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Abstract: Traditional Synthetic Aperture Radar (SAR) imaging is the projection of a real three-dimensional
scene onto a two-dimensional domain of azimuth and slant range, which results in the loss of the high-
dimensional information. With the advancement of SAR system and its processing technology, tomographic
SAR systems obtain multiple data along the height direction to construct the high-dimensional synthetic
aperture, and use array signal processing methods to achieve high-resolution three-dimensional images. It
can reconstruct the observation scene and extract vertical structure information of the ground target, which is
very important for vegetation monitoring, snow and ice detecting, and urban modeling. This paper analyzed
the key steps of three-dimensional imaging, such as image registration, flat-earth phase removal, phase

compensation, and the three-dimensional focusing, as well as the current research status of each step based on
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the observation mechanism of tomographic SAR system. This paper particularly focuses on using tomographic

SAR on the application of vegetation, glacier, snow, and urban information. The most relevant experimental

results in the past two decades were introduced. Further, the application potential and existing problems

related to the vegetation height with canopy structure, glacier thickness with internal structure, snow

thickness with stratification, and urban three-dimensional reconstruction with deformation monitoring under

different platforms are discussed. Finally, the prospects of TomoSAR in the primary applications field are

presented.

Key words: Tomographic SAR; Multi-baseline SAR; Surface parameters; Vertical structure; Glacier thickness;

Snow stratification
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Fig. 1 Tomographic SAR observation mechanism
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Fig. 3 Differential interferograms with temporal baseline of 490 days and spatial baseline of 97.7 m

3.3 SEHRE

Brim B AE R A, Fofh 4R A3 5L 48 5 1%
ARTA], T TH & A2 = RS AL 3 T v P R B T
R, R “ImAUEN” (Rayleigh criterion), 77
HEZZ G AL BERR ), A5 FH {8 B AR 48 1) T v
FRAG I 73 1 257 S R HE R SR 1] o b Ah,  H T idi 4
AR HIEL s AR50, FE s A g E
FEAS AR G S AR b AT P A R A

BT /EEAT AR B . AR AME 2 e, F ik Rl
55 A AL SRR Ehin] AR R A

z(n) = a(w)ed™ + e, (w) (8)

He, e (W) NINERER, n=0, 1, -, N-1, Xt
DI BR 2 T Al v A 5006 L T 000 Il 0 A A (1 B
i FETHRE M BAR SR S R SR AR T

WAk TE VT LA RS SRSl Ty ik
MBH AN TTE. HTESARKAESEHAE 77t
i 8F A 53 fi# (Singular Value Decomposition, SVD)
TIkER2 d N T 2R R AR L T Al vk BT

SR 53 TS 2 S 5 73 985 (M ULtiple
SIgnal Classfication method, MUSIC)58, Fgf& A
AR PEF 73 (8] 77 1 (Estimation of Signal Parameters
via Rotational Invariance Technique, ESPRIT)®,
JE 45 0135771 (Compressed Sensing, CS)10%%,
REETER G S T L S HA R, 42 & A
XFECRE, DD SR EAAR B JESEE i
AL E SIS TS B m 4R, TEEH T AR
Ay, eakEg . VKSR SEG TR R A
H RN B AR, TEE AT G, thand
M =4eE . E4FTRETMUSICH BAE 5%
H5ET HESPRITHI IR T4 Nid H 5 (1) 4b 2 25
A Ho E4(a) FE4(b) il A R 85 1T,
P4 (c) M4 (d) AMig25 KHLEE AT EL
4 BEHSAREERNH
4.1 HEWEEEHRER

TR B XA ST R EEZ R E
—, [FEHE N B AR SR AR A7 2, X A BRARAE IR



14

4t BHSARMLES B RISt 121

(a) PEES 287k
(a) Range Doppler method

(b) MUSICH5 %
(b) MUSIC method

(OF:R=EZ T Vi
(c) Range Doppler method

(d) BHESPRIT/7i%
(d) Unitary ESPRIT method

K 4 Ni& H AR R4 Roxt b

Fig. 4 Manmade targets imaging results comparison

AR DX 3 S A AR A R 4 A RS A A 4D S )
AR AR A s S, (R R ot HL 2R ) Y
A TAE . TR JE WA B 837 54T = 4%
PEHUE Y B 5 TS M EUHE S, T DR R
Mo th AR, WAREE . EESWEE
HZHERWEESHIRR, @S HU R
AL, B ETENTSARN FF 7Tt F A T R i 5
BORIE T, T B RS HERN A S AR AED)
SRR T7 1]

