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Fig.4 Illustration of remote sensing geometry
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Fig.6 Typical Ground—based Multi-angle Observation
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field of view mode
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ASAS  (Advanced Solid-state Array Spectroradiometer) .
“WIEEHTT CAR  (Cloud Absorption Radiometer) |
AirPOLDER., MODIS #L 4 # #l &% 55 . H o,
AirMISR 2 2 ff1 JZ A5G 5@ 4131 MISR - (Multi-
angle Imaging SpectroRadiometer ) AL 2k i 55 1% Jak
v, HARSTFOEIERRE S MISR AL, HI T MISR
(¥ BL S HE K2 5 (Abdou %5, 2001) 5 28l 4 ,
AirPOLDER J2& Hb Bk S 5 f 4k L 7 1) 4 0 42t 4%
POLDER (Polarization and Directionality of the Earth’ s
Reflectances) [WHLE IS0 15 IR AR . ASAS JZ& NASA
AT A 0 2 B ) R R 22 A R 3 SR Ol A L 31
i, BESEELA] UL H I 21 A B 62 AN R E
8 AR BEAROULIN , TR LR T AR PRI 3 2 k)
B 5t R, S S BY  50 SE R R T8 4 R A RO R
(Trons %%, 1991); CAR & NASA T 1983 4E #4119
2t (0.34—2.3 pm) FESHT, WA 135
ZEPBOLTE W IE , 2000 4F 18 18 4 TR 144,
Wk I 37 £ g 10, DR ORI RIS AT 494 190° A7
Fil (King %, 1986; Gatebe A1 King, 2016), MIfi
TR = 09 SO B MR 1Y BRDF F5E
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] Py LAY (Y B 22 A LY 2 A S PIL R 22
B 261 1% 248 AMTIS (Airborne Multi-angular
TIR/VNIR Imaging System) F1J™ ff 21 4 XUBE 1%
¥ WiDAS (Wide—Angle Infrared Dual-model line/
area Array Scanner) . AMTIS Jj& o [E B il 1 26
— B AR RS, B R AT R A AR
i, G R AT Ty 1) AT S
1535, AlEEREAT WO . LT AMRIHALT AN 34k
B9 WL Jy ) () 2 fA BE TR RIS, SRR PR AR —
TEILL I B BAT 9 WL £ 135 1) 22 #f 3 A% SRt
(ZE/N3C 45, 2001) 0 1 JH AMTIS A J5 {4 475 4%
o L 3 1 o) e S A AR SRR . S5 S 2
BERYAT 48 5 S IR | T AR Hh . AR o A
PR AR S RSO RE , AMTIS X 4fi 8l v [ —
[r] 1 S ST S 5 Mt R AR B3 7 1) R AR A AE Y R
A EBAEN (/35 20015 ff 520 4%
2006) . WiDAS SR FH 2 £ B4 2 HE 421 B A5 A i i =X
BmF R, TR AL I AR, A]
() s AR IBCR] WG 2L A B 5 A L LA AR
ZLAMBE B TR BE BRI o A R A 2K SO R
Gz, Al WiDAS FR I 2 41 FE 52 AR R K5
HLOTWENRE . A0SR R R T
PasRy (2950 45, 2012),

SV E, R — SE B A R 2 O R G
I B, X T A AT R 0 i AT R i
WECAERA EEAEH, HAGEREIEA AL E3K
BOBHE Y, TESEAT IR SRR, A AP 2
PERT IS, TR, HIE R AT BN
KARBA — & T AT AR & . T4k,
Bl TE AN AR R R & e, T AMLE O I B
BB REEA R ZAENRAEEG, K
R AE Y 22061 B m G A PLEE 2 TE AL B IE
K= DF I, ARAREER TR AR = A
FR e S ok e AL, SR AR R AT LA AT AR
[r] 58 M1 5% 1] T & ARG 2 M JE S (Grenzdorffer
F1 Niemeyer, 2011; Burkart %5, 2015). Jo ABLiE
R RSP . 25 Wy BE s . By Tt Hos
A1 AR AR5 5, 1B A R BT 25 22 A R 4
PR EE T B

3.3 BE#FH R
bW 1) T3 18] S5 A B 2 W T 1) L A2 A5

D5 AR FE R, )T SR 2 A T R 484G TR T
T KBS T ) Y el A R i A e A
FHELL, AnER RS T AL Meteosat S5 1 K FHA
SF AR H ARG AR IBOT I PEE B, B TR A
ST Z AR . ORI A AL SRS QAL T A%
BIH 150 (L1) b g2 s W 3 DSCOVR
(Deep Space Climate Observatory) , 28 5 Fl K
FHRE G0 B 1) — 35, 38 2 Mk 7 27 ok el 728 L
], AW A B AR AR, R T A T 1 A
75 1w ) P AR A 22 B L AR S0 R B RS WL Ty
] AR AL I 22 ) AL 245

IEAERCAHREZ TR BA 2 MU GE
WA #H AL R A ATSR & 51 . POLDER,
VEGETATION, MISR., %% 30 70 #t R i 5ot
% { CHRIS (Compact High Resolution Imaging
Spectrometer) . AVHRR ., MODIS, W] ULt 4L b B,
1L ER S VITIRS  (Visible Infrared Imager Radiometer
Suite, ) A, BEATHEHRE I AT 3 W) 20 2 £
JEE UL 0 ) 8 22 A BE UL W5 A (Diner 45
1999, 2005).

7] 25 22 ffy B WL 2 48 T R AT 7 1) A Lo
FLHEARAR L MR, W ATSR 51 (Stricker
&, 1995) . POLDER (Deschamp %, 1994) |
MISR (Diner ¢, 1998) . CHRIS (Barnsley % ,
2004) . CERES (Clouds and the Earth’ s Radiant
Energy System) (Wielicki 5% , 1998) . ASTER
(Advanced Spaceborne Thermal Emission and
Reflectance radiometer) (Abrams, 2000) LM
[ T 2016 4F & 45 A Ak T2 B35 A CO, ML A
7 5 R A PR % 4 CAPT (Cloud and Aerosol
Polarization Imager) (/## %5, 2017) FlfE 45> H 5
TR EFEHR A 2 A B D ik 200 X DPC
(Directional Polarization Camera) %5 . .7, ATSR
F 5 R P 159 o 491 40 04 75 33K IO A UL A B
POLDER >R ] 5 i — 4 CCD, — % £ nl LIS
16> 1 B AOULIN K, 7E BT A 10 B 30 2 # i AL IR
w XA SR AR R FERE T e df 5 CAPTAN
DPC (¥ % 48 U7 0 5 POLDER 28X, DA g
PRI Ry 2 H bR ; MISR 238 i 9 ML AR 1 HiLIn]
iR s CHRISHEOHFIL, HILE V15 PROBA L
LT AN AR, AT R PR ELE T 1) f
ORI Z AN, R T =L 2 A R L
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AR, ARk, &% CHRISR =L, RH/N
T S B TR R e ] B 2 A A R A DT T B AT
R R T

