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ABSTACT 

Controlling the height of the harvest head increases efficiency and production by reducing grain loss during 

harvest. In addition to protecting the head of the harvester and the internal parts of the harvester from damage 

caused by large foreign objects passing through the conveyor belt of the product. Using (MAT LAB/SIMULINK) 

applications, it is possible to design a loop control system. Simulink uses fuzzy logic and PID control. The fuzzy 

system adapts by instantly changing the gain of the PID control system. The system (Simulink External) displays 

the results quickly. Both the sensor and fuzzy logic were read and recorded during the movement of the combine 

harvester and head tracking of the changing terrain. 
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INTRODUCTION 

As the world's population grows in coming decades, agriculture will be under pressure to raise food yields while 

requiring less land. This means that automation efficiency must be built into the solution. Agriculture machinery 

is vital. The harvesting machine collects crops in the field. Loss of seeds is a major problem with this method of 

harvesting. About 75% of yield loss happens via the head of the harvester, which contributes to a significant part 

of the entire forfeiture. Aligned head height causes this to happen. Thus, the problem of controlling head height 

is explored to improve harvest efficiency and yield, especially to increase crop yield while decreasing harvest 

times shown in Figure (1)[1] . 

 

Figure 1. Combine system 

Several studies have been applied to control the head height tracking of the combine harvester. To avoid ground 

disruption, Greer et al confirmed the want for head elevation control. This showed how to use optimal case 

feedback with LQR controller. By defining the scenarios and choosing the cost service, the feedback observer is 

given the complete state required to achieve the control aims. Following that, the reduction feedback controller is 

used to simplify the complete case feedback controller. The simulation results show that the lowered request case 

feedback controller may still perform effectively in terms of reference following and disturbance rejection with 

less feedback data.[2] Y. Xie and A. Alleyne looked into two-DOF controllers to control the reaper header's 
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elevation. The HHC system's passive and non-rigid mechanical architecture limits the tracking bandwidth and 

turbulence rejection of feedback control systems. They used a feedforward control frame based easily accessible 

GPS data to guarantee closed-loop firmness and strong performance. While GPS provides active height 

information, it has limited racket and resolution, and a sluggish response time.[3] 

THE CONTROLLER SYSTEM 

In order to maximize harvest and maintain harvest head, the tracking system's mathematical equation has been 

simulated. using software (mat lab/Simulink). 

HEADER HEIGHT ADJUSTMENT 

The header's upper and the lower spacing can be adjusted to accommodate variable yield cutting positions, as well 

as geography and landforms. Before modifying the header, it must be elevated to the maximum elevation. The 

hydraulic order adjusts the header's upper and lower locations. The hydraulic system's automated control allows 

the header to be adjusted equally. The benefits of embracing hydraulic system calibration are clear: it is easy to 

use and accurate. The extensive use of hydraulic systems on agricultural equipment decreases the cost and 

increases the efficiency of hydraulic equipment. As a result, the redesigned header has hydraulic line spacing 

adjustment. [3] 

A FUZZY ADAPTIVE PID CONTROL SYSTEM 

The fuzzy controller generates a control result table based on synthetic control principles in order to limit the 

degree of control short of fully understanding the mathematical prototypical of the controlled entity Diagramming 

figure (3). The construction of a vague adaptive PID controller system is described in the scheme. As illustrated 

in the diagram, the system is built of two components, the traditional PID controller and vague inference control. 

The error variation rate and error of the fuzzy controller is contribution variables, whereas the gain discrepancy 

Kp, Ki, and Kd are output variables, so the Adaptive adjustment of the PID parameters is made in answer to the 

controller parameters' demands for varied (e) and (e c).[4] 

 

Figure 4. The fuzzy logic controller [10]. 

