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Speed control strategy for tractor assisted driving based on chassis
dynamometer test

- . e *
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Abstract: Realizing automation of the chassis dynamometer and the unmanned test workshop is an inevitable trend in the
development of new tractor products. The accuracy of the speed control of the test tractor directly affects the accuracy of the
test loading force. In order to meet the purpose of precise control of the test tractor speed on the chassis dynamometer, a fuzzy
PID control strategy was developed according to the working principle of assisted driving. On the basis of traditional PID
control, the parameters of fuzzy inference module were added for real-time adjustment to achieve faster response to tractor
speed changes and more precise control of tractor speed. The Matlab-Cruise co-simulation platform was established for
simulation, and the experiment was verified by the tractor chassis dynamometer using the NEDC working condition and tractor

ploughing working condition.
following accuracy of #0.5 km/h.

changes, less tractor speed fluctuation, and overall control effect is better than PID control.

The results show that both PID control and fuzzy PID control can achieve tractor speed
Fuzzy PID control has higher tractor speed following accuracy, faster response when speed

The research results can provide a

reference for the realization of the chassis dynamometer unmanned test workshop.
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1 Introduction

Tractor is an important part of agricultural machinery and
power equipment for agricultural production. With the goal of
smart agriculture and precision agriculture, new tractor products
are developing towards modern operation methods featuring high
power, high speed, low consumption, intelligence and high
efficiency!>®.  As one of the important technologies for advanced
product development, test verification runs through the entire life
cycle of product demand analysis, design, development, and usel.
The tractor test standard requires that the tractor endurance test on
the chassis dynamometer should not be less than 160 000 km!®.
The accuracy of the chassis dynamometer test results depends to a
large extent on the driver’s driving level, response ability and work
attitude®®. By integrating the assisted driving device into the
chassis dynamometer control system, the test tractor and the test
system form a closed loop, which completely replaces the driver to
control the tractor and carry out the test on the chassis
dynamometer according to the preset test procedure. This can not
only reduce the driver's work intensity, reduce test costs, and
improve test efficiency, but also eliminate the driver's intervention
in the test process, and make the response of the chassis
dynamometer more scientific and accurate®*°!,

In order to improve the automation level of the chassis
dynamometer and realize the unmanned test workshop, assisted
driving devices have been studied by many local and international
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researchers.  Zhang et al.l**™ designed assisted driving devices
for automobile chassis dynamometer tests, which avoided the
influence of drivers on the test and improved the repeatability of
automobile performance tests. Nikolaus et al.'*! proposed a
nonlinear decoupling multiple control scheme based on feedback
linearization, which realized the automatic continuous test of the
vehicle chassis dynamometer. The research of tractor-assisted
driving device started later than vehicle. Foreign countries were
represented by the tractor-assisted driving device developed by
ATC in Minnesota, USA, which realized fully intelligent
autonomous navigation operations, but the technology of
tractor-assisted driving device was complicated and costly!*7,
Only Nanjing University of Agricultural in China had developed a
tractor-assisted driving device, which was a pure electric drive
actuator and could realize transportation, ploughing and rotary
tillage operations®®®?!. However, for the assisted driving device
used for the tractor chassis dynamometer test, the precise control of
the tractor speed is the prerequisite to ensure the test accuracy.
Due to the variety of tractor farmland operations and the large
speed fluctuations, it is urgent to study the assisted driving control
strategy to realize the precise tracking control of tractor speed to
working conditions.

Aiming at the assisted driving control system for the chassis
dynamometer of the automatic transmission tractor to meet its
tractor speed control performance requirements, a fuzzy PID
control strategy is developed to achieve precise control of tractor
speed and rapid response to tractor speed changes. A
Matlab-Cruise joint simulation platform is established, and NEDC
working condition and ploughing working condition are used for
simulation and tractor chassis dynamometer test verification to
achieve the expected tractor speed control target, to lay the
technical foundation for realizing the unmanned tractor chassis
dynamometer test workshop.
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2 Assisted driving speed control
requirements

performance

The assisted driving control system is used to replace the
driver to drive the tractor on the chassis dynamometer for the
standard working condition tests. The most basic function is to
realize the tracking control of the tractor speed. It should meet the
following basic requirements:

(1) Tracking control of tractor speed. The tractor speed
tracking control error should not exceed 1 km/h during starting,
accelerating, decelerating and constant speed and other working
conditions,

(2) The control system is integrated into the chassis
dynamometer system. The test cycle specified in the test standard
is preset, and other test cycles can also be easily customized on the
self-programming platform. It has the ability of compensation
and fault tolerance for the performance changes of the test tractor
caused by the long-term test.

