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Fig. 2 The statistics of publications and citations correlated with BRDF model or inversion method from 2012 to 2021
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Table 1 Characteristics and applicability of different BRDF inversion methods
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(AT WL B , T i A5 25 95
DA 3 ) 5 S A 2R 5 (2) S Y
7 i B EL A IR i) — B A ]
HELENE 5 (3) FI SR A 2 50 I B
oA

COBEm 7 WL s % H 5 (2) 4K
b Bt A E o0 A T R B

T 1 WU 2 B8 8 0 IO ) S
PG A7 A T

COH BT MR A AN E BE 5 AR
TR s () B T 15 S5
5 B M 4 23 A IR IE 25 23 i 5
(3L 1 WG 75 e M TE 25701

B T WL W 7 I A LE 25401

SAFORS 52 1) T [ 44 I AN [7)
U B W B e f5 R R P 1

5 BRDF J2 i J5 ik
51 EREEHE

511 ®w/NMFEE
r(Astt,@) = [ (A) + £ (Mk g (2 ,.0) + 2
Jieo (Wi, (22,.0)
X (2) WEVERIKE AL, rRom ) S 5
¥ BRF; kot 1, @), kgf-,o(ti’ lys QD)%ZT_\‘MSWET‘I‘

BRILISC R s o frn Sro BRI — I REL
B % RBR LT G R A RoRPEK,
£y 1,2 K PHRTOA AU R TG ff1 , @ Zerm AH 7
Biff o AR n R, IR SRR ] R R
FFEIE
M, =K, X, 3)
K, MEndEfma, TR NSRRI LT
RT3 s KREHE s X RonZ REUE R
/N Trik (LSE)  J7 138 T W00 40 FiAs
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PUEHE Z (] 4 5% 2 75 RG24 R R 2
J(X)=(M,,, -K,..X,.,)'C, " (M, -
K, ..X;,,) — min 4)
K, € R WL M7 B 07 2 F0 1 . A pR &L
K/ IME,  ATASAZ R B AT AR
X,.,, =(K'C,'K)"(K'C,”'M) (3)
LSE S22 ML MH I vk, TR 2= S 80
RN AR R R, H R LSE J7 08 T WL %k
HRTRERESENEN . 7Eis I LSE 7 ki,
TG Ry e 2 T UL MR P i 52 ), L DRy LSE J7 5 1Y
BB R, PESTRY MRS, Bl
TESEPR R, BT AR =W WIE, A5
FE LR A B AR AR, B SR C .
T4t 1 A i O 00 (A B R B 1 ik 2 R T
& ICH — 17 NDVIE & @ik i) (Gao 5%, 2002;
Li %, 2001b; Zeng%, 2016). %275 ¥k KL%
R B B A AN RV 43 P A i, {H 2 L IS
SUARR, (GE M THEE SR, A TR
e A AR, WK AR . VK RS 2R LA KBk T
X
512 mINFEX
AT TFfe /N 3 Ty vk D i /R 22 RO AR A R
B, “Ee/ANT 2R DLAES RRCR /N T 250
A REL . s i R Ty 22 R /0N 32 B B T 0L
M7 I BRDFALAY 1 B 25, BT iR/ N 2158065
TN & I B A f /N RS R E R S
W 2B X B 7 2256 ] m iR
C' =(K'C,'K)"! (6)
X} BRDF 8 ML 5 1) AUA S 5 1) BRI

3
AUREIA R W, W, = > X, - H, HZEW
iT1
¥ PR EHE R BRFR 43 A
T T
H = 2f2f fz(Ki(Oi,H,,,qb)sin 0,cos0,sinb, cos0,) -
0 0 0

d6,d6.d¢p (7
A, 6,810, 3R K BH R To A AT K T A 5 b 3R
ANARRE LA o W s R BRI 5 22 ROR IR
W e H AR i

J(X)=Var(W,)=W"- C!- W — min ()

SOOI H A R, AR R ARy ik
(LSE) E#EAZ e, [H2 WL H A R, LSE
TEmE NS RA GRS, TEEAL, HE
LEBEERE, HZREME T (Wanner 5,

1995), MEZTF, B/ EBAGEEIFMRN,
HNAGE 0000 5 4 A R s o, i ELAE SR
HETIT, feRW RSB, Gao %
(2001) & Bl Kimes 25 VLI Wi 5 () b 1] BRDF i 9%
LA T LSE ik MR/ N 275 . LI g RERH
OIS TR AL, PR TS B WSA K
FERAIE o (B2 5 000 A5 45 AN A2 Bl 00 0 £ 4 v
WF, /N 2836 RO I S5 R TmiE e, FEE T
4, WAL T LSE Ik,

