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L P ERERE 25 KI5 BRI s, LAt 100094,
2. HEBLEBE R B RASHEE TRB, Jbat 100049
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1 5l

A WAL B I8 SAR (Synthetic Aperture Radar)
i E B R G TR IR AE S, TR R ] BEAT Bk v
FEARIFAE T Oi a5 BALAR , AR R — 2 & 40 3%
HEMG (R—r, 2013). 8RN, 2R HLHE]
JIFBR, SAR BLUSGALRESR I —AE(F R, TR
e R 1] A B o X — A1 A ol g 7l i 2 A At TR
SRMIERGE 2 = 4E s b U R AT A
o B A B AR 2 I —FE R — Iy AL BRTT, 3
JRPENSHEMSE (R—, 2013; AR,
2022), W3RN SAR BB BRI SR . N i
G, AR AT ALENZE R CT (Computed
Tomography) %) B Al b 482t T 7 i5 2 9 M &
(Knaell 1 Cardillo, 1995).

MG, JE2HT A AL I8 TomoSAR
(Tomographic SAR) i 7E A [ T B JE 4 0 i T

.
=]

rFm HEA: 2025-11-03; FENAS: 2026-03-13
BEEWB . FEE AL (45 :2023YFB3907705)

LI ) — B B — 5 2 o BE BRI, AR AR IR A
BRI, W Ry I PR T LR A . At
ANER S, O[] SR 2R A0 B AR AR A5, 22 1T 3R R SR U IR
R I R, AR = 4 B o0 A 1K 2 5
b — 28— HEE Ak T ), 38 a6 22 2R & IR
EAT 8 L A2 4 R B B A 5 Rb BRI i, Tl
AAFEC AR B RE 1) A RB A0 A , SCEE = 4R
HE. FTW, TomoSAR MIAZLAET : FIHZ Ik
WA B B ALAR IR BSAh T . A5
SR 2 > SRR S R IR 1) 23 [R) 43 AT
HAT, TomoSARZEMLEAERZ 509 =458
ARWOT TR 2 N T (T JR0ESE, 2019).
TENLECE G, B R TG AT 5 B i
B, e /NI RS B b TR I 22 45 5 T R 45
SR B, rhERE B KAE B AT B TE
VOISR LR 7 Ll X ks B = R (2RI 5
2022). RE-EWBEZ TR =i £
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PRI LA W | oK1 AR RS fh T Al B b e T
M4 55 . BN, Zhu%: (2015) 5 Shahzad F
Zhu (2016) 42 = 5 i 0 B TerraSAR-X 5
TanDEM-X T %4l , S230 T 3ol a2 SRR A e s
FE e AR, o T 2022 45 B T & B B R —
A, HAEM AT JE W R
UKL SAR [ SEHAR, AT LA AL 9 E B 2, AE
Yyt S 3 A I 858 SR S AU B S AR 72K

B IA B TomoSAR A%, B i 24 ]
SRR R B4, BTLEA T AR
BB AR Iy X B G 7 (R ORI 2 A o 5 I =X
W 2 W IR SR, BVTEAS A
JE] A Aph A7 B b ) — B B — i ot AT
L, DA 2GR B, HACR MR E FA O
i) TerraSAR-X (TS-X) T A% (Zhu #1 Bamler,
2010a) . o3 —F o 2O TE BRI AT R H £l A
1 SAR [] 25 SR A2 AN [) W0 A A 1ol 30 5, 490 2o o )
FheE B 23 KAT BRI 5% B (8 F 7K 10 1 50 19
124 KA Y R A 7 DU 1| 1L XA TR (2=
Weids, 2022). AFERBOT S . HT
KRG R E I A2 5 R EE YA
S T R R s PR W, (L% st ] 2 AH A
KA B H R U B UL 3 P 51 S =T Bk
AT S A AR R AR, RE A A B )
T, EXHEE B S RE R E AT EEKR

