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   Abstract- In optical networks, lightpath is defined as an all 

optical WDM channel which establishes a connection between 

source and destination node by network layer. Whenever the 

selected path doesn't satisfy the required criteria of either BER 

or Q-Factor or data rate, the connection will be blocked. Lots of 

works has been done in finding Quality factor early, but this 

paper focuses on finding quality of transmission using rise time 

budget and study the effect of rise time on data rate and other 

parameters. 

 

Index Terms— data rate, light path, Q-Factor, rise time. 

 

I. INTRODUCTION 

 

      The optical network is becoming an important aspect 

for the present internet communication infrastructure due to 

the good bandwidth provided by optical fiber. The throughputs 

provided by these networks are of the order of terabits per 

second, which is tremendously high. It also provides low error 

rates and low delays, and can also satisfy upcoming 

applications like supercomputer visualization, medical 

imaging, and distributed CPU interconnect[1]. Optical fiber 
transmission and communication systems have evolved 

tremendously over the past few years. Nowadays Wavelength 

division multiplexing (WDM) is used in optical networks in 

order to handle the increasing demand of network users[2]. 

WDM routed networks provides an optical conn-ection layer 

comprising of several light paths. A light path is defined as an 

optical connection from the source to destination node through 

several intermediate routing nodes[3]. In WDM network, the 

most important issues are routing and wavelength assignment 

with controlled blocking probability by considering the 

network cost which is defined as the sum of cost of all the 
links in the tree. 

The aim of the new research is to reduce the number of call 

blockages. Nowadays, most of the network operators are very 

strict in terms of Quality of service parameters. The 

underlying routing systems determine the actual quality of 

transmission and the concept of Quality of service is based on 

this system parameters, can be defined as the overall service 

experience along with customer satisfaction of customer 

satisfaction[4]. The network can be defined in terms of the 

QoS metrics or cost metrics such as BER, OSNR, data rate, Q-

factor. While routing, the provisioning is done in such a way 

that the selected route should satisfy the QoS requirement of 

the client. 

The Quality of service characteristics such as bandwidth, 

delay, jitter and loss rate influences the routing mechanism in 

optical networks. Quality factor(Q-Factor) is defined in terms 

of the bandwidth and delay associated with the fiber in the 

path for each light path[5]. The bandwidth of the channel 

depends on the length of the link and dispersion effect of the 

optical fiber. Today more than 80 percent of the world's 

long-distance communication is done with the help of 

optical fiber cables. If we look into telecommunication 

applications of fiber-optic cable, it will range from global 

networks to desktop computers. Voice, data, and video are 

transmitted over distances of less than a meter to hundreds 

of kilometers, with the help of these optical fibers. 

Recently, fiber optics have become the industry standard 

for the terrestrial transmission of telecommunication 

information especially terms of broadband services.  

Lots of works have been done in finding Q-factor early, but 

this paper focuses on finding quality of transmission using rise 

time budget and study the effect of rise time on data rate and 

other parameters. Next section describes the Q-factor and rise 

time model. Section III describes the system model and 

formulation of equations relating system rise time and optical 

bandwidth. Section IV describes simulation results and 

discussion. 

 

II. QUALITY FACTOR AND RISE TIME MODEL 

 

 The Q-Factor is an indicator of the quality of transmission, 

which can be derived from the following expression[6]. 
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(3) indicates that higher value of Q-Factor results in a lower 

value for BER[7]. We have to make sure that system is 

performing normally without troublesome and is able to 

transport information at high data rate. In certain manner, we 

can say that power budget and rise time budget can roughly 

influence the transmission distance and the bit rate in 

communication system. Transmission capacity or bandwidth 

of a channel can be estimated from the time response of the 

optical system which includes the rise time of the signal in the 

transmitter, receiver, and dispersion in a fiber[8]. Fiber 

dispersion may be intramodal or intermodal dispersion and 

dispersion varies depending upon the link distance.  

The system time response    is the square root of the sum of 

the squares of transmitter rise time, receiver rise time, laser 

diode rise time, photodiode rise time and the pulse spreading 

caused by fiber dispersion. Transmitter and receiver rise time 

and full times are listed on data sheets, fiber response times 

must be calculated from the fiber length, the characteristic 

dispersion per unit length, and the source spectral width. 

Except the fiber dispersion which is expressed in picosecond, 

rest of the rise times is usually expressed in nanosecond. There 

are three types of dispersion, modal, chromatic (is the sum of 

material and waveguide dispersion), and polarization-mode 

dispersion 

III. SYSTEM MODEL 

 

 

 

 
 

 

 

 

 

 

 
 

Fig. 1. Sample network 

 

Fig 1 shows a network connection with two links L1and L2. 

