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Abstract. In order to cultivate applied undergraduate talents with innovative abil-

ities, an innovative experimental project for electronic systems has been de-

signed. This experimental project has changed the current situation of designing 

only microcontroller systems. It Integrates ROS robot operating system, IoT 

technology, and emerging artificial intelligence technologies. This is an intelli-

gent home disinfection robot experimental project based on ROS operating sys-

tem. It has functions such as indoor disinfection, bed mite removal, human body 

disinfection, and storage disinfection. You can also use a mobile APP to control 

the machine to perform tasks with just one click. The intelligence, visualization, 

and transparency of household integrated disinfection robots have been achieved. 

This project is closely related to practical life applications, integrating multiple 

knowledge points and easily stimulating students' creative interest. The hierar-

chical design of experimental tasks has improved students' ability to solve prac-

tical problems and innovate experiments to varying degrees, and the teaching 

effect is good. 
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1 Introduction 

The new engineering disciplines have put forward high requirements for the cultivation 

of students' comprehensive qualities. In order to better serve society and cultivate ap-

plied talents who meet the needs. We need to keep up with the pace of the times, con-

tinuously introduce current hot application projects into practical teaching, and culti-

vate students' innovation and engineering application abilities [1-3]. 

After the outbreak of the COVID-19 in 2020, not only the demand for disinfection 

equipment in medical institutions increased sharply, but also the demand of public fam-

ilies. This has brought benefits to the disinfection product industry. The demand for 

disinfection products accompanies medical and subsequent home disinfection for a 

long time. The epidemic has awakened public awareness of health consumption, and 

the popularity of intelligent disinfection products has greatly increased. The demand 

for products in the market is constantly increasing. Intelligent disinfection products 

have become essential items for home use. 
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At present, most household intelligent disinfection robots use long-term repeated
spraying of disinfectant water and continuous strong irradiation of purple light disin-
fection lamps to automate disinfection according to predetermined paths. Due to its
single functionality, high cost, and high error rate, it is difficult to enter thousands of
households, let alone meet the needs of daily epidemic prevention and diversified dis-
infection and sterilization for home use.

In order to closely connect with real-life situations and based on market demand and
practicality, the design project of intelligent disinfection robots is introduced into the
innovative design experiment of electronic systems. This article designs an intelligent
home integrated disinfection robot based on ROS operating system. Let students design
specific application cases in their daily lives during experiments and apply what they
have learned. This can effectively stimulate students' interest in learning and creativity,
improve their subjective initiative, exercise their practical abilities, and enhance teach-
ing effectiveness [1-3].

2 Experiment Overall System Structure

The structure diagram of the intelligent disinfection robot is shown in Figure 1. The
main control adopts Jetson Nano, and the main control is externally connected to the
expansion board through a ribbon cable. The expansion board integrates a microcon-
troller, which mainly manages the component drivers on the expansion board. The driv-
ing content includes: robotic arm, buzzer, six axis attitude sensor, PWM servo gimbal,
LED searchlight, motor, etc. The microcontroller and Jetson Nano communicate
through a serial port. The microcontroller will respond accordingly when receiving se-
rial port information. The expansion board contains multiple IO interfaces, power out-
put, and OLED interfaces.

Fig. 1. Overall system structure diagram.

The control module is connected by an expansion board, and by configuring a motor
interface, the motor is driven in both forward and reverse directions to achieve smooth
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operation of the robot track base. The main control operates the serial bus and controls
steering engine. It reads three steering engine angles at once and controls the mechani-
cal arm to move up, down, left, and right. The expansion board connects IO communi-
cation and controls various disinfection functions. The visual module uses depth cam-
eras and lidar to transmit data through internal communication of Jetson Nano. Using
OPENCV for calibration and image processing to achieve visual communication. By
connecting to the Alibaba Cloud platform, Jetson Nano's internal WIFI module receives
commands to the cloud, enabling the mobile APP to control the robot's operation. And
regularly push disinfection reminders based on data to improve the disinfection system.

3 Experiment Functional Design and Implementation

Based on market demand and practicality, design an intelligent home integrated disin-
fection robot based on ROS operating system. It can achieve storage disinfection, in-
door disinfection, and human disinfection functions, and can also achieve APP cloud
control.

3.1 Basic Function - Storage Disinfection Design

The robot is equipped with a disinfection chamber, which can disinfect personal items.
The disinfection chamber is equipped with ultraviolet lighting fixtures. Intelligently
control the turn on and turn off of the purple light to achieve the effect of effective
disinfection, regular disinfection and sterilization and easy access. An infrared detec-
tion module is installed at the top of the disinfection chamber to detect if there is any
obstruction within ten centimeters and to switch the disinfection chamber on and off.
When the human body comes into contact with the disinfection chamber at a distance
of ten centimeters, the steering engine is automatically controlled to rotate and open the
chamber door. After the person takes away the item, the infrared detects that there is no
obstruction within ten centimeters of the top for five seconds, and the warehouse door
automatically closes.

3.2 Expanded Function - Human Disinfection

Convey instructions to the Nano controller and call the Astra depth camera. Use Astra
related API to obtain camera image data and depth point cloud information data. Im-
plement window display using OpenCV. Combining dense optical flow, Kalman filter-
ing Meanshift and Camshift, Multi object tracking and search algorithms detect multi-
ple images in each frame. By running a tracking and search algorithm, human leg track-
ing [4, 10] can be achieved to achieve target recognition. Figure 2 shows the overall struc-
tural design of human disinfection.

