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A B S T R A C T  
 

 

Technical limitations in image capturing usually impose defect, such as contrast degradation. There are 

different approaches to improve the contrast of an image. Among the exiting approaches, un-sharp 
masking is a popular method due to its simplicity in implementation and computation. There is an 

important parameter in un-sharp masking, named gain factor, which affects the quality of the enhanced 

image. In this paper, a new adaptive un-sharp masking method is proposed. In the proposed method 
gradient variation of the image is used to estimate the gain factor for un-sharp masking. Gradient 

variation of an image can provide information about the image contrast. Subjective and objective 

image quality assessments are used to compare the performance of the proposed method both with the 
classic and the recently developed un-sharp masking methods. The experimental results show the 

superiority of the proposed method compared to the existing methods in image enhancing using un-

sharp masking. 

 

 
1. INTRODUCTION1 
 

Technical limitations such as environmental conditions, 

image capturing device constraints and lack of skill of 

photographer, usually impose defect on captured 

images. Contrast degradation is one of the imposing 

defects which occurs by degradation in high frequency 

components (edges) of image. Since contrast 

degradation directly affects the quality of the image, 

image enhancement methods can be used to improve the 

images contrast. 

There are various image enhancement methods in 

literature [1-5]. One of these approaches is un-sharp 

masking. Simplicity in implementation and computation 

are two important specifications in this technique. The 

purpose of using this method is contrast enhancement 

via boosting high frequency regions, such as image 

edges. In the classic un-sharp masking technique, at 

first, the high frequency components of the input image 

is extracted by using a linear high pass filter, then via 

                                                           
*Corresponding Author’s Email: h.hassanpour@shahroodut.ac.ir (H. 

Hassanpour) 

adding a scaled amount (the gain factor) of these 

components to the input image, a sharper image is 

obtained. The gain factor has an important influence on 

un-sharp masking results. Indeed, undesirable gain 

values may lead to an over sharpening problem or a 

negligible influence on the image quality. 

A number of methods have been introduced in the 

literature to improve the classic un-sharp masking 

technique. The method introduced by Polesel et al. [6] 

initially segments the image into three different areas: 

low contrast, medium contrast and high contrast areas. 

Based on these three segments, appropriate gain factors 

are applied to each segment. In this method, the gain 

factors for each segment are determined experimentally. 

Due to the influence of image segmentation on the 

quality of resulted image, others [7] have tried to 

improve the segmentation approach introduced by 

Polesel et al. [6]; similarly the gain factor for each 

segment is determined experimentally. In another study 

[8], an un-sharp masking has been proposed to enhance 

the dark regions details of an image similar to the bright 

regions which matches the response of human visual 
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system well. In this method by applying the negative 

operation, the dark regions are transformed to the bright 

regions. Then to reduce the noise effect, a mean 

weighted high pass filter is used to extract the regions 

edges. In this method, a constant gain factor is applied 

to all input images. A method, using the discrete 

wavelet transform (DWT), was proposed in the 

literature [9] for reducing the over sharpening. In this 

method, a set of wavelet coefficients are obtained by 

applying the DWT to the input image. To reduce the 

over sharpening problem, the wavelet coefficients 

which are related to extra details are trimmed. By 

applying the inverse discrete wavelet transform (IDWT) 

to the rest of the coefficients, the image containing the 

edges of the input image is obtained. Then, the scaled 

value of this image is added to the input image for 

enhancing. Others [10] combined DWT with the method 

proposed by Polesel et al. [6] to enhance the satellite 

images. In these two last methods which are based on 

DWT, the gain factors are chosen as a constant value 

throughout the input image.  

In all of the above mentioned approaches, the gain 

factors are chosen without considering the quality and 

the content of the input image. There are some 

approaches that choose the gain factor by considering 

these issues. Mai et al. [11] used the particle swarm 

optimization (PSO) to automatically find the gain factor 

for gray-level input images. In this method the 

optimization is based on maximizing the enhanced 

image entropy. But maximizing the entropy may lead to 

an over sharpening problem. In another work [12] the 

same idea has been proposed to determine the gain 

factor for color input images. In this approach the PSO 

is used based on maximizing the enhanced image 

entropy and minimizing the number of over ranged 

pixels to overcome the over sharpening problem. Time 

consumingness is an important problem in these workes 

[11,12]. In another study [13], a fast method has been 

proposed, which is based on intensity of the input image 

and the extracted edges. In this method, the intensity of 

the input image and the extracted edges are applied to a 

hyperbolic tangent function to determine the gain factor 

automatically. This method causes an over sharpening 

problem on some images. 