JL48 TomoSAR L £8 75 Z2 FiOWLINN F- 5 3 o Z2 4
PR B A 5 B R R 1 — 4 iR e, (A
TomoSARTEAG 5 & ST . L8555 M1 E 1 4 i FR AT
TEZFPR 22, W 3550 )2 M i B R T8 0 5 AR
fatdh, i HAE 27 & 23U 414 T 5 T RE 4k
NHZEIHIZ . o, SEEROLI B2 Him A R L
SN, REGERR IE RAEAN TR Ay, AT
REMTIMEG FMWY R, K, ANEBEHILE (K
B, AmRS . Z2ESH R PRI S
B REE R B R A K=, PR
B MR ZE . B AT SRR sh & L [
A THEIF G ARG MR 22 s LU, $iddl i 5 R
Y ar, WA R gt 51t
SRR 22 TR ME LA, 3k 2 i) 24 PR 38 3L R A4 1 T
TomoSAR WAL A% Co [A) 8. U fal 76 L 28 i e A PR
W 5 A T R R UL B L A R
5 g (Omati 55, 2023a) Jf R fdt bk &
ERES I, B PRI

I 5E R — [ B A58 T R4
HE SR, MIE T TomoSAR BUR A SERIE AR ,
fEth T 2 REAEU) T IR R A AR L R
SARBFNIS ) A0 55— R ANRZEA R AMERL, [F]
I A0 4 T s A ) 23 B, DRy Jim S 01 Y O 4
PR S RS SCHE B S BRI R B
FEAARHAHF KIS S ML, Fornaro ¢ (2005)
PE T HET ARG HERF DAL, TR AL T3 5+
{E 53 SVD (Singular Value Decomposition) Py o {aat
Bk, WERT T AATE AR AL R s A
PR AR E s AR FRES R JSAH TR, Ferretti 45
(2000) #EH T ARAREIAEPS (Permanent Scatterer)
AL, e PR AR I [R] B ORAFARE 10 9 B A
SEIL T A SRT W, R ST O I A N e
137 W35 U, S R A ) 3 R A T ) R
Reigber 5% (2000) F552R HHES B Al 153wk ot
TTIENTe B R, S TR R R 1) 2 HE R i H e
FEZE ; BEXT i R ] o3 BRI BR8], Guillaso 5
(2005) #2123 TR AR AT MLE (Maximum
Likelihood Estimation) I 7 By #5035 55 o U 1) 284
TG E TR O B e R s AT A T 2%
T 38 T s AR 1) 2 W A e AR R

FE TR ST S B, TomoSAR BLAZGE # 7l
I RUNT U CHERRYY (2552455, 2021): Hdaiit
., ERET R (Xiang 55, 2023) SAILIAL
e Bt R L E AR, Horb, ETE R
T AR 54l P O i RSB0 A (e AP IR
F1 20 20 90 AR IOK . TomoSAR 14 24T =i 13 S i
SVEAWTR R, AWHESK E R SR PR, L
Fradd . TS A ERE . R R S A
(TR BT 400 43 R an T 1 s i = A B B

PR BE SRR M B BRI R T
A5 FT (Fourier Transform) (Reigber%5, 2000) .
P R IE i BF (BeamForming) (Lombardini 4 ,
2003) AREMIESEAEMNH AL S UL EES
43253 MUSIC (MUItiple Slgnal Classification method )
(Gini 4%, 2002) MACRMSHALIEME TR k. &
Rl LI LS e Bk S AL T SR T R T R
I3 A 8 ) 1 22 B B A T ARAT T B0 v R
50, HX SRR B AR S (R |
ESHMT L) SRR (SEUEE) S
BN T 3T SR = A A AR AR T A5
25451888
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1990s—2000s

MR BIESIREINEL | | @ I AH(FT)(Reigher ¥, 2000)
® 7K A BUHA(PS)(FerrettiZ, 2000)

BB | e—

T 55 TG B
2000s—2020s

= » % (5550 25(MUSIC)(Gini%%, 2002)
mp|  SECME | w— |4k (WSE)(Huang %, 200)

'ﬁiﬁiﬁﬁﬁﬁ%‘gF)(Lombardini%, 2003)
® 23 SEAE 3 fR(SVD)(Fornaros, 2005)
® Capon [ 3& M JE% (Kumar%s, 2017)

[ o B4 H(CS)(Zhu%, 2010a)]

2020s P43k

RIS T B — s LIDAR #R45II 2RI 45 (Yangds, 2022)
o [ 3 A5 MAda-Net(Wang2%, 2023)

