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Abstract- Optical wireless communication is a form of optical 

communication in which unguided visible, infrared (IR), or ultra 

violet (UV) light is used to carry a signal. Terrestrial point to 

point OWC systems, also known as the free space optical (FSO) 

system, operate at the near IR frequencies (750-1600nm). These 

systems typically use laser transmitters and after a cost- effective 

protocol- transparent link with high data rates, i.e. 10Gbit/s per 

wavelength . 

For long distance wireless optical communication data send from 

transmitter to receive in the form of packet. Here regenerative 

repeaters used as node for maintain the energy level of weak 

signal. These repeaters makes wireless mesh network. Here 

dijikstra algorithm used for finding the shortest path between 

transmitter and receiver. Simulation results are carried out by 

Dijkstra algorithm using MATLAB. The service parameters such 

as the delay and blocking probability of the designed wireless 

optical network are analyzed by simulation. 

Keywords: wireless optical networks, routing algorithm, dijkstra 

algorithm, service parameters. 

I. INTRODUCTION  

n present days communication has becomes an important 

aspect for everyone. Optical networks provide good quality 

of service for communication between the several peers. Since 

these optical communications will produce a good quality of 

service for data communication with any delay, jitter and loss 

rate, these are very fast for communications. The goal of this 

research paper is to analyses the shortest path of optical 

communication system on Quality of transmission[2]. and 

several other parameters like transmission data rate and thus 

optical bandwidth of the system. Using the routing algorithm, 

all possible paths and the shortest path is calculated for the 

given source and destination. Simulation results are obtained 

for delay  and blocking probability. 

II. OPTICAL COMMUNICATION 

Optical communication, also known as optical 

telecommunication, is communication at a distance 

using light to carry information. It can be performed visually 

or by using electronic devices. An optical communication uses 

a transmitter, which encodes a message into an optical signal, 

a channel, which carries the signal to its destination, and a 

receiver, which reproduces the message from the received 

optical signal. When electronic equipment is not employed the 

'receiver' is a person visually observing and interpreting a 

signal, which may be either simple or complex  

 There are two type of optical communication. 

1.Optical fiber communication                                   

2.Wireless optical communication 

2.1 Optical fiber communication 

Optical fiber is the most common type of channel for optical 

communications. The transmitters in optical fiber links are 

generally light emitting diode (LEDs) or laser 

diode. Infrared light, rather than visible light is used more 

commonly, because optical fibers transmit    Infrared    

wavelength   with less attenuation and dispersion. The signal 

encoding is typically simple intensity modulation, although 

historically optical phase and frequency modulation have been 

demonstrated in the lab. The need for periodic signal 

regeneration was largely superseded by the introduction of 

the erbium-doped fiber amplifier, which extended link 

distances at significantly lower cost. 

 2.2 Wireless Optical Communication 

Free-space optics (FSO) systems are generally employed for 

'last miles' telecommunications and can function over 

distances of several kilometers as long as there is a clear line 

of sight between the source and the destination, and the optical 

receiver can reliably decode the transmitted 

information. Other free-space systems can provide high-data-

rate, long-range links using small, low-mass, low-power-

consumption subsystems. More generally, transmission of 

unguided optical signals is known as optical wireless 

communication  (OWC)[1]. Examples include medium-

range visible light communication and short-distance IrDA, 

using infrared LEDs. 
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Fig. 1.Image of wireless optical communication 

               

 

             Fig.2. Block diagram of wireless optical communication 

                         III. NETWORK TOPOLOGIES  

 Topology of the network[6] is shown in the figure 3 .We have 

considered the 10 nodes and 16 links in the network which are 

at random distance. Here we considered the nodes as nothing 

but the optical wireless routers where the transmission of data 

is carried. The data transmitted over the signal. We considered 

the signal in the wavelength form. Different wavelengths are 

selected Which are of 1230nm, 1250nm, 1270nm, 1290 nm,  

We fixed the source as node 2 and destination as node 9 for 

data transmission and QoS of the transmission are calculated 

by simulation. 

 

                              Fig 3 : Topology of the Network 

There are three fundamental topologies—star, bus, ring and 

mesh. A network setup where each network device is 

interconnected with one another, allowing for most 

transmissions to be distributed, even if one of the connections 

go down. 

