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Abstract - A secure, reliable and flexible wide area network (WAN) is crucial in today’s fastest growing technological era. 
By incorporating optical and wireless technology, the Critical WAN Infrastructure solution enables the convergence of all 
traffic (voice, video and data) onto a single network with enhanced security and prioritization capabilities. In this paper, we 
propose the design of an all-optical wide area network for P2MP communication with the help of 16QAM modulation 
technique. Dispersion compensation (DC) has been used to lessen the consequence of intersymbol interference (ISI) as well 
as the signal degradation due to overlapping of signals in the optical network. Maximum Q-factor achieved for a distance of 
20, 30 and 40Km is 9.1, 8.5 and 7.7 respectively. 
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I. INTRODUCTION  
 
OF based network technologies  get to 
advancements, for example, FTTH, FTTB have 
surely understood favourable circumstances of small 
loss, high transfer speed and extended reach and are 
as of now being conveyed overall [1]. Passive optical 
systems (PON) are being introduced as indicate point 
(P2P) and also indicate multipoint (P2MP) models 
[2]. Fig.1 demonstrates a format of a generalize 
passive optic system (PON) which conveys 3-layered 
administrations towards the clients, for example, 
house, college and client site [3]. A higher and lower 
wavelength cut off points of 1550 nm and 1300 nm 
separately seen at the receiver end of the system [4]. 
The PON has been institutionalized by the ITUT and 
IEEE lastly has been made as Full service access 
network (FSAN). The most astounding speed of 
adjustment of the FTTH utilizing the passive optic 
system is in Asian country [5]. The 2 widely used 
networks for the PONs have risen the E- passive 
optic network [6] and G-passive optic network [7]. 
GPON’s are currently institutionalized and 
financially accessible worldwide [8].  
This network is utilized worldwide and is for the 
most part introduced in FTTH systems.  There are a 
few different technologies that give FTTH, however 
the GPON is considered as exceedingly suggested 
innovation Across the board  organizations . [9].This 
technology plays important role in rural areas also 
[10]. 

 
Fig.1. Block diagram of PON network 

In this study, we propose the design of a passive 
optical wide area network for point to multipoint 
communication using 16QAM modulation technique. 
Dispersion compensation (DC) has been used to 
reduce the effect of intersymbol interference (ISI) as 
well as the signal degradation due to overlapping of 
signals in the optical network. Performance of GPON 
network has been investigated by measuring bit error 
(BER) and quality factor of the received signal.  
BER, as the name propose is the rate at which errors 
happen throughout transmission .This can be 
straightforwardly changed into the quantity of errors 
that happen inside a sequence .The bit period ܶB, and 
also the pulse width in the special case of NRZ 
modulation technique would be given by:  
                           ܶ =  ଵ


             (1) 

                                                                                             
By permitting the amplitude to likewise shift with the 
phase, another modulation format called quadrature 
amplitude modulation (QAM) is obtained. A less 
demanding strategy to isolate the original signal into 
an arrangement of autonomous channels-I(In-phase) 
and Q-Quadrature. They are split by 90 degrees and 
considered as orthogonal or in quadrature. Both 
components are summed in a modulator circuit. It has 
a16 states and there are four I values as well as four 
Q values yielding four bits per symbol and data 
spited in to two channels. Accommodation of two 
intermediate amplitude values and these two bits are 
routed simultaneously to each channels . 
 
The I and Q signals can be expressed by the 
equations given below: 
I = A cos (Ψ)   and   Q = A sin (Ψ)   (2) 
                                     
As I and Q signal components are 90° out of phase 
with each other, they are expressed as cosine and sine 
terms. 
By using the above equation 
cos(α + β) = cos(α)cos(β) - sin(α)sin(β)       (3) 
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Using the expression A cos(2πft + Ψ) for the carrier 
signal. 
A cos(2πft + Ψ) = I cos(2πft) - Q sin(2πft)  (4)                           
Where f is the carrier frequency 
 
Above expressions show that the resulting waveform 
is periodic in nature where phase can be adjusted by     
varying the amplitude for both I and Q values. 
This paper is composed as follows: Segment 2 
clarification and explanation about the proposed 
network 16 QAM system , Segment 3 shows network 
results and execution outline and Segment 4 indicates 
conclusion. 
 
II. PROPOSED NETWORK  
 
Our goal is to outline and investigate the 
performance of an all optical, efficient wide area 
communication network for long range 
communication. The Overall performance of the 
passive optical network has been investigated by 
observing bit error rate (BER) and quality factor at 
the receiver end. The proposed setup of 16QAM 
passive optical network is shown in Fig .2. There are 
three subsections, named as transmission, loop 
control and receiver subsection respectively. 
 
