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ABSTRACT 

 

 Passive Optical Networks (PON) has been considered as a promising technique to 

support the increasing demands of high-speed services for public and private 

communications. In this paper we have  designed a PON and Wavelength Division 

Multiplexing(WDM) PON system for extended-reach Gigabit-capable Passive Optical 

Networks (GPONs). The performance  of this system is investigated for 32 users and 

variable fibre distances and for gigabit data. DBA gives better performance and proves 

that the technology is a viable solution for the future. The results are analysed using BER, 

SNR and Q Factor parameters. 

 

Keywords:Passive Optical  Networks (PON),Wavelength Division Multiplexing(WDM), 

Dynamically Allocate  Bandwidth(DBA), Gigabit-capable Passive Optical Networks 

(GPONs),Bit Error Rate(BER), Signal to Noise ratio(SNR),Dense Wavelength Division 

Multiplexing (DWDM),  Optical Line Terminal (OLT), Optical Networks Unit (ONU), PIN and 

Avalanche Photo detectors(APD). 
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INTRODUCTION 

The recent state-of the-art research on the enabling technologies needed to realize future 

TDM-PON and WDM-PON systems, and discusses the future directions toward practical PON 

systems.In today’s telecommunication world there is a increasing demand for data traffic. The 

demand is met by the use of Optical Networks. The Next Generation Optical Networks increases 

the coverage area of wireless access networks and reduces the system overall cost, because of the 

huge band width and low attenuation offered by the optical fiber.The recent PON’s are 

categorized  as ATM, Ethernet, and WDM. The WDM PON  are designed using only passive 

components. Since active components are not used power and heat issues are negligible. So 

WDM PON  requires less components and cost is low for maintenance. Different Dynamic 

Bandwidth Allocation Algorithms and an idea of how to apply them in long-reach Gigabit-

capable Passive Optical networks (GPONs) is been developed. WDM PON plays a crucial role 

for multiservice and multicasting. 
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[1] This paper exploiting multiple wave-lengths at dense wavelength division multiplexing 

channel spacing and tuneable transceiver technology in the subscriber terminals, (ONUs). Here, 

the focus is on the requirements from network operators that are driving the standards 

developments and the technology selection prior to standardization.[2]  10 Gb/s (XG-PON1, 10G 

EPON), 40 Gb/s (NG-PON2) and WDM-PON are being developed and standardized, 

deployments remain limited to older GPON and EPON systems.[3]This paper presents a 

literature review of passive optical networks, and a realistic discussion of the current situation, 

including trends and market forecasts. The main characteristics of a PON network are 

highlighted, and the BPON, EPON, and GPON standards are compared. 

 

[4] Current passive optical networks (PONs) (Giga bit PON (GPON) and Ethernet 

PON(EPON)) will run out of band width so one or later Due to the eve increasing band width 

demand. The a forementioned and the new next generation ONstage1(NG-

PON1)standards(10Gigabit-PON(XG-PON)and10GigabitEthernet-PON(10G-EPON)) are based 

ontimedivisionmultiplexing(TDM-PON),whichhasitslimitationsSuchaslimitedbandwidth.[5] 

Reference optical configuration for coexistence of 10-Gigabit-capable passive optical networks 

(XG-PON) with Gigabit passive optical networks (GPON) according to ITU-T G.987.1 standard 

recommends the usage of specific wavelength blocking filters (WBF).[6] NG EPON and XG-

PON1 are both recently standardized but emerging technologies, ready to replace their less 

capacitive predecessors, 1G EPON and GPON respectively. Both technologies offer row bit rate 

of 10 Gbps on downlink, butare based on significantly different signal processing principles and 

protocol stack’s characteristics. 

