
Том 19, № 2. 2022
Vol. 19, No. 2. 2022156

РАЗДЕЛ I ТРАНСПОРТНОЕ, ГОРНОЕ И СТРОИТЕЛЬНОЕ МАШИНОСТРОЕНИЕ

© 2004–2022 Вестник СибАДИ 
The Russian Automobile  
and Highway Industry Journal

Контент доступен под лицензией  
Creative Commons Attribution 4.0 License.

© Сухарев Р. Ю., 2022

УДК 62-529
https://doi.org/10.26518/2071-7296-2022-19-2-156-169
https://elibrary.ru/FUWXGR
Научная статья 

ПРИМЕНЕНИЕ МЕТОДА «ЧИСТОЕ ПРЕСЛЕДОВАНИЕ» 
(PURE PURSUIT) ДЛЯ УПРАВЛЕНИЯ БЕСПИЛОТНЫМ 
АВТОГРЕЙДЕРОМ

Р. Ю. Сухарев
Сибирский государственный автомобильно-дорожный университет, 

г. Омск, Россия
suharev_ry@mail.ru, http://orcid.org/ 0000-0002-2627-8110

АННОТАЦИЯ
Введение. Актуальная задача создания перспективных систем беспилотного управления дорожно-стро-
ительных машин может быть решена путем проведения теоретических исследований на математи-
ческих моделях. 
Материалы и методы. Одна из важных проблем при создании системы управления движением беспи-
лотной машины – это составление алгоритма следования заданной траектории. Наиболее известным 
методом следования траектории является метод «чистое преследование», успешно применяемый для 
управления движением мобильных роботов.
В связи с этим была сформулирована цель исследования – адаптировать метод «чистое преследова-
ние» для управления беспилотным автогрейдером. Для достижения поставленной в работе цели были 
решены следующие задачи: разработана математическая модель движения автогрейдера с передними 
управляемыми колесами, разработана математическая модель системы управления движением авто-
грейдера, предложен интегральный критерий для оценки эффективности работы системы управления 
движением беспилотного автогрейдера, проведены теоретические исследования математической мо-
дели и получены зависимости интегрального критерия от конструктивных и эксплуатационных па-
раметров автогрейдера и от параметра метода управления (дальность видимости), найдены опти-
мальные значения дальности видимости при различных значениях длины базы, коэффициента базы и 
скорости машины по предложенному критерию эффективности.
Результаты. В результате аппроксимации полученных оптимальных значений метод «чистое пресле-
дование» был модифицирован для управления беспилотным автогрейдером с учетом его конструктив-
ных особенностей и скорости передвижения.
Полученные результаты могут быть использованы при создании опытных образцов систем беспилот-
ного управления дорожно-строительных машин.

КЛЮЧЕВЫЕ СЛОВА: автогрейдер, беспилотный, траектория, машина, управление, алгоритм, метод 
управления, курс, чистое преследование.
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ABSTRACT
Introduction. A relevant objective of implementing the advanced systems of self-driving road construction vehicles 
can be accomplished by mathematical modelling. One of the important issues when creating a motion control sys-
tem for a self-driving vehicle is to develop a trajectory following algorithm. The most well-known method of following 
the trajectory is a pure pursuit method, which is successfully used to control the movement of mobile robots.
Materials and methods. Hence, the research objective has been defined and is to adapt the pure pursuit method 
to control an autonomous grader. To achieve the research objective, the task of a mathematical model of the motor 
grader movement with front steering wheels has been developed, and a mathematical model of the motor grader 
motion control system has been compiled. Besides, we propose an integral criterion to evaluate the efficiency of 
the motion control system of a unmanned grader. Some theoretical studies of the mathematical model have been 
carried out and the dependencies of the integral criterion on the design and operational parameters of the grader, as 
well as on the parameter of the control method (visibility range) have been obtained. Moreover, the optimal values 
of the visibility range for various values of the base length, base coefficient and machine speed have been defined 
according to the proposed efficiency criterion.
Results. As a result of approximating the obtained optimal values, the pure pursuit method has been modified to 
control a self-driving motor grader, taking into account its design features and travel speed.
The results obtained can be used to create the prototypes of unmanned control systems for road construction ve-
hicles.

KEYWORDS: motor grader, unmanned vehicle, trajectory, vehicle, control, algorithm, control method, course, pure 
pursuit.
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INTRODUCTION
Nowadays, unmanned technologies are wide-

ly used in various branches of industry and econ-
omy. The adoption of self-driving technologies in 
the construction industry, namely in heavy equip-
ment, is a promising direction that will develop 
quite rapidly in the next few years [1]. A motor 
grader is a construction machine similar in control 
algorithm to a self-driving vehicle. One of the well-
known methods of controlling the self-driving cars 
is the «pure pursuit» method1, 2. This method is 
used to control mobile robots3 [2,3,4], unmanned 
vehicles4, 5 [5], agricultural machines [6], logging 
harvesters [7], underwater uninhabited vehicles 
[8], etc. However, there are no studies of this 
method when driving a grader. 

