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An Auto-Exposure (AE) algorithm based on image big data and infor-
mation entropy is proposed. On the basis of the traditional algorithm for 
automatic exposure adjustment based on image brightness, image big data 
analysis is introduced for the first time. Through the combination of am-
bient luminance evaluation and image information entropy, the dimension 
of information acquisition of the automatic exposure system is improved, 
thus improving the image effect and scene adaptability of the camera. 
Especially in high dynamic range scenes, compared with the traditional 
algorithm, the effect is significantly improved.    
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1. Introduction

With the rapid development of today’s society 
and the progress of science and technology, 
the need to ensure social security and the 

safety of people’s travel has become increasingly prom-
inent, and the intelligent security industry has gradually 
entered into people’s vision. As the main front-end ac-
quisition equipment in the field of security monitoring, 
digital cameras are the foundation and premise of all 
subsequent security functions. Only by continuously 
improving the image effect and collecting more abun-
dant information can the functions of back-end image 
analysis and identification be effectively realized. As 

the core function of determining the image effect, the 
AE of the camera occupies an increasingly important 
position. The principle of AE is to dynamically control 
and adjust the camera’s exposure time, gain of the cam-
era according to the brightness information of the digi-
tal image received by the image sensor, so as to achieve 
the image brightness effect suitable for human eyes’ 
senses. The feasibility of the AE algorithm described in 
this paper has been fully verified in cameras in the field 
of intelligent traffic and monitoring such as the solution 
of the Hisilicon 3559A processor matched with Sony 
CMOS sensor IMX305, and remarkable results have 
been achieved. 
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2. Research Background

For the AE algorithm of the camera, the traditional re-
search direction is based on the average brightness of the 
image[1] or the weighted average brightness based on the 
region of interest (ROI)[2], as the photometric reference of 
the image, or based on the method of dynamic adjustment 
of the image information entropy to obtain the maximum 
value[3] as the target of AE. However, camera equipment 
in the field of intelligent security is widely used in indoor 
and outdoor scenes with various brightness, contrast and 
dynamic range, and the above methods have obvious 
problems in scene adaptability. 

(a) AE effect of average brightness statistics

(b) AE effect of ROI weighted brightness statistics

Figure 1. Defects of Traditional AE Mode Based on Im-
age Brightness in Different Scenes

 

(a) Pictures of different exposures in the same indoor 
scene

(b) Information entropy corresponding to the picture

Figure 2. Statistical Results of Traditional AE Algorithm 
Based on Image Information Entropy

Figures 1 and 2 are typical scene pictures captured by 
current security cameras. Figure 1(a) shows the effect of 
AE algorithm using the global average brightness mode. 
In a high dynamic range scene, the average brightness of 
the image is increased due to the high brightness of the 
background, the foreground picture is too dark, and the 
details are difficult to be clearly displayed. Figure 1(b) 
shows the effect of AE algorithm based on ROI weighted 
brightness statistics. Since the pavement texture is rich, 
it is selected as the area with larger ROI weight, which is 
the main reference for AE adjustment. Moreover, due to 
the fact that the road surface is in the shadow range, the 
average brightness of ROI is low, therefore, the overall 
brightness of the image is improved, resulting in serious 
overexposure of background plants and loss of effective 
information. Figure 2(a) shows the images captured in an 
indoor monitoring scene with the exposure value from 
low to high. Figure 2(b) shows their corresponding image 
information entropy. According to the traditional informa-
tion entropy maximum algorithm, the ninth picture in fig-
ure 2 (a) should theoretically be the optimal effect of AE 
adjustment, but in the actual use process, after the long-
term testing, the seventh picture takes into account both 
the indoor scene and the information outside the window, 
and is most in line with human eyes’ senses in terms of 
brightness and visual effect. In other words, in terms of 
visual effect, the image of the maximum information en-
tropy is not necessarily the most suitable for human eyes’ 
senses. 

In addition, image big data has been gradually ap-
plied in the image processing of the traffic field, which is 
mainly reflected in the extraction of illegal or violation 
information from captured images, thus maintaining urban 
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traffic safety [4]. However, there are still some gaps in the 
fields of mining images themselves and the combination 
of AE algorithm and big data.

