
JOURNAL OF INFORMATION SCIENCE AND ENGINEERING XX, XXX-XXX (2013) 

xxx  

Addendum to Revised Submission of 

A Weighted Edge-Preserving Smooth Filter for High Dynamic Range 

Image Display 

Responses for the comments of Reviewer 1 

(JISE-130818-2nd) 

Remark 1: The effects of different weight functions should be empha-

sized by the simple figures instead of images. It is not quite 

clear by just writing. 

Response: Thank the reviewer’s valuable suggestions. We have mod-

ified Fig.6 in the revised manuscript to show the weight 

functions in our weighted edge-preserving smooth filter 

more clearly. 

 

Remark 2: There are some parameters required to be selected for the 

proposed approach, e.x., beta, gamma and Th. If it is diffi-

cult to indicate how to systematically determine the param-

eter values, the parameter values adopted for the experi-

ments should be provided. 

Response: Thank the reviewer’s valuable comments. These parame-

ters in our method are determined by experiments to 

obtain better quality. We have provided the value of these 

parameters in Section 4 of the revised manuscript. The 

value of β, γ and Th are set to 4, 0.3 and 0.7 in our 

method for all results, respectively. 

 

Remark 3: Only fifteen papers are cited and these papers are not cur-

rent (most of them are kind of old).  Please cite some re-

cent related papers. 

Response: Thank the reviewer’s valuable suggestions. We have added 

some recent related papers. Now, twenty-four papers are 
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cited in the revised manuscript. 

 

 

Remark 4: Try to make comparisons with the approaches in the recent 

literature. 

Response: Thank the reviewer’s comments. We have added a new 

comparison with the recent approach [11] as shown in 

Fig. 13 in the revised manuscript. Furthermore, for the ob-

jective assessment, we also use discrete entropy (DE) [21], 

and edge-based contrast measure (EBCM) [22] as 

quantitative measures. Table I and Table II of the revised 

manuscript show the comparison results of the previous 

methods [5, 6, 9, 10, 11] and the proposed method for the 

objective assessments, DE and EBCM, respectively. More 

descriptions can be found in Section 4 of the revised man-

uscript. 

 

We would like to take this opportunity to thank this reviewer for his/her 

valuable suggestions that helped us enhance the quality of technical 

presentation of this paper. 
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Responses for the comments of Reviewer 2 

(JISE-130818-2nd) 

Comments: 

The authors have well revised the manuscript already. It can be accepted 

now. 

 

Response: Thank the reviewer’s comments.  

 

We would like to take this opportunity to thank this reviewer for his/her 

valuable suggestions that helped us enhance the quality of technical 

presentation of this paper. 
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Responses for the comments of Reviewer 3 

(JISE-130818-2nd) 

In this paper, the authors modified the weighting function by Guarnieri et 

al. and proposed a new tone-mapping function to better map HDR images 

to LDR ones. The improved details and reduced over-exposure were 

shown in examples with directly visual comparisons. 

Few points from me were suggested: 

 

Remark 1: Is the illumination mapping an ever-increasing function? If 

it is not, does it cause any problem? 

Response: The illumination mapping should be an ever-increasing 

function. If a pixel is initially brighter than another one, we 

can expect it to remain brighter after illumination mapping. 

Otherwise, we would end up with a negative image, where 

lightness will be inverted. In the revised manuscript, we 

have stressed that the proposed illumination mapping 

function is an increasing function. 

 

Remark 2: What is the smallest illumination difference in HDR which 

can be represented in different illumination in LDR?  Is 

any detail, if it exists, not able to be represented by the 

proposed method? 

Response: We show the proposed illumination mapping function in 

Fig.1 with different Th. The horizontal axis describes the 

illumination in HDR where we assume that the dynamic 

range is from 0 to 1000. The vertical axis shows the map-

ping result in LDR where the dynamic range is from 0 to 

255. While I is less than or equal to Th, the mapping func-

tion increases very slowly. A wide range of illumination in 

HDR is mapped to almost the same value in LDR. While I 
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is greater than Th, the mapping function increases almost 

linearly. In this case, the smallest illumination difference in 

HDR which can be represented in different illumination in 

LDR is around 4. Although the illumination in HDR has 

been compressed in a narrow range, our method has kept 

the image details in the reflectance plane. The tone map-

ping function only effects the illumination not the re-

flectance plane, so the reconstructed LDR image will 

preserve details of the original image. Fig.2 shows an 

example of our method. It can be seen that the edge infor-

mation is kept in the reflectance plane. We have added 

some descriptions to stress the advantage in the revised 

manuscript. 

