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Smart car is an academic competition held for cultivat-
ing college students' engineering ability in China for
16 years. To improve the performance of smart cars,
this study integrates engineering education topics by
introducing a smart car system with regard to the se-
lection of key components, design of hardware and
circuit boards, processing of sensor signals, as well
as assembly, algorithms, and control. After complet-
ing this engineering education, students could achieve
better results in the academic competition. According
to the K model rules of the 16th smart car competition,
a self-balancing autonomous tracking bicycle based
on steering gear control is designed and developed. A
gyroscope is used to detect the posture of the bicycle.
It inductively receives the centerline of the track and
then combined with the PID control algorithm realizes
the autonomous tracking. The whole process from me-
chanical structure optimization and electronic circuit
design to algorithm design, debugging, and competi-
tion runs through the CDIO of engineering education,
realizing the cultivation of compound engineering in-
novative abilities.
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1. Introduction

Nowadays, China vigorously promotes the
"new engineering" education reform, and the
school also puts students' engineering ability
training on the agenda. Students who have un-
dergone engineering education and training will
also perform better in academic competitions.

This research will analyze and summarize the
content of the academic competitions partic-
ipated by students who have recently finished
engineering education and highlight the training
effects of engineering education on students.

In 2006, in order to improve college students'
practical ability, innovation ability, team spirit
and promote the reform of higher engineering
education, the Higher Education Department of
China's Ministry of Education commissioned
the Teaching Guidance Sub-committee of Au-
tomation Specialty in Colleges and Universities
to hold the National College Students' Smart
Car Competition. At the same time, the compe-
tition was supported by Freescale Semiconduc-
tor Company [1].

The technology and knowledge of smart car
competition are developing rapidly and are be-
ing updated almost every year. So, the require-
ments for students' ability are also increasing
year by year. Because of its racing characteris-
tics, it attracts more and more relevant profes-
sional college students to participate.

In terms of track elements, there were only
straights and corners in the first competition,
and the elements were relatively simple. In the
second and third competitions, up and down
ramps were introduced, which increased the
control requirements for motors and became a
common element in the later competitions. In
the fourth competition, narrow lanes were add-
ed for the first time which led to subsequent
competitions becoming narrower, and signs
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were added for the first time. The fifth competi-
tion was based on the previous overall narrow-
er track, improving the control requirements
for smart cars. The sixth competition has been
using the fifth competition track width. The
seventh instance introduced the intersection,
put forward requirements for the control of the
camera group, and became the common track
element of the later competition. In the eighth
competition, the intersection was replaced with
a dotted track, adding more possibilities for
the competition. In the ninth competition, the
model of the seventh competition has returned
and a crosswalk was added to require intelli-
gent vehicles to complete intersection judg-
ment. In the tenth competition, the track was
greatly modified with asymmetrical ramps and
centerline guiding sections and barricades were
added. In the eleventh competition, the diffi-
culty was reduced to a common ramp, and the
central guide section was also removed. In the
twelfth competition, the circular track used by
the quadrotor group was added on its basis. In
the thirteenth competition, the circular circuit
was removed, and a bumpy section was add-
ed. The fourteenth edition of the competition
added the complex element of a roundabout,
making it much harder to judge. The fifteenth
competition introduced the garage for the first
time. Intelligent cars both need to start from the
garage and return to the garage after finishing
the competition. The latest sixteenth instance
reorganized the diverging roads to increase the
difficulty of detection [1, 2].
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2. Smart Car Competition Under
Engineering Education

American education explores the balance be-
tween theoretical knowledge and practical
ability and thus obtains a new education model
named the engineering education model. The
model includes the following steps: Conceive,
Design, Implement, Operate, thus, representing
a complete cycle of the product development
process [6, 7]. Conception refers to the deter-
mination of the design scheme according to the
actual needs of the course project. Design in-
cludes design process and disciplines, multi-dis-
ciplinary, multi-objective design. Implementa-
tion entails the software and hardware process
testing, and finally, Operation, encompasses the
entire process from conception to implementa-
tion, including evaluation and suggestions for
improvement. The concept of CDIO education
mode mainly aims at cultivating students' sys-
tematic engineering skills. At the same time, it
also focuses on cultivating students' compre-
hensive abilities such as knowledge theory and
hands-on practice ability, as well as organiza-
tional communication and team cooperation
ability. The CDIO engineering education ability
cultivation system is shown in Figure 1.

