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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-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-end
image de-hazing experiment was conducted based on the actual agriculture intelligent navigation platform, and the results
were compared with traditional de-hazing method. The results showed that the method had high precision and real-time

performance. The image de-hazing integrated indicators were improved by 28.9% and 29. 1% respectively of two part of

the video, and the time consumption was improved by 34. 4% and 53.9% respectively.
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0 Introduction

With the rapid development of modern agriculture

intelligent cultivation technology, agricultural robots

are widely used in crop harvest''), farming and

]

fertilizer'” and fruits picking'®' as well as other

occasions, drastically rising the safety and efficiency of

modern agriculture'*’.

Among them, the intelligent
agricultural robots based on machine view navigation
technology, because of easy operation and flexible

have obtained
[5]

usage, rapid development and

application However, when operating under

complex weather conditions such as rain, snow and

fog, due to the degeneration of collecting images,
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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.

In recent years, the researchers introduce the
technology through image de-hazing technology into

visual navigation systemm

, effectively improving the
operational accuracy of robot in rain, snow, and fog
weather. According to the implementation means of

image de-hazing, the current study methods can be
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(7]

roughly divided into two classes'’” ; one is the method

based on the traditional image enhancement, such as

Retinex algorithm'®.

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-hazing is good, the conservation of

1 Such as dark channel

10]

image information is intact
prior method proposed by HE et al. "' because of
this method using the statistical information of images,
implementing method is simple, de-hazing effect is
good, has become the research focus for the method
through image de-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-
hazing effect is poorer. Literature [12] by using

median filter to pre-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-hazing. Although the present research
method improves the effect of image de-hazing and
provides the effective thinking, but loses partial
detailed information of the images after de-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. Tt is
extremely adverse for the agricultural robot navigation
system which operating under a complex environment.

In order to solve this problem, this paper puts

forward a kind of method ofde-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’ s subsection map, and the color
distortion problems caused by the traditional method of
de-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-hazing caused by large
area of sky background can be overcome. Finally, an
analysis of de-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-hazing effect.
1 Traditional dark channel prior de-hazing

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 [ 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.

In the research, HE et al. "' pointed out that, for
any natural image J without haze, the dark channel

should meet

g (2) =min(minJ, (y))—0 (2)

yedx),ceir,g,bl

where J (y) is one of R, G, B color channels, (x)
is the neighborhood of pixel center and the transmission

value in its neighborhood is a constant, and 2(x) is

denoted as 7 (x). Both ends of Eq. 1 are minimized

simultaneously and the result can be shown as

. . I('(y) ) v
min (_min ) =1+
. . J.(y) )
min (mT t(x) (3)

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

as

(4)

{(x) =1 - min ( min —
( ) yedd(x) \ceir,g,bi A

Traditional method directly puts Eq. 4 into Eq. 1 to

conduct the inversion de-hazing process, this method
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leads to the obvious Halo effect and blocking effect.
HE et al. """ put forwards to use soft matting algorithm
to optimize the effect of de-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

((x) =1- Avent \ecngnr A, )7

B 1 dax-k£x>
A
Eq.5 is the widely adopted haze image dark channel at

1 (5)

present, and the size of its values is proportional to the
Through the

atmospheric dissipation function, the following formula

haze concentration. definition  of

can be obtained

V(x) =A(1 -1(x)) (6)
I,..(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 ¢(x) obtained
by optimizing, the image obtained through de-hazing
can be expressed as
GO

where the setting of ¢’ is mainly to overcome the

J(x) =

possibility of that the denominator is zero, and ¢’ is set

equal to 0. 05 in analysis of the paper.

2 Analysis for
method

image segmentationmap

When there is a large area of sky or white object,
de-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

subsection map process based on the brightness

channel, and to conduct
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 atmospheric

adopted to optimize the

scattering function, and the edge information of the
image is further enhanced so that residual de-hazing
problems caused by large area of sky background are
improved.
2.1 Dark channel segmentation and subsection
map of minimum threshold value

The key of dark channelde-hazing is to obtain the
reasonable block neighborhood size, the size 1is
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-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 "', 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

J= Iclnsc ( x) ( T < Tthrcsholrl > ( 8 )
I(]islanl (x) ( r= Tlhresh()ld )

where T, .4 is the pixel threshold value of color
channel R, G, B, I
I

(x) is close shot area, and

close
disant (%) 18 divided distant view area.

