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ABSTRACT: The use of digital cameras to capture sky images for measuring sky brightness is an 
inexpensive and accurate method. However, a digital image has numerous pixels each containing 
colour data that is impossible to calculate into luminance values manually. Therefore, in this paper we 
describe the algorithm of a computer program that can automate the calculation process and 
simultaneously compare the measured sky luminance with ISO/CIE Standard Sky luminance, using 
diffuse horizontal illuminance, to determine the occurrence frequency.    
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INTRODUCTION 

Daylight varies dynamically due to not only the movement of the sun but also the effects of cloud and other 
atmospheric effects (e.g. pollution, humidity etc.). Consequently, the International Commission on Illumination (CIE) 
adopted as standards the ISO/CIE Standard general skies (CIE, 2003), which are more accurate representations of 
natural lighting conditions compared to the previous standards (CIE, 1996). In the past there has been several 
research on how to incorporate these standards in lighting research using simulation software (Roy, Hayman & 
Julian, 1998; Wittkopf, 2007). However, all lighting simulation requires occurrence frequency of the ISO/CIE standard 
skies to perform effective simulations.  

To facilitate effective daylight simulation a configuration process for a digital camera was described in a previous 
paper (Shahriar, 2010), where it was shown that a commercial camera can be used to measure sky luminance with 
similar accuracy but with grater efficiency compared to sky luminance scanners. Consequently, the main objective of 
this paper is to describe a computer program written in MATLAB programming software, that replaces the following, 

a. Calculate and store sky luminance from images using CIE recommended 145 part entire sky measurement 
scheme (CIE, 1994),  

b. Automate comparison of luminance distribution between real skies and CIE Standard General Skies and 
predicting their occurrence frequency.  

 

1. COMPUTER PROGRAM ALGORITHM 

 It is difficult to calculate luminance from sky images because of the many pixels in each sky image. Therefore, a 
calculation program is required to automate luminance extraction from digital images and compare the luminance 
with CIE Standard General Sky luminance distributions to derive the best-fit sky condition. The computer program 
which is written in MATLAB programming software performs two major tasks; firstly, luminance measurements are 
derived from full-field digital sky image and secondly, CIE Standard General Sky luminance distributions are 
simulated for the corresponding solar position of the time sky images are captured and compared individually with the 
measured values. The algorithm for the program has the following steps,   
 

a. Input all images and data into the computer program. 
b. Import Binary image filters into program and use them to extract R, G, B values from pixels.  
c. Use the camera response function to calculate luminance from R, G, B and camera exposure and repeat the 

process for multiple pixels. 
d. Multiply correction factors for fisheye lens vignetting and image distortion.  
e. Calculate the luminance distribution of each of the 15 CIE Standard General Skies using the solar position 

for a given time and location. 
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f. Compare the computed 15 individual ISO/CIE sky standards with full-field sky image to find the best-fit 
standard sky and repeat for multiple sky images.  

g. Export the sky count.  
 

 

Figure 1: Flow chart of computer program 

The output from the program is a Microsoft Excel file with the CIE Standard General Sky count. Such a file is 
substantially smaller in size compared to colour sky images and requires much less storage space.    

1.1. CIE standard general sky  
The CIE Standard General Sky is a set of sky models accepted by the CIE as standards for the entire globe (CIE, 
2003). It simulates fifteen sky types of relative luminance distributions.  Five overcast, five transitional (intermediate) 
and five clear skies are modelled by the combination of gradation and indicatrix functions.   

In contrast to previous CIE standard skies, the determination of daylight conditions in the new sky is more detailed 
and covers the whole occurrence spectrum (Kittler et al., 1997). It takes into consideration different diffuse scattering 
by the atmosphere and the effects of direct sunlight.  Using the standard sky equation and applying additional 
parameterisation, it is possible to calculate sky luminance values not only in relative but also in absolute physical 
units (Darula & Kittler, 2002).  

According to the CIE (2003), the basic equation of the ISO/CIE Standard is the ratio of the luminance in an arbitrary 
sky element to the zenith luminance expressed in a functional formula.  The equation takes into account the position 
of the Sun and the arbitrary sky element that is, 

 

€ 

Lγα
Lz

=
f (χ)φ(Z)
f (Zs)φ(00)

                                                                                                                                              (1)  
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Where, Lγα  is luminance of sky element, Lz zenith luminance, χ scattering angle, Z zenith angle of sky element, Zs 
zenith angle of the Sun. In EQUATION-1 the position of an arbitrary sky element is defined by, 

                                                                                                    (2)  

Where,

€ 

Az = α −α s ,  α  is the azimuth of sky element and  αs the azimuth of the sun. In Equation-1 the luminance 
gradation of a sky element to zenith is given by,  

€ 

φ(z)
φ(0)

=
1+ aexp(b /cosZ)

1+ aexpb
                                                                                                                           (3)   

When, . The function f(χ) expresses the relative luminance of a sky element to the angular distance from 
the sun, 

                                                                                              (4)                                                                                       

Its value at the zenith is expressed by, 

                                                                                           (5) 

While calculating sky luminance distribution using Equation-1 to Equation-5 the standard values of parameters a, b, c, 
d, and e are taken from Table-1.  