PR R FMRAES I EERNEK, HIZHM
WA TR ARRRAREE, AP &I 0 B
KE, HAVRIR T ARG 5 4 (i an, R
MODISHICESat (M £, #8241 km)!,
BRI AR S R B EFRS 0 M 3 ml b i Sz ad
W5, 1998 DLRAF FHHLESARE IR 4T T JE T
AR SIS WE AL, OREREL T SR X B B S
BB, 20064EDLR A E-SAR IR R4 & T HLEL
LB AP B EHTSARSES:, SREL T 11505
P T KRR EMEN Y, X2
SRR B AR AL Py BUZHTSAR S .
[F4, Cloude™ & & H AT AT EHTELE,
FR A B SLIR IR 1 H AR EAY R E R R
B ), ZSR IR T — I e
IR ENT AR R T, IOV R s IR ES Ar
BABAE HbRZ B R R, o7 5 AL
EIS, kG T SR R IR 2

Bl 5 B 75 SR 943D, BR2E )5 (European Space
Agency, ESA) LA Ak 2 AF FUHLAA HE H T 7] AR AR R
MPFIBIOMASS PRI, BAEMNAERARAGS K4 F1
AV EFFBIEAT, ANikiz TR RIKEE-SAR,
F-SARZR G5 T KEHNE KITHH, 0UELEES
TEFRM . ZUKIRM A IRE )1, AFEBioSAR, Tropi-
SAR, IceSARZ:TIH

2007 FESAFHDLRIINLEZE-SARR G &
T BioSARHLEZHTSARFRAR RATIUESELS, TR

b FKrycklanii i i Remningstorp AR AR X 35 HL
T PRBONMLE B AL E M s, PUBOK P3R4
8 m, LIEBI/KPELE m, KA 7R EBES
M, HFAEOEEIAATIRUE, R ERIA3 ml T,
20114F, Frey and Meieridt 1 B8 %5 (Time
Domain Back Projection, TDBP)Z#TSARE4 4b
PR, A AT AR 20079 3R H ) i 4R
Brab B, g5 SRR WLk BOA] DUAS Il 21 ek 2 A b T
T PR B AT LA 76t A T 1) b 5 4 X 4y 19

20124, BESAPISHEH T TropiSART H R
Biomassit X AR M ERE, 7E7EE ONERAM
XIRE TP B T SARE R, |E S HFFRLN
20 m, AR RETERJ920~40 m, EAERBE
PR AT Py AR BICR FH B 70 2R ORI 1 L T AH 2R
£5, W] DUTE 20K 3N O 1) 2 T 3% 5 B S A
STRE = 4E oAy, HEBESM NI, fEHLTm
B A AU, MRS E N RN E S
) HUH SE M A /N N FEEF T AEBIOMASS =T g
Xof ARy b DX AR OMR AR ) R v B RO I BE /7, Minh
S NPURIH TropiSARIH SR #0441 BIO-
MASS PR B s, AHEFE3] 7 A kR I
BHAoMIERE MR, ANBIOMASS A THRIFEML 7
SRR SCHR . B A AN [ v FE AL B JE A S 1R U
ZHEFHMM Y E (Above-Ground Biomass,
AGB)Z MMM, RIVGE RESES 52 L
#(20~40 m) M AGBZBAFAE 1 BEAH G, T
K HE AR 2= 02 R — AN R AGB
R, PR N125%125 mA(1.5AH) K, AGBH
U 2 AT BLIA FIRMSE N 10%~15%P,

20154F, 3 [E [E XM M KR (National Aero-
nautics and Space Administration, NASA)H
DLRECEHEH AfiSARINH , FFIG7EIEIINE (Ga-
bon ) #iy i AL XSS dL B Rk G R AT E , F
HIDLRIMIF-SARR S . NASATE AHLISAR RS LA
SO TR IALVIS RGKA T P ik B AL B AR AR



