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Abstract. Medium-sized Aperture Camera (MAC) is a multispectral scanning sensor 
carried on board RazakSAT®. RazakSAT® which will be orbiting at Near Equatorial 
Orbit (NeqO) and altitude 685km, will provide Malaysia and its regions a higher imaging 
opportunity among all existing earth observation satellites. RazakSAT® MAC has no on-
board calibration assembly, its sensor performance and health will be checked and 
calibrated by in-flight method. The reflectance-based approach used for radiometric 
calibration and post launch image quality as well as MAC optical response which is 
measured by Modulation Transfer Function (MTF) will be described here. Both 
calibration approaches are required to take into account Near Equatorial Orbit 
characteristics, therefore the consideration on field measurement target size, 
orientation, material, and sites in Malaysia will also be explained in this paper. 

 
1. Introduction 
 

 RazakSat® will be orbiting at Near Equatorial Orbit (NEqO) with nominal altitude 
of 685 km and 9 degrees inclination after its launch. The capability of high frequent 
passing time (14 per day) over Malaysia region will make earth observation easier than 
ever. MAC system is a medium-sized electro-optical push broom camera utilizing linear 
Charge-Coupled Devices (CCD) to produce images. The MAC system produces high-
resolution images in one panchromatic and four multi-spectral bands (Red, Green, Blue 
and NIR)  with ground sampling distance of 2.5 m and 5.0m, respectively. At the 
nominal altitude of 685 km, MAC has a swath width of 20 km. The MAC system is 
designed for a three-axis stabilized platform, with tilting capability in the across and 
along-track directions to support stereoscopic and target specific imaging.  

One of the key factors to obtain high accuracy optical remote sensing satellite 
image depends on radiometric calibration. There are 2 ways of conducting radiometric 
calibration; Pre-flight measurements in laboratories and On-board calibration. Accuracy 
of pre-flight sometimes dissatisfy due to difficult to match the harsh situation that will be 
encountered while in-orbit. Additionally, the instruments are subject to degradation after 
launch because of the aging of the optics or of the outgassing which occurs when the 
instrument leaves the atmosphere (Hagolle et al., 1999). RazakSAT® is due to launch 
in early year 2009, the plan of RazakSAT® program in-flight radiometric calibration and 
spatial performance is described in Section 2 and Section 3.  
 
 



2. Radiometric Calibration 
 

RazakSAT® In Flight radiometric calibration will assess the atmosphere 
interaction of radiance. The ultimate result of radiometric calibration will be at-sensor 
radiance derived from the ground measurement. Reflectance based calibration 
approach will be used in the measurement campaign. The ground measurement will be 
converted to at-sensot radiance using radiative transfers code (e.g. 6S, MODTRAN). 
Figure 1 illustrates the field campaign flow. 

 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
             Figure 1: Reflectance based radiometric approach 
 
2.1 Reflectance-based radiometric calibration 
 

Equipments of RazakSAT® radiometric calibration are commercially off the shelf, 
e.g. spectroradiometer is 10-nm resolution and has spectral range of 1000nm to 
2500nm. Atmospheric data are first processed to retrieve total optical thickness (related 
to total amount of absorbers and scatterers along the solar path). The total optical 
thicknesses are used in an inversion scheme to estimate the aerosol size distribution 
and columnar amounts of ozone and water vapor. All of these results are used as input 
data to the Radiative Transfer Code to predict the radiance at the top of the 
atmosphere as well as to obtain MAC calibration coefficient. During the atmospheric 
characterization and reflectance measurement activities, RazakSAT® calibration team 
also use the all sky camera to capture and store the surrounding area of test site. This 
site location photographs would made the interpretation of solar radiometer more 
accurately. In addition, repetitively captured all-sky photography will acts as evidence of 
cloud physical changes occurring over the time at the site that may affect solar 
radiometer data. 
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Radiometric calibration campaign will be carried out on weekly basis and it is 
possible in NEqO orbit since it has 14 passes a day. The radiometric calibration will be 
carried out at a preplanned local man-made test site during Launch and Early 
Operations Phase (LEOPS) to maximize the time distribution over 3 months. In other 
words, the radiometric calibration could reach to statistically thorough checking during 
LEOPS. The local test site (Figure 2) which is situated at Malaysian Space Agency’s 
land parcel also provides greater convenience to the calibration team in accessing to 
the area. Some great advantages of the test site are far from adjacent effect, relatively 
flat and homogenous land cover. The at-sensor radiance is always used to indicate the 
MAC channels’ health over the time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                   Figure 2: Local test site  
  