I 8] 5 371 22 £ B LI J2 48 4% B s [l e, A
How i f 2 BN HUIE SR I AR, 2R
PO £ i B KCHa 5, W AVHRR  (Privette 5% ,
1996) . SPOT-VGT. MODIS (Salomonson4§, 2002) .
o BER W% 3 61 MERIS  (Medium Resolution
Imaging Spectrometer) . VIIRS %5, F& 47 fA 1% 4%
14 T2 S () AR T X LA B HETE 321 mouinl ol )
A ARAR N o AR PR R DI, UL £ B2 Y AL
INBRAR o U R B R FUAE A, e AR I
A ELUHPE BX A E ML (Sandmeier %5, 1998; £
T8b, 2008), — B AR RGBT 505 F
PO SRR, UGN B R W B AR R S A AR
KL (IREFEED A BRSEE .

iEE AR

7SIl R
A HF

e

R —.
e
~

(a) Z A% I8 A i (4 MISR)
(a) Simultaneous Imaging with Multiple Sensors (MISR)

WL
A A mmm N
‘ i ‘;.

~

(¢) PGSR UG +F- 5 5 3h
(1 CHRIS)

(¢) Single Sensor Imaging with the Rotating of the Satellite
(CHRIS)

SRLE, SRS Z MBI, T E
P9 22 # BE R i i TR T S 2 Kas AT B AR B
HEMA R ZMAE, ARAIER X N2 M
I, AFAELN L7 A . — 2 i 0L 7
AN FH 1 44 2 #f Rt 2 1y Tf ] B P9 35
Sy BT ARfC r T H AR (Anfess . RS . bk
FIKGEAE) B, NI FE 2 BR 5 R R
22 £ B2 R UL ffy T RE AN BRARL, A RECRBEE
AR =AM RAE . ECE LA SRR A
1, B AL B R X

P 7 Sy J L LT R 1 Tt ) 22 F B S 3R B
T, Hop, BT (a), (b)), (o). (d) BhlEp
Z AWM, BT (e) SRR 5 22 A0 HE LI
2 P8 g H LT 0 22 A R AR AR AR IR R TR A
28

LT )

HH

e Nkt

(b) B R+ 250 (U0 ATSR 2251)

(b) Single Sensor Imaging with a Scanning Mirror (ATSR)

WHLITT) i)

R )
v

(d) Jfnfs
(1M POLDER)

(e) WSTRIF 41 22 £A B2 AR
(fnmoDIs) , it Bk
ANTRIEE 0
(e) Time Sequential Imaging
(MODIS), different colors

represent different orbits

(d) Wide—angle Imaging
(POLDER)

K7 2RO AR E R
Fig.7 Ways of acquiring multi—angle data
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34 HIEHS

B3 T MU ff £ 5 2R G R s
FIT AT B0 22 ff B R BAT 0 R R (1) R0
o HERAAL o X TR L RS, AL R
o LA TG (0 1B I 40037 0 08 b AR, 00 00 21 1
Mo e [ BE E UL K TR AR B 4 g B OR
(K 8(a)), AFAEMRN I T B BRI AL
IR BIAFAE (A5 18 BOULI 21 9 BRF 7775 1%
75 (R 55, 2009), ANREARGF ML S R ) B 52 1Y)
T R, (2) AsmmRE AR . X
JEHLE AR IS AN TRDULIN A B2 ELAT A ] B 4
SRS f, BB DL FA BE RO BN, 38 BUROTTE
M b7 3 53 B O BOR Y AR O 2 st e,

W8 BoREBR A bt RAEMMARIE, P ER
G (FE8(h)) o XiF T WL F B 38 K r
2 (0] S BER BEAR A )BT, VIIRS R G0 R &
W R I /N o3 BE R AL (Schueler 5, 2013) 5
XA ISR RS, B T A,
BRI _F K Hb R AN [F] £ B T AR B AR e R/ & —
R, AHJRSAEE NGO (B18(c)), ik
TRy, BRI AN, BRI Y RE D
B GO EE T I e F L S D G N A S SUE 3/ Wi
BN RS TE 7 ¥ A T B N4 5 BB A 37 S5 v AR B
2 BRI, KordeckiZs (2016) $2iH T —Fh
ARG T2 25 EMG 0 BE T AR 42 1) 2 S 3 i 4 A
TR (1) 59 o Xof BEIAG v 5 B R 3 S M R AT A
WS T ARG A IE 3R

i

é BN CCDHH#HL

5T

(a) MR
(a) Footprint change

(b) Z 5t W A 1 P 4 A

(b) Panoramic and image distortion

(e) GIOCHN
(¢) Exposure falloff

K8 Zfh BRI

Fig.8 Characteristics of multi—angle data

DA B0 4 0 B2 A R A B Y 52 2%
Yo fERURECHE L, MERUE T 2/ B I 2R A5 1
MR Z B UE R HOLIE 2L Z 2%, BAE LA
L IE B4 [ I s AT A AR G S AR B . NI, BF
XoF 22 # HESCHE A VL 50 1 Bk 20 BT A B L
TS RO AR B I RE T, O X 56 55 418
THET BREARB G T RICERINE (K58 4%,
2002); FERSRIE L, S5 R TR RTRIE
TrEAT, 2 i R R R URE b 2% &
TN IANER s — i B MR, 2R
A IE I 0 SR AR SR AR B 3R WA A AR 2 A B
BRI R, T FE 00 BRDF FRbE LA 75 KR IEZ
JEAREXE TR RIGE , BT AR SR s AR T

KAYIEARM R, RHERA I BTk
RATE (W58 %5, 1996; i~ B %, 2004) ;
TORABIT AR TR RZ N, TP R ) e XL 5 AR
MO TAR L, B (AR AN [ i 40 A S 6 HE TR
MR AR TR AR I H AR, g AR 5 O
A (FRUERNR SR8, 1997); = J2Fifi 5 WL £ 32 (1)
R, ARG KRR AR, AR S,
22 1 JE R 0 R SR JE B e 2 i M AT o A
WELL Es2m

4 Z A LB

BRDF #5780 2 %)l 2 AR WA PE R B flk, —
WEAT o3 Ry GRS | W BB R 2 A,
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WX R0 NAROEZ . RHERUKAR A . ARSC
AR B JZ= BRDF K470 54 5] 73 51 4 2 ik JLZE RO
Hovpr, R B A6 R e e ST UL B 5 R LT 2
ALK R BC R, BARE, 5 TR,
(EUASE TR T DA S 0 K L ke = WAl ) 0 BEATL
i, WA AN EE2E . W BRASERY 2 L T B R X
B S ReE e, R P B — A SRR A
A WY S AT OR T ) B R A T ST A
L NG WK AR g i SIINIDI [ B e 3 - BIC IR
BRI AU AR 22 50— 20 B I A 25
BT AR AR R, B SR
e A —EYHEXNARSH, KRB, P
AR TP i O 3 A R R AL SRS, %A
TURE MODIS J 357 dholk 55 AL SE TR T . HAT,
BEE THEALEOR B R Uk R, 16 TG 7 5
() BRDF U8 I A B A 2 P & J (W B i
2016) o ARSCAW KARBIIANE, ME TR
UE7/BE RN IS S G £ ¢ 0 s R P R R <R 7/ B2
I —F 2R