 

Figure 3. Schematic of feedback header height control 

CONTROLLED BY FUZZY LOGIC 

Mamdani type 

As far as fuzzy techniques go, Mamdani's Fuzzy Conclusion approach is the most popular. With the fuzzy set 

theorem, Mamdani's form was one of the first to construct ordered structures. Ebrahim Mamdani directed the film 

in 1975. When it comes to output membership intent, the Mamdani framework is well-known for its toolbox, 

which is comprised of fuzzy sets, with a fuzzy set to every output mutable that desires defuzzification. 
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Takagi – Surgeon – Kang type 

Sugeno, also spelled Takagi-Sugeno-Kang, is a vague deduction approach invented by Sugeno in 1985. It is 

comparable to the Mamdani approach in various ways. The Sugeno productivity membership job is linear or 

stable, but the Mamdani technique does not require form reducing[5]. The fuzzy logic controller as shown figure 

(4) [10]. 

Proportional-Integral-Derivative 

Due to its simplicity and robustness, PID controllers are frequently utilized in industrial processes. Industrial 

processes are vulnerable to parameter variation and disturbances, which, when severe, cause the system to become 

unstable  [6]. While designing and adjusting the (PID) controller may sound obvious logically, it can be 

challenging in reality, especially when numerous and frequently inconsistent targets like low transient and good 

stability are required. Typically, initial designs produced through various methods must be changed frequently 

via computer simulations until anther closed-loop approach works performs or makes the desired tradeoffs. This 

promotes the growth of "intelligent" solutions that aid engineers in achieving the optimum total PID control across 

the whole operating range. Additionally, this advancement resulted in the introduction of several complex 

adjustment algorithms within PID electronics modules[12] .PID control is illustrated in Figure (5)  [7]. 

 

Figure 5. PID Controller Diagram [8] 

Mathematical Modeling 

Systems that lack actuators and grades of liberty are called underactuated systems (DOFs). The Suggestion: 

Assume an underactuated manipulator with n autonomous degrees of freedom (DOFs). In the residual (n-m) 

degrees of liberty (DOFs), where 1 2( , )T T Tq q q=
 denotes the degrees of freedom are inactive and active. The 

dynamic equations of the n DOF system are as follows   [9].Its dynamic equations are [10].  

11 1 12 2 1 1 0m q m q h + + + =                                                                                                                              (1) 

21 2 22 2 2 2m q m q h  + + + =                                                                                                                              (2) 

h1(q, q) K also h2(q, q) km contain Coriolis plus centrifugal terms, h1(q) K and h2(q) Km comprise gravity 

expressions, and h1(q) K displays the contribution generalized power. Figures 6 and 7 show a multi-body planar 

structure as a sample of an underactuated order of that type. As a result, it consists of a combination body and a 

heading body. With a single actuator, three DOFS are positioned amidst the head and the mass body.  

The stiff body dynamic test and inside created powers (FAx, FAz, Fl) for the composite body and head are 

illustrated in Figures (6) and (7), respectively. Flow domination faucets are utilized to raise and minimize the head 

at this combine system. Assuming that the inflow compressibility and drum leak are both comparatively minor, 

the mechanical system's regulator input can plausibly be assumed to equal the (l c) hydraulic cylinder's velocity. 

Equations (6) to (7) define geometrical connection amid the order variables Equations. (13) – (15) are force 

balances that can be used to represent the three basic dynamic equations. Equations (16) – (19) depict correlations 

between forces, body motion, and outer troubles generated via vertical ground movement. The variable names 

stated in equations. (3)– (19) are shown, together with values reflective of a real combine. Although accurate 

industrialist rates are not offered, the rates in naming are adequately precise to allow for useful future investigation. 
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Figure 7. The force analysis for header 

 

Figure 6. The combine body and the header rigid body dynamic analysis 

The kinematics equations 

2 2 2  –   c ins f ins f cos    = +                                                                                                                          (3) 

2 2 2   2  ins c f c f cos    = + −                                                                                                                           (4) 

