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Abstract: The operating system (OS) is the basic software on top of the computer hardware system, which 
can provide necessary support for the operation of other application software. In addition, the OS is also 
a fundamental tool for application development, and an integrated development environment (IDE) is 
installed on top of it. Consequently, Linux OS is introduced into the computer science related majors and 
as an advanced course. In this paper, the Linux programming curriculum reform is discussed in the era 
of open-source hardware and software. Different from the traditional Linux courses on server related 
operations, we focus more on desktop level program development or embedded system software 
development based on Linux operating system. Moreover, communication between two hardware systems 
installed with Linux operating systems is also considered. The effectiveness of the proposed reform 
methods has been verified through practical teaching work. 
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1. Introduction 

With the booming development of open-source hardware and software, the open-source and free-used 
OS is also attracting people’s attention. Most people use operating systems based on graphical interfaces 
and operating methods, such as Microsoft's Windows series operating system. The advantage is 
simplicity and convenience, but the disadvantage is closed source, memory consumption and large disk 
occupation. Unlike the Windows series OS, Linux kernel code is open source and can be pruned that 
usually requires professional computer workers to use it. In addition, it is a free to use and freely spread 
UNIX like operating system, with its kernel first released by Linus Benedict Torvalds on October 5, 1991. 
It is mainly inspired by the ideas of Minix and Unix, and is a POSIX based multi-user, multitasking, 
multithreaded, and multi-CPU supported operating system. Usually, the Linux operating system is not 
unique, but has many distribution versions. Previously, Linux was commonly used in the computer server 
field [1]. Afterwards, with the rise of big data and cloud computing, the application of Linux operating 
system is vigorously promoted [2,3]. As a mater of fact, due to the characteristic of Linux that can be 
cropped, it has been applied in the embedded field of industrial scenarios for many years [4,5]. However, 
the common Linux course teaching content is still the basic shell commands, system management, 
network management and the construction of various servers [6,7].  

Nowadays, the open-source hardware and software are gradually becoming popular, especially the 
popularity of embedded artificial intelligence [8]. As far as we know, many primary and secondary school 
students in many countries have already been exposed to the advanced computer knowledge. In this paper, 
we analyze the application of Linux operating system in these open-source software and hardware 
systems. Then, the use of automated compilation tools is introduced in Linux systems. After a semester 
of teaching practice, students are satisfied with this teaching content and methodology and their interest 
in learning has also been stimulated. 

2. Linux Operating System Used in Open Source Hardwares 

2.1. Simple Open-source Hardware 

STEAM (science, technology, engineering, arts and mathematics) education has been promoted for 
many years, and due to its scientific nature, except for the art part, the other parts have always been the 
mainstream of education [9]. STEAM emphasizes knowledge cross-border, diverse scenarios, problem 
generation, critical construction, and innovation driven, reflecting many characteristics of curriculum 
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comprehensiveness, practicality, and activism. For primary and secondary school students and lower 
grade students in universities, intelligent systems based on open-source hardware have always been one 
of the popular research devices. Figure 1(a) shows the famous and commonly-used 8-bit microcontroller 
module which is called Arduino development board [10]. The Arduino board is a convenient, flexible, and 
user-friendly open-source electronic prototype platform [11]. The module can perceive the environment 
through various sensors, and feedback and influence the environment by controlling lights, motors, and 
other devices. 

If a single intelligent terminal needs to be connected to the network or controlled through the network, 
the network communication module is definitely essential. Another simple open-source hardware with 
WiFi communication function is esp8622/32 which is commonly used in smart home scenes [12]. Figure 
1(b) shows the WiFi module which also includes microcontroller unit.  

  
(a)                                      (b) 

 
(c) 

Figure 1: Simple open-source hardware that can be developed under the Linux operating system. (a) 
Arduino Development Board. (b) WiFi Module. (c) Arduino IDE Download Options.  

The above two open-source modules seem unrelated to the Linux operating system, but the program 
development needs to be implemented on a desktop computer. In a desktop computer environment, it can 
be seen that the Arduino IDE (Integrated development environment) can be installed on the Linux 
operating system, as shown in figure 1(c). That is to say, users can install the IDE into the computer with 
Linux OS to study which also indirectly indicates the popularity of Linux usage. When the host operating 
system in a physical machine is Windows, the virtual software can be used to install Linux OS if the 
users are willing. 

