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Using a Bidirectional Reflectance Model to
Normalize Multitemporal Satellite Images

Chien-Hui Liu

Abstract—Natural targets reflectance exhibits anisotropic
properties of surface, which are angular dependent, including
solar and viewing geometries. After atmospheric correction of
remotely sensed images, multi-temporal bidirectional
reflectance factor shows bidirectional effect and should be
normalized to a standardized solar-viewing-target geometry. In
this study, a normalization method for multitemporal satellite
images is implemented and evaluated. The normalization
efficiency is evaluated.

Index Terms—Bidirectional Reflectance Factor,
Bidirectional Reflectance Distribution Function, Atmospheric
Correction, Remote Sensing.

. INTRODUCTION

One of the most important global changes is the
urbanization. Remote sensing plays a crucial role on the
assessment of spatial and temporal patterns of urban growth
as well as its impact on the environment [1]. Urban
reflectance is one of the key parameter in controlling urban
heat island (UHI) effect. White roofs, green roofs and
photovoltaic panels are important in reducing UHI effect [2].
Remote sensing of urban reflectance is important in climate
change issue.

Due to the anisotropic properties of natural targets, surface
reflectances are angular dependent, including solar and
viewing geometries. Therefore, bidirectional reflectance
factor (BRF) after atmospheric correction (AC) of remotely
sensed image should be ‘normalized’ to a standardized
solar-viewing-target geometry (SVTG) such as nadir view
and mean solar zenith angle used in Nadir BRDF-Adjusted
Reflectances (NBAR) for MODerate Resolution Imaging
Spectroradiometer (MODIS) [3]. A specific solar zenith
angle for multi-temporal data is also used in standardizing
SVTG, such as spring equinox angle at the given test area [4].
These standardized SVTG image is derived based on
atmospherically corrected surface reflectances and then
bidirectional reflectance distribution function (BRDF)
modeling of these reflectances within a short temporal period,
such as 16 days defined by MODIS BRDF/Albedo and
NBAR products. For high resolution data and limited budget,
cloudless and temporal-discontinuous images ranging over
years are usually acquired for multi-temporal analysis. Hence,
there may be very often less than enough
temporal-continuous images, e.g. seven images in full BRDF
modeling for MODIS NBAR.

In this study, we implement a normalization method for
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multi-temporal SPOT data. Normalization procedures
contains three steps: (1) atmospheric correction, (2)
bidirectional reflectance modeling and (3) normalization of
bidirectional reflectance factor [4]. This method derives
normalized reflectance by Roujean BRDF [5]. The
performance of normalization method is assessed.

Il. METHODOLOGY

A. Satellite Images

Tainan test site is selected. Total of 31 SPOT satellite
images ranges from 2002/04 to 2011/04. Images with only
cloudless and uniform atmospheric effect determined by
visual interpretation are acquired. Test area covers 12 km X
12 km wide.

Sunphotometer data are available at Cheng-Kung_Univ
station which is part of NASA Aerosol Robotic Network
(AERONET) [6]. AOD can be downloaded from AERONET
and used in validation of retrieved AOD, which is the key
parameter in AC of SPOT images.

B. Atmospheric Correction

Before atmospheric correction of SPOT images, AOD
must be known by ground measurement or derivation from
image. In this study, AOD is derived from image itself and
validated by AERONET. Radiative transfer model 6SV [7],
i.e. vector-based 6S, is implemented in AOD retrieval and the
follow-on AC. Atmospheric profile of tropic atmosphere is
selected. Desert aerosol model and assumed DT reflectance
of 0.03 at red band area are used. Lookup table between
top-of-atmosphere reflectance and surface reflectance is
pre-computed by 6SV. Then it can be used to convert raw
image to surface reflectance image, i.e. AC of SPOT image.
Surface reflectance is called bidirectional reflectance factor
(BRF) due to its angle dependence. Since an error of 0.01 in
assumed surface reflectance can cause error of 0.1 in
retrieved AOD, accuracy of AC can be estimated as 0.011 [8],

[9].
C. Bidirectional Reflectance Modeling

Linear kernel-driven models with three parameters:
Roujean BRDF [5], are used to parameterize the bidirectional
reflectance for different viewing and solar zenith angles.