513 FEEMAIHE

a1t 7 RE (Robust Estimation) S35 34
L ZEA AR TS OO, B 4RIE Y 09 75 v 40 i A
%, HEmAK SNk (LSE) M, #2
25 W 7 R UL (BTN A AL . 5 LSE U7 ¥R AN [
(R, LSE B 1 OULIg s f it oA, il
RE Jy AN TG A IR, BT LA RE J7 i (0 8
BAF o AR SCFEEA M A TR /D T E S T
(LMedS) PIFPERAEAGTTI7HE

(1) MAKTE. MAK T30 RS A 2 R A
KRR AT S8, %R BB RIS
Tl FoR T

A

K = argmax zlogf(Mi - KX,) 9
K i=1

XA MR o A 50, TR OB IR A
TS B PR TR AR, 40 U S e
PhSz R IE RS A, BORASRAG Tl &t fe /) 3
flita s MR & sz R BEE B A, st (10)
s, RIS AT S L ittt s,
VI E

fle)= 5 ew =2 ) (10)

XFFMAR T, AT dE— st (1) 1
fliit &, Hodrw(e) FaWIALE, F1LSE Jr ikl
A A HE T AR, S50 20 T 13— L) i
oo AR B LSE A1 L1 Y8 BOAh 3 2 9 2 W(u) =
w?, |u|AORFERIE I o PRI T R 8 AL R 7 (g
ML, BRED W — R, HE,
T S PR A7 150 Fh AR e 0 00 R 7 A AR T S,
FH R 7 2% 2 30 2ot 39 B — 26 LAY (14 W () AR AR S
SRJG LR B A IE I W (w) B TSR
W MAGT O A B A ROR, (H R H 5
ARG, B S S o R R 2, %Ok
AR 2%
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J(X) = argmin Yw(54) - w(52) =

K =1 S S (11)
arg min iw( M. - KX, ) - W( M. - KX, )
x & s s
s = median| &, — median(e,)|/0.6745 (12)
(2) f/hEF I (LMedS) o LMedS J5 %
LA UL 000 e 75 - 5 i) ep VR S AR H eR B AT 2 5
it

J(X) = arg min Median(M, - KX, )’ (13)
K

T MAG T 7, LMedS JTEA BB R
AR S, ABINEN 0.5, IX MR B LI £ s Hh
WAH LA F) 50% , LMedS 77 8 B S80GSR A5
FEnTSEMRG B o (&2 r ik s tg , 1 4t
FERS R, AT B S RR I  ER E s S

Susaki 25 (2004) PEMY T BN 3 5 ik
(OLS) . MALTFHILMedsS 1% 3 Fft 7 ¥ Ul A 42 BR Bl 5
R Z B RE ST, A X AN S Y BRE S090E
g R AR Bl S A s o e MR O i B 2
Tukey’s biweight PA%L (Huber, 1981). SZE0%5 %
Z2 B M—estimator J7 1 Fl1 OLS J7 124t B8 1 45 SR AH T
LMedS J5 v A 4 B8 WA 50K B2 RN B 4 (9 S 4 1k
AR R B2 58 BUR 1 52  d5e /N

52 FENARKERZX

5.2.1 Tikhonov IEN{ g%

LA N 2l L AR BE S A A
UUESEE RS 2Nt Ly g8 § EiE 5 S E I
SEARSZ LI DR 22 B FEMAAR A o O 1 D8 R R
M, ] LA 28 R B AR Oy T WO I 24 55 R i .
AR R TR R A, AR Ak
4 P B 7 fie /s AN BRI B A 2 oS T
IEJ

J(X)=|M - KX |" = min (14)

J(X)=|M-KX| +a|D”X |~ min (15)

KX (14) Mg/ ZREm s, X (15)
AT IE WA A R, Herh D3RR
FERF, o R IEMMERE. XM RBCR i/ ME, T
EES GRS

X =(K'C,K +aD)'K'C,M (16)
A, FREEE D RIEM S5 o RPIA XS
B, VIR AEEE D AT ELR O3 O AR R AR IE X
TR % 28 BB N ) A2 AL REAE R A (Quaife Al

