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YN T NEE S BT AR OB R, T — ]
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H— LA B Fe 20 NDVI 555 B0 500 50 4is 45
G AMUEYET NDVI 8500 Sy MRl R, - [H]BK
KR T AL LAT (0 R B0Rs % . Du 2otz
ok JE L AN B BRDF SRFE, $e T — i —
e — 22 R A AR AR I 7 MR, A3 e
J TR AT AR S 7 ) P ANE 52 R 5 ) R A 73
WEREPE R, ISR /NS, HAT B R R
FIAS AL R AE o v e 45 TV ) %2 4 B B8 5 T
AMBRALS BRDF 8 S04 T 4546 U $5 4
(structural scattering index, SSI) , & HiZIRE T LA
T3 RG22 45 B . Huang 201U 2
2001 BRDF B IR, JE TR 404 T4l
W 45 ¥ S B0 U FR 40 SPEIL (structure  parameter
sensitive index) SEIL T AR AN RS, IE
BT 2 A R B S U E e J 2 4 A A IR R T AT 1k
HHERT OB e, BB 2 1) 45 ) SRR AE 5
JEEER S ORBH NG 2R A B R 4% 1 2 DIAE O,
I 2 ff1 B 8 Skl 4 v] LA BOSE = 5 kG B 1)
MEHE S5 M5 BAIALAH OGS 4. PR, 75 e ik
WF5T R 76 )2 1) BRDE R TR AR D e+
SN, HJEAE H iR BRDF (50 KR4
SEEP AT AR A U AT AR MO 2, /NS ARAE
Y1t BRDF FRAESEARETT. PRk, AR SR A b
T2 0 )8, 4 e 4t BRDF SRS, Ji
it 6 AN A AR, A T RE AN 1411

R N 79507 () BRDF H5F1E « AHFIT A A& A
W) A2 B AR A 2 B B DR R R RN e 2 S A
SGHEEUEAT EE SRS X, X & A R
JERAERGUEAR N AR N B AT — 2 S %8 X
1 #mRl5A&%
1.1 Rt

WA 2003-2004 4FFE. 2004-2005 4F A
2008-2009 %FFE MM (K14 /NF2 22 ff PEd . ik
PO/ PTI. ZRUE, fhEN. HER
R FL A5 ] DAL A S e ek 2 AE AN A B AR AL
FRAER 25 AU EHE . WRa b N RR ALK HE LOV
HEAT R 2y, A T4l b %R R R N Rh
(LOV=45°) , 79507 &y #f #C 4 4t K 5 F
(LOV=25°), AN[Ah Rl 22 #f BE Gl I e 732 LA
2003 —2004 AL B X N L E SO HER
WPoRiEEH (40°11'N, 116°27'E) HIARI M. H
HROAS AR L SR R BB R A T RE AR [R), 36 B LA
HAHIE, 3Ry, BRI DL KNS E
NEAK AR5, AT e IR S etk
2 IHip-A T

KA FEI 2 A I AW 5 AN R B 7L )
FEAE T AN DA AT R 15l 2 S % i
IR 155 ASD Fieldspec FR2500 YA, #14%
1 25°, WG 350~2 500 nm. 7F 350~1 000 nm
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Fig.1 Variations in canopy reflectance in nadir under different LAI with changing ALA in red and NIR bands
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i, M T 2 BRI AN ZEAE 1 10 7 1) 1 S 5
FEAE

Bl 2 2 SR IR 15 2 3T R B AN
JA11 LEASFRBHR T A SZA (solar zenith angle)
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A1 459 7E )5 ) 40° BT IR A, (HAE AR 1) VZA
AR 2 B S (A o T L AN B e S O R AR T
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Fig.2 BREF of erective wheat J411under different sun zenith angles in red and NIR bands in jointing stage
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Fig.3 BRF of loose wheat Z9507 under different sun zenith angles in Red and NIR bands in jointing stage
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K] 4 52 f S BRE 20 VF 5016 2 Fbk B /N 22 7E 3k
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PRI /INGZ (1 8 1) S PEREAE, 7510 2 Bk /N2 1)
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1.3 BRDF ERIEREF