CDIO mode is a perfect engineering education
system, which emphasizes the project-guided
teaching system and the integration of knowl-
edge, ability, and quality cultivation. This edu-
cational concept is completely consistent with
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Figure 1. CDIO engineering education ability training system.
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Figure 2. Design flow chart of the smart car based on
CDIO model.

organizing students to participate in the smart
car competition through the concept, design,
production, debugging, and realization of the
intelligent car for the final competition display.
As shown in Figure 2, the process of smart car
from overall conception to specific design,
from production to competition display is the
way that international engineering education
advocates for students to learn engineering in
an active, practical, and organically linked way
of curriculum knowledge [7].

Smart car design and production cover a wide
range of disciplines. It is a classic engineer-
ing practice case, not only to cultivate stu-
dents' composite comprehensive professional
knowledgeability, but even more importantly
to cultivate students' engineering practice abil-
ity. Smart car design is generally divided into
mechanical structure design, electronic circuit
hardware design, intelligent control algorithm
software design, involving mechanical, elec-
tronic engineering, artificial intelligence, au-
tomation, automotive engineering, computer
science and technology, and other professional
knowledge.

In order to develop the students' knowledge,
improve professional skills, cultivate engineer-
ing practice and comprehensive innovation
ability, our university began taking part in the
smart car competition in 2010. It began to orga-
nize large-scale campus smart car competition
in 2012, began to organize smart car competi-
tion summer training in 2013, and set up intel-
ligent car associations to organize students to
design and make smart cars in their spare time.

In 2014, the textbook "Freescale Cup Smart Car
Design and Example Course" was published,
and the course "Smart Car Design" was offered
in the undergraduate talent training program.
These activities form an engineering education
knowledge and ability training system center-
ing on the smart car with one lesson, one train-
ing, and one association activity, as shown in
Figure 3, three in one smart car platform [5, 8].

Course:
smart car design

Smart car platform

Activities:
associations organize
competitions

Training:
summer competition
practice

Figure 3. Three in one smart car platform.

The bicycle racing group was introduced to the
smart car competition in 2021. The model used
is a new electric motor structure, as shown in
Figure 4, and it is similar to the principle of a
bicycle. There is not much previous experience
to learn from when it comes to automation in
this case. Some of the problems include: how
to balance control, how to control models in a
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straight line, and how to control the car mod-
el to follow the guidance electromagnetic line
while maintaining balance. Next, we will take
the self-balancing tracking mobile bicycle as an
example to introduce the technical realization
of smart car design under the background of en-
gineering education.

3. Smart Car Design Under the
Cultivation of Engineering Ability

Smart car design requires many professional
courses. Through the practice and application of
course knowledge, students can really strength-
en their abilities while undergoing engineering
education. Next, we take a smart car design as
an example to introduce students' knowledge
application and ability training. According to
the rules of the smart car competition, the bi-
cycle model is not allowed to install addition-
al inertia wheels for maintaining the balance
of the car model, so the gyroscope is used to
detect the attitude and control the centripetal
force through the steering gear to maintain the
attitude balance of the smart car in the driving
process. Because centripetal force requires cen-
tripetal acceleration to be generated in motion,
the device is only limited to the controllable
maintenance of the object's own attitude in the
process of motion.

3.1. Hardware Composition and Structure
Optimization

This part trains students' abilities in overall
hardware design, device selection, and mechan-
ical structure optimization.

First, students need to understand the ba-
sic structure of a smart car, then conceive the
overall design, and complete device selection
through professional knowledge and consulting
relevant data. At the same time, the mechani-
cal structure of the smart car is reasonably con-
structed according to the overall design, and
the stress conditions of various conditions are
analyzed and optimized. The hardware and
software design is divided into three parts: ac-
quisition, processing, and execution. The main
controller is STC16F40K 128 single-chip mi-
crocomputer. The control chip is connected to

a gyroscope, 10mH inductor and operational
amplifier, 2.4G wireless serial port module, and
other components. By collecting the data of the
device's own attitude and the surrounding envi-
ronment, the relationship between its own state
and position is determined. After the algorithm
is optimized, the safe operation instructions of
the device are calculated, and the solution is
PWM signal output respectively, so as to con-
trol the motor and steering gear.