Lewis, 2010; Zobitz %5, 2020). ifi iIE ML B o
PE TV M 2 o)V E TR 3R 55, AR FH R DL i
it 7 e AR B 2Rl o Y IRUME Y T 7R
(0, 1), BEARERK, WAREK/D, KRSEGTIE
WAL, KRG RS BAE ;. AN FEIEN L,
AN AR R VE R . B A IE L S50 e
ITEAFEZE 3 WENE (discrepancy principle) . fH—
A (quasi—optimality criterion) M J7 X328
NEGiE: (GCV) 4571k (Hansen, 1998). Lik
JURN T3 kT 2 58 4 B A B Y kol it 2% B (B
[P R B E WAL 28, T2 TR A S E
PR Lo Dy Ah— S 2 3 B XoF 8 JE S T 1 R A
AT 3BT AR B R R T R R B AR T ]
WSEhE Tk (e 55, 2003; BXLLEE 5%,
2007). SEBRtEre, JEFEC (15) KRB
RORBAR, A TS BERGE, AT LGRS E
Syl (SVD) Jiikfaifbit i # .
522 HETEFRESRE
T AT S (B3 i v LABE R S0 1 Y K50k 14
ek g
](X)=||X||Iz—>min (17)
JXO) = fefunfa |, = min - (18)
LR S B 5 R 3 o W A P K AT A R AE
Iy, SRIE BT P RN A S, RIS AR
SE R TR, TR R AR o B Se R AL M K i
(FROR(EViy.
K=U,,2 V', (19)
A, URVIRERAIESH R, UFR RS 7

M, U= lu u,, -+, ul, VERAFHARHE, V=

(v, v,0,], ¥=diag(s), 5(i=1, -, p) ZHMK
M7 S AP REX R .
X=K'M=(USV'Y'M =

Vfwwzﬁﬂgm 0)

i=1

X, pRARHEMEKFE, p=min(n, 3). HFM =
KX + &, FRIEAT LIS ENZL (17),
Lule

X:X“+;cn”f (21)
K, X, R REEME, & Rmul
Mhps o MU (21) RMERBL, M4 TR0 E 1
A A o AR/INE LI M 7 X 2 Y 45 SR s e AR
Ko A T IR N B SO E5 R ), Af
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LIAs 15000 £ 98 B R B x (6, @) GIAL (21) 1,
) FH 08 0 PR 5P 08 A T AR B R 3 S (L X001
TR /INaT S E I, e e S 35 252 58 1 5
FEfF o

c ulM
X = ; - :
2xlo.a) = T, .
( - 1,o0!>a (22)
ARG = 0,0} <«

TEVZAE AL | e E B S EUE IE NS L o,
Uiz P e T WP 25 S (B i 54, xS 80T
DLt 2Ry i e, 5420 TR LA IENES
BOEBOTEEML, ARE T RARL, ENZS
A vl DL E B WAL R AR U B {5 M L 5 %L SNR
(Cui%¥, 2012). #F F{H 50l 75 AAGE T 0L
BE 7o L A oL, I A s N A, AR SR AR
RV A0 ) RE J1, AL F Tikhonov 1E W £k 77
LA SEA R (SVD) (Wang%5:, 2007).

53 ERREFAREEREVERERZE

531 SHEBEIRRKRAE

Z W Bt B AR5 5k (USM)  H 25/ 3%
(1997) #EH . WM UL, USM & T —F J 3 3R
W, 3 A UL S 5 B e, LR A B A X
GERE ST E B SHET . HsZ S50
T I AR R A B B, B B L RN
S T TR R o A A B B S T S B LA R
T O S HUUR W 2 A0 B s . BLR B RO ik
TR A /N R E R RS R
TRIEREAN B B R i i S B e 2 At 44>, 1
AT S MR A B | R T S T S B R
Z AR . BT R/ D TR A R R S RO —
AR, LRSI, WA A SR S Tt R A
TR, s WIBE (5 B e s s A A, 4k
SR T RS R L5 AT b — B B T 4
TR AR . 2RISR SCRBURMERE B G

ABRDF (i,

S(i.j) = gmﬁy
A, ABRDF(i, j) RRIES i N RFE M 1, 4
A 2 B3R [ 2 S B R T 2 5 A S 8O AR 2
U Bl N AR R, AR 1] (% K BRDF (H 5 %
/NBRDF{HAY 2508 . “AHfE L™ di bR
e — M AREZEVE BN . BRDF,, FoR 5 i A~ RAE
Jrim b, A S B UE R AR R, BRI

