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Abstract: Because of the extensive flexibility and accuracy, visual navigation technology has been widely used in the field
of agriculture intelligent navigation, and many effective machine vision navigation application cases were developed. But
under the condition of heavy fog, visual navigation precision is greatly decreased and the processing time in the front image
is largely increased, which due to unable to obtain clear front image recently. If the front image interference by the fog is
bigger, and image enhancement and recovery effect is not obvious, then it will cause navigation function failure, which
results in unable to effectively positioning and navigation. And even it cannot work in serious. In order to solve this
problem, this paper proposed an agricultural robot visual de鄄hazing method based on image segmentation map. First of all,
this paper adopted the front end image blurring vision and regional segmentation, and got the atmospheric scattering function
prediction value based on the segmentation map through the image brightness information. Second, the method optimized
the atmospheric scattering function estimation value based on the orientation filter, which enhanced the image edge
information, and further improved the fog residual problem caused by the large sky background. Finally, the front鄄end
image de鄄hazing experiment was conducted based on the actual agriculture intelligent navigation platform, and the results
were compared with traditional de鄄hazing method. The results showed that the method had high precision and real鄄time
performance. The image de鄄hazing integrated indicators were improved by 28郾 9% and 29郾 1% respectively of two part of
the video, and the time consumption was improved by 34郾 4% and 53郾 9% respectively.
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0摇 Introduction

摇 With the rapid development of modern agriculture
intelligent cultivation technology, agricultural robots
are widely used in crop harvest[1], farming and
fertilizer[2] and fruits picking[3] as well as other
occasions, drastically rising the safety and efficiency of
modern agriculture[4] . Among them, the intelligent
agricultural robots based on machine view navigation
technology, because of easy operation and flexible
usage, have obtained rapid development and
application[5] . However, when operating under
complex weather conditions such as rain, snow and
fog, due to the degeneration of collecting images,

blurry contents, lower contrast ratio and other reasons,
leading to the accuracy reduction of path recognition,
severe cases can cause the disorder of control system,
cannot effectively work. Therefore, how to improve and
enhance the effectiveness of visual images under the
weather conditions (such as rain, snow and fog) is the
challenge and development bottleneck faced by visual
navigation robots at present.
摇 In recent years, the researchers introduce the
technology through image de鄄hazing technology into
visual navigation system[6], effectively improving the
operational accuracy of robot in rain, snow, and fog
weather. According to the implementation means of
image de鄄hazing, the current study methods can be



roughly divided into two classes[7]: one is the method
based on the traditional image enhancement, such as
Retinex algorithm[8] . The advantages of this kind of
method are it can make use of the existing image
enhancement processing method to highlight the target
features and information in images. But the method
neglects the causes of image degradation and loses
some useful information in the process of enhancing so
that the image is distorted. Another is the method
based on the physical model. This kind of method
analyzes the degradation mechanism in depth, builds
atmospheric scattering function model, and recover the
image before degradation through the function
inversion. Because this kind of method considers the
mechanism which fog causes image degradation, the
effect of image de鄄hazing is good, the conservation of
image information is intact[9] . Such as dark channel
prior method proposed by HE et al. [10], because of
this method using the statistical information of images,
implementing method is simple, de鄄hazing effect is
good, has become the research focus for the method
through image de鄄hazing at present. But the soft
matting process of this method increases the operation
loss of algorithm, cannot adapt to the instantaneity
demand from visual navigation system. On this basis,
the literature [11] puts forward to use the orientation
filter to replace the soft matting approach, but under
the condition of large area of the sky background, de鄄
hazing effect is poorer. Literature [12] by using
median filter to pre鄄estimate the atmospheric
dissipation function, effectively improving the defect of
soft matting, but the fuzzy problem of filter orientation
limits the improvement effect. Literature [13] mixes
the two kinds of methods together, achieving the dark
channel prior combined with Retinex, further rising the
effect of de鄄hazing. Although the present research
method improves the effect of image de鄄hazing and
provides the effective thinking, but loses partial
detailed information of the images after de鄄hazing,
especially at a large area of the sky background and the
combined part of the fog and target image, easily
causes the larger noise interference and reduces the
signal to noise ratio ( SNR ) of the image. It is
extremely adverse for the agricultural robot navigation
system which operating under a complex environment.
摇 In order to solve this problem, this paper puts

forward a kind of method ofde鄄hazing for agricultural
robot visual based on image segmentation mapping.
The close shot and distant view are segmented based on
the size of images containing fog, the atmospheric
dissipation function is preliminary estimated through
the brightness area爷 s subsection map, and the color
distortion problems caused by the traditional method of
de鄄hazing are corrected. Besides, the orientation filter
is adopted to optimize the atmospheric dissipation
function and enhance the edge information of images so
that the residual problems of de鄄hazing caused by large
area of sky background can be overcome. Finally, an
analysis of de鄄hazing is studied for the measured front
image containing fog based on the actual agriculture
intelligent navigation platform, and contrastive analyses
of the method and traditional method are made by
qualitative and quantitative de鄄hazing effect.

1摇 Traditional dark channel prior de鄄hazing

摇 According to the research of literature [10], the
atmospheric scattering model under the environment of
fog can be expressed as:

I(x) = J(x) t(x) + A(1 - t(x)) (1)
where I is haze image, A is the ambient light value of
whole image as global constants, J is clarity image
without haze, and t is media transmission image.
摇 In the research, HE et al. [10] pointed out that, for
any natural image J without haze, the dark channel
should meet

Jdark(x) = min(minJc(y))
y沂赘(x),c沂{ r,g,b}

寅0 (2)

where Jc(y) is one of R, G, B color channels, 赘(x)
is the neighborhood of pixel center and the transmission
value in its neighborhood is a constant, and 赘( x) is

denoted as 寛t( x). Both ends of Eq. 1 are minimized
simultaneously and the result can be shown as

min
y沂赘(x

(
)

min
c沂{ r,g,b}

Ic(y)
A )

c
= 1 + 寛t(x) +

min
y沂赘(x

(
)

min
c沂{ r,g,b}

Jc(y)
A )

c

寛t(x) (3)

摇 If A is the known constant, putting the Eq. 2 into
Eq. 3, the transmission value can be roughly calculated
as