A. Transmission section: 
The principle components of the optical transmitter 
segment included 16 QAM transmitter , OS, OPG 

and OM. 16QAM Transmitter has been utilized to 
transmit information starting with one place then 
onto the next in the optical system. Corresponding to 
I and Q signal of 16 QAM at the data rate of 4 clock 
periods generate 2 four –level sequences. These 
signals are fed to the mapping block to generate 
standard constellation. The first stage of transmitter 
is pseudo random bit sequence generator. The 
wavelength of continuous wave beam generated by 
laser diode is 1552.52 nm (193.1 Thz). The data 
signal is modulated by non return to zero (NRZ) 
modulator. 
 
B. Loop control:  
The loop control provides an efficient mechanism to 
increase or decrease the channel length in optical 
fiber communication as well as to locate the data 
signals propagated within the apparatus that are 
linked inside the Loop Control input and output 
ports. Loop control can be used to calculate the 
system performance based on the erborium doped 
amplifier (EDFA) spans and number of fibers. It has 
been  linked to the EDFA which amplifies an optical 
signal directly ,without the need of first converting  it 
to an electrical signal. An optical attenuator has been 
used in the loop to adjust the power level of the 
signal.  

 
Fig.2. The PON simulation for 16QAM WAN setup 

 
C. Receiver section: 
The receiver segment involved low pass Gaussian 
filter, 16 QAM receiver, PD, OR and EDA 
respectively. PD is a fundamental element of an 
optical fiber communication framework, which 
manages the overall network performance execution. 
It converts the received optical signal into an 
electrical signal, which is then amplified before 
further processing. Output of the   detector is applied 
to the electrical amplifier that boosts up the level of 
electrical signal. A low pass Gaussian filter has been 

incorporated to provide group delay and shaping 
features to the signal. The performance of the system 
has been analyzed by an eye diagram analyzer. 
 
III. RESULTS AND DISCUSSION 
 
The constellation diagram of 16 QAM transmitter is 
obtained by using electrical constellation visualizer 
which comprises of 16 states as shown in Fig.3. 16 
QAM modulation technique has a 16 states and there 
are four I values (In –phase) as well as four Q values 
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(Quadrature) yielding four bits per symbol i.e; 2ସ= 
16.  In Fig.4 we present the results for optical 
spectrum analyzer and time domain visualizer at the 
transmission output. At wavelength 1552.52 nm both 
analyzer shows distortion less signal with a minimum 
amount of noise. 
 

 
Fig.3. Electrical constellation diagram of 16QAM transmitter 

 

 
Fig.4. Optical time domain analysis and frequency domain 

analysis for transmitter section 
 
In Fig.5 we present the results of eye diagram 
analyzer at the output. As shown in Fig, there is an 
increase in min BER with the increase in the length 
of the fiber in the proposed 16QAM network. Min bit 
error rate of  10ିଶ with corresponding quality factor 
of 9.18044 is achieved for a fiber length of 20 Km. 
With increase in the fiber length in the proposed 
network, eye height and hence the eye opening for 
the received signal decreases. Eye opening is max for 
the fiber length of 20km and it decreases, as the 
length of the fiber is increased to 30 and 40 km 
respectively. 
 

 
Fig.5.    Bit error rate (BER) at 20, 30 and 40Km respectively 

for 16QAM wide area network 
 
Although the proposed network can   accommodate 
different optical lengths, we have considered three 

lengths of optical fiber as 20, 30 and 40Km 
respectively. It is interesting to compare network 
performance in terms of bit error rate as well as 
quality factor of the received signal for the different 
optical lengths. After simulating the entire proposed 
network, it is found that the maximum Q-factor of 
9.18044 and corresponding min BER of 10ିଶ  is 
achieved at a fiber length of 20Km, which is better 
than the other two optical  fiber lengths as mentioned 
in the Table.1. 
 

 
Table .1.A comparison of various fiber lengths 

 
CONCLUSION 
 
FTTH is the vital development of optical access 
technology. Besides the transmission features of high 
quality, huge capacity, and long range,  passive 
Optical Broadband Access has other advantages of 
low maintenance cost, high privacy and strong  anti-
jamming capacity. One of the best practical 
implementations of passive optical network is voice 
over LTE (VOLTE) and it plays a very important 
role as the requirements are increasing day by day. In 
this paper, the proposed design of passive wide area 
network (WAN) is based on 16QAM transmitter and 
receiver. From the simulation results, It is clearly 
visible that if the fiber length increases, the overall 
performance of the network degrades. Maximum Q- 
factor and the minimum bit error rate (BER) of the 
received signal is observed for the proposed optical 
network for the different fiber lengths. Maximum Q- 
factor of 9.18044 with corresponding min BER of 
10ିଶ is achieved for a fiber length of 20Km, which 
is better than that obtained for other two optical fiber 
lengths of 30 and 40 Km respectively. 
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