(23)

I BRDFE. S(i, j)BR, R DSESH i
7 1) RS, AR AR A S RO i b U B 5 i
AT T B WL KA o g A7 S T AT BUER 4 S 4L
Se R B N, B SG, g) BOR, BT AT B
HER

T A~ By Be AT DA GE o 3 1 AN A R R BORS E
(US) KA S 18 2 H50RN 22 £ B2 H5a of [ 2 850R 43
FIERAE, RBEEE R RN B, NS
(R US B /INI, ARMED & 2 Bk £ A s 5 431 )7
%, JET Shannon I FRIE AT LLZE -G USM A5 E4E
W, D€ B poda il sod B b a5 B, AT
€ SECEFEMEIEE T BRI TR (e 4,
2003)

T B A Y 2 AE N USM Jy ik i, e fiUak
PERCR S — IR RO S5 RS E AR &, &
B2 U B A R OB T, R R,
AT LUK — B B 1 52 45 R A S Je 96 R i A 3
JE— BB, BRS04 R SR SRR S
(BXAE 45, 2006) ., HNRFF R AR R AR L A
SR AR B AR E oA . S TS EU
T 25 AR N S J R N T — B By s, Al
FH 26 A7 AN 28 30 73 A1 R BOR s ZEU A5 R
WEI, “AEfE T B AR I B A e i
Hr ek BT 22 2 22, il ORI R AN
iy R BB T DT 26 Z 1
532 RMHilHE

DL IS0 A 3O 9 3 5 A S B0 S 50 AR 4y
RS HUG AR, THEAS R KR 8
ABE S50 IO B 2 5 (L B A B A A1

A}MHP(M) = arg max p(MIX)P(X)
| PMIX')P (X)X’
L, XTI SE; P(X) ESHX LR
BERo A, P(MIX) FonBBXEnt, wE(EM
MR A s M RERR SR, Je— A fE.

Xt RO S AR R, (B A% R AR B0 A R A
AR IIME A X, Phr 2200 R C 0w oA, )
AR B REE RS0 P(X) .

1
J(2m) det (Cy) (25)

exp(—; (X=X, (X - X0>)

Krp, o RN XLESE, det(C,) FRHFFEC 1T

(24)

P(X) =
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ﬁuﬁo
A WL K B A N SAIE R KX, D7 22
C. e A, B4 nl 45 2000 K 3 M HE =R )
i P(MIX) .
1

PMX)=——
(2m)" det (C,)

(26)
exp(—; (M - KX)'C.," (M — KX))

BeA (24), X (25) Al (26), AlsRkig
¥ Z B e K5 TR s L(XIM )
L(XIM) = log(P(XIM)) = -
(M- KX)'C,"' (M- KX)
2 (27)
(X—&)% uzxg+§
XA (27), ArkgEEans (28) FoRAgFCH R,
J(X)=(M-KX)'C,”" (M - KX) +
(X -X,)'C,”" (X - X,) — min
Li%F (2001a) YR DU fiti 15 gk iz 1 3
¥ BRDF J i v, 1 5 FEAR Lz (93 FH M R
MODIS BRDF/albedo 4= 3K %5 41 7 il A 77 1 JE il 35
oo VUM B 7 vk DA 22 8000 S0 50 1 5 40 Al axX —
G SRR TR, ANMUBEIR AR AL R B
fife, BREAH B R B S SRR A, AR GE
TS B ), H R AE AR A A
PUE S SN Ry R (I ES SN EE ALk ELIEE NI TN
J B MR X N S BB FE B I [R] . R T 4
Y S| WY A ol v L AN Gl [
(parameter spaee) %%ﬁ%?”ﬁﬁé 8] (data space) o
FLAR S 2 S R Se 560 AR B P 25 B e A A
UL R AR K, (3], SRR ST e il
() 25 I [l AL £ s m,, (3 1=K, [31xX[3],
o JE B LSOOI s S A% R Rt R,
o BRI A A AL I B s Y L, i R AT
G B 2 A9 M 3% BRDF B 4 £ Yk 52 56 15 %)
(Jackson, 1979). 5 ELom I A& 7E 51 A BT AR
Z AT AR T IPAG SE B AR AR 2 A B, A
R S8 HE A B[R] B 5T S B AR A
B 25, R IR R 2 K TF 8 21,
AR 2% R 45 R R 3 gk

