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Abstract— Linear and non-linear impairments are the major problems that 

affected the dense wavelength division multiplexing (DWDM) system 

performance. In this simulation designs, two different compensation techniques 

have been proposed to eliminate signal impairments. The repeater technique 

was proposed to reduce non-linear effects like four-wave mixing (FWM) which 

cause transfer power from DWDM channels to another new channels. The 

dispersion compensation fiber (DCF) technique was used to reduce dispersion 

effects which cause signal pulse broadening over long transmission distances. 

Also, three different modulation formats and four frequency separations were 

used to determine which modulation scheme is more compatible with the 

compensation techniques. The results is calculated in term of quality factor 

against power and noetic that the carrier suppressed return to zero (CSRZ) 

format offers the best performance with the DCF technique with 32.1804 Q-

factor at 15dBm threshold power then, the differential phase shift keying 

(DPSK) format is compatible with the repeater technique with 27.7959 quality 

factor and 14dBm threshold power.   

Index Terms— Dense Wavelength Division Multiplexing (DWDM), Dispersion Compensation 

Fiber DCF, Repeater, and Non-linear Effects. 

I. INTRODUCTION 

Recently, optical communication systems have experienced massive growth in system capacity, 

transmission distance, and the number of users [1],[2] . The dense wavelength division multiplexing 

(DWDM) technique has been proposed for transmitting multiple optical signals over long distances and 

large bandwidth utilized with a narrow frequency separation between channels [3] [4]. The optical 

signal is degraded due to linear and non-linear effects. The linear impairment is classified as attenuation 

and dispersion. The signal is attenuated when the optical power is lost over a long transmission distance. 

Optical amplifiers were proposed for amplifying the distorted signal and processing the attenuation 

problems [5], [6]. The dispersion is caused by pulse broadening of the optical spectrum when the signals 

are transmitted over a long transmission distance at different speeds and this makes some signals arrive 

before others [7], [8]. The dispersion compensation fiber (DCF) is an essential technique to reduce the 

dispersion problem by inserting negative dispersion to make the mean value close to zero [9], [10]. The 

non-linear impairments are classified into two categorize the first is due to non-linear scattering effects 

such as stimulated Raman scattering (SRS) and stimulated Brillouin scattering (SBS) and the second is 

due to nonlinear refractive index which called the Kerr effects like four-wave mixing (FWM), self-

phase modulation (SPM) and, cross-phase modulation (XPM) [11],[12]. There are different techniques 

were proposed to reduce non-linear problems like unequal channels spacing, the choice of modulation 

formats, and the repeater technique [13], [14]. 
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In this paper, The Dense WDM technique was proposed with four channels spacing (25GHz, 

50GHz, 100GHz, and 150GHz) and three different modulation formats (carrier suppressed return to 

zero (CSRZ), differential phase shift keying (DPSK), and intensity modulations) to reduce linear and 

nonlinear impairments using repeater and DCF techniques. Fig. 1 below shows the optical links 

proposed in the simulation designs.      

 

 

FIG. 1. BLOCK DIAGRAM OF NETWORK FRAME WORK USING REPEATER AND DCF TECHNIQUES. 

II. SIMULATION SETUP 

The simulation design uses optisystem15 for transmitting a 5Gbps bit rate over a 

400Km distance. At the transmitter port, three different modulation formats (CSRZ, DPSK, 

and intensity modulations) were used for modulating the electrical signal with an optical 

pulse and directed to a 4:1 multiplexer for combining all optical channels. After that, the 

signal was directed to an optical path. There are two optical links proposed in the 

simulation design the first by using the DCF technique and the second by using the repeater 

technique. 

A. Simulation design using the DCF technique 

The signal is directed to the optical link which contains symmetric segments of optical 

fiber, optical amplifier, and DCF. The optical fiber with 25Km length and 0.2dB/Km 

attenuations directed to an optical amplifier with a 5dB gain. When the amplifier gain 𝐺 is 

given by: 

  𝐺 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
                                                                                                                    (1) 

where  𝑃𝑜𝑢𝑡  and 𝑃𝑖𝑛 is output power and input power. Then, the signal was directed to 

the DCF with a 5Km length and -83.75ps.nm-1.Km-1 negative dispersion value to reduce the 

chromatic dispersion caused by propagation delay difference between spectral components. 

