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Fig. 2 Flowchart of time—frequency InSAR forest height
inversion considering the geometric distribution of sub—looks

coherent set
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Table 1 Parameters description list of P-band airborne
SAR data covering the Mabounie area
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Time—frequency InSAR forest height inversion method that considers the
geometric distribution of the sub—look coherent set

HOU Jiali',SHEN Peng’,ZHANG Lu',WU Chuanjun', TAN Pengyuan'

1. State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing, Wuhan University,
Wuhan 430079, China,
2. School of Remote Sensing and Information Engineering, Wuhan University, Wuhan 430079, China

Abstract: Forest height is a crucial parameter of the forest vertical structure and plays a notable role in forest resource management, carbon
cycle research, and climate change studies. Traditional Time-Frequency (TF) analysis-based Interferometric Synthetic Aperture Radar (TF-
InSAR) techniques employ the random volume over ground model with a limited number of discrete sub-look complex coherence
observations. However, given the reliance on limited observations, these methods often struggle to acquire the characteristic points used to
describe the geometric distribution of sub-look complex coherence coefficients, resulting in low accuracy in forest height inversion. To
address this issue, this study proposes a TF-InSAR forest height inversion method that incorporates the geometric distribution of the sub-
look coherence set. First, a multi-aperture interferometric coherence matrix is constructed through sub-aperture decomposition. Second, the
concept of a sub-look coherence set is introduced, and its geometric characteristics are analyzed. On this basis, the major axis of the
coherence set is utilized to obtain complex observations and a surface phase that are close to pure-volume decorrelation. Finally, the forest
height product is generated using a fixed extinction coefficient inversion approach. The experimental data are acquired from the airborne
fully polarimetric P-band SAR data obtained during the AfriSAR campaign conducted by the European Space Agency in Gabon, Africa, in
2016, covering the Mabounie test site. Validation is performed using full-waveform LiDAR data from the Land Vegetation and Ice Sensor.
Experimental results indicate that at the 40 mx40 m plot scale, the forest height estimation accuracy achieved by the proposed single-
polarization TF analysis method (root mean square error RMSE=6.70 m) shows a 34.44% improvement over the conventional method
(RMSE=10.22 m). Conclusion Using only single-polarization SAR data, the proposed TF-based analysis method can achieve a forest height
estimation accuracy comparable to that of full polarimetric data-based methods (RMSE=8.54 m), providing a reliable and cost-effective
technical solution for large-scale forest monitoring.

Key words: forest height, Interferometric SAR (InSAR), Time-Frequency (TF) analysis, sub-aperture decomposition, coherence set,
Random Volume over Ground (RVoG)
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