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Abstract 

In this research we study the effect of the light distribution on the quality of 

captured images under different amount of lightness conditions then enhancing the 

captured images by the imaging system using an adaptive histogram equalization 

method and Lee method depending on the space YIQ depending on lightness 

component where use the reverse of this space to the basic RGB color space, then 

corrected using the mathematical model based on human vision system. The results 

were analyzed and compute the quality of the enhancement images by using various 

statistical criteria based on the mean and standard deviation. Adaptive histogram 

equalization technique gives a high quality for the enhanced images for different 

lightness conditions. 
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Introduction 

 Image contrast enhancement plays an essential 

role in digital image processing [1]. The 

objective of image enhancement technique is to 

improve the image quality so that the processed 

image is better than the original image for a 

specific application or set of objectives [2]. 

Image quality plays an important role in various 

image processing applications [3]. 

The quality of the images could be affected by 

several factors. One of the most important 

factors is the illumination, which could be 

natural or artificial. Any weak in this factor will 

lead to a weak images quality, which will need 
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to be enhanced through one or several image 

enhancement correction [4]. To improve the 

image contrast, numerous enhancement 

techniques have been proposed. One of the 

conventional methods adopted is the Adaptive 

Histogram Equalization ( AHE ) technique[1]. 

This method is simple and efficient when 

comparing with other method. Adaptive 

Histogram equalization tries to distribute more 

central  gray level, extensively[5]. There are 

many studies that focused on improving digital 

images  from where to improve the contrast and 

image analysis to determined its quality, and the 

most important of these studies are:- 

Eli PeLi (1990): proposed method for contrast 

enhancement dependent on the physical contrast 

of simple images such as sinusoidal gratings or a 

single patch of light on a uniform background 

which is well defined and agree with the 

perceived contrast [6]. 

D. J. Jobson et.al. (1996): introduced new 

algorithm to improve the brightness, contrast 

and sharpness of an image. It performs a non-

linear spatial/spectral transform that provides 

simultaneous dynamic range compression, and 

in 1997 they compared this method with another 

enhancement technique such as histogram 

equalization homomorphic filtering [7]. 

B.V.Funt et.al. (1997): introduced investigations 

into Multi-Scale Retinex algorithm approach to 

image enhancement to explain the effect of the 

processing from a theoretical standpoint . In the 

same year they modified the multi-scale retinex 

approach to image enhancement so that the 

processing is more justified from a theoretical 

standpoint by suggested a new algorithm with 

fewer arbitrary parameters that is more flexible 

[8]. 

Ali J. Al Dalawy (2008): studied the TV-

Satellite images of ”Al-Hurra” channel 

broadcasted on Arabsat, Hotbird and Nilesat. 

These image were the same with respect to the 

type on the three satellites. Analyzing these 

images done statistically by finding the statistics 

distribution and studying the relations between 

the mean and the standard deviation of the color 

compound (RGB) and light component for the 

image as whole and for the extracted 

homogeneous regions. Also he studied the 

contrast of image edges depending on sobel 

operator in limiting the edges and studied the 

contrast as function for edge finding threshold 

[9]. 

Salema S. Salman(2009)  studied the effect of 

different lighting operations in type and 

intensity on test images using different light 

sources (tungsten and fluorescent lamp) and 

studied the distribution homogeneity of light 

intensity for the line partitioned from the middle 

of white test image width and height and 

focused on the contrast ratio as a function for 

light intensity using a test image with one half 

white and the other half black [10]. 

Diana C. Gil et.al. (2011): They introduced 

contrast enhancement methods and Image 

quality is evaluated by means of objective 

metrics such as intensity contrast and brightness 

error, and by subjective assessment. Execution 

time is also measured. They found the technique 

based on histogram modification presents a 

better trade-off considering both aspects [11]. 

Statistical Digital Image Properties 

There are several image properties can be 

calculated from image data, the most imported 

properties (mean µ, standard deviation σ of the 

image or image regions) [12].   

1- The Mean (µ) 

Image mean brightness is known as the mean 

brightness for the image elements and it 

determined from the following relationship 

[13]:-   

∑∑
= =

=
M

x

N

x

yxI
MN 1 1

),(
1

µ                ………(1) 

Or by the following equitation:- 

∑
−

=

=
1

0

)(
L

g

ggPµ ……(2) 

Where I(x,y) is the intensity for the element 

image M × N is the image size. 

P(g) is the probability distribution density in 

image. 

L is the numbers of density levels in image. 

2- Standard Deviation (STD) 

The standard deviation represent the mean of 

variations of the element values with respect to 

its mean and it determined from the following 

relationship [14]:-  
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This standard is an important criterion to 

determine the amount of detail in the image.  

Lee Enhancement Algorithm  
Is an algorithm to improve the visual quality of 

digital images captured under extremely low or 

uniform lightening conditions. That is composed 

of three main parts: adaptive luminance 

enhancement, contrast enhancement and color 

restoration, this algorithm can be discus as 

flowing [15]: 

  a. Adaptive luminance enhancement: that is 

dividing in two steps; first step is luminance 

estimation to obtain by conversion of the 

luminance information by using NTSC 

(National Television Standards Committee) 

color space. Intensity values of RGB image can 

be obtained as [16]:  
)7...(),(114.0),(587.0),(298.0),( yxbyxgyxryxI ++=

and the Normalization Intensity is: 

)8.......(255/),(),( yxIyxIn =  

The image information according to human 

vision behavior can be simplified and 

formulated as [19]: 

)9(.......),(),(),( yxRyxLyxI =    

Where R(x,y) is the reflectance and L(x,y) is the 

illumination at each position (x,y), the 

luminance L is assumed to be contained in the 

low frequency component of the image while 

the reflectance R mainly represents the high 

frequency components of the image. The 

estimation of the illumination, the Gaussian low-

pass filtered result of the intensity image is used. 