寛t(x) = 1 - min
y沂赘(x

(
)

min
c沂{ r,g,b}

Ic(y)
A )

c
(4)

摇 Traditional method directly puts Eq. 4 into Eq. 1 to
conduct the inversion de鄄hazing process, this method
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leads to the obvious Halo effect and blocking effect.
HE et al. [10]put forwards to use soft matting algorithm
to optimize the effect of de鄄hazing well. Assuming that
ambient light value of Eq. 4 has the equal values at
each color channel, the mean value is A, then the
Eq. 4 can be further optimized as

寛t(x) = 1 - 1
A

min
y沂赘(x

(
)

min
c沂{ r,g,b}

Ic(y)
A )

c
=

1 -
Idark(x)

A
(5)

Eq. 5 is the widely adopted haze image dark channel at
present, and the size of its values is proportional to the
haze concentration. Through the definition of
atmospheric dissipation function, the following formula
can be obtained

V(x) = A(1 - t(x)) (6)
Idark(x) can be express as preliminary estimation value
of atmospheric dissipation function, therefore the
optimization problem of transmission image and
atmospheric dissipation function can be thought of as
equivalent. Through transmission image t(x) obtained
by optimizing, the image obtained through de鄄hazing
can be expressed as

J(x) = I(x) - A
max( t(x),t忆) + A (7)

where the setting of t忆 is mainly to overcome the
possibility of that the denominator is zero, and t忆 is set
equal to 0郾 05 in analysis of the paper.

2摇 Analysis for image segmentationmap
method

摇 When there is a large area of sky or white object,
de鄄hazing effect of traditional dark channel prior
method is not ideal. Although the application of
orientation filter method can effectively improve this
problem, it leads to the supersaturation and distortion
of color. In order to solve this problem, first, the
obtained image is segmented as areas of distant view
and close shot to get the information of a minimum
threshold value dark channel, and to conduct
subsection map process based on the brightness
information of image, then the preliminary prediction
elimination value of atmospheric scattering function is
given when the supersaturation and distortion of color
are overcome. Second, the traditional orientation filter
method is adopted to optimize the atmospheric

scattering function, and the edge information of the
image is further enhanced so that residual de鄄hazing
problems caused by large area of sky background are
improved.
2郾 1摇 Dark channel segmentation and subsection

map of minimum threshold value
摇 The key of dark channelde鄄hazing is to obtain the
reasonable block neighborhood size, the size is
greater, the edge information is poorer, and the Halo
effect will be more serious. The smaller the
neighborhood size is, the more accurate the edge
information is, and the supersaturation and dark
phenomenon of color after de鄄hazing is more serious.
But through the minimum value operation of reasonable
pixels R, G, B channel, the Halo effect can be
effectively eliminated, and the supersaturationand dark
problem is improved[14] . In order to optimize the dark
channel, on the basis of the size of haze, the image is
divided into two parts in this paper: close shot and
distant view. Among them, the close shot image is less
disturbed by big haze and the value of the dark channel
will be smaller, and the distant view is more disturbed
by haze and the value of dark channel will be bigger.
Literature [13] points out that the close shot image
can be approximated to image without haze and the
value of the dark channel obtained though calculation
is smaller, while the distant view image has bigger
value of dark channel under the condition of haze.
Therefore, the pixel level segmentation process of close
shot and distant view for the original image with haze is
conducted, the specific segmentation method can be
shown as

I =
Iclose(x) (T < Tthreshold)
Idistant(x) (T逸Tthreshold

{ )
(8)

where Tthreshold is the pixel threshold value of color
channel R, G, B, Iclose ( x) is close shot area, and
Idistant(x) is divided distant view area.
摇 In order to further enhance the image segmentation
accuracy of close shot and distant view,the information
of channel R, G, B will be adopted to amend
computational method of Eq. 5 before segmentation that
the dark channel value is expressed as the form of the
sum of minimum R, G, B color channel value and
value of the dark channel of distant view, the
calculation result is shown as
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寛t(x) = 1 -
寛Idark
A

寛Idark = Iminc + I

ì

î

í

ï
ï

ïï
dark

(9)

where Iminc is the R, G, B color minimum value
channel information of Iclose ( x), and Idark is the dark
channel information of Idistance(x).
摇 The effect comparison of segmentationde鄄hazing
under different Tthreshold value is given in the Fig. 1.

Fig. 1摇 De鄄hazing results with different threshold Tthreshold

摇
摇 As shown in Fig. 1, when the appropriate threshold
value Tthreshold is chosen, the expression of speed of view
depth change can be well considered. The smaller
threshold value is beneficial to deal with the image
containing haze which the view depth change is gradual
( ellipse section in Fig. 1 ), while larger threshold
value is beneficial to deal with the image containing
haze which has view depth mutation ( the rectangular
box in the Fig. 1). Processing results of Fig. 1b Fig. 1c
and Fig. 1d show that the treatment effect at the joint of
green plants and haze is poorer. The main reason is
that large area of haze and white sky approximation
region lead to the increase of dark channel of image so
that color distortion is serious[15] . To solve this
problem, on the basis of the early dark channel
segmentation, subsection map processing is conducted
based on the brightness information. Assuming that the

least brightness value of image 寛Idark is L, uniform
subsection processing is conducted in the brightness
range from L to 255 ( the trisection is adopted in this
paper, more subsection form can be divided in actual
application based on accuracy and processing speed
requirement). The subsection length is c, and the map

in different range of 寛Idark is compressed, the specific
processing of map and compression can be shown as

寛V(x) =

寛Idark(x) 0郾 95 (L + 2c < 寛Idark(x)臆255)

寛Idark(x) 0郾 97 (L + c < 寛Idark(x)臆L + 2c)

寛Idark(x) 0郾 98 (L < 寛Idark(x)臆L + c)

寛Idark(x) (0臆寛Idark(x)臆L

ì

î

í

ï
ï
ïï

ï
ï
ïï )

(10)
where

c = 255 - L
3 (11)

