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Abstract: Obtaining clear and true images is a basic requirement for agricultural monitoring. However, under the influence of
fog, haze and other adverse weather conditions, captured images are usually blurred and distorted, resulting in the difficulty of
Traditional image dehazing methods based on image enhancement technology can cause the loss of image
In order to address the above-mentioned problems caused by traditional image dehazing

target extraction.
information and image distortion.
methods, an improved image dehazing method based on dark channel prior (DCP) was proposed. By enhancing the brightness
of the hazed image and processing the sky area, the dim and un-natural problems caused by traditional image dehazing
algorithms were resolved. Ten different test groups were selected from different weather conditions to verify the effectiveness
of the proposed algorithm, and the algorithm was compared with the commonly-used histogram equalization algorithm and the
DCP method. Three image evaluation indicators including mean square error (MSE), peak signal to noise ratio (PSNR), and
entropy were used to evaluate the dehazing performance. Results showed that the PSNR and entropy with the proposed
method increased by 21.81% and 5.71%, and MSE decreased by 40.07% compared with the original DCP method. It
performed much better than the histogram equalization dehazing method with an increase of PSNR by 38.95% and entropy by
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2.04% and a decrease of MSE by 84.78%.
monitoring.

The results from this study can provide a reference for agricultural field
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enhancement for agricultural monitoring.

1 Introduction

Accurate agricultural monitoring are of great
importance for conserving resources, reducing pollution, improving

1 With the rapid development of

systems

the environment and efficiency
machine vision technology, high-definition images have been
increasingly used for accurate monitoring of crop growth status and
field conditions. However, under the influence of fog, haze and
other adverse weather conditions, images are usually degraded.
The degraded images may become grayish white with low
contrast”. They also contain less information than the images
captured in ideal conditions, making difficulties for feature
extraction and other usage. It is important to dehaze images taken
under the conditions of fog and haze for environmental
improvement, disaster prevention and mitigation, and yield
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Therefore, image dehazing has a wide range of
[4.5]

monitoring®!.
practical applications and has received increasing attention

At present, many researchers in various fields have carried out
studies on image dehazing. Related research methods can be
divided into two categories: image enhancement and image
restoration®. Image enhancement improves the image quality by
enhancing the degraded image, and histogram equalization was
commonly used in this category. For example, Zhang et al.l”
achieved image dehazing based on the histogram equalization;
Yang et al.® proposed an image dehazing algorithm with
luminance mapping; Li et al.”! proposed an infrared image
enhancement method based on the haze removal model, combining
the characteristic of the infrared image to improve the visible light
dehazing enhancement method. These methods can enhance the
contrast of the images, but for more complex images, they may
cause the loss of image information, resulting in image distortion'*.
These methods did not meet the requirements for areas where
image accuracy and clarity are demanded. Based on the method
of image restoration, the image degradation model was established
according to the law of atmospheric scattering, and by reversing the
deduction, the original image was restored!'®'").  For example, He
et al.l'? proposed a novel haze removal algorithm based on dark
channel prior (DCP). This algorithm could add the depth of field
information to make the image more realistic. Many
improvements have been made to the method!*'”. Hu et al.2”
proposed an image dehazing algorithm based on an atmosphere
scattering approximation model; Ding et al.?'! proposed an
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effective DCP algorithm based on image dehazing using quad trees;
Wang et al?? proposed an improved single image dehazing
algorithm using DCP; Wang et al.”® used a physical model to
explain the objective rationality of the DCP method.

Although these improved methods based on DCP algorithm
have achieved good results in diverse environmental conditions,
limited research has been conducted for agricultural field
monitoring. There are a couple of reasons for this. First,
agricultural field monitoring is in a complex non-structural
environment, which is greatly affected by geographical and climate
factors.  Especially in the foggy and hazy weather, image
enhancement technology cannot effectively remove the fog,
resulting in the loss of image information and image distortion.
Therefore, this technology cannot be applied in agricultural
monitoring. Second, traditional image dehazing methods cannot
add image depth information, which results in the lack of necessary
three-dimension sense. To address the image dehazing needs for
agricultural monitoring systems, it is necessary to identify
appropriate image dehazing software and techniques. The objective
of this study was to propose a new image dehazing method that can
meet the imaging needs of agricultural monitoring systems.