3.1.1. Car Model and Component Selection

The model type is K, its length is about
256.5mm, height is about 119.26mm, and tire
size is 67.5mm in diameter. In Figure 4 the car
model engineering and physical drawing are
shown.

Figure 4. Car model engineering and physical drawing.

3.1.2. Mechanical Structure Design

The center of gravity is set to the lower part
as much as possible for smart car motion con-
trol. As the electromagnetic monitoring sys-
tem needs to be installed on the upper part, as
shown in Figure 5, the center of gravity is shift-
ed upward and toward the front of the smart car.
During the steering, it is easy to cause roll, tail
swing, and tire skid, so the heavy battery is in-
stalled in the lower part of the smart car. It is
close to the chassis and located at the central
axis of the car body, as shown in Figure 5. This
way, it can maintain real-time steering control
while considering the accuracy and rapidity of
speed control. At the same time, the gyroscope
is installed properly to the lower part of the
smart car for attitude data collection, as shown
in Figure 5.
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Figure 5. The bicycle mechanical structure design.

3.2. Hardware Circuit Design

This part exercises students' electronic cir-
cuit design and circuit board drawing abilities
through designing each part of the hardware.
STC series chips must be selected for the smart
car microcontroller as required, and partici-
pants need to independently design the control
system. Hardware design mainly includes: mi-

crocontroller core board circuit, power supply
voltage regulator circuit, attitude and speed
acquisition sensor circuit, motor and steering
gear drive circuit, independent keys, five-way
keys, 2.4G wireless module, OLED display,
buzzer, and LED auxiliary peripherals circuit.
The hardware design block diagram is shown
in Figure 6. This paper introduces some main
circuit modules and interfaces [9—11].

Human-computer interaction peripherals
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button button serial port |
Electromagnetic signal Information transfer
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v Se I
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. .. > . su I
peripherals encoder module Velidie sisiin minimum system object | PRIy
information Motor I madilé
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detection module Information display |

v |

Auxiliary on-chip peripherals |

OLED Active Independent |

buzzer leds

Figure 6. Hardware design block diagram.



18

J. Sui et al.

3.2.1. Main Control Board Circuit

The mainboard is designed around STCI6F,
which includes I/O reasonable expansion of
STCI16F for easy connection to external mod-
ules, as well as three buck to volt circuits (7V2
to 6V,7V2 to 5V, 5V to 3V3), as shown in Fig-
ure 7.
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Figure 7. Main control board circuit.

3.2.2. Electromagnetic Operational Amplifier
Circuit

The change of analog quantity is reflected in
the change of voltage amplitude of MCU. Al-
though the 10 mH I-shape can accurately per-
ceive the change of alternating electric field,
the induced electromotive force generated by
electromagnetic induction is very weak. The

common emitter amplifier circuit is designed
by using a triode to amplify the first stage. The
first stage amplified signal is input into the true
differential four-way input operational ampli-
fier based on LM324, and the electromagnet-
ic operational amplifier circuit is designed, as
shown in Figure 8.

3.2.3. Motor Drive Circuit

Since the converter chip of the mainboard cir-
cuit does not support the large current of the
motor, a relatively reliable drive circuit is de-
signed based on the gate driver chip DRV8701,
as shown in Figure 9. The peripheral circuit of
the DRV8701 driver and control chip is simple
and can drive MOS tube directly. Meanwhile,
DRV8701 can monitor the driver current in re-
al-time and compare it with the current threshold
set on the rotary rheostat. When the threshold
current is exceeded, or when the temperature is
too high, the fault signal is sent to the control
chip and necessary measures are taken.

3.3. Data Acquisition and Control
Algorithm Design

This part analyzes and processes the data col-
lected by the gyroscope, conceives the control
model and algorithm, and applies it to the actu-
al smart car debugging process. The aim here
is to train students' ability of signal processing,
automatic control, algorithm design, and pro-
gram debugging [9-13].
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Figure 8. LM324 amplifier circuit.
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Figure 9. Motor drive circuit.

