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Abstract

The need for increase in food production leads to de-
velopment in agricultural equipments. Moving towards pre-
cision agriculture machine vision is introduced to increase
the productivity in minimal time period. The most diffi-
cult and time consuming part of agriculture is ploughing
the field and harvesting since many of the off-road vehicles
is enforced for the purpose and the vehicles are used in the
natural terrain surface having irregularities, flying dust par-
ticles around and rough surface. This leads to vibrations,
continuous changing conditions and presence of weeds in
between the rows of crops due to difficulties in the exist-
ing conditions the vehicle operator is in need of a proper
guidance in operating the off road harvesting vehicles for
finding the location of the cut and un-cut edges and also for
identifying rows between the crops for the chemical spraying
process. This work figures out a system based on the dis-
parity map to overcome the difficulty of the off-road vehicle
operators by giving 3D structure of the crop field. A digital
camera is mounted on the vehicle and the personal com-
puter is fixed in the harvesting vehicle to show the disparity
values of the intended scene the operator gets navigation
from the disparity displayed on the monitor present inside
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the cabin. The test is conducted in the pearl millet field for
row detection and a corn field for detection of un-cut edges.

Key Words : Agricultural, Disparity, Field, uncut,
Row, Pearl millet field, corn field, 3D, off-road vehicle.

1 Introduction

The most important and delicate operation in the field of agricul-
ture is harvesting since it should be carried out in the short span
of time based on the favourable climatic conditions. It is also im-
portant to get the full yield without any losses in the amount of
grain which is harvested. In case of corn harvesting crop gleaned
is take place based on the certain conditions. Like fair to mid-
dling moisture in the corn cob, good climatic condition should met
there should not be rain or snow fall, soil should be dry to allow
the harvesting machine in the field and the availability of the ma-
chine operator should also meet [13, 14]. The operator is forced to
work under specific time period such as work cannot be extended
after the dusk, along with this the above conditions should also
be considered [13]. Due to the force and stress that is applied to
the operator it may lead to sit back in the performance even it
may lead to life threading accidents. To avoid such situations semi
automated vehicle navigation system is figured out in this paper.

The machine vision detects path in between the rows of the crops
in the agricultural field, computer vision based navigation system
can direct off road harvesting vehicle for performing cultivation,
chemical spraying, and harvesting in the agricultural field [18]. In
computer vision based navigation system, features of crop rows are
extracted from images captured from the field to give guidance to
the vehicle operator. Thresholding methods apply to the intended
region to extract the features [18]. The challenging issue in the
thresholding methods is determining the threshold since the images
are taken in the natural lighting condition and crop growth varies
with time. It is also a challenge to distinguish the weed and the
crop while estimating the rows between the crops.

Machine vision based image processing is the one of the solution
to guide the off-road harvesting vehicles [12]. To get the full field
information such as the distance of the objects in the field, structure
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and depth of the plants a stereograph provides a 3D visualization
of the intended image captured from the field by aggregating stereo
pair images captured by binocular camera or a stereo camera at
a same time. These kinds of three dimensional images are less
sensitive to changes in lighting conditions. Due to this features
applications for stereovision have been applied in agriculture field
for figuring out the arguments of a jade tray graft. The challenge
faced by this method is fixing the camera at a position it may not be
affected by dust particles and the fixed angle of the camera should
point the row and the edges of the crop.

We have divvied stereo based harvesting vehicle navigation in
conditions of true corresponds that is boasting in the two images
that are yielded by the same physical entity in the space. The pro-
posed method takes images from the single high resolution digital
camera and generates the stereo pair from the single image cap-
tured through the single digital camera to provide the real world
i.e. three dimensional coordinates of the agricultural field. The al-
gorithm for stereo based disparity estimation is given in the section
3.