BT TomoSAR 7 B S 5535 K Fe ok 4%

Fig. 1 Evolution of TomoSAR inversion algorithm

KISR0 B g AN T e,
I 72 80 3 5 A A 1 1) R R ) 0 B R K
R, BRI T A S E . I, R
i AR AT o A B 0 )2 B v B S T Rk
JUNEE, ETIUAER, 40N CS (Compressed
Sensing) (Zhu #l Bamler, 2010a) & |3 7] 5 A i
Pt ok TR . AR E A S AR B E S
WG Tk, BeWs LU AR T 25 Z8 W R R AR 225K 1 0L
VR KRS RO 2 5 R A B UR , OF 0 3E
I 7 % A2 A B R AT R R . F
FRW, EAEMR AT, CS Al S & ) 43
PER 15 2255 HE T, 1 41 SLIMMER  (Zhu il
Bamler, 2010b) FFRLU0K 4080 BRI BERE 5
R THASE G, 2D T SRR I 4
b2

TR B2 2 B B - B 2 1153 B8 ) 18 R i 4
Tb, BREE2E S BEAEE] A TomoSAR, HESIEFE ] 43
PR AR T 24T, e 4 AR RS BE Tk
0 5 R R 3 s B o ) R R A
AR PR C R o N, —285R70 TomoSAR
1o B I A N 4y 84T 55, A ik SAR Hdis
YEREIA, IR TIDAR S0 ) FR A6 2 i BEAE R
AT ISR, NI AT AR R E B (Yang
SE, 2022), MRTVL B ESE T RO E SRR
it , AFHAMERE S B TR 258, Hoit
AR R . — S EEIRY 4 MAda—Net (Wang
85, 2023) GIAT HIENASRK S B RS,
i 19X 2% fi6 0% 105 IO AN [A] JE 28 T & A 5 B f 4 A
b 2R T RIS RE ) . SV, TomoSAR
o I T DRI 18 B o T 2 i R

a, PR Y E LA IR B o IR R S Bk,
T — BB A AR S S, e
Gy HER R S DT AN R

UE T J2 M i R T & TomoSAR Ab FR4E b
Bl —30, AR AJEE A TomoSAR 5 i 2 i
FOLAE LR TR SIS R L ES,
FREFR YR A 2 PR B AL 52 2 S g s
T i P A OGP R, L e s A 5 T I 7 I
B, AKCEHERGMMZ I EM: TomoSAR &
S B BRI, 4T i B RV . 4
PERER T . Rl RIS TN W1, ik
AR Egn et . Bl S TRE L LS S
5 E . ARG IR b, AR SOR R 2 FTR )
HEZ Fh v A TR MBS T - 55 2 75 {87 224 48 TomoSAR
() AR TR R e R I RN DG 2R 5 55 3 90 X2 T s
FROEBEIE AT S, IR TR IR AN TR Bk i e
BRSO 5 40 B T AR SR 25 SR X
BRB AR S N s T LA SRS
SVE5 Y HT TomoSAR 7 52 R v H Hh IHT Iifs 14 2 B2k ]
BOTJRBAKMIIIT )5 felm, o 6 R T

o4 4t
/E'\glil o

2 TomoSAR %Al

TomoSAR 3 1 7 /& 2 J5 ] I Z2 R AR 15
P AR 1 A LA, A B R S5 S Ab R A
AR, SEBUXT HAR SRS B = AR . e M A
FREUT T, 38 H SR OO0 A X B R R AR
HUE AT, SRS R LR S R A

3 (a) /R THAE LT TomoSAR 15
BERUR B o BB N 2k K LRI 3 B ) HE 51
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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)
C

K, y(a, r, s) o HARRYIS 0 B R4, BN
FF R S a r Fs SRR i) . BE
B S A s B X C RN R Ik IR A X
R,(a, r, s) N5 n R REMAAL D0 3NZ H bR
JCHIBEEY, A RN EHIAE SRS,

