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Abstract— Based on the novel development methods while 

bearing in mind the state-of-the-art hardware and software 

solutions, a precision plot seeder for medicinal and aromatic 

plants was designed and built at the Bavarian State Research 

Center for Agriculture. The applied system-based design 

enabled the emphasis to be put on: simulation, validation and 

verification as well as identifying problems at the system level 

in the early phase of the design process. Multiple design 

variants were created to overcome the lack of the cross-

disciplinary knowledge in order to consequently achieve 

savings in associated labor and material costs. Simplified 

analysis of circumstances under which the roughness of the 

soil surface negatively affects the maintenance of the 

predefined sowing depth by means of kinematical analysis is 

presented to demonstrate the advantages of using a digital 

model for development of new features. 
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I. INTRODUCTION 

Drilling is the usual method for establishing trial fields 

in research considering medicinal and aromatic crops 

among others. In the practice, a flexible, modular drill 

system is required, that can be customized for as many 

crop species as possible. For establishing of experimental 

plots capabilities considering even distribution of the seeds 

over the predetermined length of a trial plot, exact 

maintaining of the distances between the rows, uniform 

transversal distribution as well as uniform sowing depth 

for each row are required. Furthermore, the results 

achieved with plot seeders should correspond to the 

objectives of the agronomic research, breeding and seed 

multiplication. The basic mechanization of drilling 

techniques on trial plots was introduced, and requirements 

for new solutions already defined, in the sixties and 

seventies of the twentieth century. [1]; [2]; [3]. At that time, 

considerable savings in terms of time and labor were 

expected while applying the newly developed machines 

instead of manual methods. Consequently, the first 

automated technical solutions for field trials were designed 

for a sequence of small plots with a predetermined 

longitudinal distance between the adjacent plots [2]. 

Sufficient moisture, oxygen and warmth in the soil or 

for some species direct sunlight must be available to 

achieve efficient and uniform seed germination. The 

prevailing germination conditions are decisive effects of 

the soil and its nature [4]. An exact maintenance of the 

appropriate sowing depth leads to better emergence, rapid 

canopy closure and more homogeneous crop distribution. 

Thus, herbicide savings, lower weed density and reduction 

of erosion risks are possible [4]. In order to determine the 

vertical distribution of the seeds, information considering 

the soil characteristics, the sowing depth and its variance 

[5], as well as information regarding the type and pressure 

of the tool used for furrow closing are required. 

Experiments conducted under field conditions confirmed 

the importance of the accurate control of the sowing depth 

for achieving optimal crop emergence [6]; [7]. Although 

the seed drills allow accurate predefinition of the sowing 

depth, this option is rarely used while establishing of single 

plots because the online response to the changing 

environment is either not possible because of the lack of 

data or not trivial [4]. 

The experimental trials with fine seeds of medicinal 

and aromatic plants by applying conventional drills 

confirmed on one hand the dependency of the seed 

placement within the row on the driving speed, but on the 

other hand resulted with lower accuracy as expected [7]. 

Unique seed characteristics typical for individual species 

such as shape, surface texture, strength of the coating 

material, grain size distribution and thousand seed weight 

are not only crucial while applying single-grain seeders [8], 

but also are just as important for seeders equipped with a 

cone-belt distributor. Hagymássy [9] described the 

operation principles of a cone-belt distributor and pointed 

out the need for slope compensation during the application 

on uneven plots and fields in order to preserve uniform 

distribution of the seeds in first instance within the cone-

belt distributor and in case of modest variation of the 

constraints on the entire length of the plot. Malfunctioning 

of the metering unit can occur through non-uniform 

metering shaft speed, or outage and can lead to undesirable 

non-uniform longitudinal distribution of the seeds. Inter 

alia, slippage of the trailed transport wheel or rather the 

drive wheel, which are responsible for propelling the 

metering shaft via a gearbox while moving on the ground 

can result with alternation of the speed of the metering 

shaft [10] which cannot be neglected. Additionally, the 

gearing in the transmission can induce fake oscillation of 

the speed of the metering shaft as well. Since several 

factors can affect the performance of the seeders, 

continuous variation of the seeding depth has had 

subordinate importance in agricultural practice [10]. 
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In order to foster efficient and neutral experimentation, 

first attempts were made in 1998 to optimize plot 

establishment through applying autonomous vehicle 

guidance based on Global Positioning System (GPS) [11]. 

