
Australian Journal of Basic and Applied Sciences, 7(12) Oct 2013, Pages: 294-299 

 

AENSI Journals 

Australian Journal of Basic and Applied Sciences  

 

Journal home page: www.ajbasweb.com 

 

 

Corresponding Author: Farhat Shaltami, Department of Electrical, Electronic and Systems Engineering Faculty of 

Engineering and Built Environmen, University Kebangsaan Malaysia 43600  UKM Bangi, 

Selangor, Malaysia 

Principles and Issues of Colorless WDM-PON 

 
1
Mohammad Syuhaimi Ab-Rahman, 

2
Farhat Shaltami

 
 

 
1Department of Electrical, Electronic and Systems Engineering Faculty of Engineering and Built Environment, University Kebangsaan 

Malaysia 43600  UKM Bangi, Selangor, Malaysia.  
2Department of Electrical, Electronic and Systems Engineering Faculty of Engineering and Built Environment, University Kebangsaan 

Malaysia 43600  UKM Bangi, Selangor, Malaysia. 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 

Received  18 September 2013 

Received in revised form 18 

November 2013 

Accepted 20 November 2013 

Available online 4 December 2013 

 

Key words: 

Colorless WDM-PON, passive 

optical networks, semiconductor 

optical amplifier SOA. 

 

 As the demand for higher bandwidth and speed increases, a reliable and cost-

effective wavelength division multiplexing-passive optical network (WDM-PON) is 

required. Colorless WDM-PON is a cost-savings solution and effective topology. In 

this paper, we review the colorless schemes and colorless optical sources. Colorless 

optical network unit (ONU) can be categorized into two categories: (i) self-emitting 

and (ii) seeding light. Self-emitting can be applied under two schemes: (i) tunable 

laser diode and (ii) spectrum slicing. While the other category, seeding light, can be 

applied under three different schemes: (i) injection locking, (ii) loop back and (iii) 

re-modulation. A low cost optical source has become the biggest challenge to realize 

colorless WDM-PON scheme. We discuss the advantages and the limitations of 

each scheme. Besides, we explain the properties of these schemes. 
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INTRODUCTION 

 

As the services provided via Internet increase, the demand for high speed and large bandwidth networks is 

growing rapidly. As a result, this growth has opened the opportunity to a broadband access network based on 

fiber-to-the-office and fiber-to-the home (Chang-Hee, Lee, 2009 ; Sengda, Tu et al, 2011). This development 

will certainly speed up from now on due to more progress in content delivery, video on demand and IP TV 

services (Iwatsuki, K. and Kani, J. I, 2009). Furthermore, high definition HD video services are growing with a 

requirement of higher data speeds and symmetric bandwidth (Chang-Hee, Lee, 2009). In addition, interactive 

gaming is becoming an attracting object rapidly, which requires a wide bandwidth and high speed. 

In term of economy growth, internet service is an important factor these days. In Malaysia, as a developing 

country, economy transformation plan is taking place. The country focuses on 12 National Key Economic Areas 

(NKEAs) and one of the focuses is on the improvement of  information and communication technologies 

(Unknown, 2010a). In order to achieve this goal, Malaysia deployed the FTTH network to increase the 

bandwidth and the speed of the internet service (Unknown, 2010b).   

All these services need scalable and flexible access networks. The WDM-PON network attracts the interests 

to provide high speed data with large bandwidth and improve personal communications. Wave-length-

multiplexing is a very promising technique for the next generation optical access networks (Payoux, F. et al, 

2007). It increases the capacity of the network by using different wavelength carriers and every wavelength can 

carry 40 Gbits/s. With total of 80 wavelengths, the whole network is able to transmit 3 Tbits/s (Iwatsuki, K. and 

Kani, J. I, 2009). This huge capacity network becomes more reliable with passive optical network (PON), 

because PON has no active elements in the outside plant. Therefore, WDM has been applied in PON to achieve 

a high capacity (Chang-Hee, Lee, 2009). 

While the IP traffic is booming, customers are not enthusiastic to pay more for the improved network. 