4.1 iEEHEREE

911G RT (Radiative Transfer ) 455 Y [ #f
WA AR A S, SN F SR
[F1) P9 AR EAE P ok A5 AT 48 3R A B 1) e S e, O F
FBCE L 208 R s ok, HA L2 5 S5
Ti R o A i B S Bl T R AR B A
KARHFEGUIR, 1960 4F L5 4 542 i B0 315 i
TR, IF RO B EIR, TR TR
AL METE . RHEL MW, KSR, AL
SETE T DR S A2 i TR A A DA B SR E
IR, FE0 25 08 T 2 0 BUERT, Gl T sk
PRS2 B ARG, Bk U B2 2R R sl o0 O oK
fR e, UE B —E AL 2. MR RTRERLE
AT 3 SRy it 5 S22 i A A A A

I o 58 S A 5 e I R B S ) 6 5 03 S
2 TS5 4 S AR e TN 22 OISR 10 B 55 T
iy, ACRMERBIRL N L 9 B BT Y LIBERTY
8% A1 (Leaf Incorporating Biochemistry Exhibiting
Reflectance and Transmittance Yields) Flidi A T [
it 1) PROSPECT £ 7 (the leaf optical PROperties
SPECTra model) . LIBERTY £ % J§ T % 1% BR B it
TRCAY TR BT RSB I B0 R R T K R S R Y BRI
ROE B 3R SRR (Dawson %5, 1998), #%) 12

NP T Bt B SRR L R AL . T
LIBERTY & A 7% &4 i 90 S 0%, Wang Fl Ju
(2017) XFFHHEAT TG, B TR A IE
PROSPECT # Al J& T Z 2 Pl A1 LIRS
i T —Z5ME, Vilfands (2016) 51 AZSGAIHE
KRR T I T 4% R 9 Ot I 1Y Fluspect—B
B; Feret%F (2017) #4467 K5I A PROSPECT 1,
$2& ity T PROSPECT-D £ B . K¢ PROSPECT-D 5
SAIL (Scattering by Arbitrary Inclined Leaves) #57%
i, DART (Discrete Anisotropic Radiative Transfer)
BEARYGE G, AT LS 30 I i 0 A UL ) — LA S
IR G R P

R R B 7 ) Z AR BT KM (Kubelka—
Munk) PHIEH Suits f1 SATLF A, & T —4EFE k48
G R  Suits A5 7 22 [ BH AR08 I £ 5 114 A%
1k, ¥k 2= FRAR AL SRy K1 I A ) [m] 1 1 i
AR A RIS (Suits, 1971). SAILAER
FE Suit B A SLal_FHEAT T ek, AR IE H AT
o AR 2> A S B (Verhoef, 1984) . Suits Al
SAIL AR Y B SR W] LAA R 338 64k e it A i it v
I R AR A 2 g R, (R KM B R %
JE R T B A HL TS 4 IR ]SRN, o 10k B 1Y R
FHE AR TS A ) 8, BHF AR T — &
FIRERL, QA SATLH BE R 5] A 1 XL i) i) i 36
FAARPGE RN (Kuusk, 1995; Verhoef, 1998) .
Verhoef Fll Bach J& K845 Hapke (1981) +3EBRDF
B A Kol 2 IR AR G, B B 4SATL2 455 4
(Verhoef f Bach, 2003); Jacquemoud Baret (1990)
B 1 OGRS R A PROSPECT 5 SAILH AHAE & 15 3]
PROSAIL# M (Jacquemoud %, 2009) . BT —4k
V18 R A 5 S5 A2 i A TR0 AS B8 4 3R AR bR 5 B IR
Shabanov 5§ (2000, 2007) 5| A KAl A B4,
FI A G oR B IR A BT o3 A5 AR — P, $2 Bl
PUER AL AR, ] — 4 A (I R 3 T #53n
T YR AR RS B A RO, DT R R A e
AU Al O 29 R B AR MK . SCOPE  (Soil-
Canopy—Observation of Photosynthesis and Energy
fluxes ) A5 70K 4 S5 4% i A B 2 7 M & 78 — 2
it AR R, TR SR . SRS AR
R (van der Tol 28, 2018),

4.2 LR
55 5 S A i A R DA B FRL G 1) FRORE B 1 S
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FEANTE], UG BB G TR RUEE B Ay 2 WL
B0 JUAT G2 A R B T 2 A KL LA R
A, DL SRR R LT E &R, RBh AT
WOEREPR . Al WOGIRE S T W HAr, ]
ULEHRZ AT 5 4D o i R SR R AN R EE T
RS T B AR ST B, S b, TE—EMA
ST, OCHRABE AR & WAFER) , EAH
LI £ 2 T A 8 I U 1 1 b3 41> J3-f 1) T AR
Pepilfr 25, X— 2RSS HSEAC. L
AR A LA F 2R (1) 447045 10
e (2) KEASCLAFAT A, FILI 5 ) 4 7]
PRE MU B AR L] 5 (3) A% IEA% I A
PAEARH; (4) Bfrgstdh, His¥ oA B
AT, AT IR A SR TR .
ANTE Ty I H bR s, B AR SR Y 22 S 02
H U ek 8 TR B 3] i R o JL ARG e AR 2 R
TR A— B br—AG s Z Rl B JL 7 B OC &R, 7]
DLE RGBS, BAT T ST 9 A (2%
ANIC A, 1993), AT R HIURL B SRR RIS I A A
RS

22 ML) Li-Strahler JLAn[ 2 A5 7Y H 5] 4 R 4540
W5, 8 TR A AR ST R Bk
k%R, A 1986 4ELLE , A X T i) A 1L T
A MEER . O TR RY SRS TR AR AR, Li
Strahler (1992) #F— % & 1T A F S 538 7 1a] #H
AR S, KR T mc A AR LA
JE 2 A0 B R Y GOMS  (Geometric Optical Model
with Mutual Shadowing) . Chen Fl Leblanc (1997)
ZIE TROERE . RTRE . /N TS AE 2 N
FR DU ) RUBE B i 9eE J2 AT 45 4 DL K e Sl 3R
BEPL A RO 0L, A JE T DU RERIRL, Jfik—2D
P RUEE AR AR 23 B2 R e 1 R R
Leblanc 45 (1999) K PU R BERCRIHE)" 2 PR B,
AE 2% B 17 1) A S 1k o ZBAT R AR S
AR PR ZE LT S5 M AT IR K22 5=, Kimes
(1983) KATREAEW IR 520 TC IR AR, HEsr
T3 AR I 5 1 i U A AR A, S
WZ & F R, 8T XN )R85
(Chen %, 2002; Yan 5%, 2003; Yu#%5, 2004).
Zhao %5 (2010) i — K B AT45H 5 SATL AR ZE
B IRl S AT 45 5 22 B Y 52

