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In modern farming there are a number of choices which can be made about which vehicle to use with which implement in order to carry out an operation. There are many factors which need to be
considered when selecting the vehicle/implement combination, including the achievable coverage of the working field due to the minimum turning diameter of the vehicle and the working width of
the implement.

In this study the headland for any given field was calculated using an analytical method and the combinations of different setups of vehicle and implement were investigated. A special case was
also investigated which examined the impact of changing the assumption of instantaneous turning, so that it better reflected the real world situation.

Results
To calculate the headland in relation to the working
width, an algorithm is employed which looks at the
discreet points on the boundary. For each boundary
point, a headland point is generated at a distance of
half the working width away from the boundary point,

Methods
Once a headland for the working width has been
calculated it is evaluated to ensure that the corners
are achievable by the vehicle considering its
maximum turning radius.

For each headland point, two circles are generated

Methods
There were three cases of (maximum turning 
radius*2)/working width examined in this study. The 
most important factor when consider the three cases 
is how much of the fields working area is missed. 

Case 1: Max turning dia.< 1
working width

Eample fields with two headlands

The headland point is kept if there are no other
boundary points within the distance of half the
working width away from headland point, other than
the boundary point used to generate it.

At corners which are concave, this results in sharp
corners, however at convex corners it results in gaps.
At these gaps additional headland points are
generate by placing a point on the corner and
generating headland points half the working width
away within the gap.

For each headland point, two circles are generated
either side of the headland point with radii of the
maximum turning radius and centres at a distance of
the maximum turning radius in the positive and
negative directions of the normal to the headland
path.

Any headland points which are found to be within
these circles are moved to the outer circumference of
the circle, ensuring they can be achieved by the
vehicle from the current headland point by utilising a
maximum turn.

g
Minimal area missed in the 
corner, however the inside 
of the implement is 
travelling backwards at 
some points during the path

Case 2: Max turning dia.= 1
working width

Minimal area missed 
without the implement 
travelling backwards, this 
my be the most desirable 
case in reality

Case 3: Max turning dia.> 1
working width

Large area missed in the 
corner, also there made be 
a need for two or more 
headlands for optimal 
turning between rows Blue circles are turns 

governed by max turning dia, 
red circles are working width

                                                    In future modeling of headland turning the kinematics might include time rate of changes 

(ROCs). Examples are steering angle ROC ( ) ( ) /T T Tt d t dt    and velocity ROC ( ) ( )T T Tv a t dv t dt  . Here 

such a piloting case study of a “full turn” focuses on the driving style for two driver types. One driver type (D1) always turns the 
steering wheel to its limit whereas another driver (D2) turns the wheel to a fraction of its maximum. The maximum turning 

angle max is related to the wheel base TL and the minimum radius of curvature min of the vehicle as

1
mintan ( / ), ]0;1]TL     , where is a factor defining the fraction of the maximum steering angle which is actually 

applied. The trajectory is bound by initial location coordinates 0( , )x y goal coordinates ( , )gx y . The arch length L as well 

Discussion

This parametric steering angle ROC function is defined from three time
increments DT1, DT2 and DT3 of which DT1 is fixed to one second.
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as the total turning time  is computed for each path. The tangential velocity is assumed to be constant, i.e. ( )Tv t Cns . 

The steering angles ROC functions T  are defined with piece-wise constant values applied over a finite time interval . Each 

piece of 1( ), [ ; ],T T i it t t t t      , where it  represent the local starting time and 1it  the local end time. The integral 

over each piece reaches max . In this case the ROC function is parameterized by three time increments DT1, DT2 and DT3. 

The results from simulations of such two different styles of steering are illustrated to the left. 
The first driver (D1) drive “aggressively” and makes as sharp turns as possible whereas the second driver (D2) is less 
aggressive and control the steering with a percentage of the maximum steering angle. The new algorithm is a direct 
integration approach based on the constant average acceleration method which is a special case of the Newmark-beta 

Figure  X   The steering angle function controls the turning kinematics

t [s]

 is a factor which controls the steering style. 

 = 1   ‐>  turning with minimum radius of 
curvature.

 = 0.9   ‐>  turning with 90% of maximum 
steering angle.
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min = 4 [m]

vT: 2 [m/s]LT: 2 [m]

Driver (D1)
'Aggressivity'... 1.0

Driver (D2)
'Aggressivity'... 0.9
Fixed DT1 1 000 [s]

Turning with only ninety percent of sharpest possible steering angle
produces a relative increase in arch length and time elapsed of 13.6 %
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method*. 
 
  *Nathan M. Newmark originally developed the method in 1959 for structural dynamics.  
 

 

 

   

Working distance: 4 [m]

Fixed DT1 ....... 1.000 [s]
Optimal DT2 ..... 0.0274 [s]
Optimal DT3 ..... 7.413 [s]
Time Elapsed .... 13.44 [s]
Arch Length ..... 26.88 [m]

Fixed DT1 ....... 1.000 [s]
Optimal DT2 ..... 0.2799 [s]
Optimal DT3 ..... 8.7501 [s]
Time Elapsed .... 15.27 [s]
Arch Length ..... 30.54 [m]

Headland turns ‐ simulated with a novel time integration algorithm
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