 

 

Fig. 1. The proposed illumination mapping function. (a) Th=0.2, and (b) 

Th=0.85 
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(a)             (b)            (c) 

 

  
(d)            (e) 

Fig. 2. An example of our method. (a) the original HDR image, (b) 

the illumination, (c) the illumination by tone mapping with 

Th=0.85, (d) the reflectance, and (e) the reconstructed LDR image. 

 

Remark 3: Can the settings in Eq. (8) and (9) be optimally decided by 

some given objective function? 

Response: The settings in Eq. (8) and Eq. (9) are decided by the ex-

periments in this manuscript. In the future version, we will 

try to use some given objective function to optimize the 

settings. Thanks the reviewer’s valuable suggestions. 

 

Remark 4: Is the Retinex theory similar to homomorphic filtering, 

such as page 289 of Digital Image Processing, Third Edi-

tion, by Rafael C. Gonzalez and Richard E. Woods, Pren-

tice Hall, 2010?  Could you comment on this? 
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Response: The basic idea of Homomorphic filtering is similar to 

Retinex theory. Both of them adopt the illumina-

tion-reflectance model (luminance = illumination × reflec-

tance). The different is that the Retinex theory uses the il-

lumination-reflectance model in the spatial domain, but 

Homomorphic filtering transfers the model into fre-

quency domain. Generally, we can obtain the higher qual-

ity results by processing the image in the frequency domain. 

However, the computational complexity also increases due 

to the transformation from the spatial domain to the fre-

quency domain. Thus, we choose the Retinex theory in 

our method to minimize the computational complexity. 

 

 

We would like to take this opportunity to thank this reviewer for his/her 

valuable suggestions that helped us enhance the quality of technical 

presentation of this paper. 
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Showing high dynamic range images on general displayers whose dynamic ranges 

are relatively low will result in images with undesirable artifacts such as underexposure 

or overexposure images. To display images without unwanted artifacts, a Retinex-based 

tone mapping method is proposed in this paper. We present the weighted edge-preserving 

smooth filter to estimate a smoother illumination, and a mixed tone mapping function is 

employed to adjust the illumination component to obtain a more pleasing image. The 

experimental results demonstrate that our method achieves higher contrast and richer de-

tails as compared with previous mapping methods.  

 

Keywords: High dynamic range display, tone mapping, contrast enhancement.  

 

 

1. INTRODUCTION 
 

Dynamic range refers to the range of image luminance. Nowadays, general digital 

cameras which can capture only luminance in low dynamic range (LDR) with the result 

of overexposure or underexposure images. To avoid this problem, high dynamic range 

(HDR) capturing technique is introduced. There are two ways to capture a HDR image. 

The first method is using the HDR sensor, a super charge-coupled device (CCD) devel-

oped by Fujifilm. The second method is first capturing several images in multiple expo-

sures by a general digital camera, and then using an algorithm to merge these LDR im-

ages into a HDR image. The source images used in this paper are produced by adopting 

the second method with the merging algorithms proposed in [1] and [2].  

 Two methods are mainly used to display HDR images. One simple method is directly 

displaying HDR images on a general liquid crystal display (LCD). However, displaying 

HDR images on a general LCD will cause overexposure or underexposure because the dy-

namic range of the LCD is much lower than the dynamic range of HDR images. The other 

method is using the HDR display to show the HDR images. Still, the price of HDR display 

is too high. For example, the PRM-4200 professional reference monitor produced by Dolby 

costs about 39,995 US dollars. To overcome this problem, different kinds of dynamic range 

compression methods, also called tone mapping techniques, were proposed. These existing 

methods can be classified into two categories: global tone mapping [3, 4] and local tone 

mapping [5-16]. Global tone mapping algorithms compress the dynamic range by using the 

Received XX XX, 201X; revised XX XX, 201X; accepted XX XX, 201X.  
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logarithmic function, gamma function or S-shaped function. The transformation of a pixel 

is spatially uniform which means the result of a pixel does not depend on its neighbors. 

Although these functions map HDR scene for LDR image rapidly, the details of the scene 

are not rendered sufficiently. Thus, local tone mapping methods attract more and more at-

tention in recent years. Durand and Dorsey [5] proposed fast bilateral filter to separate 

HDR images into base layer and detail layer. Kimmel et al. [7] proposed a variational 

Retinex function to produce illumination from luminance. Chen et al. [8] used two different 

sizes of blocks to separate luminance into different groups. Lee et al. [9] applied the 

k-means algorithm to divide bilateral filtered luminance and automatically set the displaya-

ble gamma value to compress the dynamic range of HDR images. Guarnieri et al. [10] pre-

sented a low pass filter to produce illumination and used logarithm function to transform 

the illumination into low dynamic range. Ferradans et al. [11] proposed a tone mapping 

operator inspired by basic perceptual properties of human vision. However, these algo-

rithms mentioned always suffer from intensity computational problem and halo artifact 

issue.  