3. Methods 

Aiming at the adaptability defects of the traditional AE 
algorithm, this paper proposes an AE algorithm based on 
image big data and information entropy. The basic idea 
of this algorithm is to raise the dimension and add the 
ambient luminance evaluation index on the basis of the 
evaluation of the image by the traditional AE algorithm, 
so as to dynamically adjust the brightness weight of each 
gray level pixel in the image histogram area and obtain 
the weighted image brightness. At the same time, using 
the information entropy evaluation method [5] and the 
analysis and mining of large image data, the optimal pa-
rameters are obtained. The brightness of the set AE target 
is adjusted, and then the magnitude and direction of expo-
sure are determined according to the relationship between 
image brightness and target brightness, thus achieving 
the purpose of AE adjustment. We have collected about 
3 million pictures captured by monitoring and intelligent 
traffic cameras in different locations across the country 
under different climates, environments and light intensi-
ties, forming a large data set of pictures for typical scenes 
of intelligent security monitoring for the determination of 
subsequent algorithm parameters. The basic flow of the 
algorithm is shown in Figure 2. 

Figure 2. Algorithm flow chart

First, based on the continuity of camera frame informa-
tion and illumination[6,7], the information of the Nth frame 
can be used as the basis for calculating the exposure value 
of the N+1th frame. From the image brightness histogram 
hist, the probability p(i) of obtaining the i-th histogram is: 

 (1)

In an 8-bit digital image system, the value range of i 
is from 0 to 255, h and w are the height and width of the 
image respectively, and then the information entropy E of 
the frame image is obtained according to the information 
entropy calculation formula: 

 (2)

The average brightness of an image can be obtained by 
the following formula: 

 (3)

Image information entropy can reflect the richness of a 
frame of image information. In theory, the human visual 
effect should be optimal for the frame with the largest 
information entropy. However, through the analysis of 
large image data and the contrast test between image in-
formation entropy and human eyes’ senses, we have come 
to the conclusion that there is a certain deviation between 
the information entropy optimal image and the human 
eyes’ senses optimal image. This is because the image in-
formation entropy is greatly affected by the image texture 
richness, noise and other factors[8], while the human eye is 
less affected.

Based on the mining and sorting of large image data, 
we have made a series of attempts in the direction of AE 
adjustment guided by the mixture of target brightness 
and information entropy. Finally, we have worked out 
an optimization scheme, which is based on the image in-
formation entropy E, the new image target brightness is 
obtained according to the system target brightness input 
from outside and the image information entropy threshold 
value : 

 (4)

In the formula,  is the weight of target brightness com-
pensation,  is the unit of image information entropy calcu-
lation and  is the target entropy value. In order to reduce 
the number of parameters,  is uniformly set to 128 at the 
time of data capture to keep the image from being darker 
in each scene. Based on formula (4), it could obtain that 
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 (5)

Among them, t=Euint/lunit. The determination of the 
above parameters is completed through the strategy of 
data iteration. Based on the big data set of images of 
typical scenes in intelligent security, we first carry out 
pre-processing operations such as image scaling to reduce 
the image size and facilitate processing while preserving 
histogram information. Then, according to the optimal 
effect periods of different cameras, the data set is divided 
into two subsets A and B, A is the collection of captured 
pictures within the optimal effect period of each camera, 
with about 1.8 million pictures and B is the set of pictures 
to be optimized, with about 1.2 million pictures. In the 
data collection, 20,000 pictures are randomly selected to 
form sub-data sets a and b as initial data sets for image 
analysis. After the data set is determined, the images in 
the set are first analyzed to obtain the target information 
entropy Ea, and then the data set b is mined and sorted to 
start the iteration of parameters. The specific process is 
as follows: For recording each picture Lin in the b set, the 
initial value of t is set to 1/10000, and the initial value Eth 
is set to Ea, and substitute each parameter into formula 
(5) to obtain a new Ltar. As the exposure time and gain of 
the image are approximately linear with the brightness 
of the image, we use python language to perform linear 
processing in pixel domain for the picture in b, Ltar is the 
brightness of the image. As the next iteration, Ltar is as Lin. 
The Ltar difference between the previous and the following 
two iterations is gradually reduced through the iterative 
process of adjusting the parameters, so as to achieve the 
purpose of convergence. In the process of convergence, 
the parameters are substituted into data set a for correction 
of Eth after each of the iteration. After the evaluation func-
tion has fully converged, gradually increase the number of 
samples of data sets a and b and fine-tune the parameters 
until the function convergence requirements of the whole 
data sets A and B are met. According to our experimental 
results, the parameters begin to converge in the second 
round of iteration and reach basic stability in the seventh 
round. Finally, lunit=2, Euint, is 3500, and Eth is 2.9*105, 
which are taken as the fixed parameter of formula (4) for 
the calculation of target brightness. 