2 Materials and methods

2.1 Materials
2.1.1 Imaging system

All the images were captured using a webcam. The frame of
the image acquisition system can be seen in Figure 1. The system
was developed using Microsoft Visual Studio 2008 (Microsoft
Corporation, Redmond, Washington, USA).  The YW7600
high-definition net cam (Yiwei Ruichuang Science and Technology
Limited Company, Shenzhen, Guangdong, China) with a resolution
of 704x576 pixels was selected as the webcam. The rotation
range of the camera is 0-360° horizontal and 0-90° vertical, and the
frame rate is 25 fps. Its main functions include remote connection,
line-of-sight stacking, and pan/tilt/zoom (PTZ) control. Based on
this webcam platform, real-time monitoring of all farmland within
the range covered by the camcorder can be realized.

Client bridge
client bridge
Fixed IP direct  Fiber direct ) mode
connection access Access paint ap " /0 Baniera
@7__ = mode ((l
YW7600  Switch i)
network camera )))
[] Client bridge
- client bridge
i mode

Usercopzputer 1 - Camera
terminal "
«

Figure 1 Agricultural network access platform

All of the algorithms in this study were carried out on a laptop
with the Intel i5 processor, 4G memory equipped with Windows 7
system. The algorithm running environment was Matlab 2015a
(MathWorks, Natick, Massachusetts, USA).

2.1.2  Study sites

In order to verify the effect of image dehazing in this study, 20
images groups captured in different days were selected from the
Baishui Apple Test Station, the Shanyang Chestnut Walnut Test
and Planting Station, and the Gaoping Modern Agriculture Park, all
located in Shaanxi Province. The sunny haze-free images from
three test stations in different days at different times were selected
as reference images to verify the effect of the image dehazing

algorithm. The basic information of the test images can be seen in
Table 1.
Table 1 Basic information of the test images

No. Test stations Ngmber of  Haze Time
images level

2016-12-29 11:18:25
2017-01-01 08:43:44

2016-12-16 11:52:33

Groupl:

Group2: 50 16-12-15 15:35:04

Baishui Apple Test . . 2016-12-16 07:49:14

1 Station 10 Serious  Group3: 16 15 16 11:52:33
Ground: 2016-12-15 09:56:08

P% 2016-12-15 13:24:36

Grouns.  2017-02:23 12:00:51

P25 2017-02-23 10:07:15

Shanyang Chestnut Groung,  2016-12-15 13:23:25

2 Walnut Test and 4 General P 2016-12-15 09:55:36

Planting Station Group7: 2016-12-31 07:13:57

2016-12-31 07:38:38
2017-02-04 15:04:12

2017-01-01 16:37:58
2017-02-04 15:04:12

2017-02-23 10:05:43
2017-01-20 10:23:14

Group8:

Gaoping Modern

Agriculture Park 6 General Group9:

Group10:

Portions of the test images obtained are shown in Figure 2.
Figure 2a shows an example image when the test station was sunny
without haze and Figure 2b shows an example image with fog and
haze in the test station. The average light intensity of the three
test stations was low, whereas the haze in the Baishui Apple Test
Station was more serious. Since several groups of images were
affected by haze, they were all blurred, making it difficult to
observe. Moreover, because of the lack of light in winter, foggy
haze in some areas was serious. Even without haze or with slight

haze, image clarity was reduced by the impact of light.

a. Image without haze

b. Degraded image with haze

Figure 2 Comparison of images in the Gaoping Modern
Agricultural Park in Shaanxi
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2.2 Methods
2.2.1 Image dehazing algorithm based on DCP

According to Koschmieder's theory®", in computer vision and
computer graphics, the fog pattern formation model can be
described by Equation (1):

I(x)=J(x)t(x)+ A1 —t(x)) )
where, x refers to a pixel block of the image; / refers to intensity of
the observed image; J refers to intensity of the scene light; and 4
refers to global atmospheric light composition. ¢ is used to
describe the non-scattered part of the light through the media
transmission to the camera.