IR AVER AT M AR T R R, T Sk
HIE X, bR Ay B AR A8 e 33 T e B A ) e 5 2 Ak

JIEU, PR AT A5 B AR HE I ) R S T 2k HL
KA T8 SRS, <83 i IP 0 5% e S 25 {f
5 H AR Y B S 1S o X SE PR A5 L X RY
BRDF £ 45 B A FE IR 1 o Schaaf 55 (1994) % B
BRDF HYJZAR i T~ b S 28 WL JLAnT 4 42 Ak i
AL, AE Li-Strahler JU DG 27 A8 (1 27 H 2% &
THOIE W2, K GOMS BRI FE B Mo b 64T T 18
NIRRT iE NS L NN E R T R N R e
TE—E AGIME, HAGE FH T BRI 5 i 44
o Fan%F (2014a) TR B A KRG,
P T BT U ROEE B Y GOST (A Geometric—
Optical Model for Sloping Terrains) A&7, BER 4
FEIRYE RS IC BRDF 417 R (05200 . 18 F T4
73 AR 22 TR JEOULI ) LU BRDF A5 R0 2 % i
T4 (Hao%, 2018, 2020), {HJE:4 24114
Z i A S A A R 9t — B HESE (Wen 45,
2018).

43 RBAHER

A% 48 B JLART G 2 A A HRE 221 1] 5 Y ST
Fee, T 20 AN B 22 YU I BT RS TT 2
PRL I TUART 't 2 455 U 7 A I B i FH PR S 2 ) [ A8
YT, BlER &R T LT 2 B R RN S A% A
RIS E AN TR A AR

R A e AR P D e R A X 50 % SR 1)
BN, ATAF R HUER], Hk G 7E TR
WRIE, XF T 52 4200 = 4 25 [l oo o7 78 e 1S 214K
B B8R AR o LA 2 B AR Y A A T S
T B O B SORLRE M 2%, AR 1T X B 52 X% 22 Uk
SRR RME, YA S TS, B X SR
BISE IX 2 0] g 25 8 /IN, A ARUAS BRI . % T UL
] S 2 AR R S A% i S AL E AN R 9 3 S ik R
BAHHMILAFAARRE, 25/N3CH Strahler 7853 )
FHIUAR] ' 2258 1Y 7 fige A8 6 IR [ 52 45 55 1D AR R S
W2 TH 23 AL AH DG PE B3, AEal LA G 2e A Al
() FE Al L5 I AN 2 S A B (0] PR, RO AE
S J2 T ) 2 UE B AU a2 A R b e 5
Tt I R Ak 2 U, LRG3 oK i el )22 R
FERERLUCHLST , 2 WA 20Ok 2 57 % BT 5 BT 52
DX St i JBE ) AR s Y, e T RS T TR
BP0 AL 3 FH T 2 HORE B 1 LA 2 — e R
IR (GORT) (Z/NC A%, 1994), BIAINIA
[F) DA BH 1 B2 Bk AR s R 3 R0 BRDF THAARAS 1 Aty
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MIZER . Fan 59K GOST AR AR FHEBIRIZE A
K BT — om0 TR A AR Y g AR
MR Z B, R T LG R R h
AT A RME (FanF, 2014b), XHA BT
P e kb b BRSO RS

thmfE% (2017) #8, e . HEMEYE
P R ) AR 1 i )22 BRDF A5E 750 J2 328 JB% i YA el 2 485
S EON LR, IRk R T R BRI v Nl T
22 IR 24 R FIAN () R0 4% A 1) R e — 1) e S S
Gr— AR G — AT SR — YU I e R
St B RUEE, R B R A LA S 2F A A
TRYECST, T P TR AR 1) G AN AR
S th 2 WU IR IL, ffHE 4% BRDF HIE
fENT AR RIBON TR . fJm, 7EM BT R
AR S 5 R S B BB T B R, i ik SR AR AR HiORn
] PR SE B T AN R AR A A 5 — . G —
R A B S 808 R G T A R &, H
AR L AELAC e A Bk BRDF 5% 09K 190 & J 7 17

4.4 TEHEER

B A i R R T LA I 2 S8 A S A 68 )
T 2R, R 20 T e S R R A4
PR . B THEAALEOR A R R, AT LUK
220 1081 5L 25% Tk = i S A R 3 S LSS DS Y 7 o i
A (IR, 2014) o THEHUBLDAR Lt 9l i 5K
fip R ERSHE T T RE LA Rt S 1) ) A A
L BT AR LLIE BRI RS R T 1

TG HR R 1 32 B AR X R A Bt g f%
A BEATIRER , 802 H 5 R A AL,
VAL 5 AR A . S sl i B, 94
Jr SRS R X LI | A AT L. Jedkia
B AR TR F) Ll 2 XL T B AR SRAE T LA A 2K
FRAE A T A OCHE . SR8 T I Rk
IBER R R B AR R AR L O TR A RE A Y R AR
(Disney 55, 2000), SEFUR XTI RGEHA TR
WLEEHIRE , Sl X FEA E AL G, RGPt
FARGRIHLESH SLLB BRI B9 L s Al K
20 220 2 AE T = AP B S A A, TR A
TIA FLIGHT (North, 1996). FLiES (Forest Light
Environmental Simulator) (Kobayashi Fll Iwabuchi,
2008) . librat (Lewis, 1999) . DIRSIG (Digital
Imaging and Remote Sensing Image Generation)

(Goodenough Fll Brown, 2012) . DART (Gastellu-

Etchegorry 4, 2015) . LESS (LargE-Scale remote
sensing data and image simulation framework over
heterogeneous 3D scenes ) (Ql 2017, 2019) F
Raytran (Govaerts fll Verstraete, 1998) %,

X S5 R JA B AR I e IR OS2 I i B RT3 DA i
Tia) F 1] AR AR o AT [ S 2B B 48 OB TR &
gplegk, AR HRAME A A RE . DARTRCRLE
AT A R A IR AR 2 — Tl 4 23 (W] B HICH
W E 77 1), Al LABR B R AL fl iy il fE AT
AL Sy 5 A T 5 A% Bl E P ). T
DART 5 B ] LIASEAEL DA m] D't 21 B ZT A1 35 B Y
R—RARHHENER, =255 A, DA
fiias . M EESE R LR RAAR LI B L OB AL
TR ML BHOL R A R = o 5 DGR
PR AL AR R L, Tl AL R AR
TR IZOLZ I AL A R . 5 ) iB BR Y
B R AT PR A A UL AR SRS B AR AR
A GEAR . BIAN DIRSIG A8, HFEZ 2 H T
LRGBS (HAS— 4R AR, TFERH
R LESSHEAY,  E2EF X R Sl 4T 100
b, AT DUBEYR RO A9 18 B AR LA S BB e P 2%
TR E AT S . LESS B H i Ak Z 4 K rp
A B BE AT RLFEAT 1) G 2R GE B AT LA HEAT ) 6]
JEERIB R AR