Driving an unmanned grader differs from 
driving an unmanned vehicle mainly by purpose 
[9,10,11]. The main purpose of the grader move-
ment is the movement of the working body in ac-
cordance with the project of the earthen structure. 
The trajectories of the basic machine and its parts 
are secondary in this case. In this case, the tra-
jectory is an alternation of sections of rectilinear 
motion during the working stroke and reversals6 
[10,12].

The setting parameter of the «pure pursuit» 
method is the look-ahead distance. With an in-
crease in this parameter, the machine tends to 
follow the trajectory more precisely and, thereby, 
the yaw along the trajectory increases. With a de-
crease in this parameter, the movements of the 
machine become smoother, but with sharp turns 
of the trajectory, the machine begins to “cut the 
corners”.

Several works were devoted to finding the 
optimal value of the look-ahead distance for the 

1 Omead Amidi. Integrated Mobile Robot Control. Technical Report CMU-RI-TR-90-17, Robotics Institute, Carnegie Mellon 
University, Pittsburgh, PA, May 1990.

2 R. Craig Coulter. Implementation of the «pure pursuit» Path Tracking Algorithm. Technical Report CMU-RI-TR-92-01, 
Robotics Institute, Carnegie Mellon University, Pittsburgh, PA, January 1992.

3 Alessandro De Luca, Giuseppe Oriolo. Feedback Control of a Nonholonomic Car-like Robot. 2004.
4 Jarrod M. Snider Automatic Steering Methods for Autonomous Automobile Path Tracking Technical Report CMU-RI-

TR-09-08, Robotics Institute, Carnegie Mellon University, Pittsburgh, PA, February 2009.
5 Matthew J. Barton. Controller Development and Implementation for Path Planning and Following in an Autonomous Urban 

Vehicle. Undergraduate thesis, University of Sydney, November 2001.
6 Gorbov I. A., Leonard A.V. Planning the trajectory of a vehicle when bypassing an obstacle // XXVIII International 

Innovation-oriented Conference of Young Scientists and Students (MICMUS - 2016) : proceedings of the conference, Moscow, 
07-09 December 2016. - Moscow: Federal State Budgetary Institution of Science A.A. Blagonravov Institute of Machine Science 
of the Russian Academy of Sciences, 2017. pp. 236-239.

7 Wu, Yiyang & Xie, Zhijiang & Lu, Ye. (2021). Steering Wheel AGV Path Tracking Control Based on Improved «pure pursuit» 
Model. Journal of Physics: Conference Series. 2093. 012005. 10.1088/1742-6596/2093/1/012005.

8 Portnova A. A. the Problem of minimizing the turning radius grader with articulated / Innovation, quality and service in 
engineering and technology. Kursk: Closed Joint Stock Company "University Book", 2014. pp. 97-99.

car7 [5]. Some authors even suggested using a 
dynamic look-ahead distance, i.e. a change de-
pending on the speed and accuracy of the tra-
jectory7.

PROBLEM STATEMENT
The purpose of this work is to adapt the «pure 

pursuit» method to control an unmanned grader. 
To achieve this goal, it is necessary to solve a 
number of tasks: to make mathematical models 
of the movement of a grader with front steerable 
wheels and a motion control system, to justify a 
criterion for evaluating the effectiveness of the 
motion control system of an unmanned grader, 
to conduct theoretical studies of the mathemati-
cal model and to obtain the dependences of the 
efficiency criterion on the design and operational 
parameters of the grader and on the parameter 
of the control method (visibility range), to find op-
timal values of the visibility range at different val-
ues of the base length, the coefficient of the base 
and the speed of the machine according to the 
proposed efficiency criterion and on the basis of 
the data obtained to propose a modified method 
of «pure pursuit».

MATHEMATICAL MODEL
The mathematical model of movement was 

developed on the basis of a two-dimensional 
grid of turning a motor grader with front steer-
ing wheels in the Earth coordinate system  
OEARTH XEARTH YEARTH (figure 1).

When turning a motor grader with front steer-
ing wheels, the elementary displacement of the 
midpoint of the rear axle OR can be calculated by 
the following formula8 [13,14]:
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Several works were devoted to finding the optimal value of the look-ahead distance for the carОшибка! 
Закладка не определена. [5]. Some authors even suggested using a dynamic look-ahead distance, i.e. a 
change depending on the speed and accuracy of the trajectory7. 
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whence it follows that: 
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dt

= 𝑉𝑉𝑉𝑉
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅

, (3) 
 

where S is the midpoint movement of the rear axle, RR is the turning radius of the rear axle midpoint, γ is the 
heading angle of the motor grader, V is the velocity of the motor grader. 

The turning radii of the grader can be defined by the following formulaОшибка! Закладка не 
определена. [13, 14] 

 
 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐿𝐿𝐿𝐿

tg𝛼𝛼𝛼𝛼𝑊𝑊𝑊𝑊
, (4) 

 
 𝑅𝑅𝑅𝑅𝐹𝐹𝐹𝐹 = 𝐿𝐿𝐿𝐿

sin𝛼𝛼𝛼𝛼𝑊𝑊𝑊𝑊
, (5) 

 
where RF is the turning radius of the front axle midpoint, L is the length of the grader base, αW is the steering 
angle of the front wheels. 
 