3.3.1. Gyroscope Data Acquisition

In order to achieve attitude holding, real-time,
accurate, and fast attitude acquisition should be
realized first using ICM-20602 six-axis gyro-
scope module, supporting I1C and hardware SPI,
and built-in 16-bit AD converter. The six-axis
gyroscope module can collect angular value
and angular velocity value. After testing, the
gyroscope angular velocity acquisition is rela-
tively stable, but the angle value jitter is large,
as shown in Figure 10 (blue line). If direct jitter
feedback is used on the balanced system, this
will cause system stability collapse. To sum up,
it is necessary to filter the gyroscope angle data.
As the main control chip uses STC16F, if the
DMP filter of 6050 gyroscope is adopted, the
computing power resources of the main control
will be huge. Therefore, Kalman or first-order
complementary filter is selected for further data
processing.

In practice, the first-order complementary fil-
ter is better than the Kalman filter. It is used to
filter the angle value with the angular velocity
value, and the roll angle of the X axis is taken
as the main reference considering the mechani-
cal structure. Firstly, rough first-order comple-
mentary filtering is carried out for the Y and Z
axes. Considering the real-time performance of
angle, filtering waveform and original wave-
form are taken as reference filtering, and ex-
cessive errors can be filtered instead of perfect

smoothing of the waveform. Then, by evaluat-
ing the arctangent of the filtered data along Y
and Z axes, the roll angle between the X-axis
range of (—x, 7) can be obtained, as shown in
Figure 10. Here the amplitude of the gray line
is increased by a factor of 10 for better visi-
bility as it basically coincides with the green
line. The arctangent value is used as the X-axis
angle to filter the X-axis angular acceleration,
and stable, fast and accurate X-axis roll angle
data can be obtained, as shown in Figure 10
(green line).
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Figure 10. Rolling angle data.

3.3.2. Control Modeling and Debugging

The bicycle can be simplified into a first-order
inverted pendulum. Through analysis, two con-
trol models are proposed.
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The first adopts LQR full-state feedback con-
troller based on MIMO. According to the same
working time domain, in a control cycle, LQR
is calculated only once, generally by multiply-
ing multiple optimization objectives by differ-
ent weights and then summing them up. The
optimal calculated solution is sent to the con-
troller [14].

The second control idea is the improved PID
control. For complex interference, the first-or-
der PID is not fast and smooth enough, and the
jitter is large. Based on the model characteristic
of disturbance control acting on a single con-
troller, a cascade PID hierarchical series con-
troller was selected. Because the device uses
centripetal force as control force, the control
idea is that if the device is dumped to the left,
the steering gear is controlled to the left, so that
the device does the centripetal acceleration of
curvature motion to the left, producing centrip-
etal force to the right, in order to maintain the
balance and stability [15].

3.3.3. Cascade PID for Upright Running

The PID controller can handle the angle value
and feedback to the steering gear to achieve the
upright position, but it is not stable. After be-
ing interfered with, the bicycle is prone to jitter
and the speed of "returning to normal” is slow.

Expected velocity

Therefore, the cascade PID control is adopted,
and multi-level control is used to ensure the
speed of "returning to normal" of the balance
system. The cascade PID process is shown in
Figure 11. The expected velocity in the figure
is calculated jointly by the current rolling angle
and speed of the bicycle, which is a real-time
variable. The expected velocity is controlled
by other control loops. In addition, the rolling
angle and rolling angular velocity in the Fig-
ure 11 are real-time parameters detected by the
attitude sensor.

The first stage uses angular velocity, which is
fed back to the steering gear through PI for con-
trol, to realize the straight-line movement. At
this stage, the expected angular velocity of the
roll angle is 0. Let the I value of the PI control-
ler be 0, and a larger parameter is given to the
P to realize the instantaneous left (right) angle
of the steering gear when the analog device is
tipped left (right). Then the steering gear tilts
left (right) when the integral of I value is rea-
sonably limited so that, increase in I value, to
maintain the left (right) angle. When the mo-
tor is given a certain speed (not too fast or too
slow), a reasonable PI controller can realize the
upright running. But the system was extremely
unstable. If the system is disturbed, the device
slowly tilts to one side and moves in a circular
motion with a decreasing radius, as shown in
Figure 12.
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Figure 11. Cascade PID implementation process.
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Figure 12. Change of roll angle under the first stage
control when disturbed.