B8 ST AR Pl AR SR TR Y BB 2 8 R ST
TEBIE R TR, WMATEE MM PR E S
WG LUG , ik —FiP AR . X FhEE
P ERIRES AT DU — R A0 5 R Rk, SR
T5 R AT G B R A I SN R ST EE o AT BT
e A B R B T RALEIE 2, Borel A5
(1991) Mg H G| AR, T A BiOE 2 B S 5
AT . ARG R B S 1 2 E) S
3R 2 H] 9 AH B FT A Ee ), mT DL AR A AR
MR R PR A G Z W R AR BSE, PTRME
T5 R, SRR RO, B T
BRI AR AR D R R S e A A
T RRARIH &% 05 2 R B R IR — o A A4 5
AT AU BB 32 %A DIANA B AL (Goel
&, 1991) FE5H E AR (Qin F Gerstl, 2000)
RGM (Radiosity — graphics combined model) . H Fi
BEAE T AL RE ) pR s S ey, AR A A AR
Wz BEAL, & TR 5 1) BRDF AP 115 3]
PRI R, A H R T RS T A 4k
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R Ay A N SRS T
45 FREWKRR

AR HRILES T 2R S8 A
BEAL ) BAIL 75 A b 3R = 1) B SR  A e R
ARGE . T HABO RS R R o X T
FHRZANERZ IR Z Y, 1AL B B Roujean 55
(1992) 24, BfiJ5H Wanner, Li, DA Strahler 5¢
# o Roujean 2§ (1992) KA A1 JLATLA BRI A
58 S A i Y AT TR A TE 0 LR D' 2 A% A B
B, [R) IR AR v 557 1) I8 O B 28 1 B AR O H
B, PRSI FEVERE, IF = LS, B
TR AR IR o 2 22 50 1Y 4% 5K B A
YRR BT 40 S A2 RS R0 A i s A RIS e Y
PEHe, AR T TUAR] G~ A5 78 220 i T S 5 1
B, TR

R(6:.0,.0.0) = i (A) + [ (M), (6:,0,.0.4) + )

S (N)k (6.0,.0.4)

A, ROWHER MRS R k, A LDE
ko WIEHN L fron Sroon L2390 3R
o FAY LM IR SR h TR AR U
BREJ SR . By TOREURE, )z BT AR
an B A2 7 2 R o H b g O Y 2 MODIS
BRDF/J H8 7= ol 55 fas A7 i i R ik, B
AMBRALS (Algorithm for MODIS Bidirectional
Reflectance Anisotropies of the Land Surface) . H Hlf
b %5 4k 19 & 3k % Ross_thick {4 #& 4 1% Fn
Li_sparseR JUMDE2# A B 4H A, 38 @ FK A RTLSR
ko T Ross_thick {42 R 25 FE R R 8400
AR kIR T AR T ] B RO R, Jiao SF
(2016) i FI #4 £ P F % MODIS b 55 1k 55 7 1Y
Ross_thick (AHURZ AT IE, $m T3R5
AL M BE o BT 0 A% SIK 2l 455 AR X 221 i vk =5 % TH
5 ZUHT ] U A R, Jiao 55 (2019) #F— KR
T A5, R T T ok S B e R

SERANIE DL, AL R g B S v o —
[61] S5z 55 A 1R A A A 7 A R A AT BR A R) A,
MODIS 7 16 d PN AT F 3 i 3 7 o ity =R A
75.8% (M %, 2015), #AeHs 2L ER
FlE TR A BERAE R A AR . Lin S5
R IR SRR [ A A, B A2 A B AR S B
ISR Eh AR, KA R EOD S PGS A G R B
HPZ R, KT 20 2% K S i Al

ASK (Angular and Spectral Kernel Model ) , #& % 1
% R B 18 B LA 5 P Y R B 2 85 1L %
RIBTEG, IS & T B A 2 2% 1 BT A
& 2GR AR 255 BT L A 1) S5 R S BRI AT
B (Lin%, 2010).

5 ZfEEEEAINI

W 7 T2 08 3t L RE 7 4 vy | AR I S
TIEWF R AR WITR A, 25 J8E 38 SR B R B 13 H IE
PRI, TERIBR | MEmS8. =R
JEEZ 4 B L R ik o e e v R A R IS

51 REB=

iy 3% F R 1l ) 45 A T 1) B I A
Sl s S MM ASDGEEZ L R TR,
BAFF ORI T AR AT 04 B S8 SuE LA A A BB A 3K
75 WA H 2% A B T — P8 ORI 7 1 1 s S 3ok
A8 B 3k R IR . Kimes il Selleds
(1985) 5T 2 B IR R 39 B e 23 5 ke e i3
TR IA 45% B9 255 Vogt % (2000) HTERFSE
rhIE I B3R AR 15 2 1 206 A 21 40 ik B BRF/ S
MR AT IR 2 5 3K 35%—50%; Stroeve Fil Nolin
(2002) 7EBFTEH A B, 5 R GE(E B AR
FALE, I MISR EH R 638 AR B 255 mT LS &
R R (Y SO R, R 2 R b 3R B4 ) 1 I S
PR F 2 5 BRDF/J B3R 1 B 0RS B A7 224
(Bfe 4%, 2002).

AR B AT 1 B 28 A% B 11 i 2 S IR R
i K 22 8 3 T b 3 T S AR R AT AN B
POLDER, MISR. MODIS Fl MERIS % & J&#s %8 47
S HRE f, AFK B p  RR R B—L RRR
18] 20 B AT MG, AN BB S B vk 5 45 36 S R
RGP . A RRIE G 2 A5 B BE , ar )
T35 S B 18 PN AR AR A A 500 1) 22 3 0000 44l 4
A 7 e B ] 23 ) AR TR IR A 1 S IR i
B2, ARMERES Z IR 2 [ 4y B | DR Bk
R B, AR AN A )N 2 N 2 A% R
Al A SLTE S IR MERE CRRITAR 45, 2013)
¢ S IR 7 i 1) R VEORG A DK 25 R L S X AR
SRA TR E . Jiao % (2019) 7EHLA MODIS I 55
OB R T A 5 A% A R B i UK S I B SR g i
KaRE . 701 M BECR R -, S TRORS B B 2 AR
61T 1L BRDF LAY (A . A 1 Bk i i 1)
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BRDF##! (Schaaf%, 1994; Fan%§, 2014a, 2014b)
A LLSE T8 W0 TM SR 1 s o HE il . (Hih T
X RBIRUA BT ARTTRY S, B B AR IR K
S B BB RS B, X TR S B R S
W, AN REAR S 1) 21 I I %) BRDF RYSZIR o K i
i TR 3 B 2 SOOI 840 9 2 $ e 1L i BRDF
R A vy L DX 3R s JHORG JBE ) T A7 07 1]
B HERPIE, ATE 2 Z AR
R X R B 2 BRDF R RRIR LR AT Z AR
— AR T RS R i TR R s (A
MEMRR, ME T FEENER, Tk
BRDF 1) Z| i H A7 8 2252 0 (Lacaze 5%, 2002)
I AL A BRDF 5500 S SRR B2 .l T4
AT I B R B R AR R R L TR R Bk
(7] 25 T3 B — o J3E 178 00 0 AR M4 412 38 o — B 4
2015 42 7 th 5 [ 16 51 1 MR U LR NOAA
(National Oceanic and Atmospheric Administration )
FI NASA Bt 4 f1 57 (1 DSCOVR i B s B il (24
150 J3 km) SEHL T 42K 22 U0 i 3R G T ) WL
X —E AR B 2 A R R, AT B T
%% BRDF F K5 o 20 1 , DT 2 i B I 3R il 55
HEE
52 ##WESH