Roujean BRDF can be written as follows:

P6..6,.0) =k, +k.£,(6..6,.0) + k. 1,(6..6,.9) o)
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where &, &, ¢ are the solar zenith angle, viewing zenith
angle and relative azimuth angle, respectively;
cos&=cosacosd, +sing; sinb,cosg; ko is the bidirectional
reflectance for 6=6=0, k; is the weight for geometric
scattering kernel function f; and k; is the weight for volume
scattering kernel function f,. This semi-empirical model can
be also applicable to heterogeneous surfaces, and it has been
used to generate BRDF dataset for POLDER instrument on
ADEOS-I [10].

Since Roujean BRDF is linear and consist of only three
parameters, inversion of equations (1) together with (2), (3) is
simple in comparison with many complex physical models.
Currently, five images are used in bidirectional reflectance
modeling. Since total of 31 images spans over nine years,
images used in modeling are not continuously taken.

D. Normalization of Bidirectional Reflectance Factor

To normalize BRF at varying angles is to obtain
reflectance at standardized sun-target-sensor geometry, such
as a specific solar zenith angle and nadir view [4]. In this
study, mean solar zenith angle over 31 SPOT images and
nadir view is used. Then normalized reflectance (NR) is
computed after normalization of BRF.

E. Method evaluation

In order to evaluate the performance of normalization
method, a pseudo-invariant area needs to be selected. After
carefully visualizing all 31 surface reflectance images by
playing movies, an urban area near front exit of Taiwan
Railway Station, Tainan is selected. Normalized reflectance
in this urban area should be more stable than BRF for all
images, no matter what atmospheric and angular effects are.

The performance of normalization method is evaluated by
normalization efficiency (NE), which is defined as coefficient
of variation (CV) relatively reduced:

NE = -(CV\r-CVggre)/ CVire*100% 4

where CVyr and CVpgge are both defined from BRF across
different viewing angles for NR and BRF at different bands.

I1l. RESULTS AND DISCUSSION

Urban BRF obtained after AC, shows prominent
bidirectional effect across different viewing angles (Fig.
1-Fig. 3). Variation of BRF at varying viewing zenith angle is
quite obvious with larger value in backscattering region, i.e.
negative viewing zenith angle and lower value in
forward-scattering region for building.

Mean urban BRF in selected urban area are 0.123, 0.129
and 0.169 at green, red and NIR bands. They are 0.120, 0.127
and 0.168 for Roujean BRDF normalized reflectance.
Standard deviations of BRF at different viewing zenith angles
are 0.019, 0.018 and 0.024 at green, red and NIR bands,
respectively (Table 1) and those of Roujean BRDF NR are
0.012, 0.012 and 0.013 at green, red and NIR bands,
respectively. Hence, they are all reduced when NR are used as
BRF is normalized by Roujean BRDF model. Standard
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deviations are most reduced at NIR band.
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Fig. 1. BRF and NR relative to viewing zenith angles at green band for
pseudo-invariant urban area.
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Fig. 2. Similar to Fig. 1, except at red band.
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Fig. 3. Similar to Fig. 1, except at near-infrared band.

Furthermore, CVyr are all reduced to 9.77%, 9.18% and
7.97% as compared to CVpgg, i.e. 15.1%, 14.0% and 14.1% at
all bands. NEs are 35.4%, 34.4% and 43.7% at green, red and
bands, respectively (Table 1), which indicates the success of
the normalization procedure.
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Table 1 Coefficient of variation (CV) in percentage (%) for BRF and NR as
well as NE in percentage (%) defined as reduced CV for different bands.
Band BRF Normalized Reflectance
Mean Std CVere | Mean Std CVir NE
Gree | 1229 | 1.86 | 15.13 | 12.03 | 1.18 9.77 354
n
Red 1291 | 1.81 | 13.99 | 1271 | 1.17 9.18 34.4
NIR 16.9 239 | 1416 | 168 1.34 7.97 43.7

IV. CONCLUSION

In this study, a normalization method from multi-temporal
satellite images is developed and evaluated by using
pseudo-invariant area. Roujean BRDF is applied to normalize
the BRF after AC. Normalized reflectance is standardized to
nadir view and mean solar zenith angle. The results show that
normalized urban reflectance can be derived by the method.
Coefficients of variation of BRF at different view angles are
relatively reduced to over 34% at green, red and bands, which
indicates the success of the normalization procedure.
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