When the chromatic dispersion 𝐷𝐶  of single mode fiber (SMF) is given by: 

  𝐷𝐶 = 𝐷𝑀 + 𝐷𝑊                                                                                                         (2) 

 𝐷𝑀 =
𝜆

𝑐
⎸

𝑑2𝑛

𝑑𝜆2 ⎹ 

 𝐷𝑊 = −(
𝑛1−𝑛2

𝜆𝑐
)𝑉

𝑑2𝑉𝑏

𝑑𝑉2  

where 𝐷𝑀 is material dispersion when 
𝑑2𝑛

𝑑𝜆2 ≠ 0, and  𝐷𝑊 is waveguide dispersion when 

𝑑2𝛽

𝑑𝜆2 ≠ 0 and 𝛽 is propagation constant, 𝜆 is wavelength, 𝑐 is speed of light, 𝑛1 and 𝑛2 is 

core and cladding refractive index, 𝑉 is normalized frequency for the SMF and 𝑏 is 

https://doi.org/10.33103/uot.ijccce.23.3.8


92 

 

Received 25/December/2022; Accepted 14/February/2023

  

Iraqi Journal of Computers, Communications, Control & Systems Engineering (IJCCCE), Vol. 23, No. 3, September 2023             

DOI: https://doi.org/10.33103/uot.ijccce.23.3.8 

 
normalized propagation constant [15]. The negative dispersion value of DCF can calculate 

by: 

𝐷𝐷𝐶𝐹 = −
𝐷𝑆𝑀𝐹𝐿𝑆𝑀𝐹

𝐿𝐷𝐶𝐹
                                                                                                                 (3) 

where 𝐿𝑆𝑀𝐹  and 𝐿𝐷𝐶𝐹   is the length of SMF and DCF[16], [17] The descriptions of 

the main parameters value of the DCF simulation design are proposed in the Table I.  

TABLE I. THE MAIN PARAMETER OF DCF SIMULATION DESIGN 

Parameters Values 

Bit Rate 

WDM 

5Gbit/s 

Number of Channels: 4 Channels 

SMF Length: 400Km 

Attenuation:0.2dB/Km 

Dispersion: 16.75ps/nm/Km 

Dispersion Slope: 0.075ps/nm^2/Km 

DCF Length: 5Km 

Attenuation: 0.2dB/Km 

Dispersion: -83.75ps/nm/km 

DispersionSlope:  16.75ps/nm^2/Km 

Optical Amplifier Gain: 5dB 

Noise Figure: 4dB 

 

Fig. 2, shows the simulation design of CSRZ modulation formats with 4 DWDM channels using 

DCF technique. 

 

 

FIG. 2. BLOCK DIAGRAM OF CSRZ MODULATION FORMATS USING DCF TECHNIQUE. 

B. Simulation design using the repeater technique 

At the repeater technique, the optical path consists of four symmetric segments of SMF 

and an optical amplifier with a repeater in the middle. The signal is directed to an optical 

fiber with 100Km length and 0.2dB/Km attenuation and then, switched to the amplifier with 

20dB gain. After that, the repeater is converted the optical signal to an electrical signal for 

processing and retransmitting through the optical path. Table II, below was describes the 

main parameters value of the repeater simulation design. 
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TABLE II. THE MAIN PARAMETER OF REPEATER SIMULATION DESIGN 

 

Parameters Values 

Bit Rate 

WDM 

5Gbit/s 

Number of Channels: 4 Channels 

SMF Length: 400Km 

Attenuation:0.2dB/Km 

Dispersion: 16.75ps/nm/Km 

Dispersion Slope: 0.075ps/nm^2/Km 

 Repeater Modulation Format: NRZ 

Power: Variable 

Optical Amplifier Gain: 20dB 

Noise Figure: 4dB 

 

Fig. 3, and Fig. 4 below describe the simulation design of the repeater technique with 

DPSK modulation format.  