Next, according to the exposure time S and gain G of 
the current system, using the input target brightness Lin 
and fixed basic target brightness Lbase of the system, as 
well as the maximum exposure time Smax and maximum 
gain value Gmax of the system, the external environment 
brightness proportion value  of the current frame can be 
obtained: 

 (6)

The Lbase here is 100. Since the exposure time S cannot 
be 0, it can be seen from the formula that the value range 
of ft is (0, 1]. The larger the ft is, the smaller the brightness 
of the current scene is. According to the brightness coef-
ficient ft of the external environment, the ambient lumi-
nance factor fenv in the current scene is obtained: 

 (7)

fmin and fmax indicate the upper and lower limits of the  
fenv values, taking 0.3 and 0.7 respectively in practical ap-
plication. For brightness histogram, the lower the ambient 
luminance is, the greater the weight of darker part of the 
image should be to promote the AE system to adjust in the 
direction of increasing the image brightness. On the con-
trary, the greater the ambient luminance is, the greater the 
weight of highlighted part of the histogram should be. As 
shown in figures 4 (a) and 4 (b), for the scenes with dark 
and bright ambient luminance, there are histogram bright-
ness weight functions  and :

(a) the ambient luminance is darker

(b) the ambient luminance is brighter

Figure 3. Histogram Mapping Weight Curve in Different 
Ambient luminance
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According to the ambient luminance fenv, the formula 
can be used: 

Wf=Wd*fenv+Wb*(1-fenv) (8)
Calculate the fitted histogram brightness weight func-

tion Wf as the weight mapping basis for calculating the 
current image brightness, and then according to: 

 (9)

Obtain the final brightness value Lf of the current 
image. After the above steps, on one hand, we correlate 
the brightness of the frame image itself with the ambient 
luminance through the brightness weight Wf generated 
by the environmental luminance factor fenv to obtain the 
mapped image brightness Lf; on the other hand, we in-
tegrate the image information entropy into the AE target 
brightness and calculate the final target brightness Ltar 
generated by the combination of the two by using the pa-
rameters obtained by big data analysis. 

Next, compare Ltar and Lf , and calculate the exposure 
deviation ΔEXP according to the following formula as the 
adjustment target for the next frame: 

 (10)

Finally, according to the exposure adjustment formula 
ΔExp=ΔS+ΔGD +ΔGA , the increments of exposure time S, 
digital gain GD and analog gain GA of the camera system 
are dynamically allocated. The exposure increase is based 
on the principle of priority S>GA>GD; and the exposure 
decrease is based on the principle of priority GD>GA> S. 

6. Comparison Results

This algorithm has been applied and verified in the secu-
rity monitoring and intelligent traffic scheme based on Hi-
silicon 3559A processor and Sony IMX305 image sensor, 
as shown in Figure 4 

(a)                                          (b)

(c)                                          (d)

(e)                                          (f)

Figure 4. Comparison of effect between traditional AE 
algorithm and the algorithm in this paper 

(a), (c) and (e) of Figure 4 are effect diagrams of aver-
age brightness AE algorithm, ROI weighted AE algorithm 
and information entropy maximization AE algorithm re-
spectively, (b), (d) and (f) are the effect diagrams of AE 
algorithm in this paper. By comparing the pictures, it can 
be seen that the AE algorithm based on ambient lumi-
nance and image information entropy effectively solves 
the adaptability problems in the traditional AE algorithm, 
and can obtain better results whether dealing with wide 
dynamic, high contrast or scenes with rich details. 

7. Conclusion

This paper proposes a new AE algorithm based on image 
big data and information entropy. It is the first attempt 
to combine big data and automatic exposure algorithm, 
which provides a new direction for the development of 
AE algorithm. On one hand, the AE adjustment direction 
is guided by the combination of image information entro-
py and target brightness based on the mining and sorting 
of image big data; on the other hand, ambient luminance 
factor is introduced to assist image information statistics; 
at the same time, the exposure combination factor is dy-
namically adjusted to achieve the purpose of adjusting the 
exposure parameters in real time. The algorithm is easy to 
implement and has strong adaptability to scenes. In actual 
tests, it solves the adaptability defects of traditional AE 
algorithm, and can always maintain good image effect 
regardless of the changes of environment and dynamic 
range. The algorithm has been widely applied to the front-
end acquisition equipment in the field of intelligent secu-
rity and has broad commercial prospects. 
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