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ABSTRACT: The paper briefly states the configuration procedure for a digital camera and fisheye lens 
for entire sky luminance measurement, which is divided into three stages. The first configuration 
process uses experimental method to determine digital image segmentation based on the EKO MS-
321LR sky scanners luminance measurement scheme. The segmented images are converted to binary 
image filters, which can be used for extracting RGB values. A camera response function to convert 
image color values and exposure to photometric values is determined in the second stage through 
cross-calibration between the scanner and camera. The third configuration experiment analyses image 
distortion and vignetting caused by the fisheye lens and provides correction factors for entire sky 
luminance measurement. The configured digital camera and fish-eye lens has the ability to capture sky 
images every 2 Minutes and provides luminance values of 92% accuracy. 
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INTRODUCTION 
The sky is a major source of daylight in our natural environment. It influences the daylight levels inside a room greatly 
and, therefore, is an important part of daylight research, especially research using computer programs for daylight 
simulation, which has had a steady increase in the number of recognized software packages (Roy 2000). Despite the 
consequent availability of daylight software, there is an acute shortage of daylight data, especially sky luminance data 
for different regions of the world. Existing sky luminance distributions can be analysed to determine an appropriate sky 
condition like the mean sky or the occurrence of extreme sky conditions of CIE Standard Clear or CIE Standard 
overcast, which are integrated into many of the popular lighting programs (Belia et al. 2000).  
 
The sky scanner is the most commonly used instrument in capturing sky luminance. However, it is expensive, difficult 
to set-up and the process is time consuming (e.g. each sky scan of 145 sky segments requires 4.5 minutes). A digital 
camera equipped with fish-eye lens can be a cost and time effective alternative to sky scanners, when they provide 
accurate luminance values. It is essential to configure a digital camera before it can be used for sky luminance 
measurement. In this paper we describe a process that not only provides a camera response function but also camera 
configuration for entire sky hemisphere luminance capture of 145 parts (CIE 1994). 

 

 
 
1. BACKGROUND 
In the past, the need for capturing daylight data in an easy and cost effective manner prompted the development of 
photographic methods of luminance measurement using film cameras (Longmore 1964; Hopkinson et al. 1966; 
Nakamura and Oki 1976). The potential use of digital cameras in indoor and outdoor luminance measurement has 
produced a number of studies (Roy et al. 1998; Coutelier & Dumortier 2003; Inanici & Galvin 2004). The existing 
research on outdoor daylight measurement with digital cameras use mid-level digital image processing (Gonzales et 
al. 2004) and Low Dynamic Range (LDR) imaging. For the experiments described in the following section, LDR 
images are used compared to High Dynamic Range Images (HDR) because: 
 

a. As the response function using LDR imaging is absolute, the configured camera can work as a stand-alone sky 
luminance measurement instrument, 

b. The configured camera is able to convert colour and exposure information into luminance values without the 
use of any greyscale targets, therefore, colours from the sky and clouds are directly translated to brightness, 
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c. Previous researches like Hayman et al. (1999) and Coutelier and Dumortier (2003) performed LRD image 
based configuration on a commercial digital camera and fish-eye lens with a sky scanner and found that the 
camera gave good results for outdoor luminance measurements.  

With respect to existing research on sky luminance measurement using digital cameras, the experiments described in 
the following section will provide a complete framework to configure any digital camera and fish-eye lens to work 
similarly to the EKO Sky Scanner by capturing luminance measurement with the following capabilities:  
 

a. Luminance capture of the entire sky hemisphere consisting of 145 segments, 

b. Camera response function that uses minimum number of exposure variables, 

c. Accurate luminance values throughout the sky hemisphere by considering the effects of image distortion and 

vignetting.  

 

2. EXPERIMENTS  
 

2.1 Image segmentation 
The main objective of this experiment is to segment a fisheye image captured by the camera and fish-eye lens based 
on the luminance measurement scheme of the EKO MS-321LR sky scanner and use the full-field image to determine 
black and white (BW) image mask. The filters can be used to extract RGB data from pixels within individual sky 
patches as shown in Figure 1. 
 

 
 Source: (Author 2008) 

Figure 1: RGB value extraction using BW image mask 
 

Table 1: Position of sky scan measurement patches 
Azimuth Increments Elevation of band Centre Number of Sky patches 

- 900 1 
600 780 2 
300 660 12 
200 540 18 
150 420 24 
150 300 24 
120 180 30 
120 60 30 

Total  145 
Source: (CIE 1994) 
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To segment a full-field image based on 145 part sub-division (see Table 1), an experiment is conducted in the artificial 
sky dome at the University of Sydney. The 110 aperture angle of the EKO MS-321LR sky scanner is taken as a 
reference by using equivalent circular patches, the size of which is determined by the following equation of right angle 
triangle: 
 

                                                                        (1) 
 
Where, R and r are the radii of the artificial dome and patch respectively. The circular patches are made with a 
material which has a contrasting colour to the dome surface and they have the same solid angle as the sky segments 
measured by the EKO scanner. The patches are then arranged on the artificial sky dome in a single line from zenith to 
horizon according to eight measurement bands as shown in Figure 2: 
 

 
(Source: Author 2010) 

 
Figure 2: Elevation of sky band centre 

 
For the experiment a Nikon COOLPIX 5400 digital compact camera with Nikon FC-E9 fisheye converter lens is 
mounted on a heavy duty tripod. 640 pixel by 480 pixel greyscale images (8 bit) are taken of the sky dome (see left 
image in Figure 3) to maintain a small image size. MATLAB programming is used to convert the grey scale image to 
binary image using ‘threshold’ values and cropped simultaneously so as to align the centre of the zenith patch with the 
centre of the digital image and further reduce image size (see Figure 3).   
 