The second stage uses roll angle, PID controller
output feedback to get the expected value of the
angular velocity loop. The expectation is about
90 degrees (subject to the position of the gyro-
scope). The ID link is not adjusted at first and
P is amplified. The device can still run upright
when there is a certain disturbance, but it will
shake around the 90 degrees point. If the left
and right deviate from the balance expectation
during startup, the device will not tip over or
drive in a non-straight line. The best results of
the above two tests can be achieved by magni-
fying D. In the case of circular motion with no
jitter as expected but inclined to the fixed side,
it is necessary to modify the expected value of
the angle loop slightly. As shown in Figure 13,
the device achieves a stable upright running
state (fast correction after interference).
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Figure 13. Change of roll angle under the second stage
control when disturbed.

It can be seen that in our final debugging, the
angular velocity loop PI control P-value is 1.8,
the I value is 0.188, and the angular loop veloc-
ity loop integral range is £260. The angle loop
PID control P-value is 5.6, the I value is 0.175,
the D value is 2.9, and the angle Loop integral
limit range +400, speed loop PD control P-val-
ue is 0.9, and D value is 0.4

3.3.4. Algorithm Comparison

In the actual control scenario, LQR algorithm
and cascade PID achieve good control of the
bicycle’s attitude. The comparison shows LQR
is slightly better than cascade PID. However,
the LQR algorithm involves the calculation of
a high-order matrix, and the limited computa-
tional power of STC16F is not enough to sup-
port the high-speed operation of the algorithm.
In the test, we used RT1604 to barely support
the algorithm. Therefore, only STC16F can be
used as the main control chip, so the cascade
PID algorithm is a more cost-effective choice.
The experimental data comparison is shown in
Table 1.

Table 1. Comparison of experimental data of the three

methods.
Speed | Control | Average Laps Completion
rating (| algorithm time P rate %
2 PID 14.23 8 87%
Cascade o
2 PID 11.45 10 96%
2 LQR 10.23 12 100%
4 PID 9.556 7 90%
Cascade o
4 PID 7.56 10 92%
4 LQR 7.34 10 96%

3.3.5. Directional Control

For the bicycle, the obvious problem is that
both the upright control and the angle control
are affected by the steering gear control of the
front wheel, while the cascade PID can realize
the multiple interference acting on the same
feedback device. Therefore, the control algo-
rithm is that the expected angle value of the
control device serves as the third level control
of the cascade PID, and the output acts on the
expectation superimposed on the second level
angle loop control. In fact, the expectation of
the upper level is the mechanical equilibrium
point of the device. If the mechanical center of
gravity is offset, the influence caused by the un-
even mechanical center of gravity can be offset
by changing this parameter. As a result of the
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deviation of the mechanical center of gravity,
the device cannot drive in a straight line, such
as the deviation to the side mentioned above.
Therefore, the controlled steering of the device
can be achieved by reasonably controlling the
expectations of the second stage.

The first is the controlled rotation of the bicy-
cle. According to the above principle, the con-
trolled rotation can be theoretically realized by
a certain inclination given to the mechanical
center of gravity. However, the device will car-
ry out circular motion with a rapidly decreasing
radius. This is because the device will have a
significant inclination in the controlled rotation
process, and the centripetal force is not enough
to fully offset the gravity effect accurately.
Therefore, the second-level angle loop control
I should be added to accumulate the deviation
value of the expected angle so as to realize the
cycle turning without falling. It is not difficult
to see from the return of the angle data that the
bicycle actually oscillates near the expected val-
ue in the controlled turning process, as shown
in Figure 14, to achieve the dynamic balance
of the bicycle. In addition, it is also necessary
to assign a value to the accumulation limit of I,
otherwise, the bicycle-controlled turning circle
gradually becoming larger will not be condu-
cive to the controlled steering.
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Figure 14. Change of controlled turn roll angle of the
bicycle.

The second is to add an independent speed loop
to assist in maintaining the upright position. The
size of centripetal force is related to the radius
of circular motion and speed. In this device, the
radius of motion can be directly controlled by
steering gear to control the front wheel, while
the speed can be influenced by the motor output
to the rotation of the rear wheel. The speed act-
ing on the motor and the driving radius acting
on the steering gear is different, so the control

data of the speed loop is the same as the input
quantity of the second level angle loop of cas-
cade PID, but it is independent of the cascade
PID controller presented above.