 

Fig.4. Image of Mesh Topology 

IV. OPTICAL TRANSMITTER 

To understand the tunable optical transmitter we should have 

the background knowledge of basic principles of laser and 

operation of it. Laser amplification by stimulated emission of 

radiation which in short form called as ―laser‖. A high intense 

power beam of coherent light is generated by the laser by a 

process called stimulated emission.   

V. OPTICAL RECEIVER 

The direct detection of an optical receiver is shown in the 

Fig.5. The main purpose of the optical receiver is to retrieve 

the data which is transmitted in form of optical signal that is 

converted to electrical signal passed through single mode fiber 

of the receiver. The incoming optical signal is pre-amplified 

by the optical amplifier which is fed in to the optical filter to 

cut the noise level   by selecting the desired wavelength 

channel of wavelength demultiplexer or by stimulated 

spontaneous emission. Optical signal is converted into 

electrical signal by the photo detector, led to post amplifier. 

An equalizer is used for compensating the intersymbol 

inference. To pull out the received signal, a recovery clock 

circuit is used in the decision circuit. A phase lock loop is 

used in the design of the recovery clock circuit. At last the 

sampled signal is compared with the pre-set 

                        VI. WIRELESS OPTICAL CHANNEL  

Wireless optical channels vary in numerous important 

techniques from communication channels canned expansively 

in collected works.  

Optical channels are characterized as intensity modulated, 

direct detection channels. Fig5 shows the Optical intensity 

modulated, direct-detection optical link. The power emitted 

per solid angle in watts per steroidal is called optical intensity. 
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The information which is transmitted as electrical current 

signal is modulated by the instant optical intensity. Optical 

intensity modulation is a process of conversion of electro 

optical signal which is generally consummate by laser diode 

or by light emitting diode .     

 

Fig. 5. Optical intensity with direct detection in communication channel block 

diagram 

VII. OPTOELECTRONICS REGENERATIVE REPEATER 

In the case of the long-haul, high-capacity digital systems, the 

most important overall system performance parameter is the 

spacing of the regenerative repeaters. it is the therefore useful 

to consider the performance of the optoelectronics digital 

repeater, especially as it is usually designed with the same 

optical components as the terminal equipment. 

                            VIII. REPEATERS AS ROUTERS 

A wireless router repeater is a wireless router with a special 

feature added to the router, so it can perform additional duties 

beyond that of a traditional host router. The actual role of a 

router[8] is to route data, and pass Ethernet packets to other 

routers on the network while trying to maintain the most 

current and upload router table possible. Having a wireless 

router to wireless router connection can be nice feature to have 

when needing to change the role of your wireless router to 

wireless router repeater, and using it to extend or extend your 

wireless network range. 

IX. WDM/DWDM TECHNOLOGY 

WDM[4] systems are divided into different wavelength 

patterns, conventional (CWDM) and dense (DWDM). 

Conventional WDM systems provide up to 8 channels in the 

3rd transmission window (C-band) of silica fibers around 

1550 nm. Dense wavelength division multiplexing (DWDM) 

uses the same transmission window but with denser channel 

spacing. Channel plans vary, but a typical system would use 

40 channels at 100 GHz spacing or 80 channels with 50 GHz 

spacing with transmission rates of up to 10 Gb/s/channel. 

 

                      Fig 6. Wavelength division multiplexing 

X. SHORTEST PATH FINDING 

10.1Shortest path between transmitter and receiver 

The shortest path problem is a problem of finding the shortest 

path or route from a starting point to a final destination. 

Generally, in order to represent the shortest path problem we 

use graphs[7]. A graph is a mathematical abstract object, 

which contains sets of vertices and edges. Edges connect pairs 

of vertices. Along the edges of a graph it is possible to walk 

by moving from one vertex to other vertices. Depending on 

whether or not one can walk along the edges by both sides or 

by only one side determines if the graph is a directed graph or 

an undirected graph. In addition, lengths of edges are often 

called weights, and the weights are normally used for 

calculating the shortest path from one point to another point. 

In the real world it is possible to apply the graph theory to 

different types of scenarios. For example, in order to represent 

a map we can use a graph, where vertices represent cities and 

edges represent routes that connect the cities. The nodes 

between the transmitter and receiver work as repeaters. 

Routing is a process of transferring packets from source node 

to destination node with minimum cost (external metrics 

associated with each routing interface). Cost factors may be 

the distance of a router (Round-trip-delay), network 

throughput of a link or link availability and reliability 

expressed as simple unit less numbers. Hence routing 

algorithm has to acquire, organize and distribute information 

about network states. It should generate feasible routes 

between nodes and send traffic along the selected path and 

also achieve high performance. 

