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ABSTRACT 

In this article, we have investigated the influence of pump pulse width on the spatial resolution of optical fiber 
temperature and strain sensors based on stimulated Brillouin scattering. Pump pulse widths of 2, 5, 10, 20, 50, and 100 
ns were used. For pulse widths of 2 and 5 ns, broadening of the Brillouin Gain Spectrum (BGS) is observed. That spectral 
broadening makes it difficult to estimate the center frequency of the BGS. Conversely, longer pulses (20, 50, or 100 ns) 
produce narrow spectra and high frequency accuracy, on one hand, and lead to a worse spatial resolution (2, 5, and 10 
m), respectively on the other hand. A Pulse width of 10 ns showed an optimal balance between spatial and frequency 
resolutions. It enabled detection of temperature and/or strain variations of 156°C and 3630 µε over 100 m long sensing 
distance, with uncertainty of only 5.027×10⁻⁴ °C and 117×10⁻⁶ µε. 
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1 INTRODUCTION 

The rise of fiber optic technologies in recent decades has transformed many sectors, particularly, sensing and 
measurement. Among these technologies, fiber optic sensors based on the Brillouin effect stand out for their ability to 
provide highly accurate distributed measurements of temperature and strain [1- 4]. These sensors find applications in 
diverse fields, including the monitoring of civil engineering infrastructures (bridges, tunnels), pipelines monitoring, and 
even temperature monitoring on power transmission lines. The Brillouin effect, which arises from the interaction 
between light and acoustic waves in the fiber, enables the detection of temperature and strain variations by analyzing 
changes in the frequency of the backscattered signal [5-7]. However, researchers evaluate these sensors based on 
several key parameters. One of them is the width of the pump pulse used to generate the Brillouin effect. The accuracy 
of temperature and strain measurements is directly influenced by the pulse width, which plays a key role in determining 
the spatial resolution and the sensitivity of the sensor [8-11]. Theoretically, the spatial resolution is defined by the pump 
pulse width. A pulse shorter than 10 ns leads to excessive broadening of the Brillouin gain spectrum bandwidth [12-
14]. This broadening, due to a poor signal-to-noise ratio, makes it difficult to estimate the BGS center frequency. Thus, 
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short pulse width severely limits the sensing range [15-17]. A long pulse (few tens of nanoseconds) provides good signal 
quality, enabling measurements over long distances. On the other hand, a longer pulse width has the disadvantage of 
providing a poor spatial resolution (m-scale) [18, 19]. This paper studies in detail the influence of the pump pulse width 
on the spatial resolution, as well as the frequency resolution of Brillouin Optical Time Domain Analysis (BOTDA) sensor 
[9,10]. 

2 METHODOLOGY AND PRINCIPLE  

The implementation of a BOTDA sensor has been done through numerical simulation using MATLAB. A single-mode 
silica (SiO2) optical fiber was used. The measurement fiber, with a total length of 100 m, is arranged as shown in Figure 
1. A 99-m fiber (main fiber) is characterized by a Brillouin frequency shift (BFS) of 10.850 GHz. At the far end of the 
main fiber, a 1-m length of another type of single-mode silica fiber with a BFS of 11.025 GHz serving as perturbation 
was inserted. The perturbation could be a temperature rise or even a mechanical stress inducing a BFS variation. The 
temperature and strain coefficient of the chosen measurement fiber are 1.12 MHZ/°C and 0.0482 MHz/µɛ, respectively. 

 

Figure 1: Fiber organization  

The measurement principle is that of standard BOTDA [20]. As shown in Figure 2, a pump pulse is coupled with laser 1 
in the near end of the fiber under test (FUT) through a three-port circulator, while a continuous wave (CW) is directed 
into the far end by laser 2. A traveling virtual sensor is created by Stimulated Brillouin Scattering (SBS) as the pump 
pulse interacts with acoustic phonons in the lattice. Energy is transmitted between the two light waves (Brillouin gain 
or loss) when the frequency difference between the pump and probe is equal to the local BFS [21]. Using the constant 
speed of light in the fiber, the precise physical position along the fiber is ascertained by measuring the time delay of the 
returning and interacting signals. Changes in the local temperature and mechanical stress (compression or stretching) 
of the fiber cause a linear change in the Brillouin frequency shift. The system obtains a full Brillouin profile throughout 
the whole fiber length by sweeping the frequency difference. 