5.3.3 KalmaniEiEF %

Kalman J§ 3¢ 77 35 J& T2 R4 7k, % Tk
J& LI ECHE 1 7T 11, ] LA e o i 0

(28)

TEEE S TONZ g SR XA I )
(R WD | DEE BN o O S R (E i T 1 S =X 7 N
AT,

(1) T n I 2055 SOESHC BET n—1 I 2 /Y
T Y8 25 R 2o YT ASE AL T o B 2015 S T S AU
Xi=F-X,_, (29)
Kb, Xo R n 2B F0ME ; X, 3R n—1 0 %]
(S ZE R s F FRR BRI 1
(2) T n N2 TR B9 P 7 2256505 . %
HR e b A NS 7R 35 S 220 S0 455 S 1 B 22
W Cy, 2B RT3 T 25 2R AN 1
C:=F-C,_ F'+0Q (30)
K, QFRIREEIRYMEE 722, 2 1 IR A
FLSL ) B AR R AR E M € RN n—-1 I Z
S A R IT 2256
(3) BIA I ZIBWEME, 18 45 56 fEAE 1T
TR o P DA L {3 8 0 A2 T S i S5,
TE A% K 20 A5 A Jsz 38 ) i o U0 I BB 2 R O 3,
TR SO R A, i LA 253 o W 5 - ¢
S URINERSPURIIEERS
Z=H- -X+v 31)
b, HRRLAEMIGE T, TR A% 5K 3l 155 Y
., H=[1, K, K, 15 v3R5n YO A FEHL H
Whrs, HIJr2ZE N R, KA, SURTLAKE T3 65 46 M T
B3 n N 20155 S 1 2 B (A AN R 7 22 R
X, =X'+G,(Z,-H-X")
C,=(1-G,-H)-C:
K, 6 RN, EXWT .
G =X:-H-(H-C'-H" +R)"' (33)
Kalman 3§ J5 6 5 DU ik 3+ Or i 26000, W
it G| AR e R A, O — Rk
AR Y8 X, FIEIR 5 28 56 B C, 75 2230 1 J5 40 iR
PAFo b, Kalman U8 745 W AETS BA% R AW
SR g k=S (o S TN T (R A N i P o
T S LI B i, DU A O 2 AR AR T
S MR R A% A8, 1 Kalman 8% 77 75 AT 38 i
T F T SEFOAL R A, F 2020 SR )
A B gE it d A (Xiao 58, 2011; Samain 45,
2008) , Sz Wk T 2 KA I TA) B S AR . i LA
Kalman 3§ 75 15 Al A A 2 78 DU i3 O e i 56
fift LB T SEAE AR B R, M2
T BRDF S {5 St IR T %458, Kalman
U&7 AT T BRDF\albedo 7= i B 23 SRR,

(32)



BhYE &5, ki 1 ) 5 (BRDF) i 5 B AR ik J 2035

TRM B 77 i R 2 B A I TR) A ) 3 2 1
(Samain %%, 2008) . Kalman JEJ% )7 E0GE HF &R
45 R 2R HOULIN M P Ay v S M RS A AL, 0T
LM RG, T HEIEES Kalman JEJE % (Qin
4%, 2006)

534 ZERBEKARE

Sk T Y IO I ER AN R AR A A, ]
DAR G AN [R) 2 AU (1) 4% 4% i 18 BRDF\albedo. 7E il
AARFMGIRAR I, T2 EORgaS . Ias .
I ) Rl R 23 ()l 4 A R RS . 7 T Rl 2
e 4 AN T) A BH — 508 0 TLART T 1 SO 3000 5 43 i 45—
L, A% IR SR R E G ] DA SE X — FRY . B
BN T I I TV T P A [i] s O 0 2 4
HIE—E, 41 MODIS f£/84%F BRDF\albedo /it it /&
W 16 TR T P Ay SO 000 K5 90 gl A5 — 2, ST )
B 1 =5 B W S 3 A X A [) B[] P ORI SR T AN
] ORI AN B SEBRY . 25 1AT kA 1 H R AN [ Tk
PRANE] 23 () 4 HER R I B s A e — A2, W
25 (6] il O A 3k TR 4 B 0 48 B A 4
(Schowengerdt, 1980) Fl/NEAEfL T (Garguet—
Duport %, 1996), XL ikEERFZG P A REA S
FR TG 730, St FASHLIN L2 3 R AN TR 1) £ J&
o B PE , R R B T £ ROE Kalman - 3 5
(Chou”§, 1994) SLHLZUREE A MMl A . LAY
i 5 L O G D B RN D T 7 bR BT
XF TN [ A RS 3 W 5 =R N [, P DAZE SE A%
EERALG T, AT EIER S, X BN
em.

