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ABSTRACT 

Image enhancement is one of the most important and visually appealing areas of digital image processing and 
computer vision. It is considered as a very important part of pre-processing for the development of industrial, 
security, forensic, medical, and many other applications. Although significant efforts were devoted in the past, a 
completely automatic image enhancement for all types of input and applications is still a big challenge in the 
domain of image processing. In this paper, we have proposed a multi-disciplinary approach to enhance the 
image automatically by intensity transformation in the spatial domain through cubic Bézier curve on images 
filtered with low and high pass Butterworth in the frequency domain. Results are promising when compared 
with the existing state-of-the-arts techniques for both visually and quantitatively, which proved that the 
proposed method can ensure better contrast enhancement.  
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1.0  INTRODUCTION 

Digital image processing plays a vital role in automation of industrial applications, security surveillance, 
activities recognition, tracking, robotics, and many others. Image enhancement is one of the most important and 
visually appealing area of digital image processing and computer vision [1, 2]. It is usually considered as part of               
pre-processing for most of the applications development. Although the process of image enhancement is 
considered problem oriented and specific to the application, however its automation is necessary to minimize 
the human involvement during the execution of industrial projects. Efforts were devoted in the past, but a 
completely automatic image enhancement suitable for all types of images: dark, bright, backlighted, low 
contrast, and high contrast, with no loss of the region of interests (ROIs), is still an open research issue. Image 
enhancement is achieved either by increasing the contrast of an image or to make prominent the hidden details 
in an image [3]. Due to the increase in grey levels difference [1, 4], the enhanced image looks better than 
original one. 

Researchers have been developing various intensity transformation, interpolation or approximation methods [5, 
6] for image enhancement such as Histogram Equalization (HE) [7], Bézier Curve for Contrast Enhancement 
(BCCE) [8], and Adaptive Neighborhood Enhancement (ANE) [9], etc. HE is simple and automatic, however it 
does not preserve the image brightness [10, 11]. Adaptive Histogram Equalization (AHE) usually gives visually 
pleasing results but at the cost of intrinsic imbalance and discontinuity in the structure of image due to the 
process of transformations independently in small slices [12]. Therefore, the results cannot be used reliably in 
many applications like forensic analysis and diagnosis of very small medical symptoms. Approximation for 
image enhancement in both the high and low frequency domain individually better results. Park and Krishna [8] 
proposed a cubic spline based method BCCE for the contrast enhancement of all types of images. It works well 
on some types of images but enhancement in some other types is not significant. Recently in [21], a Gaussian 
mixture model based scheme was used to enhance the contrast, however results are demonstrated for gray scale 
images and only one type of image is considered. 

In this paper, we have proposed a spline based intensity transformation method on the frequency domain to 
enhance the contrast of all types of colored images. The results generated by our proposed method of image 
enhancement were compared both visually, and quantitatively with respect to Entropy, Mean Square Error 
(MSE) or Mean Square Difference (MSD), Peak Enhanced to Original Image Ratio (PEOIR), and Signal to 
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Noise Ratio (SNR) [13] with other state-of-the-art methods of image enhancement, i.e., HE and BCCE. The 
remaining part of this paper is organized as follows. Section 2 describes the proposed approach. Section 3 
describes the image enhancement evaluation parameters. Results are discussed in Section 4 followed by 
conclusion and future work in Section 5. 

 

2.0  PROPOSED METHOD 

Our methodology of image enhancement is based on the multi-disciplinary approach and completed in three 
major steps. First, image is transformed into low and high frequency domain followed with determining the 
types of image. Then spline is used for intensity approximation by using its control points according to the type 
of image. Low frequency is related to slowly varying intensity and separated by using a low pass filter. High 
frequency is caused by sharp transitions in intensity, and represents edge and noise. We have separated the high 
frequency using a high pass filter. After approximation of gray levels of both high and low pass images using 
cubic Bézier curve, the results are merged into single one, which yields a promising enhanced image. Detail is 
given in following sub-sections. 

