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A WAL B I8 SAR (Synthetic Aperture Radar)
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G, AR AT ALENZE R CT (Computed
Tomography) %) B Al b 482t T 7 i5 2 9 M &
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BT FRARIE ELAS NI . VKR FRAS (L PEAL Kb
FUURRMER AT 55, BN, Zhu“%: (2015) 5 Shahzad
F1Zhu (2016) FIHFEEFATH 0 F TerraSAR-X 5
TanDEM-X TR %4, S230 T 3ol i a2 SRR A e
B AR, T 2022 4E Tl A 5 b AR —
SR, HAEM O A . AR W R
XL SAR [R5 AR, AT DA 9 FE R 2R . A=
) ek S TR B B8 S5 A DG AT B B R B 752K
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S0 R BB RIR T B4, BTLA T EAR
BBCEAR B X B e Ry (R ORI 2 4 o 0 X
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[ei] AL T 57 B o ] — B B — 5 i AT E AT R A
S, AR AR R, HAR R R A A o
Y TerraSAR-X (TS-X) TE%HE (Zhu Al Bamler,
2010a) o 5 —FhJr AR AT PR F 23 3 P
1 SAR [R] 25 R G2 AN [ 40 A1 19 1] 38 54k, 4970 o e )
Bl B 25 KAz B AUH B 5T BE (4 F i K P 17 ¥ 50 1
12 4™ K2R F B A R 2 I 81 DU T4 L X A 0
(ZEWElE 45, 2022) . AFEFREO AE3L oA .
THERGE G E A AEES: REEE
AR B T BB it ), (Bt ik ] 25 4
TRRA B s BRI 0] 7E
AT SE LA EE R A, RRAE A R i B ] 25
T, A B S R E A A AR,

JRU4E TomoSAR B 22 78 £ Fh WL SF- 6 38 1 2 kF
PR B A X B R R 1 — 4 iR e T, (A
TomoSAR TEAG 5 AT . ALHES I B 1 4 i FE AT
TELFR2E, 1355 20T = B ST RS S AR
fatk, i HAE 2 & 23U 400 T 59 TRk
NFHZZ B2 o, SEBR I B2 H A FR
AR, SEGE RS RAEANTESY, ML
KRG IE T e, H, AREEHHLE (I
B B RS . ZEE) FERl BTN S
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E5) I RV I N [y e B a N ¥ 7 ) =t i 2
AT HIFBI ARG R 22 Fod, Bl it B R
g, WG e R | R gt S5t
TRRCR I HE DA, ok 2 i) 24 PR 3R L R A4 T
TomoSAR SRR A% o ) 8. Wi 7 F 26 i i A B
WP 5 A T R R A UL B T, A s
S5 HE R (Omati 45, 2023a) JfEafd Pk &2
ERES O, B PRI

I 5E R — [ B A58 T R4
FSHELAE, FJEE T TomoSAR A% A LA AL F AR AY
Pt T ZMEEEC) T e AR B R BRAR L R
SARBFNIS ) A0 55— R AN RZEARAHE L, [F]
I A0 B T A ) 20 BRSO i SR R A T R 4R
BRSSO S BB rhei Y
BRSNS B, Fornaro 5§ (2005)
P T BT AOARER S SAARL, g ABLT 57 55
{H53f# SVD (Singular Value Decomposition) F*)Fz gt
B, WERT VAR A R 5 RSB 4k
PER BRSPS ] EAH TR, Ferretti 55
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P T RE R SR R R 1] 4 PR T ) R
Reigber %5 (2000) 55 R WA HOG M7 2k ik
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FEZE ;A RE 1] 20 BE AR A R AT, Guillaso 55
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Likelihood Estimation) %Y 5 505 26 4 D) 1) = 5k
A TR, TEBURHA B s T A T 2%
F T s AR 1) 2 B A e AR AR

FE TR ST S B, TomoSAR HLAZGE # 7]
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W, R ER I (Xiang 55, 2023) SAILLAL
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T AL 54 P O i BRI 0A FRE PEAP IR
H 20 20 90 AR IR, TomoSAR 1 24T = J3 I I8
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FRTE R T S0 43 i T 1 s 9 34 E BB