 

7 Wu, Yiyang & Xie, Zhijiang & Lu, Ye. (2021). Steering Wheel AGV Path Tracking Control Based on Improved «pure pursuit» Model. 
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The set of formulas (4), (8) and (10) can be 
represented in the form of a mathematical model 
(figure 2) compiled in the MATLAB Simulink soft-
ware.

PURE PURSUIT METHOD DESCRIPTION
The «pure pursuit» method consists of a geo-

metric calculation of the radius of the circular arc 
connecting the location of the rear axle with the 
target point on a trajectory in front of the vehicle. 
The target point is determined based on the look-
ahead distance L0 from the midpoint of the rear 
axis to the trajectory1,2,3,4,5,7 [2-8].

The turning angle of the motor grader can be 
defined using only the location of the target point 
and angle φ between the machine course vector 

and the prediction vector. Using the data of fig-
ure 3, we can record the following formulas 1,2,3,4,5,7  
[2-9].
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where L0 is the look-ahead distance, ΔY1 is the 
deviation of the midpoint of the rear axle from the 
trajectory, φ is the angle between the longitudinal 
axis of the motor grader and the direction to the 
target point.

The required turning angle of the motor grader 
can be calculated using the appropriate equations 
for a specific type of a machine. For example, for 
a grader with front steering wheels, a turning an-
gle is defined by the following formula1,2,3,4,5,7 [2-9]:
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 𝐿𝐿𝐿𝐿02

2𝛥𝛥𝛥𝛥𝑌𝑌𝑌𝑌1
= 𝐿𝐿𝐿𝐿

tg𝛼𝛼𝛼𝛼𝑊𝑊𝑊𝑊
. (13) 

 
Accordingly, the wheel turning angle is defined by the formula: 
 

 𝛼𝛼𝛼𝛼𝑊𝑊𝑊𝑊 = arctan �2𝛥𝛥𝛥𝛥𝑌𝑌𝑌𝑌1𝐿𝐿𝐿𝐿
𝐿𝐿𝐿𝐿02

�. (14) 
 

Thus, the «pure pursuit» method is a proportional regulator of the grader transverse displacement error. 
 

EFFICIENCY CRITERION 
 
The main purpose of the grader movement is to move the blade in accordance with the earth structure 

project. Consequently, the deviation of the midpoint of the blade (B) from the specified trajectory should be 
used as a performance criterion of the selected control method [9,15]. 

The given parameter can be quantified using the integral indicator, i.e. the area between the specified 
trajectory and the trajectory of the blade midpoint and is calculated by the formula [9,15,16] 

 
 𝐸𝐸𝐸𝐸𝑇𝑇𝑇𝑇 = ∫ |𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥(𝑥𝑥𝑥𝑥)|dx∞

0 , (15) 
 
where𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥 = 𝛥𝛥𝛥𝛥(∞) − 𝛥𝛥𝛥𝛥(𝑥𝑥𝑥𝑥)is the trajectory deviation of the blade midpoint from the value𝛥𝛥𝛥𝛥(∞)that 
corresponds to the specified trajectory [9,15,16]. 

The criterion ET geometrically represents the shaded area in figure 4a. The transient process shown in 
figure 4a is caused by a disturbance, for example, a stepwise change of the given trajectory. The smaller the 
shaded area, the more preferable the transition process [9,15,16]. 

This integral criterion can be used not only to assess the control quality, but also to optimize the variable 
parameters for the control system synthesis. Moreover, the absolute value of the criterion ET is not 
significant. Using the equations for ET and system transfer functions, the dependences of the criterion ET on 
the variable parameters of the control system and their optimal values can be obtained [9,15,16]. 

When using the module, the integral criterion ET can be applied to the systems which transients have 
oscillation and change the sign (figure 4b) [9,15,16]. 
 

 
 

Figure 4 – Integral quality criteria [9,15] 
 

More complex integral criteria based on the second and following derivatives of ΔY can be used. Their 
application will bring the transients closer to the second and higher order curves [9,15,16]. 
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PART I
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The turning angle of the motor grader can be defined using only the location of the target point and angle 
φ between the machine course vector and the prediction vector. Using the data of figure 3, we can record the 
following formulas 1,2,3,4,5,7 [2-9]. 
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where L0 is the look-ahead distance, ΔY1 is the deviation of the midpoint of the rear axle from the trajectory, 
φ is the angle between the longitudinal axis of the motor grader and the direction to the target point. 

The required turning angle of the motor grader can be calculated using the appropriate equations for a 

Figure 3 – Design diagram of the «pure pursuit» algorithm1,2,3,4,5,7 [2-9]
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Figure 5 – The influence of the look-ahead distance L0 on the integral criterion ET  

at different velocities of the motor grader V 
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where L1 is the distance from the front axle to the 
blade.

The main objective of theoretical studies of 
the mathematical model of the motor grader in a 
dynamic mode was to determine the optimal nu-
merical values of the control method parameters, 
their dependences on the design and operational 
parameters of the grader.