2 Literature Review

The colour image is commuted into a gray level image. It is ac-
complished by splitting the colour channel of the image into its red
colour, green colour and blue colour and the method divvied by
Woebbeck, et.al, [1] is applied to educe living plant tissue. Subse-
quently, the gray level image is cleaved into orientation divest where
the upper limit of gray levels bespeak the bearing of an interested
row, every high value ascertains a row section and the center of
gravity of the section is noted at this divest location. Rows be-
tween the crops are distinguished by merging noted details of the
same process as used by the Hough transform or by the process
of linear regression. The scheme proposed by Sainz Costa [2, 5]
gives the video sequences based analyzing for differentiating rows
between the crops. Crop rows dominate on the directions found
out by the place of exclusion regarding to the 3D [11, 15], view of
the field. Exploiting this concept, this method applies a gray scale
shift based method as proposed by Ribeiro [3] and the picture is
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changed into the binary image by thresholding. Both of the images
are split into 4 horizontal bares. Rectangular dapples are depicted
in the binary image to differentiate between the crops and rows.
The gravity centre of these ties are used as the points specifying
the rows of crops and adjustment is made based on these points.
The commencing frame is a reference that guides the system for
finding the position of the upcoming dapples in upcoming frames,
[20] and in Wheeler [4] the source RGB image is converted into
gray scale. The converted gray level image is split into 8 horizontal
stripes. The chroma of the pels throughout these stripes demon-
strates a time to time differentiation, imputable to the parallel corn
rows. Since there is prior knowledge of the camera parameters, po-
sition of the camera and the spacing between the crops are known,
the spacing between the rows in image pel can be estimated for
every horizontal band by a pinhole model camera. By Hague T [19]
Band pass filter is applied to this model to enhance the pattern
[16], and this gives a high response in the frequency domain [17].
Sometimes it is tough to use horizontal patterns to differentiate
crops and weeds form an unparalleled patch.

The approach proposed by Pla,et.al [13] applies color image seg-
mentation to identify crops and soil. Based on the color it collects
the sketch of the regions with the same color. The ensuring sketch
and their properties are connected into contour points, these results
to identify the crops and the rows through the vanishing points.
The flaw with this method is drawing the sketch, if the weed is
present in between the rows this method may include that as a
crop and it may not differentiate the rows between the crops. In
Romeo et al. [6] identifies the row between the crops by vanish-
ing point. The process is based on the supervised fuzzy logic and
finding out the highest accumulation of green pixels in the region
in the direction of vanishing point. This method is fully hooked on
the training data set.

To overcome the difficulties faced by the existing methods 3D
based stereography is introduced in the field of agriculture. In gen-
eral 3D information is generated based on the multi view images [7,
9] and depth maps [22]. For generation of the depth information two
cameras are used to generate the multi view images each camera is
kept apart as the distance between the two human eyes (approxi-
mately 2.5 cm) [23, 25]. The depth map of the scene is generated
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based on the distance information of the intended scene. Based on
the depth map intermediate view of images at an arbitrary virtual
viewpoint is reconstructed [24]. The other method adopted for the
generation of stereograph images is by using stereo depth cameras
[21, 25] which will have two cameras fixed in it and automatically
estimates the depth information based on the images captured. The
difficulty faced by using two cameras based method in agricultural
machineries is locating the two cameras at the appropriate angle
and the cost of stereo camera is comparatively high.

To prevail gross Pearl millet field information, the proposed
stereograph based method can deliver a 3D view of the field by
merging two images of agricultural field acquired from a normal
digital camera [7, 8]. The image with depth is obtained from the
angular deviation among the stereo pair generated from the monoc-
ular image; this approach is minimum prone to changes in lighting
conditions since the single camera is used to capture the monocular
image which is source for the stereo pair the intensity of the light
in the stereo pair will remain the same and the stereo pair will not
suffer from ghosting or vibration effects. This work figures out the
formulation of row detection and uncut edge detection in a corn
field for navigation of the off-road vehicle operators.

3 System Architecture

3.1 Stereo vision based crop edge and row de-
tection system

The stereograph represents a scene with its depth information based
on the two images in slightly different angle between them [10].
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Figure 1: model of stereo vision formation

In the fig.1 f- Focal length, P- projection, b- baseline, (Xy, Yu,
7 Tepresents the clonel image and (X, Yur, Zw) clone 2 image.
The proposed stereo vision based crop un-cut edge detection and
row detection employs single digital camera with high resolution.
Proposed method clones the captured scene and creates the stereo
pair.