In this paper, a Retinex-based tone mapping method is proposed to transform a HDR 

image into a LDR image that can be displayed on general LCDs, without causing the 

problem of overexposure and underexposure. During the smoothing process, both 

luminance and illumination are employed to estimate a smoother illumination by using 

the weighted edge-preserving smooth filter. During the mapping process, an efficient 

gamma correction module and the adaptive logarithmic mapping function are applied to 

adjust the illumination component to obtain a more pleasing image. The experimental 

results demonstrate that our method achieves higher contrast and richer details as 

compared with other mapping methods. 

The rest of this paper is organized as follows. The background information and re-

lated algorithms are introduced in Section 2. Section 3 describes the proposed method in 

detail. Section 4 illustrates the experimental results and comparisons. The conclusions 

are provided in Section 5.  

2. BACKGROUND 

2.1 Transformation between chrominance and luminance 

 

The conventional process of transforming a HDR image into a LDR image is as Fig. 

1. The flowchart starts from inputting a HDR image in RGBE file format created by 

Ward [17]. In each RGBE image, every pixel contains 4 bytes. The first three bytes rep-

resent red (r), green (g), and blue (b) respectively. The last byte represents shared expo-

nent (e). The following format shows how a RGBE image is transformed into the RGB 

format (r', g', b'). 
128 8

128 8

128 8

( 0.5) 2

( 0.5) 2 ,    if 0

( 0.5) 2

0,            otherwise

e

e

e

r r

g g e

b b

r g b

 

 

 

   

    

   

    

                    (1) 

 

By using a shared exponent, RGBE can store a wider range of pixel values than tradi-
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tional 24-bit image format. Shared exponent also has the advantage of saving storage 

space. If an image file format uses single precision floating-points to represent RGB val-

ues, each pixel would take up 12 bytes of storage space. When the RGB format (r', g', b') 

is obtained, a popular luminance extraction method is adopted and defined as 

 

max{ , , }L r g b   .                         (2) 

 

This step is the same as the transformation formula of HSV for extracting luminance. 

After going through some processes, such as tone mapping method that transform the 

original luminance image into a new luminance image (L'), the color image that has the 

RGB-luminance ratios proportional to the original image is calculated as 

 

r L r L

g L g L

b L b L

   

   

   

.                           (3) 

 

For instance, the original proportion of r' to L is equal to the proportion of r'' to L'. Since 

the range of L' is from 0 to 1 after normalization, the transformation formula (1)-(3) not 

only preserves the original percentage of RGB color but also makes sure the recovered 

RGB color image will be in low dynamic range. 

 

 
 

Figure 1  Flowchart of HDR to LDR transformation 

 

2.2 Retinex-based tone mapping 

 

In 1971, Land and McCann [18] proposed Retinex theory to define the luminance 

observed by human eyes. In Retinex theory, luminance is composed of illumination and 

reflectance. Illumination here refers to the light sources and reflectance refers to the light 

reflected by objects. The luminance can be expressed through the following formula: 

 

L = I × R,                                (4) 

 

where L, I, and R represent luminance, illumination, and reflectance respectively. The 

advantage of applying Retinex theory to tone mapping method is that illumination can be 

modified independently without reducing the details in reflectance. The process of the 

Retinex-based tone mapping algorithm is briefly summarized as follows. 

(i) Input luminance L extracted from HDR image. 

(ii) Apply a smooth filter to L and produce illumination I. 

(iii) Divide luminance L by illumination I to produce reflectance R. 

(iv) Use a mapping function to transform HDR illumination I into LDR illumina-

tion I'. 

RGBE to RGB 

Chrominance-

Luminance 

Transformation

Tone Mapping

Luminance-

Chrominance 

Transformation

HDR Image

(RGBE)

LDR Image

(RGB)
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(v) Multiply illumination I' by reflectance R to obtain a new LDR luminance L'. 

(vi) Adopt a gamma correction function to adjust luminance L' before displaying on 

the screen. 

The most critical step in the flow above is step (ii). The smooth filter is used to es-

timate the illumination of HDR images. According to previous works [19, 20], light 

source (illumination) smoothly changes in general, except in some conditions like strong 

sunlight shining through the window into a dark room. In this condition, the light would 

change abruptly. Just smoothing the luminance would produce the result image with un-

wanted artifact. Therefore, the smooth image that used to represent the illumination 

should not only be smooth but also preserve the sharp edge of luminance. 

