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Algorithm for determining the type of turns carried out by the unit in shuttle movement in the 
field while using precision farming systems

K. Trendafilov*

Department of Agricultural Engineering, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria

Abstract. An algorithm is proposed in the article that compares all possible variants of shuttle movement of units in the field – all combinations of turns carried 
out at both ends of the field and directions of turns. The total length of the working and non-working moves of the unit is calculated and on the basis of it the 
coefficient of use of the working moves is determined. The most appropriate way of moving is the one in which the coefficient is maximum, i.e. it has the highest 
performance. The use of this algorithm will facilitate the selection of turns and direction of movement of the unit on the field as the whole volume of the 
computational work will be done by the computer and will avoid the subjective judgements of the operator. The selected type and direction of making turns can 
be projected on the map of the field with their exact coordinates by connecting the neighbouring working moves. The use of this information in the precision 
farming systems will allow the movement of the tractor during turning to be fully automated, as working moves are currently made. This will be another step 
towards the full automation of the performance of agricultural operations and the use of unmanned tractors.

Keywords: precision farming system, type of turns, irregular shaped field, headland
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Introduction Material and methods 

To develop the algorithm dependences are used to determine Precision farming systems that are currently used allow 
the width of the strips for turning and the length of the turns carried automatic keeping of the course of the unit in the field parallel to the 
out by units when moving in a field with irregular shape (Trendafilov, previous course, and the position of the unit is monitored using GPS 
2012) and in a field with regular shape (Svirshchevski, 1953; Levi, (ARAG, 2011; Trimble agriculture, 2013). Making turns at the end of 
1975). The determination of the actual width of strip for turning, the the field and bringing the unit to a position at which to start the next 
length of the working move and the coefficient of using working working move is performed manually by the operator. After the unit 
moves is done by the methods described in (Svirshchevski, 1953; reaches the end of the previous working move, its control is taken 
Levi, 1975). Choosing the type of turns at either end of the field is again by the precision farming system.
made on the basis of the maximum value of the coefficient of use of The productivity of the unit depends on the type of turns at the 
working moves that ensures the greatest efficiency in the movement end of the field as they determine the length of the non-working 
of the unit.moves and the width of the strip for turning (headland). To increase 

the productivity of the unit it is necessary to choose correctly the 
turns that will be carried out, as well as the direction of carrying so as 
to obtain minimum width of the strip for turning and minimum length Results and discussion 
of the turns and hence a large coefficient of using working moves. 
The choice of the turn is a difficult task, especially if the fields have Figure 1 shows the algorithm for selecting the type of turns with 
irregular shape and is associated with a large amount of shuttle movement of the unit on the field. The algorithm involves the 
computational work and analysis (Trendafilov, 2012). An following stages:
experienced operator after some time is able to determine by 
intuition the correct way of movement, but the goal of the automatic Entering information
leading of the unit is to avoid subjective judgements by people. In the personal computer (PC) in the farm office field data are 

The automated choice of turn and carrying it through the entered (dimensions and slopes or field map with exact coordinates 
precision farming systems is one of the last steps to the final obtained in previous operations), unit data (working width, kinematic 
separation of man from doing agricultural operations on the field and length, the distance between the outer boards of the rear tyres of the 
moving to fully automated (unmanned) tractors, which is the desire tractor, etc.), the direction of movement (by length or width of the field 
of many manufacturers of machinery (Baev and Belcheva, 2011). or under any angle) as well as the starting position of the unit (on 

The objective of this work is to propose an algorithm by which, which side of the field the work will start). The next stages are made 
on the basis of specific data about the field and the unit to choose the entirely from PC in the following sequence.
type of turns and the direction of carrying them with the most efficient 
use of the movement of the unit and to achieve maximum Selecting the direction of the turn
productivity. The bends can be performed from left to right in the direction of 
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motion or vice versa – from right to left. When the field has irregular then the actual width of the strip for turning is determined:
shape, the direction of the turn has an impact on the length of the turn 
and the width of the stripe for turning (Trendafilov, 2012). Initially it (2)
selects one of the directions (for example from left to right), then all 
calculations are repeated for the other direction. The results obtained for the actual width of strip for turning E  a

and the length of the turn l for all combinations of turns are recorded.
Combining turns
Turns are carried out on both sides of the field at the end of each Calculation of the total length of the working moves of the unit 

working move. They can be of various types depending on the shape The number of working moves of the unit is multiple of the 
of the field. All possible combinations of turns for both ends of the working width of the unit and can be calculated as the ratio between 
field are compiled, i.e. several couples of turns are obtained. If the the width of the field (measured at right angles to the direction of 
total number of turns set in the program is n, the combination of each movement) and the working width of the unit, i.e.