122 H Ok

¥k

1035

JENTSARE R, XTHCHOCEEEYE, IER A
2~5 mP*U, BEJE, 45&TropiSARSLL 5 Afri-
SARSLIG Lk B AP Ik B YR Sl AR AR I 2 B 45
PG TR JTIEAT T 5 VEAN, P B AL B
S 1 3 5 ARAR 2 40 33,02 mAl3.68 miY,
545 H T Paracou#iis fr i flBoreal Krycklan#k
MRAEL I B AP B A TomoS AR S i AR bRk 757 1)
Fy ARRIREOE TR IR 15 AR =,
SR RIAPP BZ AR RN, B E R
S RE 4

& 7 ARSI 2 Ah, DLRAE20144F4HI CROPEX
WH, RN ZILSARIAT RAIEYIIEA K
NI, 3 B A C B BRI AR AR I = 4E AR AL
BURFIE, 7K L5 3R 7 2 2501 i 22 U Ry
AEREAT We) B 3 AT o B TR R BN T FOK S AT A
AT DA I o P A B o R AR . T L HICR S T ) 5
O AREUR BRI MIWIMG A K, HEEEAEK, H
VIR BB o A S BN R A s KT %%
ICAFAE Y, 2 EE BT . 2 B O T R
Oy BLRH U5 AU D2 L i AR A 247 T i
I E5-201 - A SR (PRI 5T B 25 FE i ] I FH 2 FE 26 SAR
Hm it — DR AR S KR R R, DA S
IFEAE AP EE S A AN AR b (R U 2 7t
FC, HEIN 22 AR WL A 1

LA SIS 06 B R A 9 2 SRR I e S v T

L-band

6000 6500 7000 7500 8000 8500 9000 9500 10000
Azimuth (m)
(a) L% EBIHHIEE Paracouff ik

(a) L-band tomogram (HH channel) at tropical Paracou forest

60

40

20

Height (m)

0

6000 6500 7000 7500 8000 8500 9000 9500 10000
Azimuth (m)
(c) P BYHH##E Paracousf ik

(c) P-band tomogram (HH channel) at tropical Paracou forest

.
0 01 02 03 04

TR 4L 15 ., TomoSAR AT DA &k #k i 78
RIFIZERIE R, It HEAWMAE B AT LATE =485 [A]
AR AN [ T R EC AL 5 A 1 2 AU
T S e T 7Rk S BRI AR AR S T EUE SR T HE
B8 T FE A5 R AT M Th R e . FRARS I
T, MNENEFEAMEREAME R R, R R TR
W AT B e AR BRI T A S e — AN EL
ANTE S R, TR AR AR O Hh 24 4 B HH AR fk
WIES K WG SN Z BEZRA . 2
TomoSARFEE A [ 3 2 [ 8l 2 — & BT SR U [A] /1)
ZR IR R AT, HAr 2 EEE 2 H TR
Foe i B bR (N3 T 250 ), H I B iy i [ AN
4K, FRARALI A i R B AR Ak B AT DL 2 Y
T R R /NS ] 2 AR S B 7 sORTAR BB AR, 4
AT anderm 25 4] 10 SO0 UL 87 Y By 3ok A 7 4
A, ] DU G U6 FRAR SE H SRR H bRl AT =4
IR BhAh, GG aaE E A B R AT
JENTSARBURRFIE 4T, T —Fh AT DARAEAE 77K
SRR G M R, 3R 5 SR S B R
W R ZAI I RTISRE . E T AR AR T N 5 81
AV EAN IR SR, R BT EOR AT R B 1
ZHHUAk U R AR R 2 A WU R VR eV RS
TR SR IR R, RV B A I DA gt 2R
i, ME2022EBIOMASS B E &S, fEnt£xim
KIZHTSARN 7T 1 i

L-band

1000 1500 2000 2500 3000 3500 4000 4500 5000
Azimuth (m)

