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ey i Z AR . USRI (FKReL 5%, 2013;
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R HEA AT A S R S EURTIT . B CFI THE AN
REA AL A LA AAE S, Ak A5 B 7 S
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2003). CP SAR d i) S8 HUE 5 5 T Stokes =
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FIWolf, 1999), AT LICKEHR 3t Ak v 1 18z 43 R 5
AN 5E 4 AL B A R, R AL AR Ak
BRI A S, TESAR BB Kk
BRI ILH, TERAEY AGB s Hh UAS 1 4%
1 i 25 R (Dube f Mutanga, 2015; Raney,
2019),
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FH T 7% Ak AGB 2 i 09 #F 28 B wif W) JF J# 4 0
(Charbonneau 55, 2010; R B HE %5, 2010; Yang
4, 2014; Raney, 2019; 5k F9E 4§, 2020; Zhang
45, 2017, 2021) . Truong-Loi % (2012) #5 i,
XTI HE E A s AhiTh, CP SAR $4E rl 7
— BT AU AR . ERSY CP SAR £l
TERRMRAGB S T AT, ALl = mE B
HiH R E AL M /NG R IR 6], TR sy =
GF-3 (Gaofen-3) 2= fb SAR % #5401 4 Fh# UL
BT AL, JF3ET Stokes FRIE S5, HEHUSS
fa] AR i AR Y SAR S 801 T AR K AGB e, it
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W T AR B 1.0 1 A B A RO v, B AR ke
MG S5 eme FEHLARMR AGB R & H—4EY
TR (B NEE S5, 2008) T4, BDSE
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V=F 7 (), (1)

W, = 0.8596) % (2)
Krp, VAERE, FOIWEHRRL, 2 8150
THRIAREF, fRERIIER, W, WARKAGB. ¥
A A L 2= B AN SR AR AR AGB Fe/IMEH 9.34 thm?,
e RAH 2 78.51 thm?, 341 H 36.42 t/hm?,
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SLC (Single Look Complex) %= 5o ot sl %
ifal & 20184F 5 H 18 H, W4 % 4 103.03°E,
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Hb 3k A https: //search. earthdata. nasa. gov/search? q=
C1711961296-LPCLOUD[2022-08-11], A< LT3k
B DEM 304 i B2 KAy 2507 m. fe/DME K
1502 m, “F-¥{H>H 1837.20 m.
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FUR AR IBCRFIE S8, PR X Re iE 2 B0 A 4 3 4 1
AbFE . AHIEFETE S BURIE S BN R Z kAT 1
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HOR, INIORTETAL B A A L B B Ak 1

3 W ITE
3.1 EFE£RI SAREHHEEL CP SAR #1E
H i r] B CP SAR g e/, AR £
FeF et fb SAR B AR LA Bl CP SAR 4 ds . A4
CP SAR %5 ¥ 38 5 1 4 Ak SAR s 19 505 0 B
[Sop]ﬁﬂiﬁﬁ;ﬁ%i[f]ﬁ%;ﬁ%o HARTFR AT
[Jeo]=[1:][ S ][ 14] (3)
A, [Je ] 4 CPSAR BRI B S B, [J, | i
WS HEL R B BT R i, [ | R R B LR A BT R

o AXHERS ISR (Cloude 4%,
4%, 2015),
1E CP SAR Bl By 43 A, 2T 4N BEE I
FLoe i R 5 SV (Stokes Vectore) T 4371 5 J5 fi
HA S MBAR S B S, I, 8 %k
[Je 4 SV[G ). [G1HARE BT
£
[c]=|* (4)
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2012; 5KZI

CZ] C22
1|:go+g1 g2+ig3:| (5)
2 g8 & — &

A, h3EHE, TNFEE .

7 48 TR SR A WO H R R AR A T =, T AR
FIAFEARE ) CP SAR BEAUEE . A SO B 1K
Fo(H) REF, TEE (V) FKE (H) g
(Stokes1) . T (V) &4F, H|H (V) FAKFE (H)
PR (Stokes2) . mALkVER ST, FE (V) M
K (H) 20y mia s, DL R ST, & E
(V) FIZKSF- (H) Helondy 15 A 5 4k 42 10 CTLR
(Circular Transmit and Linear Receive) iz, %A%
A X PR HP (Hybrid Polarimetric) #iz,