The goal of image dehazing is to derive J from 4, ¢ and I
Since it cannot be obtained directly by Equation (1), He et al.'?!
proposed an image dehazing method based on DCP. Equation (1)
can be changed into Equation (2):

I(x)/ A" =t(x)J(x)/ A +1—t(x) 2)
where, A° represents each channel of the global atmosphere light
component; [ represents the intensity of the image observed for
each channel; and J° represents light intensity of each channel.

For any input image J, its dark channel J**is expressed by
Equation (3):

J“*(x) = min ( min }J‘(y)) 3)

yeQ(x) cefr,g.b
where, J° represents each channel of the color image and Q(x)
represents a window centered on pixel X.
The DCP theory points out that J°s dark primary colors J%*
should tend to 0. According to the above definition, Equation (4)
is obtained:

J* () = min[ min (J*(y))] =0 @
Therefore, Equation (5) can be obtained:
min [min(J*(y)/ 4%)]=0 ()
yeQ(x c

Assuming that the transmittance #(x) is constant in each
window and defined as #x). And the value 4 is given. Then

the minimum value is calculated twice for Equation (2) to obtain
Equation (6) and Equation (7):

min(Z°(x)/ 4°) = #x)min(J*(x) / 4°) +1-Px)  (6)
}T}zi(ll)(min I°(y)/ A°) = x) Hg(ll)(min J(¥) ] A)+1=x) (7)

Substituting Equation (5) into the Equation (7), Equation (8)
can be obtained:

Hx)=1-w ;Igzi(rl)(min I(y) ] 4) ®)

where, #x) is the estimated value of transmittance;  is the
information with fog, whose assignment affects the final image of
the dehazing effect. It can make the image look more real, with
the depth of field effect and it generally takes the value of 0.95.

If the value of the pixel transmittance #(x) of a pixel in the
transmission map is small, it will cause the value of J to be too
large, so that the whole image is excessively white. Therefore, a
threshold value 7, can be set. When #(x) is less than ¢, let t=t,.
According to Equation (1), if the threshold is set to be #,, the final
recovery Equation (9) will be:

J(x)= -4 )
max(¢(x),t,)
where, #, generally takes the value 0.1.
2.2.2  Improved method

The image dehazing method based on DCP would result in

images that are darker than the actual images, and the effect of the

sky part would not be good enough. To solve the problem, this
study improved the above algorithm. The dehazed image J(x) was
highlighted and the sky section was processed. The formula for
the image highlighted is shown in Equation (10):
Tx)=Jx)+(1-J(x)xJ(x) (10)
where, both J and T are normalized images. Their values belong
to [0,1]. T 'is the highlighted image and J(x) is the dehazed image.
In order to control the bright effect of the dehazed image, a
control parameter K is introduced. It can control the strength of
brightness increase as shown in Equation (11). The larger the
value of K is, the brighter of the image will be. When K=0, the
image is not highlighted. =~ When K=1, the image is fully
highlighted.
Tx)=J(x)+(A-J(x)xJ(x)xK (11)
To handle the sky element, a controllable parameter M was
added to adjust the transmittance at each pixel:
T(x)—A4

F(x)= 7 +4 (12)
min(max(———,1) - max(¢(x),z,),1
(man( e oD max (.0,
where, the value of M is showed in Equation (13):
[T(x)—A|<M
M=#0
|[T(x)—AP> M (13)

M=0

Generally, the value of atmospheric light 4 and the sky part is
very close. The area that follows DCP is far from the sky. So
the threshold M is introduced to detect whether the region is sky.
If M is not 0, when |T(x)-A4|<M, it means that I(x) is close to the
atmospheric light A. So this area may be the sky. Then the
transmittance increased. If |7(x)—A>M, it is considered to be
consistent with DCP, so the transmittance is unchanged. If M is 0,
it corresponds to the original transmittance formula. Experiments
have showed that the general value of M is 0.1.