Routing process uses a data structure called routing table at 

each node to store all the nodes which are at one hop distance 

from it (neighbor node). It also stores the other nodes (hop 

count more than one) along with the number of hops to reach 

that node, followed by the neighbor node through which it can 

be reached. Router decides which neighbor to choose from 

routing table to reach specific destination. 
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If routes are one-way then the graph will be directed; 

otherwise, it will be undirected. There exist different types of 

algorithms that solve the shortest path problem. 

Several algorithms[11] can be used for finding the shortest 

path. 

1. Dijkstra’s Algorithm  2. Floyd-Warshall Algorithm  3. 

Bellman-Ford Algorithm  4. Genetic Algorithm (GA) 

Dijkstra's (1959) algorithm[5] is one of the best known 

algorithms to find the shortest path. This algorithm works on a 

weighted graph in which the edges weights are non- negative 

(Dreyfus, 1969). Most of the applications that try to find the 

shortest path rely on this algorithm. Dijkstra's (1959) 

algorithm is able to calculate all shortest paths from a single 

point to all other points in a network, which makes it a single 

10.2 Formal description of dijkstra algorithm 

The algorithm characterizes each node by its state. 

The state of a node consists of two features: distance value 

and status label. 

• Distance value of a node is a scalar representing an estimate 

of the distance from node s. 

• Status label is an attribute specifying whether the distance 

value of a node is equal to the shortest distance to node s or 

not. 

• The status label of a node is Permanent if its distance value 

is equal to the shortest distance from node s 

• Otherwise, the status label of a node is Temporary 

The algorithm maintains and step-by-step updates the states of 

the nodes 

At each step one node is designated as current node. 

 

10.3 Algorithm Steps 

Step 1. Initialization 

• Assign the zero distance value to node s , and label it as 

Permanent.[The state of node s is (0,p) .] 

• Assign to every node a distance value of ∞ and label them as 

Temporary. [The state of every other node is (∞,t) .] 

• Designate the node s as the current node 

Step 2. Distance Value Update and Current Node Designation 

Update Let i be the index of the current node. 

(1) Find the set J of nodes with temporary labels that can be 

reached from the current node i by a link (i,j) . Update the 

distance values of these nodes. 

• For each j ∈ J , the distance value d j of node j is updated as 

follows new d j = min{d j ,d i + c ij } where c ij is the cost of 

link (i,j) , as given in the network problem. 

(2) Determine a node j that has the smallest distance value d j 

among all nodes j ∈ J , 

find j ∗ such that min j∈J d j = d j ∗ 

(3) Change the label of node j ∗ to permanent and designate 

this node as the current node. 

Step 3. Termination Criterion 

If all nodes that can be reached from node s have been 

permanently labeled, then stop - we are done. If we cannot 

reach any temporary labeled node from the current node, then 

all the temporary labels become permanent - we are done. 

Otherwise, go to Step 2. 

Example of Dijkstra’s algorithm 

Find the shortest path of this algorithm between node 1and 5 

 

Fig.7. Graph of network between node 1and 5 

By using dijkstra algorithm we can get final graph the shortest 

path between node 1 and 5 is 1-3-6-5. and the total distance is 

20.the final graph is- 

 

Fig 8.Final graph 
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XI. NETWORK DESIGN 

 Doing the coding of the network those having 7 node using 

dijkstra algorithm in MATLAB[12].When number of node is 

7, a network is designed. In this network node1 is work as 

transmitter, node 7 work as a receiver and other node work as 

repeaters. 

 

Fig.9 Graph of network 

 

When source node is 1. And destination node is 7. In this 

network node 2, node3, node 4,node 5and node 6 are visited 

node. For finding the shortest path between node 1 and node 7 

only node 2 and node 4 are traversed.  

 

Fig.10 Graph of network(showing shortest path between node 1and node 7) 

Enter the source node no: 1 

Enter the destination node no: 7 

Table 1 No. of nodes , visited nodes and previous nodes 

No. of 

Nodes; 
1 2 3 4 5 6 7 

Visited 

nodes; 
1 1 1 1 1 1 1 

Previous 

nodes 
0 4 2 1 4 4 2 

Check minimum distance for  next distance y/n: 

 

XII. PARAMETER USED IN SHORTEST PATH 

The significance of network congestion management and 

Quality of Service[3] makes the network builders to recognize 

the data loss, delay and its sensitivity has increased in these 

days. To reduce the delay, delay jitter and losses in packet 

became the major charge to build the buffer management tools 

for the network builders. It is requires to understand the traffic 

for building the network management tools. To sustain the 

capacity of the network maximum, QoS has to be complied 

with service provider of the network is possible only when the 

traffic modeling is made accurate by enhancing traffic 

resources. To provide the high critical QoS for the network 

and its traffic network model will have their impact on it. 