 
 

The paper reviewsthe models for WDM/TDM PON static and dynamic models 

for[7].Network modellingthe new scheme with developed algorithms has exhibited significant 

improvement in mean packet delay, channel throughput, and packet loss rate in the presence of 

service-level differentiation  and class-of-services.The paper proposes two cascaded Mach–

Zehnder modulators (MZMs) in the optical line terminal (OLT),  on each wavelength channel to 

generate an optical carrier, and produce the wireless and the downstream traffic using the 

orthogonal modulation technique and demonstrates a novel Wavelength-Division-Multiplexed 

PON (WDM-PON) architecture.[8] 

 

This article compares currently available Bandwidth Allocation methods and their impact on 

the service provided to the subscriber. By simulating a real-life TCP download scenario, it shows 

that Status Reporting (SR) DBA is a superior tool to provide a high level of quality of service. 

[9]. Paper[10] In this paper, a novel algorithm for wavelength and bandwidth allocation with full 

QoS support. Besides theoretical analysis, simulation results are presented and they confirm a 

good performance of presented solution.A WDM/TDM-PON system employing a dynamic 

wavelength and bandwidth-allocation technique is proposed for future flexible optical-access 

networks. The system achieves high utilization efficiency for the total bandwidth and smooth 

upgrade to higher bandwidth guaranteed services. [11] 

 

An intense research work has been carried out in WDM PON for DBA applying different 

algorithm. The deployment of several architecture have raised the data carrying capability and 

system reach. The research work is carried and examined using gate logic. The rest of the paper 
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is organised as section 2 describes about passive optical networks, section 3 says about 

simulation methodology carried out, section 4 says about the performance analysis,  section 5 

gives a brief about results and discussions, section 6 says about conclusions and last the 

references. 

 

2.Passive Optical Networks 

 

 Optical networks can transport large amounts of data over long distances without much 

attenuation. However with the ever increasing demand for more capacity at a lower cost, 

researchers have tried to find a viable solution and have succeeded in finding one in Passive 

Optical Networks. PON is a point-to-multipoint optical network with no active elements in the 

signals’ path from source to destination. The elements used in PON are all passive (combiners, 

couplers, and splitters).It is also known by the following names: subscriber network, “last 

mile”/”first mile”, local loop. 

 

 The "last mile" or "last kilometer"is the final leg of delivering connectivity from a 

communications provider to a customer. The phrase is therefore often used by the 

telecommunications and cable television industries. The actual distance of this leg may be 

considerably more than a mile, especially in rural areas. It is typically seen as an expensive 

challenge because "fanning out" wires and cables is a considerable physical undertaking. 

Because the last mile of a network to the user is also the first mile from the user to the world in 

regards to sending data (such as uploading), the term "first mile" is sometimes used. 

 

PON has the advantages of longer distances between central offices and customer premises. 

Minimizes fiber deployment in both the local exchange and the local loop.Allows for 

downstream video broadcasting. No need of installing multiplexers and demultiplexers in the 

splitting locations. Easy upgrades to higher bit rates or additional wavelengths. 
 

PON Architecture 

Fig 1.Shows the architecture of PON. A Passive Optical Network consists of an Optical 

Line Terminator (OLT) located at the Central Office. Set of associated Optical Network Units 

(ONUs) or Optical Network Terminals(ONTs) located at the customer’s premise. Optical 

Distribution Network(ODN) comprised of fibres and passive splitters or couplers for 

connectivity. 

 

WDM PON Architecture 

 

In most WDM-PON systems, a broadband light source at the central office sends a signal 

into the OLT transmitters to lock their transmission to the correct wavelength as their data are 

transmitted down the main fiber. At the de multiplexer in the field, this signal gets split into 

different fibers, one wavelength going to each fiber. Each fiber leads to a separate ONT, where 

the seed wavelength locks the receiver to its correct wavelength. This architecture requires no 

tunable lasers at the ONT site. Fig 2 shows the architecture of WDM PON.  
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Fig 1. PON Architecture 

 

The largest system change compared to other PON architectures comes at the OLT. Since 

each subscriber gets the benefit of a full wavelength to their home, this also requires that each 

subscriber has their own dedicated transceiver in the OLT as well.The figure 2 shown below 

shows a typical WDM-PON configuration. ONU k (k = 1 to n) emits the upstream signal. A 

power splitter/router is typically used as the optical branching device 

 