The depth camera system collects scene image information, and through effective
information extraction and feature detection, identifies the target object and obtains its
initial position and pose. Due to the real-time motion of the target, stereo vision is also
collecting image information in real-time. The robot controller adjusts the posture of

458             Z. Yu et al.



the actuator during the motion process based on the posture of the moving target object.
Realize the tracking of human legs by robotic arms.

Based on the above process, the Lucas Kanade algorithm is added and a Kalman
filter is used to estimate the motion state of the moving target. To improve the accuracy
of the predicted values, the Lucas Kanade algorithm is used to optimize the parameters
of the Kalman state vector and observation vector, enhancing the system's ability to
estimate the target's motion state at the next moment [9].

Fig. 2. Overall identification structure design.

3.3 Expand Function - Indoor Disinfection

By transmitting instructions to the Nano controller and calling the Astra depth camera,
it can automatically recognize objects and avoid obstacles. Place three disinfection con-
trol nozzles on both sides of the intelligent disinfection chamber and at the front end of
the robotic arm. At startup, the main controller Nano controls the expansion board IO
port to enable and disable the nozzle. And it keeps synchronized with the robot move-
ment in real time, that is, the robot does disinfection and sterilization when it moves,
and does not disinfection and sterilization when it stops.

For commonly used positioning systems, such as GPS, when performing tasks in-
doors or encountering obstacles, problems such as inaccurate positioning and failure to
recognize the location of the area may occur, making it impossible for the machine to
move to the destination. To address this issue, SLAM laser mapping using ROS system
was employed. According to the SLAMTEC radar triangulation principle, the distance
between an object and the baseline is measured by the displacement distance of the
light spot. Implement map construction using Gmapping algorithm [5-8]. Gmapping is a
particle filtering algorithm based on RBPF, which separates the localization and map-
ping processes and performs localization before mapping. Construct a map algorithm
by occupying grids (grids). In actual indoor disinfection mapping navigation, Gmap-
ping divides the surrounding environment into grids and constructs maps based on its
state, which can reduce computational pressure and achieve high accuracy.
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In actual indoor accuracy measurement indicators, software evaluation methods are
used and cartographer tools are borrowed. The cartographer uses the idea of graph op-
timization, which leads to the existence of loops in the cartographer, and each loop is
actually a calibration of accuracy. The pose relationship metric proposed in this evalu-
ation allows the cartographer to generate ground truth from trajectories with closed
loops. Use the optimized trajectory with closed-loop detection as the input for ground
truth generation. The absolute translation error of the disinfection robot indoors is
around 0.01944+/-0.01819 m, and the accuracy is completely suitable for household
scenarios. In household situations, improving algorithms can enhance accuracy and
precision under smart home conditions, significantly improving detection performance.

Obstacle avoidance uses laser radar. The SLAMTEC laser radar is mainly composed
of four core components: laser, receiver, signal processing unit, and rotating mecha-
nism. The laser is the laser emitting mechanism in the laser radar. During the working
process, it will light up in a pulsed manner. The signal processing unit is responsible
for controlling the emission of the laser and processing the signals received by the re-
ceiver. Calculate the distance information of the target object based on this information.
Triangle ranging method, TOF time-of-flight ranging method, etc. are used in the prin-
ciple of single line lidar.

4 Implementation in Experimental Teaching

In experimental teaching, in order to meet the personalized needs of students with dif-
ferent abilities, a hierarchical teaching design is adopted. The basic functional require-
ment is that the storage disinfection compartment door automatically senses personnel,
opens the compartment door cover automatically, and disinfects the items inside the
compartment. This section requires students to complete. Students can freely choose to
implement one of the expanded functions. Such as human tracking disinfection, indoor
disinfection, or custom functions. Interested students can also develop mobile APP fea-
tures. Implement mobile APP to control robot operation and regularly push disinfection
reminders.

During the experiment, students had a strong interest in the experiment and designed
works with rich functions. Student works have different implementation methods and
diverse functions. Satisfied the ability cultivation needs of students at different levels,
improved their hands-on practical ability, and achieved significant teaching results.
This has laid a solid foundation for students' academic competitions such as integrated
circuit design competitions, computer design competitions, and electronic design com-
petitions.

5 Conclusions

Closely integrated with engineering practice and based on intelligent living, this article
designs an intelligent disinfection robot project and applies it to innovative design ex-
periments of electronic systems. Students need to comprehensively apply knowledge
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related to motors, infrared sensors, microcontrollers, lidar, etc. to design and make in-
telligent disinfection robots. The experiment is student-centered, and the entire process
of product design and development is independently completed, with the teacher only
playing an auxiliary and guiding role. Students in the experiment can freely choose the
required devices and modules. Encourage students to freely explore and design ex-
tended functions based on their hobbies while completing basic functions. This greatly
develops students' innovative thinking. The experimental content is moderate in diffi-
culty and easy to carry out in practice. The experimental projects are closely related to
real-life situations, greatly enhancing students' interest in experiments and their ability
to solve real-life problems, resulting in good teaching effectiveness. The student's in-
novation project based on this background was awarded a national level project and
concluded with excellence.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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