  / 2h    + + + =                                                                                                                                       (5) 

   h   + − =                                                                                                                                                    (6) 

( )1 1  –  A t tx cos  =                                                                                                                                           (7) 

( )1 1    –   A t tz sin   = −                                                                                                                                (8) 

( )   –cgh A cgh h cghx x cos   = + +                                                                                                                 (9) 

( )    –cgh A cgh h cghz z sin   = − +                                                                                                              (10) 

    o  + =                                                                                                                                                              (11) 

       h A oh sin z h = − + +                                                                                                                               (12) 

The dynamics equation 

( ) ( )  1     –   –   h h cgh h cgh fI m g cos F sin    = +                                                                                  (13) 
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1      –     com Az com f rm F Fsin m g F F= − + + +                                                                                       (14) 

( ) ( )1 2 2 1 1   –   –    –      –   com f r t t Ax t tI F a F b F sin F sin    = − + +                                            (15) 

Forces equation 

 1    A r hcghF m Fcos = − +                                                                                                                              (16) 

1      Az hcgh hgF m Fsin m= − + +                                                                                                                 (17) 

( )    –    ) –    (f f f f fF k a z b a z   = − + − +                                                                                       (18) 

( ) )    –  –  (    r r r r rF k b z b b z   = − − + − − +                                                                                      (19) 

The utter header elevation (h) in Fig. (4) will alter the cylinder velocity c to keep the appropriate header elevation. 

Linearize everything. to get the open loop function between zh (chasing reference) and h (utter header height) 

Equation (20). The kinematic linkages presented in Equations (3)– (12) are linearized whenever possible[10]. 

( )
0

ssx

f x

x


=


                                                                                                                                                    (20) 

( )1                     Ax Az f r A cgh cghx F F F F F x x z      =  

( )f x  represents Eqs. (3 –19) 

( )ssx  is the stable state worth of ( )x  at balance point? 

Then the system is three DOF system, select the variables (Δθ Δv Δγ) as free variable, and others in Δx ̅ as 

dependent variables.  

x = (F1 FAx   FAz   Ff   Fr   xA   xcgh   zcgh)  

f (x) corresponds to Eqs. (3 to 19). xss denotes x's stable state worth at the equilibrium point. 

1 1 1       0M q H qq + + =                                                                                                                                        (21) 

2 2  2     M q H q q + + =                                                                                                                                    (22) 

 2

1

2

1   y
q

C C
q

 
 =
 

                                                                                                                                             (23) 

Where  1 11 12 11 11 12 12 21 22 21 21 22 22     ,   ,  ,  2  ,  ,  M M M M m M m M M M M m M m= = = = = =   

 1 11 12 2 21 22[ ] ,  H H H H H H= =  

   1 11 12 2 21 22 ,        = =  

  ck =  

a, b = the distance in x direction amid front/rear wheel axis and gravity center of combine body. 

bf, br = the front and rear tires' damping constants. 
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ho = the A point's original height. 

αο = angle's initial value. 

I com, I h = the combined body and header inertias in relation to the gravity focus and point A separately. 

Ɩ t1, Ɩ t2, Ɩ cgh = length of the structure. 

Ɩ ins, Ɩ h, Ɩ f = length of the structure. 

m com, m h = the combined body's and header's masses. 

k f, k r = front and rear tire spring constants. 

K hydr = coefficient relating valve current to cylinder velocity. 

τh, τcgh = structural inclination. 

φt1, φt2 = structural inclination. 

FAx, FAz = forces acting on the point A in the x, y, and z directions (variable). 

Ff, Fr = the combined body's forces at the front and rear tires (variable) 

F1 = the force from the hydraulic cylinder on the header and combine body (variable) 

h = the absolute height of the header (variable)  

Ɩ c = the length of the cylinder (variable) 

X A, z A = the distances in x and z directions between the combined body gravity center and point A (variable) 

x cgh, z cgh = the distances between the header gravity center and the point A in x and z directions (variable). 