Therefore, the implementation cost has become the main issue for the service provider to improve the network 

services. As PON provides high capacity, it is also a cost-effective solution because it does not contain any 

active elements. Besides, increasing the splitting ratio of the power splitter of the PON can increase the number 

of clients which keep the cost per client low. However, power splitting requires high power consumption to 

guarantee a good quality of service (QoS) (Chang-Hee, Lee, 2009).   The improvement of the capacity and data 

rate of the network must respect the cost effect to meet the desired QoS with minimal cost. 
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There are few schemes introduced to make WDM-PON becomes more reliable, in term of operation and 

maintenance. One of these schemes is called colorless. In this scheme, the ONU is nonspecific wavelength. In 

other words, the optical network unit (ONU) does not depend on a particular wavelength in the network. This 

property gives the network flexibility in operation and maintenance. Besides flexibility, colorless is a cost 

solution. Hence every ONU has the same equipments and mass production is possible. The mass production 

decreases the cost of the unit which makes it cost effective. There are many studies on colorless schemes to 

make it more efficient.  

In this paper, we discuss and review different colorless techniques. The rest of this paper is organized as 

follows: in Section II we show in details the main categories of colorless technology. In Section III we go 

through the optical sources and modulators in colorless WDM-PON. The last section is the conclusion.  

 

Colorless Technologies Architecture: 

It is challenging to realize colorless optical network unit ONU. In colorless technology, ONU must not be 

wavelength specific.  The designer also must take in account the cost and other technical issues, such as the back 

reflection, beat noise and SNR.  Therefore, designing a reliable and efficient architecture is the main scope of 

many researches (Chang-Hee, Lee, 2009 ;  Iwatsuki, K. and Kani, J. I, 2009). In those researches, many schemes 

have been proposed to achieve colorless ONU. 

Fig. 1 summarizes the main categories of colorless technologies. The main two categories of colorless are 

self-emitting scheme and seed light scheme. The first scheme, self emitting, can be realized either by tunable 

laser diode approach or based on spectrum slicing. The other scheme, seed light scheme can be achieved by 

injection locking, loop back or based on re-modulation. In this section, we will describe the principles of these 

categories.  

 

 
 

Fig. 1: Categories of colorless schemes 

 

In self-emitting category, as in any typical ONU, the optical unit emits the upstream wavelength by a light 

source in the unit. The process of selecting the wavelength takes place externally by either filtering the light 

spectrum in the remote unit or through configuration during the installation. The two schemes of self-emitting 

category have been proposed in many literatures (Iwatsuki, K. and Kani, J. I, 2009 ; Kaneko, S. et. Al, 2006) .  

 

Based on Tunable laser Diode: 

The most traditional way to have a nonspecific wavelength ONU is to install a tunable laser diode as a light 

source. In this scheme, the wavelength of the ONU is configured during the installation stage, which provides a 

sufficient flexibility to the ONU. In other words, the similarity between the neighborhood’s wavelengths can be 

easily avoided.  In order to ensure stable laser operation, the modulation scheme in this case is preferred to be 

external. While the direct laser modulation is not used. 

 On the other hand, the cost of the tunable laser diode as a component is high, even if the performance of 

this scheme is considered the best, whereby the performance of this scheme can reach up to 10Gbps (Chang-

Hee, Lee, 2009). 

 

Based On Spectrum Slicing: 

Another category of self-emitting is spectrum slicing. This scheme is considered as a flexible and low cost 

scheme for colorless technologies (Kaneko, S. et. Al, 2006). In this scheme, the light source in the ONU is a 
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broadband light source. The light spectrum is sliced into a narrowband channels. Then, this spectrum passes 

through either a WDM or a wavelength selector (WS) at the remote node to pass only one channel. The rest of 

the spectrum is wasted as shown in Fig 2.  

 

 
Fig. 2: colorless topology based on spectrum slicing  

 

The wavelength on every ONU is decided by the remote node.  The light source in this scheme is mostly a 

LED.  the broadband light source in this scheme was proposed  by the earliest researches (Chapuran, T. E. et. 

Al, 1991).  Then, the researchers proposed a centralized scheme which implements the light source in the central 

office CO (Bo Zhang et. al, 2006). In a centralized scheme, the ONU receives the sliced upstream channel from 

the OLT. The advantages of this scheme are the flexibility and the low cost of the LED light source.  