2.2. Embedded Artificial Intelligence Devices 

An open-source electronic module with slightly stronger functionality than Arduino is the circuit 
board of a 32-bit microprocessor. The mainstream low-power embedded processor core is ARM's Cortex 
-M series and the STM32 packaged chips based on it are very popular [13]. Although these processor 
modules cannot run the operating system, they can run lightweight neural network models to recognize 
objects in the images. The improved version based on this open-source module is shown in figure 2(a) 
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which includes a camera to achieve images. A stronger open-source electronic module is based on ARM's 
Cortex A-series kernel and can run the operating system. A very famous microcomputer is Raspberry Pi 
which is a single board computer based on the Linux system and is only the size of a credit card [13]. It 
was developed by the Raspberry Pi Foundation in the UK with the aim of stimulating basic computer 
science education in schools with low-cost hardware and free software. 

Raspberry Pi can install various different operating systems, including but not limited to the following: 

(1) Raspbian: This is the official recommended operating system for Raspberry Pi, based on Debian 
Linux [14]. It provides a graphical desktop environment and command-line interface, making it very 
suitable for beginners. 

(2) Ubuntu Mate: This is an Ubuntu version suitable for Raspberry Pi, which provides a graphical 
desktop environment and command-line interface, powerful and easy to use. 

(3) Kali Linux: This is an operating system designed specifically for network security and penetration 
testing. It contains many network security tools and is the preferred choice for hackers and security 
researchers. 

(4) RetroPie: This is a Raspbian based system specifically designed for building and simulating 
vintage gaming consoles. It provides many emulators and games, allowing you to relive classic games. 

(5) OSMC: This is a media center operating system based on Kodi. It can turn Raspberry Pi into a 
powerful multimedia center that supports playing local media files and streaming. 

In addition to the systems listed above, there are many other operating systems and distributions that 
can be installed on Raspberry Pi. The specific release version to choose depends on the specific needs of 
the user. 

 
(a)                        (b)                            (c) 

Figure 2: Embedded artificial intelligence devices. (a) OpenMV: visual detection board. (b) Raspberry 
Pi development board. (c) Embedded GPU board.  

Furthermore, if the processing capabilities of the previous two devices are insufficient in the field of 
embedded microprocessors, the embedded GPU devices will be introduced. As we know, NVIDIA Inc. 
designed several low power GPU processors like jetson series, as shown in figure 2(c). The ubuntu 
distribution Linux version is recommended to be installed on the micro-computer with GPU units [15]. 
Many deep learning neural networks can run on those devices. If not, then desktop or workstation level 
processors will be considered. 

2.3. Robot Platforms 

With the development of artificial intelligence technology and the advancement of interdisciplinary 
integration, the development speed of mobile robots is fast, and their commercial applications are 
widespread. Robot education has entered STEM education in primary and secondary schools, and is one 
of the important experimental platforms in innovative education [16]. Decades ago, when people talked 
about robots, they usually referred to industrial robotic arms in factories. However, for ordinary people, 
it is difficult to access these robots and they do not need them. Unlike industrial robotic arms, mobile 
robots have entered multiple fields of human life. Mobile robots can be divided into indoor mobile robots 
and outdoor mobile robots based on their working environment. When classified by movement mode, 
there are wheeled mobile robots, walking mobile robots, snake robots, tracked mobile robots, crawling 
robots, etc. The most common robots are wheeled mobile robots, quadruped robots or robotic dogs, and 
humanoid robots [17]. Figure 3(a) shows the wheeled mobile robot with multiple sensors and figure 3(b) 
shows the quadruped robot which is used for competition purposes. Humanoid robots are commonly 
used for toy level dance demonstrations, and large humanoid robots have become popular with the rise 
of embodied intelligence. 
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For mobile robots, the motion structure is only an external executing mechanism. In fact, the main 
components are the main control computer and the algorithms and software running within it. Currently, 
mainstream robot software development is based on robot operating systems (ROS). ROS is not a true 
OS, but a fundamental software which provides message communication mechanism for services and 
sensors. Due to advantageous performance and historical factors, ROS is mostly depended on the ubuntu 
Linux distribution version. Namely, a robot is mainly depending on the microcomputer and Linux OS. 
Practically, the Raspberry Pi and NVIDIA Jetson series are the mostly used microcomputers in academic 
and commercial robot systems [18,19]. 

