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Tablel Parameters setting of PoISARprosim simulator

o B
p L C X
FH i m 3000
G A 45
AR [t (4)
HLL R /GHz 0.65 1.3 5.35 9.6
AR EE /m 18
AR S (B /ha) 300
Rk 85
DB 1) 3 B4 fm 15
PFHES 1) 43 B /m 1.06066

R2 BRHESBIRE

Table2 Parameters setting of the simulated data

B
p L C X
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Fig. 1 Forest scene and SAR image simulated by PolSARprosim
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Fig. 2 Phase change of P-band HH polarization with flat—earth phase removal flat—earth phase removal) (after linear correction )
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Fig. 3 Forest height estimation results of four algorithms in X, C, L and P bands
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Fig. 4 Probability density function image of forest height estimation results in X, C, L and P bands
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Fig. 5 Forest height estimation results of CDF in X, C, L and P bands
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Table 3 Sampling part inversion results of forest height
/m
Ik
B ittt W AR AL ST ARNL ST AR
rhC i BE ARk 2803k W B2 S i ARRLIR A S 12
¥l 10.94 0.93 10.43 5.11
brifE2E 3.15 2.15 6.11 3.56
IX.[] P=80% [5.1,15.0] [-2.5,2.5] [2.8,16.4] [0.6,8.5]
FREARTIEE U(X) 0.177 0.103 0.278 0.165
BIfE 13.67 1.17 13.04 6.38
c brifi2E 3.93 2.69 7.64 445
IX 1] P=80% [8.7,15.4] [-2.2,5.5] [3.8,22.3] [0.6,8.5]
PREATREBE U(X) 0.120 0.117 0.293 0.199
B 13.69 4.26 10.5 8.46
. FrifEz: 1.74 4.48 3.58 5.02
X ] P=80% [11.9,16.6] [-2.7,9.0] [5.7,14.9] [0.2,13.6]
FRFEARTRERE U(X) 0.065 0.168 0.134 0.189
HfH 9.96 5.43 16.82 21.23
b biifE 22 2.2 3.19 5.27 4.86
X [ P=80% [7.0,12.8] [1.0,9.5] [10.0,23.7] [14.1,26.5]
PREATRE B U(X) 0.083 0.120 0.198 0.183
F4 HEHEHZNSEREER
Table 4 Section line part inversion results of forest height
/m
B
WIRES p L C X
HfH brifii2E ¥i{E PRifE2E ¥iE PRifE2E ¥i{E Frifii 22
R AARAE FC g BE A 8.65 4.28 12.46 3.07 3.97 5.91 4.54 5.56
AT AL Pt 2531 4.12 3.53 2.70 4.63 -0.12 2.84 0.10 2.55
SRR TR B S 12.28 4.98 12.83 6.45 10.94 8.21 6.87 6.07
AR RS ARBLER G S 18.94 4.92 13.32 5.55 2.63 3.57 4.47 438