3. MTF measurement 
3.1 MTF Background 
 

The MTF is a measure of the contrast transmission capabilities of an imaging 
system, as a function of spatial frequency (Nill, 2001). The MTF has been proven to be 
an excellent measure of the sharpness and detail rendition of an imaging system 
(Tannas, 1985). RazakSAT® In-flight MTF measurement assesses spatial resolution 
sharpness of features in the in-orbit image data with MTF profiles checked by pre-flight 
calibrations. In a Linear Invariant System (LSI), the general input-output relation for an 
LSI system may be written as a convolution (Chawla, 2003) : 

 
Corresponding output =Impulse Responsesystem Ä input stimulus  (1) 
 

Impulse response at this point is referred Point Spread Function (PSF). Line Spread 
Function can be thought of single dimensional PSF. The LSI system convolution is 
equals to the multiplication of its Fourier domain, the above mentioned relationship is 
rewritten as (2): 
 

     Á {Corresponding output} = Á {Impulse Responsesystem } x Á {input stimulus}   (2) 
 
Where Á is the symbol of Fourier transform operation.  
 



MTF is a primary image quality metric that is commonly measured with a sine wave 
target. However, the approach of pulse method for MTF measurement, which is 
rectangular wave, can be thought of having advantages (i.) sine waves target is 
difficulty to be built practically and (ii.) multitude of harmonic sine waves in rectangular 
wave. Figure 3 shows the MTF is gained when the Fourier Transform of the response 
of the imager to the pulse is divided by the Fourier Transform of the pulse.  
 

  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Illustration of finding MTF by Fourier Method  (Chawla, 2003) 
 
3.2 Line Spread Function method 
 

Line Spread Function will be derived by pulse method during LEOPS for the 
RazakSAT® MTF measurement. The main pulse method target consisted of a set of 
blue tarps. The tarps will be oriented in different angle depends on RazakSAT® pass. 
RazakSAT® will have around 3 times daytime overpass on the preplanned test site with 
different of inclination angles. However, there will be only one tarp alignment be fixed 
for each field campaign. Since Fourier transforms of a rectangular pulse is a sinc 
function, it has zeros around which MTF cannot be estimated reliably. Therefore, the 
tarp size should be chosen carefully (Ryan, 2003). In other words, the tarp size should 
be bigger than the nyquist frequency of RazakSAT® band (0.0063 rad per cm-1). While 
the Fourier Transform of sinc function is equals to (3): 
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Where        f(x) is the function of space 

 A is the amplitude of sinc function target 
   �  is the frequency domain variable 
 d is the sinc function target width  

 
The value of d is found when Fourier Transform of sinc function equals to zero.  
 
4. Discussion 
 
 Some of the new sensors MTF measurement had differentiated Edge spread 
function to get PSF as what had been done for instance; IKONOS, THEOS and BiLSAT. 
PSF derived from ESF may not as accurate as LSF, since it is not an observed value. 



However, the consequence of derivation PSF from LSF also has been reported by Choi 
(2001) that the input sinc function is very sensitive to the measurement error, because 
it is very close to the first zero crossing point.  Target in the output image for MTF 
measurement for both edge spread function and line spread function are required to be 
smoothen to reduce noise (Choi, 2001). From the previous studies, Gaussian model 
and Fermi function (Alexis, 1995) were applied to reduce the random noise in the 
output edge profiles.  
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