PR BOL SRR G B R R T
253 FT (Fourier Transform) (Reigberfff , 2000) .
L1 oI i BF (BeamForming) (Lombardini % ,
2003) ARERIESBALEMIHTEL S UL HEES
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iR, (HiX S EE A EAACR G ([ E s |
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RIS T B — s LIDAR #R45II 2RI 45 (Yangds, 2022)
o [ 3 A5 MAda-Net(Wang2%, 2023)
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Fig. 1 Evolution of TomoSAR inversion algorithm
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FEXRI, DL S N2 S EURAE S G . S —ith
Y1 HFRPAICIE S n 25 REAL B R AR 5 0l £ m
(Fornaro %%, 2003):

¥, =j v(a,r,s)exp(-j 4/\ R,(a,r,s))dadrds (1)
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Fig. 2 The framework

(b) SEFRI

(b) Practical conditions
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Fig. 3 Schematic diagram of the TomoSAR observation model under ideal conditions and practical conditions
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B ity =[y(s,), y(s)), =, y(s)T,
8] &R AT LAFRIR N

y=A(s)y +n (4)

K, n RoR BRI, Fm K& AGs) =
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BT LRFEIES, I8 A L5 SAR Jr i 1n]
500 ) 3 HER B BE R ATE X, TomoSAR £ 5
R R BERAT KRR (Reigber 5, 2000) :

Ar
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boyeebyys re R HbR S RS0 AR r 7R
IR SN B

FESEPR R, BRT 6,40, A KA
=, A R TR 22 o, AN 200 E A R
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MEbRE B EREE H B, EER

] TR B, X B SR TE R AR B 5 L 20 DR ik A2 8
I HEL R
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A2 MR Y ] 45 2 E ARG TR 22 o, 5 R GUAH AL I
oo, BITREMECR

Ar
O-h &~ 4,_‘_‘_([)) 0-50 (7)

Liges. H, 5o, HKbERGERTS,
B RERE K oy, (HELATREWUNH,,, SFECRFE T
AR A TR R B, DTG I i X, I
L MR . R, A ny it 5 RE
TomoSAR R4t Lk e

3 TomoSAR 5 i i Ak s 5 i

TomoSAR H5 ) i o) fe FEL it 728 46 By 432 52 9 A%
(Reigber %5, 2000; Minh %%, 2014), it %)
it AR E) (] 8 A5 5 AT 300 o8 L O A A 81 i ] R

FEA AL m B oA, A AT R E AR R
R B, ZEERIT AR R E R R ] 2 BRI
BEAE BORIEA, 2 M i BE BT Sk 1) 4 i oy MR
(5 T AR K 563 . DeGraaf (1998) KEFEFIfES
Ak BE R ARG T35 51 TomoSAR, 4% 3
R RSB S SEALPE . BB AL AR
Bl AT AL, JO AR SRR, AR B HOE
i (Frey fllMeier, 2011; Peng®%, 2019; fif4: 1 %5,
2020; Qiaof‘ff, 2023) . W A{H % (Khoshnevis
#1 Ghorshi, 2020; Omati %5, 2023a) FlCapon FHif
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2017; Cazcarra—Bes 4§, 2020) 45580y 52 B3 )
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EEEPURIIE €/ & S PN I S o
WEERLR, SELFENG S 2 B5 502Kk
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F1 Ferro-Famil, 2009; Huang%§, 2011) 5587k,
R EROBAR SRR, Gl A A s S U
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PEo XSRS T R B S R
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S5, 20115 Li%, 2016; Wang #1 Xu, 2022)
P TR R, IZRIARES AR S A B 8K
DO T S IE TR, B BRI AL
A LI OB B3R o AR, BEE MR M 4
(Neural Networks) (Hopfield, 1982) fj2%i2, T
TRIEZ 2 ] W9 )2 8 i B S i 53 (Qian 55, 20215
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PET TR R SRR MR EER S TS A
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R ) RO R B A ol B A s B LB
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W, HRRRHE S
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K, sinc BRECRE T =2 ) 73 HEES .

e L i AR B () M B R A2 SRR LR 5ok
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By FAP AT A a4 e FR AU o A R AR
AT b ) H AR P AR, PR R R
HALF LR L N IL S % . BEEZ TR R
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HERERE; o = 2w, JHTTEUHAR 6, H
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WE L, EXS U7 22 ARG TR BB T v (LiSE,
2016) o BT LASRZR 138 NP J5 26 At (il 204
FE 45T Y B RV AT 58 18 e B8 B it B Sk D