Fig. 2摇 De鄄hazing results of subsection mapping

摇 In the experimental analysis, the value of L is in the

range from 150 to 215, the influence for the 寛Idark is
more gradual and the disturbance for image is
minimum. In the subsequent analysis of this paper, L
is set to 200 so that the error of sky or white object area
corresponding mixed dark channel is decrease as far as
possible.
摇 By three period of uniform section map processing
for original image of Fig. 1, the results are as shown in
Fig. 2 ( the results before the subsection map
processing is called original results) . The Fig. 2 shows
the dark channel of image is well balanced and refined
through map processing. From the overall results of the
Fig. 2f, it can be seen that effect after processing can
improve the color distortion well and further promote
the clarity after de鄄hazing. Especially at the joint
between haze and trees, the effect of de鄄hazing is
obviously improved and enhanced, which promotes the
differentiation of target in the image.
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2郾 2摇 Optimization analysis of orientation filter
摇 From the analysis of Eq. 6 and Eq. 7, it can be seen
that the optimization problems of transmitted image and
atmospheric dissipation function can be summed as
optimization processing of a same function in the
process of actual image de鄄hazing. Due to the
orientation filter has the characteristic of quick
computing speed, can smooth image detailed
information well and highlight the edge, which has got
a faster development in the field of image de鄄hazing in
recent years[16] . Therefore, in this paper, orientation
filter is adopted to estimate the atmospheric dissipation
function value V expressed by Eq. 6, the minimum
channel value of image segmentation is adopted to
calculate guide figure information (the information is as
D). According to the traditional orientation filter linear
model analysis, the output image can be expressed as
摇 Vi = akDi + bk 摇 (坌i沂棕k) (12)
where 棕k is the operation neighborhood produced by
guide figure D, its center is pixel k, and the radius of
calculation window is r. According to the researches of
literature [17], the maximum similarity of detailed
information between capture output figure and the guide
image can be optimized when r is equal to 25. ( ak,
bk) is the constant value on 棕k, which is obtained by
calculation though ensuring the largest connection
between minimum output image V and the input image
寛V. Its cost function can be represented as

摇 E(ak,bk) = 移
i沂棕k

[(akDi + bk - 寛Vi) 2 + 着a2
k] (13)

where 着 is the optimal regular coefficient, literature [18]
proves that the value of 着 is not sensitive to the
optimization result, 着 is set as 10 - 3 in the subsequent
calculation of this paper, the similarity measurement of

V and 寛V can be obtained by minimizing Eq. 13.
Combining with the minimum dark channel information
obtained from Eq. 9, the ambient light value A of
image can be estimated. Combining with the optimal
atmospheric scattering function V obtained from Eq. 2,
the inverse calculation of de鄄hazing image can be
achieved on the basis of Eq. 6.

3摇 Analyses of experimental results

3郾 1摇 Analyses of de鄄hazing effect of close shot and
distant view image segmentation

摇 In order to verify the effectiveness of this method,

these gmentation de鄄hazing effect of public images for
the literature [10] is analyzed by contrasting close shot
and distant view. Depending on laboratory empirical
analysis in the research, Tthreshold is 24 and the
subsection map value is 3, and the specific
experimental results are as shown in Fig. 3.

Fig. 3摇 De鄄hazing comparative analysis of segmentation
摇

摇 As shown in Fig. 3b and Fig. 3c, in the segmentation
of close shot, its transmittance value at the details of
dark channel is enhanced because of adopting the R,
G, B channel minimum, and the extraction effect of
transmissivity for large area analogous color information
is enhanced in the segmentation of distant view. From
Fig. 3d and Fig. 3e, it can be seen that the
segmentation of close shot pixel level significantly
enhances the clarity of image after de鄄hazing,
compared with Fig. 3d, the subsection map effect in
Fig. 3f further enhances the clarity of image de鄄hazing,
which illustrate that the method of this paper has better
de鄄hazing effect.
3郾 2 摇 Actual experimental analysis of de鄄hazing

effect for video navigation
摇 In order to verify thede鄄hazing effect of visual
navigation for this method in haze weather, for the
images containing haze actually collected, two groups
of experimental analysis are conducted.
摇 Firstly, the de鄄hazing effect of image is qualitatively
analyzed, and the de鄄hazing effect and the histogram
distribution characteristics of corresponding R, G, B
channel are given respectively.
摇 Subsequently, the continuous images containing haze
with 138 frames are carried out quantitative contrastive
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analyses. These include contrast ratio improvement
quantity e, color naturalness index ( CNI ), color
colorfulness index ( CCI) of images before and after
processing, and the comprehensive indexes of image
de鄄hazing proposed by literature [7] and computing
time.
摇 Finally, in order to ensure the effectiveness and
fairness of the analysis, the unified pixels normalized
processing of the tested images is conducted before de鄄
hazing processing of the front images. The size of all
processing images is set as multiplying 250 pixels and
340 pixels. For comparing the effectiveness of the
method for this paper, the traditional orientation filter
method, DCPR method and the method of this paper
are respectively adopted to carry out the comparative
analysis of them in the experiment, and the qualitative
description of R, G, B frequency distribution before
and after de鄄hazing is analyzed.
摇 The test effect of de鄄hazing in the first group of
images is shown as Fig. 4. As can be seen from the
Fig. 4, the video images of this group has the
characteristics of a deeper view depth, brightness, and
low contrast ratio, the distribution range of pixel values
is narrow and the number of pixels points for high pixel
values is less, which is reflected in the histogram.
摇 When tractor is driving on the field or road, the road
commonly has a long extensibility, which is reflected in
the image is that the view depth of image is deeper
generally, so the image is selected to reflect the
situation very well as shown in Fig. 4a. At the same
time, the haze concentration of image before de鄄hazing
in the figure is not entirely uniform, the haze
concentration of closes hot and area with deeper view
depth has significant differences, which conforms to
the actual situation of distribution of haze on roads. So
using this image to conduct algorithm test will help
compare the effectiveness of each algorithm.
摇 As shown in Fig. 4b,the orientation image filtering
method has good smoothness for the image de鄄hazing,
but it doesn爷 t significantly improve contrast ration of
image.
摇 DCPR fails to significantly improve contrast ration of
image. From Fig. 4c, it can be seen that obvious color
distortion and the phenomenon of white edge appear,
and artifacts phenomenon produce.
摇 According to Fig. 4d, it is clear that the color

distortion and the phenomenon of white edge do not
occur while contrast and clarity of images are improved
for the method of this paper.