(b) LK B HHIEEBoreal Krycklanfftk

(b) L-band tomogram (HH channel) at Boreal Krycklan forest

P-band

1000 1500 2000 2500 3000 3500 4000 4500 5000
Azimuth (m)
(d) Py BtHH @ Boreal Krycklanffk

(d) P-band tomogram (HH channel) at Boreal Krycklan forest

_ .
06 0.7 08 09 1.0

5 TomoS ARSI IRIAR M b (4
Fig. 5 Forest tree height transects inverted by TomoSARM!



i

= BE

14

% JENTSARMUERZHE BRIV T

123

4.2 K| NEREM R

VKNS A AR R 2 —, UK
MRSKE. BaRE. Y-S SH RS
AL E AR, IR FEOK N S BB AE K IR
R T BT oK) 985 B v6 S5 07 A B EAE
Mo EWSAREATEIREG) =455, ity
NI EE R TT T B A SR AR S, R UK )1 2 B4
M AT AT IR 1R 2 —. B ETENTSARTEVK )1 45
FT7 T ) 98 32 BEAENLEE & I S TF R,
KA BB BT

WLEZEHTSARTE UK )1 4544 S 8 H R 9 B 24
HELIE BRI P BESAR . 200645 H f120084E7 H
Kansas K2 7N 3R H B 20 & B9 2 A0 F0
=4l (Very High Frequency, VHF) 1A KRG TE
Greenland #JSummit Campih X FE T HLEJEHT
SARKHE, FIHENXT VHF 8 IA 08 1 =48 Z Hr vk
MVRTTIE, XTOKEERMIESN . OKJEBE DL UK 55 2R 1
AR 25 IA 5 M U /B T, 7T LUA 25
m [ RS 2 LA S 14 mi¥ ok JEEAS BEPT58 . 20114F,
NASA fjTceBridge i H Fll i Kansas K20 % (11 % 8

400 600

800

TE AT H B MIRAXMCoRDS 2 Gt 75 4% 5 =% 5 B 4
fJIsunnguata SermiadK/I| FEATELHEIREL, fFH T
R TR AL JZ AT S AR Ab B 7 A K| & BE 3k 47
T, JENT RS BRSOk R Y,
il 72 R AL TR UK TR A5 358 43 P01 20124FESA )
TceSARINH H & 1 1 IRPHBUZ M S OKERIM, PPk
T PBE AR TR IS SRR T 25 K45 B Re
PR TASBR 22 B Rvk)I . KIS shs g, JHalAR
&M, 438 7 OKTH 2150 mys [F A oK E A
R, 20144, ESANXIE T AlpTomoSARMLESE
55, PRINLY BCE IR ZE Mok DUIEE /7, AlpTomo-
SARSCIGHIEH 155 2641 T 0] LAIE M X 4 T3 0K 38 57t
T, RBGKZEIK) RS IRRBREE R,
HENTSARA] LS 2] SRR 75 1% (Ground Pen-
etrating Radar, GPR)—# I 45 K. K64 R iR
BT P K- A A R R I B B BE B, 3 500K
NHEEE R IR IRBUI R, ARIACIRA
JE T SARSE I UK 1] - 5 58 S 5 R M H TA 1 &5
R—FERE, BRSO AE A T B AR Y,
201447, DLRifEHHiHoloSARTIH, FIFF-SAR

GPR-140227 AH
- ‘—""‘-'--é}""""g:' e e

r—-—— o

1600 1800

1400

1000
Distance (m)

1200

(a) 200-MHz#7 Hh 75 1A VI TH
(a) 200-MHz GPR transect

| |
=~ N
S S

Height w.r.t. lidar (m)
&
=

600

800

TomoSAR-Direction 1&2-HH

1000
Distance (m)

1200 1400 1600 1800

(b) HHIB& TomoSARYITH
(b) HH TomoSAR transect

Height w.r.t. lidar (m)

0 200 400 600

800

TomoSAR-Direction 1&2-HV

1000
Distance (m)

1200

1400

1600 1800

(c) HVi@iE TomoSARYVITH
(c) HV TomoSAR transect

6 BT 7R BLAT L 0K 1] S )

Fig. 6 Reversion experiment of Alps Glacier®!
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