TREEEE 45 . PollnSAR FRM g B S 78 H Jr vk B it B e 485 | Je B AN ff s Mk A 1971

431 BEBEARELIHENSEMULERSH

P AR SR T A AR AR B A BN R 5 A A
PREL, M SHELLST BT BRI AT M, BT ABEE
TR, briE2E  80% Kdh B e X [a] L) Ko b
WEASH 2 BE 4 Ge T % S i 45 A7 2 e #
FEW AR I P B, 52 AH TR B S vk i e 445
TP BE S o AR B = B 18 m, L3
H016.82 m; (R FIHARMEZE K527 m, UiHIfL
D235 A PO 7 % B OB A, %Al 0 ) 22
SRR, SERERFRE . VLA 3 K2 3 Al 4
R &, A7 ik 28U IE ¥4 10—
20 m 2z i), H 22 AEAE /D i Al IE AE 20—30 m
Z I, it EAEN 50% Ay, XAl e T Pk
B SR B A T R BORE S kA g i s M1
R . AR IE A BT vk R T A R A e, HOE
H021.23 m, ST 455 e — m Al T AR
AR Ty 3, (B S AR R A AR L 20% 5 W AR AH
AN F I R A I A 0 1 R R S5 (B 9.96 m,
2R EAE A —2F, X ULRH P BLAY HV 8 1 1 FR AR
EREST @ R A RO (A o N D B 571 P =
FER—2F, HAZ 7 B i An i 22 RO 28 BE B/
Ui B HV A AE AL 0 7E 5 BT AR a5 DX SRR
SE o B A H 0 25 40 U EE ARG T AR
B o LB KA P BERI A, MALAR A e i
AN 0 S 25 SR B, SRAEEE A28 13.69 m,
PRfEZE A 174 m, X AT AE S f T U A AL
HT T L% B RO ;. OO B AT iR B I
W, AN 2 SR ) A RN BR UE 22 43 00O 10.5 m
4.48 m 1M AH AL PO 2243 R IR BE . A
DL BT A0 ™ F AR, T AR B, LT
{53504 4.26 m F18.46 m. C i Bet AL AIAL P 5
JEE A 00 32k A 52 R T R R S 1 I T 4 R 1) B4
A A TR ) L SAE R AR A T B R 2 o
2 FURHRE BE A3 90 7.64 m F10.293, 45 RABAFA
FE L, ANHfE B M TR E . ARG RO A
MZER B IIE6.38 m, FrfEZE R 4.45m, BEHIXTT
AE CUCBAR NGS5 WA T 0 254)
PAG I 45 S A B A N 1,17 m, T AARAL T AR Ak
R dEat AT 4 CUR B CDF RIAT AT, %
WA SE e L m 22 Ao 4D B X B
Kk, 5 CuBARMSS AL, 4507k X
BEOY R TESE A, AR AR AL PO R B A 9 AN AR

T R 52 Y8 SR Y 45 SR ) A A A 1A E 1) L
SEAE, AEBR AR AR 7 Hocs v BE AR I A AR 22 L B
AH B8 Sk /N LA, U B A 0 s R
/N, BV I AR D B RRE s TR I
AR B B 52 Y876 R A AH AR AT R 0 22 4395 B AR A
HEZE /N, E DK I A 0 45 SR Y (E
R 5125 24T B b AR Aok AR e 2

PR 3R A4S AT, X T PIE, ™
P AL BT 25 R, R4 A TR . A
PR A S IR TE LI Bt g S i Al i g 5, R
P13 0] AR BRE T R . AR IE A B T Y SR AR
Rl TR Z MR X 8, BV &b on st fs
TR, TR A R S Nehia (2014) SR
FH LU BRSSP S0 A7 AR bR im0 88 52 T8 1) &5 SR AR
— 3. JHSHE (2013) 78 Lk B 4 R Ak I Jr iAol
FRM R B O AIF 52 5 SR b 3% B AR L AR A s v B A
DN RN 52 AR T AR AT ot 255315 2 T EEARAT AR AR =
B 5 T A2 KR R R R e RO R MRS
JR T % S T 8 R A LS R AR

