
Mechatronic system for controlling the sowing rate 

Dimitar Kehayov1,*, Ilian Bojkov2 

Agricultural University Plovdiv, 12. Mendeleev Blvd. Bulgaria1 

Regional Directorate of Agriculture, Pazardzhik, Bulgaria2 

dkechajov@au-plovdiv.bg 

Abstract Maintaining the set sowing rate is important to obtain an accurate number of plants and guarantee good yields. This can be 

achieved by mechanical systems - variators and gear reducers or by electric drive (mechatronic systems). The object of the present work is 

the device of a mechatronic system for setting and maintaining the sowing rate when sowing cereals. Dependencies are derived for 

determining the transfer function in the control mechatronic system. Its principle and structural schemes are presented 
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1. Introduction

When growing cereals, sowing is one of the most responsible 

operations, as the correctly chosen technology, the exact setting of 

the sowing rate depending on the specific soil and climatic 

conditions, determine the future yields. In row drills, one of the 

most promising and reliable, with good quality indicators and 

precise setting of the sowing rate, is the mechanical drive through 

reducers or variators. Changing the sowing rate with the help of a 

reducer has some significant disadvantages, which affect the 

deterioration of the accuracy when setting it, decrease the 

uniformity of seed distribution, increase the traumatized seeds, 

which leads to a decrease in yields and an increase in the cost of 

seed material [1, 2]. The drive of seeders with a variator is more 

promising, but at the moment it is poorly studied. 

More and more often, work is being done to replace the 

mechanical gearbox for driving the shaft of seed drills with an 

electric drive [3]. When sowing oil crops, the use [4] of seeders 

controlled by an electronic system is promising. It has been 

established that for sowing rapeseed and other small-seeded crops, a 

planter equipped with an electronic seed metering device meets all 

agrotechnical requirements and works much better than those 

equipped with a mechanical transmission system. Practically does 

not damage the seeds, allows very precise setting of the required 

sowing rate, ensures stable sowing and uniform distribution of seeds 

in and between rows. 

The authors [5] propose a practical solution to improve the 

performance of the precision corn planter by using a mechatronic 

system to drive the sowing apparatus. The effect of the application 

of this system is reduced to: improving the index of missing 

seeding, the presence of such a system allows operation at a speed 

of ≥11 km/h without a change in quality, eliminating the effect of 

slippage of the drive wheels on the quality of seeding and to 

maintain the even distribution of seeds. 

Studies show [6] that a precision planter equipped with a 

mechatronic system showed good seeding uniformity among all 

seeding technologies at travel speeds from 1 to 16 km h-1. Thus, a 

mechatronic metering mechanism can be one of the options to 

achieve accurate seed spacing with higher planting/sowing 

efficiency and the ability to reduce the effect of higher seeding 

rates. A mechatronic drive system, when coupled with a pneumatic 

seed drill, can effectively reduce the effect of speed on seeding 

accuracy, with a 4-8% increase in feed quality index and a 4-7% 

decrease in gap index observed. It also solves the wheel slip 

problem of existing precision planters. Good seeding uniformity 

and high productivity are achieved. 

The combined machine for the processing of soil and sowing 

has some innovative solutions such as: an electronic control unit 

and an automatic system for maintaining the depth of seed 

placement [7]. The improved design and operational characteristics 

of soil cultivation and sowing with a combined machine allow to 

expand its versatility and precision of work, providing useful 

agronomic effects: stable maintenance of the set sowing rate, 

increasing the speed of movement of the machine and, as a result, 

achieving a high productivity, the achievement of uniform seed 

germination. 

Dosing machines use mechatronic systems to drive and control 

the dispensers, replacing traditional mechanical systems composed 

of a drive wheel, chain and gear. Mechatronic systems allow 

continuous, real-time variation of the administered dose. A 

mechatronic system for the control of fertilizer and granular 

pesticide dispensers was developed, which was adapted to a 

fertilizer planter [8] The system is based on microcontrollers as 

processing and control devices, as well as DC motors with encoders 

to drive the dispensers. Changes in the administered dose are 

achieved by controlling the rotation frequency of the dosing devices 

using the pulse width modulation technique. The implementation of 

a mechatronic speed control system for the fertilizer and granular 

pesticide dispenser allows a response time of less than one second 

at frequencies ranging from 5 to 35 rpm. 

The application of electronic systems for managing the sowing 

rate has its difficulties. It was established, [9] that traditional 

automation and control systems have a complex structure. The 

presence of redundant modules and interfaces leads to a decrease in 

the reliability of control systems, deterioration of their mass, size 

and cost indicators. The solution to the problem of interfaces is 

possible by applying the mechatronic approach, where elements are 

combined into integrated modules and unnecessary interfaces are 

removed. In this way, the performance of the control systems is 

improved. It has been proven that the development of software and 

hardware systems for automation and control with a mechatronic 

approach can be based on the Arduino platform. 