(3) Self-learning ability. It should have the ability to
self-learning the motion characteristics of each station of tractors in
different operations, such as accelerator pedal stroke, brake pedal
stroke, and transmission shift position, etc. It can automatically
determine the relationship between the accelerator pedal
displacement and engine speed, acceleration, tractor speed, and the
relationship between brake pedal displacement and deceleration.
At the same time, it should have the ability of compensation and
fault tolerance for the performance changes of the tractor caused by
the long-term test.

(4) Humanized driving characteristics. According to the
driver’s operating experience, the tractor’s starting characteristics,
braking characteristics, rapid acceleration, rapid deceleration and
other characteristics are optimized to make the automatic driving
more humanized. The operation should have some coordination
and flexibility of human beings.

3 Working principle and working process of assisted
driving control system

3.1 Working principle of assisted driving control system

For automatic transmission tractors, the assisted driving
control system is mainly composed of the main control unit, data
acquisition unit and actuator unit.  Its working principle is shown
in Figure 1.

(1) Main control unit. The main control unit receives sensor
information collected by the data acquisition unit firstly.
Combining the test tractor speed, engine speed and test tractor

r——_————————— — — —

parameters provided by the chassis dynamometer system, the
execution command signal is calculated and timely output by
comparing the input data with the test driving condition data
pre-input to the memory. The actuator unit is controlled by the
servo control system to track the speed of the test tractor at last.

(2) Data acquisition unit. The data acquisition unit mainly
collects the control force, displacement, speed and other
information of the shift lever, brake pedal and accelerator pedal
through the position sensor and feeds them back to the main control
unit to ensure that the driving actions of the assisted driving control
are accurate.

(3) Actuator unit. The actuator unit is mainly composed of
accelerator mechanical leg, brake mechanical leg and shift
manipulator. The accelerator and brake mechanical legs use a
four-link mechanism instead of the driver to control the actions of
the accelerator pedal and brake pedal to make the tractor speed up
to the predetermined operating speed. The shift manipulator can
select the matching gear to complete the automatic gear shift
according to the actual tractor speed needs.
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Figure 1 Schematic diagram of assisted driving control system

The mechanical leg actuator is controlled by the main control
unit output signal through the servo control unit to control the
stepper motor. The stepper motor drives the pedal actuator
through the reducer. The actuator drives the pedal to change the
speed of the tractor. The main control unit controls the pulse
frequency through D/A, and then controls the motor speed. The
steering of the motor is controlled by 1/0. The rotation angle of
the active lever is detected by the rotation angle sensor and fed
back to the main control unit via A/D to achieve precise control of
the pedal, the pedal control principle diagram is shown in Figure 2.
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Figure 2 Pedal control principle diagram

3.2 Working process of assisted driving control system

Firstly, the actuator assembly of the assisted driving control
system is connected with the tractor pedal and gear lever, and the
relevant parameters are set by the operator. When the chassis
dynamometer system is working, the actuator is controlled by the
assisted driving control system to accelerate and decelerate the
tractor according to the test driving conditions. During the test,

the speed and other information of the tractor are continuously
collected by the chassis dynamometer measurement and control
system, and are compared with the test condition data to determine
whether to accelerate or decelerate.

If the instantaneous speed of the tractor is lower than the speed
required by the working condition, the tractor needs to accelerate,
and the meter is quickly checked to obtain the required accelerator
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pedal displacement. After comparing with the accelerator pedal
position information obtained by the data acquisition unit, the
control signal is sent by the main control unit. The accelerator
pedal is controlled by the servo control unit to accelerate the tractor.
Otherwise, the brake pedal is controlled to decelerate.

4  Tractor speed control strategy of assisted driving
control system

In order to achieve precise control of the tractor speed during
the chassis dynamometer test, it is necessary to combine the
accelerator pedal and the brake pedal for coordinated control.