Nowadays, several manufacturers offer solutions for 

establishing trial plots using satellite navigation and thus 

aiming to replace field marking through automatic 

triggering of the mechanism for opening the seed hopper. 

Through automation higher precision and consistency, 

greater performance as well as better documented and 

more reliable results can be expected. 

The implementation of powerful, but at the same time 

cost efficient, electronics in modern agricultural 

machinery enables the development of new concepts based 

on solutions presented in the past. Moreover, these 

improvements provide newer, more efficient procedures at 

the operator-machine interaction level. The application of 

electrical drive technologies in agricultural system 

engineering has the potential of becoming a new milestone 

in the history of agricultural equipment [12]. The 

implementation of electric motors or electrical drives on 

seed drills is not only an alternative in the field of research 

and establishing of trial fields. Manufacturers of 

agricultural machinery offer electrically driven machines 

characterized by reduced maintenance, accurate seed 

placement and variable sowing rates for individual rows 

[13]. 

The long-term practical experiences of the employees 

of the Bavarian State Research Center for Agriculture (LfL) 

in the field of breeding and cultivation of medicinal and 

aromatic plants initiated the development of an electrically 

driven and electronically controlled precision plot seeder. 

The aim was to develop a highly modular system enabling 

precise depth control and adaptation for different sowing 

specifications such as easy variation of the number of 

working rows and easy adjustment of the row spacing, 

while preserving quality comparable to, or better than with 

conventional plot seeding systems. 

In this paper a simplified analysis of circumstances 

under which the roughness of the soil surface negatively 

affects the maintenance of the predefined sowing depth by 

means of kinematical analysis while using a digital model 

will be described as an example which demonstrates the 

advantages of the model – based design approach. 

Furthermore, initial results of experiments carried out 

under laboratory conditions are pointed out as 

backgrounds for further optimization and theoretical 

research. 

II. MATERIALS AND METHODS 

A. Requirements analysis 

The novel plot seeder was designed while bearing in 
mind up-to-date and approved components: e.g. the results 
of a pull force measurements of various drills [14] with 
respect to the accuracy and reliability of the sowing depth 
and longitudinal distribution, as well as the results of 
coulter run tests [15]. For the prototype, practice-proven 
Lemken double disc coulters were chosen as furrow 
openers.  

In contrary to standard solutions with central 
distribution unit for multiple rows, an approach was 
defined, in which individual seeding units were designed 
for each row with the aim to improve the lateral 

distribution. The individual modules were equipped with a 
cone-belt distributor (Wintersteiger) and adapted for the 
equipment rail of an existing vegetable seeder for small 
grains (Gaspardo). 

 

Fig. 1. The novel seeding unit developed by the Bavarian State Research 

Center for Agriculture for sowing medicinal and aromatic plants 

(fine seeds). Specification: base frame (1); adapter for conection 
with the equipment rail (2); adjustable carrier (3); cone-belt 

distributor (4); funnel lifting mechanism (5); stepper drive (6); 

delivery tube (7); double disc coulter (8); mechanism for manual 
regulation of the sowing depth (9); mechanism for manual 

regulation coulter down-force (10); seedbed preparation press 

wheel (11) 

During the development of the base frame and the 
carrier of the cone-belt distributor aspects such as the 
ability to compensate the transversal and longitudinal 
slope, rapid adaptability between sowing on flat ground and 
on dams with different heights, automatic release of seeds 
from the hopper and individual and manual adjustment of 
sowing depth and coulter pressure (down-force) have been 
taken into consideration. Both, seed feeding into the hopper 
– similar to one described by Cameron et al. [2], and 
manual adjustment of sowing depth and coulter pressure 
can also be automated thanks to the modularity of the 
developed system. 