Mean filter is a simple method to smooth images by replacing each pixel with the 

mean value around them within a mask. To produce smoother images, one can simply 

use a larger mask to achieve this goal. The middle and right images in Fig. 2 are 

smoothed by mean filters with mask size of 7×7 and 39×39 respectively, and the left im-

age shows the original input image. In Fig. 2, the middle image is not smooth enough to 

be an ideal illumination. According to Retinex theory, dividing luminance by illumina-

tion can cause reflectance. Because details can be preserved only in reflectance, it is es-

sential that illumination should be as smooth as possible. To produce a smoother illumi-

nation, a mean filter with a mask size of 39×39 is applied to the original image and re-

sults in the right image in Fig. 2. Though the right image in Fig. 2 is smooth, the light of 

the window and candles exceeds the original area and this will result in halos. Black ha-

los appear around the window and candles cause an unnatural look in the image. Halos 

exist in images due to improper handling in the areas where pixel values change dramat-

ically within a short distance. The mean filter smooth the bright pixels of the window and 

candles across sharp edges, so the original dark pixels around the window and candles 

become much brighter than they should be and thus cause halos in the result image. 

 

 
(a)               (b)              (c) 

Figure 2  The luminance and the estimated Illumination.  

(a) The input luminance  

(b) The Illumination estimated by mean filter with 7×7 mask size  

(c) The Illumination estimated by mean filter with 39×39 mask size and the magnified 

region of the window and candles 

 

Gaussian blur is another classic smooth filter. By applying Gaussian blur, the result of 

each pixel can be interpreted as the weighted average of the neighbors. The following 
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expression is the formula of Gaussian blur. [ ]sGB I  is the result of pixel s. Ωp  

represents all pixels within the mask Ω. ( )σG p s  is a gaussian function which can be 

expressed as 2 2( ) 2 2( ) 2p s σ

σG p s e πσ   . Ip is the intensity of pixel p. 

 

Ω

[ ] ( )s σ p

p

GB I G p s I


   .                       (5) 

 

Like mean filter, Gaussian blur also suffers from the problem of halos. Fig. 3 shows the 

images processed by Gaussian blur. The left image is the original luminance, the middle 

image is the illumination produce by Gaussian filter with a mask size of 39×39 and 

standard deviation 10, and the two enlarged images at the right side are the LDR images 

produced by applying this Gaussian blur at the smoothing step and then using the map-

ping function proposed in this paper. Since mean filter and Gaussian blur have the unde-

sirable halo effect, it is not recommended to apply them to smooth a HDR image. 

 

 
(a)                  (b) 

Figure 3  The luminance and the estimated Illumination 

(a) The input luminance  

(b) The Illumination estimated by Gaussian blur with 39×39 mask size and the magnified 

region of the window and candles 

 

Recently, Guarnieri et al. [10] proposed a Retinex-based tone mapping method and pre-

sented a smooth filter called constraint edge-preserving low-pass filter which manages to 

achieve two objectives: 

(i) The estimated illumination should be a smoothed plane, except in correspond-

ence with the sharp edges where it can change abruptly. 

(ii) The reflectance should have a low dynamic range and should be lower than 1. 

The first objective is to prevent halos and the second one is to ensure that the resulting 

image will be in low dynamic range after combining illumination with reflectance. The 

mapping process transforms HDR image I into LDR image I' while the reflectance R 

remains unchanged. As a result, the reflectance should be in low dynamic range to guar-

antee that multiplying LDR illumination I' by the reflectance R will make new luminance 

L' in low dynamic range. 
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Garnieri et al. [10] referred to the methods proposed by Kimmel et al. [7, 19] and 

proposed a function (expression (6)) to achieve the two objectives described above. w(x, 

y) of expression (6) represents the smoothing weight whose value depends on the param-

eter α and the gradient ( , )L x y . If the intensities of pixels are of great difference, then 

a sharp edge would exist between these pixels. Applying a small weight to the sharp edge 

can prevent it from smoothing with other pixels. Thus ( , )L x y  acts as denominator 

to accomplish this requirement. In other words, if the gradient of luminance is large, the 

weight will be small, and vice versa. ( , )I x y  is the gradient of illumination and L(x, 

y) is the luminance. The minimization function must subject to ( , ) ( , )I x y L x y  be-

cause the capacity of light L reflected from an object to human eyes is less than or equal 

to the source of light I. 