T J2 A5 A S WG R, et J2 WK
MBS, MHXSBOEASRG A S A
ERAUR . KSR R G A SR, 2R
I T AR R, AR TR G 2 S5 |
S RN, Sy B A B A A AR R R
T Al fig. Deering 55 I BF 5% 32 B 5 J22 1) BRDF 54k
Bk 2 W 2 45 W 32k A Ot e R M B 5
(Sandmeierds, 1998; Sandmeier fil Deering, 1999),
A1 RETH BRI R oG 2 RR PRS2 e, 0 A 45 b 2 B
WM ZE . Hul, Z2MEERERERKC
(Clumping Index) Sz ¥ . i #4520 LAL (Leaf
Area Index) JZUH . FHBES AN 4 | A BEE BLAY 2
7 i PR 2 e B S A — s B

(1) CIJi: CIHRAARE)Z it B oA i
RAANFOL, E LAL [ b TR [5)H22 0] 52 R 3ok Jo Sz it v L
A EEMEH . ChendF (2003, 2005) FlHIILLL A
g B 1A A ORI IR 5 o) S S 380 22 S i i T —
N EFEBNDHD  (Normalized Difference between
Hotspot and Darkspot) > JH BR It 7 56 22 R 14 1 52

W, (A% 48 81 5 2 W UM s/ o, dEm
#Sr T NDHD 5 C1Z M5 &, JfF H POLDER
AT 6 km 20 FER A2 ER 8 H 1 C17™= i o
He%: (2012) 4771 MODIS fJ4ER CI= 85, $4i%
PR ZS 1A R N 6 km #2557 500 m, {HAERT
] 43 B b A g th—AME, LA A OC i
FMAEBRALA N TG K . A, X MODIS
BRDF j= i (1 4SS )8, R T —Fh 3L F
NDVI K BH 2K T50 A XoF B4 a5 B 5 38 i A7 4 1E 19
2, TR AT B JE NDVIASAEAE ROE R,
AL BB 2% 7 SRS B i A — 2 S . Jiao 5F (2018)
BT R R OV S AR AE 2T 500 m a3 BER IR
B F1 8 d 9 MODIS CILy™ fh, BEFE & 177 Siokg B
W E TR E A EER . A JE AR T DL TR
[7i) 96 )22 245 4 0 %5 1) 1 25 ) o B % i TS 4R 5%
500 m R MODISAZ I N CIAY RUBE RN, I
5228 HIE T CLASZ I (Jiao 55, 2018).

(2) LA : LAUZEHG BB e )2 454 1 &
ESH (YanF, 2019), fHBGEZM S M. R
EME | BT PE S R S TE 9 BRDF RRPEXT T LALRY
J i B B (Gemmell, 2000; Chen %5,
2005; Chopping %%, 2008) . LAI Kz C &K 55
RS (Wang %, 2005) & JBEUZICNES
BB [ B ST — 2 3 LAL RIS
BeAR B Z B G R, RS ], (A
B S A D 2 KRR . 3 5 RTE B
A% 5 BRDF FRIE M REIA o BETF S A 1) vk —
i TP 2 BRDF LR, T8 AR LS
B, A TARALZRAEAEY . YE RS TR
Ky, ISR, BHETE R Z N H B MODIS
LAL ™ it 2 ) FH Bt LA S A A i T e 4 3R 1k
AR, AR S A TR T MODIS (9 4 M 55
IR BRE 508l (Myneni 58, 2002; Yan 55,
2016), WAy HEE K8 do sbah, HAhM 2 M
L&A LAL P 5y, 41 POLDER, VEGETATION
() %E A 4Bk LAL™ b, 25 18] 43 BE 53 5 20 1 km A1
10 km; £ F AVHRR 1 MODIS ¥ 4= 7 (1) 8 d
GLASS LAL™ i 1925 (8] 73 BE 24 5 km F1 1 kmo &L
b, X FAERLAL™ SOk U, TG =22k o=
o] 12 g LR s o S PR DA i 22 40 8k A
Ko

(3) Mi#EZERIR] ). BicheronZs: (1997) H:T
PL# POLDER 04 XF #R AR A7 5025, WEE R,



WA A AR D B I 99

S 2005 8O 1) 20 JORG BEA R 9%, i T2
LI Xof AR AR M U, K 2OLIE S 2
BERAR A5 Al 7> NG E S R 81 91%  (Hyman FlI
Barnsley, 1997). Engelsen%§ (1996) Fl|H 455
1 =Z R RPV AR LK Ak 1 MRPV BB, ] 34>
SR IR AR B R 5R 2] im BRDF #ijE 5
BPIEITREE , (14538 1 BRDF JEAR X 43 568 J2 2 Ak
NRTRE . T A Y T B R AT B e A A
S5, BB AR B DL RO S AR AR
Gao S5 H FI 2 22 B A% SR Sh A B B A% R BRI 1 254
HLC T 5 %4 SSI (Structural Scattering Index) > [X 43
PRI (Gao %5, 2003), (HACKEIZ ) 20 HIF
EHIE R JiaoSE (2014) F XIS AY
o) RCE R B A T ) S M O B 4R B AFX
(Anisotropic Flat Index) % JLA™ 45 %K £ 5 BRDF
B R AATEAR , AT S AR Bl 25 4 1) = 4E(5 BT ATk
HCTEAR S AR FER B A S 2R L B
K 1, 2 B T TR 2R AL oy R R o £
S T A 22 0 AR R N7 fE % im BRDF JE AR A1 5
e, Sk B e B AL 2 T M AT 55 0 A KT B
(B RSB 1) 2 B0 73 288808 X e AR AT
Rk — 2B IF e o [, 326y g — i K T
POLDER, MODISAEA%, M TIRZ B HER LA
MELLARTG 2 A BE G, —E R LR T BRDF 4%
PELERG 40 RO A 2 3 73 E R H]