  
(a)                                     (b) 

Figure 3: Robotics using Linux. (a) Autonomous mobile robot. (b) Quadruped robot.  

Table 1 shows the teaching and learning knowledge of Linux course that can be implemented on the 
robotic platform.  

Table 1: Linux teaching knowledge based on robotics. 

Experimental Content Learning Knowledge and Description 

System image installation Learn how to install Linux operating system into robot 
system (Built-in micro-computer) 

Network configuration Learn how to configure the network of the robot and 
connect to the internet 

Installation of third-party 
software and dependency libraries 

Learn how to install the software using online tools or 
source code installation methods 

Programming skills Learn how to edit the C/C++, Python, and Shell scripts 
code, how to compile or interpreter them, how to run. 

Remote login Learn how to login another device by remote method and 
operate like on one's own computer 

Remote motion control Learn how to control the robot motion using remote 
commands and tool 

Figure 4 shows robot experiments in actual scenarios where the left figure is the wheeled mobile 
robot with Linux OS and the right figure is the students controlling the robot by remote login. 

  
(a)                                        (b) 

Figure 4: Robot used for Linux teaching. (a) Experimental platform. (b) Students in the experiment.  

If students can master the basic operations of mobile robot systems, the basic operations of outdoor 



Frontiers in Educational Research 
ISSN 2522-6398 Vol. 7, Issue 8: 8-15, DOI: 10.25236/FER.2024.070802 

Published by Francis Academic Press, UK 
-12- 

unmanned vehicles or autonomous vehicles are also similar. In practical applications, the operating 
system used by Baidu's autonomous driving system Apollo is Ubuntu Linux [20]. 

3. Linux Operating System Used for Open Source Softwares 

Due to the needs of scientific research, especially the computer science discipline, many software and 
libraries are developed based on Linux OS. Before starting all work, it is necessary to have text editing 
tools. Afterwards, there are code compilation and debugging tools that generate executable files. In fact, 
there are also office software similar to Microsoft Office on Linux systems. In addition, there are many 
third-party basic software libraries available for application calls. Unlike operations under the Windows 
operating system, these tools operate in command line mode. 

3.1. Text Editors in Linux OS 

In Linux OS, the idea that everything is a document. Consequently, the text editor is a very basic and 
important tool to edit the content and configure the parameters. The classical text editor is Vi which uses 
a command line mode. Commonly used version is its improved one that is named Vim [21]. Another 
stronger tool is the GNU Emacs which can be extended and customized by the users [22], as shown in 
figure 5(a). 

 
(a)                                       (b) 

Figure 5: Text editors in Linux. (a) GNU Emacs. (b) Microsoft Visual Studio Code.  

Table 2 lists the most commonly used text editors in Linux operating system. Some of them are cross 
operating system platforms and can also be used under the Windows operating system. In order to 
enhance the user experience, some text editors also provide graphical user interfaces on Linux systems, 
making it convenient for beginners to use. The representative tool with GUI interface is the VS code [23], 
as shown in figure 5(b). 

Table 2: Most commonly used text editors in Linux OS. 

Text Editor Official Website 
Vim (Improved Vi) https://www.vim.org/ 

GNU Nano https://www.nano-editor.org/ 
Gnome gedit https://help.gnome.org/users/gedit/stable/index.html 
GNU Emacs https://www.gnu.org/software/emacs/ 
Sublime Text https://www.sublimetext.com/ 

Microsoft Inc. VS Code https://code.visualstudio.com/ 

3.2. Office Software in Linux OS 

For non-programmers, office software is a necessary tool for most computer users. Usually, the office 
software refers to software that can perform tasks such as text processing, table making, slide production, 
graphic and image processing, and simple database processing. The commonly seen office software is 
the graphical version under the Windows operating system. In Linux OS, it needs to add graphical tools 
in command line mode. Table 3 lists the commonly used office software in Linux OS. It is worth noting 
that the last one is a domestically produced office software with a relatively large user base in China. The 
Linux version can be downloaded from the official website [24]. 
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Table 3: Most commonly used text editors in Linux OS. 

