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Abstract  

In this paper, the main objective was to develop a route planning method for agricultural ma-
chines in fields considering multiple obstacles. The developed method involves two stages. 
In the first stage, the field was presented as a geometrical map which is made up by discrete 
geometric primitives, and then the generated tracks were clustered into deferent blocks. The 
second stage aimed to optimize the sequence of the blocks using Ant Colony Algorithm. To 
evaluate the developed method two experimental fields were used, the results showed that 
the method can obtain the optimal route under low computational requirements. 
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1 Introduction  

In crop farming the operations mainly include seeding, cultivation, fertilizing, spraying and 
harvesting. Traditionally, the farmers operate these operations based on their own 
experiences gathered over past seasons. However, there is no evidence indicating that 
experience-based operating strategies are optimum or near optimum. These strategies may 
directly affect the field efficiency. Furthermore, there are certain conditions, such as irregular 
field shape and obstacles within the field area, where human planning can cause low field 
efficiency and difficulty to select the in-field operating routes (Oksanen and Visala, 2007). 
Therefore, there is a clear need to develop planning algorithms and methods to improve the 
field efficiency. 
 
Coverage planning, routing planning and related planning methods have been a topic.  
Research in these domains mainly has focused on solving two distinctive problems: 
geometrical field representation and route planning. The first problem involves the generation 
of field-work tracks and headland.  A number of methods to deal with this problem has been 
introduced and developed recently (de Bruin et al., 2009; Oksanen and Visala, 2009; Hofstee  
et al., 2009). The second problem is to find the optimal route. within the geometrical 
representation. In relation to this problem, advanced methods based on combinatorial 
optimization have recently been introduced (Bochtis and Vougioukas, 2008; Bochtis and 
Sørensen, 2009).  
 
The aim of this paper is to present a route planning method for agricultural machines 
operating in a field that involves multiple obstacles with the objective of reducing the 
connection distance of all blocks. 
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2 Methods  

The presented method involves two stages. In the first stage, the field and obstacles with 
border, headland and driving tracks are expressed as a geometrical map which is made up 
by discrete geometric primitives including points, lines and polygons, and then the generated 
tracks are classified into blocks considering the in-field obstacles. In the second stage, using 
the geometrical representation, the optimal route planning of connecting the generated 
blocks is determined. This is equivalent to find the shortest route in the geometrical map, and 
it can be solved using graph search algorithms. In the remaining part of this section, each 
stage is described in details separately. 

2.1 First Stage: Geometrical Field Representation 

2.1.1 Headland and Tracks Generation 

In this stage, the field boundary and obstacle field boundary is saved as text file which can 
be called by MATLAB. The headlands consist of a number of sequential passes in order to 
create space for the agricultural machine to make turnings and to perform peripheral 
operation before or after the main field operation. The headland width is the offset of the 
boundary equaling the multiplication of working width of the machine. After generating the 
headland, the internal boundary is gained.  In order to guarantee the whole field is covered 
by the tracks, the smallest enclosing box (SEB) of internal field boundary is generated using 

the method of rotating calipers (Godfried, 1983). Then, the SEB area is covered by straight 
tracks parallel to the driving angle, θ.  The driving angle is the angle between the driving 
direction and the x–axis, here taking the positive easting axis as the x-axis.  The distance 
between each two adjacent tracks equals to the width of working width of the machine, w. 
The starting and ending points of the tracks are located on the internal field boundary. Let 

}...3,2,1{ nT   be the ordered set of the tracks.   

 
 

 

 

 

 

 

 

 

 

 

2.1.2 Clustering Field Tracks into Blocks 

In this step, the field body is decomposed into simple-shaped blocks, this can be defined as 
a boustrophedon cellular decomposition (coverage path planning: the boustrophedon cellular 
decomposition, Howie Choset). Specifically, a line, termed as a slice that parallel to the 

driving direction  , sweeps through the inner field boundary from left to the right. The blocks 

boundaries are then are formed by a sequence of open and close operations which 
happened when the slice encounters an event. There are two types of event: IN and OUT. In 
an IN event, where the slice starts intersecting with the boundary of the obstacle and the 
connectivity of the slice increases, the current block area is closed and two new block areas 
start opening, whereas, in an OUT event occurs when the slice finishes intersecting with the 
boundary of the current obstacle and the connectivity of the slice decreases, the two current 
block areas are closed and one new block area start opening (figure 2.a). As the 

Figure 1 Field body is covered by the field-work tracks (the solid lines) 
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decomposition is computed, an adjacency graph is used to represent the generated block 
area where a node represents a block area and an edge represents the adjacency 
relationship of two block areas (figure 6). The next step is to merge the generated block 
areas according to the adjacency graph.  The merging requirement is that two adjacent 
bocks have to share exactly matching edges. After merging, each block area will be given a 
index value. Previously, a set of parallel tracks have been generated. In the following, a 
method of how to divide the tracks into segments and cluster the divided segment tracks into 

blocks areas will be introduced. Let },...,2,1{ kB   be the generated block areas.   

The whole processing of clustering includes T iterations. In each iteration, If a track Ti

intersects with the boundary of a block area Bj , then it can be subdivided into track 

segments, next, the subdivided track segments will be checked if they are located inside the 
block area j , the one is located inside the block area will be given the same index value with 

the index of block area. After T   iterations, all the tracks have assigned one index. The 

tracks that have the same unique index value are clustered into the same block, Let 

}...3,2,1{' qB   denote the generated blocks.  