3.2 CPSAR¥IESHIREN

AP BRI T A LT PolSARpro 4.2
B, ENVIS.3 8 M H AR R AE 452 91

3.2.1 Stokesl FM Stokes2 t&3X S £{32EX

ARSCHBT E 1R 234NS8, S8
P58 )53 WSCHR (Raney, 2007; #%, 2015;
Zhang %%, 2017). Hrr, #AbEEm (0<m<1) FoR
WAl it o BT EE A L], R AR R A W Ak U A
HEMNSEZ —; WAl 5m B4, £nIE
WAL o o5 BT R e, AR R B AL AR AL
R 37 1 B x RNRR XS A A2 22 & SRy BALYR RS R VR 1
S XA T, (B RA A A 25 AL T L
SR, B 8 R R R AR AR
IR 3 NSECIRAESE L, B HH A VV AR 2
IR UME g3 lg, . Ko B ER AL D) 3 T %
Fog /g MR 45780 135° Ll Ak 3 5 BRI
2,180



A A TR AL SAR KU SRR A AR MR M 2E ) ik 2419

#& 1 StokesS#

Table 1 Stokes parameters

&o LRI SR My Ll
& K-8l T B AL A B TR M, BB AL L
g 45° 5 135 2 Ak 3 DR A L1.L2 FFAEAE
& LT I s A e R A b A e R B R P1.P2 FRAF )
m Ak Entropy (H) AU
ml PRSI Anisotropy(4) g}
X A7 B y HH A VV AR T %
5 AR A AL 83/2, HH Al VV A7 22 1 A UIE
m, Bt Ak B &1/g, KBl T LA AT SR
m, LA &,/8 45° 5% 135 e AL T e 1 TR I
m, I f i
322 w/AEXSEHIRE 241MZH

TE /4 T A e AR B, AR SCRR 1 S BGRR y
X F Stokes 1 Hl Stokes2 B S 5ok, IBHEHCT
PR R 0 e 1) 2 50 HE o oy ) A 1SR 5 2 TR
Sy, HhA S8 ashin - sMm - x
PRI AL 23 B 280, BRSO WSk (B
. 2015), X WA AL 43 A 7 =X i AU PAH
A, PHAH—A o X pi T BB S5O g,
Fp, 134, BRUZAMEATE: m - STALI Y
=P, P Py SRR S R U o L
vs, (P /P,), m = x AL A i P, Py M
HARHUR 5 R TEEC 431 vs,(P/P,) BT
20128

3.2.3 CTLR#ERSEHIRE

7 CTLR fii 4t AR =, AR SCBR 1 SR B0
T/ T A AN ) 20 SN, BRI H
o oy IS WV BIUR R, RIS (B S 7K T 42
WAC3E T RS ) o) ISR 2R RS A (B R A IR
T TE O Y ) O R EC (RHL RV W AGE B AR
PO HAh, BT CTLR B4 & 7] LIS 5|
XLIR A% AL DCP (Circular Transmit and Dual Circular
Receive) o ZMEA AT BB AL, [F]I$0sc 7 B
A5 B AL PS5, H CTLR 4525 b DCP A fif
B ORRE, ATRREEURRR R, HEA ARE
AEJT, DROHCAR SO A B0l 52 B DCP AR 0 7 Y
ZH, AEICT DCP A oy, Fl oy AL ) HE
SZH A SCH CTLR f] 48 i A B BT T

33 HMAGBRIEAX

Sy i R g 24 ) o BRI AR R L i T R 1 £
BOIOUA . Gy B R A 45 )8, wh ok v 4F
(2018) #2H T KNN-FIFS 5%k, etk H X} £
M AGB ZB AL BUR AR AE 24, DAt s 5ok 2 1 v
T DI ARARAGB OB, 22 45 (2020) HF5Y
F W1 KNN-FIFS 578 A Wy f Ak i o g A1 ek
PR I 6 A BIF 5 R FHZ 7 T8 2R AT AR MR AGB ST
A HEF KNN-FIFS 53, i Stokes1 £ 2%k
Stokes2 0S4, w/A izl CP SAR Z4. CTLRAX
K CP SAR Z $3% 1> 8 37 FR MR AGB [z 8 #5574
KNN-FIFS 8.3 7] SEE A3 AN [RRRAE 4 & 5K
S EA A, AR AGBATIELAL, FE(H
B — 28 SUIGIE 125 X A AR Ak 0 R AR AG BB HE 1 705 1
WA .