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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~

. I
(x) =1-=5%
t A (9)

+ Idark

~

Idark = I

is the R, G, B color minimum value

minc

where [ .
channel information of /7, (x), and I, is the dark
channel information of 1, .(x).

The effect comparison of segmentationde-hazing

under different T, value is given in the Fig. 1.

(©) T, =24
Fig.1 De-hazing results with different threshold T, .

(d) T, =30

As shown in Fig. 1, when the appropriate threshold
value T, 4.4 15 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. 1¢
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

U1 To solve this

that color distortion is serious
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 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 ¢, and the map

in different range of I, is compressed, the specific

processing of map and compression can be shown as

~

Idm-k ( x ) 0.95

0.97
dark (x )

(L+2c<I,, (x)<255)

o

(L+c<l,, (x)<L+2c)

V(x) =
]Ndark<x>0'98 (L< Ndark(x) <L+c¢)
La(x) (0=l (x)<L)
(10)
where
c=25537_L (11)

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

range from 150 to 215, the influence for the 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.

By three period of uniform section map processing
for original image of Fig. 1, the results are as shown in
Fig.2 ( the

processing is called original results). The Fig.2 shows

results before the subsection map
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-hazing. Especially at the joint
between haze and trees, the effect of de-hazing is

obviously improved and enhanced, which promotes the

differentiation of target in the image.

(a) Original dark channel

{b) Subsection map dark channel

T

(e) Original de-hazing

(f) Subsection map de-hazing

Fig.2  De-hazing results of subsection mapping
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2.2 Optimization analysis of orientation filter
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-hazing. Due to the
orientation filter has the characteristic of quick
detailed

information well and highlight the edge, which has got

computing speed, can smooth image

a faster development in the field of image de-hazing in

1161 Therefore, in this paper, orientation

recent years
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
Vi=a,D, +b, (View,) (12)
where w, 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. (a,,
b,) is the constant value on w,, which is obtained by
calculation though ensuring the largest connection

between minimum output image V and the input image

V. Tts cost function can be represented as

E(a,,b) = Y [(a,D,+b,-V)>+ea’] (13)

iewy
where ¢ is the optimal regular coefficient, literature [ 18]
proves that the value of & is not sensitive to the
optimization result, & is set as 10 in the subsequent

calculation of this paper, the similarity measurement of

V and 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-hazing image can be

achieved on the basis of Eq. 6.
3 Analyses of experimental results

3.1 Analyses of de-hazing effect of close shot and
distant view image segmentation

In order to verify the effectiveness of this method,

these gmentation de-hazing effect of public images for
the literature [ 10 ] is analyzed by contrasting close shot
and distant view. Depending on laboratory empirical
Ty 18 24 and the
and the

analysis in the research,

subsection map value is 3, specific

experimental results are as shown in Fig. 3.

(b) Close shot transmissivity

(a) Original haze image

%

(c) Distant view transmissivity

(d) Close shot de-hazing

() Subsection map de-hazing

(e) Distant view de-hazing

Fig.3 De-hazing comparative analysis of segmentation

As shown in Fig. 3b and Fig. 3¢, 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,

segmentation of close shot pixel level significantly

it can be seen that the

enhances the clarity of image after de-hazing,

compared with Fig. 3d, the subsection map effect in

Fig. 3f further enhances the clarity of image de-hazing,

which illustrate that the method of this paper has better

de-hazing effect.

3.2  Actual experimental analysis of de-hazing
effect for video navigation

In order to verify thede-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.

Firstly, the de-hazing effect of image is qualitatively
analyzed, and the de-hazing effect and the histogram
distribution characteristics of corresponding R, G, B
channel are given respectively.

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-hazing proposed by literature [7] and computing
time.

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-
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-hazing is analyzed.

The test effect of de-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.

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-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.

As shown in Fig. 4b, the orientation image filtering
method has good smoothness for the image de-hazing,
but it doesn’ t significantly improve contrast ration of
image.

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.

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.