 

  22
( , ) ( , ) ( , ) ( , )

where  ( , )
( , )

w x y I x y L x y I x y dxdy

α
w x y

L x y

   





             (6) 

 

Like previous methods, Guarnieri et al. also transformed the luminance into logarithm 

form before applying the minimization formula of expression (6). The reasons of using 

logarithm are that the multiplication becomes addition in logarithm and that the human 

visual perception of brightness is approximated to the logarithm of luminance according 

to Weber-Fechner law. Since the luminance L and illumination I are in logarithm form, 

the result will be transformed back to normal form by an exponential operation. 

To solve the minimization function, Guarnieri et al. used sampling to discrete the 

integral function and applied multi-resolution to speed up the iteration process. Expres-

sion (7) is the solution to calculate the illumination I. This function is iterative, so the 

illumination plane I at the right side of expression (7) is the illumination result of last 

iteration. “h” in expression (7) represents sampling step size. The denominator of weight 

wi,j is the function of Roberts cross edge detection [20]. 

 
2

1 2, 1 2 1, 1 1 2, 1 2 1, 1 1 2, 1 2 1, 1 1 2, 1 2 1, 1 ,

2

1 2, 1 2 1 2, 1 2 1 2, 1 2 1 2, 1 2

,
2 2

, 1, 1 , 1 1,

2

2

where  
( ) ( )

i j i j i j i j i j i j i j i j i j

i j i j i j i j

i j

i j i j i j i j

w I w I w I w I h L
I

w w w w h

α
w

L L L L

               

       

   

        


   


  

(7) 

 

The smoothing degree of illumination can be adjusted by the parameter α in expres-

sion (7). Fig. 4 shows four images produced by expression (7) with α set to 50, 100, 1000, 

and 3500 respectively. It’s apparent that images with a larger α are smoother than those 

with smaller one. To produce a smoother image, α must be set to 3500 in this example 

since too many details are left in the first three images, especially at the circled parts. 

Even though the fourth image is smooth enough, pixels are smoothed across sharp edges 

and this will cause halos. To solve this problem, we propose a method that will be inter-
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preted in the following section. 

 

 
Figure 4  The illumination produced by the constraint edge-preserving low-pass filter 

[9] 

3. PROPOSED METHOD 

In this paper, we propose a Retinex-based tone mapping method that improves 

Guarnieri et al.’s method [10] and Drago at al.’s method [4] at the smoothing step and 

mapping step respectively. Guarnieri et al.’s method has the weakness of producing illu-

minations that are not smooth enough and their result images tend to look flat because of 

low contrast. Drago et al.’s method can produce images with higher contrast, but the im-

ages have the weakness of overexposure. This paper manages to solve these problems. 

The overall flow of the proposed method is shown in Fig. 5. Two blocks in this flowchart 

are improved: a weighted edge-preserving smooth filter is proposed and a mixed map-

ping function is presented. 

 

 
Figure 5  Flowchart of the proposed tone mapping method 

 

To produce a smoother illumination, this paper proposes a different weighting function 

from previous methods. The central idea of the classic smooth filter is to smooth pixels 

with weighted average of similar neighbors. Thus, criteria used to determine the similar-

ity and weight of pixels can make great different results. Durand and Dorsey [5] analyzed 

functions that may be used in bilateral filter to estimate the similarity of pixels. Consid-

ering the robustness and the purpose of sharp edge preserving, they recommended using 

α=50 α=100 α=1000 α=3500
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Gaussian function to estimate the similarity and weight. Guarnieri et al. [10] proposed a 

simpler way to calculate the weight. To evaluate the similarity of pixels, they considered 

the gradient of luminance. If a neighbor has lower gradient, it represents the neighbor is 

more similar to the central pixel in the mask and a higher weight will be given to it. 

Guarnieri et al. simply put the gradient norm as the denominator and a user adjusted pa-

rameter as the numerator to achieve the inverse relationship between gradient and weight. 

This paper improves the weighting estimation of Guarnieri et al. In addition to the gra-

dient of luminance, the proposed method of this paper also calculates the gradient of il-

lumination and multiplies these two norms together to be the estimation of similarity of 

pixels. Expression (8) is the proposed weighting function that can replace the weighting 

function of expression (7) proposed by Guarnieri et al. to produce a smoother illumina-

tion. 