 

 

 

 

 

 

 

 

 

 

FIG. 3. BLOCK DIAGRAM OF DPSK MODULATION FORMATS USING REPEATER TECHNIQUE. 

 

 

 

 

 

 

 

 

 

 

 

FIG. 4. MODULATION FORMAT OF REPEATER TECHNIQUE. 
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At the receiver port, the demultiplexer distributes the optical signal between 4 channels 

every channel accepts a specific wavelength and then, is directed to an optical receiver for 

conversion optical signal to an electrical pulse. There are two types of optical receivers 

proposed in these designs according to compatibility with modulation formats. The first is 

the DPSK receiver was proposed for receiving the DPSK transmitter signal, and the second 

is the PIN photodiode was proposed for receiving the signal of CSRZ and intensity 

modulation formats. Finally, the signal is directed to the 3R-regenerator and eye diagram 

analyzer for calculating the quality factor of the signal at the range value of input power. 

III. RESULTS AND DISCUSSION 

Two transmission techniques were proposed for transmitting data over 400Km distance 

with 4 channels DWDM and three different modulation formats (CSRZ, DPSK, and, 

intensity modulations) to evaluate the system's performance in terms of quality factor 

versus power. The DCF is an essential technique to reduce dispersion effects especially, 

chromatic dispersion (CD) by using optical fiber with a negative dispersion value. The DCF 

length and position play a key role in overcoming dispersion problems. A small amount of 

dispersion is required to reduce non-linear effects especially, the FWM effect [18]. The 

repeater technique was proposed to minimize the non-linear effects like FWM as much as 

possible by retransmitting the optical signal with a range of optical power values [19], [20]. 

A. The results of the DCF technique 

Table III shows the maximum Q-factor for 4 DWDM channels with three different modulation 

formats and variable channels spacing (150, 100, 50, and 25GHz) using the DCF technique.  

TABLE III. MAXIMUM QUALITY FACTOR VALUE OF DWDM USING DCF TECHNIQUE 

Channels Spacing CSRZ Intensity Modulation DPSK 

150GHz 

100GHz 

50GHz 

25GHz 

27.795 

22.407 

19.017 

32.180 

21.486 

17.721 

12.238 

7.8885 

10.042 

9.7593 

9.2638 

5.3629 

 

Fig. 5, below shows the performance evaluation of 4 DWDM channels using CSRZ, NRZ-DPSK, 

and RZ-intensity modulations with 150GHz channel spacing in a term of quality factor versus power. 

The quality factor reaches the maximum point at a specific power value called threshold power. After 

that, the quality factor decreases with power due to non-linear effects. From this figure, the return to 

zero (RZ) modulation formats offer the best performance compared with the non-return to zero (NRZ) 

formats because the RZ operates at large input power, small intersymbol interference, and high 

sensitivity. For 4-WDM channels, CSRZ has the best performance with 27.795 Q-factor at 14dBm 

power this is because the CSRZ is not affected by non-linear impairments and operates at high threshold 

power which supports the increased distance between transmitter and receiver. For intensity 

modulation, the Q-factor value is 21.486 at 13dBm power, and the lowest value at DPSK modulation 

with 10.042 quality factor at 12dBm power this is because the NRZ-DPSK modulation format has 

affected by signal non-linear effects especially, non-linear phase noise. The DPSK performance 

degrades with increasing distance between transmitter and receiver.    
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FIG. 5. Q-FACTOR VERSUS INPUT POWER FOR DIFFERENT MODULATION TYPE USING 150GHZ CHANNEL SPACING. 
 

Fig. 6, shows the performance analysis of three modulation formats with 100GHz 

channels spacing. The system capacity and bandwidth utilization increase with reduced 

frequency separation between channels. The CSRZ corresponds with reducing channels 

spacing because it improved dispersion tolerance and minimized the non-linear effect by 

reducing spectral width [21]. The CSRZ offers the maximum value with 22.407 Q-factor at 

15dBm, then the intensity modulation with 17.721 at 13dBm power, and the DPSK format 

has a lower value with 9.7593 at 12dBm power. 

