
Illumination Variations in Near-Equatorial Orbit 
Imaging: A Case Study with Simulated Data of 

RAZAKSAT 
 

1Aida Hayati Mohd Hassan, 1Mazlan Hashim and 2Ahmad Sabirin Arshad 
1Department of Remote Sensing 

Faculty of Geoinformation Science & Engineering 
Universiti  Teknologi Malaysia, 81310 Skudai, Johor, Malaysia 

 
2Astronautic Technology (M) Pte Ltd 

Suite G1A&G3A, Enterprise 3, Technology Park Malaysia 
Bukit Jalil 5700, Kuala Lumpur  

Malaysia 
 

Abstract: RAZAKSAT is a second micro-satellite mission by 
Malaysian Satellite Program and is expected for launch in June 
2004.  Designed to orbit the earth at low-equatorial orbit, 
RAZAKSAT will meet Malaysia’s immediate needs to rapid 
data acquisition (real time and more repetitions) to address 
many operational issues of remote sensing applications, which 
require availability of current data sets.   RAZAKSAT will be 
among the first remote sensing satellite to orbit the earth at low 
inclination along the equator, 9o with 685km altitude, hence, 
allows optimal geographical information and environment 
change within equatorial region be observed with a unique 
revisit characteristics.  The satellite primary payload is MAC, a 
push-broom type camera with 2.5m of ground sampling 
distance (GSD) in panchromatic band and 5m of GSD in four 
multi-spectral bands. This paper describes on the variation of 
illumination anticipated from simulated RAZAKSAT image, 
examine its implication to its ground leaving radiances for 
major applications. 
 
 

1.Introduction 
In 2001, Malaysia has collaborated with Korea to 

build their second remote sensing micro-satellite, 
MACSAT (now referred as RAZAKSAT). It was a joint 
development program between Astronautic 
Technology(M) Pte. Ltd, Malaysia and SaTReC 
Initiative Co. Ltd, South Korea. 

The RAZAKSAT mission is to develop and validate 
technologies for a near Equatorial Orbit (NeQo) remote 
sensing mini-satellite system to acquire medium high 
resolution images as fine as 5 metres or better. The 
launching of this satellite will make RAZAKSAT as one 
of the few if not the first micro-remote sensing satellite 
orbiting the equator at relatively low inclination. 
RAZAKSAT is a second micro-satellite mission by the 
Malaysian Satellite Program and is expected for launch 
in June 2004.  Designed to orbit the earth at low-
equatorial orbit, RAZAKSAT will meet Malaysia’s 
immediate needs to rapid data acquisition (real time and 
more repetitions) to address many operational issues of 
remote sensing applications, which require availability 
of current data sets.   RAZAKSAT will be among the 
first remote sensing satellite to orbit the earth at low 
inclination along the equator, 9o with 685km altitude, 
hence, allows optimal geographical information and 

environment change within equatorial region be 
observed with a unique revisit characteristics.  The 
satellite primary payload is MAC, a push-broom type 
camera with 2.5m of ground sampling distance (GSD) in 
panchromatic band and 5m of GSD in four multi-spectral 
bands. This paper describes on the variation of 
illumination anticipated from simulated RAZAKSAT 
image, examine its implication to its ground leaving 
radiances for major applications. Variation analysis of 
ground leaving radiances from various selected targets 
with RAZAKSAT configuration and temporal solar 
radiances within equatorial belt is the main focus of this 
paper.  The understanding of illumination variations due 
to non-synchronous orbit is aimed at supporting the 
evaluation of availability and performance systems 
development in their early stages of deployment.  In 
addition, sun glint effects due to earth’s changing 
orientation relative to the sun will also be examined.  

 
2. Background 

This study is undertaken to investigate the variation of 
illumination from simulated RAZAKSAT image due to 
its non-synchronous orbit. The variation of illumination 
within scenes captured from a particular orbital track is 
attributed to the directional changes of spectral 
reflectance with respect to the sun and sensor positions. 
The bi-directional reflectance distribution function 
(BRDF) is one of the simplified approaches adopted to 
analyse such variations.  BRDF, in fact has been used in 
similar studies in understanding the illumination 
variations within simulated image per given sets of sun-
sensor-geometry parameters in the last two decades (Li 
et al., 1985; Goudriaan, 1977).  

BRDF has been used in the correction of directional 
effects in time series of vegetation indices and 
reflectance from coarse resolution sensors (Leroy and 
Roujean, 1994), simulating directional reflectance 
(Kimes and Kirchner, 1982; Kimes 1984) and albedo 
retrieval (Kimes and Deering, 1997). Focussing on 
selected terrain’s targets, the variation of illumination 
due to   sun-sensor geometry in this study is based on 
Gao (1993), where reflectance model of target of interest 
is generated given the given scene parameters.  Pasture 



has been used a generic target in simulating the 
illumination variations in out study.   

