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Abstract: Embedded technology and application, as the core course of the electronic communication major, is an 
important professional course for students to engage in embedded software and hardware development in the future. Given 
the difficulty of embedded courses in theory and the high requirement of practical ability, this paper takes the title of the 
National Electronic Design Competition for College Students as the content of embedded course research project, carries 
on the innovation and reorganization of embedded course content, integrates multidisciplinary knowledge, and enhances 
students’ understanding ability and practical ability from the perspective of practice. At the same time, the use of modern 
information education resources, the introduction of online video teaching resources, and the use of learning platforms 
allow supervision of students’ learning progress and effect. The teaching practice shows that this teaching model, which 
integrates competition topics into theoretical learning and project practice, effectively promotes students’ interest in 
participating in discipline competitions and enhances their recognition of majors and professions.
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1. Introduction
The development of embedded technology is closely related to chips, sensors, networks, and terminal devices 
in the Internet of Things industry chain. In today’s highly modern and intelligent era, embedded systems play 
an increasingly important role as a bridge connecting the physical world and the digital world [1–2]. Embedded 
technology not only covers the deep integration of hardware and software but also involves the cross-application of 
multi-disciplinary knowledge. In this context, the talents engaged in embedded development need to have a strong 
sense of time and innovation. As a practical and innovative education model, discipline competition provides a 
broad platform for the learning of embedded systems and the cultivation and development of talents [3]. Through 
competition, students can transform theoretical knowledge into practical application, exercise their problem-
solving ability, and stimulate their innovative thinking to solve the problems of multi-disciplinary integration.

The National Electronic Design Competition for College Students is a national class discipline competition 
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platform. The topic design examines students’ comprehensive ability in electronic information from many 
aspects, such as theoretical consideration, hardware circuit design, and software algorithm optimization. This 
paper takes the 2023 competition control topic as an example, in which the competition achieves the function of 
the decomposition of the effectiveness of the project module, the module knowledge, and embedded technology 
and application course teaching combination so that students understand the embedded electronic product 
design process, thus intuitive exploring with a higher level of electronic system products. The use of learning 
in classroom teaching, the use of information teaching means to record and supervise the learning effect of 
students, and the use of case-driven teaching methods can enhance students’ theoretical knowledge level and 
improve their discipline competition ability [4].

2. Teaching design
According to the requirements of the competition, students need to design a moving target control system 
and an automatic tracking system, which are independent of each other. The target control system has a reset 
function, requiring the tape to move clockwise for one week without disconnecting, in which the target paper 
is attached to any position on the screen at any rotation angle [5]. After the target position is reset, the one-click 
automatic tracking system can track the target within 2 seconds and the distance is less than 3 cm, and both the 
target control system and the automatic tracking system need to set the pause button.

2.1. Project hardware design
To design and realize the functions of the control system, the target control system is based on OpenMV and 
adopts PID control, module recognition, color recognition, image processing, and other technologies and 
methods to design a PTZ system that can track the target object dynamically [6]. The automatic tracking system 
is based on the K210 chip target coordinate output, first according to the camera feedback image will be defined 
as a plane X and Y axis, and then identify the position of the red spot in the picture, and finally through the 
K210 chip output position coordinates to STM32F03C8T6, to achieve the automatic recognition and tracking 
of the red spot [7]. The design uses 3D printing technology, which is novel, can accelerate progress, and reduce 
cost, in addition to the more humanized system-installed voice module. The hardware block diagram of the 
design system is shown in Figure 1.

Figure 1. Overall block diagram of system hardware
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According to the overall hardware block diagram designed by the topic, the competition knowledge can 
be decomposed into a microprocessor module, camera driver module, power supply module, steering gear 
driver module, and PTZ design module [8]. In the hardware design, the microprocessor is a 32-bit processor with 
embedded technology, and the kernel is Cortex-M3 series. The power supply module provides a 3.3 v stable 
voltage for the processor, and the image processing module uses a USB port for the power supply to ensure the 
normal working of the two modules. USART communication mode is used for the communication between 
microprocessing and the camera, and the image data collected by the camera is filtered. K210, as the processor 
core of the tracking system, uses I2C communication mode to communicate with the microprocessor. The servo 
drive module uses the PWM output function in the timer function of the microprocessor to convert the position 
coordinates into the time correspondence of the high level of PWM waveform, control the rotation of the PTZ, 
and track the target.