T A SR E S PO A — 1k, H
B0 S S I S BN — ) O R ke
T B, FEMHER T 2L mrEk, £
FEMZ B (ASK) FAI I AL RERIEA IR
1 BRDF J5#& (MCBI) %777 (Samain 5%, 20065
Liu %%, 20105 Wen %, 2017). Zougkth A7k
S L RN S L B, B L AR
S — W B G BN o — AR R 2 I B R R
FILEPERIESE Z, LA 19 21 55 e 22 ORI IR B nT
PLSE BE ) 2 % 15 S 2% 0% B % e (Samain 55,
2006) . ZHMAEMZ B (ASK) HERL )y v i ik
PG I AL 2 4% R BRIV B AZ R B0, A
I 52 B 22 UG AL TR I Bl A (Lin %%, 2010), £
15 AR A S8 BRDF 7% (MCBI) LA MODIS f1y

TN BAE R Sk By, b AVHRR. VIIRS,
MERSI 55 4% I8 8% 1 B 5 33 22 43 i >4 MODIS 9 7 4~
W B BT 2 LA B K SEOW 40 8, T ok
ORI E A E BT e RS EA
TEEBIE (Wen, 2017).

K'K = G'VG (34)
b, KRR RBIE R, XK' K Schur 53 fi# ,
AL ASFEAEE X A V = diag(A,), A,Gi=1, -+, 21)
AEFIEm = G, RIGTHE 5 BI85,
I=In(A,)+In(A,)+ - +1In(A,,) - In(MSE) (35)

NI = L = Lt (36)
A, NIIFRR WG BI85, 1RR (5 BI85,
MSE Z/R¥ iR 2%, ENILKT 0, £l ASE
5 B R TR MMS, RiFslA, RZWEE
ZCIDNE

6 45 i

e il Pk S S B AF 9T Tt 3R S B R T
HEEERRE L, Zak20 #4242 80 4EC LISk Ay &
&, Hi3R BRDF 1S HUAS T W35 1 iE g . AR SR
457 BRDF R4 A vk, X e ks &
it TSR UE B RO EE (S B, BT R
Ik 7 b DR U I S A A A2 s 3 U 0 e 7 B o A
S ), AR BRDF AR, 55 56 T i
Mg 75 O S (L . ORI 50t AN U U £ B
A A Fp P T )

(1) 0 FH T2 A 08I0 B4 /=2 i 2% BRDF Y, 3
2 SR, 2 AR R AR B e 1L
T 22 KA B UL I S Hs mT HR 4t 2 AR RO . He
FRZRAMFW, 2R KRB AR w
PEABRIGMER . X 58 8, v R AR X
T A B (Jonsson Fl Eklundh, 2002) Fi143Bt
logistic A5 PREL (Zhang 55, 2003) 5[] - i
W25 BB o T4 25 N [R) S0 0 7 74 SF B UL 45
i, S5 REBASHGT R h R ERA R AGE,
FER s 2 8 R B0 A A ORI e 75 I 7 2 SR
H T R 7 v 2 5L T H R oc iy NDVL#E i 24K
TR EHEALE (Gao%s, 2002; Li%, 2001b;
Zeng 55, 2016) o 4 XL M 75 AN il DA 5 107 43 A7 B
0] DS B PR AR T Al AR A S 4

(2) UL 5 4 AS JeE sl X000 A 5 0 A7 4
2 FHEOWIMAE B AR, JET R BRDF 52 3 A
B o S TN B R AN R TS 0 s A R T (]
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BRI, ASCREE T 2Ok, N5 2%
DL fre/ N 7 SRR A AR M R, Tikhonov 1E M4,
S U 1 38 Ao VT R PR L R R, R AT S
fiff v 38 2 S B A /N AT SRR IR R 22 5 A . 2
R BRI A S D v 3 e R A VR 1 =4
G, DU 5k . Kalman 38 3% 5 i i
FIASE AR AR INEE R, 2
H A5 R SR T 7 JE T AN ff 2 AR U i A o) O
DS B A, LUK A FR 8 08 I A5 8 s 18 G 1
e