(a) Original image (b) Orientation filter

(¢) DCPR () Methed of this paper

Fig.4 De-hazing results of different methods

Fig. 5 shows the frequency distribution curve of R,
G, B channel color histogram for each method after de-
hazing. The frequency histogram distribution of image
without de-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-
hazing processing, the area of R, G, B channel is
uniform and de-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.

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.

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-hazing
effect.

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 R,G and B histograms

(a) Original image (b) Orientation filter

(c) DCPR () Method of this paper

Fig. 6 De-hazing results of different methods

Due to the method of this paper adopts distant view
and close shot segmentation method, which enhances
the processing de-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.
3.3 Quantitative comparative analysis for de-

hazing effect

The analyses in section 3.1 and section 3.2 are
mainly based on the external pattern of manifestation
for images to conduct subjective qualitative analysis,
this kind of evaluating effect doesn’ 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-hazing effect is
conducted. For the comparative analysis for the CNI,
CCI, CNC index and the time-consuming respectively,
the specific effects of comparison are shown as Tab. 1
and Tab. 2.

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-hazing reach the best,
meanwhile the method in this paper and traditional
the

consuming. The main reason is that orientation filter

orientation filter method keep lower time-
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



8 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

0.014 1

0012 F

0.000

0.008 r

Frequency

0.006

0.004

0.002 ¢

0 50 100 150 200 250
Pixel

{a) Original image

0.010¢

0.009 +
0.008 1
0.007
0.006
0.005+

Frequency

0.004 +

0.003
0.002+

0 50 100 150 200 250
Pixel

(c) DCPR

0.m2r

0.010

0.008

0.006

Frequency

0.004

0.002

0 50 100 150 200 250
Pixel
(b} Orientation filter
0.009
(0L.008
0.007
0.006

0.005

Frequency

0.004
0.003
0.002

0.001

0 100
Pixel

(d) Method of this paper

Fig.7 R,G and B histograms

method. The time-consuming of this method is 0. 209 s
and 0.535 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-hazing effect.

Tab.1 De-hazing performance analysis of the

first set image sequence

Index of quantitative performance

De-hazing -
time-
method e CNI CCI CNC
consuming/’s
Orientation filter 1.594 0.564 0.018 0.864 0. 629
DCPR 1.545 0.701 0.014 1.086 0.553

Method of this paper 1.786 0.803 0.058 1.375 0.209

Tab.2 De-hazing performance analysis of the

second set image sequence

Index of quantitative performance

De-hazing -
time-
method e CNI CCI CNC
consuming/’s
Orientation filter 2.007 0.501 0.019 0.745 1. 508
DCPR 1.996 0.623 0.023 1.002 1.074

Method of this paper 2.134 0.685 0.049 1.293 0. 535

4 Conclusions

(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.

(2) Asubsection map de-hazing method based on
brightness information is proposed, which effectively
improve the color distortion problem caused by
traditional de-hazing method.

(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.

(4) The experiments show that the method of this
paper has higher precision and instantaneity for de-
hazing. Under the actual tested complex farming
environment, for two set of video images, the
aggregative index of de-hazing was improve by 28. 9%
and 28.9%

reduce by 34.4% and 53.9% respectively. However,

respectively and time-consuming was

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

relationship between quantitative analysis standards and

following study, a closed-loop control

threshold value segmentation will try to be established,
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which will provide a real-time and effective adaptive

threshold value segmentation method for the actual

adaptive navigation application.
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Agricultural Robot Visual De-hazing Method Based on Image Segmentation Map

Jiang Dejing' Wang Shuchen' Zeng Yong'?  Sun Tao'’ Qing Lufang'
(1. School of Mechanical and Electrical Engineering, Xuzhou Institute of Technology, Xuzhou 221111, China
2. School of Mechanical and Electrical Engineering, Yancheng Institute of Technology, Yancheng 224003, China
3. College of Mechanical and Elecirical Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

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-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-end
image de-hazing experiment was conducted based on the actual agriculture intelligent navigation platform,
and the results were compared with traditional de-hazing method. The results showed that the method had
high precision and real-time performance. The image de-hazing integrated indicators were improved by
28.9% and 29. 1% respectively of two part of the video, and the time consumption was improved by
34.4% and 53.9% respectively.

Key words: agricultural robot; visual navigation; image de-hazing; segmentation map; orientation filter
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