Fig. 4摇 De鄄hazing results of different methods
摇

摇 Fig. 5 shows the frequency distribution curve of R,
G, B channel color histogram for each method after de鄄
hazing. The frequency histogram distribution of image
without de鄄hazing is narrow and the differences of R,
G, B channel histogram are bigger, which is beneficial
to conduct segmentation and calculate Eq. 9. After de鄄
hazing processing, the area of R, G, B channel is
uniform and de鄄hazing effect is better, then the color
distribution of the three channels is more homogeneous
and color frequency distribution of channel is wider.
As shown in Fig. 5d, the color distribution of R, G, B
channel after being processed by the method of this
paper gets more uniform and mitigatory.
摇 The tested video sequence in the second group is
shown in Fig. 6. Compared with the first group, the
tested sequence in this group has high brightness
information, but the concentration of close shot is lower
and the concentration of distant view is bigger.
摇 From Fig. 7a, it can be seen that the R, G, B
histogram is wider, but the difference among three
colors channel frequency are bigger and the distinguish
ability of background is worse. From the test results of
Fig. 6, we can see that the oriented filtering and DCPR
method eliminate the influence of haze to a certain
extent and the latter have relatively better de鄄hazing
effect.
摇 As shown in Fig. 7b and Fig. 7c, the relative
difference value of latter curve reduces. Neither the
two methods enhance the performance of highlight for
roads, so they cannot satisfy the needs from automatic
navigation.
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Fig. 5摇 R,G and B histograms
摇

Fig. 6摇 De鄄hazing results of different methods
摇

摇 Due to the method of this paper adopts distant view
and close shot segmentation method, which enhances
the processing de鄄hazing ability for image details. At
the same time, the subsection map methods highlights
the contour information of road, so its processing effect
is obviously superior to other methods as shown in Fig.
6d. From Fig. 7d, we can also see that R,G, B curve
after being processed by this method is further
broadened so that color curves occupy more pixel
range, and the discrim ability of details are enhanced.
3郾 3摇 Quantitative comparative analysis for de鄄

hazing effect
摇 The analyses in section 3郾 1 and section 3郾 2 are
mainly based on the external pattern of manifestation
for images to conduct subjective qualitative analysis,
this kind of evaluating effect doesn 爷 t have the
universal evaluation effect because it is vulnerable to
the individual subjective conditions. For this part,

mainly aiming at the two sets of video image collected,
under the same standard, the quantitative analysis of
the image index to the actual de鄄hazing effect is
conducted. For the comparative analysis for the CNI,
CCI, CNC index and the time鄄consuming respectively,
the specific effects of comparison are shown as Tab. 1
and Tab. 2.
摇 From Tab. 1 and Tab. 2, it can be seen that the CNC
index of the method in this paper has a maximum
value, the effect after de鄄hazing reach the best,
meanwhile the method in this paper and traditional
orientation filter method keep the lower time鄄
consuming. The main reason is that orientation filter
method can limit the effective calculation scope and
features space so that the instantaneity of calculation is
guaranteed. At the same time, the instantaneity of
algorithm is further improved because the method in
this paper adopts the segmented uniform processing
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Fig. 7摇 R,G and B histograms
摇

method. The time鄄consuming of this method is 0郾 209 s
and 0郾 535 s that is less than traditional orientation
filter method. Synthesizing the overall performance
index, we can see that the method of this paper has
better instantaneity and de鄄hazing effect.

Tab. 1摇 De鄄hazing performance analysis of the
first set image sequence

De鄄hazing
method

Index of quantitative performance

e CNI CCI CNC
time鄄

consuming / s
Orientation filter 1郾 594 0郾 564 0郾 018 0郾 864 0郾 629
DCPR 1郾 545 0郾 701 0郾 014 1郾 086 0郾 553
Method of this paper 1郾 786 0郾 803 0郾 058 1郾 375 0郾 209

Tab. 2摇 De鄄hazing performance analysis of the
second set image sequence

De鄄hazing
method

Index of quantitative performance

e CNI CCI CNC
time鄄

consuming / s
Orientation filter 2郾 007 0郾 501 0郾 019 0郾 745 1郾 508
DCPR 1郾 996 0郾 623 0郾 023 1郾 002 1郾 074
Method of this paper 2郾 134 0郾 685 0郾 049 1郾 293 0郾 535

4摇 Conclusions

摇 (1) Asegmentation method of close shot and distant
view area based on the size of haze is presented, and

the method of pixel dark channel threshold value is
adopted to segment close shot and distant view area.
摇 (2) Asubsection map de鄄hazing method based on
brightness information is proposed, which effectively
improve the color distortion problem caused by
traditional de鄄hazing method.
摇 ( 3 ) The orientation filter is adopted topredict
atmospheric dissipation function, which effectively
enhance the edge information of image, so the residual
problem caused by a large area of sky background is
overcome to a certain extent.
摇 (4) The experiments show that the method of this
paper has higher precision and instantaneity for de鄄
hazing. Under the actual tested complex farming
environment, for two set of video images, the
aggregative index of de鄄hazing was improve by 28郾 9%
and 28郾 9% respectively and time鄄consuming was
reduce by 34郾 4% and 53郾 9% respectively. However,
it is still some insufficient places for the method in this
paper, such as the determination of segmentation
threshold value of close shot and distant view area is on
the basis of experienced analysis of images obtained.
In the following study, a closed鄄loop control
relationship between quantitative analysis standards and
threshold value segmentation will try to be established,
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which will provide a real鄄time and effective adaptive
threshold value segmentation method for the actual
adaptive navigation application.
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基于图像分割映射的农业机器人视觉去雾方法
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摘要：视觉导航农业机器人在雾天作业容易受前端含雾图像的影响，严重时无法有效工作。提出了一种基于图像

分割映射的农业机器人视觉去雾方法。对前端采集图像进行近景与远景区域分割，并通过亮度信息的分段映射获

取大气散射函数的预测估计值；采用导向滤波对大气散射函数的估计值进行优化，进一步增强图像的边缘信息，改

善大面积天空背景引起的去雾残留问题。基于实际的农业智能导航平台对实测的含雾前端图像进行了去雾分析，

并同传统的去雾方法进行了综合比较，显示所提方法具有较高的去雾精度和实时性。两段视频的图像去雾综合指

标分别改善了 ２８９％和 ２９１％，时间消耗分别减少了 ３４４％和 ５３９％。
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　　引言