PID control is simple, stable, reliable and can achieve more
accurate control for most situations. However, the selection of
proportional, integral and differential parameters needs to be
determined by trial and error based on experience. If the selection
is improper, it may cause problems of poor control accuracy and
slow response.  Fuzzy control has the advantages of being able to
adapt to the nonlinearity and time-varying nature of the controlled
object, and has good robustness. But its steady-state control
accuracy is poor, and the control is not delicate. Therefore, the
combination of fuzzy control and PID control can eliminate static
errors and achieve higher control accuracy®?2. At the same time,
it can respond faster to achieve better tractor speed tracking effect
when the tractor speed changes suddenly.

In this study, a fuzzy PID controller was designed to control
the accelerator pedal and the brake pedal, and the output value
range of the controller is [-1, 1]. When the output value is [0, 1],
the accelerator pedal is selected for control, when the output value
is [-1, 0], the brake pedal is selected for control. The principle of
fuzzy PID controller is shown in Figure 3.

Fuzzy controller

KP K{ KD

Y Y A 4

A4

Y

PID controller

—b%(} S Accused T

Figure 3 Fuzzy PID controller schematic diagram

4.1 PID controller design

The conventional PID controller has the characteristics of
simple algorithm, good stability and high reliability. In addition,
it is easy to design and has wide adaptability, making it the most
widely used type of basic controller in process control. In this
paper, PID controller is the basic controller, the output of PID
controller is u(t), and the input is e(t). The relationship between
them is,
de(t)

ot @)

where, Kp is the proportional integral; K, is the integral gain, and
Kp is the differential gain.
4.2 Fuzzy controller design

In PID control, in order to obtain satisfactory control effect, it
is necessary to adjust the three parameters of Kp, K, and Kp in time
according to the system status. Knowing the mathematical model
of the controlled object, this task is often accomplished through
online identification methods. But for systems with variable
disturbances and erratic load changes, it is difficult to use online
identification methods to adjust in real time. It is convenient and
feasible to use fuzzy controllers to adjust these three parameters.
A Mamdani fuzzy controller was used in this study, and the

u(t) = Kee(®) + K, [ e(t)dt + Ko

deviation e(t) between the target tractor speed and the actual tractor
speed and its change rate de(t)/dt is taken as the input of the fuzzy
controller. The fuzzy variables e and ec can be obtained through
the fuzzification of the input. Fuzzy decision is made according
to fuzzy rules, and fuzzy control variables Uy, U,, U5 are obtained.
After defuzzification and proportional transformation, the actual
control output Kp, K, and Ky are obtained. The parameters
adjusted by the fuzzy controller are used in the PID control system
to achieve the purpose of real-time adjustment of Kp, K; and Kp
with system changes.
4.2.1 Establishment of membership function

The fuzzy control membership function is formulated
according to the following method: e is quantized and calibrated to
the interval [-3, 3], and the language value of the fuzzy subset is
{NB, NM, NS, ZO, PS, PM, PB}. After quantification of ec, it is
calibrated to interval [-3, 3]. The language value of the fuzzy
subset is {NB, NM, NS, ZO, PS, PM, PB}. Uy U, U; are
quantized and calibrated to the interval [-3, 3]. The language
value of the fuzzy subset is {ZO, PS, PM, PB}. The commonly
used triangular membership function is selected. The membership
function is shown in Figure 4.
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Figure 4  Membership function
4.2.2 Establishment of fuzzy rules

By summary of experience through many tests, and combining
theoretical analysis, it can be concluded that there are following
relationships during the deviation e, its change rate ec and the three
parameters Kp, K,, and Ky of the PID regulator:

(1) When |e(t)| is larger, in order to speed up the response
speed of the system, a larger Kp should be used. In this way, the
time constant and damping coefficient of the system can be reduced.
Of course, it should not be too large, otherwise the system will be
unstable. In order to avoid the over-range control effect that the
system may cause at the beginning, a smaller Ky should be used to
speed up system response. In order to avoid large overshoot, the
integral effect can be removed, K,=0.