The model parameters were divided into three 
groups: fixed parameters, stochastic parameters, 
variable parameters [17,18].

The variable parameters have been divided, in 
turn, into three subgroups:
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Figure 7 – The influence of the look-ahead distance L0 on the integral criterion ET  

at different values of the base length L 
Compiled by the author. 

 
The main objective of theoretical studies of the mathematical model of the motor grader in a dynamic 

mode was to determine the optimal numerical values of the control method parameters, their dependences 
on the design and operational parameters of the grader. 

The model parameters were divided into three groups: fixed parameters, stochastic parameters, variable 
parameters [17,18]. 

The variable parameters have been divided, in turn, into three subgroups: 
Design parameters of the motor grader (base length, base coefficient). 
Operational parameters of the motor grader (vehicle velocity). 
Parameters of the control method (look-ahead distance L0). 
The obtained dependences have been presented in the form of a graphical complex of the surfaces 

for different base lengths and different values of the motor grader velocity (figures 8, 9, 10, 11, 12). 
 

 
Figure 8 – Dependences of the integral criterion ET on the look-ahead distance L0  

and velocity V at different values of the base coefficient (L=5 m) 
Compiled by the author. 

 

4

5

6

7

8

3 4 5 6 7 8 9 10L0 

ET 

9 м 

8 м 

7 м 

6 м 

5 м 

ET 

L0 V 

0,2 

 

0,3 

 

0,4 

 

0,5 

 

0,6 

 

Figure 7 – The influence of the look-ahead distance L0 on the integral criterion ET 
at different values of the base length L

Source: compiled by the author.

Design parameters of the motor grader (base 
length, base coefficient).

Operational parameters of the motor grader 
(vehicle velocity).

Parameters of the control method (look-ahead 
distance L0).

The obtained dependences have been pre-
sented in the form of a graphical complex of the 
surfaces for different base lengths and different 
values of the motor grader velocity (figures 8, 9, 
10, 11, 12).

 
Figure 7 – The influence of the look-ahead distance L0 on the integral criterion ET  

at different values of the base length L 
Compiled by the author. 

 
The main objective of theoretical studies of the mathematical model of the motor grader in a dynamic 

mode was to determine the optimal numerical values of the control method parameters, their dependences 
on the design and operational parameters of the grader. 

The model parameters were divided into three groups: fixed parameters, stochastic parameters, variable 
parameters [17,18]. 

The variable parameters have been divided, in turn, into three subgroups: 
Design parameters of the motor grader (base length, base coefficient). 
Operational parameters of the motor grader (vehicle velocity). 
Parameters of the control method (look-ahead distance L0). 
The obtained dependences have been presented in the form of a graphical complex of the surfaces 

for different base lengths and different values of the motor grader velocity (figures 8, 9, 10, 11, 12). 
 

 
Figure 8 – Dependences of the integral criterion ET on the look-ahead distance L0  

and velocity V at different values of the base coefficient (L=5 m) 
Compiled by the author. 

 

4

5

6

7

8

3 4 5 6 7 8 9 10L0 

ET 

9 м 

8 м 

7 м 

6 м 

5 м 

ET 

L0 V 

0,2 

 

0,3 

 

0,4 

 

0,5 

 

0,6 

 

Figure 8 – Dependences of the integral criterion ET on the look-ahead distance L0 
and velocity V at different values of the base coefficient (L=5 m)

Source: compiled by the author.



Том 19, № 2. 2022
Vol. 19, No. 2. 2022164

РАЗДЕЛ I ТРАНСПОРТНОЕ, ГОРНОЕ И СТРОИТЕЛЬНОЕ МАШИНОСТРОЕНИЕ

© 2004–2022 Вестник СибАДИ 
The Russian Automobile  
and Highway Industry Journal

 
Figure 9 – Dependences of the integral criterion ET on the look-ahead distance L0  

and velocity V at different values of the base coefficient (L=6 m) 
Compiled by the author. 

 

 
Figure 10 – Dependences of the integral criterion ET on the look-ahead distance L0  

and velocity V at different values of the base coefficient (L=7 m) 
Compiled by the author. 

 

ET 

L0 V 

0,2 

 

0,3 

 

0,4 

 

0,5 

 

0,6 

 

ET 

L0 
V 

0,2 

 

0,3 

 

0,4 

 

0,5 

 

0,6 

 

Figure 9 – Dependences of the integral criterion ET on the look-ahead distance L0 
and velocity V at different values of the base coefficient (L=6 m)

Source: compiled by the author.

 
Figure 9 – Dependences of the integral criterion ET on the look-ahead distance L0  

and velocity V at different values of the base coefficient (L=6 m) 
Compiled by the author. 

 

 
Figure 10 – Dependences of the integral criterion ET on the look-ahead distance L0  

and velocity V at different values of the base coefficient (L=7 m) 
Compiled by the author. 