On the other hand, spectrum slicing has some weaknesses. First, it suffers from beating noise from the 

broadband light source. Besides, dispersion degrades the transmission rate. These weaknesses make this scheme 

performs in data rate of 1Gbps (Payoux, F. et al, 2007), which can be acceptable for a low cost architecture.  

In the seed light scheme, the upstream wavelength is sent to the ONU from the OLT. When the ONU 

receives the seed light, it modulates the signal with the upstream data. To realize this scheme, there are three 

main methods: (i) injection locking, (ii) loop back and (iii) re-modulation.  

 

Based On Injection Locking: 

In injection locking scheme, the ONU has Fabry-Perot laser diode (FP-LD) as a light source. When the seed 

light is injected into the FP-LD, it locks the wavelength of the upstream signal. The seed light can be either laser 

or a narrow channel from the sliced spectrum (Kwanil, L. et. Al, 2007).   

 

 
 

Fig. 3: injection locking scheme using FP-LD 
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The injected light decides the coherency of the light generated by FP-LD. Besides, the coherency of the 

upstream light depends on the locking conditions. This scheme has some weaknesses such as back reflection, 

SNR of the seed light and insufficient locking (Iwatsuki, K. and Kani, J. I, 2009). The data rate of this scheme 

can achieved about 1.25Gbps based on the results published in (Chang-Hee, Lee, 2009). 

 

Based On Loop Back The Seed Light: 

Loop back scheme is based on modulating the seed light received from the OLT and sends it back to the 

ONU. In other words, OLT sends the downstream wavelength, in the same time sends the upstream wavelength 

supply to the ONU. The ONU receives these wavelengths and divides them by WDM to demodulate the 

downstream data and modulate the upstream data.In the ONU side, there are two stages which the wavelength 

supply goes through: (i) amplification and (ii) modulation. Reflective semiconductor optical amplifiers (RSOA) 

can be the amplifier and the modulator is electro-absorption modulator (EAM). Other researches use RSOA 

itself as a modulator because of its low cost (Chien-Hung, Y. et. Al. 2008).   

As in injection locking, the loop back scheme is affected by back reflection and the SNR of the seed light. 

However, using RSOA as modulator can upgrade the performance up to 5Gbps or even 10Gbps with EAM. 

 

Based On Re-Modulation: 

Re-modulation scheme has been known as a low cost solution (Al-Qazwini, Z. 2011). Similar to the loop 

back scheme, re-modulation scheme also loops back the wavelength originating from the OLT. The technical 

difference is reusing the downstream wavelength instead of sending different wavelength as a supply as shown 

in Fig. 4. 

In ONU side, there is a power splitter to split the downstream signal into two parts, one for the receiver and 

the other for the upstream modulator. Two different modulation schemes must be used here, one for downstream 

signal at the OLT and another one for upstream signal at the ONU, to avoid the effect of downstream data on the 

upstream data. Some researches uses saturated semiconductor optical amplifiers SOA to recycle the downstream 

wavelength and produce continues wavelength (CW) as shown in Fig. 5.  

 

 
 

Fig. 4: Re-modulation scheme 

 

The extinction ratio of the downstream signal is high, which affects the modulation of upstream signal. By 

passing the downstream signal through a saturated SOA, the low logic level becomes close to the high logic 

level, which make the signal continues wavelength for upstream modulation (Fu-mei, S. 2010). 

 

Optical Sources And Modulators In Colorless Architecture: 

There are many types of optical sources used in colorless technologies (Chang-Hee, L. 2009). Besides 

optical sources, modulators are being investigated and developed by many researches to achieve better 

performance (Payoux, F. et al, 2007). In this section, optical sources and modulators used in colorless 

technologies are reviewed and discussed.  

Optical sources for colorless technologies can be categorized into three groups. First group is broadband 

light source. This kind of optical sources is used in spectrum slicing colorless scheme. The wide band light 

spectrum provides the ability to choose the unique wavelength for the ONU. The broadband light source can be 

realized by various sources of light such as light emitting diode (LED), super-luminescent laser diode.  Tunable 
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laser diode is the second type of the light sources used in colorless technology. It can operate with high speed 

data transfer with external modulator.  