12.1  Delay 

Occurrence of delay is due to transmission of packet in router 

and waiting of packet in the barrier for the service. For service 

and queuing delay, we use the word queuing delay for both of 

them. Therefore, the at which the packets goes into the routers 

buffer up to the time it comes out of the router, this duration 

time is comparable same for queuing delay. There are two 

ways to for analyzing the delay, the delay pattern can be 

surveyed by its auto correlation function and its distribution. 

Delay auto correlation function is utilized for indication that 

how delay of packets will correlate for packets of sequence. 

Autocorrelation function  is defined  as

 

Where n is the total number of packets measured,  µd is the 

average packet delay, d is the packet delay random variable, di 

is the delay of the i th packet, l is the lag of correlation. Due to 

loss of packet, every time delay of the packet is not defined. In 

our study, the lost packet delay is not defined and is omitted 

from the delay autocorrelation and distribution function 

calculation. The omission of lost packets delay, we can take 

into count them as missing sample in measurement of delay. 

 

12.2 Loss 
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The ratio of number of packets that are dropped totally to the 

number of packets that are input surrounded by a period of 

time. 

 

Loss rate is one of the network performance parameter- load 

of traffic that effects the rate of loss. 

 

Since rate of packet loss is one of the significant constraint, it 

will not satisfactorily capture the thorough pattern loss. 

Pattern losses are very dissimilar, for a same loss rate. In a 

network, to know how packets are dropped can be explored by 

inspecting the loss episode distribution. Specifically we use 

loss episode exploration for a particular data traffic basis, 

because real-time data solicitations are vulnerable to 

succeeding loss of packet than the intermittent single loss of 

packet. 

12.3 QoS 

Furthermore to delay and loss, we also examine the buffer 

tenancy probability (probabilities of buffer sizes) of the router, 

throughput per-flow, traffic load per-flow, and loss rate per-

flow, where every one of them influence the arriving effects of 

traffic at the router and how it reacts to the traffic. 

The number of packets delivered by the router is routers 

throughput. In per flow throughput of every source packet 

traffic, it is easy to distinguish the exactness and enhancing 

of altered queue and scheduling management systems, which 

can be defined as 

 

Eventually, we can define the loss rate per flow loss and load 

traffic per flow load 

 

 

XIII. SIMULATION RESULTS AND DISCUSSION 

A source-destination (s, d) pair of (2, 9) is chosen and their 

corresponding path delays are calculated for different 

wavelengths. For this pair (2,9) possible paths are obtained in 

which one path has minimum delay. Table1. summarizes the 

path delays for all possible paths by considering different 

wavelengths for the source-destination pair (2,9). The 

blocking probability for different connection requests are also 

calculated for the source-destination pair (2, 9) which is 

shown in table2. Figure 11 to 14 depicts path delays and 

blocking probability for each wavelength individually. The 

comparison for path delays with respect to number of possible 

paths and blocking probability with respect to number of 

connection requests for all wavelengths is shown in figure11 

to 14. 

 

Fig 11: Path delay and blocking probability for (s, d) pair (2, 9) using 

wavelength 1230nm. 

 

Fig 12. Path delay and blocking probability for (s, d) pair (2, 9) using 

wavelength 1250nm. 
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Fig 13.  Path delay and blocking probability for (s, d) pair (2, 9) using 

wavelength 1270nm 

 

Fig 14. Path delay and blocking probability for (s, d) pair (2, 9) using 

wavelength 1290nm. 

