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Fig. 1 Geometric model of tomographic SAR

three—dimensional imaging
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. skvkKARAE (2015) H4) SCMUSIC J7 i G b
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SR, S B0 43 M1 J7 1 5 838 3 A5 4 By 250 1 2
ARV o3 HER AT N UM A8, HoE SO
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min llpdiag( P)Il, subject to IAPA" - RIl; < £ (10)
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Fig. 2 Forest vertical structure profiles obtained by different TomoSAR methods
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Table 1 Comparison of advantages and disadvantages of

different single polarization TomoSAR methods
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e BRI 1) IO T A AL R PE AR B . KL SAR
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Pol-TomoSAR (Polarimetric SAR Tomography) 4%
Ko HRET, BACEHT SAR AR K8 AR = 4254
F SR IS 6 45 £ P AR 2 AT SAR T ik B R R 15 1A
WALAR R, DAL AL T3 50 ##  (Aghababaee 5%,
2018) . WAk (Yamaguchi &, 2005) FlZHr
SARTTIEMG &, ST AR TRI U L] ) 2 18] 25
PRI AL S . BAA T VR AL A i AL il 1T
Tk WA T T 1 . AR AR T VAT

(1) FMAEM Ik . ZRITEEL S
B ACTEAG T e n Bl E L R Y SAR
Bty (4) Frospgti b2 SAR =4 i
BBy, SRS A TR M R A SR, b AT
Z I Z WAL I ZZHE B . AR AL O
W 7 0 R TR AR 70 e X R AR IO A B 07 8 . B
PR AT AR, 43 B A B A MUSIC J7 85 1Y

DI SET )

1
/\min(B(zd)“ENEJI\“IB(Z[])) (12)
A, A () F R K B SR /NFRIEAE . R fb
Beamforming 77 ¥ i) D1 553 pR KN

A (B(2,)"R,B(z,))
Pl’P — Beamforming = 1]\]2 - : (13)

Ao, A () KR BE 0 B KFFEAE s R, AR
X (4) W EL WA SAR BRI A 1B 7 22
HE B o T AR Ak Capon 7 3% AR AS B9 T R bR BN
(Huang%%:, 2011, 2012)
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1

P = 3 (BGR, B(:,)
BT 4% R A3 A 3T O ik (MUSIC,
Beamforming, Capon), AHICZ35 T Kt #RAk
T 145 A ML A A 9Y . Huang 55 (2011,
2012) $2H5 75T Ak SAR £ds i A Bk Al
Jrik, BAR T 4k Capon. % fk Beamforming. #k
A& MUSIC J5 ¥ 25 0] D 3435 R i 7, X ARpk =
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THAL MUSIC 73k , il 2 1 45 5 B A9 1528 [ 4
SEBL TR USRS B L L B SAR K 19

SRS, BEICT RTEE AR S AU R HLE
(2) WA TV o T . ZETT R RN E
FRAH S, — 2RO R, HARGE
DAL T ARMAMEHGE )R . — i, HAfL
SRR VA B B A RO L2 S oy i
SAR HHs P 7 2255 B W o fi Sl el R LT

PI7 ZEHRERD SRR B 25 56 P 5
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MR 07 22050 5 €, R R, 43 ) 36 R e J 2 U
AR A I Ty 26 B AN T 5 B 7 2255 B (Tebaldini,
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(a) Beamforming J5 ¥ JZ i

(a) Tomogram obtained by Beamforming
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Research progress on tomographic SAR three—dimensional imaging
methods and forest parameter inversion

WAN Jie, WANG Changcheng,ZHU Jianjun,FU Haiqiang

School of Geosciences and Info-physics, Central South University, Changsha 410083, China

Abstract: Forests are the largest ecosystems on land and play an important role in the global carbon and oxygen cycle. Synthetic aperture
Radar tomography (TomoSAR) has the capability to carry out three-dimensional (3-D) imaging of observation targets and obtain
information about forest internal structure, which serves an important function in the inversion of forest parameters. This paper will review
the imaging methods and applications of TomoSAR over the past two decades and focus on its latest research progress in forest parameter
inversion. More importantly, different parameter inversion methods will be systematically compared, and the challenges in TomoSAR forest
parameter inversion will be analyzed.

First, the mathematical models of TomoSAR in single-polarization and full-polarization mode were introduced. Then, different
TomoSAR imaging algorithms were analyzed in detail. The performances of different methods in terms of vertical resolution, radiation
accuracy, computational efficiency, and stability were compared. Next, we summarized the progress of TomoSAR in the inversion of forest
parameters, such as underlying topography, forest height, and biomass. Finally, this paper analyzed the key challenges faced in the inversion
of forest parameters using TomoSAR and predicted the frontier applications of TomoSAR. The P-band TropiSAR 2009 dataset over a test
site in Paracou, French Guiana, were used to analyze the performance of different methods.

By reviewing the published literature, the theoretical differences between different TomoSAR imaging algorithms were listed.
Experiments showed that the Fourier transform method has limited vertical resolution but high radiation accuracy and has been successfully
used for biomass estimation. Beamforming spectral estimation method can improve the vertical resolution, but the image quality is seriously
degraded when the number of observations is reduced. Compressed sensing and statistical optimization algorithms have sparse imaging
capabilities and super-resolution, enabling the fine-grained identification of forest vertical structures. For the estimation of forest underlying
topography and forest height, an accurate estimation of canopy scattering center and ground phase center is an important prerequisite. The
addition of polarization information is more conducive to the identification of different scattering mechanisms. In biomass estimation, the
application of a 3-D structure can significantly improve the accuracy of inversion.

The 3-D structure of forests plays an important role in the estimation of forest parameters. TomoSAR can reconstruct the 3-D structure
of forests through specific imaging techniques. In general, high-resolution imaging algorithms are beneficial to distinguish and identify
scatterers with different heights and are widely used in underlying topography and forest height estimation. However, for biomass
estimation, radiation accuracy is more of a concern for researchers. At present, the most critical challenge of TomoSAR is the data
processing and application of spaceborne data. The main difficulties include the correction of time decoherence and atmospheric delay
errors. In the future, long-wavelength TomoSAR systems will become one of the most important approaches for forest biomass estimation
on a global scale.

Key words: remote sensing, SAR Tomography, three-dimensional imaging, underlying topography, forest height, forest vertical structure,
forest biomass
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