Table 1: Parameters for gradation and indicatrix functions 

Gradation Indicatrix Sky No. 
a b c d e 

1 4 -0.7 0 -1 0 
2 4 -0.7 2 -1.5 0.15 
3 1.1 -0.8 0 -1 0 
4 1.1 -0.8 2 -1.5 0.15 
5 0 -1 0 -1 0 
6 0 -1 2 -1.5 0.15 
7 0 -1 5 -2.5 0.3 
8 0 -1 10 -3 0.45 
9 -1 -0.55 2 -1.5 0.15 

10 -1 -0.55 5 -2.5 0.3 
11 -1 -0.55 10 -3 0.45 
12 -1 -0.32 10 -3 0.45 
13 -1 -0.32 16 -3 0.3 
14 -1 -0.15 16 -3 0.3 
15 -1 -0.15 24 -2.8 0.15 

(Source: CIE, 2003) 

 

1.2. Calculating sky luminance 
In the first part of the computer program all sky images are imported into the MATLAB programming environment. 
Each full-field sky image (see Figure-2a) has the dimension of ‘640 X 480’ pixels, which comprises a circular fisheye 
image in the centre surrounded by a black background. To reduce the image size for computational purpose, the 
image centre is determined to find the extent of cropping required. As coloured images consist of three matrices of 
red, green and blue (RGB) colour channels, therefore, we used any one of the matrices to sum the values in ‘X’ and 
‘Y’ axis. The graph in Figure-2 (b) represents these values. The pixel values used as reference are at the edge of the 
graph where the values become zero from positive values. This is then used to determine the image crop size, which 
retains the centre pixel. Consequently the image crop size is 334 by 340 pixels reducing a typical sky image size by 
86%.  



 

45th Annual Conference of the Architectural Science Association, ANZAScA 2011, The University of Sydney  

 

Figure 2: Histogram analysis to determine the extent of image crop 

Binary images (i.e. black and white) representing each of the 145 CIE sky segments (CIE, 1994) are also imported 
into MATLAB and cropped in the same manner as sky images. These, binary images work as filters to extract RGB 
values of pixels in individual sky patches. MATLAB commands allow any type of image with same matrix dimensions 
to be multiplied with the result matrix having the same dimensions as the input images. As the binary image filters are 
matrixes of ‘1’`s (white) and ‘0’`s (black); this allows RGB pixels within individual patches to retain their values while 
pixels outside the patches become ‘0’ value.  

 

Figure 3: RGB value extraction using binary mask for zenith sky patch  
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Figure 4:  Sky image with superimposed sky patches  

The RGB values are summed and along with shutter speed, which is imported from the ‘exif’ data of each sky image, 
are put through the response function for the digital camera (Shahriar, 2010). The process is repeated for all sky 
bands and patches within individual bands. However, it is important to mention that adjacent buildings to the site 
where the images were taken caused obstruction to the sky view and were consequently not used in the calculations 
(i.e. the first band of patches). Correction factors for vignetting and image distortion (Shahriar, Hyde & Hayman, 
2009) are applied and the luminance distributions are export to an excel file.  

1.3. CIE Standard general sky occurrence  
The Daylight Coefficient (DC) method enables the calculation of diffuse horizontal illuminance (Evd), which is a good 
representation of the overall sky luminance pattern (Kittler & Darula, 2002). Furthermore, Daylight Coefficient defines 
the sensitivity of illuminance changes with the brightness of the sky. Consequently, for the second part of the 
computer program both Evd from real sky luminance and Evd from simulated CIE Standard General Sky luminance 
derived through DC method are used, because it is a process that requires less computation time. Furthermore, 
researchers like Shahriar and Mohit (2006) have used the method successfully to determine the occurrence of the 
ISO/CIE standard skies.   