AR B RTET R b2 BRDF 328 J8 s 1 7 125 Fl 3 s
(A AIF 5% B T A e G S, AR T B A S 3 A 3 1 o
WY BRDF P2 i, BB A RIS T . B
B (R UL B LA R 4 26 BRDF 276 (1) 328 JEAb
A BEE E AN R R E R DR B
Xif fifi # BRDF i 8 S 45 1 1 o s i R, (HATS
FEAEL AT W)

(1) Z R JFEZ 125 BRDF BRUR R AR HE 7,
JNBRAT ] S 4538 SR A BRDF A, 2206 H
TR PR B BAGC B, Wl Bt = X 4
FRAGTTRE WS Re, & T m PR 4o A
5 14 418 3T U B AR L RN, Hh P B
FRAGIC K ST K A BRDF A5 R FEIE FH T 5 20 R
AR, DTS 805 43 HE % BRDF S [RIXE . i
& A HE R TR AR RN TE A LB A 1 ek
R, RSG5 BT R 1) BRDF #5181 )
HR BTk C A e HbE

(2) 324§ BRDF 32 8% S5 11 2 i 000 53 A
J&, BRDFJEEHIRGE= . BRDF [ =k i 1 JEk
IR B R TIT 2 A BRI 1 S, SRR TR
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St S AT E B S AT 4 RS R K ) st Bk UL
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(Sahoo %, 2017) . EAH™ (Wolanin 5%, 2020)
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Review of the land surface BRDF inversion methods based on remotely
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Abstract: Bidirectional Reflectance Distribution Function (BRDF) is a basic variable in optical quantitative remote sensing, which
describes the reflection anisotropy of surface targets with different sun-target-sensor geometry. BRDF not only plays an important role in the
characterization of land surface structure but also has great relevance for the research of earth energy balance. The definition, inversion, and
observation technology of BRDF have made remarkable progress over the past 40 years. Moreover, with the launch of multiangular remote
sensors, its BRDF products have been generated and released, which are widely used in remote sensing community.

Based on the principle of BRDF inversion, the most common problems associated with BRDF inversion are first analyzed, including
the ill-posed problem caused by insufficient observations, the noise of observation data, and the noise accompanied by the introduced prior
knowledge that causes the uncertainties of the inversion.

Then, the current BRDF inversion methods used to solve the problems above are analyzed, summarized, and classified into three:
fundamental inversion methods, regularization-constrained inversion methods, and information classification and amplification inversion
methods. Fundamental inversion methods are suitable when the number of observations is greater than the number of variables to be
retrieved, and prior knowledge is not required. They include the least square method, the least variance method, and the robust estimation
method. The least square method and the robust estimation method are only used when observations are sufficient, but the least variance
method can be used even when observations are insufficient. However, prior knowledge is required for regularization-constrained inversion,
information classification, and information amplification inversion methods, all of which are used to address the ill-posed problem. The
regularization-constrained inversion method constrains the inversion results by regularization rules. The information classification and
information amplification inversion methods include multistage target decision making, Bayesian estimation, Kalman filtering, and
multisensor joint inversion. Among them, the multistage target decision-making method can allocate as much information as possible to the
target parameters, and the Bayesian estimation method, the Kalman filter method, and the multisensor joint inversion method address the
issue of insufficient observations by expanding data sources.

The challenges of how to improve the inversion accuracy of land surface BRDF in the future were also discussed, namely, high-
resolution BRDF inversion, mountainous surface BRDF inversion, and the application of artificial intelligence technology in BRDF
inversion. The BRDF model suitable for low- and medium-resolution pixel scales is not suitable for high-resolution pixel scales due to the
strong proximity effect and mutual occlusion effect among high-resolution pixels. With the rapid growth in high-resolution satellite data and
UAV data, the development of appropriate models for high-resolution pixel-scale BRDF inversion is imminent. The second model,
mountainous surface BRDF inversion, also faces challenges due to the complex terrain and a lack of remote sensing data. To solve the
problem, a multisource, multiscale joint inversion method as well as the prior knowledge dataset of mountainous surface BRDF need to be
created. Finally, with the accumulation of remote sensing data over the last few decades, remote sensing has entered the “Big Data Era.”
Investigating how to invert surface BRDF with remote sensing based on artificial intelligence technology is worthwhile.
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