: Comparison of network costs in comparison with their network costs in Refs. [14-16]

User bit rate
Number of
users
PON
standards
GPON
EPON
BPON

Our suggested model with network equipment
and subscriber costs and possible transmission
bit rates
Downstream
Upstream
800 Mbit/sec
600 Mbit/sec
Up to 1000 supported users

Their network equipment and subscriber costs and
possible transmission bit rates as in Refs. [14-16]
Downstream
Upstream
622 Mbit/sec
455 Mbit/sec
Up to 1000 supported users

Average network equipment and user or subscribers costs for different PON standards at both
downstream and upstream directions
Equipment cost
User cost
Equipment cost
User cost
350000 $
250 $
500000 $
400 $
600000 $
325 $
900000 $
500 $
850000 $
425 $
950000 $
650 $
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