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Abstract: 

Background: Intelligent technique can greatly promote the rapid development of agricultural industry and enhance the market 

competition of agricultural machinery products of China, however, the current domestic agricultural machinery intelligence level is 

still lacking, thus improving the intelligent level of agricultural machinery is imminent. 

Objective: This paper is aimed to study the automatic driving technology of agricultural vehicle, this paper studies the reasonable 

driving control method of agricultural vehicle, and achieve the automatic driving with higher accuracy under the straight and curve 

driving conditions. 

Method and Material: In this paper, path tracking based on model predictive control (MPC) for the intelligent agricultural 

vehicle is investigated. The motion of the vehicle was simulated based on the path tracking error dynamics and vehicle lateral 

dynamics. Simulink-CarSim joint simulation platform was used to validate the proposed path tracking controller. 

Results: the simulation results show that the control method is feasible. the mean values of the error of the vehicle for the straight 

lines are 1.8 cm. Besides, the mean values of the error of the vehicle for the curved lines are 5.44 cm. 

Conclusions: The fast MPC framework has been elaborated for the control of an intelligent agricultural vehicle system by U-turn 

method in a standard orchard. Simulation results based on Simulink-CarSim platform verify the effectiveness of the proposed control 

approach. The simulation results show that the proposed MPC framework is able to control the agricultural vehicle system with a 

reasonable accuracy. 
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1 Introduction 

Agricultural vehicle automatic navigation technology is one of the important support technologies of modern 

agricultural machinery and equipment. Realizing the intelligent navigation of agricultural machinery can effectively 

reduce the labor intensity of the driver and improve the quality of farmland work, which has important theoretical 

research significance and practical application value. 

While develop autonomous navigation is all over the world, especially in Japan and America [1][2]. Takai et al. 

used RTK-GPS and IMU published an autonomous guidance for Crawler-Type robot tractor [3], they obtained enough 

accurate for the tractor. Some researchers used Low-Cost GPS based on Kalman Filter (KF) to position a tractor, which 

results that the proposed filter can satisfactorily preprocess the low-cost GPS receiver data when used in an assistance 

guidance GPS system for tractors [4][5]. Researchers of China improved a tuning method of fractional order 

proportional differentiation (FOPD) controller to track the path of a tractor, the simulation results demonstrate the 

optimal FOPD controller enables the closed-loop system to have smaller IAE value [6]. Xiwen Luo et al. Developed an 

automatic navigation control system based on RTK-DGPS on Dongfanghong X-804 tractor and conducted field 

experiment. The experimental results show that the maximum error of linear tracking is less than 0.15m [7]. Xing Wu et 

al. investigated the tractors kinematics and dynamics properties of the vehicle actuated, the experiment results show the 

tractor can actuate the heavy-duty vehicle with low power consumption [8]. Ramezani et al. proposed a new DSWTS 

algorithm for real-time pedestrian detection in autonomous agricultural tractors. The results show that the DSWTS 

algorithm has good accuracy at 8-20m [9]. Middle East countries are also devoted to studying the automatic driving of 

agricultural machinery and have achieved many successes [10] [11]. 
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This paper is organized as follows: in section 2 the modeling the vehicle lateral dynamics and the path tracking 

error dynamics is given. The MPC approach is shown in section 3. In section 4, the path tracking simulations results are 

given. At last, the conclusions are addressed in section 5. 

2 Modeling 

2.1 The vehicle lateral dynamic model  

As the operation speed of the agricultural vehicle is rather limited, it is reasonable to assume that the lateral forces 

on the left and right wheels are equal to each other and can be summed.  Therefore, the vehicle is modeled as a 

well-known bicycle model. The forces on the vehicle are schematically illustrated in Fig.1.  

The dynamics equation for 2 DoF model of agricultural vehicle can be given as follows: 
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Where Fyf and Fyr stand for front and rear lateral forces which are related with the front and rear slip angles αf and 

αr, respectively. which can be modeled as 

yf f f yr r rF C F C  ，                                             (2) 

Where Cf and Cr stand for the cornering stiffness of the front and rear tires, respectively. The slip angles of front 

and rear tires are represented by αf and αr, which can be defined using the following equations [12]: 
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We assume that the sideslip angle is sufficiently small, so β can be defined as 
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Supposing vx is a constant or with a slow changing rate. Solving equation (1) by substituting equations (2) to (4), 

the following 2 DoF linear dynamic model can be derived: 
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the model parameters in (5) are given as: 
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Fig.1. 2 DoF vehicle dynamic model 
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2.2 The path tracking error dynamics 

Fig.2 shows the path following error dynamics model. τ represents the distance from the CG of the vehicle to the 

closest point M on the desired path, i.e., the orthogonal projection point of CG on the desired path. Which is stand for 

lateral offset. ψ presents the heading error between actual heading angle of the agricultural vehicle ψr and tangential 

direction of the desired path ψd, then we can get: 

,r d r                                                        (7) 

And where s is defined as the curvilinear coordinate (arc-length) of point M along the path from an initial position 

predetermined, and / , 0s ds dt s   , ( )s  stands for the curvature of the desired path at the point M, and is related 

with s. where vx and vy stand for the vehicle longitudinal and lateral velocities, respectively. 