In this paper, we will propose a new adaptive un-

sharp masking method. Our proposed method is based 

on the gradient variation of the images. The main idea is 

that a sharp image has a higher gradient than a blur one. 

Indeed, the appropriate gain factor can be chosen 

automatically by considering the gradient information of 

the input image and the image under enhancing. This 

premise is used in the proposed method, hence, the 

gradient information in horizontal and vertical 

directions and the second order gradient of the images 

are used to increase the accuracy of the results.  

This paper is structured as follows: the classic un-

sharp masking method is reviewed in Section 2. The 

proposed method is presented in Section 3. In Section 4, 

image quality assessment is introduced. The 

experimental results and conclusion are presented in 

Sections 5 and 6, respectively. 

 

 

2. THE CLASSIC UN-SHARP MASKING 
 

In classic un-sharp masking, the sharp image is obtained 

via following equation: 

𝑦(𝑛, 𝑚) = 𝑥(𝑛, 𝑚) +
1

𝜆
× 𝑧(𝑛, 𝑚)  (1) 

𝑧(𝑛, 𝑚) =  𝑥(𝑛, 𝑚) − 𝑥(𝑛, 𝑚) ∗ 𝑓  (2) 

𝑓 =
1

9
 [

1 1 1
1 1 1
1 1 1

]  (3) 

where, 𝑦(𝑛, 𝑚) is a sharp image. 𝑥(𝑛, 𝑚) is the input 

image, 𝑧(𝑛, 𝑚) represents high frequency components, 

𝜆 is the gain factor and ∗ indicates convolution. Indeed, 

by applying the linear high pass filter to 𝑥(𝑛, 𝑚), 

𝑧(𝑛, 𝑚) is obtained; hence, 𝑧(𝑛, 𝑚) involves high 

frequency components of 𝑥(𝑛, 𝑚). High frequency 

components are scaled via gain factor. 

The small gain value causes an over sharpening 

problem, and a large gain value has a little influence on 

the images quality. Hence, the image contrast can be 

increased via choosing an appropriate value for this 

parameter. In classic un-sharp masking, this factor is 

chosen as a constant value without considering the 

content of the input image. Figure 1 indicates an 

example of the influence of gain value on un-sharp 

masking result. In this figure, part (a) is the input blur 

image and parts (b-d) are the results of un-sharp 

masking with low, high and an appropriate gain factor, 

respectively. 

 

 

3. PROPOSED METHOD 
 

In this section, a new adaptive un-sharp masking is 

proposed. The proposed method is based on image 

gradient variation. As mentioned before, a sharp image 

has a higher gradient than a blur one which is the 

premise of our proposed method.  

For a better description of the proposed method, we 

first analysis the gradient variation by applying 30 

different gain factors (from 0.1 to 3 interval 0.1) to an 

input image. An over sharpen image with a high 

gradient is obtained by employing a small gain value 

(0.1) to the input image. By increasing the gain value, 

the chance of over sharpening problem is decreased. 

Also, the gradient value of the processed image is 

decreased. These relations between the gain values and 

the gradient variation are used in our proposed method 

to choose an appropriate gain factor adaptively. For 
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increasing the accuracy of the proposed method, the 

gradient variation is considered in three forms: 1-norm 

of gradient in horizontal direction, 1-norm of gradient in 

vertical direction, and the 1-norm of the second order 

gradient. Figure 2 represents the gain factor influence 

on the 1-norm of gradient in horizontal direction for 30 

different processed images.  

 

 

 

 
(a) Blur image 

 
(b) Low gain factor (𝜆 = 0.1) 

 
(c) High gain factor (𝜆 = 3) 

 
(d) Appropriate gain factor (𝜆 = 0.6) 

Figure 1. The results of the classic un-sharp masking method 

with different gain factors 

 
Figure 2. The results of 1-norm of gradient variation versus 

gain factor 
 

As mentioned before, these images are achieved by 

applying 30 different gain factors to un-sharp masking 

an input image. In this figure, the horizontal and vertical 

axes indicate 30 different gain values and the 1-norm of 

horizontal direction gradient variation, respectively. 

This figure shows that by increasing the gain factor, 

the 1-norm of gradient of the processed image is 

decreased. Similar results are obtained for both vertical 

direction and the second order gradient. 