(2) When |e(t)| is at a medium size, the smaller Ky should be
used. A smaller Kp should be used to make the overshoot of the
system response slightly smaller. At this time, the value of Kp is
more critical to the system. To ensure the response speed of the
system, the value of Ky must be appropriate. At this time, a little
K, can be appropriately increased, but not too large.

(3) When |e(t)] is small, in order to make the system have good
steady-state performance, larger Kp and K, can be used. To avoid
the system being justified at the equilibrium point, the value of K
should be appropriate.

Based on the qualitative relationship between the input
variable e and the three parameters Kp, K|, Kp summarized above,
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combining experience and considering the influence of the change
rate of deviation |ec(t)|, the fuzzy rules for adjusting the three

parameters of Kp, K; and Ky are comprehensively obtained. The
fuzzy regular surface diagram is shown in Figure 5.

a. Kp fuzzy regular

b. K, fuzzy regular

c. Kp fuzzy regular

Figure 5 Fuzzy regular surface

5 Tractor speed control strategy verification

5.1 Simulation verification

The YTO MK-700 tractor is taken as the control object in this
paper. The fuzzy PID control strategy model and the tractor
model are established in Simulink and Cruise respectively, and the
simulation results are analyzed through interface co-simulation.
The main parameters of the tractor are shown in Table 1, and the
joint simulation model and signal connection are shown in
Figure 6.

In order to quantify the tractor speed following, S is defined as
the following tractor speed error?.  The smaller the value, the
better the tractor speed following and the closer to the target tractor
speed. The tractor speed error can be expressed as:

5= le(®t @)

where, t is the running time of the tractor, and e(t) is the difference
between the target speed and the actual speed.

Table 1 Parameters of the tractor

Parameter Value

Minimum use weight/kg 2700

Maximum weight of front/rear/kg 80/300

Engine model Dongchai 4108 (self-priming)
Engine rated power/kW 51.5
Engine rated speed/r min™ 2200
Gearbox number 10+2
Speed range/km h* 0-42
Maximum power of PTO shaft/kW 46.3
Maximum traction/kN 155

Desired vebeity

Derivative 2 Saturation 3

Saturation 6

Load signal

Action
Saturation
:
if (ul20) p-=!
ul else fomon
i

Integrator |

Actual velocity

Out |
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Saturation 1 Gain Brake pressure

Fuzzy PID control strategy model

Actual speed

Target speed

Brake pedal signal

Accelerator pedal signal

Cruise vehicle model

Figure 6 Cruise and Simulink joint simulation model and signal connection

The NEDC working condition and the actual measured tractor
plowing working condition in 0-200 s are used as simulation condition,
and PID control and fuzzy PID control are used to simulate
respectively.  The tractor speed following conditions and the
results of following tractor speed error are shown in Figures 7 and 8.

It can be seen from Figure 7a and Figure 8a that under PID
control and fuzzy PID control, the actual speed of the tractor can
roughly follow the target speed, and the error between the
following tractor speed and the target speed is within #0.5 km/h.

However, in the acceleration phase, when the PID control is used,
since the values of Kp, K, and Ky are fixed, the parameters cannot
be adjusted quickly according to the actual situation when the
target speed changes suddenly, resulting in large overshoot
fluctuations in the actual tractor speed. In fuzzy PID control,
when the target speed has a sudden change, the fuzzy control
system will adjust the values of Kp, K, and Ky according to the
input e(t) and ec(t) to adapt to the tractor speed change, and the
results show that when the tractor speed changes suddenly, the
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overshoot is greatly reduced, and the tractor speed quickly
stabilizes. Compared with PID control, fuzzy PID control can
respond faster when the tractor speed changes suddenly, and the
tractor speed tracking effect is better.
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It can be seen from Figures 7b and 8b that the error of the
tractor following the target speed under the fuzzy PID control is
significantly smaller than that of the PID control. This shows that
the fuzzy PID control make tractor speed following accuracy
higher than PID control under complicated conditions such as
acceleration, deceleration and ploughing.

According to the simulation results, whether in NEDC or
plowing conditions, the fuzzy PID control strategy proposed in this
study can make the tractor speed following effect better than the
ordinary PID control strategy, and the error index is also the same,
which verifies the superiority of the proposed control strategy.