B. Electrification and Control 

The electrical activation of the funnel lifting mechanism 
– responsible for releasing seeds from the seed hopper – 
enables controlled feeding of the seeds into the cone-belt 
distributor. The cone-belt distributor is driven electrically. 
The seeds move through the delivery tube to the 
parallelogram-mounted double disc coulter connected via 
adapter to the base frame. The electrical drives, sensors and 
controller were subsequently selected to build the 
electrically driven cone-belt distributor. In order to achieve 
the desired accuracy and resolution during the rotation of 
the cone-belt distributor shaft, suitable stepper motors with 
integrated drivers were selected. 

The developed motion controller was based on a single-
board RIO (sbRIO) embedded control and acquisition 
devices (National Instruments) comprising a real-time 
processor, a user-definable field-programmable gate array 
(FPGA) and user-defined input/outputs (I/O). For signal 
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amplification to 12V or 24V an electronic printed circuit 
board (PCB) was designed. The FPGA offers true 
parallelism through non-sequential execution of multiple 
operations per clock rate on the hardware level and 
consequently exceeds the processing performance of the 
digital signal processors (DSPs). In addition, FPGAs do not 
require an operating system and provide more reliability in 
the execution of time-critical tasks. The control software 
was developed using LabVIEW within the NI Developer 
Suite package. The implementation of the high-
performance controller offers the advantage of streaming 
all the sensor states as well as the control signals with a 
correspondingly high sampling rate if required among 
others. Thus, contemporaneous documentation of the 
seeding process can be created and used for further analysis 
and optimization. 

C. Digital prototyping 

A digital prototype of an individual seeding module was 
created and optimized using Autodesk Product Design 
Suite. Until recently, it was common to firstly build a 
physical prototype for analyzing the dependencies between 
the components and/or the kinematics and functionality of 
a mechanism, and rely on standard "trial and error" 
procedure. Oppositely, within the frame of the presented 
development the kinematic simulations and, partially, the 
analysis of the acting forces, were carried out using a digital 
prototype. Combining the mechanical behavior of the 
prototype with the mathematically described environment 
helps to understand, evaluate, and optimize the developed 
assemblies toward improved functional performance. 
Multiple design alternatives can be evaluated not only in 
the early stage of the design process [16], but as well after 
the comprehensive testing under real condition if shortages 
have been detected. The design of uncommon systems 
working under different hardly predictable environmental 
conditions implicates a lot of trials and errors, which need 
to be exceeded before the final solution is presented. Virtual 
prototyping involves approximation of the environmental 
constraints and accordingly allows simulating of the 
behavior of the targeted assembly or rather mechanism 
under predefined conditions. The motion is completely 
traceable and the results almost immediately available. 
Row data could be graphically presented or exported for 
further analysis into another numerical application for 
further analysis. Particularly, simulation data were saved as 
excel worksheets, exported as .txt files (asci-format) and 
imported to Scilab for further analysis similarly as in [17]. 

The simulations were used to identify the core values of 
the expected efficiency through direct feedback as a part of 
the prototype testing. Inter alia, the depth control of the 
furrow opener was simulated and analyzed, depending on 
the soil surface roughness. In the simulation the speed of 
the carrier (2) (firs derivative of the position) was 
considered as always perpendicular to the Y-Z plane and 
with constant offset in relation to the axis of symmetry of 
2-dimensional longitudinal wave (X-Z plane) used for 
simulating the roughness of the soil surface (1), as depicted 
in figure 2. The parameters Radius (R) –radius of the wave 
half-period (L/2=d84) and half-amplitude (A/2=d56-
Radius) are defined within sketcher and thus while simply 
modifying these parameters the simulation environment 
can be changed (see figure 2). The phase at which the 
simulation starts was not explicitly defined but dependent 
on the fixed starting position of the assembly (see figure 3 

and figure 5). The parameters of the example simulations 
are listed in the table 1. 