e A vp C U BEWL AR AR A HhoCo e B Ak 0 7 Ak ) 245
S PEAL R 3 TS R RN i, XOR R T34
R T £ 2 T R Al I 45 SR Sl O B0 X e, X 5
X BB, 255 4 NI B I F R 45 SR &
B PRARKP, LB, AR
R T8 R ARSI A S T 32 A I 5 SR Ay, R
JE MR TR B R Tk A I A R A B U B, X
AT BE S F TR DU A5 A e Ak L 3 R v 22 R A 4
BN, BENYED RS, EAMREE . T
PEVE R —A G, @ —amME s EA S
P A SH (Cloude, 2010). ' FREZE (2010 Al
2011) X Hb L 9% Bt SAR 545 % Mk 5 B 110 41k 0 &5
U 2 B A 11 88 L A I A R 3 72 T LA A A e
(AT 25 SR FLRR 2555/ X T K0 G C AT X
VB, A 0R RO R A A I 45 SR e dy, (H
SR ECRE R P A LU BB B, B S AG IE Y
BIHOREEE R DU, WAl Hh s v A
WA BAF A ISR, %05 18 5 RT3 I
KR T WA E)Z S (DSM) 5 B 50 2% 5
(DEM) RyZE{H, %058 25 5 5530 W kR A X B
B ZE A —F GEWHE, 2019).
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fEARTE o ASCHEAL T Har+ W SAR ZRAK i Al I
R BB, BIP (46.15em) . L (9.68 cm) |
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WK, XERMGESEEN, B A PO
MR, X BB, LU 2 e 2 A
M2 35, HURAR O oo T RRMOEZ, Br LY
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B 5E BE 43 91 0.278 . 0.293, 0.134 F10.198, Fz ¥
S5 RATRE BN E BE K BB AR 7 Hho e BEAS
DU AE 44Uk BE A0 28 SR ARSI T 1502 B FE A%
MR EEAE, 7ELUEEL, FRbm B R 25 R A UE 5k
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The analysis on uncertainty resulting from method and wavelength
selecting in forest height inversion using simulated polarimetric
interferometric SAR data

ZHANG Tingwei'?,JI Yongjie’, ZHANG Wangfei'

1. College of Forestry, Southwest Forestry University, Kunming 650224, China,
2. Changsha Urban Planning Information Service Center, Changsha 410004, China;
3. School of Geography and Ecotourism, Southwest Forestry University, Kunming 650224, China

Abstract: Forest height is an important indicator for representing the quality and quantity of forest resources. Polarimetric synthetic
aperture radar interferometry (PollInSAR) technology has been demonstrated and validated as a potential way for forest height inversion and
mapping in recent years. Airborne and spaceborne PolInSAR data have been applied in a variety of temperate, boreal, and tropical forests.
However, for the distinctions of forest scattering mechanisms at different microwave length and the different theory-base of each estimation
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algorithm, uncertainties usually occurred during the procedure of forest height estimation and mapping using PolInSAR data. In order to
clarify the uncertainties resulting from the selection of different microwave wavelength algorithms in the procedure of forest height
inversion, this study discussed the effects caused by the four selected inversion algorithms and four typical microwave wavelength using a
simulated forest scene. The four inversion algorithms include polarimetric phase center height estimation method (PPC), complex coherence
phase center differencing algorithm (CCPCD), coherence amplitude inversion method (CAI), and hybrid inversion method using both phase
and coherence information. The involved microwave bands are at P, L, C, and X bands. Results of this study demonstrated that the effects of
the wavelength and estimation algorithm are evident on the performance of forest height estimation using PolInSAR data. First, the selected
estimation algorithm directly affects the results accuracy of forest height estimation when the microwave wavelength is the same. The
estimated results from CAI agree well with the average forest height in the simulated forest scene and show best performance at the four
selected microwave bands, but the degrees of dispersion and the ratios of uncertainty of the estimated results are also highest among the four
inversion algorithms. Second, it shows obvious effects of microwave wavelength on the performance of the four selected inversion
algorithms. It shows no obvious effect on CAI method. However, it shows great effects on the performance of the hybrid inversion method.
The estimation results acquired from hybrid inversion method show a better performance at long wavelength (P- and L- bands), but a worse
performance at short wave length (C- and X- bands). Moreover, the results reveal great underestimation of CCPCD method, which usually
using HV channel phase as the canopy scattering phase center and the phase difference between HH and VV channels as the surface
scattering phase center to retrieve the forest height. T The uncertainties of estimation results depend on wavelength and algorithm selections.
Short wavelength with CCPCD method and long wavelength with PPC method show better performance and the lowest uncertainties on
forest height estimation, whereas CAI method shows the highest uncertainties in forest height estimation at P, L, C, and X bands.

Key words: PolInSAR, forest height, uncertainty, inversion, simulated forest scene
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