Based on the theory above, the dehazed image based on DCP
is first highlighted according to Equation (11), then the sky area is
processed according to Equation (12). Several images from the
Shanyang Chestnut Walnut Test Station captured on December 31,
2016 were selected as an example. The dehazing effect is shown
in Figure 3. Figure 3a shows the original image with fog. It can
be seen that the information in the image was greatly degraded by
the influence of haze. Figure 3b shows the dehazed image by
directly applying DCP. The image was generally dim by using
this method. Figure 3c shows the highlighted image by adding
image enhancement technology. The image’s brightness was
significantly enhanced, but the sky area was seriously distorted.
Figure 3d shows the result after processing the sky element. The
final processed image was closer to the real sky. So the overall
effect was better.

2.3 Evaluation indicators of dehazing effect

In order to examine the performance of the proposed method
objectively, three image indicators including mean square error
(MSE), peak signal to noise ratio (PSNR), and entropy were used
to evaluate the image processing effect’®. To verify the
performance of the proposed method, it was compared with He’s
DCP image dehazing method and the conventional histogram
equalization method.

MSE is the mean square error, indicating the difference
between the processed image and the reference image.
the value is, the closer the image is to the reference image, as
shown in Equation (14):

The lower
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b. Direct image dehazing with DCP

$-12-3) 07 ¢ FETEN

d. Image with processed sky element
Figure 3 Comparison of dehazed images with DCP and the

proposed method

MSE:ZZv(f(x,y)—fA(x’y))z/NYNy (]4)

x=1 y=1
where, f{(x,y) is the pixel value of each pixel block for the image.
In this paper, it represents the pixel value of the corresponding

reference image; J (%)) is the value of each pixel block for the
processed image. N, and N, represent the number of rows and

columns of the image matrix respectively.

PSNR is the peak signal to noise ratio, which indicates the
ratio of the maximum value to the noise of the image signal. The
larger the value is, the smaller the interference of the image by the
noise and the better the image quality is. The formula is shown in
Equation (15):

PSNR =20-log,,(255/ MSE) (15)

Entropy is the two-dimensional information entropy of the

image. The formula is shown in Equation (16):
255

H=;p,~,- log p, (16)

where, i represents grayscale value and j represents the mean of
horizontal gray scale. The range for i and j is [0,255]. p;
represents the probability that the pixel block of gray scale i is
adjacent to the pixel block with gray scale j. The formula is
shown in Equation (17):

py=fG.))/ N’ (17
where, f{(i,j) is the frequency of the characteristic binary (i,j). The
two-dimensional information entropy of the image reflects the
average amount of information in the image, the value range is

[0,8]. The larger the value is, the more uniform the gray value of
the image is.

3 Results and analysis

3.1 Results

In order to verify the effectiveness of the proposed method, the
test images were processed and compared the obtained results with
image dehazing based on DCP and histogram equalization. The
comparison results are shown in Figure 4. The images in column
(a) are the original images with fog. The images in columns (b),
(c) and (d) are the dehazed images based on DCP, histogram
equalization, and the proposed method respectively. The images
in column (e) are the reference images. For the processed images
using the proposed method, ¢, in Equation (7) was set to 0.1 and @
in Equation 6 was set to 0.95. The three indicators for the three
dehazing methods are shown in Figure 5.
3.2 Analysis
3.2.1 Comparison of evaluation indicators

As is illustrated in Figure 5, values of 3 evaluation indicators
from 9 groups of images are calculated using 3 different methods.
Then the evaluation indicators of the 9 images obtained by each
method are averaged. According to the data, it can be seen that
the MSE for the proposed method was 40.07% lower than that for
the DCP method and 84.78% lower than that for the histogram
equalization method. The PSNR for the proposed method was
21.81% higher than that for DCP and 38.95% higher than that for
histogram equalization. The proposed method had entropy that
was 5.71% higher than DCP and 2.04% higher than histogram
equalization.
proposed method.
3.2.2 Comparison between proposed method and two other
methods

In Figure 4b, the reconstructed images obtained by the direct
dehazing DCP method were much darker than the original images.