The coordinates of Clonel and clone 2 is defines as eq 1 and 2,

A(xwyywazw) = A(:cw—b/Q,yw,zw) (1)
AI(IU)/, y,wI’ Zw/) = AI(ZEw/ — b/2, yw’7 Zwl) (2)

Horizontal displacement is found between the stereo pair the
deviation angle gives the depth map of the scene. It is defined by
the formulas as follows, Mathematically it is difference between the
equ (1) and (2) by solving this equations it ends up with actual
deviation level (z).
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7= (3)

Tap =Tyt

By the same process the solution for x, y also can be obtained,

_ b(zwtz,)
= Ae—r) (4)
v= i (5)

Once the disparity is obtained the depth map of the scene is
obtained from the above formulation and the distance between the
nearer object and far object can be calculated from the depth map
from which the un-cut edges are highlighted and the rows between
the crops can be differentiated.

3.2 Camera location

a

Figure 2: deption of camera position and vehicle used in experiment

Here in Fig.2 x1 offset camera location, x, z vehicle location, zl
camera location offset in vertical.

The proposed stereo crop row and un-cut edge detection system
is based on a single camera. This provides the guidance to the half
road vehicle operator. The problem faced while experimenting is
locating position of camera and tilled angle. The camera is located
at different positions like top of the off-road vehicle, at mount and
between the lamps. It is found that the position between the lamps
gives the satisfactory result of the view angle of 40 degree shown
in Fig. (2)(a,b). The camera used for experiment is normal digital
camera which is capable of capturing seven type of frame resolu-
tions (1024x768, 1280x1024, 160x120, 176x144, 320x240, 352x288,
640x480). The camera is installed at the height of 2m from the
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ground level and the camera is adequate to capture scenes between
Im to 9m as shown in the Fig.(2).

The scene captured through the camera is sent to the process-
ing unit and the disparity is estimated according to the formulas
(1) to (5). Tt gives the rows between the crops and un-cut edges
accordingly the operator of the half-road vehicle operator can steer
the vehicle.

4 Results and Discussions

The Fig. 3 (a), image depicts the pearl miller crop rows with a
height approximation of 0.6m and the distance between the rows
are 0.55 m. The disparity map of stereo images Fig.4 (b) (c) are
estimated by scene captured from the camera fixed on the off-road
vehicle. The darker portioned objects are nearer and the lighter
portions are far.

The high resolution digital camera is mounted on the off-road
harvester vehicle in the way it cover version a square area of 4m
width at the top, 1m width on the bottom and 5m in distance,
located about 1.5m on the face of the tractor. The arrangement
shows up to 4 crop rows as seen in the Fig. (3).

a

Figure 4: source image and validation test results
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Figure 5: source image and disparity of un cut edges

5 Conclusion

The proposed work looks into the methodology for agricultural ma-
chinery guidance system based on single high resolution digital cam-
era. Field inspection results show that the stereo vision guidance
system could capture a scene through the single camera lens and
based on the single image captured disparity is estimated. Since
single digital camera is used its cost efficient method for farmers
which reduces the overhead cost of getting high cost stereo cameras.
Based on the disparity image created on the screen the machine op-
erator can steer the vehicle through the rows and get through the
uncut edges and find the rows between the crops and this method
is not restricted to particular type of crop.

References

[1] Woebbecke, D. M, Meyer, G. E., von Bargen, K., & Mortensen,
D. A, (1995), Shape features for identifying young weeds using
image analysis, Transactions on American Society of Agricul-
tural Engineering, 38(1), 271281.

[2] Sainz-Costa. N, Ribeiro, A., Burgos-Artizzu, X., Guijarro, M.,
& Pajares, G., (2011), Mapping wide row crops with video se-
quences acquired from a tractor moving at treatment speed Sen-
sors, 11, 70957109.

[3] Ribeiro, A, Fernandez-Quintanilla, C., Barroso, J., & Garia-
Alegre, M. C., Development of an image analysis system for

9

41



International Journal of Pure and Applied Mathematics

[10]

[11]

[12]

estimation of weed (2005). In Proceedings of the 5th european
conference on precision agriculture (5ECPA), 169174.

Hague, T, Tillet, N., & Wheeler, H., Automated crop and
weed monitoring in widely spaced cereals Precision Agricul-
ture, 1(1), 95113.

Pla, F., Sanchiz, J. M., Marchant, J. A., & Brivot, R., (1997),
Building perspective models to guide a row crop navigation ve-
hicle, Image and Vision Computing, 15, 465473.