 

ET 

L0 V 

0,2 

 

0,3 

 

0,4 

 

0,5 

 

0,6 

 

ET 

L0 
V 

0,2 

 

0,3 

 

0,4 

 

0,5 

 

0,6 
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Table 1 

The regression equations of the look-ahead distance L0 
 

L Kb The regression equation R2 

5 

0,2 𝐿𝐿𝐿𝐿0 = 1,4 ⋅ 𝑉𝑉𝑉𝑉 + 4,338 0,967 
0,3 𝐿𝐿𝐿𝐿0 = 1,4 ⋅ 𝑉𝑉𝑉𝑉 + 4,07 0,999 
0,4 𝐿𝐿𝐿𝐿0 = 1,4 ⋅ 𝑉𝑉𝑉𝑉 + 3,666 0,974 
0,5 𝐿𝐿𝐿𝐿0 = 1,4 ⋅ 𝑉𝑉𝑉𝑉 + 3,282 0,985 
0,6 𝐿𝐿𝐿𝐿0 = 1,4 ⋅ 𝑉𝑉𝑉𝑉 + 2,976 0,984 

6 

0,2 𝐿𝐿𝐿𝐿0 = 1,36 ⋅ 𝑉𝑉𝑉𝑉 + 5,102 0,968 
0,3 𝐿𝐿𝐿𝐿0 = 1,36 ⋅ 𝑉𝑉𝑉𝑉 + 4,616 0,961 
0,4 𝐿𝐿𝐿𝐿0 = 1,36 ⋅ 𝑉𝑉𝑉𝑉 + 4,146 0,976 
0,5 𝐿𝐿𝐿𝐿0 = 1,36 ⋅ 𝑉𝑉𝑉𝑉 + 3,742 0,972 
0,6 𝐿𝐿𝐿𝐿0 = 1,36 ⋅ 𝑉𝑉𝑉𝑉 + 3,332 0,971 

7 

0,2 𝐿𝐿𝐿𝐿0 = 1,32 ⋅ 𝑉𝑉𝑉𝑉 + 5,774 0,956 
0,3 𝐿𝐿𝐿𝐿0 = 1,32 ⋅ 𝑉𝑉𝑉𝑉 + 5,282 0,991 
0,4 𝐿𝐿𝐿𝐿0 = 1,32 ⋅ 𝑉𝑉𝑉𝑉 + 4,688 0,986 
0,5 𝐿𝐿𝐿𝐿0 = 1,32 ⋅ 𝑉𝑉𝑉𝑉 + 4,176 0,983 
0,6 𝐿𝐿𝐿𝐿0 = 1,32 ⋅ 𝑉𝑉𝑉𝑉 + 3,676 0,976 

8 

0,2 𝐿𝐿𝐿𝐿0 = 1,28 ⋅ 𝑉𝑉𝑉𝑉 + 6,36 0,872 
0,3 𝐿𝐿𝐿𝐿0 = 1,28 ⋅ 𝑉𝑉𝑉𝑉 + 5,762 0,958 
0,4 𝐿𝐿𝐿𝐿0 = 1,28 ⋅ 𝑉𝑉𝑉𝑉 + 5,24 0,975 
0,5 𝐿𝐿𝐿𝐿0 = 1,28 ⋅ 𝑉𝑉𝑉𝑉 + 4,624 0,975 
0,6 𝐿𝐿𝐿𝐿0 = 1,28 ⋅ 𝑉𝑉𝑉𝑉 + 4,054 0,981 

9 

0,2 𝐿𝐿𝐿𝐿0 = 1,24 ⋅ 𝑉𝑉𝑉𝑉 + 6,876 0,844 
0,3 𝐿𝐿𝐿𝐿0 = 1,24 ⋅ 𝑉𝑉𝑉𝑉 + 6,362 0,881 
0,4 𝐿𝐿𝐿𝐿0 = 1,24 ⋅ 𝑉𝑉𝑉𝑉 + 5,708 0,958 
0,5 𝐿𝐿𝐿𝐿0 = 1,24 ⋅ 𝑉𝑉𝑉𝑉 + 5,084 0,982 
0,6 𝐿𝐿𝐿𝐿0 = 1,24 ⋅ 𝑉𝑉𝑉𝑉 + 4,41 0,973 
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Due to the optimization carried out by the 
Newton method, for the minimality condition of 
the integral criterion, the optimal values of the 
look-ahead distance L0 have been obtained for 
various values of the base length, base coefficient 
and speed. Figure 13 shows the graphs of the ob-
tained optimal values of the look-ahead distance.

The obtained dependences of the optimal 
values of the look-ahead distance on the speed, 
base length and base coefficient have been ap-

proximated with regression equations and are 
presented in table 1.

The regression equations have the form of 

criterion, the optimal values of the look-ahead distance L0 have been obtained for various values of the base 
length, base coefficient and speed. Figure 13 shows the graphs of the obtained optimal values of the look-
ahead distance. 

The obtained dependences of the optimal values of the look-ahead distance on the speed, base length 
and base coefficient have been approximated with regression equations and are presented in table 1. 