5.2 Test verification

In order to further verify the effectiveness of the fuzzy PID
control on the tractor speed control strategy of the assisted driving
device, the YTO MK-700 tractor is used to be tested on the chassis
dynamometer test bench in this paper. The main parameters of
the chassis dynamometer are shown in Table 2 and the test site is
shown in Figure 9.

Table 2 Chassis dynamometer parameters

Parameter Value
Roller diameter/mm 1700
Distance between inner/outer edge of drum/mm 400/3000
Maximum allowable axle load/kg 7000
Maximum test speed/km h 120
Load motor power/kW 132
Load motor rated torque/N m 840
Maximum traction/kN 42
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OV 3 N XX A 2 00" o o0
o0 (=] 0o - N oo (=] (5] -

N
=)

Error degree/km-h’!
[=))

0 L 1 | . L ) | | L )
0 20 40 60 80 100 120 140 160 180 200

Time/s
b. Error of following tractor speed
Figure 7 NEDC working condition
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Figure 9 Test site

In Figure 9, 1 is the chassis dynamometer test bench, which
loads the actual working condition load for the test tractor through
the drum; 2 is the assisted driving device to realize the automatic
driving of the tractor; 3 is the test management computer, which
monitors various parameters in the test process in real time; 4 is the
measurement and control computer, which run the assisted driving
device control strategy, and then use the actuator unit in 2 to track
the speed of the tractor; 5 is the rapid prototyping controller
LINKS-RT simulator of Beijing Lingsi Chuangqi Technology Co.,
Ltd. Its host computer software is connected with the Simulink
software in the measurement and control computer.  The
information of each sensor is collected in real time and transmitted
to the measurement and control computer. According to the load
control algorithm of measurement and control computer, it can
output the control signal of the chassis dynamometer test bench to
load the tractor dynamically.

During the test, the real driver drives the tractor carries on the
NEDC condition and ploughing operating condition on the chassis



174 November, 2021 Int J Agric & Biol Eng

Open Access at https://www.ijabe.org

\ol. 14 No. 6

dynamometer according to the large-screen operating condition
curve prompts firstly. Then the assisted driving device is
connected with the tractor fixedly, and the fuzzy PID control
strategy proposed in this paper is used to control the assisted
driving device to drive the tractor test conditions according to the
predetermined program. Figure 10 and Figure 11 show the results
of the recording tractor speed following and comparing with the
simulation data.
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Figure 10 NEDC condition test results
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Figure 11 Plowing condition test results

As can be seen from the enlarged parts in Figure 10 and Figure
11, the test results show that the tractor speed of the real driver
driving the tractor and that of assisted driving device using the
fuzzy PID control strategy to drive the tractor have a good target
speed following effect. Due to the driver’s response time,
operating level and other factors, the speed of the tractor fluctuates
relatively large, and the assisted driving device using the fuzzy PID
control strategy will real-time adjust the values of Kp, K, and Kp
according to the input e(t) and ec(t). The adjustment can better
follow the working condition curve set by the computer, so the
fluctuation range is smaller than that of the driver’s operation,
which verifies the superiority of the fuzzy PID control strategy for
the precise speed control of the assisted driving device.

6 Conclusions

Aiming at the assisted driving device of the chassis
dynamometer of the automatic transmission tractor, based on the
speed control performance requirements and through the analysis
of its working principle and working process, a fuzzy PID control
strategy is designed based on the traditional PID control, and the
following conclusions are mainly obtained:

(1) Through the establishment of the Matlab-Cruise joint
simulation platform, it is verified that the fuzzy PID control
strategy can more accurately control the tractor speed following
situation, and realize the speed following accuracy does not exceed
#0.5 km/h. Compared with traditional PID control, the response
speed and the overall speed following accuracy are greatly
improved when the target speed changes suddenly.

(2) Through the actual tractor chassis dynamometer test, it is
further verified that the assisted driving device using the fuzzy PID
control strategy has a better target speed following effect, and can
reduce the fluctuation of the tractor following the speed compared
with the driver.

(3) The assisted driving device using the fuzzy PID control
strategy can realize the automatic driving of the chassis
dynamometer test tractor in the given target test conditions, which
can lay the technical foundation for the realization of the unmanned
chassis dynamometer test workshop.
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