All of the processed images are sharper than the input 

image; so, they have a higher gradient value than the 

input image. In our proposed method, the gradient 

information is used to automatically choose the most 

appropriate image. For increasing the accuracy of the 

proposed method, we consider, the gradient information 

in horizontal and vertical directions and the second 

order gradient as Equation (4): 

𝑆 = (
‖𝐹𝑋‖

‖𝑓𝑥‖
) × (

‖𝐹𝑌‖

‖𝑓𝑦‖
) × (

‖𝐹𝑋𝑌‖

‖𝑓𝑥𝑦‖
),  (4) 

where 𝐹𝑋, 𝐹𝑌 and 𝐹𝑋𝑌 are respectively the input image 

gradients in horizontal direction, vertical direction and 

the second order gradient associated with the input 

image. Similarity 𝑓𝑥, 𝑓𝑦 and 𝑓𝑥𝑦 represent the same 

meaning for the processed image, and ‖. ‖ symbol 

indicates 1-norm. 

In this equation, 𝐹𝑋, 𝐹𝑌 and 𝐹𝑋𝑌 are independent of 

the gain factor. But, 𝑓𝑥, 𝑓𝑦 and 𝑓𝑥𝑦 depend on the gain 

factor. As mentioned before, the 1-norm of gradient is 

increased for the small value of gain factor. Whereas 

this value is decreased for a large value of gain factor. 

Hence, increasing the gain factor causes increasing the 𝑆 

value. Moreover the gradient of the over sharpened 

images is large, and these images cause decreasing the 𝑆 

value. Hence, for avoidance of the over sharpening 

problem, increasing the 𝑆 value is desirable.  

As mentioned before, 30 different processed images 

are obtained via considering 30 different gain values. 

Most of these gain values cause a little variation in 𝑆 

value. Indeed, some of these gain values cause the over 
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sharpening problem in the processed images and some 

of them have a little influence on the quality of the input 

image. One of the gain values causes that 𝑆 has a 

maximum increment; indeed, the smaller gain values 

cause an over sharpening problem and the larger gain 

values have no significant influence on the input image 

quality. So, we should choose the gain value that causes 

the maximum increment in 𝑆 value as the most 

appropriate gain value and apply it to the input image. 

In our proposed method the gradient of 𝑆 value is used 

to find the maximum increment in the 𝑆 value. The gain 

value that causes this increment is determined 

accordingly. The values of 𝑆 for 30 different gain 

factors and the gradient of 𝑆 are indicated in Figures 

3(a) and (b), respectively. In part (a) of this figure, the 

horizontal and vertical axes indicate 30 different gain 

values and the 𝑆 value variation, respectively. In part (b) 

of this figure, 30 different gain values and the gradient 

of 𝑆 value are indicated by the horizontal and vertical 

axes, respectively. Figure 4 exhibits the flowchart of the 

proposed method. 
 

 

4. IMAGE QUALITY ASSESSMENT 
 

The subjective and objective methods are two types of 

image quality assessment (IQA). In subjective 

approaches, human beings evaluate the quality of 

images.  

 

 
(a) 

  
(b) 

Figure 3. (a) The values of 𝑆 for various gain factors and (b) 

its gradient  

 
Figure 4. The flowchart of our proposed method 

 

 

But they are expensive and time consuming methods. 

So in practice, subjective approaches are not suitable for 

IQA [14, 15]. Whereas the objective IQA are numerical 

measures. The purpose of these measures are 

determining the quality of images as closely as to the 

subjective assessment [15]. One of the objective IQA 

measures is Pratt’s Figure Of Merit (FOM) [16-18]. 

This measure is defined as Equation (5): 

𝐹𝑂𝑀 =
1

𝑚𝑎𝑥 {�̂�,𝑁𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙}
 ∑

1

1+𝑑𝑖
2 𝛼

�̂�
𝑖=1   (5) 

In this equation, �̂� is the number of detected edge 

pixels, 𝑁𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙  is the number of reference edge pixels, 

𝑑𝑖 is the Euclidean distance between the 𝑖th detected 

edge pixel and the nearest reference edge pixel and 𝛼 is 

a constant that usually is set as 
1

9
 . 

Indeed, this measure is based on the edge similarity 

between two images. The output of this measure is a 

value in the interval [0-1]. The bigger value of this 

measure represents the more similarity between the two 

images. 