The most unique feature of this architecture is that point-to point communication is 

facilitated between IF k and ONU k logically. Therefore, this type of WDM-PON system is 

sometimes called the “virtual point-to-point” system 

 
Fig2.  WDM PON Configuration 

PON system Design 

 

An optical system which supports data and video signals was designed to check its 

performance. Fig3. Shows the basic block diagram of the layout. 
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Fig3.Design of  PON system 

WDM PON System Design 

In the designing of the WDM PON model, the data and the video transmitter and receiver 

used are similar to the transmitter and receiver in the simple PON model. Here a Wavelength 

Division Multiplexer is used to combine signals at the transmitter end and a Demultiplexer is 

used at the receiver end.  
 

WDM technology uses multiple wavelengths to transmit information over a single fiber. 

A WDM multiplexer combines optical signals transmitted at different wavelengths depending on 

their service provided. From the fig 4. it is seen that fiber lines carrying signals which are of 

different wavelength (λ1, λ2….λN) are sent to the optical multiplexer which combines all these 

signals and then sends the combined signals through the optical fiber line.     

 

WDM Demux performs the reverse operation of the WDM Mux. The mxed signal after 

having traversed through the optical fiber line is passed through the WDM Demux whose 

function is to separate the signal into its individual wavelengths. 
 

 
Fig 4. Design of WDM PON system 

 

WDM is further extended to Coarse WDM and Dense WDM: 

 

 Coarse WDM (CWDM) has wider channel spacing (20 nm). 
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 Dense WDM (DWDM) has dense channel spacing (0.8 nm) 

 

 Thus multiple signals can be passed over a single fiber thereby significantly reducing the 

number of components required to transmit. As a result this system becomes very cost effective.   

Performance Evaluation /Simulation Methodology 

 

Quality of service of WDM-PON and DBA WDM-PON are recorded and the results are 

compared to check the performance level to show that DBA WDM-PON is better than the WDM 

PON. 

 

 The WDM PON model was studied extensively for 4, 8, 16, 32 users. It was also 

extensively studied for varying fibre lengths of 25km, 50km and 100km. 

  

 Fixed parameters were used: 

 1) Bit Rate 10 Gbits/s  

2) Transmitter Signal Power 10dBm.  

The performance of the systems were studied using 3 parameters: 

 

o Bit Error Rate (BER):In digital transmission, the number of bit errors is the number of 

received bits of a data stream over a communication channel that have been altered due to noise, 

interference, distortion or bit synchronization errors. The bit error rate or bit error ratio (BER) is 

the number of bit errors divided by the total number of transferred bits during a studied time 

interval. 

o Signal to Noise Ration (SNR): It is defined as the ratio of signal power to the noise 

power corrupting the signal. A ratio higher than 1:1 indicates more signal than noise. 

 

o Q Factor:The optical Q is equal to the ratio of the resonant frequency to the bandwidth 

of the cavity resonance. It is also defined as the ratio of the stored energy to the energy 

dissipated in the fiber. The strength of the signal transmitted over the fiber is directly 

proportional to the Q Factor.  
 

Passive Optical Network 

BER Tabulation: 

No. Of ONUs /Fiber 

Length(Km) 

25 50 100 

4 1.02754e-6  7.25233e-6  3.28351e-5 

8 7.34394e-5  0.000276053  0.00159077 

16 7.83231e-5  0.000359198  0.00292094 

32 8.22394e-5  0.000776053 0.00159077 

 

Table 5. BER of the PON system for different users and different lengths 
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Table 5 shows the values of  Bit error rate obtained when simulating PON using different 

users and for different values. It reveals that as distance and no of users increases the BER value 

decreases. 

 

Q Factor Tabulation: 

 

Table 6 shows the values of  Q factor obtained when simulating PON using different 

users and for different values. It reveals that as distance and no of users increases the Q factor 

value decreases. 