According to the finite element calculation method using Daylight Coefficient (Tregenza & Waters, 1983), when the 
sky is divided into n angular patches, the total diffuse horizontal illuminance (E) at a point is the sum of n values of 
Daylight Coefficient (D), sky patch solid angle (Δ) and it’s luminance (L), 

                                                                                                                                  (6) 

The daylight coefficient of a sky patch at elevation angle γ  and azimuth angle α is, 

€ 

Dγα = Sinγ                                                                                                                                                     (7) 

The Dγα and Δ for 145 patches of the sky hemisphere are in Table-2. These values along with the sky luminance 
values derived in the first part of the computer program (see Figure-1) are used to determine the Evd from real sky 
images. To derive the Evd from the ISO/CIE standard skies first the luminance distribution of each standard sky for 
the same time as the captured sky image needs to be determined. Consequently, the exact solar position and 
location is used for the calculations using the ISO/CIE standard sky Equation-1 to Equation-5 (CIE, 2003).  
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Table 2: Daylight Coefficient and solid angle for 145 CIE sky patches  

Patch ID Dγα  
Δ  

(n) (Sin γ ) (str.) 
1 to 30 0.105 0.04 

31 to 60 0.309 0.04 
61 to 84 0.5 0.04 

85 to 108 0.669 0.04 
109 to 126 0.809 0.04 
127 to 138 0.914 0.04 
139 to 144 0.978 0.04 

145 1 0.04 
(Source: Li et al. 2006) 

Table 3: Zenith angle of 145 sky patches (deg.) 

Patch ID 0 1 2 3 4 5 6 7 8 9 
0 0 84 84 84 84 84 84 84 84 84 

10 84 84 84 84 84 84 84 84 84 84 
20 84 84 84 84 84 84 84 84 84 84 
30 84 72 72 72 72 72 72 72 72 72 
40 72 72 72 72 72 72 72 72 72 72 
50 72 72 72 72 72 72 72 72 72 72 
60 72 60 60 60 60 60 60 60 60 60 
70 60 60 60 60 60 60 60 60 60 60 
80 60 60 60 60 60 48 48 48 48 48 
90 48 48 48 48 48 48 48 48 48 48 

100 48 48 48 48 48 48 48 48 48 36 
110 36 36 36 36 36 36 36 36 36 36 
120 36 36 36 36 36 36 36 24 24 24 
130 24 24 24 24 24 24 24 24 24 12 
140 12 12 12 12 12 0 - - - - 

(Source: CIE, 1994) 

Table 4: Azimuth angle of 145 sky patches (deg) 

Patch ID 0 1 2 3 4 5 6 7 8 9 
0  0 12 24 36 48 60 72 84 96 

10 108 120 132 144 156 168 180 192 204 216 
20 228 240 252 264 276 288 300 312 324 336 
30 348 0 12 24 36 48 60 72 84 96 
40 108 120 132 144 156 168 180 192 204 216 
50 228 240 252 264 276 288 300 312 324 336 
60 348 0 15 30 45 60 75 90 105 120 
70 135 150 165 180 195 210 225 240 255 270 
80 285 300 315 330 345 0 15 30 45 60 
90 75 90 105 120 135 150 165 180 195 210 

100 225 240 255 270 285 300 315 330 345 0 
110 20 40 60 80 100 120 140 160 180 200 
120 220 240 260 280 300 320 340 0 30 60 
130 90 120 150 180 210 240 270 300 330 0 
140 60 120 180 240 300 0 - - - - 

(Source: CIE, 1994) 

During the calculations the values of Lz are taken from the sky luminance data measured at the daylight 
measurement station at Sydney University, while Zs and αs are taken from Solar Position Calculator 
(http://www.srrb.noaa.gov/highlights/ sunrise/azel.html). Table-3 and Table-4 are used for Z and α values. Luminance 
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from ISO/CIE standard skies are converted to Evd using Equation-6 and Exquation-7 and compared to Evd from sky 
images. The lowest Root Mean Square Error (RMSE) and 15% tolerance for Evd determines the best-fit standard sky, 
else the sky image is rejected. The tolerance level is set at 15% because previous researchers like Tregenza (2004) 
have used the same value to filter Evd values. This can be changed to suit the accuracy requirements of the research 
or the preference of the researcher. 

FINDINGS AND CONCLUSION 

After using the program to analyse full field sky images it was found that with 0% tolerance all the sky images match 
to the CIE Standard General Skies. However, the use of % tolerance margin reduced the match to 83% percent 
of the initial number of matches. Good matching of skies can also be consistently seen over the spectrum of overcast 
sky types (85% matches) and clear sky types (100% matches) types. However, for intermediate sky conditions only 
78% matches are observed. The reason behind the reduced number of matches is probably due to the fact that the 
ISO/CIE Standard General Skies represent instant snapshots of sky brightness for extreme sky conditions (e.g. 
overcast and clear skies), but for intermediate skies it represents average sky conditions, due to random cloud cover, 
which needs to be further investigated in future research.  
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