 
(Source: Author 2010) 

Figure 3: Conversion of artificial sky dome Image (greyscale) to BW image  
 

Each circular patch is in an individual elevation band therefore, the image of a single patch is rotated to achieve the 
distribution of each band (see Figure 4). As a result, there are in total 145 separate BW images of individual patches 
which can be used as binary image masks to extract RGB data form a coloured sky image. 
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(Source: Author 2010) 

Figure 4: Position of sky scanner measurement patches in the full-field image 
 
 
2.2 Camera response function 
To derive photometric values from color images, the method of Hayman et al. (1999) for cross-calibrating between a 
digital camera and a reference sky scanner using zenith luminance measurements (for this experiment EKO MS-
321LR scanner) and sky images is used. The reason for this is that the zenith sky patch has little or no distortion 
caused by the fish-eye lens (Shahriar et al. 2009).  
 
The Nikon COOLPIX 5400 aperture size (f-number) is fixed to the optimum value while the ISO value is set at 100 and 
white balance on the ‘daylight’ setting. In the camera’s ‘aperture priority’ mode only the shutter speed (t) values are 
allowed to fluctuate. This reduces the number of exposure variables in the camera response function. Furthermore, 
we chose to vary shutter speed for two reasons. Firstly, it does not influence the depth of field and secondly, it is a 
flexible variable due to the cameras internal structure. It is important to note that the camera is shielded from the sun 
using a small black disk while images are taken to prevent solar flare in the lens. 
 

 
Source: (Author 2009) 

Figure 5: Measured Log L and predicted Log L plot for non-linear models 
 

A MATLAB m-file is written to extract RGB data from pixels within the zenith sky patch using binary image masks 
(Shahriar et al. 2009). These values are used to derive the camera response function through polynomial multiple 
regression analysis between sky scanner luminance (Lsc) and combinations of RGB and t from sky images. Figure5 
shows the calculated camera luminance (Lnik) to measured Lsc plot (in logarithmic scale) where the R2 value is 0.99. 
The response function for the Nikon COOLPIX 5400 derived from the experiments is: 
 
 

                (2) 
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2.3 Correction factor 
The Nikon FC-E9 fisheye demonstrates image distortion, which is extreme towards high incidence angles. Average 
distortion of the patches near the horizon is 5% compared to the patch area at the zenith (Shahriar et al. 2009) and 
the vignetting loss of the lens is largest towards the edges (Inanici, 2006), which along with point spread function 
cause inherent variation of image brightness.  
 

 
Source: (Author 2010) 

Figure 6: Two dimensional Projection of EKO MS-321LR sky scanner luminance measurement scheme  
 
To correct luminance variation in different sky bands, a comparison is made between the camera and scanner 
measurements for different elevation bands (see Figure 2). For this, simultaneous images of the sky are taken, 
synchronised with the luminance measurement times, of the eight patches in the elevation bands for both North and 
South orientations as shown in Figure 6 (numbered patches). The luminance ratios vary from the image centre 
towards the edge as illustrated in Figure 7. Extreme ratios at high incidence angles are a result of the close proximity 
of adjacent buildings to the measurement station at Sydney University. Therefore, the last band (elevation 60) is 
disregarded, which leaves a total 115 patches (80% in 7 elevation bands) being used for further analysis.  
 

 
Source: (Author 2010) 

Figure 7: Luminance ratio for sky patches of the eight elevation bands 
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3. ACCURACY 
 
To test the accuracy of the COOLPIX 5400 camera, random luminance values were taken with the scanner while the 
camera simultaneously captured full-field sky images under varying sky conditions (Clear, cloudy and overcast). For 
the goodness of fit analysis the Relative Error (RER) of estimates is used, which gives an indication of how good a 
calculated value is relative to the object being measured as a percentage (Mardaljevic 1999). However, sky luminance 
is not a single value, rather a combination of 145 measurements of the sky hemisphere, therefore, we used the 
Daylight Coefficient method (Tregenza & Waters 1983) to intigrate these 145 luminance values to a single number of 
diffuse horizontal illuminance (Evdsc or Dv) (Molineaux & Ineichen 1993). The Nikon camera demonstrated an average 
accuracy of 92%  (tolerance ±8%) and R2 of 0.86 as illustrated in Figure8: 
 

 
Source: (Author 2010) 

Figure 8: Comparison of computed diffuse horizontal illuminance (Dv) from EKO 
MS-321LR scanner and Nikon COOLPIX 5400 camera 

 
 
CONCLUSION  
 
In the paper the configuration procedure of a digital camera and fisheye lens for 145 part sky luminance measurement 
is demonstrated. It was found that the accuracy of the Nikon COOLPIX 5400 is within 92% (tolerance ±8%). This 
complies with the British Standard BS667 (2005), which states two grades of light meters based upon their overall 
tolerances, a higher grade (± 10%) and a lower grade (±15%).  
 
The camera response function uses the minimum number of independent variables (RGB and t) compared to Hayman 
et al. (1999) or Coutelier and Dumortier (2003), who used f-number, t and ISO with RGB. The configured camera is 
able to produce luminance measurements without the help of a separate photocell. By using the correction factor the 
effects of image distortion and vignetting are countered which has enabled the camera to measure entire sky 
luminance accurately.  
 
The research has shown how an inexpensive off the shelf digital camera can be used for capturing extremely high 
levels of daylight from the sky. Although the digital camera will be less accurate compared to the top end sky scanner, 
however, it is a fraction of the cost and the availability of the instrument to researchers far outweigh the limitations. 
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