
1644 
Journal of Applied Sciences Research, 7(11): 1644-1647, 2011 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 
 

ORIGINAL ARTICLES 

 

 
Corresponding Author: Spectrum Technology Research Group (SPECTECH), Department of Electrical, Electronic and 

Systems Engineering, Faculty of Engineering and Built Environment, Universiti Kebangsaan 
Malaysia, 43600 Bangi, Selangor Darul Ehsan, Malaysia. 

  E-mail: rahul_devraj@hotmail.com 

Analysis of Amplifiers Gain Configuration and Load Line Effect on Optical Ring 
Network Performance 
 
Mohammad Syuhaimi Ab-Rahman 
 
Spectrum Technology Research Group (SPECTECH), Department of Electrical, Electronic and Systems 
Engineering, Faculty of Engineering and Built Environment, Universiti Kebangsaan Malaysia, 43600 Bangi, 
Selangor Darul Ehsan, Malaysia. 
 
ABSTRACT 
 
 EDFA influence in increasing the power of the transmitted signal is important and cannot be denied. 
However, the inclusion EDFA should be carefully reviewed so that functions can be used effectively. This 
simulation study is to see the influence of the gain of the amplifier configuration and the load line of the line 
performance and the number of achievable nodes at different span and wavelengths. This simulation used 
Optisystem software, metropolitan CWDM ring network platform and OXADM node. The results obtained 
show the value of the load line is important in determining the gain of the amplifier and the configuration is 
systematically arranged so that signals can be transmitted further. 
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Introduction 
 
 Metallic cables consisting of twisted wire cables, co-axial cables were the media of choice for many years. 
These could be used efficiently up to frequencies of 10MHz but the system performance degraded beyond this 
range. However, with the increasing demand for telephone services, it was necessary to find an alternative 
medium for telephony to cope up with the high demand. The development of low loss optical fibers gave a 
solution to this problem and their use revolutionized the speed of telecommunication. Optical fibers have 
become an unavoidable part of any high speed communication system due to its high information carrying 
capacity, high bandwidth and extremely low loss. The transmission performance of the optical communication 
systems is limited by various effects such as attenuation, dispersion, non- linearity, scattering etc, which degrade 
the level of the signal. The invention of the EDFA in the late eighties was one of the major events in the history 
of optical communication systems. It provided new life to the research of technologies that allow high bit rate 
transmission over long distances. Higher bit rates are also possible using various dispersion compensation 
techniques. In general, EDFA has a narrow high gain peak at 1532 nm and a broad peak with a lower gain 
centered at 1550 nm. In order to take the advantage of the whole amplification band provided by EDFA gain 
spectrum, equalization techniques have to be applied. The use of an increasing number of channels in the 
present day DWDM optical networks requires a flat gain spectrum across the whole usable bandwidth. The 
implementation of WDM network system requires a variety of passive as well as active devices to combine, 
distribute, isolate and amplify optical power at different wavelengths. 
 The increase of capacity in transmitting data over 10Gbps has limits the use of coaxial cable as medium for 
data transmission. Hence, fiber optic technology has been opted to fulfill the requirement for wide band 
transmission. Introducing WDM into the fiber optic technology has made it the transmission medium without 
limits that offers few advantages including higher capacity and speed, ability for transmitting long distance data 
and a better signal quality. Information transmitted in the domain optic is transferred via point line to point using 
SONET/SDH equipment to create ring and mesh topology network. In this network, the needs of the devices for 
add drop operation and cross-connecting optical line are executed by OADM and OXC respectively, (Eldada 
and Nunen, 2000)( Tzanakaki et al., 2003). These two devices have wide application in optical world and have a 
same basic structure, but both having different characteristics. OADM handled different signal carrier at each of 
its base, meanwhile OXC operates the same signal carrier. Therefore, both devices have been used at different 
location for different functions. But if the function of both device are merged together, the application of optical 
technology will be tremendously widened. 
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 The devices developer has come to a consensus to fix the OADM to be used in ring configuration while 
OXC is used in mesh configuration, (Eldada and Nunen, 2000)( Mutafungwa, 2000)( Tsushima et al., 1998). 
Rahman et al., (2006) has introduced a new architecture of asymmetrical optical switch device which is 
expected to have vast application in optical communication and monitoring system. It has many excellent 
features such as low crosstalk, lossless and multifunction. The multifunctional device means the integration of 
single functional devices onto single architecture and Optical Cross Add and Drop Multiplexer (OXADM) 
achieved the point with its unique architecture. With the use of micro-electro-mechanical systems (MEMs) 
technology has minimized the effect of crosstalk and return loss. With the accumulation feature, asymmetrical 
OXADM has widened its application to fiber-to-the-home (FTTH) and network security system. Many studies 
have been performed to identify the capability of OXADM such as in zero-loss condition and theory product 
analysis ,which used platform of point-to-point , ring and mesh topology and performance analysis in different 
transmission rate (Ab-Rahman, 2011a)(Ab-Rahman, 2011b)(Ab-Rahman, 2011c)(Ab-Rahman, 2011d). The 
result shows OXADM is similar with other conventional devices such as OADM and OXC but with some new 
features added. The smaller value of device insertion loss can extend the network longer. However, there are 
other important elements that can guarantee the signals transmission in long distance range which is Erbium-
doped fiber amplifier (EDFA). EDFA which functions at windows C and L was introduced in the early 21st 
century. It operated in full optical domain and has been replacing the use of repeaters in today’s optic 
communications network (Novak and Moesle, 2002).  
 Many studies have been developed and presented which allow an overview of EDFA. Some of them are 
widening the distance between two spans with the presence of more effective EDFA configuration (Khaleghi et 
al., 1996) (Ab-Rahman, 2009), controlling EDFA gain value to reduce the noise (Hashimoto et al., 2001) and 
enhancing the EDFA performance in WDM switch packet network using clamp EDFA (Thomas and von der 
Weid, 2007).  
 In this paper, our initiative focuses on the study of the ideal EDFA gain value in ensuring a good BER 
preformance. Based on a simulation, the connection between BER performance and gain amplification value 
profile is observed to see its influence towards BER performance in maximum distance achieved as representing 
by the number of nodes. Finally we propose the important of optimization can improve the BER performance in 
ring architecture. Considering the load line characteristic is the best method to do network optimization. 
 