     

    
 

FIG. 6. Q-FACTOR VERSUS INPUT POWER FOR DIFFERENT MODULATION TYPE USING 100GHZ CHANNEL SPACING. 
 

Fig. 7, describes the DWDM performance at 50GHz channels spacing. There are many advantages 

to reducing the separation between channels such as capacity increase, large bandwidth utilized, and 

saving cost. Although, system performance is degraded by reducing channels spacing due to 

interference between multiple optical signals. For the 4-DWDM simulation design, the CSRZ format 

has the best value of 19.017 Q-factor at 16dBm Q-factor then the intensity modulation with 12.238 Q-

factor at 11dBm power, and the DPSK modulation has the worst performance with 9.2638 Q-factor at 

9dBm power. 
 

  

FIG. 7. Q-FACTOR VERSUS INPUT POWER FOR DIFFERENT MODULATION TYPE USING 50GHZ CHANNEL SPACING. 
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At Fig. 8, we reduced the separation between channels to 25GHz for three different modulation 

formats. In these designs, the CSRZ offers superior performance because CSRZ is compatible with the 

narrow optical spectrum and offers the best tolerance for chromatic dispersion, and minimizes the FWM 

effects. For 4-DWDM channels, CSRZ comes in the first level with 32.81 Q-factor with a high threshold 

power 17dBm then the intensity modulation with 7.8885 quality factor and 8dBm power. The DPSK 

format comes in last with a 5.3629 Q-factor and 8dBm threshold power. From these threshold power 

values find that the CSRZ format is compatible with increased power to a high level which leads to an 

increase in the distance between transmitter and receiver.            

 
 

FIG. 8. Q-FACTOR VERSUS INPUT POWER FOR DIFFERENT MODULATION TYPE USING 25GHZ CHANNEL SPACING. 

When a comparison between different frequency separations. I believe the 25GHz channels 

spacing offers maximum bandwidth utilization and high Q-factor with large threshold power for CSRZ 

format. However, it provides a small Q-factor with low threshold power for DPSK and intensity 

modulations. The 50GHz frequency separation provides high bandwidth utilization with the capacity 

upgrade but it has some drawbacks like interference between optical signals and non-linear effects. The 

100GHz channel spacing provides acceptable performance for both CSRZ and intensity modulations. 

The 150GHz spacing has a maximum quality factor and large threshold power but, it experiences 

bandwidth loss between channels and small system capacity.    

Table IV, provides a comparison between this simulation design and other previous designs for 4 

DWDM channels and the DCF technique in terms of transmission length, modulation formats, and 

system performance.   

TABLE IV. COMPARISON BETWEEN SIMULATION DESIGN WITH PREVIOUS DESIGNS USING DCF TECHNIQUE    

Parameters Our Design 
Meena and Pramod 

Design [4] 

Meena and Deepika 

Design [22] 

Modulation Formats 
CSRZ, DPSK, and Intensity 

Modulation 
RZ and NRZ formats RZ, NRZ, and Gaussian 

Channels Spacing 150, 100, 50, 25GHz 100GHz 100GHz 

Channels Number 4 4 4 

Fiber Length 400Km 150Km 150Km 

Bit Rate 5Gbps 10Gbps 8Gbps 

Quality Factor 

32.18 with CSRZ Format 

21.18 with Intensity Modulation 

10 with DPSK Format 

9.16 with NRZ Format 

16.3 with RZ Format 

 

10.77with NRZ Format 

33.7 with RZ Format 

21.12 with Gaussian 
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B. The results of repeater technique 

The repeater and DCF techniques were proposed for transmitting 4 DWDM channels at three 

different modulation formats and four different channels spacing. Fig. 9 below shows that the repeater 

technique offers a special performance for the DPSK modulation format with 20.7913 quality factor 

and 14dBm power this is because the repeater technique was proposed to reduce non-linear effects like 

non-linear phase noise of DPSK formats. The DCF has ten order lower performance than the repeater 

technique with a 10.0425 quality factor and 15dBm power.   

