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Abstract
Wavelength division multiplexing is an accepted technique to exploit the fiber bandwidth in metro network. Designing 
innovative architectures for metro network often means finding cost effective combinations of electronic and optic tech-
nologies and new network paradigms suited for constraints caused by available photonic components and subsystems. The 
three different and architectures included in this project the bulk of raw data in the optic domain while the implementation 
of the complex network formation is in the electronic domain. All the three ringO architectures perform λ monitoring. The 
basic ringO architecture is based on WDM fiber ring. The three ring architectures are designed and simulated using OptSim 
5.3 software. 

1. Introduction
Today’s metropolitan area networks (MAN) are mostly 
synchronous optical network\ synchronous digital 
hierarchy [SONET/SDH] exhibits drawbacks, as their voice 
centric time division multiplexing [TDM] operation and 
symmetric circuit provisioning and bursting asymmetric 
data traffic is inefficiently supported. The SONET/SDH due 
to their cost significantly decreases the margins of profit 
in the sensitive metro market. Their inefficiencies create a 
severe bandwidth bottleneck at metro level called the metro 
gap and the wave length multiplexing [WDM] network 
have been investigated as solution to metro gap [10].

The passive optical network [PON] usually used as 
modern first mile access network. PONs can be used in 
specific applications in industry, business; office or army 
sectors as these require higher network infrastructure, 
together with the guarantee of maximum functionality. 
Therefore it is necessary to develop simple and efficient 

methods for protecting the critical optical units in PONs as 
well as of the whole optical distribution network [1]. 

This includes protection of an Optical Line Termination 
(OLT), which is a central optical unit of the whole PON. 
This unit provides mainly communication controlling, 
management and servicing functions of the whole network 
and it also connects the PON network into the backbone 
of telecommunication infrastructure, where failure or mal-
function would surely result into a collapse of the whole 
PON. A typical optical distribution network usually has a 
star topology with a single branching point, or a tree topol-
ogy with several branching points rendering the methods 
for OLT backup difficult. In case of a star or a tree topol-
ogy, all optical fiber are concentrated into one single central 
point. The backup OLT can only be placed into the same 
place as the primary one. Such backup is not very reliable 
and the whole infrastructure is still vulnerable under many 
situations. Therefore ring topology is used as the optimal 
topology for critical application of PON [2–5]. 
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The ring topology could be easily formed by using 
standard passive optical splitters with symmetric or asym-
metric splitting ratios. This would enable placing the 
backup (secondary) OLT unit into any possible position in 
a ring and rendering the whole infrastructure less vulner-
able. The overall security of the whole infrastructure could 
be enhanced by its application for well protected specific 
situations in local area networks. Another disadvantage of 
PON with ring topology is its high value of insertion loss of 
passive optical splitters. This problem can be avoided in the 
optical distribution networks with ring topology formed 
using only standard symmetric passive splitters, resulting 
in an inefficient situation wherein only a limited number 
of Optical Network Units (ONUs) could be connected. 
Asymmetric passive optical splitters with splitting ratios 
calculated and optimized for specific scenario, could signif-
icantly balance the attenuation in the whole infrastructure, 
thus enabling more ONUs to be connected [8–12].

A ring topology is a network topology or circuit arra-
ngement wherein each network device is attached along  
the same signal path to two other devices, resulting in a 
path in the shape of a ring. Each device in the network 
also referred to as node, handles every message that flows 
through the ring. Each node in the ring has a unique 
address. Since in a ring topology there is only one pathway 
between any two nodes, they are generally disrupted by the 
failure of a single link. The redundant topologies are utilised 
to eliminate network downtime caused by a single point 
of failure. All networks need redundancy for enhanced 
reliability. Network reliability is achieved through reliable 
equipment and network designs, tolerant to failures and 
faults. The FDDI networks overcome such disruption in 
the network by sending data on a clockwise and counter 
clockwise. In case there is a break in data flow, the data 
is wrapped back onto the complementary ring before it 
reaches the end of the cable. Thereby a path to every node 
is maintained within the complementary ring. In ring net-
work the communication delay is directly proportional to 
number of nodes in the network. The bandwidth is shared 
on all links between devices [6]. 

2. System Architecture

2.1 RingO Architecture
The general architecture of the RingO network is illustrated 
in Figure 1. The three different versions of the network  

architecture preserve the same rationale and basic  
subsystems design [11].

