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Historically, Brillouin scattering was regarded as a major limitation in fibre optics because it constrained the power-handling capability of optical fibres. However, the possibility of exploiting this effect for sensing opened new perspectives. This potential was discovered—likely accidentally—in 1989 during attempts to improve classical Optical Time-Domain Reflectometry (OTDR) for monitoring loss along optical fibres¹.
Shortly thereafter, the same Japanese team led by Horiguchi and Tateda demonstrated that the Brillouin response is sensitive to both strain and temperature²˒³. At that time, the performance remained modest, offering a spatial resolution of ~100 m over a 2-km sensing range.
Because the system relied on stimulated Brillouin scattering to achieve sufficient signal strength, a major obstacle for field deployment was its requirement for two independent lasers to generate the pump and probe waves. Their optical frequency difference needed to be tunable and stabilised to better than 1 MHz ‑ extremely challenging even in a laboratory environment and entirely impractical in the field.

The Side-Band Method
A major breakthrough occurred in 1994 when the EPFL team proposed a technique based on a single laser source⁴. Pump and probe waves were synthesized using a high-speed modulator, ensuring ideal tuning accuracy and frequency stability.
This approach enabled the first accurate measurements of the Brillouin gain spectrum in optical fibres⁵, revealing variations associated with fibre-guiding characteristics, particularly dopant concentration.
The suitability of this technique for distributed strain and temperature measurements was quickly demonstrated⁶, and the first field tests followed soon after⁷. The sideband method is now integral to nearly all modern Brillouin-based sensing schemes. One remaining challenge, however, was the inherent limitation in spatial resolution arising from the intrinsically narrow Brillouin gain spectrum⁸.

Unlocking the spatial resolution Deadlock
A genuine breakthrough was reported when a team from the University of Tokyo led by Hotate introduced a novel technique for coding the interacting pump and probe waves, known as correlation-domain analysis⁹. This method enables a localized steady-state interaction, and centimeter-scale resolution was soon achieved¹⁰.
Although powerful, the initial technique could resolve only a few hundred points. This limitation was overcome with an upgraded version based on pseudo-random binary sequences¹¹, allowing virtually unlimited resolution points; more than one million spatial points have been demonstrated¹².
During the same period, the University of Ottawa team led by Bao reported an intriguing observation: the effective Brillouin gain spectrum suddenly narrowed when the spatial resolution dropped below one meter¹³. Jackson’s group at the University of Kent later explained this effect¹⁴ as a consequence of imperfect extinction in the pump-pulse shaper. Residual continuous-wave leakage generates a persistent acoustic wave stronger than that induced by the pump pulse, and the measured response is dominated by reflection from this quasi-static acoustic grating.
Subsequently, this effect was fully modelled for arbitrary pulse shapes superimposed on a continuous background¹⁵, showing that although the response becomes distorted, it can be corrected by comparing two successive long pulses—with and without a short modulation. The model also revealed that the strongest response occurs when the short modulation is a π-phase modulation, leading to the concept of Brillouin echoes.
Independently, based on the same physical principle, the University of Ottawa proposed a simpler implementation known as the differential pulse-width pair technique¹⁶, which is now widely used for high-resolution Brillouin sensing.


Improving the signal-to-noise Ratio
A stringent limitation on the pump and probe powers was later identified, primarily due to spectral broadening caused by modulation instability in the pump wave¹⁷˒¹⁸ and pump depletion induced by the probe wave, which leads to distortion of the measured gain spectrum¹⁹.
Because the optical powers of the interacting waves are fundamentally constrained, several strategies were developed to extend the sensing range. Distributed Raman amplification provides significant improvement²⁰, and advanced coding schemes also boost performance²¹˒²². With all these refinements, state-of-the-art systems can now achieve sensing distances of ~100 km with 1-m spatial resolution.
This performance can be further optimized by trading one parameter against another; for example, a 120-km range can be obtained with 2-m resolution. The quantitative relationship between key parameters and their impact on measurement accuracy was established in a foundational paper by the EPFL team in 201323.

Perspectives
Current configurations appear to be approaching their fundamental performance limits. Future improvements will likely arise from disruptive approaches, such as lasing-based configurations that yield distance-independent responses24, or the use of new ultra-low-loss hollow-core fibres combined with high-gain Brillouin scattering in gases25,26.
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