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Abstract– A database named HID2016 is built to provide a 

public benchmark to blindly evaluate image quality of haze 

images. The image set comes from a photographic exhibition held 

in China in 2014, and the single-stimulus method is adopted to 

develop the subjective evaluation experiments on those images. 

The contribution of this database not only lies in the fact that 

HID2016 is the first image database aiming at evaluating quality 

of haze images, but also lies in that the environmental indexes of 

each haze picture are provided, including air quality index 

(AQI), fine particulate matter (PM2.5) index and inhalable 

particles (PM10) index, which can help to explore the 

relationship between image quality and air quality. A three-order 

polynomial fitting function is adopted to simulate the 

experimental data, aiming at revealing the relationship between 

subjective score and environmental index. The experimental 

results show that the subjective scores in the HID2016 database 

keep a good accordance with the visual quality of haze images, 

and they roughly negative correlate with the air quality. 

Keywords—Haze image; subjective evaluation; mean opinion 

score; image database; image quality assessment. 

I. INTRODUCTION

N 2015, a haze documentary named "Under the Dome" was

watched million times on the internet and it provoked a

national discussion after going viral online. The documentary 

has sparked strong concerns on the haze problem by people in 

China. As a matter of fact, not only the healthy people but also 

our national security will be affected by the haze problem. For 

instance, during fog and haze weathers, it is particularly 

difficult for surveillance cameras to successfully capture clear 

images, which would in turn reduce the reliability of 

monitoring systems. 

 Although alternative solutions (e.g. infrared imaging) have 

been proposed, they only work under a limited extent in smog 

weathers. Besides, the amount and density of suspending 

particles in the air are quite large in haze weathers. Thus, 

various particles block the lights like a brick wall, which leads 

to vague pictures in the end. Studies on how to improve haze 

image quality through image post-processing have been 

developed in recent years [1-5]. 

Due to the absence of objective image quality assessment 

(IQA) index designed for haze images, most of the dehazing 

algorithms compared their results in a subjective way. This 

dramatically cut down the accuracy and reliability of 

comparison results [6]. To solve the problem, Fang et al. 
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proposed an IQA metric based on a degree of contrast 

enhancement and structure similarity between the haze and 

dehazed images [7], which belongs to the category of full-

reference IQA. For a haze image, the problem is that there is 

no way to acquire the original “perfect” reference image, and 

the quality evaluation should be in a no-reference way. Li et al. 

[8] and Guo et al. [9] used contrast enhancement assessment

methods based on gradient ratioing at visible edges proposed

by Nicolas et al. [10]. However, the suitable targets for this

kind of methods are fog images. Strictly speaking, they cannot

be applied to haze images. To conclude, state-of-art studies on

haze images focus on how to improve visual quality instead of

how to evaluate image quality. Besides, there are no public

image databases of haze images, resulting the absence of

generally accepted criterion for algorithm performance

comparison in this field [7]. To shorten this gap, in this

project, we build a haze image database (HID) named

HID2016 and perform a preliminary study to demonstrate its

usefulness.

The remainder of this paper is organized as follows. In 

Section II, the image contents in the database HID 2016 are 

introduced. In Section III, the details of the subjective 

experiments are described. Preliminary results and analysis are 

provided in Section IV and conclusions are made in Section V. 

II. HID 2016 IMAGE CONTENTS

2.A. Image Set

The details of most widely used subjective IQA databases in 

the world and the developed HID2016 are summarized in 

Table I. Taking the LIVE database as an example, there are 

five types of distortion, including JPEG2000 compression, 

JPEG compression, white Gaussian noise, Gaussian blur and 

fast fading Rayleigh. Distorted family of different degradation 

degree was generated from natural images with perfect visual 

quality, and subjective mean opinion score (MOS) or 

difference MOS (DMOS) were calculated through subjective 

evaluation experiments. Fig. 1 gives a representative example 

of one original image and its distorted counterparts, as well as 

their DMOS values in the LIVE database. 