The first version of the RingO network is based on a uni-
directional WDM fiber ring with network nodes equipped 
with an interface between the electronic domain and the 
optical domain. The main features of the first RingO archi-
tecture are the following:

•	 Packet	 transmission	 is	 time-slotted	 and	 synchronized	
on all wavelengths.

•	 Packets	have	fixed	length	corresponding	to	one	time	slot.
•	 The	number	of	nodes	in	the	network	in	this	first	design	

is equal to the number of wavelengths.
•	 Each	node	is	equipped	with	a	tunable	transmitter.
•	 Each	 node	 is	 able	 to	 check	 the	 state	 (busy/free)	 of	 all	

wavelengths.

2.2 Node Architecture 
Some basic subsystems are common to all node architec-
tures. The main functions supported by the node are the 
following. 

1) Amplification of the optical signals in order to compen-
sate for the losses in the node passive elements and of 
the downstream fiber link.

2) Demultiplexing of the WDM comb after the amplifier. 
3) Monitoring the state of channels on each slot.
4) Local packet traffic generation uses a laser array driven 

by the node controller. The lasers are turned on for each 
time slot by direct current injection when a packet has 
to be generated. Data bits are then “written” inside the 
packet by an external modulator. 

In order to increase the scalability of the proposed net-
work in terms of maximum number of nodes, reduction 

Figure 1. RingO architecture.
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of the node insertion loss, PDL, and self-filtering effects 
is needed. These results motivate the introduction of the 
second node design which is based on an add–drop fil-
ter, allowing for better cascade ability and less stringent 
physical constraints. An important limitation of the two 
previously presented RingO architectures is the fact that 
the number of nodes must not be greater than the number 
of wavelengths available on the ring. This largely impairs 
the scalability and the flexibility of the architecture. 

The third design for RingO nodes overcomes the above 
limitation by means of statistically time multiplexing pack-
ets to several destinations on the same wavelength channel. 
This can be achieved without changing the node’s hardware 
in a significant way: the same basic node architecture, with 
fast tunable transmitter and a fixed receiver can be used. 
The major difference of this new design is the separation 
between resources devoted to transmission and resources 
devoted to reception. The transmitted packets traverse the 
ring a first time and are switched to the reception path, and 
then received during a second ring traversal. 

3. Design and Simulation of RingO 
Architecture
The simulation block diagram designed in optsim is shown  
in Figure 2. In the simulation block diagram of the ringO 
module, it is driven by optical white Gaussian noise 
generator.

The noise generator has dual-sided noise spectral den-
sity of -100dB. The ringO module contains the entire ring 
structure, shown in Figure 3.

Here four nodes are used to form a ring structure. In 
this ringO architecture each node has the same structure. 
The nodes are designed to the wavelength 1550.00nm, 
1550.003nm, 1550.006nm, 1550.009nm. In this ringO 
architecture each node is connected to the adjacent node 
through the optical fiber and a splitter. The fiber has length 
of 25km and the splitter has attenuation on each output 
port of -0.0dB.

Each node has a transmitter and a receiver. The trans-
mitter used is tunable, consists of a data source, NRZ 
modulator driver, laser source, and an external modula-
tor. The simulation block diagram in optsim is shown in  
Figure 4. The laser source used here is the VCSEL  
(Vertical Cavity Surface Emitting LASER).

The data source has a bit rate of 10Gbps. The NRZ 
modulator driver has high and low signal level of 2.5V  
and -2.5V. In this design schematic the PIN diode is used 
for the conversion of optical signal from the noise source to 
the corresponding electrical signal to drive the VCSEL.

The first structure of ringO nodes consist of Erbium 
Doped Fiber Amplifier (EDFA) which provides a fixed gain 
of 10dB, threshold monitoring circuit, laser array etc. the 
threshold monitoring circuit consist of dc coupled photo-
diode array and a threshold comparator.

Figure 2. RingO module.

Figure 3. RingO architecture.

Figure 4. Arrangement of transmitter section.

Figure 5. First structure of ringO nodes using ordinary  
receiver.
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The dc coupled photodiode array designed in optsim is 
shown in Figure 6. The photodiode array contains four PIN 
diodes tuned at the wavelengths 1550.00nm, 1550.003nm, 
1550.006nm, 1550.009nm. 

