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Abstract 
Stimulated Brillouin Scattering (SBS), a nonlinear optical phenomenon, criti-
cally impacts the performance of high-capacity metropolitan backbone net-
works. In dense wavelength-division multiplexing (DWDM) systems, SBS in-
duces power depletion, signal distortion, and transmission efficiency degrada-
tion, posing significant challenges to network reliability and data throughput. 
This study investigates SBS effects in a metropolitan backbone network using 
OptiSystem simulation software. As modern fiber networks increasingly op-
erate at elevated optical power levels, nonlinear impairments such as SBS 
compromise signal integrity and system scalability. Focusing on an 8-channel 
DWDM architecture over a 30 km G.652.D single-mode fiber link, we evaluate 
SBS threshold power levels under real-world metropolitan network condi-
tions. By integrating theoretical analysis with simulations, we quantify the 
trade-offs between input power, data rates, and their cumulative effects on sig-
nal-to-noise ratio (SNR) and channel capacity. Results demonstrate that SBS-
induced performance degradation intensifies sharply when input power ex-
ceeds a critical threshold, leading to reduced channel fidelity and constrained 
network scalability. This study delivers actionable insights for optimizing 
power budgets and proposes strategies to balance optical power, SNR, and 
transmission reach in metropolitan-scale DWDM deployments. 
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1. Introduction 

In 1972, the Stimulated Brillouin Scattering (SBS) effect in optical fibers was first 
observed by E.P. Ippen and R.H. Stolen [1] [2]. Several research works [3]-[7] 
have been carried on Stimulated Brillouin Scattering in optical fibers. From these 
different works, it appears that the SBS phenomenon presents several drawbacks 
such as limitation in the optical fiber transmission signal distortion, and noise, 
thereby reducing the efficiency and reliability of data transmission [8]. The limi-
tation of the power transmitted due to SBS through optical fibers affects areas such 
as long-haul optical networks, metropolitan optical networks, access networks like 
passive optical networks, fiber lasers and high-power fiber amplifiers [7]. How-
ever, SBS phenomenon finds several applications [9] in areas like Brillouin fiber-
optic sensors, Brillouin lasers, Brillouin amplifiers, slow light, delay lines, pulse 
compression. Recently, several latest generations of International Telecommuni-
cation Union optical fibers have been used for the Brillouin backscattering strain 
sensor application [9]. Optical fibers used in telecommunications and data transport 
networks are standardized under the guidance of several international organizations 
such as International Telecommunication Union (ITU) and the International Elec-
trotechnical Commission (IEC). ITU’s Telecommunication Standardization Sector 
(ITU-T) is developing standards, also known as ITU-T Recommendations, de-
scribing the geometrical properties and transmission properties of multimode and 
single mode fiber optic cables. These ITU-T standards also known as ITU-T Rec-
ommendations for various optical fibers used in telecommunications are ITU-T 
G.651.1, ITU-T G.652, ITU-T G.653, ITU-T G.654, ITU-T G.655, ITU-T G.656, 
and ITU-T G.657 [10]. 

In this work, we study by simulation the effects of the SBS phenomenon in dif-
ferent optical links of a metropolitan network backbone. We consider the practical 
case of a DWMD transmission system deployed on a 30 km consisting of 5 nodes 
fiber optic network in the city of Lome, capital of Togo. This DWDM system con-
sists of 8 channels and each channel operates in the C band at a data rate of 10 
Gbps. The wavelengths of the DWDM system are chosen in accordance with the 
ITU-T G.694.1 standard. Using ITU-T G.652.D optical fiber and varying input 
power levels, we analyse the effects of SBS on signal quality, focusing on modula-
tion formats such as Gaussian, Non-Return to Zero (NRZ) and QAM. The bit rate 
per wavelength of the optical link is set at 10 Gbps and 100 Gbps. The input optical 
power injected in each channel varies from 0 to 35 dBm. When the optical power 
reaches a trigger threshold (around 10 dBm), SBS-induced backscattering and fre-
quency shifts, occur whatever be the modulation format with a severe deteriora-
tion of signal’s quality. The impairment arises when intense light interacts with 
the acoustic phonons in the fiber, leading to the backward scattering of light [11]. 
it causes power loss, signal distortion, and noise, thereby reducing the efficiency 
and reliability of data transmission [12]. Our findings aim to optimize network 
design, enhance performance, and ensure scalability for future data demands. 