 
 

FIG. 9. PERFORMANCE ANALYSIS OF DPSK MODULATION WITH 150GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 

       Fig. 10, shows the performance of CSRZ modulation formats with 150GHz channel spacing. For 

4 channels, the DCF offer a best performance with 27.7959 quality factor at 14dBm power. The high-

quality factor of DCF because there are 16 segments of DCF were used in system design. then the 

repeater offers a worst performance with 11.9095 quality factor and low (3dBm) threshold power. The 

poor performance of repeater technique is due to use only on repeater on the system design. 

 

 
 

FIG. 10. PERFORMANCE ANALYSIS OF CSRZ MODULATION WITH 150GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 

Fig. 11, describes the performance of the intensity modulation format at 150GHz 

spacing. For simulation design, the DCF Q-factor was higher by 9 orders than the repeater 

with 21.4862 Q-factor for DCF at 14dBm power and 12.5623 for the repeater at 4dBm 

power.  Although, the repeater technique operates over a wide range of optical power.    
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FIG. 11. PERFORMANCE ANALYSIS OF INTENSITY MODULATION WITH 150GHZ CHANNEL SPACING USING REPEATER AND 

DCF TECHNIQUES. 

Fig. 12, shows the DPSK performance with reducing channels spacing to 100GHz.  

When a comparison between DCF and repeater performance we found the repeater 

technique has a 20.6517 quality factor at 12 dBm power then, the DCF has a low value of 

Q-factor (8.455), and the DCF power increase by two orders than the repeater technique. 

The NRZ-DPSK has a low-quality factor with the DCF technique because it affects by non-

linear impairments.      
 

 
 

FIG. 12. PERFORMANCE ANALYSIS OF DPSK WITH 100GHZ CHANNEL SPACING USING REPEATER AND DCF TECHNIQUES. 

The performance of the CSRZ modulation format was described in Fig. 13 with 100GHz channels 

spacing.   The DCF has the best performance with a 22.4074 quality factor at 15dBm power then the 

repeater has the worst performance because only one repeater is used in the simulation design. The 

repeater has a 12.1323 quality factor with a threshold power low by 12 orders than the repeater 

technique.    

 

FIG. 13. PERFORMANCE ANALYSIS OF CSRZ WITH 100GHZ CHANNEL SPACING USING REPEATER AND DCF TECHNIQUES. 
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At Fig. 14, we describe the performance of intensity modulation at 100GHz frequency separation. 

For 4 channels the 17.721 quality factor of the DCF technique has a 5 orders higher value than the 

quality factor of the repeater when the threshold power of a DCF is 10dBm and 2dBm for the repeater.         

 

 

FIG. 14. PERFORMANCE ANALYSIS OF INTENSITY MODULATION WITH 100GHZ CHANNEL SPACING USING REPEATER AND 

DCF TECHNIQUES. 
 

Fig. 15, describes the performance of DPSK formats at 50GHz spacing. After comparison between 

repeater and DCF technique in a term of quality factor against power we found that the repeater has 

large quality factor (11.7283) at 0dBm threshold power compare with DCF Q-factor (9.26388) at 

12dBm threshold power. Typically, At DPSK modulation the Q-factor of repeater is higher than the 

DCF Q-factor because of that the repeater was used for minimize the non-linear phase noise caused by 

DPSK formats. 
 

 

FIG. 15. PERFORMANCE ANALYSIS OF DPSK MODULATION WITH 50GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES.  

Fig. 16, shows the CSRZ performance with 4 DWDM channels and 50GHz frequency 

separation. The DCF has a 19.0171 quality factor when the DCF operates at a high 

threshold power 16dBm and small non-linear effects then, the repeater has an 11.4572 Q-

factor at 4dBm power. 
 