 

Figure 2: Principle of BOTDA 

To simulate BOTDA sensor, the well-known three coupled wave equations (pulsed pump, continuous probe, and 
acoustic wave) were employed to model the interaction between optical and acoustic waves [22]. These equations are 
as follows: 

Optical field (EL) pump equation: 
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Acoustic wave ρ: 
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Where EL, ES and ρ stand for pump pulse, Continuous Wave (CW) and acoustic wave, respectively. Kp and Kp*, are 
constants, Γ: acoustic damping coefficient; g: Brillouin gain profile. 

The gain is modeled as a Gaussian function of the frequency: 

 g𝜔(f) = exp (−
(f − fB)

2

2(ΔfB)2
) (Eq. 4) 

With gω(f): Brillouin gain coefficient; fB: Brillouin frequency shift. 

A higher-power laser pulse is sent into the near end of the fiber. This pulse, commonly called a "pump," interacts with 
the silica that make up the fiber and generates acoustic waves. A virtual moving sensor that travels along the entire 
length of the fiber is thus created. At the opposite end of the fiber, CW "probe" light with a specific wavelength is 
continuously injected. When the "moving" sensor scans a region of the fiber that exhibits the temperature/strain 
characteristics tested by the specific CW probe wavelength used, the probe light is perturbed by stimulated Brillouin 
amplification. The perturbed light is then analyzed in the time domain to locate the position and length of the perturbed 
region along the fiber. 

3 RESULTS AND DISCUSSIONS 

3.1 Pump Pulse Width and Spatial Resolution 

 

Figure 3: Frequency spectra for different pulse durations 

To study the influence of pump pulse width on Brillouin signal quality, we used different pulse widths. Figure 3 shows 
the Brillouin gain spectra (BGS) acquired using 2, 5, 10, 20, 50, and 100 ns pump pulses. The choice of these pulse widths 
was not arbitrary. Indeed, we considered 10 ns as a critical value of pulse width. This is because the acoustic phonons 



World Journal of Advanced Research and Reviews, 2026, 31(03), 526–534 

529 

generated in the fiber have a lifetime of 10 ns. This minimum time between consecutive pulses is therefore necessary 
to obtain a good quality Brillouin signal. When a pulse width smaller than 10 ns is used, the acoustic waves created by 
a pulse do not have enough time to completely vanish before the arrival of those generated by the next pulses. This leads 
to a spectral overlap of acoustic waves from successive pulses. The Brillouin signal obtained under these conditions will 
be of poor quality. The signal amplitude will drop drastically, resulting in a broadening of the gain spectrum and making 
it difficult to determine the BGS center frequency. Figure 3 shows that for pulse widths of 2 ns (black spectrum) and 5 
ns (red spectrum), the amplitude of the Brillouin signal is low. For these pulses, the signal is practically indistinguishable 
from the noise. It begins to be visible at 10 ns (blue spectrum). Conversely, for 20 ns (pink spectrum), 50 ns (green 
spectrum), and 100 ns (blue dotted spectrum), the signal amplitude is high. 

We investigated the effect of pump pulse width on the Brillouin gain spectrum by performing simulations with pulse 
widths of 2, 5, 10, 20, 50, and 100 ns. Figure 4 shows the normalized gain spectra for different pulse widths. 

 

Figure 3: Normalized frequency spectra for pulse durations of: 2 ns (black), 5 ns (red), 10 ns (blue), 20 ns 
(pink), 50 ns (green), and 100 ns (dark blue) 

 

Figure 4: Pump pulse duration as a function of BGS line width   

It is apparent that for longer pulse durations (a few tens of ns), the BGS is narrow (on the order of a few tens of MHz). 
However, it becomes wider when pulses shorter than 10 ns are used. The BGS linewidth even reaches 687 MHz for a 
pulse width of 2 ns (black spectrum). It is worth noting that the gain spectrum broadens and its shape looks like a 
Gaussian rather than its original Lorentzian profile when the pump pulse duration falls below the lifetime of acoustic 
phonons (10 ns).  