3.3 SENIEMITEE

kT S0 A R A BR AN R AL AR BT S 20 43 8
KB, B H W PR SIS T3 5
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Fig. 4 Results of the MUSIC algorithm in separating scatterers with different coherence (Huang & Ferro—Famil ,2009)
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Fig. 5 Height inversion results of CS and MAda—Net algorithms (Wang et al.,2023)
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Fig. 6 Building height retrieval results and estimation errors of CS and MAda—Net algorithms (Wang et al.,2023)
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Fig. 7 The resulting slice of tomographic height with different polarizations and the SAR amplitude image marking

the position of the slice in the azimuth direction (Reigher and Moreira,2000)
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Fig. 8 Tomographic heights of different algorithms

for retrieving vertical profiles (Ramachandran et al.,2021)
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Fig. 9 Reflectance analysis of point P(Zhu & Bamler,2010a)
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Abstract: Tomographic Synthetic Aperture Radar (TomoSAR) utilizes multi-baseline synthetic aperture radar (SAR) observations to
synthesize an elevation aperture, enabling the retrieval of the vertical distribution of radar scatterers within a single range - azimuth
resolution cell. By extending conventional 2D SAR imaging into the elevation dimension, TomoSAR provides a unique capability for the 3D
reconstruction of complex scenes, particularly in forested, urban, and cryospheric environments where volumetric or multilayer scattering
dominates. Over the past two decades, TomoSAR has evolved from a primarily theoretical concept into a mature research field that is
supported by airborne and spaceborne SAR missions, accompanied by rapid advances in inversion algorithms and application-driven studies.

This study presents a comprehensive review of TomoSAR imaging theory, height inversion methodologies, and representative
application scenarios. Starting from the fundamental signal model, the TomoSAR observation process is described as an elevation-domain
spectral estimation problem, where discrete and frequently nonuniform baselines sample the vertical reflectivity function. On the basis of
this formulation, existing inversion approaches are systematically categorized into several major classes, including Fourier-based spectral
analysis and classical beamforming, adaptive nonparametric methods (e.g., Capon and singular value decomposition), parametric subspace-
based techniques, sparse reconstruction and compressive sensing approaches, and recent data-driven deep learning methods. For each
category, the underlying principles, algorithmic assumptions, and typical implementation characteristics are summarized to provide a unified
methodological perspective.

A critical comparison of these methods is conducted in terms of vertical resolution, robustness to baseline sparsity and temporal
decorrelation, radiometric fidelity, and computational efficiency. Conventional Fourier-based and beamforming techniques are
computationally efficient and physically interpretable but inherently limited by the effective elevation aperture. Adaptive and parametric
methods offer improved resolution and sidelobe suppression under favorable conditions, but their performance strongly depends on accurate
covariance estimation, model order selection, and coherence preservation. Sparse reconstruction techniques demonstrate strong super-
resolution capabilities under limited and irregular baseline configurations at the cost of increased computational complexity and sensitivity
to regularization parameters. Deep learning-based TomoSAR inversion has emerged as a promising alternative, providing fast inference and
adaptability to nonideal acquisition geometries, although its generalization capability, physical interpretability, and dependence on
representative training data remain active research concerns.

The review further discusses key challenges that continue to limit the practical deployment of TomoSAR systems. These include
baseline nonuniformity and insufficient sampling, mixed scattering mechanisms within resolution cells, temporal decorrelation and phase
disturbances caused by atmospheric or platform-related effects, and scalability issues associated with large-area or high-resolution
processing. Existing mitigation strategies, such as optimized baseline design, physics-aware modeling, phase error compensation, and
regularized inversion, are summarized and critically assessed in terms of their effectiveness and limitations.

Finally, emerging trends and future research directions are outlined. These include multifrequency and multi-polarization TomoSAR for
enhanced physical interpretation, hybrid inversion frameworks that combine physical models with learning-based techniques, standardized
validation protocols supported by external reference data such as LiDAR, and computational acceleration strategies for operational-scale
applications. By consolidating theoretical foundations, methodological developments, and practical insights, this review aims to provide a
coherent reference for researchers and practitioners, and to support the continued advancement of TomoSAR toward reliable and large-scale
3D Earth observations.

Key words: TomoSAR, tomographic height inversion algorithm, spectral estimation algorithm, compressive sensing, three-dimensional
reconstruction, baseline distribution
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