TEEPRN T, R, (a, r, ) fEAESE N KR
LA HE . ARSI SR ATHES 1T 32 2520
WIS, 5 n SR REAX T RN T I b, /)
R b, AL, WIS, SRR HAETE B AT
Ty (B3 (b)) HiliFr>b, XFEL
AHMPERT R, (a, v, s) W52 5 BN ARR, K
AR SEBR A PR ) R (Deramping)  (ff4:
TP, 2020) EBER,(a, r, s) 5 BARRHES 7
THIAT O BOARZ I, bR 4 s B2 A 83 Al ek
AL, 5 S Em AL A R BfE S, H
23 [ 5 O A F bR A G o

Bl (1) 5 i A Ak Ak B S A L O
e, #3320
fv (s)exp(J 4A b;” s)ds )

=, y(s)i'%ﬂ?y(a, r, s)El‘JIEJ*Irﬂﬁ’%o 4
H N ZREARPAEGEAE r—a (FEE—J7 1) Fi
FoE T HE RS, TomoSAR 18 3 45 3% B MR KL

(a) BRARN L

(a) Ideal conditions

S R G S R, X (2) W s b
MRS B R LA i, 15

27 Jexp(j2mE,s;)

A LARR R EIHAR A £ = 2

AR AT (2 AR )
T
TomoSAR ) Lfi V=A(s)ytn e
S AR migst it | e g
A OB 1% Hp
—{ s
—{ st
s | YA
I
AT e
R
— ok
e
I
— s
=
| mii | mren. aeessn
| s wi ] mrs. asks
ik | R b eEmR
, B
Tl
A LA
LA
R S
A1 ) F{E 2
ey

2 SCHEZR

Fig. 2 The framework

(b) SEFRI

(b) Practical conditions

F3  BRAAS L5 SEPRI A R TomoSAR B ALR &K

Fig. 3 Schematic diagram of the TomoSAR observation model under ideal conditions and practical conditions
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vy I's S LS &
n_—%&%z

B iy = [y, y, -,
B ity =[y(s,), y(s)), =, y(s)T,
[ &R AT LAFRIR A

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

K, n RoR BRI, Fm K& AGs) =
[a(s,), a(s,), -, a(s,)], ZHEE T E—5]7T
R RN N als;) =[exp(j2més,), exp(j2mé,s,),

, exp(2méys,) 1o I, SR G 10 0 2 B
(R RO 2 A oA XoF ) ey (49 SR gt [ AT

BT LRFEIES, I8 A L5 SAR Jr i 1n]
500 ) 3 HER B BE FATE X, TomoSAR £ 5
TR Lo B A KRR (Reigber 5, 2000) :

Ar
5= )

b, 3 BT T ) B A LA K b = b, +
boyeebyys re R HbR S RS0 AR r 7R
IR SN B

FESEPR B, BRT 8,40, A KA
e, A R TR 22 o, AN 200 E A R
B iEbr. Boo, BARBHCRFERIERE T H,,
BTG R R TE L P B d, W H,, FT
TN

_Ar,
H,. = 2d (6)
MEbRE B EREE H B, EER

] TR B, X B SR TR AR RO L 20 O ik 2 8
I HEL R

TomoSAR [ = £ S i 7] LR LB /E 2 364 T
WA AE i, 7R A PR 8% b 5| AT AR A AL e A
ol it F L U B AL m iR 22 . 2l (4)
A2 MR RS ] A5 2 S R AG TR 22 o, 5 R GUAH AL I
o, BITREME AR

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
. (Frey FfllMeier, 2011; Pengs, 2019; fift4: D5,
2020; Qiaof‘ff, 2023) . W A{H % (Khoshnevis
#1 Ghorshi, 2020; Omati %5, 2023a) FlCapon FHif
R #EPE  (Lombardini F1 Reigber, 2003; Kumar %5,
2017; Cazcarra—Bes 4§, 2020) 45580y 52 B3 )
T, R ] 2 BE R M AR R A e S
EEEPURIIE €/ & S PN I S o
WEERLR, SELFEN S 2 B5 502Kk
(Schmidt, 1986; Gini %, 2002; Martin—del-Campo—
Becerra%f, 2021) FIINALF43[B1H1A WSF (Weighted
Subspace Fitting) (Viberg 1 Ottersten, 1991; Huang
F1 Ferro-Famil, 2009; Huang%§, 2011) 558k,
BRI S VAR R 1 BU RS AW/ D' 5 € )
Bt mE P, HHIT R A e i ML & 2R i
TAESHAL R, HX e i fm B B A B i A
PEo XSRS T R B S R
ZIWA g, 458 (ZhuHlBamler, 2010a; i
HSE, 2011; Li%ds, 2016; Wang fil Xu, 2022)
P TR R, IZRIARES AR S A B 8K
DO T SEIE 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
Yang %, 2022; Li%, 2023) ki k@, dk—4&
PET TR R SRR MR EER S TS A
gy, R b2 W 2 40 B1AE J 7 S rh  E 2
PR R, AH PR REZEAR JORE BE F A 3 R
e o e R A Y SR

