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Abstract— Most of the images that human visual system captures are recognized based on his/her past knowledge. This process is a 
difficult task as the illumination changes when the images are captured and viewed onto display. This can be easily imitated by 
extracting of various features from digital images using imaging techniques. In general, natural scene have high dynamic range (HDR) 
while the display devices process low dynamic range (LDR). In high dynamic range imaging high contrast images are displayed with 
limited contrast for this conversion Tone Mapping methods are used in converting HDR images into low dynamic range (LDR) 
suitable for displaying purpose. In this paper an objective based quality assessment is carried on the tone mapped images using the 
performance evaluation metrics. The metrics such as structural fidelity, naturalness and a combination of the both are analysed.  
 
 
Keywords— Image quality assessment, High dynamic range images, Tone mapping, Structural similarity, Naturalness of images 

1. INTRODUCTION 
The natural scenes exhibit a wide range of luminance variations. The dynamic range could be on the order of 10,000 to 1 from 
highlights(brightest part of scene) to shadows(darkest part of scene) [4]. A common problem that can be occured in practice is 
how to visualize the HDR images, Most display devices have been designed to accommodate standard LDR images and cannot 
preserve all information contained in HDR images. Dynamic range is the ratio between brightest and darkest parts of the scene. 
Different tone mapping operators have been developed. They can be divided into two main categories, Global(or spatially 
uniform) and Local(or spatially varying) Operators. In global tone mapping operators, each pixel is mapped based on its 
intensity and global image characteristics, regardless of the pixel's spatial location. An example of a global type of tone 
mapping is a tonal curve. In local tone mapping operators the pixel's location in the image is taken into account in order to 
determine the appropriate scaling for this pixel. So, a pixel of a given intensity will be mapped to a different value depending on 
whether it is located in a dark or bright area. 
                   Image quality assessment (IQA) plays an major role in visual image processing. The application scope of IQA 
includes image acquisition, segmentation, printing and display systems, image fusion  and biomedical imaging. IQA methods 
can be categorized into subjective and objective methods. However, subjective evaluations are expensive and time consuming, 
which makes them not practical in real-world applications. Moreover, subjective experiments are further complicated by many 
factors including viewing distance, display device, lighting condition, subjects’ vision ability, and subjects’ mood. Therefore, it 
is necessary to design mathematical models that are capable of predicting the quality evaluation of an average human observer. 
The goal of objective IQA is to design mathematical models that are able to predict the quality of an image accurately and 
automatically. Objective IQA methods can be used to monitor image quality in quality control systems, to optimize image 
processing and transmission systems and to benchmark image processing algorithms. 

In this work, we aims to develop an objective quality assessment model for LDR images using their corresponding HDR 
images as references. Our model is composed of two components structural fidelity measurement and naturalness assessment. 
The structural fidelity measure is inspired by the success of the structural similarity (SSIM) index. Our method is built upon 
multi-scale SSIM but is adapted to accommodate contrast comparisons across dynamic ranges. The naturalness assessment 
component in our approach is based upon brightness statistics of natural images [8]. Here we propose a method that combines a 
multi-scale structural fidelity measure [16] and a statistical naturalness measure, leading to Tone Mapped image Quality Index 
(TMQI). 
                                                                               2. METHODOLOGY 

Several exposure images can be combined to form an HDR image with high dynamic range pixel values. Pixel means 
picture information. With the increase in the number of images the dynamic range of the HDR can also be increased. Then a 
tone mapping operator is applied to make the image displayed on an LDR device. Therefore, we would desire tone mapped 
images that achieve the best balance between two factors structural fidelity preservation and high naturalness. The quality 
assessment model is thus built upon these ingredients. 
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                                                           Fig. 1 Flow chart of quality assessment model. 

 
3. Quality Assessment Model 

In this section, the two quality assessment measures are presented. Section 3.1 describes about structural similarity and Section 
3.2 describes about naturalness of HDR and LDR images. 
  
3.1.Structural Fidelity: 
Our approach is derived from the reason behind the design of SSIM, which is based on the belief that the main purpose of 
human vision is to extract structural information from the visual scene, and thus perceived image distortion should be 
predictable by a measure of structural information loss. The original local SSIM definition includes a luminance, a contrast and 
a structure comparison components. Since the local luminance and contrast between HDR and LDR images are meant to be 
different, it does not make good sense to directly compare local luminance and contrast. the structural fidelity is applied locally, 
but it contains only two components, which was defined as: 

        (1) 

 
Where, x and y are two local patches extracted from the HDR image and the tone-mapped LDR one. σx, σy and σxy are the 
local standard deviations and cross correlation between the two corresponding patches in HDR and LDR images. C1 and C2 are 
two positive stabilizing constants, used to control the result between 0 and 1. From the equation, we can see the second item is 
the same as the structure comparison component in the original SSIM, while the luminance comparison part is absolutely 
ignored since TMOs are mainly to change local intensity and contrast. The first item is the improved version of the 
corresponding one in the SSIM. It will work if one of HDR and LDR images is significant and the other one is insignificant. 
Otherwise, it makes little contributions. 