To increase the innovation of the system design, students in the design of the topic use 3D printing technology 
to print out a two-dimensional head. This innovative design point reflects the student’s ability to solve problems 
across disciplines. In embedded technology and application course design, interdisciplinary integration, combined 
with intelligent manufacturing and artificial intelligence disciplines, achieves the realization of embedded artificial 
intelligence functions and multi-disciplinary integration to provide new ideas [9].

2.2. Project software algorithm design
First of all, OpenMV and K210 annotate black rectangular boxes through image acquisition, use color 
recognition to annotate laser points, and then use the Kalman filter to filter out clutter. The image processing 
module packages the four vertex coordinates and laser point coordinates of the rectangular frame through the 
serial port and sends the data frame to STM32. The coordinate points are determined to control the steering gear 
to move in the specified direction to realize the identification and tracking of the PTZ (Figure 2).

Figure 2. Software algorithm design flow chart

The control algorithm uses the PID algorithm. PID algorithm control precision is high, and the algorithm 
is simple and clear. The control of this system is accurate enough, saving the resources and computing time of 
the single-chip microcomputer. Moving target control through the frequency of 50 HZ duty cycle of 2.5%–5% 
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(corresponding to 0–180° PTZ) square wave signal to achieve the control of the steering gear PTZ [10]. Tracking 
performance analysis through the serial port like the upper computer to send the current servo motion waveform 
and observe the current target tracking state on the screen, if the target is successfully pursued, to determine 
whether the current tracking performance is good or bad, and then adjust the PID parameters.

In the software design, the driver development of the basic module is based on the embedded C language, 
which drives each module to work normally. The class design focuses on the students’ programming control 
of each module, the programming of the communication module, the setting of the PWM waveform, and the 
realization of the PID algorithm. Through the fast setting of the module, students can master the basic code of 
the driving setting and deepen their understanding of the algorithm.

3. Teaching implementation
3.1. Online class
Educators can send project-based knowledge modules to students using the learning-connect platform, and test 
students’ understanding of theoretical knowledge through in-class quizzes [11]. Educators would set software 
programming questions for each module of the experimental course, observe the students’ experimental results, 
and evaluate and score the students’ experimental results. The online learning activities are shown in Figure 3.

Figure 3. Learning through the online learning activity settings

3.2. Offline classroom
The introduction of online teaching resources can promote students’ understanding of theoretical and 
experimental content. Offline classes focus on students’ mastery through classroom tests, thematic discussions, 
questionnaires, and other activities [12]. Students participate in activities to get points according to the difficulty 
of the question. The combination of online and offline modes can not only mobilize the enthusiasm of students 
but also facilitate teachers and students to grasp the learning situation.
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3.3. Political ideology in class
To integrate political ideology into the classroom,  ideological and political elements are added to the classroom 
settings to guide students to think about the philosophical elements in engineering education during the 
introduction of classroom competition projects. The teaching method of ideological and political education in 
the course adopts a practical teaching method. In practice teaching, embedded technology is used as a tool to 
allow students to think and solve social problems, inspiring students’ innovative thinking.

The ideological and political elements in practical teaching activities are mainly the combination of the 
principle of interruption and contradictory thoughts [13]. Interrupt is a very key concept in project software 
design. Students need to realize the communication between microcontroller and peripherals by interrupt based 
on understanding the theory, to improve the efficiency of the system. When multiple peripherals apply for 
interrupt, the interrupt controller needs to determine which external has a priority, and the priority needs to be 
set for external devices. In the ideal of dialectical materialism, the world of motion is full of contradictions. 
Among the many contradictions, students must be good at grasping and solving the main contradiction [14].

4. Conclusion
Given the common problems in embedded technology and application teaching, such as difficult theory and 
weak practical ability of students, this paper introduces the project content of the electronic design competition 
for university students in classroom teaching, disassembles the task of the competition into modules, and 
integrates them into classroom teaching activities. The teaching model is mixed online and offline, the students’ 
grasp is inspected in time, and the theoretical teaching and practical teaching are assessed in the process [15]. In 
the process of teaching implementation, ideological and political elements are introduced to guide students to 
think about social problems and inspire students to solve problems with innovative thinking. The practice results 
show that the students’ theoretical knowledge level is improved, their interest in participating in the competition 
is improved, and their practical ability is improved. In recent years, students have made great progress in 
participating in the Anhui robot competition, the National Electronic Design Competition for College Students, 
and other professional discipline competitions, winning second prize and three third prizes respectively.
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