This paper is structured as follows: Section I introduces the theoretical founda-
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tions of SBS and describes the metropolitan backbone network under study. Sec-
tion II outlines the simulation methodology using OptiSystem, with focus on 
pump power and SBS threshold analysis. Section III presents the results and dis-
cusses mitigation strategies for SBS in metropolitan backbone networks. 

2. Nonlinear Effects in Optical Fiber Networks 

Nonlinear effects are intrinsic to optical fibers, where intense electromagnetic 
fields interact with the material medium, producing various undesired phenom-
ena. These nonlinearities become more pronounced as the power of transmitted 
optical signals increases. With backbone networks typically carrying multiple 
wavelengths using DWDM technology and operating at high power levels, the risk 
of encountering nonlinear scattering effects like SBS and SRS becomes significant. 
Nonlinear effects are broadly divided into two categories [11]: Kerr nonlinearities 
(self-phase modulation, cross-phase modulation, and four-wave mixing), which 
are based on the intensity-dependent refractive index of the fiber and Scattering 
effects, which involve energy transfer between photons and the optical medium 
[12]. SBS and SRS belong to the latter category and are of particular concern in 
metropolitan and long-haul networks. SBS and SRS can arise over much shorter 
distances, making them relevant in metropolitan networks. They result in energy 
loss or redistribution, leading to significant performance degradation. 

2.1. Nonlinear Effect Origin 

The electric field E  of a light wave propagating in matter induces elementary 
movements of charges at the atom level [12]. The induced dipole moments create 
a polarization P  of the medium on the macroscopic scale. Polarization resulting 
from wave-matter interaction is L NL= +P P P , where LP  is the linear polariza-
tion vector, and NLP  is the nonlinear polarization vector. 

Let’s consider a polarization given by: 

 ( ) ( )1 3 3
0 0x x xP E Eε χ ε χ= +     (1) 

Let’s consider a monochromatic wave whose electrical field E  is given by: 

 0e j t
xE E ω−=   (2) 

The polarization at frequency ω , is given by: 

 0e j t
xP P ω−=   (3) 

With: 

 ( ) ( ) 21 3
0 0 0 0 0 0

3
4

P E E Eε χ ε χ= +    (4) 

 ( ) ( ) 21 3
0 0 0 0

3
4eff effP E Eε χ χ χ χ= ⇒ = +   (5) 

effχ  is the effective susceptibility. 
The density of the electric field is then written as: 
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 0 0 0D E Pε= +   (6) 

 0 0rD Eε ε=    (7) 

We have: 

 ( ) ( ) 21 32 2
0

31
4rn n Eε χ χ= ⇒ = + +    (8) 

 ( ) 232
0

2
0

3
4

n n Eχ= +   (9) 

 2
0 2 0n n n E= +   (10) 

where 0n  is the linear refractive index and ( )3
2

0

3
8

n
n

χ=  is the Kerr coefficient. 

The refractive index n  is a function of the intensity 0E  according to (10). 

2.2. Pulse Propagation in the Fiber 

The propagation of an electromagnetic field in a single core optical fiber is de-
scribed by using Maxwell's equations [12] [13]. As the optical fiber is a non-mag-
netic medium, the magnetic polarization is null. The propagation of the electro-
magnetic wave in the optical fiber will be described, using only the electric field 
E  [12] by: 

 
222

0 02 2 2 2

1 NLL

C t t t
µ µ

∂∂∂
∆ − = +

∂ ∂ ∂
PPEE  (11) 

3. Stimulated Brillouin Scattering (SBS) 

Stimulated Brillouin Scattering is a nonlinear optical phenomenon caused by the 
interaction between light waves and acoustic phonons in an optical fiber. When 
an intense pump laser propagates through the fiber, it generates acoustic waves 
(phonons) via electrostriction; the tendency of the material density to vary in re-
sponse to an electric field [12] [13]. These acoustic waves modulate the refractive 
index of the fiber, creating a Brillouin grating that scatters the light. If the scattered 
light’s frequency matches the Brillouin frequency shift (determined by the mate-
rial properties of the fiber), energy is transferred from the pump wave to the scat-
tered wave, resulting in backward-propagating light. This effect is a significant 
effect in limiting the maximum power that can be transmitted through optical 
fibers. The acoustic waves create a periodic density variation in the medium, 
forming a moving refractive index grating [14]. At low optical power, the scatter-
ing is spontaneous and week. The amplification of the backscattered wave defines 
the stimulated nature of the process [15] [16]. 