 

2.1 Cubic Bézier curve 

Cubic Bézier curve is a parametric polynomial function frequently used in computer graphics and CAD/CAM 
applications for approximation [14] and interpolation of data [2]. The Bézier curve is extensively used to model 
data in the form of smooth curve [15]. To enhance the contrast of an image, a cubic Bézier curve was used in 
[8]. The cubic Bézier curve is defined in (1) and is used to model the contrast enhancement problem in different 
scenarios depending on scenes or image types. Desired shape of the curve for contrast enhancement may be 
obtained by setting the control points of the cubic Bézier function 

 

 𝑷(𝑡) = (1 − 𝑡)ଷ𝑷଴ + 3𝑡(1 − 𝑡)ଶ𝑷ଵ + 3𝑡ଶ(1 − 𝑡)𝑷ଶ + 𝑡ଷ𝑷ଷ,                  (1) 

 

where Pi, i= 0, 1, 2, 3, are control points in 2D vector form as shown in Fig. 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Control points  adjustment sample according to movement distance D [8] 

 

 

2.2 Image in frequency domain 

Normally the image f(x, y) is converted into frequency domain F(u, v) for analysis and processing [16]. 
Frequency domain allows operations on the frequency content of an image. High frequency content such as 
edges and other important information can easily be enhanced because edges and sharp transitions (e.g. noise) in 
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an image contribute significantly to high frequency content of Fourier transform. Low frequency contents are 
responsible to the general appearance of the image over smooth areas [4]. Different types of filters are used to 
separate the high and low frequencies in the frequency domain. As described in [17], use of frequency domain 
instead of spatial domain is better approach to avoid unwanted changes during contrast enhancement process. 
Therefore, for a given image of size MN, we have used following high and low pass Butterworth filters, 
respectively [18]: 

𝐻(𝑢, 𝑣) =
ଵ

ଵା[஽బ/஽(௨,௩)]మ೙ ,  𝐻(𝑢, 𝑣) =
ଵ

ଵା[஽(௨,௩)/஽బ]మ೙ ,                         (2) 

 

where D0 is the radius of the circle to cut off frequency, n is order of the filter and D (u, v) is the distance from 
the point (u, v) to the origin of the frequency plane and is calculated by 

 

𝐷(𝑢, 𝑣) = ට (𝑢 −  
ெ

ଶ
)ଶ + (𝑣 −

ே

ଶ
)ଶ.     (3) 

 

In [2, 4], it was found  that, when a low pass filter is applied with radius 5,15, 30, 80 and 230 pixels, it 
represents the 92%, 94.6%, 96.4%, 98, 99.5% image detail respectively. This is because the low pass filter has 
93% to 96% of spectrum power, whereas the high pass filter has 4% to 7% of spectrum power that contains the 
edge information. We investigated 30 subjects for radius selection for low pass and high pass filters and 
concluded that radius of 20 for high pass filter and 100 for low pass filter produced the best results. 
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Fig. 2: Proposed positions of Bézier control points according to the types of images [8] 

 

2.3 Algorithm 

In this section, an automatic contrast enhancement method is proposed that performs effectively on all types of 
images.  
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Fig. 3: Main steps of the proposed method 

 

For our proposed method, we point out that contrast can be enhanced without significance noise amplification 
by applying cubic Bézier curve on images filtered using Fourier transformation. In short, our proposed method 
is completed in following steps: 

i. Convert given RGB image into YCbCr color space. 
ii. Extract luminance channel Y from YCbCr. 

iii. Convert Y from spatial domain to frequency domain using Fourier Transformation (FT). 
iv. Apply Butterworth filters (low pass with 𝐷଴ = 100 and high pass with 𝐷଴ = 20) using n= 1 

respectively, to compute low and high pass filtered images. 
v. Apply inverse FT on both low and high pass versions. 