Load Line: 
 
 In determining a suitable gain value for any ring network, the value of load line needs to be considered. 
Load line is referring to a total value of insertion loss of components that connect two optic nodes in any optic 
ring network. It is formulated based on theoretical value and is given by equation (1), (Ab-Rahman, 2009): 
 
Load Line = OADM Node Loss + Fiber loss          (1) 
 
 Meanwhile, the Actual Insertion Loss is defined by equation (2): 
 
Actual Insertion loss = Load Line (Theoretical loss value) + Operational loss      (2) 
 
 Therefore the exact Gain value used to compensate losses defined as: 
 
Gain value (dB) = Actual Insetion loss          (3) 
 
 Referring to the value of load line obtained, metropolitan ring network are developed with satisfying BER 
performance using optimum amplifed value. The connection between BER performance and amplification gain 
is in the form of gaussian negative. Hence, an area called extreme high/active is created where the increase in 
gain value will deteriorate the value of this BER performance (Ab-Rahman, 2009)(Ziemer and Tranter, 2002). 
Therefore, research on amplification value profile is very important in order to avoid the BER profile in the ring 
network to be in the extreme high/active area. Fig. 1 shows the extreme high/active area in connection of gain 
and BER performance.  
 
Output Power Analysis: 
 
 Table 1 shows the gain used for the preamplification and post amplification, load line for span 50 km until 
80 km.  
 
Table 1: Load line and gains set according to the span that are used in the simulation. 

Span (km) Load Line (dB) Preamplifier (1) 
(dB) 

Preamplifier (2-10) 
(dB) 

Post-Amplifier (2-5) 
(dB) 

Post Amplifier (6-10) 
(dB) 
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50 22.9 0* 7 17 16 
60 25.4 1 7 20 19 
70 27.9 3 7 22 21 
80 30.4 6 7 25 24 

Note: 
1. 0.5 dB different between span 50 km and 70 km, and 60 km and 80 km.  
2. (*) The Excess power at node 5 due to the lower load line as compare to the receiver' sensitivity used (sensitivity = -25 dBm) at node 0 

untul node A. 
 