3.1. Mathematical Description 

The interaction between the pump wave, stokes wave, and the acoustic wave is 
described by the following coupled equations [17]: 
• Pump wave amplitude 
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( ) ( ) ( ) ( ) ( )2, ,1 , , ,p p

p B s p
g

A z t A z t
A z t g A z t A z t

z v t
α

∂ ∂
+ = − −

∂ ∂
  (12) 

where: 
( ),pA z t : Amplitude of the pump wave. 
( ),sA z t : Amplitude of the Stokes wave. 

Bg : Brillouin gain coefficient defined by: 

 
2 2

2
0

2 e
B

a B

n p
g

vλ ρ
π

=
Γ

  (13) 

BΓ  is the Brillouin linewidth. 
• Stokes wave amplitude 

 ( ) ( ) ( ) ( ) ( )2, ,1 , , ,s s
s B p s

g

A z t A z t
A z t g A z t A z t

z v t
α

∂ ∂
− = − +

∂ ∂
  (14) 

• Acoustic wave amplitude 

 ( ) ( ) ( ) ( )
2 2

2 *
2 2 , , , ,a B p sv z t z t KA z t A z t

t t
ρ ρ

 ∂ ∂
− = Γ + ∂ ∂ 

  (15) 

where: 
( ),z tρ : Amplitude of the acoustic wave. 

K : coupling constant linking the optical wave and of the acoustic wave. 

av : acoustic velocity. 

3.2. SBS Threshold Power 

The threshold pump power, thdP , is given by: 

 
21 eff

thd
B eff

A
P

g L
=   (16) 

where: 

effA : effective mode area of the optical fiber. 

effL : effective length of the fiber. 

4. Metropolitan Backbone Network Description 

The metropolitan backbone network includes five DWDM nodes that are con-
nected in a ring configuration and deployed in Lome city in Togo (Figure 1). It is 
designed in a ring configuration, to ensure redundancy and fault tolerance. The 
backbone nodes are: MPEN, CACAVELI, OUA, LOME PORT and LOME CEN-
TRE. This backbone serves as the core infrastructure of the e-government network 
in the capital of Togo. Its total length is 30 km different and the distances between 
the nodes are shown on Figure 1. ITU-T G.652.D optical fibers are used as trans-
mission media to interconnect the nodes. To ensure high transmission in different 
links, dense wavelength division multiplexing (DWDM) technology has been im-
plemented in the backbone network. 8-channels in the C-band, C-even, are used. 
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Figure 1. 30 km Backbone Network architecture. 

5. Simulation Setup 

The simulation and analysis of SBS effects in optical networks involve complex 
interactions between optical signals, acoustic phonons, and material properties 
[18]. Accurate modelling with real parameters is crucial to understanding the con-
ditions under which SBS arises and its impact on system performance. In this sec-
tion, we analytically model and simulate an 8-channels DWDM system highlight-
ing the impact of SBS effects in each channel of a metropolitan backbone network 
using the Optisystem tools (see Figure 2). The distances implemented are corre-
sponding to the lengths of a case study in a metropolitan backbone network of a 
telecommunication company in Lome (Togo). The Optisystem software is an en-
vironment essentially developed for the modelling and simulation of optical fiber 
transmission systems. It contains almost all the components necessary for model-
ling an optical transmission chain, with real parameters [19]. We simulate the sys-
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tem with real-world parameters of the metropolitan network system in the way to 
find out the stimulated Brillouin scattering impairments. 

Simulation Methodology 

The simulation was performed using OptiSystem 15.0, configured to model an 8-
channel DWDM optical transmission link over a 30 km ITU-T G.652.D fiber. The 
objective was to evaluate the impact of Stimulated Brillouin Scattering (SBS) on 
system performance under varying power levels, modulation formats, and bit 
rates. Each channel was generated using a continuous-wave (CW) laser centered 
at 1550 nm with a linewidth of 10 MHz. The DWDM grid was defined with 100 
GHz spacing between adjacent channels, ensuring realistic inter-channel nonlin-
ear interactions. The optical carriers were modulated using several formats NRZ, 
RZ, Gaussian, 16-QAM, and DP-64QAM, with bit rates of 10 Gbps and 100 Gbps 
to compare the sensitivity of different modulations to SBS. The optical multi-
plexed signal was launched into the G.652.D fiber characterized by standard pa-
rameters and only Self Phase Modulation was activated to enable nonlinearity im-
pacts. To isolate SBS effect, the Brillouin gain coefficient was set to 45 × 10−12 
m/W, and the gain linewidth to 35 MHz, typical for standard silica fibers. The 
launch power per channel was varied from 0 to 35 dBm to determine the onset of 
SBS and its influence on system metrics. 