Input RGB Image 

Apply High pass 
Butterworth filter with 

parameters D=20 and n=1 

Low pass filtered Image  
 

Apply categorization process on low pass and high pass 
filtered images separately on the basis of histograms 

Apply Cubic Bézier curve with new control points on low 
pass and High pass filtered 

Images separately 

Apply Low pass 
Butterworth filter with 

parameters D=100 and n=1 

Low pass filtered Image 
after new intensity 

transformations  

Convert to YCbCr Color Space 

Apply Fourier Transform (FT) on luminance (Y) component of 
YCbCr image to convert into frequency domain 

Apply Inverse Fourier Transform on low pass and high pass 
filtered images to convert into spatial domain 

Calculate movement distance (D) for each low pass and high 
pass categorized image 

Calculate new position of control points P1 and P2 according 
to movement distance (D) for each low pass and high pass 

categorized image 

High pass filtered Image 
after new intensity 

transformations  

High pass filtered Image  
 

Construct enhanced image by adding both  
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vi. Calculate histogram of each low and high pass filtered image to categorize the image as dark or bright 
or low contrast or high contrast [8]. 

vii. Calculate movement distance (D) using 

               𝐷 = ൫2(ேିଵ)൯ ∗ 𝑇௖ ,              (4) 

where 𝑇௖ is calculated from 

               𝑇௖ = 𝑁/(𝐿௠௔௫ − 𝐿௠௜௡ + 1),    (5) 

           

  𝐿௠௔௫  and 𝐿௠௜௡ are pixels with maximum and minimum luminance values of Y respectively, and N is 
 the total number of pixels with frequencies greater than zero. 

 

viii. As shown in Fig. 1, calculate new position of control points P1 and P2, according to the calculated 
movement distance D, the end points P0 and P3  remained fixed at (0, 0) and (255, 255), respectively. 
Calculation of middle control points for all possible types of images are illustrated as: a) over dark 
images: 𝑷ଵ = 𝑷଴ + (0, 𝐷), 𝑷ଶ = 𝑷ଷ. , b) over bright images: 𝑷ଶ = 𝑷ଷ − (0, 𝐷), 𝑷ଵ = 𝑷଴. , c) back 
light images:  𝑷ଵ = 𝑷଴ + (0, 𝐷), 𝑷ଶ = 𝑷ଷ − (0, 𝐷). , d) low contrast images:  𝑷ଵ = 𝑷଴ + (𝐷, 0),
𝑷ଶ = 𝑷ଷ − (𝐷, 0). 

ix. Apply cubic Bézier function using control points obtained through the above process on both low pass 
and high pass filtered images to compute new histograms for mapping of new luminance values.  

x. Finally add both low and high pass versions of previous step. 

Top down approach of the proposed method is shown in Fig. 3. 

 

3.0 IMAGE CONTRAST ENHANCEMENT EVALUATION PARAMETERS 

Image enhancement is revolutionary approach to image processing. Contrast enhancement is a complex task as 
several parameters are to be considered to evaluate the performance of contrast enhancement techniques [13]. 
The performance evaluation of contrast enhancement depends on various factors such as entropy, signal to noise 
ratio, etc.  

Existing studies have introduced different contrast enhancement evaluation parameters [13, 18]. Our proposed 
method evaluation is based on the following parameters. 

 

3.1 Measure of Entropy (ME) 

This metric measures the randomness of the texture of an image. The entropy is calculated by using Shannon's 
entropy theorem [19]. High entropy value means the image has high contrast. Entropy is calculated as 

 

ME = - ∑ ∑ p(i, j)logଶ൫p(i, j)൯୬
୨ୀଵ

୫
୧ୀଵ ,                 (6) 

 

where p stands for the histogram count of an image. 

 

 

3.2 Peak Enhanced to Original Image Ratio (PEOIR) 

Mean Squared Difference (MSD)/Mean Square Error (MSE) and Peak Enhanced to Original Image Ratio 
(PEOIR) are commonly used measures to check the quality of images. These are calculated as  

 

𝑀𝑆𝐷 =
ଵ

௠௡
∑ ∑ (𝐼௘ − 𝐼௢)ଶ,௡

௝ୀଵ
௠
௜ୀଵ      (7) 
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𝑃𝐸𝑂𝐼𝑅 = 10𝑙𝑜𝑔ଵ଴
(ூ೘ೌೣ)మ

ெௌ஽
,      (8) 

 

where 𝐼௠௔௫  is the maximum intensity of enhanced image. 𝐼௘  and 𝐼௢ are enhanced and original image intensities. 
In order to get a high-quality contrast enhanced image, the intensity difference between both enhanced and 
original images must be very high. Hence, the quality of processed image will be higher for high values of 
MSD, meaning to say that there is a large difference between the intensities of the enhanced and the original 
image. Therefore, PEOIR should be small for high values of MSD. 

