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Table 1- Result of the stereo camera calibration

2 or9?
Left camera

C;w:‘) OM9°
Right camera

Omasmyle

Camera_matrix 300.977549, 0, 0, 1]

zlsel = il [0.001096, -0.007959, 0.008296, 0.003779,
Distortion_coefficients 0.000000]
& ilrgaSa— s yilo [0.999944, -0.010030, 0.003299, 0.010017,

Rectification_matrix
- 0.999987]

DRSS s il

Projection_matrix

[723.174020, 0, 488.740816, 0, 718.920051,

0.999943, 0.003811, -0.003337, -0.003778,

[733.239376, 0, 491.911057, 0.000000, O,
733.239376, 301.681948, 0, 0, 0, 1, 0]

[719.429436, 0, 490.562927, 0, 715.922235,
292.287665, 0, 0, 1]

[0.005420, -0.038226, 0.006065, 0.000527,
0.000000]

[0.999948, -0.009683, -0.003222, 0.009671,
0.999946, -0.003810, 0.003259, 0.003779, 0.999988]
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Table 2- Error values to estimate the position of the stereo camera

. . . . ~ R uni’l':" ady
oo Jgb aineS slbs Ay glas EQRNCE W 5, laibu! )l B 5! s
Length of path (m) Minerror (m) Maxerror (m) Meanerror (m)  Standard deviation(m) &r
RMSE (m)
32.7 0.0071809 0.221712 0.0679412 0.0456431 0.0075569
920l a9 g e o s (5 SSle lie =Y Jgoa
Table 3- Average error values in the estimation of stereo camera rotation angles
Z gt )3 s Y gll) p3 pis > X bl 5> i 2
Rotate in the Z direction (rad) Rotate in the Y direction (rad) Rotate in the X direction (rad)
0.026387 0.277271 0.026387
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Introduction

Increasing the production efficiency is an important goal in precision farming. The use of precision farming

requires a lot of labor work. Also, due to the risk of agricultural operations, it is not recommended to do it
directly by humans. Therefore, it is necessary for agricultural operations to be carried out automatically. For this
reason, the application of robotics in agricultural environments, especially in the greenhouse, is increasing. The
first step in automatic farming is autonomous navigation. For autonomous navigation, a robot must be the ability
to understand its environment and recognize its position. In other words, a robot must be able to create a map of
an unknown environment, locate itself on this map and finally plane for the path. This problem is solvable by
Simultaneous Localization and Mapping (SLAM). The SLAM problem is a recursive estimation process. In the
other words, when a robot moves in an unknown environment, mapping and localization errors increase
incrementally. To reduce these two errors, a recursive estimation process is used to solve the SLAM problem.

Materials and Methods

In this research, two webcams, made by Microsoft Corporation with the resolution of 960x544, are
connected to the computer via USB2 in order to produce a stereo parallel camera. For this study, we used a
greenhouse that was located the Arak, Iran. Before taking stereo images, a camera path was designed in the
greenhouse. This path may be either straight or curved. The designed path was implemented in the greenhouse.
The entire path traversed by a stereo camera was 32.7 m and 150 stereo images were taken. Graph-SLAM
algorithm was used for Simultaneous Localization and Mapping in the greenhouse. Using the ROS framework,
the SLAM algorithm was designed with nodes and network for connecting the nodes.

Results and Discussion

For evaluation, the stereo camera locations, every step was measured manually and compared with the stereo
camera locations that were estimated in the graph-SLAM algorithm. The position error was calculated through
the Euclidean distance (Dg) between the estimated points and the actual points. The results of this study showed
that, the proposed algorithm has an average of error 0.0679412, standard deviation of 0.0456431 and root mean
square error (RMSE) of 0.0075569 for camera localization.

In this research, only a stereo camera was used to prepare a map of the environment, but other researches
have used multiple sensor combinations. Another advantage of this research related to others was created a 3D
map (point cloud) of the environment and loop closer detection. In the 3D map, in addition to determining the
exact location of the plant, the height of the plant can also be estimated. Plant height estimate is important in
some agricultural operations such as spot spray, harvesting and pruning.

Conclusions

Due to the risk of agricultural activities, the use of robotics is essential. Autonomous navigation is one of the
branches of the robotics. For autonomous navigation, a map of environment and localization in this map is need.
The purpose of our research was to provide simultaneous localization and mapping (SLAM) in agricultural
environments. ROS is a strong framework for solving the SLAM problem. So that, this problem can be solved by
combining different nodes in ROS. The method depended only on the information from the stereo camera
because stereo camera provided exact distance information. We believe that this study will contribute to the field
of autonomous robot applications in agriculture. In future studies, it is possible to use an actual robot in the
greenhouse with various sensors for SLAM and path planning.
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