Table 1 below shows the configured parameters. 
 

Table 1. Simulation parameters overview. 

Parameter Symbol/Unit Typical Value 

Fiber type – ITU-T G.652.D 

Fiber length L (km) 30 

Fiber attenuation α (dB/km) 0.2 

Effective core area Aeff (µm2) 80 

Nonlinear coefficient γ (W−1·km−1) 1.3 

Group velocity dispersion β₂ (ps2/km) +17 

Brillouin gain coefficient gB (m/W) 45 × 10−12 

Brillouin linewidth ΔνB (MHz) 30 

Optical carrier wavelength λ (nm) 1550 

Channel spacing Δf (GHz) 100 

Number of channels Nch 8 

Modulation formats – 
NRZ, Gaussian, RZ, 16QAM, DP-

64QAM 

Bit rate per channel Rb (Gb/s) 10/100 

Laser linewidth ΔνL (MHz) 10 

Sampling frequency fs (GHz) 128 
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In our case, the theoretical threshold power is: 

 
12

12 4

21 21 80 10
45 10 1.1 10

eff
thd

B eff

A
P

g L

−

−

× ×
= =

× × ×
, the total attenuation is 0.363 dB/km 

 3.4 mWthdP ≈  

Figure 2 below shows the designed diagram for analysing the SBS effect in an 
8-channels DWDM diagram. 

 

 
Figure 2. Simulation diagram of SBS effects in an 8-channels DWDM system. 
 

The SBS effect in a single channel is also investigated. Figure 3 shows the de-
signed diagram for analysing the SBS effect in a single channel link at (1550 nm). 

The diagram in Figure 2 above shows the simulation of SBS effect in an 8-chan-
nels DWDM system, with different source signals at different power levels. A 
modulated CW laser which passes through a MachZhender (MZ) modulator gen-
erates the optical signal and multiplexed by a WDM multiplexer. This signal 
comes out of the multiplexer and enters the ITU-T G.652.D optical fiber. We con-
sidered the G.652.D optical fiber, FullBand® low water peak dispersion unshifted 
Single-mode fibre (with a maximum attenuation of 0.20 dB/km at 1550 nm). 
Three (3) km optical fiber cable reels are used to design the optical links between 
different nodes of the network. For the link budget design, the attenuation of each 
splice is set at 0.1 dB while the attenuation of each connector is set at 0.5 dB. Several 
modulation formats are injected at the input at frequencies from 193.1 THz to 193.8 
THz (see Figure 2) for the system with a bit rate set at 10 Gbps and 100 Gbps. 
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Figure 3. Simulation diagram of SBS effects in a single channel system. 
 

Figure 3 shows the single channel SBS diagram at 1550 nm which is utilized to 
investigate SBS effect on the different links of the backbone. Additionally, we vary 
the modulation formats (NRZ and DP 64 QAM) and the input pump power levels 
(from 0 to 35 dBm) propagating in the fiber optic to carry out the nonlinearity 
SBS phenomenon. 

6. Results and Discussions 

The study of the impact on nonlinear SBS effects in an optical transmission system 
requires the evaluation of the system’s performance. Performance’s evaluation can 
be done using several factors. We use optical spectrum analyzers at the input and 
output of the fiber to understand the impacts of the scattering effects on optical 
transmission. In metropolitan backbone networks, SBS is more prominent for sin-
gle channel [19]. We measure the backscattered SBS signal to determine the 
threshold and assess its impact on the system. For the overall performance of the 
system, we evaluated the signal-to-noise ratio (OSNR: Optical Signal Noise Ratio) 
via eye diagram tools considering varying power levels with different modulation 
formats and rates. 

Figure 4 below shows the results of the spectrum analyzer of the input (a), out-
put (b) and the backscattered (c) signals in the backbone with an 8-channels 
DWDM system. Operating at 10 Gbps with NRZ modulation format. 