 

FIG. 16. PERFORMANCE ANALYSIS OF CSRZ MODULATION WITH 50GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 
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At Fig. 17, we describe the performance of intensity modulation. The repeater and DCF techniques 

have the same quality factor (12) but at different threshold power (2dBm for the repeater and 9dBm for 

the DCF technique). The DCF has the best performance because it operates at high threshold power and 

makes it compatible with long transmission distances. 

 

 

FIG. 17. PERFORMANCE ANALYSIS OF INTENSITY MODULATION WITH 50GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 
 

Fig. 18, shows the performance of the DPSK modulation format with reducing channel spacing to 

25GHz. The repeater technique has a 7.80234 Q-factor value at 3dBm power then, the maximum Q-

factor value of the DCF technique has 5.36295 at 9dBm power. These values show the DCF has a low 

Q-factor value but high threshold power by 6 orders than the repeater technique. 

 

 

FIG. 18. PERFORMANCE ANALYSIS OF DPSK MODULATION WITH 25GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 
 

Fig. 19, proposes the CSRZ performance at 25GHz channels spacing using DCF and repeater. At 

25GHZ the CSRZ offers superior performance with 32.1804 Q-factor at 15dBm power this is because 

the CSRZ is compatible with narrow optical spectrum then, the repeater technique has 8.6454 Q-Factor 

at low threshold power (-4dBm). 

 

 
 

FIG. 19. PERFORMANCE ANALYSIS OF CSRZ MODULATION WITH 25GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 
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At Fig. 20, we describe the performance of intensity modulation with 25GHz spacing. The 

maximum threshold power degrades with reduced separations between channels. For this design, the 

repeater has a 10.0383 Q-factor for -2dBm power, and the DCF has a 7.8885 Q-factor at 7dBm power. 

 

 
 

FIG. 20. PERFORMANCE ANALYSIS OF INTENSITY MODULATION WITH 25GHZ CHANNEL SPACING USING REPEATER AND DCF 

TECHNIQUES. 

When a comparison between multiple systems designs, I believe that the DPSK 

modulation formats are compatible with the repeater technique because the repeater 

technique was proposed to reduce the non-linear effects of the NRZ-DPSK format. The 

CSRZ formats offer maximum performance with the DCF technique and compatible with 

reducing frequency separation to 25GHz because the CSRZ improves the dispersion 

tolerance. The intensity modulation provides an acceptable performance with DCF and 

repeater techniques.   

Table V below provides a comparison between this simulation design and the previous design for 4 

DWDM channels and the repeater technique in terms of transmission length, modulation formats, and 

system performance. 

TABLE V. COMPARISON BETWEEN SIMULATION DESIGN WITH PREVIOUS DESIGNS USING REPEATER TECHNIQUE 

Parameters Our Design 
Yasseen, Saif. and Hayder 

design  [13] 

Modulation Formats 
CSRZ, DPSK, and Intensity 

Modulation 
NRZ formats 

Channels Spacing 150, 100, 50, 25GHz Unequal Spacing 

Channels Number 4 8 

Fiber Length 400Km 300Km 

Bit Rate 5Gbps 2Gbps 

Quality Factor 

20.79 with 150GHz Spacing 

20.65 with 100GHz Spacing 

11.72 with 50GHz Spacing 

7.80 with 25GHz Spacing 

35 with Unequal Spacing 

 

 

IV. CONCLUSIONS 

The 4-DWDM system was proposed at three different modulation formats (CSRZ, DPSK, and 

Intensity modulations) and four different channels spacing (150, 100, 50, 25GHz) for transmitting 

5Gbps over 400Km distance. Also, there are two optical links were used for reducing different linear 

and non-linear impairments. The repeater technique was used to reduce non-linear problems especially, 

FWM. The DPSK modulation format has the best performance when using the repeater technique with 

a 27.7959 quality factor and 14dBm threshold power. The DCF proposed to reduce dispersion problems 
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especially, chromatic dispersion. The CSRZ modulation format has the best performance at 25GHz 

channels spacing with 32.1804 Q-factor and 15dBm threshold power.  
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