3.1 EEMZH®RER

T 5 2O [ A5 5 SR U R
(AL LA G R, O] SR AR L A 4 5
B R S o L AR Bk B R R i U S
OB R G BRI RIS SRS H S, I
S FEAG S W5 I BN REONHE, Mo
FoAb A% A5 FARAOAE,  DTITRE 22 0 K00 =4 S v
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R ) RO R B A ol B A s B LB
R R R, HLATE TR B AR A
BORE . TELRAH R T . LM
BISE BT, XA RS EE R AT 2
M TR v AR ) R oA, BRI R A R 2
¥ (W E-SAR. TerraSAR-X) 45332 )% .

V7 B E R A s A ) AR SR AR U B B 5 T s,
Ab ) 55 E AR L A5 5 AT LSRR R

2mA (s )) (®)

W, (o, so) FRIZaE AERAYJE [ U 280
XFC (8) Fr7n B s H AR 01 P 155 2R 47 i Ak
W, HRRRHE S

%(S,So) = ‘Y(rosso) * eXp(_j

L2mA
o) = (ros) oo 5

M—%M)@)

FEXSARRME S y (s, o) BEATAEHLIN 250, ORI
AT R T R, DA R 1] BN R B
%ﬁo %ggﬁtlj{%%v(s, 30)%‘%5—\‘%

4mAs
v(s,s,)=Y(——,s,) =
Ty
2TA 4TmA
Y(roes) - exp( 2 53) [exp (G (5, = s)s)ds =
To “bi2 To
C2TA . 2mAb
Y(rg,50) b+ exp(—j sg) -+ sinc( (s —s))
) Ty
(10)

K, sinc BRECRE T =2 ) 73 HEES .

e L i AR B () M B R A2 SRR LR 5ok
FERISIPER BRI, R BAE R R 28 /DT B2 10 257 4%
AT HE R B BEAF & a3 2 b 25k (Reigber
Fl Moreira, 2000). 7FHLE g5, AR
5 1 8,0 B A HEN] 38 E AL T 10—20 m i
B, HARE &0 T 5 e Skt . 3455
AT 5 Ve B R ) 32 v B 5 S5 A A, SEBR
HARCEATER, o, /li85—10 m, JSEHH M
LN PERA IR, (AfEZ I TS . MR
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
AL SR R, HA B AT S P . R
I P S R r S T S

32 FSHUHEGTEZE

1 TS M AR S RO R R = (4) 1
B, IRl 2R N DL B3 A5 = Ak

HEAR KR, B E I 06 B 55 5 b 3 1% Al
J18 5] A TomoSAR. BF 5 Capon 016 Ti%
THREE UL RS, AV — R M 5 il
FEMHI RS . 10 SVD W 148 2% B i 1%
YESEHY, R A5 S AE 00 BE B o A X5 5 s
T S5 300 2 2050 0 5 A A R 8 5 e s 1 1
S BT B s . R fd kR B A
YRR, XRBEIRBWC AR VKA
ARG s EZ TR, W8S HEs
FHG B AR T RIS SR

AR, fEBFiPari it 2 & h"a(w) = 1
MBI, (AR —ANREE AT o Kb 1% H 3R
R H, R IENEESR BB NG 045 a(w)
HERERE; o = 2w, JHTTEUHAR 6, H
g, Rl (3) PSR . 255 n St RIS I8
WA N y(n) = By (n), DUHOSF B4 2R A
P(w) = E{|y(n)|"} = k"R )k, HHR B (4)

y WP 7 255080 . R AT 45 BE B9 2R3 A T HE R
a"(w)R a(w) (11
N2
Capon 5 BF 2L, HIEMER T HIETHFSH
HICHE, IR » 1. (i, Huey i b &
ik T
by = argmin {A"R h},