Although haze images look like distorted (e.g. blurred 

image), they are directly taken by cameras and that they are 

not products of any degradation process. Consequently, in 

Table I, there is no information about original or degraded 

images for the HID2016 database. It is not difficult to 

understand that image quality evaluation on haze images is 

under the category of blind image quality assessment. For this 

case, we only need to collect haze images and directly perform 

subjective experiments on them. No original images with 

perfect visual quality exist, nor are they needed in our 

situation. 
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TABLE I.  BASIC INFORMATION IN DIFFERENT SUBJECTIVE IMAGE QUALITY EVALUATION DATABASES.  

Database 

Number of 

original 

image 

Resolution 
Original 

image type 

Number of 

distortion type 

Number of 

degradation 

degree 

Number of 

distorted 

images 

Subjective 

scores 

Subjective rating 

range 

LIVE[11] 29 various 24 bit RGB 5 4~5 779 DMOS [-2.6400, 111.7747] 

CSIQ[12] 30 512×512 24 bit RGB 6 4~5 866 DMOS [0, 1] 

TID2008[13] 25 512×384 24 bit RGB 17 4 1700 MOS [0, 7.7143] 

TID2013[14] 25 512×384 24 bit RGB 24 5 3000 MOS [0.2424, 7.7143] 

A57[15] 3 512×512 8 bit Gray 6 3 54 DMOS [0.0890, 1] 

MICT[16] 14 768×512 24 bit RGB 2 6 168 MOS [1, 4.8800] 

IVC[17] 10 512×512 24 bit RGB 5 5 185 MOS [1, 4.8846] 

IVC Art[18] 8 512×512 24 bit RGB 3 5 120 MOS [0.9500, 4.7500] 

HID2016 Not applicable various Not applicable Not applicable Not applicable 301 MOS [1, 5] 

 

 

       (a) Original image, DMOS=0               (b) JPEG 2000, DMOS=74.9583  

 

         (c) JPEG, DMOS=87.7808               (d) White noise, DMOS=99.6615  

 

    (e) Gaussian blur, DMOS=79.7590        (f) Fast fading, DMOS=58.4194  

Fig. 1.  Example of original and degraded images in the LIVE database. 

In 2014, a photographic exhibition named “Breathing in 

China” was held by a Chinese website called April Winds [19]. 

Photos for a constant scene in different dates were recorded by 

photographers in some main cities in China.  Specifically 

speaking, they were recorded in quite different weathers with 

various levels of haze. We contacted one of the principals of 

the website and some of the photographers. In the end, the raw 

haze images of eight cities were provided to us. 

Representative haze images are shown in Fig. 2, and the 

numbers of pictures in each city are listed in Table II. 

 

          (a) Beijing, MOS=1.625                         (b) Hangzhou, MOS=1.5  

 

          (c) Kunming, MOS=3.125                       (d) Lasa, MOS=2.625  
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TABLE II.  BASIC INFORMATION OF HAZE IMAGES TAKEN IN DIFFERENT CITIES IN THE HID 2016 DATABASE. 

City Beijing Hangzhou Kunming Lasa Shijiazhuang Taiyuan Tianjin Wuhan Total 

Number of photos 
taken 

41 40 41 40 41 34 41 30 308 

Number of photos 

tested 
41 40 41 38 38 33 41 29 301 

Subjective rating 

range 
[1.625, 5] [1.5, 4.625] [3.125, 4.813] 

[2.625, 

4.875] 
[1.063, 2.25] [2.25, 4.188] [1, 4.813] [1.563, 4.438] [1, 5] 

(e) Shijiazhuang, MOS=1.0625 (f) Taiyuan, MOS=2.25

(g) Tianjin, MOS=1 (h) Wuhan, MOS=1.5625

Fig. 2.  Representative haze images in the HID2016 database. 

2.B. Environmental Index

The contribution of HID2016 is that we also provide

environmental indexes for each image, such as air quality 

index (AQI), fine particulate matter (PM2.5) index and 

inhalable particles (PM10) index, to explore the relationship 

between haze image quality and air quality. Taking Beijing as 

an example, the AQI, PM2.5 and PM10 values of 41 photos 

captured in 41 continuous days are shown in Fig. 3.    