 Post amplifier’s gain is taken by adding the value per unit dB on the load line and is decreased by unit dB 
for the node 6 until node10 to ensure that the output power is stabil which is between 23 dB to 25 dB. But this 
condition is reversed to the distance between two nodes 50 km and 70 km. The values of the amplifier is set 
equal to the load line is to ensure that the BER is normal and is not active under extreme conditions. 
 From Figure J.29 observed output to the signal on the distance between two nodes 60 km and 80 km are in a 
stable and controlled (between -22 dB and -25 dB). These conditions ensure that the BER is in good condition 
for longer distances vary with the distance between two nodes 50 km and 70 km. Value of output power is also 
greatly decreased after cross-node-6. This may be due to a reduction of 0.5 dB at the gain of the amplifier to the 
distance between two nodes 560 km and 80 km. It is a large impact on the BER performance and output power 
of along haul ring network. In reality, the profile of the distance between two nodes 50 km and 70 km are 
superimposed as the profile of the distance between two nodes 60 km and 80 km. 2 dB difference that occurs is 
due to the occurrence of excess power at a distance between two nodes 50 km for line load is small compared 
with the receiver sensitivity used. So here can be summed a distance between two nodes does not affect the 
value of output power at each node. 
 
Achievable Node Analysis: 
 
 Table 2 shows the BER values are satisfactory in certain nodes for the four main wavelengths between two 
nodes at a distance of 50 km, 60 km, 70 km and 80 km. The results generally indicate the maximum number of 
nodes that can be achieved for each wavelength at different distance between two nodes with amplifier used in 
conjunction with the load line. The increase in the size of the wavelength also reduces the number of nodes 
allowed in the ring metropolitan network. 
 

 
Fig. 1: Output power measured at every node at different span under OC-48. 
 
Table 2: The achievable node based on the BER performance according to the simulation parameter above. 

Wavelength Achievable Node BER 
1510 nm (50 km) 7 6.38 x 10-11 
1510 nm (60 km) 7 1.91 x 10-10 
1510 nm (70 nm) 6 2.00 x 10-09 
1510 nm (80 km) 8 8.64 x 10-10 
1530 nm (50 km) 6 1.39 x 10-10 
1530 nm (60 km) 6 1.61 x 10-13 
1530 nm (70 km) 5 5.38 x 10-09 
1530 nm (80 km) 7 5.33 x 10-10 
1550 nm (50 km) 6 2.39 x 10-09 
1550 nm (60 km) 7 4.73 x 10-10 
1550 nm (70 km) 4 2.75 x 10-10 
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1550 nm (80 km) 7 9.84 x 10-11 
1570 nm (50 km) 6 2.56 x 10-10 
1570 nm (60 km) 6 6.58 x 10-12 
1570 nm (70 km) 5 7.03 x 10-09 
1570 nm (80 km) 5 2.27 x 10-13 

 
Conclusion: 
 
 From this study, it can be concluded that the amplifier gain may affects the BER performance in the 
recovered area. Any changes in the power level can be compensated or improved by amplifier gain. Optimizing 
the values can improve by extending the maximum length that can be achieved at minimum BER. Therefore, an 
optical amplifier configuration is vital to obtain a stable BER performance profile (slow decrement rate) in the 
secured optical ring network design. The ideal amplifier gain value is determined by the system’s load value as 
shown in equation (1). Table 2 summarizes the node at the maximum allowable value of the BER performance 
for different network span and wavelength. The relationship between BER performance and amplification gain 
is in the form of Gaussian negative. Hence, an area called extreme high/active is created where the increase in 
gain value will deteriorate the value of this BER performance (Ab-Rahman, 2009). Therefore, research on 
amplification value profile is very important in order to avoid the BER profile in the ring network to be in the 
extreme high/active area. 
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