World Journal of Advanced Research and Reviews, 2026, 31(03), 526–534 

530 

Figure 5 highlights the relationship between the pump pulse width and the Brillouin gain spectrum bandwidth. It is 
clear that for pulses setting from 50 to 100 ns, the BGS width is within the bandwidth of stimulated Brillouin scattering 
(27–30 MHz) [4], while it starts to broaden from 37 to 92 MHz when the pulse widths decrease from 50 to 10 ns. The 
Brillouin gain spectrum undergoes excessive broadening, reaching values of 183 even 687 MHz when the pulse duration 
is 5 and 2 ns, respectively. One important remark is that the result of the numerical simulation is in perfect agreement 
with the theoretical analysis. Since the spatial resolution is defined by the pulse duration, it is difficult to obtain a 
resolution better than 1 m in the standard BOTDA scheme due to spectral broadening. 

We observe that the bandwidth varies considerably with the pulse width. For very short pulses, such as 2 ns and 5 ns, 
the bandwidth is extremely wide (687.13 MHz and 183.35 MHz, respectively), which is detrimental to the quality of the 
signal and complicates measurements while negatively affecting the sensor's spatial resolution. Increasing the pulse 
width results in a significant reduction in the bandwidth. It decreases from 92.82 MHz for 10 ns to 56.55 MHz for 20 ns, 
and reaches lower values, such as 32.90 MHz for 100 ns. The measurement error follows a similar trend. It is particularly 
high for short pulses (4.56 × 10⁻³ MHz for 2 ns), reflecting not only the limitations due to bandwidth but also the poor 
quality of the Brillouin signal. From 10 ns onward, the error decreases significantly, reaching 4.933 × 10⁻⁴ MHz, and 
continues to decrease to 1.219 × 10⁻⁴ MHz at 100 ns. This confirms that longer pulses allow for more precise 
measurements. 

It is important to note that a larger pulse width, while improving accuracy, reduces spatial resolution. Thus, 100 ns 
pulses, although very precise, are not suitable for detecting centimeter-scale defects. Conversely, a 10-ns pulse width 
produces a broad spectrum with a center frequency that is difficult to identify. Under these circumstances, the latter is 
estimated with a large margin of error, thus making the measurements unreliable. However, beyond 10 ns, the 
measurements become more precise, thanks to the narrowing BGS spectral width. 

3.2 Pump Pulse Width and Measurement Error 

 

Figure 5: Pump pulse widths as function of measurement errors 

Figure 6 reports pump pulse widths as a function of measurement uncertainties. It can be seen that a shorter pulse 
width leads to a higher measurement error. As the pulse width increases progressively, a significant error decrease is 
observed. For a pulse width of 10 ns, the error is 4.933 × 10⁻⁴ MHz. The error then decreases from 2.050 × 10⁻⁴ MHz for 
20 ns to 1.219 × 10⁻⁴ MHz for 100 ns. This result can be explained by the fact that a large pulse width allows for better 
resolution and increased accuracy, thus reducing measurement uncertainty. In order to minimize measurement errors, 
it is better to use a minimum pulse width of 10 ns.  For pulse widths of 2 and 5 ns, spectral broadening is observed 
leading to inaccuracies in the localization of the BGS center frequency. Conversely, pulse widths of 20, 50 and 100 ns 
offer narrow linewidth spectra, thus improving measurement accuracy. It should be noted that the measurement 
uncertainty decreases in inverse proportion to the pulse width. The results show a clear trade-off between spatial 
resolution and spectral accuracy. A shorter pump pulse leads to poor spatial resolution, poor measurement accuracy, 
and a limited measurement range. Conversely, a long pulse width (100 ns), in addition to allowing measurements over 
long distances, provides excellent measurement accuracy but gives poor spatial resolution (10 m). 

3.3 Detecting 1 m perturbation with a 20-cm spatial resolution sensor 

To simulate this sensor, a 2-ns pump pulse, corresponding to 20 cm spatial resolution was coupled into 100 m of single-
mode fiber to locate a 1-m segment of disturbance. The 3D Brillouin gain spectrum reconstructed along the entire 
measurement length is shown in Figure 7a. A close-up view of the last 5 m is shown in Figure 7b. A shift towards higher 
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frequencies is observed in the spectrum at the 96th m. However, the shifted portion is not completely distinguishable 
from the rest of the spectrum. This implies that the spatial resolution of the sensor is not suitable for efficiently resolving 
the disturbance located at the far end of the fiber. Figure 7a illustrates the 3D BGS constructed along the measurement 
fiber. It can be remarked that the spectrum is uniform, but the signal quality is poor. A zoom of the last 5 m is shown in 
Figure 7b. A shift towards higher frequencies is observed between the 96th and 97th m. However, the shifted spectrum 
does not stand out as clearly from the main spectrum. Therefore, it becomes difficult to determine the peak frequency 
accurately. Figure 7c shows the measured spectrum and its Lorentz curve fit. A broadening of the gain spectrum is 
observed due to the poor signal quality. This feature compromises the efficient localization of the peak frequency. The 
20-cm theoretical spatial resolution, defined by the 2-ns pulse duration, is ideal for detecting disturbances on the order 
of centimeters. However, the broadening of the spectrum makes it difficult to determine the exact BGS peak frequency.  
This thereby limits the frequency accuracy. Furthermore, the low signal power makes any potential extension of the 
sensor's measurement range unlikely. 