随着现代农业机械智能化的快速发展，农业机

器人广泛应用在农作物收获
［１］
、耕作施肥

［２］
以及水

果采摘
［３］
等场合，大幅提升了现代农业的安全性和

效率
［４］
。其中，基于机器视觉导航技术的智能农业

机器人因操作方便、使用灵活，近年来得到了快速发

展和应用
［５］
，但是在雨、雪、雾等复杂天气条件下作

业时，由于采集图像的退化、内容模糊、对比度降低

等原因，导致路径识别精度降低，严重情况下还会引

起控制系统紊乱，无法进行有效作业。因此，如何改

善和提高雨、雪、雾天气条件下视觉图像的有效性，

是目前视觉导航机器人面临的挑战和发展瓶颈。

近年来，研究人员将图像去雾技术引入到视觉

导航系统
［６］
，有效改善了雨、雪、雾天气下的机器人

作业精度。根据图像去雾的实现手段，可以将当前

的研究方法大致分为 ２类［７］
：一类是基于传统图像

增强的方法，如 Ｒｅｔｉｎｅｘ算法［８］
。该类方法的优点

是可以利用现有的图像增强处理方法，凸显图像中

的目标特征和信息，但是忽略了图像退化的原因，在

增强的过程中丢失了部分有用信息，使图像失真；另

一类是基于物理模型的方法，该类方法深入分析退

化机理，构建大气散射函数模型，通过函数反演恢复

降质前的图像。由于该类方法考虑了大雾引起图像

降质的机理，去雾效果较好，图像信息保存完整
［９］
。

如 ＨＥ等［１０］
提出的暗通道先验方法，由于该方法利

用了图像的统计信息，实现手段简单、去雾效果好，

目前成为图像去雾方法的研究热点，但是该方法的

软抠图处理增加了算法的运算损耗，无法适应视觉

导航系统对实时性的需求。在此基础上，文献［１１］
提出采用导向滤波取代软抠图方法，但是在大面积

天空背景条件下，去雾效果较差；文献［１２］通过利
用中值滤波对大气耗散函数进行预估计，有效改善

了软抠图的缺陷，但是滤波导向的模糊问题限制了

改善效果；文献［１３］将两类方法进行了融合，实现
了暗通道先验和 Ｒｅｔｉｎｅｘ联合去雾，进一步提升了去
雾效果。虽然目前的研究方法一定程度上改善了图

像的去雾效果，为图像去雾提供了有效的思路，但是

去雾后丢失了图像的部分细节信息，特别是在大面

积天空背景以及大雾与目标图像的结合部分，容易

引起较大的噪声干扰，降低图像的信噪比。这对于

在复杂环境下作业的农业机器人导航系统而言，是

十分不利的。针对这一问题，本文提出一种基于图

像分割映射的农业机器人视觉去雾方法。基于图像

含雾大小进行近景与远景分割，并通过亮度区域的

分段映射对大气耗散函数进行初步的预测估计，修

正传统方法去雾引起的颜色畸变问题；采用导向滤

波对大气耗散函数进行优化处理，增强图像边缘信

息，克服大面积天空背景引起的去雾残留问题。基

于实际的农业智能导航平台对实测的含雾前端图像

进行去雾分析，并将去雾效果同传统的去雾方法进

行定性和定量的对比分析。

１　传统暗通道先验去雾

根据文献［１０］的研究，可将大雾环境下的大气
散射模型表示为

Ｉ（ｘ）＝Ｊ（ｘ）ｔ（ｘ）＋Ａ（１－ｔ（ｘ）） （１）
式中　Ｉ———雾霾图像

Ａ———全幅图像的环境光值，为全局常量
Ｊ———清晰无雾图像
ｔ———媒介传输图像

ＨＥ等［１０］
在研究中指出，对于任意一幅自然无

雾图像 Ｊ，其暗通道应该满足
Ｊｄａｒｋ（ｘ）＝ｍｉｎ（ｍｉｎＪｃ（ｙ））

ｙ∈Ω（ｘ），ｃ∈｛ｒ，ｇ，ｂ｝
→０ （２）

式中　Ｊｃ（ｙ）———Ｊ（ｙ）的某一个 Ｒ、Ｇ、Ｂ颜色通道
Ω（ｘ）———像素点中心的邻域

且在其邻域内的传输值为常数，记为 槇ｔ（ｘ），对式（１）
两端同时进行最小化处理可以得到

ｍｉｎ
ｙ∈Ω（ｘ (

）
ｍｉｎ

ｃ∈｛ｒ，ｇ，ｂ｝

Ｉｃ（ｙ）
Ａ )
ｃ

＝１＋槇ｔ（ｘ）＋

ｍｉｎ
ｙ∈Ω（ｘ (

）
ｍｉｎ

ｃ∈｛ｒ，ｇ，ｂ｝

Ｊｃ（ｙ）
Ａ )
ｃ

槇ｔ（ｘ） （３）

如果 Ａ为已知常量，将式（２）代入式（３）可粗略
计算出传输值为

槇ｔ（ｘ）＝１－ｍｉｎ
ｙ∈Ω（ｘ (

）
ｍｉｎ

ｃ∈｛ｒ，ｇ，ｂ｝

Ｉｃ（ｙ）
Ａ )
ｃ

（４）

传统方法直接采用式（４）代入式（１）进行反演去雾
处理，这种方法导致了明显的 Ｈａｌｏ效应和块效应。
ＨＥ等［１０］

提出采用软抠图算法很好地优化了去雾效

果。假设式（４）中的环境光值在每个颜色通道的值
相等，均值为 Ａ，则式（４）可以进一步优化为

槇ｔ（ｘ）＝１－１
Ａ
ｍｉｎ
ｙ∈Ω（ｘ (

）
ｍｉｎ

ｃ∈｛ｒ，ｇ，ｂ｝

Ｉｃ（ｙ）
Ａ )
ｃ

＝

１－
Ｉｄａｒｋ（ｘ）
Ａ

（５）

式（５）即为目前广泛采用的雾霾图像暗通道，取值
大小与雾霾浓度成正比。通过大气耗散函数的定义

Ｖ（ｘ）＝Ａ（１－ｔ（ｘ）） （６）
可知，Ｉｄａｒｋ（ｘ）可表示大气耗散函数的初步估计值，
因此，传输图像的优化问题和大气耗散函数的优化

问题可以视为等价。通过优化获取的传输图像

ｔ（ｘ）可以将去雾获取的图像表示为
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Ｊ（ｘ）＝ Ｉ（ｘ）－Ａ
ｍａｘ（ｔ（ｘ），ｔ′）