From the overview, it can be seen that more and more efforts 

are being made to replace the mechanical drive of the seeders with a 

mechatronic one. With this method of drive and management, stable 

maintenance of the set seeding rate is achieved, increasing the speed 

of the machine and achieving higher productivity, uniform 

placement of the seeds, overcoming the influence of slippage on the 

amount of seeds sown. To build a mechatronic system for 

controlling the sowing process, it is necessary to determine the 

transfer function in the system. 

The aim of the present work is to develop a mechatronic system 

for controlling the sowing rate when sowing cereals. The tasks that 

need to be solved to achieve this goal are: determining the 

transmission function in the drive system of the seeders and 

determining the necessary components for building a mechatronic 

control system. 

2. Results

To adjust the seeding rate, the transmission ratio in the system 

driving the seeding devices must be precisely determined. 

Transmission of movement from the running wheel to the drive 

shaft of sowing devices is usually carried out using the transmission 

mechanism (several toothed chain and toothed gears) of the seeder 

[1, 2, 10]. A characteristic of the operation of any transmission 

mechanism is its gear ratio i. The realization of the sowing rate for a 

given crop depends only on the transmission ratio in the 

transmission mechanism. For this, before determining the structure 
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of the control system, it is necessary to determine the transmission 

function (transmission ratio) of the planter, expressed with its 

technical and technological parameters. 

For 1 revolution of the drive shaft, each sowing device takes out 

a certain quantity q2 [kg] of seeds from the seed hopper. Since m 

number of sowing devices are installed on each seeder, the amount 

of seeds carried out for 1 revolution of the drive shaft can be 

determined by the expression: 

,  kg/revolution 1 

Drive shaft revolutions are nCA [min-1]. By multiplying the 

amount of seeds sown in 1 revolution of the drive shaft by this 

speed, the amount of seeds sown in 1 min by the whole planter is 

obtained: 

, kg/min 2 

The amount of seeds sown in 1 min by the seeder, expressed 

through the operating parameters of the unit, can also be 

represented with the following dependence: 

3 

The left-hand side of formulas 2 and 3 is the same, which means 

that their right-hand sides are equal. 

4 

It is known that the working width (Bp) is the product of the 

row spacing (b) and the number of boots. 

, m 5 

By substituting formulas 2 and 5 into formula 4 and 

rationalizing the new expression is obtained 

, 6 

In the above equation, the velocity can be replaced by 

V=0.12.π.n.R, whence it follows 

7 

The expression 7 can be rationalized and after transformation 

will have the form 

8 

The rotational speed of the seed drill shaft can be represented as 

the product of the rotational speed of the driving wheel and the gear 

ratio. After substitution and rationalization in the above expression, 

we get 

9 

Analyzing equation 8, it can be seen that the inter-row distance 

and the radius of the running wheel of the row drill are constant 

values. The same can be said for the amount of seed that will be 

sown in one revolution of the seeder. This value can be obtained 

experimentally. The only thing that needs to be changed to realize 

different sowing rates for the same crop is the transmission ratio, 

regardless of the change in the speed of the unit. 

10 

In the above formula, the amount of seeds q2 that are sown is 

directly dependent on their density and volume. The size of the row 

spacing b and the radius of the drive wheel R are constant values for 

each particular planter. This gives reason to claim that the transfer 

function is a function of one variable - the sowing rate Q 

After finding the transmission ratio, all the necessary input 

parameters are present and the construction of the mechatronic 

system for stepless control of a cereal planter can be started. 

In order to switch to stepless regulation of the sowing rate, the 

following or a similar mechatronic block diagram must be 

implemented (fig.1). 

Fig. 1 Schematic diagram of the system for stepless regulation of the sowing rate. 

Various electrical and electronic components operating in a 

wide range of supply voltage can be used to build the system. In the 

project, we choose a working voltage of 12 V, which is provided by 

the tractor battery in the unit or on-board electrical system. The 

information for determining the speed of the sowing unit is supplied 

from the on-board computer of the tractor through the CAN Bus 

Module to the microprocessor (microcomputer) Arduino (fig.2). 

The data on the size of the row spacing, the sowing rate, the density 

of the seeds, the transmission number are entered from the keyboard 

and via the I2C bus enter the microprocessor. Also connected to the 

same bus is a display that visualizes the entered data. On the basis 

of the input data, a control signal (PWM) is created, which through 

an electronic module (Driver) commutating a larger current, drives 

the DC motor. The engine has a built-in encoder or tachogenerator 

that feeds back information to the microprocessor to make the 

necessary adjustments to maintain the required revolutions. 

All considered elements of the mechatronic system are in great 

variety on our market.  
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Fig.2 Device of the mechatronic system for regulating the sowing rate 

4. Conclusions

As a result of the literature review and the conducted analysis, the 

following conclusions can be drawn:  

The transmission ratio (transmission function) can be presented as a 

function of the sowing rate;  

The mechatronic system for controlling the sowing rate can be built 

from elements that are in great variety on our market. 
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