KNN-FIFS 5 1 76 5 #L i LA KNN 77 7 g A5 19
AR T RSB AL, R RE AR
FR 1% 2 RMSE  (Root Mean Square Error) {8 334
PR, RMSE {E 5 /N W RRAE e i 5 DA AR
RMSE {8 A~ 7 B AR A 457 1k fE 0 A 25 48 5 %60 )
RMSE e KAETFG, BAef E—RAREFE S5 R T
IR IR — A B, LY PR e i H R Gk 15
1EHED A R AE 20 A R AT AR AE AR IR AR, —FE Y
FREEF S P 5 A —ANFR1E, DL 20K B2
FROR I N AR AE4H A . KNN-FIFS 8 4k i KNN J7
3% P 5 TCHE B 1 E B A5 AR T R AIE 1) Jk 2 4 1l e
FEAGTTREAE ) A RE S, BT Uit , (A
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TES BT R ACB AR, DL B — 38 BGHIE
A5 H 1 RMSE S5/ R IR0, AR UCHRGH R AR RAAE 2
B, AR AR B — 22 R UE VA R A
REA S BURE P OR B A R IO — HedE s, R
AR M ST B AR R YEA T R M ) 2R
PAGB, A% R E A A v g Rt i R Bl
G, AR LS S R A THE T RMSE
{B; RMSE /& S WA RURS B2 1 JH48 45, RMSE {E
FEAAR AT SN . RMSE T8 A F -

(6)

A, YO D REHL A ARAR AGB SR, v, 5K
LR BRAR AGB AN A, n W REHD S

AT S oA B s 3RS B TR E R R Y AR
7N TN AR fifp R TS Y 7 22 00 O, RPMEL B
VT 1 Fn AR AL AR B B FOORG E m . BUATHER.
N

n

z(Yi - yi)z

R=1-" @)
Z(YL- -y )

K, VO iR AR AGB SEMIME, v, M
AR M B ZR AR AGBAG TN,y A SE I AR AR AGB 1Y
SEYE, n R EEHLEEL
4 R

ENS' @SR AN e R N N - S Ry G R S
WU 4 R R A B AR SAR e 1, R IIBE R X 37
BIAb B 6 1 RSFRE I, /N N AR AR X I SAR
SHMBE G TRE, MR E. Bk, A3
TEHCRAR X B SAR Z4CBUE T I Ae 8 i i 11 R
PEPO I [ CP SAR 248, BLBT i 1 R/NA 5%5,

ST A5 4 R AT AR 1 CP SAR %X
PEERHUR RIS AR T KNN-FIFS B A6
S A I ST AR AR AGB RUE AR A 5 I 5 AR
Pt A FEA I FRAR AGB TUME 5 SE A, 11554
KBARVE SR He bR, BISR I RMSE F1 R* 4
R LTS ()
41 B—CPSARHEMHRMAGB RELER

4 Fl CP SAR Z U H| Ff KNN-FIFS 8 vk 17 7%
MAGB I FROUE S AN 2 Fr s . AI 1. Stokes] 5
A ZHH T KNN-FIFS J5 % 47 ZR Ak AGB Jiz 8 7t

BEEE, Ko 2, DAREHL A 6 B 8 B 18 A% T 8]
FRIARE 11X 11 % 11 R A AR R S b A
YT R A AR, BT ARURS B AL (R = 0.28,
RMSE = 16.36 t/hm®) , Xf N e BFFELL A Ay w.
8; Stokes2 11X S F I T KNN-FIFS J5 ik E 17 2R Ak
AGB R REI;, Ko 2, DUIREH s 6] 1 1% ek
SEAGARTT A S48 9%9 77 1 NS ST IR AR il 28
i by AT TR BT AR AR A A, HOBIADRS B i (R=
0.35, RMSE=14.96 t/hm*), Xt 1 % ft Fe ik 4 &
P2, y. ml, Pl; w/48iz{ CP SAR Z ¥ F KNN-
FIFS J7 L3 T AR AGB S ST, Kb 2, DAKE
b OGN 18 SR AG GO A B4R 8K 77 1 1 AR
TCEEAE R DI R B A A iy B A e A,
RS RUAE BE fe . (R*=0.34, RMSE=15.21 t/hm®), %}
MR IR A A m,. m,. vs,. .. go; CTLRAE
2 CP SAR 2803 T KNN-FIFS 77 1 #4754k AGB
JLE AT, KR 2, DAARE M O g5 X6 R 1R
BT A FEIABER 11x 11 % 0 R E 1 D I 20
o A R T A R A A, LA UK B il (R=
0.52, RMSE=13.02 t/hm®) , X 5 & {0 45 1E 41 &
Hm, oo
2 REERBRESEAS
Table 2 Inversion results and optimal

feature combination

RMSE/

S8 K #H R oy IRIERHEL A
(t/hm*)
Stokes1 BEXZ4 2 11x11 028  16.36 ¥ 8
Stokes2 B ZEL 2 9x9 035  14.96 P2.y.ml.P1
mABBE 2 X7 034 1521 mimyavs g,
CTLRHEXBH 2 1I1x11 052 13.02 mol,