α, ρ, φ = The geometric definitions of these concepts can be found in Figures (3,3) and (3. 4) (variable) 

β = the angle of the header in relation to the x axis (variable) 

θ = the combined body's pitch displacement (variable) 

Mathematical derivation of the practical model 

The practical model is driven by the laws of mathematical trigonometry for the purpose of obtaining the value of 

the vertex height in the manufactured model. 

B: vertical arm length, X: variable (controlled), A: Elevation from the earth surface, C: arm length 

As shown in figure (8)  
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Figure 8. Sensor elevation with angle 

 Sensor reading B X A= + +                                                                                                                       (24) 

Q=2W                                                                                                                                                                     (25) 

Q: Angle between the arm of motor and driver gear 

W: Angle between driven gear and gear four bar mechanism 

( )  X C sin W=                                                                                                                                                  (26) 

Sub (3.35) in (3.36) and in (3.34), Sensor reading = B+ C (sin(Q/2)) +A 

A, B, C are constant, Q: Variable, A=120mm, B=90mm, C=100mm 

Sensor reading =90+120+100sin(Q/2), R= sensor reading 

( )210 100 / 2R sin Q= +                                                                                                                                    (27) 

( 1)2 [( 210) /100]Q sin R−=  −                                                                                                                         (28) 

Block Diagram (simulation) for header height control 

The harvester's head-height tracking control simulation was created using Mat lab Simulink software. Depending 

on the model's mathematical equation and the implementation of the fuzzy adaptive PID control system. 

Control part 

The harvester is controlled via (MATLAB/SIMULINK) where the control block diagram is designed and then 

implemented into the ARDUINO MEGA utilizing the mat lab/Arduino support package (from left to right) as 

shown in figure (4.). 

Constant block 

With a value of (18) as shown in figure (4), it is the reference value determined by the user, represents (12) cm as 

the required reading from the ultrasonic sensor. 

Summing point 

It is use to compare the reference signal and the backward feed from sensor as shown figure (9), subtract them 

from each other to establish the error signal. This error signal is then fed to the controller. 

Fuzzy block 

It is indicated as the pick outline, this group of blocks is used as a tuner for the gains of the PID controller, it 

contains of the next blocks as presented in figure (8). 

• The absolute block has an input of error signal and an output of the absolute of the error signal. 

• Function block with a divider of (1/8) of the error signal, this divider has been chosen because the error 

signal can be varied from (-8 to 8) cm, so after multiplying the error by (1/8), an error of the range of (-

1to 1) is achieved and then fed to the block of Fuzzy logic. 

• The derivative block is using the error signal as the input and deliver the error rate of change as the output 

of this block. The reason of using this block is to give the fuzzy logic another input. 

• Mux block is placed before the fuzzy block, used to combine two inputs into one array and then fed to 

the fuzzy block. 

The PID controller  
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(with a blue border block), a regular Proportional-Integral-Derivative controller. Consists of three ways to convert 

the error signal into actuating signal fed to the actuators. 

The fuzzy block takes the input from the (mux block) and deliver a number ranges from (-1 to 1) as the output 

depending on a number of logic terms and rules. This output is controlling the gain of the proportional part of the 

PID controller resulting in Adaptive Tuning of the gains of the PID controller 

Actuating a signal group of blocks: these blocks used to convert the actuating signal from the controller to a signal 

fed to the Arduino and then to the actuators (DC motor).  

Error mapping block, used to map the actuating signal to a PWM range that has the value ranging from (0 to 255), 

(0) means to deliver no power to the DC motor, and (255) means to deliver full power to the DC motor. 

Signal of error block is used to find out the signal of error and hence to determine the direction of rotation of the 

DC motor. 

Two switches, that play the role of logic (“if”) statements, used to switch the direction of the DC motor according 

to the sign of the actuating signal. 

