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2 4 SZA VZA 2 3
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Table 1  Anisotropic angular indices
Angle index Abbreviation Definition Author and reference
ANIFR 45° 45° Sandmeier,
Sandmeier &
ANIFN 45° 45° Deering®’ >
ANIXR 45° 45°( ) 45°( ) Sandmeier
Sandmeier &
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AFXR BRDF
Jiao, Lucht!®-34,
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3 3
2.1 BRDF
[32]
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AFX 2 2
BRF
2.2
ANIF  ANIX AFX BRDF
BRDF
2 2 NDVI 6
BRDF
2 3
2
NDVI
NDVI
ANIX  ANIF
2
NDVI
BRF
BRF
2
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
ANIXR ANIX; ANIFR ANIF; ANIXN ANIX; ANIFN
ANIF; AFXR AFX; AFXN AFX

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.

3
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 BRDF
J411 29507
BRDF
BRDF 29507 NDVI
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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, 29507 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