Table 2: Delay values for different wavelengths for all possible paths for 

(s, d) pair (2, 9) 

Wavelength(in 

nm)/path 

index 

1230 1250 1270 1290 

1 1.8970 1.8368 1.7794 1.7247 

5 3.3198 3.9144 3.1140 3.0181 

10 3.7940 3.6736 3.5588 3.4493 

15 4.2683 4.1328 4.0037 3.8805 

20 4.7425 4.5920 4.4485 4.3116 

25 5.6911 5.5104 5.3382 5.1740 

30 6.1653 5.9696 5.7831 5.6051 

 

            Fig 15: Delay vs Path Index for (s, d) pair (2, 9) 

Table 3: Blocking Probability vs No: of Connections for (s, d) pair (2, 9) 

No. of 

connections/waveleng

th (in nm) 

1 50 100 150 200 250 

1230 0 48 74 82.66 87 89.6 

1250 0 0 48 65.33 74 79.2 

1270 0 0 22 48 61 68.8 

1290 0 0 0 30.66 48 58.4 

 

XIV. CONCLUSION AND FUTURE WORK 

We have proposed an algorithm for calculating the delay for 

the network topology assumed and calculated the delay with 

different number of wavelengths for all possible paths of 

different source and destination pair. Here, we mainly 

considered the source-destination pair as (2, 9). For this pair 

we calculated the delay for each wavelength in each possible 

paths. Number of connections for the destination from the 

source that is information transmitted is can be blocked for 

that we calculated the blocking probability for every possible 

path with different wavelengths. It has been observed that as 

the wavelength increasing, delay is decreasing gradually and 

also number of connections blocked are decreased. So, when 
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number of wavelengths sent at a time decreases the delay and 

blocking probability of the network. Such that, multiple 

information can be send a time without any delay and security 

for the data is attained. This project work can be extended to 

different other topologies of the network by considering other 

parameters like the fiber material made by and to multiple 

wireless optical networks. 

REFERENCES 

[1]. ―A review of communication-oriented optical wireless systems‖ 

Deva K Borah, Anthony C Boucouvalas, Christopher C Davis, 

Steve Hranilovic and Konstantinos Yiannopoulos EURASIP 
Journal on Wireless Communications and Networking 2012. 

[2]. Ranjan, Nikhil, and Garima Krishna. "Wireless Sensor Network: 

Quality of Services Parameters and Analysis." In Proceedings of 
the Conference on Advances in Communication and Control 

Systems-2013. Atlantis Press, 2013. 

[3]. Singh, Manish. "Efficient techniques for QoS based path 
computation and selection in differentiated service networks." In 

Broadband Communications, 2002. Access, Transmission, 

Networking. 2002 International Zurich Seminar on, pp. 15-1. 
IEEE, 2002. 

[4]. C.V. Saradhi, S. Subramaniam, ―Physical layer Impairment aware 

routing (PLIAR) in WDM optical networks: Issues and 

challenges,‖ IEEE Communications Surveys& Tutorials, vol. 11, 

no. 4, pp. 109–130, Dec.2009. 

[5].  Dijkstra's algorithm. Introduction to Algorithms (Second ed.), 

MIT Press and McGraw-Hill, pp. 595–601, 2001. 
[6]. B. A. Forouzan, Data Communications and Networking, Fourth 

Edition McGraw Hill, 2007. 

[7]. T. Li, L. Qi, and D. Ruan, ―An Efficient Algorithm for the 
Single-Source Shortest Path Problem in Graph Theory‖, Proc. of 

3rd International Conference on Intelligent System and Knowledge 

Engineering, Vol. 1, pp. 152-157, 2008.  
[8]. B.Waxman,―Routing  of  Multipoint  Connections―,  IEEE Journal 

on Selected Areas of Communication, Vol. 6, No. 9,  pp. 1617-

1622 December 1988. 
[9].  Kairanbay Magzhan, Hajar Mat Jani- ―A Review And Evaluations 

Of Shortest Path Algorithms‖. International journal of scientific & 

technology research volume 2, issue 6, june 2013. 
[10]. Yagvalkya Sharma, Subhash Chandra Saini, Manisha Bhandhar,” 

Comparison of Dijkstra’s Shortest Path Algorithm with Genetic 

Algorithm for Static and Dynamic Routing Network‖ International 
Journal of Electronics and Computer Science Engineering 

416.Available Online at www.ijecse.org. 

[11]. Michael G. Kay-―Basic Concepts in Matlab‖ Fitts Dept. of 
Industrial and Systems Engineering North Carolina State 

University Raleigh, NC 27695-7906, USA kay@ncsu.edu 

September 2010. 
[12].  Stephen  j .Chapman-second edition ―Matlab Programming For 

Engineers‖ updated series, bookware companies series. 

[13]. Pascal Getreuer-―Writing Fast MATLAB Code‖ January 2006. 
 

 

 