L_PWM, L_enable, R_PWM, R_enable, these four block is used to send the signals to the Arduino mega, and 

through it to the DC motor.  

Ultrasonic block is used to extract the signal from the sensor and through the Arduino mega, this block is the only 

sensor in the block diagram and represent the CLOSED loop part of the controlling theory. 

 

Figure 9. Control block diagram 

Table 1. The Rules for Kp, Ki and kd for PID Controller 

                     ERROR  

 

ERROR RATE 

LOW MEDIUM HIGH 

LOW L L H 

MEDIUM L H H 

HIGH L M H 

Design fuzzy adaptive PID controller 

Due to the nonlinear nature of fuzzy controllers, setting their gains is more challenging than with proportional-

integral-derivative (PID) controllers. The fuzzy control's inputs are the errors, which were classified into three 

memberships by the next linguistic variables (high, medium, low). The controller is designed using triangular 

membership functions. The Genetic Algorithm is used to adjust the scale factors, membership jobs, and self-

tuning principle of the output of the fuzzy control (Kp, Ki, kd) for varied error change rates when validating header 

height tracking. The fuzzy rule base is represented by linguistic variables, which are used in conjunction with the 

fuzzy conditional statement. It is made up of two parts: an antecedent (If-clause) and a consequence (Then-clause). 

Each rule is formed from the headr height tracking features. The fuzzy rule base is a synthesis of all potential 

control rules, as presented in Table (1). As a fuzzy implication function, Mamdani's operation rule is applied. As 
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seen in, the center of gravity approach is used to defuzzify the inferred output. Obtain the tables of fuzzy control 

rules. The fuzzy system editor from Mat lab/Simulink is showed in Figure (10). 

 

Figure 10. Fuzzy system 

 

Figure 11. Error the input of fuzzy system 

 

Figure 12. Combine Harvester Model Test 

Combine Harvester Model Test 

The harvester is run on the Simulink program by connecting a cable between the Arduino and the Mat lab program 

on the computer and cable was connected between the dc power supply and the 220 v electric power source. The 

height is read by the sensor and sent to the Arduino, and then it is sent to the Mat lab Simulink program to 

determine the required height via the Arduino for the purpose of controlling the height and lowness of the head 

for different terrain. The experiment was done by placing an object with a height of 74 mm under the sensor as 
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shown in figure (12), which led to the movement of the head upwards. The required results were obtained, attached 

in the results and discussion chapter. 

RESULTS AND DISCUSSION 

The control system adjusts itself during the operation of the harvester to obtain the required height. Input a signal 

from fuzzy (0 to 1) to kp where fuzzy adds gain to the previous gain in order to have the head height control 

adaptation. 

• Down of header: It means that there is a prior height h, and then the height was removed at a certain time. 

As shown in figures (13), (14), (15) .H= 74mm, t=10sec 

 

Figure 13. Response of header tracking height 

 

Figure 14. Linear surface of error and d error with time 

 

Figure 15. Fuzzy logic five rules 
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Figure 16. Linear surface of error and d error 

 

Figure 17. Response header height with time 

Up: It means that there is nothing under the head of the harvester and the height is set under the head at time(t) as 

shown in figures (16,17,18) 

 

Figure 18. Fuzzy logic five rules 

 

Figure 19. Response header height with time 

Straight: It means that there is no elevation under the head of the harvester at time(t)as fig (19) 

CONCLUSION 
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According to the results of this research, it is feasible to adjust the height of the harvester's head by reading the 

sensor put on the head, which represents the head's actual height. By transmitting data from the sensor to the 

Arduino and then to the Mat lab/Simulink program, this height is compared to the desired height. The results are 

compared and returned to the Arduino for execution. The results are acquired using head tracing from a fuzzy PID 

controller (mat lab/SIMULINK) in order to create an adaptive fuzzy logic control system that ensures the harvest 

head operates well, is not damaged, and harvest productivity is raised. 
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