All three indicators show the superiority of the

The dehazing effect was different from the human visual effect,
and there was an obvious deficiency in the treatment of sky area.
It can also be seen from Figure 5a that the average MSE obtained
by the direct DCP method was larger than that of the proposed
method in this paper. As shown in Figure 4d, the brightness of
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the images was obviously enhanced after the images were contrast, uniform brightness, and natural sky in line with human
brightened and the sky area was processed. The non-sky area was visual effects. The proposed method can be used for image
significantly improved. The final recovered images had a high dehazing for agricultural monitoring.

BT =51 =T1 Q8304 T-81-01 O8vasdd o g ) FOTT-0T-81 S8 4504 RS E TR ER Y DT

d2 E2

BO18-13-08 0Fdd1d g I 5000-13-18 07108104
_ ) |

b5

8i8-13-15 13133138 saigmisatanas 2t - 3010-03-1% 13133138

d9
Figure 4 Comparison of al-a9 original images with fog, b1-b9 dehazed images based on DCP, c1-c9 dehazed images based on histogram
equalization, d1-d9 dehazed images based on the proposed method, and e1-e9 reference images

As can be seen from Figure 5, the MSE obtained by histogram equalization method was large. The distortion on the images was
equalization was significantly larger than those for the other two obvious and histogram equalization cannot be directly used for
methods, indicating that the image error using the histogram image dehazing for agricultural field monitoring.
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Figure 5 Evaluation of three dehazing methods using three
indicators

3.2.3 Effect of haze and light on image dehazing results

As illustrated in the Figure 5, in general, the higher the haze
level is, the higher the MSE and the lower the PSNR and Entropy
of the dehazed images is, obtained by the three different methods.
In addition, under the same condition, the MSE using on the
proposed method is generally lower than the other two methods and
PSNR and Entropy are generally higher.

For the first four groups of images, as air pollution in the
Baishui station was more serious, the reference images and the
images with fog were subjected to a high degree of noise
interference. The dehazed images still had a large distortion so
that the three indicators of the images did not reach the desired
results.

For the sixth group of images, in addition to the influence from
fog, the inference of the sunlight on the images was also great.
After the image was brightened and the sky area was processed, the
image looked more in line with the visual effect. However, the
difference with the reference image increased, so the MSE for the
proposed method was larger than that for the DCP method.

4 Conclusions

In order to solve the problems associated with traditional
image dehazing methods for agricultural monitoring, an improved
DCP algorithm was proposed in this study. With the improved
method, the image distortion after processing was small. By
comparing the processed images with the pre-selected reference
images, it was found that the three evaluation indicators for the
processed images obtained by this method were obviously
improved. The main conclusions from this study are as follows:

1) The resulting image using the original DCP dehazing
algorithm is usually dark with the distorted sky area. The
proposed image dehazing method based on DCP and brightness
enhancement can resolve the problems.
have high contrast, uniform brightness, and natural-looking sky in

The processed images

line with human visual effect. The proposed method decreased
MSE by an average of 40.07% and increased PSNR by an average
of 21.81% and entropy by an average of 5.71% compared with the
original DCP method. It outperformed the histogram equalization
dehazing method with an average decrease of MSE by 84.78% and
an average increase of PSNR by 38.95% and entropy by 2.04%.

2) Serious haze will significantly increase the noise in the
image and affect the image with fog. Therefore, the MSE
between the resulting image and the reference image can vary.
Sunlight will interfere with the fog, resulting in some differences
between the reference image and the dehazed image.
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