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Figure 1 (Color online) Schematic diagram of forest scattering modeling
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ipd ph(w +D‘it hy 11; hy,Ke
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diy = /& (pi = p)* + (1 =€) (65 — ), (18)
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Figure 2 (Color online) The best fitted line in the complex plane
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Figure 3 (Color online) (a) The distribution of model coherence, (b) the distribution of observed coherence and (c) the
height-coherence map in the complex plane
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Figure 4 (Color online) (a) The distribution of model coherence, (b) the distribution of observed coherence and (c) the
height-coherence map in the amplitude-phase plane
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Figure 5 Flowchart of four-stage inversion algorithm
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P S AR i 120 R A AR R i AR AL, g SO

M 2 2
D(Yob, Vo) = \/121 G(ply, —pb)" + (1 = &) (oL, — L), (22)

Hot p A1 ¢ 73 RSHIT R BERAIAL. & RoRER | 2R TR BEAS S AOBLE, TR n] LIRS %5
24T e FEE AR 2 A PR 7 220K -
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5 SKIGLHERMSH

5.1 SEIGXiE

AR SCRRIE G DX Sy T AR Y0 PG I - ISR A R DX, ot ARBR A AR 4R 11°307 FE4h 00307, TR
N 4910 km?. EAENEFAZNED A X O 70 ZAEMPI 5L, 5 T S B RERI S, PR A AR
MR R v P B AR 37
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Figure 6 (Color online) (a)~(c) The Pauli images and (d)~(f) LiDAR height images of the interested region
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Figure 7 (Color online) Comparison of inversion results of different algorithms in three research regions. (a), (b) and
(c) correspond to the three research regions, respectively. (1)~(7) respectively represent the three single-baseline inversion

results (1)~(3), baseline selection method (4), Euclidean distance fusion (5), amplitude-phase distance fusion (6), and
LiDAR value (7)
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Table 1 Quantitative comparisons of the employed methods

Regionl Region2 Region3
Bias RMSE R2 Bias RMSE R2 Bias RMSE R2
Baselinel 6.06 8.09 0.87 —0.95 6.57 0.71 1.83 5.87 0.87
Baseline2 —3.03 7.93 0.70 —9.61 7.45 0.58 —9.98 13.80 0.40
Baseline3 —3.53 8.03 0.73 —8.31 8.20 0.57 —6.69 10.45 0.60
Baseline selection 3.43 5.93 0.88 —1.52 5.23 0.70 —0.81 5.74 0.87
Euclidean fusion 1.63 5.38 0.87 —0.75 6.33 0.69 —4.23 8.24 0.81
Amplitude-phase fusion 1.66 4.95 0.90 —0.72 5.15 0.71 —1.33 5.42 0.90
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Abstract Vegetation height inversion is a mainstream research topic in quantitative forest remote sensing, which
can play a pivotal role in forest mapping, resource assessment, and ecological monitoring. This article is focused
on multibaseline fusion for vegetation height inversion through polarimetric tomographic synthetic aperture radar
(Pol-tomoSAR) data. First, the forest scattering model is extended to high dimensions to adapt to multibaseline
conditions. Second, the nonlinearity of the model is reduced by a transformation from the complex domain to the
amplitude-phase domain. Finally, a fusion algorithm, which takes the distribution variance into consideration, is
proposed based on the generalized distance. The proposed method is verified by P-band Pol-tomoSAR data and
compared with the single baseline method, baseline selection method, and Fuclidean fusion method. Experiments
show that the proposed method produces more reliable results in terms of the root mean square error and
correlation coefficient, thereby significantly improving the accuracy and stability of vegetation height inversion.

Keywords forest remote sensing, Pol-tomoSAR, vegetation height inversion, multi-baseline fusion
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