 

Figure 6: Gain spectrum: (a), 3D over the entire measurement length; (b), a zoom on the last 5 m of the fiber; 
(c): measured at the 95th m 

3.4 Detecting 1 m perturbation with a 1-m spatial resolution sensor 

A 10-ns pulse width is sent into 100 m fiber to locate 1 m segment under perturbation. The 3D Brillouin gain spectrum 
reconstructed along the measurement fiber is shown in Figure 8a. Figure 8b depicts a zoom on the last 5 m. One can 
observe an upshifted spectral component located between 96th and 97th m. Moreover, the shifted part of the spectrum 
is centered at 11.025 GHz, while the rest of the spectrum is centered on the BFS of the main fiber (10.850 GHz). Figure 
8c illustrates the BGS measured in the perturbed region. The spectrum appears to be free from any distortion. Its 
bandwidth is 92.82 MHz, and the center frequency is 11.025 GHz, corresponding to the BFS of the perturbed section. 
Furthermore, a narrow bandwidth is a useful feature for improving the accuracy of spectrum peak frequency estimation. 
This demonstrates the sensor's ability to effectively discriminate the 1 m-long disturbance located at the far end of the 
fiber. 
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Figure 7: Gain spectrum: (a), in 3D over the entire measurement length; (b), a zoom on the last 5 m of the 
fiber; (c): BGS measured at the 95th m 

To test the detection capability of our sensor, we performed measurements both in the vicinity and inside the inserted 
fiber section. Figure 9 shows the spectra measured at 95 m (black-solid-line), and the one measured at 96.12 m (red-
solid line) inside the perturbed section. The peak frequency of the spectrum measured at 95 m (black-solid-line) is 
10.850 GHz with a standard deviation of 4.933x10-4 MHz. The spectrum measured at 96.12 m (red-solid line) in the 
perturbed region is centered at 11.025 GHz, which corresponds to the actual BFS of the inserted fiber section. The 
standard deviation of the measurement is 5.029 × 10-4 MHz, corresponding to temperature and strain resolutions of 
5.63 × 10-4°C and 24.24 × 10-6 µε, respectively. It can be noticed that the BFS difference between the reconstructed 
spectra is 175 MHz. Knowing that the temperature and strain coefficients of the used fiber are 1.12 MHz/°C and 0.0482 
MHz/µɛ [3], respectively, this frequency variation corresponds to a temperature rise of 156 °C and a strain of 3630 µɛ. 

 

Figure 8: BGS reconstructed: in the vicinity of the perturbed fiber section (black-solid line); in the perturbed 
section (red-solid line) 
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4 CONCLUSION 

This paper presented an in-depth analysis of the influence of pump pulse width on both the spatial and frequency 
resolution of fiber optic Brillouin temperature and strain sensors. The work was carried out through numerical 
simulation using three coupled wave equations (pulsed pump, continuous probe, and acoustic wave) to model the 
interaction between optical and acoustic waves. Pulses of 2, 5, 10, 20, 50 and 100 ns were used. For pulses shorter than 
10 ns (transient regime), a broadening of the Brillouin gain spectrum is observed, making it difficult to estimate its 
center frequency. In contrast, pulse widths greater than 10 ns allow for narrow spectra and high frequency resolution, 
at the cost of reduced spatial resolution. Short pulses offer better spatial resolution, while long pulses improve spectral 
accuracy. These observations are essential for adapting sensors to diverse applications, from precise measurements 
over long distances to fine detection in localized areas. The 10-ns pulse demonstrated an optimal balance between 
spatial resolution and spectral accuracy. It enabled the detection of temperature and/or strain variations of 156 °C and 
3630 µε at the far end of a 100 m long single mode fiber, with uncertainties of 5.027 × 10⁻⁴ °C and 117 × 10⁻⁶ µε, 
respectively. 
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