In spatial domain, this process is a 2D discrete 

convolution with a Gaussian kernel which can 

be expressed as [15]:  
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   Ic is image convolution, The second step is 

adaptive dynamic range compression of 

luminance by using the transfer function I'n by 

[15]:   
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Where z is the image dependent parameter 

calculated by [19]: 
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This can be achieved by the following steps: 

1. Input color image C(n,m,i), i=1,2,3 (red, 

green, blue) components. 

2. Transform color image C(n,m) from RGB 

space to YIQ space and estimated lightness 

component Y(n,m). 

3.  Normalized lightness component  

     I(m,n)= Y(n,m)/255 . 

4. Calculated Gaussian surrounds function   
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where k is normalization constant, cn,  

   n=3, {c1=5, c2=20, c3=240}.  

5. Computed convolution image from 
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Adaptive Histogram Equalization 

 (AHE) Algorithm 

To enhance captured images under different 

lightness conditions from lighting system using 

Adaptive Histogram Equalization, this 

performed by using YIQ color space and 

improve only the luminance component. The 

technical steps as follows:- 

The first step in this algorithm is transforming 

color image from basic RGB color space to YIQ 

color space, the forward transform is given by 

the following equations:  

Y = 0.299r + 0.587g + 0.114b 

 I = 0.596r  – 0.270g  – 0.322b           …(13) 

Q = 0.211r  – 0.253g + 0.312b  

Where Y represent lightness component, and I,Q 

color component. 

In the second step is transforming normalized 

lightness value using sigmoid function that is 

given by:  
..(14)…
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Where In , Yn are represented the internal and 

external lighting functions respectively, using 

Histogram Equalization technique. 

The third step is applying HE on modify 

lightness component, the processing lightness 

component Yn has been gotten form this step. 

Finally inverse transformation from YIQ to 

RGB color space calculated in YpIQ that is 

given by [51]: 

r = y + 0.956i +0.621q  

g=y – 0.272i – 0.647q              ….. (15)   

b=y – 1.106i + 1.703q  

This can be achieved by the following steps: 

1. Input color image C(n,m,i), i=1,2,3 (red, 

green, blue) components. 

2.Transform color image C(n,m) from                                                                                            

RGB space to YIQ space and estimated 

lightness component Yn. 

3. Normalized Yn component by: 

               In= Yn/25. 

4. Transformed lightness component by using: 

        

I
I

Y

n

n

n −
+

=
1

1

1  

5. Applied HE on transformed lightness 

component In getting processed lightness 

component yn. 

6. Transform color image from YnIQ to get out 

put image. 

Results and Discussion 

Figure (1) shows lighting system, which consists 

of a dark box containing in one of its sides the 

light source (lamp from the right another from 

the left) to get a regular and irregular 

lighting. At the same side in the bottom of 

the lighting source there is a hole to put the 

camera. On the other side is placed the image to 

be captured under different lighting conditions. 

All images in this study are taken by Sony 

Digital Camera, these captured images are of the 

(JPEG) format and with different intensities  

lighting depending on the voltage hanging on 

the light source. We capture 11 images, using  

a homogeneous lighting with different   cases 

lighting, figures (2) shows the resulting images 

for different cases of lighting before applying 

enhancement methods, and figures(3,4) show 

the result images after using the Lee 

enhancement method, and AHE method 

respectively.

 
 

 

 

Figure 2- The Origin Images Before Using    

Enhancement Techniques. 

 

V = 60 

V = 100 

V = 80 

V  =120 

V = 140 V = 160 

V = 180 V = 200 

V = 220 V = 240 

V = 250 

 
Camera 

Captured 

Image 

Light 

Source

  

Figure 1- The Lighting System 
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Figure 4- The Enhancement Images Using AHE 

Technique. 
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Figure 3- The Enhancement Images Using Lee 

Technique. 
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To assess the efficiency of techniques that is 

used in image enhancement in this study, by 

using different lighting, we calculate the 

statistical properties of images the mean (µ) and 

the standard deviation (STD), where the 

statistical properties were drawn as a function of 

voltage lighting system before and after the use 

of  two enhancement methods, Lee method and 

AHE method. And the results shown in figurers 

(5,6,7).  

 

 

 
(a) 

 

 

 
(b) 

 
Figure 5- The Relationship Between (µ) And (STD) 

Of The Color Compound (RGB) And Light 

Component L For The Images As A Function Of 

Voltage Before Using The Enhancement Methods. 

 

 

As clear from the figures the best image 

improve before enhancement methods in v = 

140 volt, where the value of the overall contrast 

are higher in this case, and when increasing the 

voltage more, we note that the value of the 

contrast was decreased although increasing the 

light intensity. But after the enhancement 

process, we note that the contrast value almost 

equal for all enhanced images. As shown in 

figures (6,7). 
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Figure 6- The Relationship Between (µ) And (STD) 

Of The Color Compound (RGB) And Light 

Component L For The Images As A Function Of 

Voltage After Using Lee Enhancement Method. 
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Figure 7- The Relationship Between (µ) And (STD) 

Of The Color Compound (RGB) And Light 

Component L For The Images As A Function Of 

Voltage After Using AHE Enhancement Method. 
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Conclusion 

In this study, we improve the Lee and AHE 

enhancement methods based on the YIQ space 

by processing the lighting component only 

where the use of reverse conversion of this 

space to the basic space RGB colors and then 

corrected using the theory based on human 

vision system. The result show that the 

algorithm deal with images color with better 

results, and improves the image statistical 

properties (µ ,σ) for images enhancement are to 

maintain the general attributes of statistical 

properties of image with different lightings 

according the lighting intensity of imaging 

system . 
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