＋Ａ （７）

式中，ｔ′的设置主要是克服分母为零的可能，在分析
中本文设置 ｔ′＝００５。

２　图像分割映射方法分析

传统暗通道先验方法对于存在大面积天空或白

色物体情况下的去雾效果不理想，虽然导向滤波方

法的应用有效地改善了这一问题，但却引入了颜色

过饱和畸变。针对这一问题，本文首先对获取的图

像进行远景和近景区域分割，获取最小阈值暗通道

信息，并基于图像亮度信息进行分段映射处理，在克

服颜色过饱和畸变的同时，给出了大气散射函数的

初步预测估计值；然后采用传统的导向滤波方法对

大气散射函数进行优化，进一步增强图像的边缘信

息，改善了大面积天空背景引起的去雾残留问题。

２１　最小值阈值暗通道分割及分段映射
暗通道去雾的关键是获取合理的块状邻域大

小，邻域尺寸越大，边缘信息越差，Ｈａｌｏ效应越严
重；邻域尺寸越小，边缘信息越精确，去雾后颜色过

饱和与昏暗现象越严重。但通过合理的像素点 Ｒ、
Ｇ、Ｂ通道极小值运算，可以有效消除 Ｈａｌｏ效应，改
善过饱和和昏暗问题

［１４］
。为了进行暗通道的优化，

本文基于图像含雾大小，将图像分割为近景和远景

部分，其中近景图像受大雾的干扰较小，暗通道值较

小；而远景图像，雾气干扰较大，暗通道值较大。文

献［１３］指出，近景图像可以近似为无雾图像，计算
获取的暗通道值较小；而远景图像在有雾霾的情况

下具有较大的暗通道值。因此，本文基于对原始含

雾图像进行像素级的远、近景分割处理，具体的分割

方法为

Ｉ＝
Ｉｃｌｏｓｅ（ｘ） （Ｔ＜Ｔｔｈｒｅｓｈｏｌｄ）

Ｉｄｉｓｔａｎｔ（ｘ） （Ｔ≥Ｔｔｈｒｅｓｈｏｌｄ{ ）
（８）

式中　Ｔｔｈｒｅｓｈｏｌｄ———颜色通道 Ｒ、Ｇ、Ｂ的像素集合初
始阈值

Ｉｃｌｏｓｅ（ｘ）———近景区域
Ｉｄｉｓｔａｎｔ（ｘ）———划分的远景区域

为进一步增强图像远近分割的精确性，分割之

前采用 Ｒ、Ｇ、Ｂ通道信息对式（５）的计算方法进行
修正，将暗通道值表示为最小 Ｒ、Ｇ、Ｂ颜色通道值与
远景暗通道值之和的形式，计算结果为

槇ｔ（ｘ）＝１－
槇Ｉｄａｒｋ
Ａ

槇Ｉｄａｒｋ＝Ｉｍｉｎｃ＋Ｉ
{

ｄａｒｋ

（９）

式中　Ｉｍｉｎｃ———Ｉｃｌｏｓｅ（ｘ）的 Ｒ、Ｇ、Ｂ颜色最小值通道
信息

Ｉｄａｒｋ———Ｉｄｉｓｔａｎｔ（ｘ）的暗通道信息
图１中给出了在不同 Ｔｔｈｒｅｓｈｏｌｄ取值情况下分割去

雾效果对比。

图 １　不同阈值 Ｔｔｈｒｅｓｈｏｌｄ的去雾效果

Ｆｉｇ．１　ＤｅｈａｚｉｎｇｒｅｓｕｌｔｓｗｉｔｈｄｉｆｆｅｒｅｎｔｔｈｒｅｓｈｏｌｄＴｔｈｒｅｓｈｏｌｄ
　
从图 １可以看出，在选择合适的 Ｔｔｈｒｅｓｈｏｌｄ阈值情

况下，能够很好地兼顾景深变化快慢的表达，较小的

阈值有益于处理景深变化缓和含雾图像（图中椭圆

标记部分），而较大的阈值有利于处理景深突变的

含雾图像（图中矩形方框标记部分）。图 １ｂ、１ｃ、１ｄ
的处理结果可以看出在绿色植物和大雾连接处的处

理效果较差。主要原因是大面积雾霾和天空白色近

似区域导致图像暗通道增加，颜色失真严重
［１５］
。针

对这种情况，在前期暗通道分割的基础上，基于亮度

信息进行分段映射处理。假设图像 槇Ｉｄａｒｋ的最小亮度
为 Ｌ，在 Ｌ到 ２５５的亮度区间内进行均匀分段处理
（本文采用三等分，实际应用中可以在精度与处理

速度需求中进行折中，划分更多的分段形式），分段

长度记为 ｃ，并针对 槇Ｉｄａｒｋ不同区间的映射进行压缩处
理，具体的映射和压缩过程为

槇Ｖ（ｘ）＝

槇Ｉｄａｒｋ（ｘ）
０９５

（Ｌ＋２ｃ＜槇Ｉｄａｒｋ（ｘ）≤２５５）

槇Ｉｄａｒｋ（ｘ）
０９７

（Ｌ＋ｃ＜槇Ｉｄａｒｋ（ｘ）≤Ｌ＋２ｃ）

槇Ｉｄａｒｋ（ｘ）
０９８

（Ｌ＜槇Ｉｄａｒｋ（ｘ）≤Ｌ＋ｃ）

槇Ｉｄａｒｋ（ｘ） （０≤ 槇Ｉｄａｒｋ（ｘ）≤Ｌ















）

（１０）

其中 ｃ＝２５５－Ｌ
３

（１１）

实验分析中 Ｌ取值在 １５０～２１５范围内，对 槇Ｉｄａｒｋ
的影响比较平缓，且对图像干扰最小，本文在后续分

析中取 Ｌ＝２００，尽可能地减小天空或白色物体区域
相应混合暗通道的误差。

图２给出了图１输入的原始图像进行３段均匀
分段映射处理后的效果，分段映射处理前的为“原
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始效果”，从图中可以看出，经过映射处理以后，图