 

   

, 1, 1 , 1 1,

,

, 1, 1 , 1 1, , 1, 1 , 1 1,

50
,                                          if <

50
,   otherwise

i j i j i j i j

i j

i j i j i j i j i j i j i j i j

height
height

βL L L L
w

L L L L I I I I

   

       




  


  

       


   (8)

 
 

In expression (8), w′i,j represents the weight of the pixel at position (i, j) and height′ is the 

height of luminance after down-sampling. The two terms
 , 1, 1 , 1 1,i j i j i j i jL L L L       

and
 , 1, 1 , 1 1,i j i j i j i jI I I I       are approximated luminance and illumination of 

Roberts cross edge detection respectively. Calculating approximated Roberts cross edge 

detection is faster than computing original Roberts cross edge detection by saving the 

time of two multiplications and a square root. Since expression (7) is iterative and illu-

mination is much smoother than luminance, applying the gradient of illumination to the 

weighting function can greatly improve the smoothness. Multiplying the results of edge 

detection of luminance and illumination can produce images with only coarse edges and 

without blocking artifact. Though applying illumination can improve the smoothness, 

illumination contains only little edge details in the first few iteration. This will result in a 

blurred image with no strong edges preserved. To solve this problem, this paper uses a 

user adjusted parameter β to control the degree of preserving edges. The range of β is 
02 2nβ  , where n is the minimum value that subjects to

 
( 2 ) 8nheight  . β is set to 

the power of two because the height of an image is divided by two for down-sampling in 

every iteration. The expression represents that, after down-sampling n times, the height 

reaches the stop condition of down-sampling, and by following [10], we set the stop con-

dition of down-sampling to be 8height  . If β is set to a small value, the resulting im-

age will contain more details from luminance, and vice versa. Users can adjust β to pro-

duce images with coarse edges preserved and fine edges smoothed. Fig. 6 shows the 

flowchart of the weighted edge-preserving smooth filter used in this paper. 
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Figure 6  Flowchart of the weighted edge-preserving smooth filter 

 

The flow of Fig. 6 starts from down-sampling the luminance to one quarter of its original 

size. For example, if the size of an input image is 1936×1200, down-sampling the image 

averages every four pixels to one pixel and produces an image with the size of 968×600. 

This down-sampling process continues until the width and height of the image are both 

smaller than 8. Starting from the smallest luminance, several iteration of expression (7) 

will be gone through to produce smooth illumination. At the first iteration, where the 

image size is 8×5 in this example, the luminance is directly assigned to illumination. 

Then applying approximated Roberts cross edge detection to luminance and using ex-

pression (8) to calculate the weight. After producing illumination by expression (7), the 

final process of the iteration is up-sampling the illumination by expanding every pixel to 

four pixels with equal value. Continuously going through several iterations that starts 

from detecting the edge of luminance to up-sampling the illumination until the condition 

of ( )height height β   is reached. The following iterations process the image like pre-

vious iterations except that illumination is included to estimate the weight. Both lumi-

nance and illumination are applied with approximated Roberts cross to detect edges. 

These iterations continue until the image size is equal to the original size and the final 

image will be the smoothed illumination. 

Fig. 7 shows the illuminations produced by [10] and our method. The left four im-

ages are produced by [10] and the rightmost image is produced by the proposed method. 

The ceiling in Fig. 7(a), Fig. 7(b), and Fig. 7(c) contains too many details that should be 

smoothed. Fig. 7(d) is smooth but the halos are obvious. Obviously, the illumination es-

timated by our method is the smoothest and the strong edges are preserved without halos. 
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(a)            (b)             (c)            (d)            (e) 

Figure 7  The illumination produced by different filter 

(a)-(d) The constraint edge-preserving low-pass filter which α is set to 50, 100, 1000, and 

3500 respectively (e) The weighted edge-preserving smooth filter with β set to 4 

 

When the illumination I is estimated, the mixed mapping function is employed to 

adjust the illumination component to obtain a more pleasing image. The mapping func-

tion is represented as 

 

2

2 2 max 2 max

2

2 2 max 2 max

log ( 1) 4
,                         if >

(4 0.25 (log ( ) log ( ))) log ( 1)

log ( 1) 4
,   otherwise

(4 0.25 (log ( ) log ( ))) log ( 1)

r

I
I Th

I I I
I

Th I

Th Th Th Th

 
     

  
   

        

   (9) 

 