The third type of the colorless sources is reflective optical modulator with injected seed light. In this type, 

there must be a seed light injected to the device to emit the wavelength. There are two reflective optical 

modulators, Fabry-perot laser diode (FP-LD) and semiconductor optical fiber (SOA). As modulators, FP-LD 

and SOA are very sufficient for high speed upstream data transfer at ONU. The bitrates with  FP-LD can reach 

up to 1.25 Gbit/s, while SOA is capable to reach the modulation speed 5 Gbit/s (Payoux, F. et al, 2007).   

To achieve 10 Gbit/s data transfer speed, the electro-absorption modulator (EAM) can be used.  EAM has a 

large electrical bandwidth, which makes it an ideal modulator. However, the cost of the EAM becomes a 

disadvantage. Besides, EAM has high insertion losses. Therefore, SOA should be added to compensate losses 

(Payoux, F. et al, 2007). Table 1 shows the differences between colorless schemes and the optical sources used 

in every scheme.  

 
Table 1: comparison between colorless schemes 

Classifications/ 

Performance 

metrics 

Tunable laser 

diode  

Spectrum slicing  Injection locking  Loop back  Re-modulation  

Optical source Tunable laser 

diode 

Broadband light 

source, BLS, 

SLED and LED  

FP-LD any type  Any type 

Optical source place ONU ONU , or CO 

In centralized 

scheme  

ONU, with seed 

light from CO 

CO CO 

Coherency of light Coherent Incoherent Depends on the 

injected light 

Depends on the 

seed light 

Depends on the 

downstream light 

modulator External  external Direct modulation 

at FP-LD 

RSOA or EAM RSOA or external 

Transmission rate 10 Gbps 1Gbps 1.25 Gbps Up to 5Gbps with 

RSOA , up to 

10Gbps with EAM 

External 

modulation which 

different scheme 

Wavelength control Tunable laser 

diode 

Wavelength 

selector 

Wavelength 

selector 

Wavelength 

selector 

Wavelength 

selector 

Technical issues cost Beat noise and 

dispersion 

Back reflection, 

SNR of the injected 

light 

Back reflection, 

SNR of the seed 

light.  

Back reflection, 

SNR of the 

downstream light 

and ER 

cost High cost Low cost Low cost Low cost Low cost 

 

Summary And Future Trends: 

We described and reviewed the colorless WDM-PON. The colorless WDM-PON can be categorized into 

two main categories: (i) self-emitting ONU and (ii) seeding light from OLT. Self-emitting ONU emits the 

upstream signal by either tunable laser diode or by spectrum slicing scheme. Seeding light from OLT consists of 

injection locking scheme, loop back scheme or re-modulation scheme. In this paper, we also discussed the 

optical sources and modulators used in colorless WDM-PON.  

In self-emitting category, tunable laser diode is used as a sufficient light source. However, it has a high cost 

as a component. This issue does not make tunable laser diode a cost solution. This second scheme in self-

emitting category is the spectrum slicing. Spectrum slicing is very efficient as a colorless scheme because of the 

low cost of the light sources used. However, spectrum slicing has some limitation because of beating noise and 

dispersion. In seeding light category, injection locking and loop back schemes provide a solution cost because of 

using low cost reflective semi-conductor sources such as FP-LD and RSOA. On the other hand, the SNR of the 

seed light affect the upstream data transfer. Besides, the back reflection can interfere with the upstream signal. 

In re-modulation scheme, only one wavelength is used for downstream and upstream. This makes r-modulation 

scheme cost-solution. Nevertheless, back reflection and SNR of the downstream signal affect the upstream 

signal. 

Future trends of colorless ONU are as follows: 

1) Designing colorless ONU for fiber to the home passive optical network (FTTH-PON). In this case, the 

wavelength control must be a wavelength selector at the ONU, while the network is power-splitting-based. 

2) Developing a low cost light source. For example, the amplified spontaneous emitting spectrum (ASE) 

of the erbium doped fiber amplifier EDFA can be sliced and used as a colorless light source. 
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