像的暗通道得到了很好均衡和细化，从图 ２ｆ的整体
效果可以看出，处理后的效果能够很好地改善颜色

畸变效应，且进一步提升了去雾后的清晰度，尤其是

雾霾与树木相结合的部位，去雾效果明显改善和增

强，提升了图像中目标的区分度。

图 ２　分段映射去雾效果

Ｆｉｇ．２　Ｄｅｈａｚｉｎｇｒｅｓｕｌｔｓｏｆｓｕｂｓｅｃｔｉｏｎｍａｐｐｉｎｇ
　

２２　导向滤波的优化分析
通过式（６）、（７）的分析可以看出，实际图像去

雾过程中，传输图像的优化和大气耗散函数的优化

问题可以归结为同一个函数的优化处理。由于导向

滤波具有计算速度快，且能够很好地平滑图像细节

信息，凸显边缘，近年来在图像去雾领域得到较快的

发展
［１６］
。因此，本文采用导向滤波估计式（６）所示

的大气耗散函数值 Ｖ，其中的引导图信息利用图像
分割的最小值通道，计算中采用 Ｄ表示。根据传统
的导向滤波线性模型分析，可将输出图像表示为

Ｖｉ＝ａｋＤｉ＋ｂｋ　（ｉ∈ωｋ） （１２）

式中，ωｋ为引导图 Ｄ产生的操作邻域，其中心为像
素 ｋ，计算窗口的半径为 ｒ，根据文献［１７］的研究，在
ｒ＝２５的时候能够最优化捕获输出图像与引导图像

之间细节信息的最大相似度，（ａｋ，ｂｋ）为操作邻域

ωｋ上的常数值，该系数主要是通过保证最小化输出

图像 Ｖ同输入图像 槇Ｖ之间的最大关联性来计算获

取，其代价函数可表示为

　Ｅ（ａｋ，ｂｋ）＝∑
ｉ∈ωｋ

［（ａｋＤｉ＋ｂｋ－槇Ｖｉ）
２＋εａ２ｋ］ （１３）

式中，ε为优化的正则系数，文献［１８］证明该系数值
对结果优化不敏感，本文在后续的计算中取值 ε＝

１０－３，通过式（１３）的最小化可以获取 Ｖ和 槇Ｖ的相似
度量值。结合式（９）获取的最小阈值暗通道信息可
以估计出图像的环境光值 Ａ，结合式（１３）获取的优
化后的大气散射函数 Ｖ，可以在式（６）的基础上反演
计算出去雾图像。

３　实验结果分析

３１　远近景图像分割去雾效果分析

为验证本文方法的有效性，首先针对文献［１０］
给出的公共含雾图像进行了远景与近景分割去雾效

果对比分析。实验中分割阈值取值主要依据实验室

经验分析，取值为 Ｔｔｈｒｅｓｈｏｌｄ＝２４，分段映射值为 ３，具
体的实验结果如图３所示。

图 ３　远近景分割去雾对比分析

Ｆｉｇ．３　Ｄｅｈａｚｉｎｇｃｏｍｐａｒａｔｉｖｅａｎａｌｙｓｉｓｏｆｓｅｇｍｅｎｔａｔｉｏｎ
　
从图３ｂ、３ｃ中可以看出，近景分割由于采用了

Ｒ、Ｇ、Ｂ通道最小值，增强了暗通道细节处的透射率
值，而远景分割增强了大面积类似颜色信息的透射

率提取效果。从图 ３ｄ、３ｅ中可以看出，近景像素级
的分割明显增强了图像去雾后的清晰度，同图３ｄ相
比较，图３ｆ中的分段映射效果进一步增强了图像去
雾的清晰度，说明本文方法具有较好的去雾效果。

３２　视频导航去雾效果实验分析
为验证本文方法在雾霾天气下的视觉导航去雾

效果，针对实际采集的含雾图像进行２组实验分析。
首先，进行了图像去雾效果的定性分析，分别给出了

去雾后的效果以及相应的 Ｒ、Ｇ、Ｂ通道直方图分布
特性；接着，针对采集的 １３８帧连续含雾图像，进行
了定量的对比分析，分别给予处理前后图像的对比

度改善量 ｅ、色彩自然度（ｃｏｌｏｒｎａｔｕｒａｌｎｅｓｓｉｎｄｅｘ，
ＣＮＩ）、颜色丰富程度（ｃｏｌｏｒｃｏｌｏｒｆｕｌｎｅｓｓｉｎｄｅｘ，ＣＣＩ）

８２ 农　业　机　械　学　报　　　　　　　　　　　　　　　　　２０１６年



以及文献［７］提出的图像去雾综合指标（ＣＮＣ）和计
算耗时５个方面进行了定量的对比分析。为了保证
分析的有效性和公平性，在采集的前段图像进入去

雾处理之前，对测试图像进行了统一的像素归一化

处理，所有的处理图像大小设置为 ２５０像素 ×
３４０像素。为对比本文方法的有效性，实验中分别
采用了传统导向滤波方法、ＤＣＰＲ方法以及本文方
法进行了对比分析，并对去雾前后的 ＲＧＢ频率分布
进行定性描述分析。