Figure 4 shows SBS effect simulation diagram in the optical transmission 
through a 30 km fiber in an 8 × 10 Gbps DWDM system. A signal with NRZ 
format modulated by MZ modulator is injected in the input an optical link (see 
Figure 2/Figure 3). At the output (see Figure 4(b) & Figure 4(c)/Figure 5(a) & 
Figure 5(c), we observe under the SBS effect, a significant signal attenuation, as 
part of the optical power is transferred to the backward-propagating Stokes wave 
and the frequency shifted around 11 GHz. However, we observed the distortions 
due to the noise in the system which degrade the overall signal quality shown by  
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Figure 4. SBS effect in an 8 × 10 Gbps/10 dBm over 30 km (a) input signal; (b) output signal; (c) backscattered signals. 

 

 
Figure 5. Single channel SBS effect at 10 Gbps over 30 km (a) input/backscattered signal at 0 dBm; (b) eye diagram at 0 dBm; (c) 
input/backscattered signal at 10 dBm; (d) eye diagram at 10 dBm. 
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the visualization of eye diagrams (see Figure 5(b), Figure 5(d)). When the rate 
increases, the overall signal quality is more degraded (see Figure 6(b)). For the 
different links of the backbone network under this study, the SBS impairment be-
comes more prominent when the distance is increasing. Using the DP 64 QAM 
modulation format (see Figure 7(a), Figure 7(b)) shows the occurrence of SBS 
effect when the trigger power is 20 dBm with a bad signal to ratio, while the NRZ, 
and Gaussian formats reach their threshold when the trigger power is 10 dBm. 

 

 
Figure 6. Single channel SBS effect at 100 Gbps over 30 km (a) input/backscattered signal at 10 dBm; (b) eye diagram at 10 dBm. 
 

 
Figure 7. Single channel SBS effect at 10 Gbps over 30 km using DP 64 QAM format (a) input/backscattered signal at 20 dBm; (b) 
eye diagram. 
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Figure 8 shows the comparison of the input and output data transmitted through 
the backbone. We observed some missed data due the SBS effect when the input 
power is 10 dBm while using NRZ and Gaussian formats. 

 

 
Figure 8. Input/Output data over 30 km optical links under SBS effect. 

 
For performance evaluation, BER and Q-factor are estimated under defined re-

ceiver bandwidth (40 GHz) and filtering conditions. This enables a direct quanti-
tative link between eye diagram closure and the resulting system performance 
penalty. 

The SBS threshold is defined as the input power at which the backscattered 
power exceeds 1% of the launched signal, corresponding to a trigger power of 10 
dBm. The discrepancy between the theoretical SBS threshold calculated (~3.4 
mW) and the simulated value (~10 mW) is mainly due to practical factors such as 
signal spectral broadening, fiber losses, which reduce the Brillouin gain and in-
crease the observed threshold. 

The SBS phenomenon due to acoustic phonons in the optical medium, as the 
input power increases, distortions arise, and a significant signal attenuation oc-
curs while the trigger power is around 10 dBm for NRZ, and Gaussian formats 
but 20 dBm for DP 64 QAM with a bad signal to ratio. 

Table 2 below presents the aspects of SBS effect in an optical transmission link 
over the backbone network studied. 
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Table 2. SBS aspects. 

Aspect Simulated Brillouin Scattering (SBS) 

Nature Backscattering effect involving acoustic phonons 

Trigger power observed Low power threshold (~10 dBm/10 mW) 

Impact on signal 
Causes back-reflection, reducing signal strength and 
frequency shift at ~11 Ghz 

Effect on transmission Reduces power budget, leading to signal loss 

Mitigations solutions Phase Modulation, Input power regulation 

7. Conclusion 

As metropolitan backbone networks continue to evolve to meet the demands of a 
digital society, addressing nonlinear impairments such as SBS is critical to ensur-
ing their reliability and performance. Through simulation-based analysis, this 
study seeks to uncover the complexities of SBS in optical links. Our simulations 
provide valuable insights into the nonlinear SBS effect in the metropolitan back-
bone network of a telecommunications provider in Lomé, Togo. Mitigating SBS 
is crucial for ensuring the reliable operation of metropolitan optical links. As data 
traffic in urban environments grows, optical networks must ensure both high ca-
pacity and signal integrity, which becomes challenging due to this nonlinear scat-
tering effect. SBS introduces severe attenuation and power management con-
straints, posing significant challenges for metro networks operating with DWDM 
technology. Our findings not only deepen the understanding of SBS dynamics but 
also guide the development of high-capacity, future-ready optical networks for an 
increasingly connected world. 
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