 

Fig. 2. Parametric deffinition of the 2D-soil surface in Autodesk 
Inventor 

Furthermore the in the simulation environment 
additional constrains are introduced: 

 position of the parallelogram (3) which is 
constrained through the rigid linkage with wheel 
(5) and its contact surface (6) with the soil (1); 

 the double disc (4) can penetrate into the soil (1) 
and the theoretical position at which the seeds will 
fall into the furrow, as long as the double disc is 
below the soil surface is defined with point on the 
disc circumference (9); 

 for measuring the penetration depth of the double 
disc additional dummy bar (7) is introduced and 
its contact with the soil surface is defined with an 
additional point (8). 
 

For the purposes of collecting additional relevant 
information about the implemented components, bearing in 
mind the similar questions in other disciplines (see figure 
4), a test bench was designed and preliminary tests carried 
out considering the problem of influences of the 
perpendicular position of the different types of wheels used 
for furrow closing. The test bench allows simulating the 3D 
uneven soil surface, in a mathematically describable form. 
Using of high-speed camera, sequences of representative 
experimental trials are captured. 

III. RESULUTS 

The developed digital prototype allowed processing of 
the data through the entire procedural chain from 
preliminary design up to prototype assembly. The results of 
the kinematic simulation provide the insights in theoretical 
dependencies of the sowing depth, defined as the measured 
difference between the soil surface and the lowest point of 
the double disc coulters with the depth guide wheel rolling 
on the uneven soil surface (see figure 3). Sequence of 
simulation results demonstrate the problem addressed in the 
hypothesis (see figure 5). 
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TABLE I.  SPECIFICATION OF THE PARAMETERS IN THE 

SIMULATION VARIANTS 

SIMULATION 1 2 3 

Simulations Time [s] 20 

Sampling speed [mm/s] 0.05 

Calculation speed [mm/s] 0.025 

Number of iteration 
considering visualization 

10000 

Assembly accuracy [mm] 0.001 

Solver accuracy [mm] 0.0001 

R 10025 1130 3130 

A/2 50 10 10 

L/2 2000 300 500 

 

Fig. 3. Simulation environment and defined constrains 

 

Fig. 4. Test track for rover wheel prototypes.[18] 

 

Fig. 5. Sequence of simulation results with highlited traces of the points 

which allows calulating the thereticall sowing depth 

Results of the simulations for differently defined soil 
surface characteristics as defined in table 1 are presented in 
diagrams (figure 6).  

Figure 7 summaries the problems arise if the rigidly 
assembled wheels used for furrow closing moves on 
uneven surface. 

IV. DISCUSSION 

The ideal position depth should theoretically perfectly 
follow the shape of the surface with defined offset. The 
simulation results indicated the benefits of an optimally 
prepared seedbed, as well as of the implementation of a 
leading pressure roller with adjustable force for each 
sowing unit. 

For achieving helpful results, within the simulation it is 
important to adequately define the stiffness of the joints as 
well as to adequately choose the calculation accuracy; 
otherwise problems considering inaccurate surface contacts 
can occur. 
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Fig. 6. Results of the sowing depth simulation (parameters in table 1) 

V. CONLUSIONS 

A novel precision plot seeder for trial plots of medicinal 
and aromatic plants was designed and built by applying 
contemporary development methods as well as state-of-the-
art hardware and software solutions. Digital prototyping 
enabled both the functional testing of newly developed 
mechanisms and assemblies as well as different types of 
simulations. Thus, design errors were minimized and 
development time shortened. The first tests indicated a high 
level of mechanical stability and robustness. 

Based on these features, it becomes possible to evaluate 
functionality and to adapt the mechanism according to the 
requirements and thus to optimize the newly designed 
system before the majority of the parts are purchased or 
manufactured.  

Previous studies of longitudinal distribution brought 
important insights regarding optimization of the control 
algorithm and development of the prototype. However, it is 
necessary to carry out further analysis on an appropriate test 
bench [19] to produce statistically significant results and 
reliable assessments of sowing quality and the effects of 
slope. 

 

 

Fig. 7. Results of the sowing depth simulation (parameters in table 1) 
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