The regression equations have the form of 𝐿𝐿𝐿𝐿0 = 𝑎𝑎𝑎𝑎0 ⋅ 𝑉𝑉𝑉𝑉 + 𝑎𝑎𝑎𝑎1. From the regression equations, it will be 
obvious that the multiplier a0 depends only on the base length L and can be approximated with the following 
equation 
 𝑎𝑎𝑎𝑎0 = 1,6 + 0,04 ⋅ 𝐿𝐿𝐿𝐿. (17) 

 
Table 2 

The coefficients a1 in the regression equations of the look-ahead distance L0 

Kб 
L 0,2 0,3 0,4 0,5 0,6 

0,5 4,388 4,07 3,666 3,282 2,976 

1 5,102 4,616 4,146 3,742 3,332 

1,5 5,774 5,282 4,688 4,176 3,676 

2 6,36 5,762 5,24 4,624 4,054 

2,5 6,876 6,362 5,708 5,084 4,41 
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The free coefficients a1 in the regression equations depend on the base length and base coefficient. For 
further approximation, they were summarized in table 2 and the resulting dependence was approximated by 
the following equation 

 
 𝑎𝑎𝑎𝑎1 = 3,2 − 5 ⋅ 𝐾𝐾𝐾𝐾б + 0,5 ⋅ 𝐿𝐿𝐿𝐿 (18) 
 

Therefore, a modified method of «pure pursuit» adapted to control the motor grader has been proposed. 
The dependence of the optimal value of the look-ahead distance on the speed, base length and base 
coefficient is represented by the following formula 

 
 𝐿𝐿𝐿𝐿0 = 𝑎𝑎𝑎𝑎0 ⋅ 𝑉𝑉𝑉𝑉 + 𝑎𝑎𝑎𝑎1. (19) 
 
where 𝑎𝑎𝑎𝑎0 = 1,6 + 0,04 ⋅ 𝐿𝐿𝐿𝐿, 𝑎𝑎𝑎𝑎1 = 3,2 − 5 ⋅ 𝐾𝐾𝐾𝐾б + 0,5 ⋅ 𝐿𝐿𝐿𝐿 are applied for the motor grader with front steering 
wheels. 

After substituting formula (19) into formula (14), we obtain a formula for calculating the front wheels 
turning angle adapted to the grader: 
 
 𝛼𝛼𝛼𝛼𝐾𝐾𝐾𝐾 = arctan � 2𝛥𝛥𝛥𝛥𝑌𝑌𝑌𝑌1𝐿𝐿𝐿𝐿

(𝑎𝑎𝑎𝑎0𝑉𝑉𝑉𝑉+𝑎𝑎𝑎𝑎1)2
�. (20) 

 
DISCUSSION AND CONCLUSION 

 
The developed mathematical models of the movement of a motor grader with front steerable wheels and 

a motor grader motion control system made it possible to conduct theoretical studies and identify the 
dependencies of the integral criterion on the design and operational parameters of the grader and on the 
parameter of the control method (look-ahead distance). After optimization, optimal values of the look-ahead 
distance were found for different values of the base length, base coefficient and machine speed according to 
the proposed efficiency criterion. As a result of the approximation of the obtained optimal values, the «pure 
pursuit» method was modified to control an unmanned grader, taking into account its design features and 
speed of movement. The results obtained can be used to create prototypes of unmanned control systems for 
road construction vehicles. 
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PART I

Table 1
The regression equations of the look-ahead distance L0

Source: compiled by the author.

 

 
Figure 13 – Dependences of the optimal values of the look-ahead distance L0  

at different values of speed, base length and base coefficient 
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The free coefficients a1 in the regression equa-
tions depend on the base length and base coeffi-
cient. For further approximation, they were sum-
marized in table 2 and the resulting dependence 
was approximated by the following equation

criterion, the optimal values of the look-ahead distance L0 have been obtained for various values of the base 
length, base coefficient and speed. Figure 13 shows the graphs of the obtained optimal values of the look-
ahead distance. 

The obtained dependences of the optimal values of the look-ahead distance on the speed, base length 
and base coefficient have been approximated with regression equations and are presented in table 1. 

The regression equations have the form of 𝐿𝐿𝐿𝐿0 = 𝑎𝑎𝑎𝑎0 ⋅ 𝑉𝑉𝑉𝑉 + 𝑎𝑎𝑎𝑎1. From the regression equations, it will be 
obvious that the multiplier a0 depends only on the base length L and can be approximated with the following 
equation 
 𝑎𝑎𝑎𝑎0 = 1,6 + 0,04 ⋅ 𝐿𝐿𝐿𝐿. (17) 
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 𝑎𝑎𝑎𝑎1 = 3,2 − 5 ⋅ 𝐾𝐾𝐾𝐾б + 0,5 ⋅ 𝐿𝐿𝐿𝐿 (18) 
 

Therefore, a modified method of «pure pursuit» adapted to control the motor grader has been proposed. 
The dependence of the optimal value of the look-ahead distance on the speed, base length and base 
coefficient is represented by the following formula 

 
 𝐿𝐿𝐿𝐿0 = 𝑎𝑎𝑎𝑎0 ⋅ 𝑉𝑉𝑉𝑉 + 𝑎𝑎𝑎𝑎1. (19) 
 
where 𝑎𝑎𝑎𝑎0 = 1,6 + 0,04 ⋅ 𝐿𝐿𝐿𝐿, 𝑎𝑎𝑎𝑎1 = 3,2 − 5 ⋅ 𝐾𝐾𝐾𝐾б + 0,5 ⋅ 𝐿𝐿𝐿𝐿 are applied for the motor grader with front steering 
wheels. 