Romeo, J., Pajares, G., Montalvo, M., Guerrero, J. M., Gui-
jarro, M., & Ribeiro, A., (2012), Crop row detection in maize
fields inspired on the human visual perception. The Scientific
World Journal, 2012, 1-10.

N.R. Raajan, M. Ramkumar, B. Monisha, C.Jaiseeli, (2012),
Disparity Estimation from Stereo Images, International con-
ference on Modelling Optimization and Computing, Volume
38,462472.

N.R.Raajan, C.Jaiseeli,et.al., (2012), Stereoscopic modelling of
3-D Anagylph image, Computing, Electronics and Electrical
Technologies (ICCEET) , IEEE proc,538 542.

N.R.Raajan, M.Rengarjan et.al, (2012) Stereopsis Based In-
formation Identification in Real World, Elsevier.

M. Kise, Q. Zhan, F. Rovira Ma s., A Stereovision-based
Crop Row Detection Method for Tractor automated Guidance
(2005), Biosystems Engineering, volume 90 (4), 357367.

F. Rovira-Mas, S. Han, J. Wei, and J. F. Reid, (2007) Au-
tonomous Guidance of a Corn Harvester using Stereo Vision.
Agricultural Engineering International: the CIGR Ejournal.
Manuscript ATOE 07 013. Vol.9.

Bjorn A strand , Albert-Jan Baerveldt, (2005), A vision based
row-following system for agricultural field machinery, Mecha-
tronics 15, Elsevier, 251269.

10

42

Special Issue



International Journal of Pure and Applied Mathematics

[13]

[14]

[15]

[16]

F. Plaa, J.M. Sanchiza, J.A. Marchantb, R. Brivotb, (1997),
Application note Building perspective models to guide a row
crop navigation vehicle, Image and Vision Computing 15, 465-
473.

J.A. Marchant, (1996) Tracking of row structure in three crops
using image analysis, Computers and Electronics in Agricul-
turel 5, 161-179.

Ming Xie,(1995), Trinocular vision for AGV guidance: Path
localization and obstacle detection (1995), Computers and elec-
tronics Engineering , Volume 21, Issue 6, November, 441452.

Asim Bhatti, Saeid Nahavandi, 3D depth estimation for visual
inspection using wavelet transform modulus mazima (2007),

Computers & Electrical Engineering, Volume 33, Issue 1, Jan-
uary,4857.

Hague T,Tillett N D (2001), A band pass filter-based approach
to crop row location and tracking. Mechatronics, 11(1), 112.

Benson E R, Reid J F,Zhang Q (2003), Machine vision-based
guidance system for agricultural small-grain harvester using
cut-edge detection. Biosystems Engineering, 86(4), 389398.

Hague T,Tillett N D (2001), A bandpass filter-based approach
to crop row location and tracking. Mechatronics, 11(1),112.

Tillett N D; Hague T (1999), Computer-vision-based hoe guid-
ance for cereals an initial trial. Journal of Agricultural Engi-
neering Research, 74(3), 225236.

Tillett N D, Hague T, Miles S J (2002). Inter-row vision guid-
ance for mechanical weed control in sugarbeet. Computers and
Electronics in Agriculture, 33(3),163177.

Nasser Behroozi Khazaei,Teymour Tavakoli,Hassan Ghas-
semian,Mohammad Hadi Khoshtaghaza,Ahmad Banakar, (Oc-
tober 2013) Applied machine vision and artificial neural net-
work for modeling and controlling of the grape drying process,
Computers and Electronics in Agriculture, Volume 98,205213.

11

43

Special Issue



International Journal of Pure and Applied Mathematics

[23]

[24]

[25]

Peter H. Schiller, Warren M. Slocum,Brian Jao,Veronica S.
Weiner, (2011). The integration of disparity, shading and mo-
tion parallax cues for depth perception in humans and monkeys,

Brain Research, Volume 1377, 6777.

N.R.Raajan, Malini Deepika, Real Time 2D to 3D Image Con-
version using Special Filter, International Journal of Imaging
and Robotics, Volume. 14 (3), 2014.

M.MaliniDeepika and N.R.Raajan, (2014) Single Space Born
Image Based Anaglyph Generation, International Archives of
the Photogrammetry, Remote Sensing and Spatial Information
Sciences - ISPRS Archives, Volume 40(8),803-807.

12

44

Special Issue



45



46