图 ５　Ｒ、Ｇ、Ｂ通道直方图

Ｆｉｇ．５　Ｒ，ＧａｎｄＢｈｉｓｔｏｇｒａｍｓ

第１组的去雾图像测试效果如图 ４所示。从
图４中可以看出，该组视频图像具有较深景深、亮
度、对比度低的特点，反映在直方图中为像素值的分

布区间狭窄并且像素值高的像素点数量少。选取此

图像作为测试图像的原因是拖拉机在田间及道路上

行驶时，道路一般具有很长的延伸性，反映在图像中

便是图像的景深一般较深，图４ａ很好地反映了这一
情况。同时，图中的去雾前图像的雾气浓度并非完

全均匀，近景处浓度与景深较深的区域雾气浓度有

明显差异，这符合道路雾气分布的实际情况，使用此

图像进行算法测试有助于对比各算法的有效性。测

试结果表明，导向图滤波方法对图像去雾的平滑

性好，但并未明显提高图像的对比度；ＤＣＰＲ未能
显著提高图像对比度，出现明显的色彩失真，而且

出现了“白边”现象，产生了伪影现象；本文方法在

提高图像对比度与清晰度的同时没有出现色彩失

真及边缘白边现象，对暗原色去雾框架的算法有

较大的改善。

图 ４　不同方法去雾效果

Ｆｉｇ．４　Ｄｅｈａｚｉｎｇｒｅｓｕｌｔｓｏｆｄｉｆｆｅｒｅｎｔｍｅｔｈｏｄｓ
　
图５给出了每种方法去雾后的 Ｒ、Ｇ、Ｂ通道颜

色直方图的频率分布曲线。可以看出，含雾图像没

有进行去雾处理之前频率直方图分布较窄，并且 Ｒ、
Ｇ、Ｂ通道的直方图差别较大，利于进行分割和
式（９）的计算，进行去雾处理以后，Ｒ、Ｇ、Ｂ通道区域
均匀，且去雾效果越好，３个通道的颜色分布越均衡，通
道颜色的频率分布展宽，如图５ｄ所示。经过本文方法
处理以后的Ｒ、Ｇ、Ｂ通道的颜色分布更加均匀缓和。
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第２组测试视频序列如图６所示。该测试序列
同第１组相比具有较高的亮度信息，但是近景浓度
较低，远景浓度较大，从图７ａ中可以看出，该图像的
Ｒ、Ｇ、Ｂ直方图较宽，但是 ３色通道频率差别较大，
背景的可区分性较差。从图６中的测试结果可以看
出，导向滤波与 ＤＣＰＲ方法一定程度上去除了雾霾
的影响，且后者具有相对较好的去雾效果，可以从

图７ｂ、７ｃ的 Ｒ、Ｇ、Ｂ通道曲线看出，后者曲线相对差

值降低，但是２种方法都没有增强道路的凸显性能，
因此无法满足自动导航的需求。但是本文方法由于

采用了远近分割的方法增强了图像细节去雾的处理

能力，同时，分段映射的方法凸显了道路轮廓信息，

处理效果明显优于其他方法，具体如图 ６ｄ所示，从
图７ｄ中也可以看出，本文方法处理后的 ＲＧＢ曲线
进一步展宽，颜色曲线占据较多的像素范围，增强了

细节区分度。

图 ６　第 ２组测试视频不同方法去雾效果对比图

Ｆｉｇ．６　Ｄｅｈａｚｉｎｇｒｅｓｕｌｔｓｏｆｄｉｆｆｅｒｅｎｔｍｅｔｈｏｄｓ
　

图 ７　第 ２组测试视频 Ｒ、Ｇ、Ｂ通道直方图

Ｆｉｇ．７　Ｒ，ＧａｎｄＢｈｉｓｔｏｇｒａｍｓ
　

３３　去雾效果定量比较分析

第３１节与３２节中的分析主要是基于图像的
外在表现形式进行主观定性分析，由于这种评价效

果容易受到个人主观条件的干扰、不具有普适的评

价效果，该部分主要针对采集的２组视频图像，在相
同的标准下，对实际的去雾效果进行了定量的图像

指标分析。分别针对 ｅ、ＣＮＩ、ＣＣＩ、ＣＮＣ指标以及计
算的时间消耗进行了对比分析，具体的比较效果如

表１和表２所示。

表 １　第 １组图像序列去雾性能分析

Ｔａｂ．１　Ｄｅｈａｚｉｎｇｐｅｒｆｏｒｍａｎｃｅａｎａｌｙｓｉｓｏｆｔｈｅ

ｆｉｒｓｔｓｅｔｉｍａｇｅｓｅｑｕｅｎｃｅ

去雾方法
定量性能指标

ｅ ＣＮＩ ＣＣＩ ＣＮＣ 耗时／ｓ
导向滤波 １５９４ ０５６４ ００１８ ０８６４ ０６２９
ＤＣＰＲ １５４５ ０７０１ ００１４ １０８６ ０５５３
本文方法 １７８６ ０８０３ ００５８ １３７５ ０２０９

　　从表１、表２中可以看出，本文方法的 ＣＮＣ指标
具有最大值，去雾后的效果达到了最佳，同时本文算
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表 ２　第 ２组图像序列去雾性能分析

Ｔａｂ．２　Ｄｅｈａｚｉｎｇｐｅｒｆｏｒｍａｎｃｅａｎａｌｙｓｉｓｏｆｔｈｅ

ｓｅｃｏｎｄｓｅｔｉｍａｇｅｓｅｑｕｅｎｃｅ

去雾方法
定量性能指标

ｅ ＣＮＩ ＣＣＩ ＣＮＣ 耗时／ｓ
导向滤波 ２００７ ０５０１ ００１９ ０７４５ １５０８
ＤＣＰＲ １９９６ ０６２３ ００２３ １００２ １０７４
本文方法 ２１３４ ０６８５ ００４９ １２９３ ０５３５

法和传统导向滤波方法保持了较低的运算消耗，主要

原因是导向滤波方法能够限制有效的运算范围和特征

空间，保证运算的实时性，同时，因为本文方法采用了

分段均匀处理的方法，进一步提升了算法的实时性，本

文方法的时间消耗为０２０９ｓ和０５３５ｓ，较传统的导向
滤波去雾方法时间消耗有所降低。综合整体的性能指

标可以看出，本文方法具有更好的实时性和去雾效果。

４　结论

（１）提出了一种基于含雾大小的远近景区域分

割方法，采用像素暗通道阈值的方法进行远景与近

景区域的分割处理。

（２）提出了基于亮度信息的分段映射暗通道去
雾方法，有效改善了传统去雾方法引入的颜色畸变

问题。

（３）采用导向滤波对大气耗散函数的预测估
计，有效增强了图像的边缘信息，一定程度上克服了

大面积天空背景引起的去雾残留问题。

（４）最后的实际测试实验表明，本文方法具有
更高的去雾精度和实时性，在实际测试的复杂农业

耕作环境下的两段视频图像去雾综合指标分别改善

了２８９％和２９１％，时间消耗分别减少了３４４％和
５３９％。但是，本文方法仍然有不足的地方，例如远
近区域分割阈值的确定是基于获取图形的经验分

析，在后续的研究中将试图建立定量分析标准与阈

值分割的闭环控制关系，为实际的自适应导航应用

提供实时有效的自适应阈值分割方法。
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