Office-software Official Website 
LibreOffice https://www.libreoffice.org/ 

ONLYOFFICE https://www.onlyoffice.com/ 
Calligra http://www.calligra.org/ 

OpenOffice https://www.openoffice.org/ 
Siag http://siag.nu/ 

Feng Office http://www.fengoffice.com/web/index.php?lang=en 
WPS Office https://linux.wps.cn/ 

3.3. Classic Open-source Software Library in Linux OS 

In academic research and industrial software application scenarios, open-source software libraries 
can save software development time. Usually, they are basic algorithm implementation libraries and 
mathematical function libraries [25]. Table 4 lists the commonly used open-source libraries in Linux OS, 
certainly, some can also run under Windows. 

Table 4: Most commonly used open-source libraries in Linux. 

Open-source Library Official Website Function Description 

OpenCV https://opencv.org/ Open computer vision library 
Mainly processing 2D images 

PCL https://pointclouds.org/ Point Cloud Library 
Mainly processing 3D data 

Open3D https://www.open3d.org/ A Modern Library for 3D Data 
Processing 

OpenVINO https://docs.openvino.ai/ Open Visual Inference and 
Neural Network Optimization 

Caffe https://caffe.berkeleyvision.o
rg/ 

Convolutional Architecture for 
Fast Feature Embedding 

g2o https://github.com/RainerKu
emmerle/g2o 

A General Framework for 
Graph Optimization 

Eigen https://eigen.tuxfamily.org/in
dex.php?title=Main_Page 

A C++ template library for 
linear algebra 

4. Automated Compilation Tools and Rules 

In Linux OS, most program development is based on the C/C++programming language. Single or 
few source code files can be compiled using the GNU GCC tools, such as gcc and g++. However, large 
projects have thousands of source code files and multiple directories that is difficult to manually compile 
files one by one. To solve this tricky problem, automated compilation tools are proposed, such as the 
make and makefile. Makefile is a rule document which instructs the make command on how to compile 
source files in the directory. A classic case is the source code directory of the Linux kernel [26], as shown 
in figure 6. 

  
Figure 6: Online tree-display of Linux source code directory.  
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The makefile rules seems like it's already good, but it is too complicated. Each subdirectory in the 
source code directory requires a makefile file. If some files or code snippets are updated, it can be difficult 
to modify the entire rule file. A very successful improved version is CMake and cmakelist rules. No 
matter how many source code files or subdirectories there are, only one CMakelists.txt file is needed in 
the root directory. Figure 7 shows a classical example of the navigation package in mobile robot filed 
where the localization subpackage is the amcl codes [27]. 

  
Figure 7: Online directory display of amcl package.  

5. Conclusion 

In the era of open-source hardware and software, almost all computer resources are free and modular. 
Especially with the rise of artificial intelligence and robots, Linux OS and programming skills attract 
people's attention. For the teaching reform of the computer major, the traditional Linux teaching mode 
and content are no longer suitable for the development of the times. Introducing open-source hardware 
and software content in undergraduate teaching can attract students' interest in learning. In practice, it 
has been found that students have high enthusiasm and are willing to participate in course practice 

Acknowledgements  

This paper is supported by Ordinary Undergraduate Universities Research Project (Youth Project) of 
Guizhou Provincial Department of Education in 2023, (QJJ [2022] No.322). 