The human visual system is well matched to 

structural information of images [19, 20]. Hence, the 

structural similarity metric (SSIM) [19] are used to 

assess image quality. Indeed, SSIM is another objective 

measure to assess image quality as closely as human 

visual system. By assuming 𝑥 and 𝑦 as a reference 

image and a test image, respectively, the similarity 

between 𝑥 and 𝑦 is defined as Equation (6) [19]: 

𝑆𝑆𝐼𝑀(𝑥, 𝑦) = (𝑙(𝑥, 𝑦))𝛼 × (𝑐(𝑥, 𝑦))𝛽 × (𝑠(𝑥, 𝑦))𝛾 

=
2�̅��̅�+𝑐1

(�̅�)2+(�̅�)2+𝑐1 
×

2𝜎𝑥𝜎𝑦+𝑐2

𝜎𝑥
2+ 𝜎𝑦

2+𝑐2
×

𝜎𝑥𝑦+𝑐3

𝜎𝑥 𝜎𝑦+𝑐3
  

(6) 
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The luminance similarity, contrast similarity and the 

degree of linear correlation between 𝑥 and 𝑦, are 

determined by 𝑙(𝑥, 𝑦), 𝑐(𝑥, 𝑦) and 𝑠(𝑥, 𝑦) respectively. 

𝛼, 𝛽 and 𝛾 are positive parameters to adjust the 

influence of relative functions. For simplicity of the 

SSIM equation, these parameters are considered as 1. 

𝑐1, 𝑐2 and 𝑐3 are small positive constants which are 

used for avoiding the unstable results when ((�̅�)2 +
(�̅�)2), (𝜎𝑥

2 + 𝜎𝑦
2) or (𝜎𝑥  𝜎𝑦) is close to zero. Even by 

setting the 𝑐1, 𝑐2 and 𝑐3 as zero, SSIM provides the 

acceptable performance.  

where: 

�̅� =
1

𝑁
∑ 𝑥𝑖

𝑁
𝑖=1   (7) 

�̅� =
1

𝑁
∑ 𝑦𝑖

𝑁
𝑖=1   (8) 

𝜎𝑥
2 =

1

𝑁−1
∑ (𝑥𝑖 − �̅�)2𝑁

𝑖=1   (9) 

𝜎𝑦
2 =

1

𝑁−1
∑ (𝑦𝑖 − �̅�)2𝑁

𝑖=1   (10) 

𝜎𝑥,𝑦
2 =

1

𝑁−1
∑ (𝑥𝑖 − �̅�)𝑁

𝑖=1 (𝑦𝑖 − �̅�)  (11) 

Similar to FOM, the output of SSIM is a value in the 

interval [0-1]. More similarity between two images is 

accrued by a bigger value of this measure. 

 

 

 

5. EXPERIMENTAL RESULTS 
 

In this paper we proposed a new adaptive un-sharp 

masking based on gradient variation. Our proposed 

method can be applied to color images. The HSV (Hue 

Saturation Value) color model is adopted in processing 

color images. In this model, the H channel describes the 

pure color, the S channel represents the degree of pure 

color which is diluted by white light, and the V channel 

depicts colorless intensity; V channel is an important 

component to describe color sensation [21]. So, in 

practice, this channel is only processed with the 

proposed method. Then the HSV color model with the 

modified V is transformed into the RGB color model. 

Subjective and objective IQA are used to evaluate the 

performance of our proposed method. We also compare 

the results of the proposed method with the classic un-

sharp masking method and the method proposed in the 

literature [13]. 

Three blur images are used for subjective and 

objective evaluation. These images are selected from 

CSIQ database [22]. This database includes 30 reference 

images. Different amounts of gaussian blurriness are 

applied to each of the reference images.  

 

 

So, this database includes various blurred images with 

different level of blurriness from level 1 to 5.  

Figures 5 to 7 illustrate three instance results of the 

proposed method in comparison with the results 

obtained using the classic un-sharp masking method, as 

well as, the method proposed elsewhere [13]. As it is 

shown in these figures, the enhanced images using the 

proposed method are more visually pleasing; while the 

classic un-sharp masking method and the proposed 

method [13] cause an over sharpening. Hence, in 

practice these methods decrease the quality of the 

image. Objective evaluation represents that our 

proposed method provides a better FOM and SSIM 

values than the classic un-sharp masking method and 

the method proposed  by Lin et al. [13].  

As mentioned before, each of the CSIQ reference 

images is blurred with five different levels of blurriness. 

From level 1 to 5, the blurriness of images is increased. 

By increasing the blurriness of images, the degradation 

in high frequency components (edges) is increased. In 

the blurred images of levels 4 and 5, the amount of 

degradation in edges is very high, and in practice these 

images have no significant edges. Besides, the un-sharp 

masking methods are based on extracting the edges of 

images; hence, these methods cannot overcome the 

blurriness of images in levels 4 and 5. Hence, we have 

applied our proposed method, classic un-sharp masking 

method and the method proposed elsewhere [13], to all 

of the blurred images in levels 1, 2 and 3 (90 different 

blurred images). The mean and variance of FOM and 

SSIM which are obtained from these methods are shown 

in Table 1. 