(4) FHYEE H o028 AN R G R Bk
B i B R S R RS B A KO R B4R R, 2
W R A A BT ) b S B R T R
FETE AR Z RN . MRBG TR RAEEEN, %
VBT o A 17 1) b A S O R RE A R K iR
BRI R) TR R, (Ho,  H FTZ U R B 5 i ok
X R EA . PZ SRR RIS E S SRR R]
LA 73 53 DN JLART D16 2 R B A2 i £ B2 T 58 bk FBR
TPIZE AR ST AL AR, O BT AR R B
EEBEERME TR, Leblanc % (1999) % &%
LERGE ENE RN S i e Ut s S UE- S T ol 1N
MR EZ A WA, KT PES5H
A DY ROBE JUAR G 2 Y, e A Bl 3 100 2 S 50
S BAT — s BRI 1o WFFE R WA T Kuusk
S5 (2004) 2 Hi Y P12 S50 5 J2 SO A ACRM
(A two-layer Canopy Reflectance Model) 43R 15 Ak
TAEE R OGIE M, B O R bR B RTARR 1Y
LAL, "] LAF) A8 55 52 5 LALZ 8] Y e 4 3 =X

AW TE B E R SR EEE (@ 4,
2005) . A L, EREHENTMERE . SIS 0 AR 2
B K S AR B I i B S B T R B, K s
R S U B By R BT AT R Rk e (O
@ER 45, 2005). A, AN KBOCTRIBSGEH %
T 4 A A, Ay A B 0 R B A B Rt T
FA AR, LidE (2020) A IS APLEHS IR 2R
B =2 S, B R E R B S R B AR T
FIE Z4E A ELLIX o FERGE T 2R, &
Ji& 7 —Fh Al AL b R A R o R RN R AR R W Y
T IS TR R A R . HLERBOL R A i a4
Pt & o A H A ME R, HERTRATSE
Z2 4 v TR AR B T 5 Rt T [0 30 SR AR ARAE Ty
7 % 5 b (Morsdorf 5, 2006; Hu %%, 2018),
HRE R LR A B (Wing 55, 2012) HIEX
I3 TR AR B P E B, B AT
PRCAY, HEGR IR B R R B S —Fh
AT
53 ZMREBER

TEH R BE BT HET IS, 2 AV = 52 )
A S R R FRAR ST 0) FE AR o 26 2 18 R
TE = R A A IR 1 D' 2 e e B 1 D T 140 A —
FE IR HT o

TEnJZEB . BILERIER = 1 JLA] 5 B
AT, Z M EREA -, (1) 78
= ZRA S =K b, AR GE 0 R R SR
o R W s IR . 2 A R R IR T B R R
AU, AR = FIh R L R AR = Z A Y
B R P 22 5 e 2 TR W ok, ) 67 1) AL
] AR 22 X 43 2R 5 FIF 5 o Di Girolamo Hl Davies
(1994) H46f BEA5 BN T = i@ &, D 7
AAUEA G (0.44 pm) FEEZLAMEE (0.86 wm)
Z[6) B BE 22 S A B R IR 45 20 BDAS (Band-
differenced Angular Signature) 1] I T35 & =
(Di Girolamo il Davies, 1994), -7 H /522905
HORFZ T B T MISR U 64T A, 2 3548
UK T DRSS R SR (D
Girolamo 1 Wilson, 2003). (2) 7E = BJE S HHE
R J7 T, A MISR AN [R) A B 000 v AR AS =
TREGRE (Moroney %, 2002; Zong%%, 2002) . =
) 3 H L S 451 DL e = B9 F- i 3 E - (Horvath 1
Davies, 2001) . (3) 7E z JLfaf J5 B 1 2 38 |,
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Kassianov 5% (2003) & ¥l = & & A L pREL, 1T
DA MISR B8 $2 R RSP 3 XA 2= /Y L]
JEEE .

bR T = 2Z8h, A et R 2 AR
gy, Z AR IR T RO SR R G A R A A
PAET . — RBHRM KA KRBT LGS
DUHR LA BE LI R AN TR A AR 28 5, AR
ORI LB 8 5 3 R B AR AR R, AR I 52 i
R o 2 F AR AT LA 47 b 4 2 b 3R R <Y
1Mk (Martonchik Al Diner, 1992; Martonchik %5 ,
2000) o HITOULIN A RE ARG I, 22 A R R AR
A5 T e L3R DA K 32 K BH TN B2 e (/K i |, LR
RO, SR VAR AR MR RYE . =
22 # R G N T A R HIC ff E RY B SRYE
{45 DX A3 AN [v) 2H JSCRR R/ N ST I S B AR 7T R o
A1 MISR W] AR 9 AN T 1) L3 S5 6 114 752X ) Al S0
%2, HAUHEAETRON MR g, I H20t
AR 5 20 AR B RS G (A S i S kL
TG FIEAR D7 T HA B R R T (Liang
4%, 2000)

54 KEE

VKR BB B A i R (IR S R R 2R
ZFRMFER, BRRERGE D — ML EENA
WCEB Y. 25 304F 3K, HiER vk P AR A, b
e Rl % G J] 30 ) T oIS B T B R B, X R e
AR B A AR A 2 . 2 P A
VK5 VB 0 T 1 4 3 A 0 o i b b X 2 o IR
T VKCRELRS 2 AR AIE 114 52 3 B vk 2S5 v

TEM MM X 2= B, 2= AR i 1 0 1] s
AT, X Tk as e, DRSS i LUS 1A
Ul S O = BNy TR DN I 525 S B S ¢ %7 N i DU N
A LS50k A B EU 25, Pt
FAD,4 B MISR FY R ] 60° . K JEE 77 1] F1S 7] 60° 1)
B, AT LUK = vk E X 43 i ok (Diner 4§
2005) 5 TEEPORLRE B2 09 523 1, Nolin 5% (2002)
I FH MISR $5 48 75 2156 8 B i ] 60° F1 )5 7] 60° 1)
ST W R T — A 3 — 1k A JE F5 5L NDAT
(Normalized Difference Angular Index), FF@ 7 HE
FHRE B 22 () OGR4 ) 505 R 1 117 ) 505
WA A S A R v VK, 5 R YT B UK (Nolin 4%,
2002; Nolin il Payne, 2007). {H NDAI H & vk
FHURE B (38 7 DR 1, K BHRDULII JLAn] %o AEL RS B £

PRI 8 7 19 52 W) SRR 2 1 RUBBE B8 N ATS AT o it —
LI s TR VKIEASRIPFSE T, T EK A P
S5k . JRERIE AR S5 I vK B HDRE 145 1) Sk
“F ANIF (Anisotropy Factor) HJ4370 F# ik, Ilid
AJ USR] J7 1] B HDRE 1 ANIF [ 25 5 5k 454513
UKL A AR S E M (XIRE 5, 2013),
H3% FUR—RE PR R 4 ik, i — 2D IR 5
R WA K ES . BESYHEN S
HDRF Fl ANTF Z [B] 92 B C R .