 

3.3 Signal to Noise Ratio (SNR) 

The measure of ratio of the signal power to the noise power commonly known as SNR measures the 
foreground signals strength relative to the background noise. The SNR is calculated by 

 

𝑆𝑁𝑅𝑑𝑏 =
ଵ଴௟௢௚భబ൫௉ೄ೔೒೙ೌ೗ೞ൯

௉ಿ೚೔ೞ೐
,          (9) 

 

where 𝑃ௌ௜௚௡௔௟௦ and 𝑃ே௢௜௦௘  are mean (µ) and standard deviation () of image, respectively. 

 

4.0 RESULTS AND DISCUSSIONS 

The dataset used for experimentation and comparison is shown in Fig. 3. The statistical analysis is based on the 
outcomes of the evaluation parameters described in Section 3 [13]. Based on above mentioned parameters, 
Table 1 shows the comparison between proposed and other methods, i.e., HE and BCCE. 

The high contrast of the image means the high value of MSE/MSD. In our case, MSE/MSD is significantly 
higher than HE and BCCE for different types of images. The low value of PEOIR depicts high contrast of the 
image. Table 1 depicts the Quantitative comparison of the proposed method and the state-of-the-art methods. As 
shown from the results of Table 1, the proposed method produced lower values of PEOIR as compared to the 
HE and BCCE for the same images. From Table 1 SNR values of the proposed method is significantly higher 
than HE and BCCE. Therefore, the overall enhancement of all types of images is improved with our proposed 
method. Fig. 5 provides the visual comparison of the results along with their respective histograms. 

We have observed the following issues in the state-of-the-art methods. The HE made the image over bright by 
adding additive noise as shown in Fig. 5(a). The BCCE did not enhanced the high contrast image as shown in 
Fig. 5(b) although it needs some enrichment in gray levels, while the proposed method as shown in Fig. 5(c) 
enhanced the image properly by intelligently contributing gray levels as indicated by histogram in Fig. 5(f). In 
case of bright image as shown in Fig. 5(g) and its histogram is shown in Fig. 5(j), the HE made the image over 
bright by adding noise. The BCCE enhanced the contrast of the image as shown in Fig. 5(h). It is evident from 
its histogram in Fig. 5(k), that BCCE did not enhance the image properly. As such, discontinuity is observed due 
to less contribution of dark and bright shades of gray levels in the resultant image. On the other hand, the 
proposed method enhanced the image and assured the contribution of maximum gray levels as shown in Fig. 
5(i) and its histogram in Fig. 5(l). Generally, in either of the case, the HE attempts to flat the histogram, causing 
the image to become noisy, especially in case of low and high contrast images. Since control points for Bézier 
curve are calculated according to the type of image in proposed method, therefore the contrast of resulting 
images becomes better than HE and BCC due to the suitable frequency of all gray levels.  
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Fig. 4: Dataset used for comparison of proposed method with HE [7] and BCCE [8] 

 

 

5.0 CONCLUSION AND FUTURE WORK 

Image enhancement is an essential feature in most of the image processing methods allied with specific image 
processing applications. The effectiveness of the existing methods depends significantly on the types of acquired 
images and nature of applications. Since image acquisition methods never produce same type of images even in 
a very controlled environment due to the dependency on many factors. As such, a comprehensive method of 
image enhancement is required to pre-process and normalize all types of images for applications in the area of 
image processing, computer vision, and robotics. Our proposed method automatically recognizes all types of 
images and enhances the contrast intelligently. We have performed both visual and quantitative comparison of 
our proposed method, with a very popular Histogram Equalization (HE) and a cubic spline based method Bézier 
Curve for Contrast Enhancement (BCCE). From the experimental results, we note that the proposed method 
provides better contrast enhancement than the existing state-of-the-arts methods, and offer an easy way to 
remove noises than HE and BCCE. Histogram specification is also sometimes very effective for the 
enhancement but it is a manual process, therefore its automation by using cubic Bézier curve is our future 
research direction.  
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Table 1 Comparison between proposed method and state-of-the-art methods (HE [7], and BCCE [8]) 
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