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A Review of Detrending Techniques for Exoplanet Transit Signals

Detection
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of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:

The transit method has become one of the most effective techniques for detecting
exoplanets, but its precision relies on the reliable extraction of weak transit signals from
high-precision photometric data. In light curves obtained by space missions such as Ke-
pler and TESS, complex noise arising from instrumental systematics and stellar variability
often exceeds the depth of Earth-like planetary transits, posing a major obstacle to both
planet detection and accurate characterization. Detrending is therefore a crucial prepro-
cessing step in photometric data analysis, aiming to remove non-transit components while
preserving true transit signals as much as possible and improving the signal-to-noise ratio.

In this review, we systematically summarize the major detrending techniques cur-
rently used in exoplanet transit studies and group them into three categories. The first
category is the widely adopted “detrend-then-search” paradigm, including smoothing and
fitting methods such as running medians and splines, signal decomposition methods based
on wavelets or cosine filtering, and probabilistic or time-series models such as Gaussian
processes and autoregressive models. The second category is joint modeling, in which
noise and transit signals are fitted simultaneously to reduce signal distortion introduced
by conventional stepwise procedures. The third category is data-driven “direct transit de-
tection,” where deep-learning models are used to identify transit events directly from noisy
light curves. As a related case study, we also describe ProDeNet, a model based on the
DeepLabv3+ architecture. Although its current test set is small, preliminary results sug-
gest that segmentation-based direct detection has potential for identifying low-S/N transit
events.

Comparisons among existing methods indicate that there is still no universally op-
timal detrending algorithm. The most suitable approach depends on the scientific objec-
tive, stellar type, and data quality. This review summarizes the applicability and future
prospects of different methods, and provides a reference for the analysis of high-precision

photometric data and the extraction of transit signals in future studies.

Key words: exoplanet; transit method; detrending; light curve; joint modeling; deep learning
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