Fig. 3.  Environmental indexes for pictures taken in Beijing. The lower the 

index values are, the better the air quality is. 

In fact we downloaded historical weather data [20] for each 

of the picture in the database and performed some analysis on 

them. Detailed information about their relationship will be 

provided in section IV. 

III. SUBJECTIVE EXPERIMENTS

To build a haze image database for blind IQA, we need to 

develop subjective experiments on image quality. Both the 

International Telecommunication Union-Radiocommunication 

(ITU-R) [21] and European Broadcasting Union (EBU) [22] 

released protocols on subjective assessment based on a 

psychology testing mechanism. In this paper we use the ITU-

R_BT.500-11 protocol to build up the haze image subjective 

quality evaluation database. 

3.A. Setup

The laptop model used for subjective testing is Sony VAIO

VPCEG-211T with a preset resolution of 1366×786 and 100% 

luminance. The distance between subjects and the display 

screen was twice as the height of the laptop screen. 

Due to photography angle deviation or image damage, 

seven captured photos are excluded from our experiments. The 

final total number of tested pictures is 301, and the number of 

tested image for each city is listed in Table II. Because the 

photos were taken by different photographers, the camera 

specifications and models are quite different. Some of the 

pictures were saved in raw format, and some others were not. 

Besides, the resolutions of the photos were not unified. To 

display them properly, all the photos were saved as bitmap 

format and were resized to fill the full screen of the laptop.  

3.B. Subjects

There are sixteen subjects involved in the study. Among

them, twelve testers are female and the other four are male. 

All of them are undergraduate students in Shenzhen 

University, and none of them is specialist in the image 

processing field.  The testers range in age from 20 to 30 and 

their visual acuity and color vision are normal. 

3.C. Test Method

Four test methods are recommended by the ITU-R_BT.500-

11 protocol. Here we use the single-stimulus (SS) method. The 
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testing process includes: 1) Provide test instructions to the 

subjects; 2) Show a single test image to them (no reference 

image provided); 3) Ask the subject to evaluate the test image; 

4) Repeat steps 2 and 3. It is suggested by the protocol that the 

testing process should last no more than half an hour, and the 

testing images should be displayed in a random order. When 

the whole test procedure is over, the mean opinion score of 

each image is calculated.  

Figure 4 shows the display process of the SS method, where 

T1 and T2 equal to ten seconds, and T3 lasts 3 seconds. No 

picture but gray background is shown during T1 and T3 

periods, and a haze test image is shown during T2 period. 

Then, an evaluation score is given by the tester during T2 and 

T3 period. 

 

T1 T2 T3
Evaluation

 
Fig. 4.  Flowchart of the SS subjective test. 

 

In the ITU-R_BT.500-11 protocol, there are five grades of 

evaluation indicator. Aiming at evaluating our special objects, 

i.e., haze images, new judgement criteria are added and listed 

in Table III. 

TABLE III.  ITU-R QUALITY, IMPAIRMENT SCALES AND SUPPLEMENTARY 

SCALES FOR HAZE IMAGE. 

Scale Quality Impairment Judgement 

5 excellent imperceptible no haze 

4 good 
perceptible, but not 

annoying 
almost no haze 

3 fair slightly annoying slight haze 

2 poor annoying moderate haze 

1 bad very annoying heavy haze 

IV. PRELIMINARY RESULTS AND ANALYSIS 

As mentioned in Section 2.B, we are interested in exploring 

the relationship between subjective score and environmental 

index for haze images. As a preliminary study, here we simply 

use the degree of fitting between MOS values and 

AQI/PM2.5/PM10 values as a comparison indicator.  

A three-order polynomial function is adopted as the fitting 

function. The calculated R-square coefficient is in range [0, 1]. 

The larger the value is, the better the fitting degree is. Taking 

Beijing as an example, the fitting curve for MOS and AQI 

index is illustrated in Fig. 5, and the comparison results of 

fitting degree for all the cities are listed in Table IV. 