As it is shown in Table 1, the FOM means and SSIM 

means of these three methods have significant 

difference. Indeed, the over sharpening problem in 

classic un-sharp masking method and the method 

proposed by Lin et al. [13] decreases the mean values of 

FOMs and SSIMs in these methods. It is clear that the 

mean of SSIM and the mean of FOM for our proposed 

method outperform the classic un-sharp masking 

method and the method proposed by Lin et al. [13]. 

 

 
TABLE 1. Summary of  FOM and SSIM results 

 
Blur 

images 

The proposed 

method 

Classic un-

sharp masking 

Lin et 

al. [13] 

FOM 

Mean 
0.8742 0.9356 0.8631 0.8469 

FOM 

Variance 
0.0139 0.0163 0.0104 0.0103 

SSIM 

Mean 
0.9346 0.9533 0.7058 0.7357 

SSIM 

Variance 
0.00076 0.0012 0.0120 0.0186 
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(a) Reference image 
(b) Blur image; FOM = 0.9271; SSIM 

= 0.9697 

(c) Enhanced image by our proposed 

method; FOM = 0.9677; SSIM = 0.9787 

  
(d) Enhanced image by classic un-sharp masking; FOM = 0.8660; 

SSIM = 0.7141 

(e) Enhanced image by proposed method [13]; FOM = 0.8160; 

SSIM = 0. 0.7038 

Figure 5. Comparison between the proposed method, classic un-sharp masking and the method proposed by Lin et al. [13] 

(subjective and objective quality assessment, Sample 1) 

 

 

   

(a) Reference image 
(b) Blur image; FOM = 0.9147; SSIM = 

0.9563 

(c) Enhanced image by our proposed 

method; FOM = 0.9762; SSIM = 0.9759 

  
(d) Enhanced image by classic un-sharp masking; FOM = 0.8943; 

SSIM = 0.6931 

(e) Enhanced image by proposed method [13]; FOM = 0.8396; 

SSIM = 0.6512 

Figure 6. Comparison between the proposed method, classic un-sharp masking and the method proposed by Lin et al. [13] 

(subjective and objective quality assessment, Sample 2) 
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(a) Reference image 
(b) Blur image; FOM = 0.9014; SSIM = 

0.8911 

(c) Enhanced image by our proposed 

method; FOM = 0.9816; SSIM = .0.9785 

  
(d) Enhanced image by classic un-sharp masking; FOM = 

0.8452; SSIM = 0.7147 

(e) Enhanced image by proposed method [13]; FOM = 0.8569; 

SSIM = 0.7295 
Figure 7. Comparison between the proposed method, classic un-sharp masking and the method proposed by Lin et al. [13] 

(subjective and objective quality assessment, Sample 3) 

 

 

6. CONCLUSION  
 

In this paper, an adaptive un-sharp masking method was 

proposed to enhance blur images. Indeed, the purpose of 

this method was determination of the gain factor 

proportional to the different qualities of the input 

images. Our proposed method was based on the gradient 

variation of the input image and the image under 

enhancing. This method was compared with the classic 

un-sharp masking method and a recently developed un-

sharp masking method. The subjective and objective 

results show that the proposed method has a better 

performance in comparison to the other existing 

methods. 
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 هچكيد
 

 

 
کنند که کاهش کنتراست تصویر یکی از انواع هایی در تصاویر ثبت شده ایجاد میهای تکینیکی معمولا خرابیمحدودیت

روش ماسک غیر هاست. برای بهبود کنتراست تصویر، راهکارهای مختلفی وجود دارد. در میان این راهکارها، این خرابی

سازی و محاسبات، دارای محبوبیت بیشتری است. این روش دارای پارامتر مهمی به نام ضریب علت سادگی در پیادهتیز به

گذارد. در این مقاله یک روش ماسک غیر تیز وقفی تقویت است که این ضریب در کیفیت تصویر بهبودیافته تاثیر می

شود. تغییرات گرادیان خمین ضریب تقویت، از تغییرات گرادیان تصویر استفاده میپیشنهاد شده است. در این روش برای ت

کند. معیارهای ارزیابی کیفی و کمی برای مقایسه عملکرد روش تصویر، اطلاعاتی درباره کنتراست تصویر فراهم می

های انجام شده، نشان یکار رفته است. بررسپیشنهادی با روش کلاسیک و روش توسعه یافته جدید ماسک غیر تیز به

 های موجود ماسک غیر تیز است.دهنده برتری روش پیشنهادی نسبت به روش
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