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Development of 
Agricultural Simulation Software
The main focus of process engi-
neering in agriculture has always
been solving operational problems
in agronomy and in animal produc-
tion, but mostly targeted on finding
a single solution for a single pro-
blem. By measuring partial times
and computing them, solution vari-
ants were established, although
mostly only after purchasing the
machines and implements. Or the
solutions only applied to certain
constellations. Through simulating
agricultural operational processes,
multifarious procedures can be tes-
ted for their suitability under real
conditions: with no costly field
measurements and within a short
period of time, or non-existent ma-
chines and implements can be vir-
tually created and can serve as fu-
ture design goals for the farm ma-
chinery industry.
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Today, computer simulation is a standard
procedure to assess processes in the ma-

nufacturing industry. In agriculture, how-
ever, time consuming on-site experiments
are still the prevalent, though increasingly
outdated approach. Also, no simulation soft-
ware for agricultural processes exists. Thus,
a need to quickly find feasible solutions for
problems in agricultural processes led us to
develop such a simulation software.

To expedite our work we first reviewed
existing process engineering software to
check if it can be used for our purposes. We
found the modular software package “Sim-
pro”, which is used in car assembly, to be a
good basis. However, after applying Simpro
to some simple cases, it became obvious that
it cannot be applied directly to most pro-
blems in agriculture, because it (and all other
existing process engineering software) lacks
the spatial aspect present in farming.

Hence, our prime task was the develop-
ment of an area module, later followed by
modules for other objectives, which can be
incorporated into the existing Simpro soft-
ware package. In this paper the current state
of development, the verification of and first
results obtained with the new simulation
tools are presented.

Advantages of simulation

The effective use of existing or new machi-
nery and implements resulting in highly ef-
ficient farming processes is a prerequisite to
stay competitive in today’s farming environ-
ment. There is room for improvement in the
efficiency of most machines and processes.
Once weaknesses are identified and correc-
ted, significant increases in output can result.
For maximum gain, the whole process must
be analysed, e. g. in crop production all steps
from seeding to harvest, including soil til-
lage. 

At present, with time-consuming field tri-
als being the prevalent mode to evaluate a
process, usually only a particular problem, e.
g. the most effective travelling speed for a
harvester, rather than a complete farming
process is looked at. Consequently, a solu-
tion is obtained only for this problem, while
other aspects, e. g. seeding or soil tillage,  are
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driving tracks and lands
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not considered. Field trials have the additio-
nal problem that the conditions during an ex-
periment are often unique and cannot be re-
produced, e. g. temperature, straw moisture
content or yield in the case of wheat harvest.
Thus, a field comparison of combine harves-
ters can only tell, which one works best un-
der the site conditions during the trials. A re-
petition on the next day may already lead to
different results due to changed site condi-
tions. In addition, fields are not homoge-
neous, so that it is virtually impossible to ex-
pose different machines to the same conditi-
ons even on the same day. Apart from saving
time, this is where computer simulation 
comes to the fore: one can harvest or other-
wise work a field an unlimited number of 
times. It also makes it possible to look at dif-
ferent machinery and processes under the 
same site conditions.

Furthermore, in contrast to a simple cal-
culation (e. g. in MS Excel®), a simulation
run can react to an occurring event, i.e. an
event can change the course of the simulati-
on. Hence, the principle of a simulation is
that working machines and transport ve-
hicles experience certain conditions and then
react accordingly (e. g. if full, then unload).
A change in conditions can be brought about
by own actions (e. g. harvesting) or the ac-
tions of other machinery (e. g. loading) du-
ring the simulation run.

Area module

Our simulation software is based on a data-
bank (MS Access®) and an associated pro-
gramme, which steers and visualises the si-
mulation. Its fundamental new feature is the
possibility to generate areas in the databank.
The areas can be subdivided into sections,
including special ones such as turning areas
or obstacles. Furthermore, tracks for the
working machines are delineated in each
area or section. There are two methods to do
this, which leads to two field types. In field
type 1, the tracks are delineated by the pro-
gramme as straight lines parallel to the one
connecting the two corner points entered
first for the field in question. In field type 2,
a series of points is specified and parallel
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tracks are then drawn by the computer ac-
cording to the course of the points, resulting
in angled tracks. The latter allow the machi-
nery to go around obstacles or to follow ir-
regular field boundaries. In both methods
the distance between individual tracks (i. e.
the working width) is specified by the user.
Figure 1 shows a subdivided field with the
two field types.