                                    
                                                             Fig. 2 Framework of multiscale structural fidelity assessment 

To determine the significance of the signal strength, pass the local standard deviation σ through a nonlinear mapping, and obtain 
the σ' value. The nonlinear mapping has to highly meet the visual sensitivity, and be designed so that significant signal strength 
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is mapped to 1 and insignificant signal strength to 0, with a smooth transition in-between, which has been extensively studied in 
[12]. The computation of σ' is as the following: 

 (2) 

 (3) 

(4) 

                    
Where, λ is a constant to fit psychological data, f is spatial frequency and k =3. Using these equations, we could obtain σx, σy, 
and then the local structural fidelity is computed. Then we use a sliding window running across the image to obtain the local 
structural fidelity of all the patches. Then we need to pool all the locals to get a single score of the image. The pooling method 
in TMQI is the simple “mean”, which does not take the characters of human visual system into account. To overcome this 
deficiency, we propose a new method to use VS-based pooling strategy in the objective quality assessment of tone-mapped 
images. It has been widely accepted that a good quality score pooling strategy should correlate well with human visual fixation. 
We use VS models to characterize the visual importance of a local region. If the LDR image has a high VS value, it implies that 
this position x will have a high impact on human visual system (HVS), so we use Vm(x) to represent the SRVS value or the 
SDSP value of each patch. Therefore, the structural fidelity at each scale can be computed as: 

                                  
where Ω means the whole image spatial domain. Following the idea used in multi scale [9] and information-weighted SSIM 
[10], we also adopt a multi-scale approach, where the images are iteratively low-pass filtered and down-sampled to create an 
image pyramid structure [13]. So far, the overall structural fidelity could be calculated by combining scale level structural 
fidelity scores using the method in  
                                                      (7) 
where L is the number of scales and βl is the weight of the l-th scale. The equations (12-18) demonstrate the computation of the 
structural fidelity, and we discover that there are some parameters in the procedure. The same with TMQI, we set C1=0.01 
and C2 =10 in (12), μ =128 in (15) and L=5 in (18), then spatial frequency are 16, 8,4, 2, 1 cycles/degree and the values of βl 
are 0.0448, 0.2856, 0.3001, 0.2363, 0.1333 for each scale. Finally, if the input image is color image, we have to convert it from 
RGB color space to Yxy space and then apply the proposed structural fidelity measure on the Y component only. 
 
3.2 .Statistical Naturalness: 

Except faithfully preserving the structural fidelity of the HDR image, the tone-mapped LDR image should also look natural. 
The statistical naturalness model used here is also from [17], which is built upon brightness and contrast, because the brightness 
and contrast of an image could be reflected by the mean and standard deviation. The histograms of the means and standard 
deviations of natural images could be well fitted using a Gaussian and a Beta probability density functions given by: 

(8) 
 

                  
where μm =115.94 and σm =27.99, αd =4.4 and βd =10.1, and B(·,·) is the Beta function. Recently, studies suggested that 
brightness and contrast are highly independent [17], which means their joint probability density function would be the product 
of them. Therefore, the statistical naturalness measure could be computed as 
                                                                            N= (10) 
where K= max{Pm, Pd}, is to constrain the value between 0 and 1. 
 
3.3.Quality Assessment Model: 
The model is the same as TMQI, which is a three-parameter function combining the structural fidelity measurement S and the 
statistical naturalness N. 

                            
where a adjusts the relative importance of the two components, and α and β determine their sensitivities, respectively. Based on 
experience, we set a =0.8800, α=0.3046, and β=0.7088. Until now, we could get a single score of a tone-mapped image. Figure 
1 illustrates the scheme of our method for computing Q. The part circled by red frame is the difference between our method and 
TMQI. 
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                                                                                        4.  RESULTS 
 
Here the  input is  HDR image and from that obtain the LDR image and Structural fidelity maps of LDR image in five scales as 
S=0.8700 ( =.8051    =0.8710    =0.8867    =0.8808    =0.8347) 

               
                                                                        Fig. 2 HDR Image 

                                     
                                              Fig. 3 Tone-Mapped LDR image 
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                               Fig.4. Structural fidelity of LDR image maps in five scales 

 
                          Table1. Performance Evaluations Using 10 Image Sets and 8 TMOS 

 Image Set    TMQI           STRUCTURAL 
FIDELITY           

STATISTICAL 
NATURALNESS        

              1      0.9191       0.8700     0.6796 
              2      0.8328       0.8829     0.1908 
              3      0.9363       0.8245     0.8753 
              4      0.9548       0.8869     0.8854 
              5      0.9487       0.9205     0.7851 
              6      0.9535       0.8531     0.9391 
              7      0.8789       0.8377     0.4895 
              8      0.8322       0.8344     0.2479 
              9      0.8331       0.8389     0.2463 
            10      0.8963       0.9628     0.4024 

 
 

               
                                                                        Fig. 5 Performance Evaluation of TMO 
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5. CONCLUSION 
In this paper, a computationally efficient quality assessment method to assess the quality of LDR images that are created 

from HDR images using tone reproduction algorithms is proposed. In this the assessment is based on the combination of two 
measures, structural fidelity and  naturalness. This method is also efficient in terms of quality measure along scale and space. 
This method further can be analyzed directly onto color images. This can be applied on TMQI to each color channel 
independently and then can be combined. Color fidelity and color naturalness measures may be developed to improve the 
quality measure. Finally, the current method is applied and tested using natural images only. 
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