According to the principle of centripetal force,
it is expected that there will be a large change
of velocity when the tilt degree of the device is
large. With a small tilt, a sharp change in veloc-
ity is not expected, because the change in ve-
locity is based on a continuous change in time.
If the speed changes rapidly in succession, the
equilibrium system will be shocked. Based on
the above understanding, we expect the control
and tilt deviation of velocity are similar to the
control curve of Tan rising arc.

When the speed loop control is added, the bal-
ance will be greatly improved, and it can with-
stand large external environmental interference
and remain upright. After testing, it can even
reach the state of upright fast when the rear
wheel touches the ground. In this state, the con-
trolled turn of the previous step will no longer
be a smooth circular line, but a polygonal line
like an equilateral. Therefore, the speed loop
control should be given reasonably according
to the actual needs. Figures 15 and 16 show
respectively the state of a bicycle that cannot
be tilted, and light and shadow left by bicycle
model when turning under control.

3.3.6. Electromagnetic Self Tracking

According to the above research, the control-
lable tracing is actually a reasonable change of
the mechanical equilibrium point in the sec-
ond-stage angle loop control, which can be un-
derstood as the controllable signal as the third-
stage output of cascade PID to the superposition
of the second-stage angle loop expectation to
control the system. It can be considered that the
controllable signal is superimposed to the two-
stage angular loop as the three-stage output of
cascade PID to control the system.

Electromagnetic tracking is one of the tracking
strategies of intelligent vehicles. It uses 10 mH
inductor to monitor 20 khz and 100 mA square
wave alternating current, and after amplifica-
tion, MCU monitors the change of its simulat-
ed value to judge its position in relation to the
track. The device is limited by its single struc-
ture, and therefore the turning ability is limited.
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Figure 15. The state of a bicycle that cannot be tilted
when turning under control.

Because the value of its mechanical midpoint
changes, each turning is equivalent to the ve-
hicle monitoring a tilt attitude. Therefore, con-
tinuous left and right large, controlled angle
has a great impact on the balance. Thus, there
are two conditions. The first is that the tilt is
contrary to the expectation of the controlled
angle, which leads to the controlled angle af-
fecting the balance of the device and causing
the device to fall. The second device will move
in the direction of deviating from the route in
order to stand upright, leading to the loss of
the route.

The device adopts six inductors patrolling
mode, two horizontal inductors, two vertical in-
ductors, and two eight-figure oblique inductors,
as shown in Figure 17. Because of the broken
line shape of the track, the vertical inductance
will have a large value when monitoring the
broken line angle, but it is almost zero when
tracking a straight line. To improve the adapt-
ability of the track, the sum of difference ratio
is adapted to monitor the track as shown in the
following type. Fuzzy PID is used to optimize
the traveling route, thus achieving better pa-
trolling ability. In the course of debugging, if
you want to get better steering torque, you can
slow down the device when monitoring large
steering maneuvers and increase the P value
of the angle loop at the same time to offset the
reduced centripetal acceleration caused by de-
celeration.

e:{(EM —Ep)/(Ey +Ey), x20

—(Ey —Eg)/(Ey +Eg), x<0 1

Figure 16. Light and shadow left by bicycle model
when turning under control.

where E,, = Inductance 1 + Inductance 2 +
Inductance 3, E = Inductance 4 + Inductance 5
+ Inductance 6.

Figure 17. Six inductor patrolling mode.

During the actual operation, it can be seen from
the data collected in the upright position in Fig-
ure 18 that the device is in a controlled state,
and the ground is kept at an angle of 90° with-
out large steering instructions. Under the large
steering angle control, the driving direction can
be changed quickly and the minimum angle
with the ground can be maintained at 50°. Thus,
we can get a good, controlled state.

degree“
175°—
150°—
125°—
100°—
75—
50—
25°—

| | | | | | 1 | | 1 1 |
1 2 3 4 5 6 7 8 9 10 1 12 (T/s)

09
0

Figure 18. Rolling angle of bicycle in stable running
under electromagnetic tracking.