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 

2.2 Second Stage: Block Sequence Optimization  

2.2.1 Mathematical Formulation of the Problem 

In this stage, the objective is to minimize the distance of connecting the generated blocks. 
This problem can be formulated as a TSP optimization problem where the decision variable 
is the order of the blocks.  The TSP is the problem of finding the shortest route for the 
travelling salesman to visit each city exactly once.Each block can be represented by four 
nodes that are termed as entry/exit points (Fig.3) which can be expressed as

}4,3,2,1{,,  jBxnxj . 
 

 
 
 
 
 
 
 
 

 
 

Figure 2.  The generated block areas (a) and the tracks are clustered into blocks (b) . 

a b 

Figure 3 One block is defined by four nodes 
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Each two nodes 1xn , 2xn and 3xn , 4xn  are located on the same track. In the following 

discussion, we will refer to the 21、xt , 43、xt , Bx for the track defined by 1xn , 2xn and 3xn , 4xn  

respectively. Let jiBjixij  ,,, be the decision variable where 1ijx  if the vehicle moves 

from block i  to block j and 0ijx otherwise. The objective function is 

 

ji
Bí Bj

ijijcx which has 

to be minimized, the ijc is the cost from exit node of block i  to the entry node of block j when

ji  .    

 
Figure 4 Case for connection of the nodes. 

 
As was mentioned previously, each block is defined four nodes. The routes should not 
include the unreachable connections between two nodes that are from different blocks where 
one node locates on the field boundary while other on locates on the obstacle boundary. For 

example, as depicted in the Fig. 4, the connection between nodes 13n , 33n  is unreachable. 

Therefore in this case, the transit cost ijc  is assigned a large number (e.g.  ), however, in 

the case where two nodes locate on the boundary (field or obstacle boundary), the 
connection distance of these two nodes is the actual distance along the headland pass. 
 

2.2.1 Optimization Algorithm  

After the mathematic formulation of this problem has been built, it can be solved using graph 
search algorithms. The Ant Colony Optimization (ACO) algorithm has been selected which is 
a mathematical model of ants behavior in find the shortest route between colonies and food. 
Every ant deposits pheromone on the passed path. However, the pheromone starts to 
evaporate over time, thus reducing its attractive strength. A short route is passed frequently 
by ants, and thus the pheromone density on shorter paths is higher than longer ones’, 
consequently, the shortest route has the highest pheromone density (Dorigo et al., 1996). 
 

3 Results  

The approach was developed in the MATLAB technical programming language (The 
MathWorks, Inc., Natwick, Mass.). Two experimental fields were selected for demonstrating 
the applicability and functionality of the developed approach. The first field [9.590874, 
56.491135], referred to as field A, has an area of 24.75 ha and has one obstacle inside. The 
other field [x, y], referred to as field B, has an area of 47.49 ha and three obstacles inside. 
Fig.5 shows satellite images of field A and B. For finding the solution for both cases the 
number of iteration 100ít . The number of the ants used is equal to the number of the 

nodes. In order to improve the experiment accuracy, 10 runs were performed for each case. 
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3.1 Test Field A 

For field A, the operating width of the agricultural vehicle is 9 m, the number of headland 
passes is 2 and the driving angle is 43 °, resulting in 94 field-work tracks. As shown in Fig. 6, 
the generated tracks are clustered into 4 blocks. 

 
 

Figure 6: Geometrical representation of field A 
 

The average time of computing the minimal connection distance for field A was 7.83 
seconds. The sequences of tracks of each block are presented in Table 1. The connection 
distance of the blocks is 171.25 m. 
The optimal sequence of the blocks and the corresponding entry and exit nodes is:   

}{ 4341313324221312 nnnnnnnnBop 
.  

Table 1. Sequence of tracks within each block of field A 

3.2 Test Field B 

For field B, the operating width of the agricultural vehicle is 12 m, the headland number is 2 
and the driving angle is 90°, resulting in 102 field-work tracks. As shown in the Fig. 7, the 
generated tracks are clustered into 10 blocks. The average time of computing for field B was 
33.51 seconds. 

 

Block Index Sequence of tracks 

1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18 … 44 

2 45 46 47 48 49 50 51 52 53 54 55 56 57  

3 58 59 60 61 62 63 64 65 66 67 68 69 70 

4 71 72 73 74 75 76 77 78 79 80 81 82 … 94 

Field B Field A 

Figure 5 The satellite image of field A with one obstacle and of field B with three obstacles 
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Figure 7 Geometrical representation of field A 

 
The sequences of tracks of each block are presented in Table 2. The connection distance of 
the blocks is 650.3 m.The optimal sequence of the blocks and the corresponding entry and 

exit nodes were: 

}.

{

121333312224

414362645254717481841031029392

nnnnnn

nnnnnnnnnnnnnnBop





 
 Table 2. Sequence of tracks within each block of field B 

4 Conclusions  

In this paper, a route planning method for agricultural machines operating in fields with 
multiple obstacle areas was developed and demonstrated. The proposed method consists of 
two stages:  Geometrical field representation and block sequence optimization. In the first 
stage, the field is expressed as a geometrical map which is made up by discrete geometric 
primitives; in the second stage, the ACO algorithm was use to find the shortest route to 
connect the generated blocks.The low computational requirements of the proposed method 
make it practical for route planning for future field robotics that can autonomously operate in 
the field. 
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