%5 4 JRAK) MODIS BRDF 7§ 424t 7 8 4
BRDF [HJERFE R, R 1) e £ P 4
AR T o 6 ANREUH T/INE e 2 1Y) BRDF
TEo AT, XERERE AWK 1. & rER -+
ANIF (anisotropic factor) &¥§ ARl BL) BRDF
VA BIRTIT ) & m) e 454 ANIX Canisotropic
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Table 1 Anisotropic angular indices

FREAREL 445 & X (EYSEGN
Angle index Abbreviation Definition Author and reference
B ANIFR 4SRRI, LLICH BRI ATHT i) 4500 [ A-2 EE Sandmeier,
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T - e , andmeler &
ANIFN A5CRPHR TSI, U 2050 B OR T A AT 1) 45° 1) St 2 bl Deering
P ANIXR 45 RKBARTISA T, LLOGIBUG ) 45° (ALK FA O FITG [] 45° (AR ¥ 10O S 2 L Sandmeier
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e ANIXN  45° KFIRTUAIT, L0GHEUR F AS°GE LU H AR ] 45°GERAA M2t Deering™
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o AR IR BN AR IR S R,

R(0,8,0,A) = [, (M) + [ (M, (0,3, 0) +
eeo (N, (6,8,0)

A R A BB 1 SRR BREL Ko AT
kgeo AE MBI AN LG22 A%, BB NS (0)
IS 3D FARTTALI Cod BIREG fion fror
M foeo & 3 DHREL AR R KK
SR JLATE A B b A

(2)

2 HRSWE

2.1 A [REI#kEL/NE R BROF $FHE

K% DK Bl AR R R FH AT — s ) 38 UM A% I & vk
FEIR AR ML 1 g ME SO AE, JE R 2R kel
S IR fison frot T foeo 3 NSHL, THHBIY A
FRELAMASR AT 240 P 1 i) R 2 ] 25 40
% 9 5 UL 504 A BRDF A2 3R A 7 g 5 45 S 75
()3 ANREL AR T 2 Rk N £ S R
B, WANSHTEANIS EHF) BRDF RFE, X 25 2%
PR U /N 22 A2 e

K] 5 & 1 BRDF -2 50 A% IR AT e i 1) 2 B
FRIINGE (IR SRR 2000 (8] 5a) FIUT 20 A B
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Fig.5 RMSE of parameters inversion for erective and loose variety in red and NIR bands
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Fig.6 Model parameters of two varieties in Red and NIR bands
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Table 2 Correlation coefficients between the selected indices of erective wheat

NDVI ANIXR ANIFR ANIXN ANIFN NDAX AFXR AFXN
NDVI 1
ANIXR 0.2500 1
ANIFR 0.1012 0.5105 1
ANIXN 0.1937 0.6234 0.2426 1
ANIFN 0.3310 0.1875 0.0908 0.4251 1
AFXR 0.0988 0.1731 0.0077 0.1072 0.1007 0.1500 1
AFXN 0.1248 0.1507 0.1631 0.0359 0.3410 0.1481 0.0629 1

i

ANIXR 2 206 B 4 ) S PE 4R 20 ANIX; ANIFR 2 20063 B IR 4 ) 4 7 ANIF; ANIXN S I 2090 B 2% 1) MR 20 ANIX; ANIFN 23

ZLAM B B % 1) S PE DR T ANTF; AFXR S 200063 B 45 1) S 484580 AFX; AFXN ST 214 B 4% 1) S P 24 L AFX. R Tl
Note: The index of ANIXR and ANIFR denote ANIX (anisotropic index) and ANIF (anisotropic factor) of the red band respectively; ANIXN and ANIFN
denotes ANIX and ANIF of the infrared band respectively; AFXR and AFXN denote AFX (anisotropic flat index) of red band and infrared band. The indices in

the table3 are same as table 2.
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Table 3 Correlation coefficients between the selected indices of loose wheat

