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2 M th d1 I t d ti 2. Method
The method finds the path that goes from the ending of a track to the headland path, follows the headland 
path, and then leaves the headland path to arrive at the ending of another track.

Several assumptions are made in order to use this approach. First and foremost the rate of change of the 
steering angle and forward/backward motion is unconstrained and because of this can change from 0 to 
maximum instantaneously.  The turning diameter has been assumed to be less than the working width and 
collision free headland path is available. 

First step of the method is to solve the geometrical problem of finding the circle, C, with vehicle minimum 
turning radius, that is tangent both to the track line, T, and the headland path, H (see figure 3 for two 
examples). The tangent point between H and C defines the path P.

1. Introduction
Methods exist that can find a sequence of traversing tracks in a field that minimize the total travel distance of 
the entire field operation [1]. These methods needs as input the distance from exit of one track to the entrance 
of another track. There are many ways of computing this distance. A simplified approach is the use of 
geometrical models that provides the turning path as a sequence of line segments and cycle parts [2] (See 
figure 1). Nevertheless, but this approach does not take into account the presence of obstacles. A very precise 
approach is to use a general path planner which can compute collision-free paths that obeys the minimum 
turning radius and avoids any kind of obstacles [3] (See figure 2). The drawback of this method is the high 
computational time.

In this paper an analytical method to compute the travel costs between the endings of the field-work tracks is 
presented. The principal idea of the method is that the headland path is a collision-free path from where any 
track on the field can be reached In terms of path planning terminology the headland is a kind of simple
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track on the field can be reached. In terms of path planning terminology, the headland is a kind of simple 
roadmap between tracks. Points then have to be calculated where the vehicle has to get off the track and onto 
the headland path or the opposite while taking into account the turning radius. 

To find the cost of the complete path from one track to another, the attaching path at each track, P1 and P3, has 
to be found and added to the intermediate part of the headland path, P2. (see figure 4). 

It is possible to find the centre of the circle C by treating the problem as a special case of the Apollonius 
problem, specifically, the LLL case. In this special case the specific problem  is to find the circle that is tangent 
to three known lines (see figure 5). The lines L1, L2 and L3 are used for this where, L1 is the extension of the 
known track, L2 is the line going through two closely spaced points on the headland path, and L3 is a line 
running parallel to the known track but translated so the normal distance between the lines is equal to the 
turning diameter.
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3. Results
The result of the method is the cost matrix associated with moving between the different tracks. To visualize 
the result the optimal route was found by optimization and is show in figure 8.
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The intersection between the angle bisection lines L12 and L23 gives the centre of the circle C which has a 
radius equal to the turning radius. The tangent point, Ph, between the headland path and the circle, C, 
indicates where the turn starts and the tangent point, Pt, between the extended track and the circle, C, 
indicates where the turn ends. When the points Ph and Pt are known the distance of the path P can be found.

Figure 6 shows the method in action. Each individual circle shares a tangent line with a point on the headland 
path. When the tangent points coincide the correct circle has been found.

To minimize time used on searching for the correct circle only a small part of the headland path is searched 
(see figure 7).

Figure 5 Figure 6In some situations when the headland is closer to the end of the track than the minimum turning radius the 
machine has to reverse in order to turn unto the headland or leave before the end of the track as shown in 
figure 9. While the extra distance traveled because of this is taken into account in the cost matrix the added 
time from having to stop and go into reverse is not.
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4. Discussion
The main argument for using our method instead of a general path planner, is that the presented method is 
faster. In optimizing the track traversal you need the elements of the cost matrix, but you only need to compute 
some of them. The number of elements to compute, given n tracks in the field, is derived in the following:

Given n tracks in the field. Consider the cost in the upper headland:

The approach has been implemented using the Matlab© Technical Language.  

Figure 7

Cii : travel from track i to i. The cost is not computed.
Cij = Cji : headland travel cost between track i and track j is equal to the cost between track j and track i
Elements in the whole matrix:

Number of Cii elements:

The remaining elements are located in the upper and lower triangle of the cost matrix, but since Cij = Cji , we 
only need one of the triangles. Thus the number of elements needed from the upper headland are:

The same number of elements are needed from the lower headland, so the total number is:
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Running in Matlab the method compute one element in about 33ms. A general path planner will use a couple 
of seconds. If the number of tracks is large, this is important to consider.
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