After substituting formula (19) into formula (14), we obtain a formula for calculating the front wheels 
turning angle adapted to the grader: 
 
 𝛼𝛼𝛼𝛼𝐾𝐾𝐾𝐾 = arctan � 2𝛥𝛥𝛥𝛥𝑌𝑌𝑌𝑌1𝐿𝐿𝐿𝐿

(𝑎𝑎𝑎𝑎0𝑉𝑉𝑉𝑉+𝑎𝑎𝑎𝑎1)2
�. (20) 

 
DISCUSSION AND CONCLUSION 

 
The developed mathematical models of the movement of a motor grader with front steerable wheels and 

a motor grader motion control system made it possible to conduct theoretical studies and identify the 
dependencies of the integral criterion on the design and operational parameters of the grader and on the 
parameter of the control method (look-ahead distance). After optimization, optimal values of the look-ahead 
distance were found for different values of the base length, base coefficient and machine speed according to 
the proposed efficiency criterion. As a result of the approximation of the obtained optimal values, the «pure 
pursuit» method was modified to control an unmanned grader, taking into account its design features and 
speed of movement. The results obtained can be used to create prototypes of unmanned control systems for 
road construction vehicles. 
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motor grader with front steering wheels.

After substituting formula (20) into formula 
(14), we obtain a formula for calculating the front 
wheels turning angle adapted to the grader:
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coefficient is represented by the following formula 

 
 𝐿𝐿𝐿𝐿0 = 𝑎𝑎𝑎𝑎0 ⋅ 𝑉𝑉𝑉𝑉 + 𝑎𝑎𝑎𝑎1. (19) 
 
where 𝑎𝑎𝑎𝑎0 = 1,6 + 0,04 ⋅ 𝐿𝐿𝐿𝐿, 𝑎𝑎𝑎𝑎1 = 3,2 − 5 ⋅ 𝐾𝐾𝐾𝐾б + 0,5 ⋅ 𝐿𝐿𝐿𝐿 are applied for the motor grader with front steering 
wheels. 

After substituting formula (19) into formula (14), we obtain a formula for calculating the front wheels 
turning angle adapted to the grader: 
 
 𝛼𝛼𝛼𝛼𝐾𝐾𝐾𝐾 = arctan � 2𝛥𝛥𝛥𝛥𝑌𝑌𝑌𝑌1𝐿𝐿𝐿𝐿

(𝑎𝑎𝑎𝑎0𝑉𝑉𝑉𝑉+𝑎𝑎𝑎𝑎1)2
�. (20) 

 
DISCUSSION AND CONCLUSION 

 
The developed mathematical models of the movement of a motor grader with front steerable wheels and 

a motor grader motion control system made it possible to conduct theoretical studies and identify the 
dependencies of the integral criterion on the design and operational parameters of the grader and on the 
parameter of the control method (look-ahead distance). After optimization, optimal values of the look-ahead 
distance were found for different values of the base length, base coefficient and machine speed according to 
the proposed efficiency criterion. As a result of the approximation of the obtained optimal values, the «pure 
pursuit» method was modified to control an unmanned grader, taking into account its design features and 
speed of movement. The results obtained can be used to create prototypes of unmanned control systems for 
road construction vehicles. 

 
REFERENCES 
 

1. Artemenko M.N., Korchagin P.A., Teterina I.A. Development trends of unmanned robotic systems: experience of 
domestic and foreign manufacturers. The Russian Automobile and Highway Industry Journal. 2019;16(4):416-430. (In 
Russ.) https://doi.org/10.26518/2071-7296-2019-4-416-430 

(21)

DISCUSSION AND CONCLUSION
The developed mathematical models of the 

movement of a motor grader with front steerable 
wheels and a motor grader motion control system 
made it possible to conduct theoretical studies and 
identify the dependencies of the integral criterion 
on the design and operational parameters of the 
grader and on the parameter of the control method 
(look-ahead distance). After optimization, optimal 
values of the look-ahead distance were found for 
different values of the base length, base coefficient 
and machine speed according to the proposed ef-
ficiency criterion. As a result of the approximation 
of the obtained optimal values, the «pure pursuit» 
method was modified to control an unmanned 
grader, taking into account its design features and 
speed of movement. The results obtained can be 
used to create prototypes of unmanned control 
systems for road construction vehicles.

Перевод И. Н. Чуриловой

REFERENCES
1. Artemenko M.N., Korchagin P.A., Teterina I.A. 