 

 

 

 

 

 

 

 

 

 

Table 6.Q Factor of the  PON system for different users and different lengths 
 

SNR Tabulation: 
 

NO OF ONUS /FIBER 

LENGTH(KM) 

25 50 100 

4 4.69209 4.28676 3.98654 

8 3.72975 3.39686 3.12859 

16 3.71399 3.32875 2.98344 

32 3.66393 3.10929 2.83087 

 

Table 7.SNR of the PON system for different users and different lengths. 
 

Table 7 shows the values of  SNR obtained when simulating PON using different users 

and for different values. It reveals that the SNR value decreases, as distance and no of users 

increases.  

 

WDM Passive Optical Network. 
 

BER Tabulation: 

 

 

 

 
 

NO OF ONUs /FIBER 

LENGTH(km) 

25 50 100 

4 4.69209 4.28676 3.98654 

8 3.72975 3.39686 3.12859 

16 3.71399 3.32875 2.98344 

32 3.66393 3.10929 2.83087 
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NO.OF ONUs / 

FIBERLENGTH(Km) 

25 50 100 

4 8.6729e-10  1.8457e-7  0.00010694 

8 8.2059e-10  2.76389e-7  0.00139942  

16 3.61919e-10  7.96755e-7  0.02412861 

32 6.16815e-10  8.72217e-6  0.04234723 

 

Table 8.BER of the WDM PON system for different users and different lengths . 

 

Table 8 shows the values of  Bit error rate obtained when simulating WDM PON using 

different users and for different values. It reveals that as distance and no of users increases the 

BER value decreases but when comparing with the PON it gives better performance. 
 

Q FACTOR Tabulation: 

NO OF ONUs /FIBER 

LENGTH(km) 

25 50 100 

4 5.9759  5.04412  3.69096  

8 5.98516  4.96857  3.8478  

16 6.1128  4.76497  1.92229  

32 6.03085  4.2704  0.003245 

 

Table 9.Q Factor of the WDM PON system for different users and different lengths. 
 

Table 9 shows the values of  Q factor obtained when simulating WDM PON using 

different users and for different values . It reveals that the Q factor value decreases as distance and 

no of users increases, but when comparing with the PON it gives better performance. 

 

SNR Tabulation: 

NO OF ONUs /FIBER 

LENGTH(Km) 

25 50 100 

4 45.908415 35.902776 15.900994 

8 39.887815 29.882176 9.8803938 

16 35.861883 23.861576 3.8597939 

32 29.841283 17.840976 1.2789345 

 

Table 10.SNR of the WDM PON system for different users and different lengths. 
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Table 10 shows the values of  SNR obtained when simulating WDM PON using different 

users and for different values . It reveals that the  SNR value decreases as distance increases and 

no of users increases, but when comparing with the PON it gives better performance 
 

Comparison of PON with WDM PON 
 

No of ONUs 

/ 

fiber length 

(km) 

PON system WDN PON system 

25 50 100 25 50 100 

BER 4.24577e
-9

 5.79781e
-6

 2.53845e
-4

 9.27579e
-9

 1.49085e
-7

 2.0273e
-5

 

Q Factor 5.6813 3.69071 3.40385 5.96499 5.08632 4.10069 

SNR 32.533 31.76 19.308 57.94 47.94 27.94 

 

Table 11. Comparison of PON and  WDM PON system for different users and different lengths. 
 

 

Table 11. shows the Comparison Table values  obtained when simulating PON and 

WDM PON using different users and for different values. It reveals that as distance and no of 

users increases it gives better performance when comparing with the PON. 

 

CONCLUSION 

 

The simple PON and WDM PON systems were successfully designed using 

OPTISYSTEM software. The results conclusively show that out of the systems the WDM PON 

system offered the best performance.Based on the tabulation study it could be concluded that the 

WDM PONprovided a better BER than PON system performance. Similarly the Q factor and the 

SNR ratio in WDM PON is better than traditional PON system. Thus, in conclusion, it can be 

stated that a WDM PON system performancedecreases as number of ONU’s increases and the 

distance of the fiber increases. So to avoid that pre amplifiers and post amplifiers can be used in 

future design to obtain optimum performance. This can be done as a future scope of the project. 
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