6 % iE

W 2 228 JEOUL I B2 AR ) A R, 3 SR ATE 5T A E
B gt , Ok W Ty O A% G2 i) B — o JEE e 1)
ZME. B THASCECR Y T “ZMEERT £
TR E , R E S, SR SCER I T
Z M R E X, BT 22 AR R e R A
N T 2 G0 2 IO, Jf ST H T
B2 I B 22 B8 3 SR L BRSE RY 1) J Je DL e 2
FRERE IR o A BRI IAIRANT »

(1) 58— R L, 2 2 18 O i
THEYEER, ATLRBUbR =445 55, 7
A G 18 S I AN RE SR R A TR, O S R ST
FMEZT I ; (2) ZF 5 W3 & A R,
MR 7R Bl MR FEDINAEE S, 2 A
JE B AT T S I T B AR PR B, DA I
PEALI ) 5 S B AT & 871 5 (3)  HAT
i 22 # 2 T S SR ) F 50 22 B vh e e B
— S MR RS . REREE L, ZEHT
AR R, XN AR IR LB B,
it B R BB 22 o 40 28 Y ) O e M 3R e
FCSTHLEAE R s (4) 2 A B2 R BN T2
AJrE, FEEAERER R HUSHE. a3
TR G2 14 S J R v SO AR 5T v

A 22 AR JEE S T T T AT AR R R R H.
B 7 —E Rt e, (HAELLR Iy i n] DLt — 22 9
ABFFE :

(1) HS7 SR MR 2 B RO AR ST, L
HOE TR 22 E I A AR S 8 AR T R, O i 52 2%
Mo 2 2 i B2 LI A A0 3 A B PEE O . RS 4F
(2009) fEWFFEHIR RIS M 2 e —E R L B
T O 38 b M 1 D7 1) SRR . AT E A B
AU R 7 b 1 A% B B R
X AT REAE Y BRE 3 10 I i 69 52 e O 285 T — RE 1Y
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AW (RenZF, 2013; ZhaoZF, 2015), %X}
oAt b ) AR OC R FEATS A o i — 20T e . AR,
22 1 2 WL 0 R 375 2880 7 il >R 118 152 2 8 52 Z% U X
JUR TP,y BT A0 2% A [R] A B2 X A H A
B — SO [

(2) L8545 FI ] 2 A% IEas B0 s i b 322 1) — )
FATREPE o AT R i T b 3R Y ) SRR MR A
TEHTERMEAEARM S, Kk, Akt
RSB G, RS HE v AR B R Y oA R
{ER I N K £ o el TN R 27 DA ek 7 NN o4 54U I VS
B 22 55 DL R U An] TC 9 1 i) 0 2 e Y fin 5 4
b FHL P X

(3) Foor I T R A2 F & 19 s i
Z T SY o R G 1 SR R TR N 2] M 2 A B
WA E R, SMERBNE G S aE
B AP K S5 S HO T PRE BE, H H T X
S FRASRAS R o AN, CHRIS B8 i 5 Rk
FRUREEZME SRS T K, SRS HERE
30 m, {H H #E N4 CHRIS JF R A58 224 H
=P v & U A s N B s il
M CEat, 2010). BEAh, SEAERTCANE AR K
W, W E G S R AR T AN FiEid = &
) e 2y i AR A 1) R0 5% ) B S R A i OGS 2 A B
B, R ma MR mOE S PR ]
FLH AR Z AR B O B e 05, R i 2 AR B R
SRR 5 A BT LI

(4) #F—2 I 58652 0 & 55 LIDAR AR A
G55 2 B AT Y . LR T R —Fh
Z B RRIER , H G B R AR I 4 1) = 4R 2
¥ J A b ir i, 7R SEBR N v ae s 2 A1 B e
RGN R S, Ha Y ERAE AL
SEME AN, S, BRDF A rb X TR Y = 4k
SEA I R S AT — E B TR AR AR B, N 38 3 ] HE
B MLERC L3R LiIDAR 7628 BURL 8 45 /0 S 80 1)
Do, SRAEXPR S5 05 B, KA 5 1
B LA S 2 AL 78 v 0 - 1) TR B 3] A S B S A
BRI SR S E (93 45, 2016)
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Review of optical multi—angle quantitative remote sensing
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State Key Laboratory of Remote Sensing Science, Beijing Land Surface Remote Sensing Data Product Engineering Technology
Research Center, Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

Abstract: With the development of remote sensing technology, two or more viewing directions become available for the same target, and
thus a new research field - multi-angle remote sensing appears. Compared with the traditional remote sensing which only views the ground
surface in one direction, multi-angle remote sensing provides angle-dimensional information and improves the capability of obtaining
vegetation structure parameters. It helps to improve the retrieval accuracy of key biophysical parameters and provides better data support for
the research of ecological environment and climate change. After a detailed analysis of the publications in multi-angle remote sensing, we
summarize the basic concepts, characteristics, advantages and developments of multi-angle remote sensing. Multi-angle remote sensing
platforms vary from ground-based, airborne to spaceborne observation equipment. The first ground-based observation equipment appeared
in 1952. All the ground-based equipment is classified as the fixed field of view mode or the changeable field of view mode. For the airborne
or spaceborne platforms, only the fixed field of view mode is acceptable due to the heterogeneity of the land surfaces. With the development
of UAV technique, the airborne multi-angle remote sensing is becoming more and more popular due to its flexibility and high spatial
resolution. The multi-angle models play important roles in parameters inversion. Classic multi-angle remote sensing models include
radiative transfer models, geometric optical models, hybrid models, and computer simulation models. They are all physical models which
are developed based on some assumptions and theoretical analysis. Semi-empirical models combine the advantages of the empirical model
and the physical model, as a result, they are simple and stable in inversion. The most widely used semi-empirical model is the linear kernel
driven model used by the operational MODIS BRDF/albedo products algorithm. With the development of observing equipment and models,
multi-angle remote sensing is widely used in many applications. Due to the anisotropic reflection characteristic, land surface albedo can only
be retrieved by multi-angle remote sensing with high accuracy. Multi-angle remote sensing shows great potentials in vegetation structural
parameters inversion which include the clumping index, LAIL, FVC profile and canopy height. It has been found to be superior in vegetation
type identification than the traditional vertical observation. Multi-angle remote sensing is also very useful in the cloud and aerosol
parameters retrieval, such as the cloud albedo, height and types, as well as the aerosol optical depth and shapes. Large difference of optical
scattering between the cloud and ice/snow in different viewing directions makes the identification of these covers easier with multi-angle
remote sensing. The sea ice roughness can also be retrieved by multi-angle observations. In the last of this paper, we put forward the
prospects of multi-angle optical quantitative remote sensing. As the multi-angle remote sensing observation data based on spaceborne,
airborne, and ground platforms become more and more abundant, the main research direction of multi-angle remote sensing in the
future should focus on the following aspects: developing multi-angle reflection/radiation models for complex surfaces, enhancing the
preprocessing capabilities of multi-angle remote sensing data, and promoting the comprehensive abilities of multi-source data
integration in application, etc.

Key words: multi-angle remote sensing, Bidirectional Reflectance Distribution Function (BRDF), sensor, radiative transfer model,
geometric optical model
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