PBF(a)) =

subjectto h'a(w) = 1

(12)
L C12)WF#H b=l a" (0)R'a(w) 'R, a(w).
R P(w) 145 Capon TR GG THE A
1
a"(w)R'a(w) (13)
SVD il o X ¥p Jy 256 B R AT o0, ) FHH:
FEOEE 5 R AR ) 4 5 2545 55 S 7S , gRimi Ak i1
SRR RE M o XF R AT IS R, = USV', FHorr,
U NV 5350k 2o A 2 S 1ol d A B AE SR RS, S0
A AT SR B MR R o R U xR RN S
(B )RR AIE ) 2 4 S8 75 78 (B R R U, = UG
g+ 1: N), Hrig X+ ¢ MR RNEHEE . 55
T3 A JE B U, WU FR R, HPOGE R T 11 g A B K AR AE
[ENOERNATRE )i
A RPN ORI RSP s o o i ol e e 51 B¢
/B R AR R, AR TR I RR R
1

P i Norm ( w ) = 2 (14)
| ATUNoiseUVoise e |

PCapon ((1)) =




BXIF] 45 . TomoSAR {5 5 S i « Bk £54 ) b A5 S8 Ry i 40 #r 1419

Xrf, A S TomoSAR RAE LA G

% [ BF. Capon 5 SVD4L, AESibikfhit
AL BRI ME  (Maximum Entropy) (Omati
4, 2023b) S Z MMM LP (Linear Prediction)
(Omati 5§, 2022) SFHE. ME R EE R KL H
SR R e R B LPAES BT
ARG T 0, T BOE U REAL, BB
% B HE 38 5 15 43 M A B e AR 1) 1) B A R R T
ity SR AR L Ktk = Se g n B, BN A
SRIREE T K| 5 AR RS HU W) 1Y ST . BF 7R3 HER
WG T B AR BT 2 i A A PR R 5
Capon ] 7 {5 1T 2548 T 3R15 29 0.5—0.7 15 56 Al 43
P, SSAERIRE ) W E T, FIIAEI 10 dBLL B
IR SVD HAg R PR M AR fd v, 7EfE MRk
BARMI AT T A RE o B E 2N . HAES B
ESTR S TR I WA E 2 £29 UN 1D D it 2 BE
WE L, EXS U7 22 ARG TR BB T v (LiSE,
2016) o BT LASRZR [ 3 NP J5 26 At (24
FE 45T Y B RV AT 58 18 e B8 B it B Sk D

3.3 SEHIBMITEE

kT S0 A R A BR AN R AL AR BT S 20 43
KB, B H W PR SIS T3 5
A TomoSAR, fUffMUSIC 5 WSF%5:, Z%ufkitftit
IS A B A R B, 3l 3 T 4% ) 0 i
PG S B RS B 6, TESRTT BT . B IE i 5
FAHT HArh R RN . MERERENES
BRI T AN B & R, Sk 1Tk
B3R R HER ROE Y S A O TR —

MUSIC 5 WSF ¥ EEA R T X A (4)
y W R FEATRAE S, FE R 2 (030 53 R fF 525
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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)



1426 National Remote Sensing Bulletin  # 254k 2026, 30(5)

BRARARSL, TomoSAR FE T 5% rh b H 45 B
FHWE T30 30T DX DA s B R0 ST 7 B85 R 2
BRI s B WAL, T SR
A E (Lombardini 55, 2013) . 75 X RUE (1
o BE AR DL X A U T S R Ty B AT 5% R
SRS S A A T B AR D A HE T AR T
fELSRY/BUE SDIR AT il 95

Zhu 1 Bamler (2010a) & T 7 [ TerraSAR-X
125 S EIMGEHRE, i TR RO R S5

(a) TerraSAR-X 5i# &
(a) TerraSAR-X data intensity image

L b

1
e
_‘.I_A".l’ ground'

100 200 300 400 500 600 700 800
Ji L /m
() SVDRIEI P i3 RUGT R
(¢) Reflectivity of SVD at point P
K19 P S 3454 (Zhu F1 Bamler,2010a)
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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