24

J. Sui et al.

In the rough road, the bicycle device showed
good anti-interference performance, as shown
in Figure 19. Compared with the above, the
overall operating state had little influence, and
even when the device fell down, the device
could recover upright through impulse if there
was a large contact between the rear wheel and
the ground, and the actual effect was higher
than expected.

Figure 19. Rolling angle of the bicycle in stable
running under rough road.

4. Discussion

We introduce the design idea and debugging of
self-balancing and controllable attitude bicycle.
The bicycle model has good controllability and
operability in the debugging process. Different
physical models of traditional two-wheel bal-
ancing vehicles also adopt completely different
control schemes, but cascade PID multi-stage
simultaneous control of the same model algo-
rithm can be used more ideally. It also proves
the advantage of cascade PID in dealing with
similar control models. This provides a feasible
scheme for controlling more models. This mod-
el theory can be applied to the motion posture
maintenance and adjustment of all non-uniform
mass rigid joints and has profound application
value.

Taking the self-balancing and autonomous
tracking control of bicycles introduced above as
an example, from the whole design process of
the smart car, we can see that students can obtain
various knowledge and abilities, such as system
modeling, mechanical design, electronic circuit
design, sensor application, signal processing,
algorithm design, computer programming, and

others. This covers a wide range of knowledge
and involves many disciplines, and therefore, it
can cultivate students' compound engineering
experience. At the same time, the design and
application of smart car are very extensive [ 14-
19]. In addition, it is a challenge for students to
update the regulations of the track, group, and
device every year. At the same time, it is also a
very good platform for exercise and learning.
Considering this, the rules of smart car compe-
tition are generally defined in November of the
previous year and continue to be upheld from
July to August of the next year. The preparation
and design time of the competition is very long,
it can give students enough time to explore and
learn by themselves. Under the organization of
the smart car community, the smart car school
competition is organized every November. In
May of the second year, teams are selected to
participate in the provincial and national com-
petitions of smart cars. As shown in Figure 20,
the number of students participating in smart
cars competition in our university since 2011
has covered 50% of the related majors, which
greatly supports the implementation of engi-
neering education. Various technical salons,
technical training, and technical exchanges are
set up within the associations, which greatly en-
riches students' extracurricular activities. This
experience cultivates students' comprehensive
ability, improved their comprehensive quality.

Number of participants

0 \ . . . . . . \
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
year

Figure 20. The number of students participating in
smart cars competition.

After 10 years of development, through the
smart car competition platform, professional
course knowledge, practice and innovation, stu-
dent team activities, and many other elements
have been integrated. It formed a combination
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of course and competition, promoting teaching,
learning, ability training through competition,
which has stimulated students' independent
consciousness, enthusiasm, and innovation in
learning, and promoted teachers' passion and
enthusiasm for teaching reform.

5. Conclusion

In this paper, the self-balancing and autono-
mous tracking of bicycle is implemented by
arranging reasonable mechanical structure, de-
signing electronic circuits, cascade control al-
gorithm, and debugging. This process includes
almost all engineering design processes, which
is a typical case of engineering education. Fur-
thermore, through designing, debugging, and
racing the smart car, we have also found many
problems. First, the mechanical structure is very
important. It can be implemented if it is only
relatively slow and upright. However, with the
acceleration of racing, a mechanical structure
design that is not very reasonable can easily
reach the upper limit and lose its advantage in
racing. Secondly, in terms of electronic circuit
design, because all circuit boards need to be de-
signed by students themselves and then printed,
the accuracy of circuit design determines the
debugging efficiency of subsequent vehicles. If
there is a problem, jumpers are often required
to test several times to get a final good circuit
board, which will greatly reduce the debugging
efficiency. Thirdly, algorithm design requires
a strong mathematical foundation and profes-
sional knowledge. It often needs a variety of
methods and multiple tests to find a relatively
reasonable algorithm, and its stability needs to
be continuously improved in debugging.

In a word, the technology required for smart car
design is constantly improving, and the plat-
form level is constantly improving. Since the
establishment of the smart car competition plat-
form, nearly 2,000 students have participated
and won nearly 20 national awards and nearly
100 provincial awards, which greatly promoted
the development of students’ practical innova-
tion activities, expanded the content and quality
of teaching, and was effective. It promotes the
development of students' practical and innova-
tive activities and greatly improves students'
enthusiasm for learning and extends their engi-
neering ability.
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