Simulation - weightings, priorities and
track concept 

In principle a simulation run can be started
and then left to proceed without further in-
tervention by the user. In this case the tracks
taken by the machinery are selected by the
programme and depend on the parameters
specified for the machinery, e. g. turning ra-
dius. However, our software also provides
possibilities for the user to influence the
course of the machinery. He can set priorities
concerning the order 
• in which to work the sections of a field and
• in which to work the tracks in a section. 
Note that more than one section or track can
have the same priority. To decide which one
to process first then, weighting factors are
introduced for 
• the direction a track should be entered

from, 
• the time required to get to the next track and
• the harvest status of the track on the left 

side of the machinery (already harvested or
not). 

With the help of these priorities and weight-
ings, some guidance of the machinery can be
achieved, but one cannot determine the pre-
cise course.

Working machines are parameterised by
their working width, tanker volume, loading
and unloading capacity as well as working
and travelling speed. Transport vehicles are
separated into two types: type I (active) in-
cludes all those able to move freely inside
and outside the field, e. g. a tractor with a
trailer. Type II (passive) is not a transport ve-
hicle at all, but rather a temporary storage
clamp, e. g. for sugar beets.

It is worth mentioning that in our software
the machinery moves, while the object to be
processed (i. e. the field) is stationary. In the
Simpro software, by contrast, the object to
be processed moves, while the machinery is
stationary.

Software development - design steps
hitherto, verification

For the development of our software we first
recorded the individual steps in various 
whole field processes (e. g. wheat or sugar
beet production) from seedbed preparation
to harvest and grouped them according to the
number of machines involved and the pro-
cessing pattern. At the same time we devised
sensible ways to subdivide a field into part-
fields for a particular process. 

Then flow diagrams were developed for
three types of processes: parallel, dependent
and independent. This approach is sufficient
to depict most of the common working pro-
cedures (as well as some not yet employed
but feasible ones) and to serve as a basis for
programming simulation runs. To test our
algorithms for consistency, simple field 
shapes, usually triangles or rectangles with
the two principle track contours described
above, were generated and various field
operations simulated under assumed condi-
tions.

Once consistency was established, we
used measured data obtained with real ma-
chinery and implements on a 30 ha sugar
beet field during harvest to verify our soft-
ware under actual field conditions. Figure 2
gives a schematic of the field, whose mean
length was 1000 m and mean width 300 m.
Temporary storage areas were placed in the
two lower corners.

To create as realistic an image as possible
of the different field operations, the type of
work and the necessary machine parameters
(speed, tanker size, etc.) were listed and en-
tered into the simulation.
Fig. 3: Comparing
measured and simulated
results for various
partial times
Fig. 4: Comparing key data for
the original and for the modi-

fied processes
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Sugar beet harvest - results of time
analyses in the field

Today, sugar beet harvesting in Germany is
usually carried out with self-propelled, six
row tanker sugar beet harvesters. During
harvest time they are usually operated in 2 to
3 shifts to reach an economical annual utili-
sation of 450 to 750 ha. The harvester may
drive to the headlands  for unloading, during
which it is not in motion. Sometimes a trac-
tor with a dump trailer or, more recently,
with a special sugar beet reloading trailer is
used to unload the harvester in the field. We
made time measurements only for the first
option.

A DGPS-receiver was installed on the har-
vester. Its travel path, i.e. its location (x, y, z)
and the associated time, was recorded with a
frequency of 1 Hz and stored on an PC. 
These data can be displayed graphically
using an special programme routine, which
makes it possible to “virtually” follow the
driven path and to assign to individual points
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or a series of points the task carried out by
the machinery at this point, e. g. working or
turning. Based on these assignments the par-
tial times can easily be summed up and 
grouped. The results for the investigated area
are shown in Figure 3.

Sugar beet harvest - simulation results

For the simulation the field dimensions 
were measured and entered into the pro-
gramme. Then the tracks were delineated ac-
cording to the actual situation in the field.
For verification of the software, measured
values of working and driving speeds and 
times for unloading were entered into the
model. With these entries the simulated par-
tial times for working, turning, unloading
etc. were similar to the observed values 
(Fig. 3). Hence, they can be applied to ana-
lyse the process of sugar beet harvesting in
further simulations.

Doing this we found that adding a tractor
with a dump trailer to the harvesting process
is not effective for the field considered. Due
to the length of the plant rows, the travel dis-
tances are too long for the trailer to serve the
harvester effectively. The time required for a
trip to the temporary storage area, unloading
and returning to the harvester is greater than
the time needed for filling the bunker of the
harvester. As a result the harvester has to
stop frequently, which is unacceptable.

A second possible modification, namely
changing the plant row direction, was no
good either, because turning time increases
then by 300 %. 

A third modification was found to signifi-
cantly increase the efficiency of the har-
vesting process. Here the field is divided in-
to two equal halves perpendicular to its lon-
gitudinal axis. In addition, one temporary
storage area at the field centre replaces the
two at the lower corners, so that the driving
distances for the tractor and dump trailer
combination to the harvester are small. Fi-
gure 4 compares key data for the original and
the modified process. 
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