 
3. The BRDF Model 

The model adopted in this study consists of two 
transfer equations for the two streams (upward and 
downward). The reflectance from the whole canopy of 
vegetation can be expressed as : 
 
R = ñS exp [ -(A2+B1)LT ] +    A  1     3 
           A2 + B1  

      {exp [ - (A2 + B1)LT] – 1}                             (1.0) 
 
where  
R is the reflectance from the whole canopy, while ñS is a 
soil reflectance coefficient (Table 1).  
 
In order to compute reflectance with (1.0) for different 
directions, one would only need to determine the 
parameters Hs, Hv, Hsv and Hsvv  which are linked to (1) 
as : 
A1 = - Hsv                                                             (1.1) 
B1 = ( 1 – þ ) Hv                                                  (1.2) 
A2 = ( 1- ô ) Hs – ð-1þ Hsvv                                   (1.3) 
 
where 
þ is the leaf scattering coefficient, 
 ô is a leaf transmittance coefficient (value given Table 
1), and  
 
Hs = Ó cos è |hs| F(è)                                       (1.4) 
Hv = Ó cos è |hv| F(è)                                           (1.5) 
Hsv = Ó cos2 è |hsv| F(è)                                   (1.6) 
Hsvv = Ó cos3 è |hsv| F(è)                                   (1.7) 
  
Here 
|hs| = (2ð)-1 �0

2ð|hs|dö                                       (1.8) 
|hv| = (2ð)-1 �0

2ð|hv|dö                                           (1.9) 
|hsv| = (2ð)-1 �0

2ð|hsv|dö                                      (2.0) 
|hsvv| = (2ð)-1 �0

2ð|hsvv|dö                                   (2.1) 
 
The algorithm below is a term describing the projection 
of solar beam in the leaf normal direction. 
hs = 1 + tan è tan è0 cos ö                                  (2.2) 
hv = 1 + tan è tan è0 cos (ö- öv)                          (2.3) 
 
The algorithm (2.3) describes the transfers of incident 
solar beam into viewing direction. 
 
hsv = á(hshv) - ô(hshv)                                       (2.4) 
hsvv = �0

2ð�0
ð/2(cos2èvsinèv)hsv|hv|dèvdöv                (2.5) 

 
 
 
 
 
 
 
 

Table 1: Parameters Used in the Model To Simulate  
Directional Reflectance 

aAverage values from Blad (1988) adopted. 
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Figure 1: Changes of modelled reflectance at 200, 400   

and 600 of solar zenith angle fixed at 90 
inclination. 

 
4. Results and Discussion 

The reflectance variations at particular zenith viewing 
angles can be computed with respect to fixed sets of 
parameters such as solar zenith angle, solar azimuth, 
viewing zenith angle and viewing azimuth angle. This 
simply means that one could predict the intensity of 
responses that can be recorded by the sensor, i.e. 
reflectance at any satellite zenith angles within the solar 
zenith angles throughout the illuminations period. It is 
therefore of interest to note that illuminations range in 
the Razaksat designed for Ne Qo orbit is within 35-65% 
range of the albedo (Figure 1), with maximum at 00 and 
minimum at 900 solar zenith angles.  

These results confirmed that changes in solar zenith 
angles given to specific satellite zenith angle gives a 
huge effect to reflectance value, and most importantly in 
the case of planned Razaksat orbital parameters, one 
could only expect in the worst case a 35% reflectance 
without taking into account the scattering and 
absorptions of the atmosphere.   

Within the visible wavelengths, both atmospheric 
perturbations can be as much as 80% of the response, 
leaving the nett reflectance from one homogenous patch 
to only 10% of the incident ray.  If this the case, then 
securing Neqo within lower solar angles is highly 
preferred for relative differentiations among the targets 
of interest.   

Leaf Optical Propertiesa 

 á ô þ ñS 
NIR 
band 

0.442 0.514 0.956 0.28 



Apart from the above, local variations within target 
such as leaf orientations will also have effect to targeted 
leaf area (Blad, 1988).  Generally speaking, we know 
that smaller solar zenith angle will give higher 
reflectance with respect to smaller satellite zenith angle 
because viewing taken near to nadir will have full 
coverage of spatial information without being much 
influenced by shadow its effect. 
 

5. Conclusion 
The variations of illuminations of a near equatorial 

orbit imaging of the planned Razaksat have been 
demonstrated.  Results of this study indicated at different 
the zenith viewing angles, the small inclinations of 
Razaksat have less significant impact on the relative 
variations in the illumination of the scene. When the 
satellite is far from nadir, resulting in large viewing 
zenith angle, hence, gives lower reflectance.  This, 
however can be minimised given the high probability of 
well sun-lit area of the NeQo coverage through out the 
year. 
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