CTLR #25X CP SAR S5 1E R M AGB 2 il 36
PR RO el . #5550 CP SAR YRR AGB J
TR RY A 3 T SRR A T I A A B SRR A L
JEARRAE, 4IRS RN T etk AL
FEHE m,, U6 ISHERAE X R AR AGB B RBUE A T
WAL, HHFIVV A8 B HRFAE v 2 Stokes1 B0 5
Stokes2 123X I REAT S 4, 783X PRI AR 60 1 1)
BEAI AR B T — 2 HaE

&l 2 S 25 1540 CP SAR 040 AR K AGB S B (EH 5
b T S 5 UK FL RIS & . Pl T
X FRAR AGB F- 347K F- 2424 36 thm®, KUtk 4 Fh
CP SARXdEHh , FEARTE 60 t/hm? LA Y IX a4
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Fig. 2 The cross—validation of scatter plots of the measured and estimated AGB by KNN-FIFS model
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(2) MAERIPE e 9 RRAE R M) B SOk .
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Fig. 3 The cross—validation of scatter plots of the measured
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and estimated AGB of combined four groups of compact

polarimetric parameters by KNN=FIFS model
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Fig.4 Forest AGB distribution map of Survey Region
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Abstract: Compact Polarimetric Synthetic Aperture Radar (CP-SAR) is a new type SAR that has attracted most researchers, especially the
application of CP-SAR data. However, only a few studies have explored the application of forest aboveground biomass (AGB) retrieval
using CP-SAR information. In consideration of the global climate change and the goals of achieving peak carbon emissions and carbon
neutrality, the accurate inversion of forest AGB has become urgent in recent years. This study aims to explore the feasibility of CP-SAR data
applied in forest AGB inversion. In this study, we took Xiaoshao Forest Farm in Yiliang County as the test site, using simulated CP-SAR
data from quad polarimetric GF-3 data with four modes, i.e., Stokes] mode (Stokes-related parameters were extracted from horizontal
transmission and dual-orthogonal linear receipt), Stokes2 mode (Stokes-related parameters were extracted from vertical transmission and
dual-orthogonal linear receipt), n/4 linear mode (/4 transmission and orthogonal linear receipt), and CTLR mode (circular transmission and
dual-orthogonal linear receipt), to explore the potential of CP-SAR data in forest AGB estimation. First, several SAR parameters of various
modes were extracted on the basis of wave dichotomy theory, then the k-nearest neighbor algorithms with fast iterative feature selection
(KNN-FIFS) method were applied to estimate the forest AGB in the study area. Finally, the accuracy of the KNN-FIFS inversion results
were verified using the leave-one-out cross-validation methods. An R* of 0.28 and an RMSE of 16.36 t/hm® were acquired for the forest
AGB estimation using Stokesl mode, and the corresponding optimal feature combination was 7, y,, 6; for Stokes2 mode, an R* of 0.35 and
an RMSE of 14.96 t/hm® were obtained, and the corresponding optimal feature combination was P,, y, m,, P,. Compared with Stokesl and
Stokes2 modes, the similar performance was shown in n/4 mode for forest AGB estimation; the R* value was 0.34, while the RMSE was
15.21 t/hm’, and the corresponding optimal feature combination was 7z, 1, vs,, ¢, g. Among four CP-SAR modes, CTLR mode exhibited
the best performance in forest AGB inversion with an R* of 0.52 and an RMSE of 13.02 t/hm’, and the corresponding optimal feature
combination is 72;, o, . The forest AGB inversion result combining four sets of CP-SAR parameters showed remarkable improvement with
an R? of 0.58 and an RMSE of 12.16 t/hm’. The CTLR CP-SAR mode outperformed the other modes in terms of forest AGB estimation
when the parameters extracted from four CP SAR modes were combined and applied for forest AGB estimation; the improvement of
inversion result was remarkable. KNN-FIFS is suitable for forest AGB estimation via CP-SAR parameters, and no considerable difference
was found between the estimation results estimated using CTLR CP-SAR data and quad polarimetric SAR data. Among all the extracted
CP-SAR parameters, the degree of linear polarization (772,) and the power of the linear polarization component at a tilt angle of 45 degrees or
135 degrees (g») showed the best performance in the forest AGB estimation because both of them are selected in all the four modes as the
optimized features. It revealed that they can better characterize the forest AGB changes. Meanwhile, the parameters that can reflect the forest
density to a certain extent (vs,), the parameters that reflect the characteristics of the forest scattering direction (), and the parameters that
represent the degree of forest depolarization all have good performance in the forest AGB inversion.

Key words: remote sening, forest AGB, GF-3, Stokes, CP SAR, KNN-FIFS
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