NDVI ANIXR ANIXN ANIFR ANIFN NDAX AFXR AFXN
NDVI 1
ANIXR 0.1441 1
ANIXN 0.1687 0.7772 1
ANIFR 0.7237 0.2790 0.1249 1
ANIFN 0.0332 0.3014 0.4663 0.3076 1
AFXR 0.2667 0.1633 0.1671 0.3651 0.1857 0.0087 1
AFXN 0.3996 0.4048 0.2885 0.1920 0.2215 0.3823 0.1446 1
3 % B PR I ) P R S AT A (BRDF) JEARFR7R
l?‘ﬁﬁT%$“¢%Muﬂﬁﬂm¢%Z%m
VEDIRR LG R 0 T JR T 1 PR S A — 38 (P IHI ) BRDF $E0E o 2047 b1 S0 el 25 Hi 4%

SN, ASORI T 22 1 BEUL DN EE R~ 4255 () BRDF

BRUNE 79507 [ A NDVI AT S e i\ 3
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Study on bidirectional reflectance distribution function features of
wheat with different plant type

Zhao Juan'?, Huang Wenjiang?*, Zhang Yaohong?, Jing Yuanshu?, Song Xiaoyu®,

Yang Guijun®, Zhang Qing?, Sun Leigang®
(1. Key Laboratory of Digital Earth Sciences, Institute of Remote Sensing and Digital Earth, Chinese Academy of Sciences, Beijing
100094, China; 2. School of Applied Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044,
China; 3. Beijing Research Center for Information Technology in Agriculture, Beijing 100097, China;
4. Institute of Geographic Sciences Research, Hebei Academy of Sciences, Shijiazhuang 050011, China)

Abstract: Canopy structural property is a noticeable factor that exerts a certain influence on canopy bidirectional
reflectance, thus it is primarily significant to detect a crop structure signature to refer to quantified remote sensing.
This paper analyzed the variations in bidirectional reflectance of erective wheat J411 and loose wheat Z9507
under different solar zenith angles and viewed zenith angles in a solar principal plane. What’s more BRDF
(Bidirectional Reflectance Distribution Function) features for the two varieties were explored by exploiting six
BRDF shape indictors in a red band (680 nm) and NIR (Near Infrared) band (860 nm) based on the
semi-empirical BRDF kernel model and 25 field-measured multi-angle datasets from three years during the year
2003-2004. 2004-2005, and 2008-2009. The results showed that during the jointing stage, the sensitive stage to
identify canopy geometry, Z9507 conceived a larger bi-NDVI (Bidirectional Normalized Difference Vegetation
Index) than J411 in a solar principal plane, that means the loose wheat held a larger coverage than the erective
variety. Performances of six anisotropic indices differed in varieties and bands. For the erective variety, both
ANIF and ANIX in the red band were slightly higher than the loose wheat, while in the NIR band the values for
loose wheat exceeded the erective variety. Meanwhile, a similar variation trend presented for the two varieties was
that the ANIX was always higher than the ANIF in two bands and values of the two indices in NIR band were
larger than that in the red band for both two varieties. Referring to AFX, it displayed a different variation trend
compared with ANIF and ANIX. Its values fluctuated around 1. In the red band, the AFX for two varieties were
almost less than 1, and in the NIR band were beyond 1, which explicitly depicted the dominance of canopy
geometric scattering in the red band and volumetric scattering in the NIR band. Moreover, in the red band the
AFX of erective wheat was slightly higher than the loose wheat, while in the NIR band the AFX of loose wheat
outweighed erective wheat. Therefore, it is concluded that the geometric weights of an erective variety in the red
band are more significant than the loose variety, indicating a stronger geometric effect in the red band for erective
wheat; and in the NIR band higher volumetric weights are for the loose variety, suggesting a stronger volumetric
effect in the NIR band for loose wheat. Finally, it was illustrated that the anisotropic indices are more capable and
applicable to extract crop canopy structural information.

Key words: remote sensing; spectrum analysis; inversion; bidirectional reflectance distribution function; wheat
geometry
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