The laser array designed in optsim is shown in Figure 7.  
The laser array also contains four LASER sources each 
tuned at the same wavelengths as that of the PIN diodes to 
produce optical signal.

The performance analysis of the ringO architecture was 
carried out using node structures with an ordinary receiver. 
The ordinary receiver has a Bessel optical filter, PIN diode, 
and a Bessel electrical filter. The ringO architectures are the 
same.

The first ringO architecture contains a common struc-
ture for ringO nodes and is shown in Figure 5. In the first 
structure of ringO nodes the Bessel optical filter is designed 
as a notch filter. The PIN diode is designed to various 
wavelengths corresponding to four nodes in the ringO 
architecture. The wavelengths are 1550nm, 1550.003nm, 
1550.006nm, 1550.009nm respectively. The first structure 
of ringO nodes suffer from ASE noise [7], Polarization 
dependent Loss [13] and self-filtering of node passive ele-
ments

The simulation schematic of second structure of the 
ringO nodes is as shown in the Figure 8. It consists of the 
same components as in the first ringO structure. This struc-
ture has only one AWG as compared to the first structure 
and it uses a drop filter which gives signal to the receiver. 

The first two ringO architectures have an important 
limitation due to the fact that the number of nodes must 
not be greater than the number of wavelengths available 
on the ring. To avoid this problem we use a third structure 
based on two fiber ring topology. The simulation schematic 
of third structure of ringO nodes is shown in Figure 9. 
The third structure has separate ring for transmission and 
reception.

4. Results and Discussion
The simulation is carried out for the three different ringO 
architectures using ordinary receiver for different bit rates 
such as 1Gbps, 2Gbps, 4Gbps, 8Gbps and 10Gbps. The 
following results are obtained.

The simulative analysis of first ringO architecture 
shows a gradual increase in Q factor with corresponding 
increase in bit rate. The Q value increases from 9.903156dB 
to 11.239458dB for a bit rate of 1Gbps to 8Gbps. But it 
decreases to 8.948822dB when the bit rate reaches 10Gbps. 

Figure 6. Arrangement of photodiode array.

Figure 7. Arrangement of LASER array.

Figure 8. Second structure of ringO nodes using ordinary 
receiver.

Figure 9. Third structure of ringO nodes using ordinary 
receiver.
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Table 1. Performance analysis of first RingO architecture

Table 2. Performance analysis of second RingO architecture

Table 3. Performance analysis of third RingO architecture

The BER shows a variation in its values with increment 
in the bit rate. The jitter increases up to 8Gbps, but it also 
shows a decrement when the bit rate reaches 10Gbps. It is 
shown in Table 1.

The results obtained after the simulative analysis of sec-
ond ringO architecture is shown in the Table 2. 

The simulation of second ringO architecture using ordi-
nary receiver for different bit rates shows variation in the 
performance parameters. The Q factor is 10.344500 for 
1 Gbps. It increases to 10.344948dB, 10348062dB, and 
10.349980dB for 2Gbps, 4Gbps and 8Gbps respectively. But 
it decreases to 10.341798 for 10Gbps. The BER also shows 
irregular variation in its values.

The result obtained after the simulation of the third 
ringO architecture using ordinary receiver given in Table 3.  
The results obtained after the simulation of third ringO 
architecture shows an increase in Q value up to 2 Gbps. 
It is 9.181429dB for 1 Gbps and 9.736645 dB for 2Gbps. 
The Q factor decreases for 4Gbps to 10Gbps. The BER 
increases from 0.00177169 to 0.00199096 for 1Gbps to 
8Gbps. It decreases for 10Gbps.

5. Conclusion
The ring optical network has connection to adjacent nodes  
and each design may vary from ring from ring. The first 
phase of the project was to design the three different 
structures of ringO nodes, various ringO architectures 
based on these nodes and its simulation using the 
software Optsim. The three structures of the ringO nodes 
are designed and the simulation of the first ringO node 
structure is performed using ordinary receiver and values 
for the performance parameters are obtained for the three 
different ringO architectures. The values of the Q factor 
show a gradual increase up to 8Gbps and then it decreases 
for 10Gbps. The BER also increases up to 8Gbps and then 
it decreases for 10Gbps.
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