2 with each turn will make a total of n combinations.
(3)

Calculation of the width of the strip for turning and the length of 
the turn where C is the width of the field, m. When the field is with irregular 

For each coupe of turns the width of strips for turning on both shape, C is the greatest distance between the projections of two 
ends of the field and the length of the two turns are calculated by points on a line perpendicular to the direction of the move. The result 
using dependences from literature (Svirshchevski, 1953; Levi, 1975; obtained for k  is rounded up to the smaller integer. The field is WM

Trendafilov, 2012). The width of the stripe for turning must be divided into a number of stripes with width equal to the working width 
multiple of the working width of the unit. The number of moves made of the unit. The length of these strips is measured on a line passing 
by the unit for cultivating the strip for turning is calculated by the through the middle. From the resulting length the widths of strips for 
dependency turning on both ends of the field are deducted and the length of one 

working move is obtained:

(4)
where E is the calculated width of the strip for turning, m; B is the 

where L  is the length of the working move into the field, m; L  is the working width of the unit, m. WMF Fz

The result obtained for k  is rounded to the largest integer and length of the relevant strip from the box, m; z is the number of the ST

(1)

Figure 1. Algorithm for determination the type and direction of the turns
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working move; E  and E  are the widths of strips for turning, Determination of the maximum value of the coefficient of use of aF aL

working movesrespectively in one and the other end of the field, m; α  and α  are the 1 2

All calculated and recorded values of φ are compared and the angles between the direction of movement of the unit and the 
maximum one is determined. In this case, the movement of the unit boundaries of the field at which the turns are carried out (α ≤ 90° 
in the field is the most efficient – non-working moves are at fewest (Trendafilov, 2012)).
and that results in greater productivity.The lengths of all working moves in the field in a direction of 

movement of the unit are summed up and the working moves 
Determining the result and making decisionperformed in the strips for turning are added to them. They are 
The data corresponding to the maximum value of the coefficient calculated similarly to the length of the moves in the field. The special 

φ should be shown on the display – direction of making turns, type of feature of the fields with irregular shape is that the strips for turning 
turns at both ends of the field. If there are cases of identical values of may not be rectilinear. Strips for turning are divided into narrower 
the coefficient φ or very similar ones, the data about the relevant strips of a width equal to the width of the unit. The length of each strip 
variants shall be shown and the operator shall be able to choose is measured along a line passing through the middle of the strip and 
among them. The finally selected variant is saved, and then by using all lengths are summed up. This can be represented in a simpler way 
a memory card it is transferred into the precision farming system of by the dependency
the tractor.

The system should be able to project the trajectories of the turns (5)
on the map of the field with exact coordinates of each point of the 
turn. This should be done at the end of each working move, and the where L  is the length of the working move in the strip for turning, WMST

beginning of the turn should coincide with the end of the working m. It is calculated separately for the two strips  at one and the other 
move, and the end of the turn to coincide with the start of the next end of the field; C is the length of the strip for turning, m.ST 

working move. This will ensure continued control of the tractor by the The total length of the working moves is
precision farming system.

Conclusion 

where  is the sum of the working moves in the field;
The proposed algorithm makes it possible to determine the 

types of turns and the direction of their performance, in which the 
movement of the unit in the field is the most effective. Entering the 

is the sum of the working moves in one strip for
trajectories of turns in the precision farming systems will enable they 
to be carried out automatically, i.e. without the participation of the 
operator, similar to the working moves. This will be the next step 

turning; is the sum of the working moves in the
towards full automation of the performance of agricultural operations 
and the use of unmanned tractors.

other strip for turning; x and y are the numbers of the working moves, 
respectively in one and the other strip for turning.

ReferencesThe lengths are measured directly from the map of the field, 
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information systems – GIS) for all possible combinations of turns. ARAG, 2011. Precision farming, http://www.aragnet.com/ 
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reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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