We use a threshold to map different ranges of pixel values with different mapping func-

tions and enlarge the contrast in the brighter areas. In the brighter level, pixel values are 

mapped by the upper formula in (9) which is the revised version of [4]. We replace log10 

and log with log2, the original user adjusted parameter b with a fixed value 0.85 (a rec-

ommended value in [4]), and the formula with another approximate function. In (9), we 

multiply log2(I+1) by 4 to make the illumination be mapped to 1 when I = Imax. In other 

words, multiplying 4 in (9) can map the maximum HDR illumination (i.e. Imax) to the 

maximum LDR illumination (i.e. 1). In the darker level, pixel values are mapped by 

gamma correction. The threshold Th is set to Imax * t, where the range of t is between 0 

and 1. If the overall luminance of an image tends to be dark, set Th to a large value. A 

large value of Th makes the maximum value of gamma correction large and hence up-

grading the brightness. The parameter γ is used to adjust the contrast. The range of γ is 0 

< γ < 1 since gamma correction in expression (9) is used to enhance the contrast of dark-

er level. The expression (9) proposed by this paper can transform HDR images into LDR 

images with high contrast and brightness, avoiding overexposure. Note that the proposed 

illumination mapping is an increasing function. If a pixel is initially brighter than another 

one, we can expect it to remain brighter after illumination mapping. Otherwise, we would 

end up with a negative image, where lightness will be inverted. Fig. 8 shows images 

produced by [4] and our method. It can be seen that the image produced by [4] contains 

overexposure on the window. In contrast, our method has higher brightness and the de-
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tails on the window are clear. 

 

 
(a)                                                  (b) 

Figure 8  The tone-mapping results and the magnified region 

(a) The result of [4] 

(b) The result of our method 

 

In addition to improving the smoothness and mapping steps in Retinex-based tone map-

ping, our method also enhances the reflectance. The original reflectance value is changed 

to the power of 1.5. This can emphasize the details and shades in the reflectance. The 

result is shown in Fig. 9. At the gamma correction step of Retinex-based tone mapping, 

this paper follows ITU-R BT.709 as previous methods [4, 10]. 

 

 
Figure 9  Left image is the original reflectance; right image is the reflectance after de-

tail enhancement 

 

 

 

 

Detail

Enhancement
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4. EXPERIMENTAL RESULTS AND COMPARISONS 

The performance of visual quality is illustrated in terms of four methods: Durand 

and Dorsey [5], Reinhard et al. [6], Lee et al. [9], Guarnieri et al. [10], and Ferradans et 

al. [11]. Their results shown in Figs. 10-13 are downloaded from their websites. The im-

ages downloaded from the websites are in GIF, JPG, and BMP file formats, so the results 

of our method are shown in JPG format with quality degrees of 50 and 100. Note that we 

set the value of β, γ and Th to 4, 0.3 and 0.7 in our method for all results respectively, 

which are determined by experiment. Figs. 10-13 show the comparison results of the 

four methods and ours. It is apparent that displaying HDR images directly on a LCD or 

printer without tone mapping results in images with underexposure and overexposure, as 

shown at (a) in Figs. 10-13. In Fig. 10, the contrast in the images produced by our meth-

od is higher than the image produced by [10]. In Fig. 11, our images have more details in 

the windows than the images produced by [5][6]. Also, our method produces more details 

in the dark areas than [10]. In Fig. 12, though the images produced by [9] have higher 

color saturation, the images of our method have no overexposure and are clearer in the 

bright areas such as the lamp and the window in Fig. 12. In Fig. 13, the images produced 

by our method have richer details in both brightness and darkness regions than the imag-

es produced by [11]. Obviously, our method produces images with higher visual quality 

than the five methods in the aspects of contrast, brightness, details, and prevention from 

overexposure.  

 

 
(a)                 (b)                (c)                (d) 

Figure 10  Comparison of the transformed LDR images 

(a) Original HDR image (smm) 

(b) The result of [10]  

(c) Our result with JPG quality 50  

(d) Our result with JPG quality 100 
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(a)                      (b)                      (c) 

   

(d)                      (e)                      (f) 
Figure 11  Comparison of the transformed LDR images 

(a) Original HDR image (memorial) 

(b) The result of [5]  

(c) The result of [6]  

(d) The result of [10]  

(e) Our result with JPG quality 50  

(f) Our result with JPG quality 100 
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(a)                      (b)                      (c) 

Figure 12  Comparison of the transformed LDR images 

(a) Original HDR images (Carnival and Foyer) 

(b) The results of [9]  

(c) Our results 

 

  

 
(a)                      (b)                      (c) 

Figure 13  Comparison of the transformed LDR images 

(a) Original HDR images (mpi_office and nancy_church_1) 

(b) The results of [11]  

(c) Our results 
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For the objective assessment, we use discrete entropy (DE) [21], and edge-based 

contrast measure (EBCM) [22] as quantitative measures. The DE of image I measures its 

content, where a higher value indicates that an image has richer details. The DE is de-

fined as 

DE( ) ( ) log( ( ))i i

i

p x p x


 I

   

