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NLM-based temperature denoising
method for Raman optical time—domain reflectometry
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Abstract: To achieve high-precision measurement of downhole temperature fields in oil and gas wells and address the low
signal-to-noise ratio problem of Raman optical time-domain reflectometry over long distances, a temperature denoising method
based on Non-Local Means(NLM) for Raman optical time-domain reflectometry is proposed. This method constructs tempera-
ture images using two-dimensional spatial and temporal temperature data, evaluates similarity by calculating Euclidean dis-
tances between image neighborhoods, and achieves weighted-average denoising. Experimental results show that at a measure-
ment point of 9.68 km, the demodulation precision improved from 0.68 °C to 0.11 °C, long-term temperature fluctuations de-
crease from 1.4 °C to 0.55 °C, and good real-time performance is maintained during continuous temperature measurements
ranging from 30 °C to 90 °C.

Key words: distributed optical fiber sensing, optical time-domain reflectometry, spontaneous Raman scattering, temperature

measurement, non-local means
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