Fitting Curve
(AQI, MOS) pair

AQI

MOS

 
Fig. 5.  Scatter plot of MOS vs. AQI for Beijing, using three-order polynomial 

function as fitting curve. 

TABLE IV.  COMPARISON RESULTS OF FITTING DEGREE BETWEEN 

SUBJECTIVE SCORE AND ENVIRONMENTAL INDEX. 

City AQI 
Rank 

AQI 
PM2.5 

Rank 

PM2.5 
PM10 

Rank 

PM10 

Beijing 0.7224 1 0.7819 1 0.5282 1 

Hangzhou 0.4749 2 0.4912 4 0.2930 4 

Kunming 0.3036 4 0.4191 5 0.2160 6 

Lasa 0.0575 8 0.0481 8 0.0887 8 

Shijiazhuang 0.1574 7 0.1769 7 0.0975 7 

Taiyuan 0.2728 5 0.5187 2 0.2489 5 

Tianjin 0.4358 3 0.4972 3 0.3498 2 

Wuhan 0.2723 6 0.3380 6 0.2995 3 

 

    From the results in Fig. 5 and Table IV, we observe several 

facts in order. First, the MOS indexes in the HID2016 

database keep a roughly negative correlation with the AQI 

index. Although it is not shown here, this accordance 

commonly exist for PM2.5 and PM10 indexes of Beijing, and 

the conclusion fits several other cities in the database. Second, 

comparing to AQI and PM10, the relationship between MOS 

and PM2.5 values is easily fitted by three-order polynomial 

functions, except for Lasa. The comparison results among 

AQI, PM2.5 and PM10 are shown in Fig. 6. Third, the fitting 

degree of Beijing is constantly better than other cities, and 

those of Lasa and Shijiazhuang are stably in the bottom. As 

for the performance difference, one possible reason is that the 

subjective rating range for Beijing is broader than those for 

Shijiazhuang and Lasa, as shown in Table. 2. The limitation of 

the sample range results the difficulty to find regularity from 

the data. To observe intuitively, in Fig. 7 we illustrate small 

version of the haze images in these three cities during forty 

continuous days. 

The 14th International Meeting on Fully Three-Dimensional Image Reconstruction in Radiology and Nuclear Medicine

828



Fig. 6.  Comparison results of R-square coefficients between subjective 

evaluation score and environmental indexes. 

From Fig. 7 we can see that the air quality in Beijing in the 

shooting period varied dramatically, and the air quality in 

Shijiazhuang and Lasa remained at a very bad or good level, 

respectively. These phenomena are quite consistent with the 

changing tendency of the subjective evaluation results. 

(a) Beijing 

(b) Shijiazhuang

(c) Lasa

Fig. 7.  Comparison of haze images in different cities [19]. 

Besides the sample range, another possible reason for the 

poor performance in Lasa might be the fact that the shooting 

position and focal length of the camera changed relatively 

greatly than other cities.  As shown in Fig. 7 (c), the shooting 

position in the fifth row, fourth column is quite different from 

others. Although we already removed this picture from the 

subjective evaluation experiment, the similar problem exists 

for the rest of this group of pictures. By watching carefully, it 

is easy to find that the size of the foreground (i.e. the mountain) 

changed occasionally in different recording dates.    

V. CONCLUSIONS

In this paper we built a haze image database and performed 

preliminary studies. First, we collected haze images to 

evaluate their image quality. Second, subjective evaluation 

tests were developed to provide benchmark for objective blind 

IQA on haze images. Finally, we analyzed the experimental 

data and revealed some implicit relationships between 

subjective scores and environmental indicators.  

It should be pointed out that the current study is quite 

preliminary and there are a lot of further work need to be done 

in the future. For example, the performance of different blind 

IQA metrics needs to be evaluated in the HID2016 database. 

Furthermore, the correlation between subjective evaluation 

results and environmental indexes should be thoroughly 

studied. We will keep improving the database so that in the 

near future a stable version could be provided for the public to 

download.   
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