              (10) 

where p(xi) is the probability of the pixel intensity, which is estimated from the normal-

ized histogram. The EBCM is based on the observation that the human perception 

mechanisms are very sensitive to edges[22]. Thus, it is suitable to evaluate the contrast of 

images. The gray level corresponding to object contours is obtained by computing the 

average value of the pixel gray levels weighted by their edge values. Contrast c(i, j) for a 

pixel of image I located at (i, j) is thus defined as 

( , ) ( , )
( , )  

( , ) ( , )

I i j e i j
c i j

I i j e i j






      

                 (11) 

where the mean edge gray level e(i, j) is defined as 

( , ) ( , )

( , ) ( , )

( , ) ( , )

( , )
( , )

k l N i j

k l N i j

g k l I k l

e i j
g k l










                      (12) 

where N(i, j) is the set of all neighbors of pixel (i, j), and g(k, l) is the edge value at pixel 

(k, l). Here, we use the Sobel operator [23] to calculate g(k, l) with 33 neighborhood. 

Then, the EBCM for image I is thus computed as the average contrast value, i.e., 

1 1

( , )

EBCM( )

H W

i j

c i j

HW

 



I

 

                     (13) 

where H and W are the height and width of image I, respectively. A larger EBCM value 

indicates that an image has higher contrast. Table I and Table II show the comparison 

results of the previous methods [5, 6, 9, 10, 11] and the proposed method for the objec-

tive assessments, DE and EBCM, respectively. In the DE measurement, our method is 

almost the best one among these methods. That means the proposed weighted 

edge-preserving smooth filter could preserve more details in the transferring process. In 

the EBCM measurement, the proposed method has higher contrast than [5, 6, 10] in av-

erage. The results of [9, 11] is better than ours. However, the images of our method have 

no overexposure and are with more details in the bright areas as shown in Fig. 12 and 

have richer details in both brightness and darkness regions than [11] as shown in Fig. 13. 

Table III shows the execution time of the methods proposed by [10] and our method 

from inputting an HDR image to outputting an LDR image in the BMP file format. The 

source code of [10] and our method are written in MATLAB with the smooth filter writ-

ten in C language. The execution environment is Intel dual core CPU E8300 at 2.83 GHz 

and the size of main memory of the computer is 3.00 GB. In average, the speed of the 

proposed method is 1.5 time faster than that of [10]. It can be seen that the proposed 

method can efficiently produce images in high quality. 
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Table I 

Comparison results of discrete entropy for different methods 

Image [5] [6] [9] [10] [11] Proposed 

memorial 4.917 4.552  4.884  5.821 

nave 4.817 3.645    5.268 

office 4.622   5.218  5.346 

Carnival   5.25   5.114 

Foyer   5.361   5.163 

smm    4.576  5.255 

tinterna  4.295   4.942  5.209 

mpi_office     4.812 5.122 

nancy_church_1     4.299 4.783 

nancy_church_2     4.369 5.226 

 

Table II 

Comparison results of edge-based contrast measure for different methods 

Image [5] [6] [9] [10] [11] Proposed 

memorial 0.0520 0.0565  0.0555  0.0587 

nave 0.0369 0.0776    0.0443 

office 0.0245   0.0508  0.0524 

Carnival   0.0517   0.0487 

Foyer   0.0686   0.0640 

smm    0.0281  0.0308 

tinterna  0.0204   0.0412  0.0254 

mpi_office     0.0816 0.0475 

nancy_church_1     0.1282 0.0248 

nancy_church_2     0.1414 0.0315 

 

 

Table III 

Comparison of Execution Time for Previous Technology and Our Method (Unit: Second) 

 

Image No. Size [9] Proposed

Image 1 768×512 0.845 0.717

Image 2 656×1000 1.391 1.181

Image 3 1728×1152 4.089 3.438

Image 4 1936×1200 4.849 4.093

Image 5 2048×1536 6.405 5.408

Image 6 720×480 0.698 0.596

Image 7 720×480 0.74 0.63

Image 8 798×1200 1.778 1.325

Image 9 2048×1536 6.732 5.525

Image 10 2048×1536 6.748 5.56
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5. CONCLUSIONS 

A new weighting function for smoothing is proposed in this paper. It improves the 

mapping function for transforming high dynamic range into low dynamic range. Then, a 

detail enhancement process is added to strengthen the visibility of details and shades in 

reflectance. Our method has the advantages of containing clear details in images, having 

high contrast and brightness, and avoiding artifacts like halos, underexposure, and over-

exposure. 
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