Development trends of unmanned robotic systems: 
experience of domestic and foreign manufactur-
ers. The Russian Automobile and Highway Industry 
Journal. 2019;16(4):416-430. (In Russ.) https://doi.
org/10.26518/2071-7296-2019-4-416-430

2. Lapierre, L., Zapata, R., Lepinay, P. Com-
bined path-following and obstacle avoidance 

control of a wheeled robot (2007) Internation-
al Journal of Robotics Research. 26 (4): 361-375.  
DOI: 10.1177/0278364907076790

3. Liu, Jia & Yang, Zhiheng & Huang, Zhejun & Li, 
Wenfei & Dang, Shaobo & Li, Huiyun. (2021). Simula-
tion Performance Evaluation of «pure pursuit», Stan-
ley, LQR, MPC Controller for Autonomous Vehicles. 
1444-1449. 10.1109/RCAR52367.2021.9517448.

4. Matveev A. S., Hoy M. C., Savkin A. V. A glob-
ally converging algorithm for reactive robot navigation 
among moving and deforming obstacles. Automati-
ca. 2015. Vol. 54: 292-304. DOI 10.1016/j.automati-
ca.2015.02.012.

5. Ahn, J., Shin, S., Kim, M. et al. Accurate Path 
Tracking by Adjusting Look-Ahead Point in «pure pur-
suit» Method. Int.J Automot. Technol. 22, pp. 119–129 
(2021). 10.1007/s12239-021-0013-7.

6. Fue, Kadeghe & Porter, Wesley & Barnes, Ed-
ward & Li, Changying & Rains, Glen. (2020). Auton-
omous Navigation of a Center-Articulated and Hy-
drostatic Transmission Rover using a Modified «pure 
pursuit» Algorithm in a Cotton Field. Sensors. 20. 4412. 
10.3390/s20164412.

7. Ola Ringdahl. Techniques and Algorithms for Au-
tonomous Vehicles in Forest Environment. Licentiate 
Thesis. Department of Computing Science Umea Uni-
versity, Sweden, 2007.

8. Sujit P. B., Srikanth Saripalli, J. B. Sousa. An 
Evaluation of UAV Path Following Algorithms. 2013 
European Control Conference (ECC) July 17-19, 2013, 
Zurich, Switzerland.

9. Sukharev R. Yu. Methods of controlling the 
course for an self-driving grader. The Russian Automo-
bile and Highway Industry Journal. 2022;19(1): 48-60. 
(In Russ.) https://doi.org/10.26518/2071-7296-2022-
19-1-48-60.

10. Sukharev R. Y. Trajectory plotting algorithm for 
a self-driving road grader. Journal of Physics: Con-
ference Series, Vladivostok, 2021. P. 012181. DOI 
10.1088/1742-6596/2096/1/012181.

11. Deryushev V.V., Kosenko E.E., Kosenko V.V. 
Assessment of the safety parameters of the grad-
er when maneuvering in the road network. Safety of 
technogenic and natural systems. 2020; 3: 33-38. DOI 
10.23947/2541-9129-2020-3-33-38.

12. Nguyen T. Z., Shcherbatov I. A., Protalinski O. 
M. Creation of a trajectory of movements of a mobile 
robot in buildings and structures. Mathematical meth-
ods in engineering and technology - mmtt. 2016; 1(83): 
79-81.

13. Voskresensky G. G., Verbitsky G. M. Modeling 
of grader movement along a curve. Scientific notes of 
TOGU. 2018; 9. No. 2: 690-698.

14. Sukharev R. Yu. Mathematical models of the 
processes of turning wheeled road-building machines. 
Nauchno-Tekhnicheskiy Vestnik Bryanskogo Gosu-
darstvennogo Universiteta. 2021; 3: 259-269. DOI 
10.22281/2413-9920-2021-07-03-259-269.

15. Sukhareva S. V., Sukharev R. Yu. Substan-
tiation of integral criteria for the quality of earthworks 
performed by chain trench excavators. Vestnil SibADI. 
2015; 5(45): 52-55. (in Russ.)



Том 19, № 2. 2022
Vol. 19, No. 2. 2022 169

TRANSPORT, MINING AND MECHANICAL ENGINEERING

© 2004–2022 Вестник СибАДИ 
The Russian Automobile  

and Highway Industry Journal

PART I

16. Yurevich E. I. Theory of automatic control. 4th 
ed., reprint. and additional - St. Petersburg: BHV-Pe-
tersburg, 2016. 560 p.

17. Shcherbakov V. S., Sukharev R. Yu., Korytov M. 
S. Development of the theory of optimal control of road 
and construction vehicles based on satellite naviga-
tion systems: Electronic resource: monograph. Omsk: 
SibADI, 2017. 155 p. ISBN 978-5-93204-929-7.

18. Shcherbakov V. S., Portnova A. A., Sukharev R. 
Yu. Improving the steering of a grader with a articulated 
frame: monograph. Omsk: SibADI, 2016. ISBN 978-5-
93204-971-6.

INFORMATION ABOUT THE AUTHORS
Roman Yu. Sukharev – Cand. of Sci., Associate 

Professor.

ИНФОРМАЦИЯ ОБ АВТОРЕ 
Сухарев Роман Юрьевич – канд. техн. наук, 

доц, кафедры «Автоматизация производствен-
ных процессов и электротехника».