1, 2, 3 are nodes in the network. Q-Factor is calculated for 

different links using the relation between system rise time and 

optical bandwidth.  

A. Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The transmission data rate of a digital fibre optic 

communication system is limited by the rise time of the 

various components, such as amplifiers and LEDs, and the 

dispersion of the fibre. The combined effect of all the 

components may influence the bandwidth of the system. The 

rise time    and system bandwidth BW are related by[9] 

 

                                    B   = 0.35/                                       (4) 

This equation is used to determine the required system rise 

time. The appropriate components are then selected to meet 

the system rise time requirements. The relationship between 

total system rise time    and component rise time    can be 

expressed as[9] 
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where    is the total system rise time and    ,     ... are the rise 

times associated with the number of components. 

The rise time components can be of five groups such as 

1. Transmitting circuits (   ) 

2. LED or laser (  ) 

3. Fiber dispersion (   

4. Photodiode (   ), and     
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5. Receiver circuits (     

Now (5) be expressed as 
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By replacing    in (4), the system bandwidth can be expressed 

as  
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B.  Electrical and optical bandwidth 

Electrical bandwidth (BWe) is defined as the frequency at 

which the ratio current out/current in (Iout/Iin) drops to 0.707. 

(Analog systems are usually specified in terms of electrical 

bandwidth.) 

Optical bandwidth (BWo) is the frequency at which the 

ratio power out/power in (Pout/Pin) drops to 0.5 

Because Pin and Pout are directly proportional to Iin and Iout 

, the half-power point is equivalent to the half-current point. 

This results in a BWo that is larger than the BWe which can 

be expressed as[9] 

 

         BWel = 0.707* BWopt                                                (8) 

 

IV.   SIMULATION RESULTS AND DISCUSSION 

  

The analytical model for Q-Factor is used for determining 

quality of transmission. We took the following assumptions. 

The analytical model shown by equations (1) and (2) is 

described by a set of seven attributes (   ,   ,   , G,   ,   , 

    ) as given in table I 

Table 1 

 

Symbol Attribute Name Minimum 

value 

Maxim

um 

value 

    Average transmitted 

power 

1mW 5mW 

    Spontaneous emission 

factor of amplifier 

1 2 

   Carrier frequency 191.5THz 195.9T

Hz 

    G Amplifier Gain 10 1000 

   Electrical bandwidth 5GHz 15GHz 

   Optical bandwidth 10GHz 200GH

z 

     Number of amplifiers 2 40 

Using the shortest path algorithm, shortest path between 

source and destination is obtained for any given topology. Any 

point to point link is selected from the shortest path whose link 

distance is already known. The point to point link taken is 

assumed to be equipped with cascaded optical amplifiers.  

Values of seven attributes determining Q-Factor has been 

selected within a range as given in the Table 1.Time response 

of the system has been calculated from different rise times like 

transmitter, receiver, photodiode and from fiber dispersion 

time. From the system rise time optical bandwidth and 

electrical bandwidth is calculated and OSNR and thus Q-

Factor is obtained. Figure 2 shows how Q-Factor varies with 

rise time and without rise time. Figure 2 shows the variation of 

data rate with system rise time. Here by data rate, we are 

indirectly referring to optical bandwidth of the communication 

system. The variation has been shown for NRZ and RZ 

signaling used for transmission of data. For NRZ signaling, 

power applied will be for the entire time period but RZ 

signaling, power is applied only for a fraction of time period 

hence time period for RZ signaling will be less compared to 

NRZ signaling. Figures 4, 5, and 6 shows the variation of Q-

Factor with transmitted power for various link distances.  

 

A. Figures 

 

 

 

   
 

 
                Fig. 2 (Transmitted power versus Q-Factor) 
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           Fig. 3 (Rise time versus data rate) 

 

 
Fig. 4 (Transmitted power versus Q-Factor for L =10Km) 

 

 

 
           Fig. 5 (Transmitted power versus Q-Factor for L =70Km) 

 

 

 
 

      Fig. 6 (Transmitted power versus BER) 

 

 

V. CONCLUSION 

 

The results obtained in this work indicate transmitter, 

receiver response times are playing critical and important roles 

in system bandwidth and QoS. Data rate is limited by optical 

bandwidth of the system and hence rise time budget directly 

influence data rate or optical bandwidth of the communication 

system. 
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