The curvilinear coordinate of point M along the path s is given as: 
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The path following error dynamics based on the Serret-Frenet equation is introduced in [13] was showed as 

follows: 
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Combined (5) with (9), we can get: 
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The state variable is selected as  ( )
T

t     ,the control input is selected as ( ) fu t  ,The vehicle 

dynamics can be described by the following compact differential equation: 
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         Fig.2. Path tracking error dynamics model 
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3 Model predictive controller 

3.1 Problem description 

Considering a non-linear system, the general form of discrete-time model as follows: 
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Where ( , )f    is system state transfer function, nR   is the state vector, 
mu R  is the control vector,   is 

state variable constraint,   is control variable constraint. Let (0,0) 0f   is a stable point of the system, which is also 

system control objective, for any time horizon N, consider the follow cost function [14]: 
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Where ( ) [ ( ), , ( -1)]TU t u t u t N   ,i.e. the control input sequence in the time horizon N. 

Combined (12) with (13), MPC is to solve the following constrained optimization problem at each step in the time 

horizon: respectively. 
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In (14),
1, , ,( , )k t k t k tf u    is state constraint of the system,

,k t and 
,k tu  stand for state vector constraint and control 

input vector constraint, respectively. 
,t t  and 

,N t  is starting state constraint and final state constraint,Once the 

solution
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is applied to the plant (12). And the optimization problem is solved over a shifted horizon for the next sampling 

time. 

3.2 MPC controller design 

Using Euler method to take the model (11) approximation into a discrete-time linear invariant state-space model as 

follows: 
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Where ( ) , ( )n pk R y k R   and 
mu R are the state vector, output vector and input vector, respectively. The 

matrices A, B and C are obtained by discrete equation (10). Considering the follow cost function: 
2

1

21
2

1

( , , ) ( | ) ( | )

( | )

P

c

N

ref

i Q

N

i R

J u U t i t t i t

u t i t

  









    

   





                            (17) 

Where Np and Nc represent the prediction and control horizons, respectively. As in standard MPC schemes, we use 

P cN N  and the control signal is assumed constant for all c PN t N   ,i.e., ( | ) 0, cu t i t i N     , Q and R are the 

weight matrices, ref  stand for the desired outputs , σ and ε relaxation factors. The constraints are  
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given as follows: 
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Where ,hc scy y  is hard and soft constraints, respectively. The solution to get (17) subject to the model equation 

(16) is the base of the MPC scheme presented in [15], [16]. 

4 Simulation results 

This paper we use Simulink-CarSim joint simulation platform to simulate, the parameters of agricultural vehicle 

were selected from CarSim. Vehicle mass m=3000 kg, moment of inertia about yaw axis Iz =1765 kg·m2, Distance of front wheel 

axle from CG lf =1.05 m, distance of rear wheel axle from CG lr=1.0 m, cornering stiffness of the front tires Cf=90000 N/rad, 

cornering stiffness of the rear tires Cr=85000N/rad. 

We set the vehicle moves at 18km/h, all initial value of vehicle state is zero, set the parameters of the MPC 

controller as follows: 

 Sample time 0.02T s  , 

 Prediction horizon 15pN   , control horizon 5cN   , 

 Constraints on inputs and input rates: 45 45 , 55 / 55 /f fs s         

 Weight matrices:
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The system outputs lateral offset and heeding error   ，  results change over time are address in Fig.3 and Fig.4 

respectively, the average error of the whole simulation of the lateral offset is 2.09cm, the mean values of the error of the 

vehicle for the straight lines are 1.8 cm. Besides, the mean values of the error of the vehicle for the curved lines are 5.44 

cm, the maximum error occur at the moment that the vehicle turns straight to curve, the maximum error is about 7.0cm, 

but it soon converged, fluctuating up and down within a certain little range.  

The heading errors are fluctuating up and down are not converged to zero that is caused by the nonzero sideslip 

angle in steady state of path following. The little mean error of lateral offset is indicated that the MPC controller can 

satisfy orchard work for agricultural vehicle.  

Yaw rate and the path tracking results are shown in Fig.5. From the figure one can observe that the yaw rate is 

maintained in reasonable region. The overshoot occurred at each straight line turn into the curve or the curve turn into 

the straight line. The other values are converging to a certain value and maintain in a reasonable region. The result 

indicated that the agricultural vehicle simulation process is very smooth. 

The trajectory of the path following are shown in Fig. 6. Where the blue line stand for the desire path, and the red 

dotted line stand for the real path of the vehicle. In the path tracking trajectory result, one can clearly see that the path 

tracking objective is completed satisfactorily by MPC technique, which indicates the possibility of vehicle transgressing 

the fruit trees line is considerably reduced. The mean error of the path tracking was maintained so small that can ensure 

the agricultural vehicle work in the orchard safe and reduce the possibility of destroying fruit trees. 
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5 Conclusions 

In this study, a fast MPC framework has been elaborated for the control of an intelligent agricultural vehicle 

system by U-turn method in a standard orchard. Simulation results based on Simulink-CarSim platform verify the 

effectiveness of the proposed control approach. The simulation results show that the proposed MPC framework is able 

to control the agricultural vehicle system with a reasonable accuracy. The mean value of the error to the straight lines 

trajectory is 1.8cm and 5.44 cm for the curve line, respectively. So, it is an efficient control strategy for intelligent 

agricultural vehicle path tracking. However, since the soil in the orchard always been soft, the coupling between the tire 

and the soft road is not considered in the dynamic model of the vehicle, the state variable, sideslip angle, is difficult to 

obtain, output feedback control has real significance, which is left for our future works. 
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