References 

[1] Oleksiuk V, Spirin O, Holovnia O S, et al. Evaluating the effectiveness of a cloud-based laboratory 
for teaching Linux operating systems to Computer Science students[C]//Proceedings of the 11th 
Workshop on Cloud Technologies in Education (CTE 2023). Kryvyi Rih, Ukraine, December 22, 2023. 
CEUR Workshop Proceedings, 2024 (3679): 111-126. 
[2] Akbar M, Ahmad I, Mirza M, et al. Enhanced authentication for de-duplication of big data on cloud 
storage system using machine learning approach[J]. Cluster Computing, 2024, 27(3): 3683-3702. 
[3] Guan S, Zhang C, Wang Y, et al. Hadoop-based secure storage solution for big data in cloud 
computing environment[J]. Digital Communications and Networks, 2024, 10(1): 227-236. 
[4] Srinivasan J, Tanksalkar S R, Amusuo P C, et al. Towards rehosting embedded applications as linux 
applications[C]//2023 53rd Annual IEEE/IFIP International Conference on Dependable Systems and 
Networks-Supplemental Volume (DSN-S). IEEE, 2023: 94-99. 
[5] Fu B, Li S, Wei J, et al. A novel intelligent garbage classification system based on deep learning and 
an embedded linux system[J]. IEEE Access, 2021, 9: 131134-131146. 
[6] Oleksiuk V, Spirin O. The experience of using cloud labs in teaching Linux operating 
system[C]//International Conference on Information and Communication Technologies in Education, 
Research, and Industrial Applications. Cham: Springer International Publishing, 2021: 281-291. 
[7] Chen X. Practical Research on Mixed Teaching Reform of Linux Operating System Course[J]. 
Contemporary Education and Teaching Research, 2024, 5(1): 1-6. 
[8] Cunneen M, Mullins M, Murphy F. Autonomous vehicles and embedded artificial intelligence: The 
challenges of framing machine driving decisions[J]. Applied Artificial Intelligence, 2019, 33(8): 706-



Frontiers in Educational Research 
ISSN 2522-6398 Vol. 7, Issue 8: 8-15, DOI: 10.25236/FER.2024.070802 

Published by Francis Academic Press, UK 
-15- 

731. 
[9] Leavy A, Dick L, Meletiou-Mavrotheris M, et al. The prevalence and use of emerging technologies 
in STEAM education: A systematic review of the literature[J]. Journal of Computer Assisted Learning, 
2023, 39(4): 1061-1082. 
[10] Tsolakis S, Theofanellis T, Voulgari E. Introducing STEAM through tinkercad and arduino[M]. 
Handbook of research on integrating ICTs in STEAM education. IGI Global, 2022: 239-264. 
[11] https://www.arduino.cc/en/software. Accessed online, June 30, 2024 
[12] Shrivastava A, Suji Prasad S J, Yeruva A R, et al. IoT Based RFID Attendance Monitoring System 
of Students using Arduino ESP8266 & Adafruit. io on Defined Area[J]. Cybernetics and Systems, 2023: 
1-12. 
[13] Chaber P, Ławryńczuk M. Fast analytical model predictive controllers and their implementation 
for STM32 ARM microcontroller[J]. IEEE Transactions on Industrial Informatics, 2019, 15(8): 4580-
4590. 
[14] Le C, Grande A M, Carmine A J, et al. Analysis of various vulnerabilities in the raspbian operating 
system and solutions[C]//2022 IEEE World AI IoT Congress (AIIoT). IEEE, 2022: 01-06. 
[15] Manolescu D, Reid D, Secco E L. Hardware and Software Integration of Machine Learning Vision 
System Based on NVIDIA Jetson Nano[C]//Future of Information and Communication Conference. 
Cham: Springer Nature Switzerland, 2024: 129-137. 
[16] Kalaitzidou M, Pachidis T P. Recent robots in STEAM education[J]. Education Sciences, 2023, 
13(3): 272. 
[17] Rubio F, Valero F, Llopis-Albert C. A review of mobile robots: Concepts, methods, theoretical 
framework, and applications[J]. International Journal of Advanced Robotic Systems, 2019, 16(2): 
1729881419839596. 
[18] Mathe S E, Pamarthy A C, Kondaveeti H K, et al. A review on raspberry pi and its robotic 
applications[C]//2022 2nd International Conference on Artificial Intelligence and Signal Processing 
(AISP). IEEE, 2022: 1-6. 
[19] Alexey G, Klyachin V, Eldar K, et al. Autonomous mobile robot with AI based on Jetson 
Nano[C]//Proceedings of the Future Technologies Conference (FTC) 2020, Volume 1. Springer 
International Publishing, 2021: 190-204. 
[20] Feng M, Zhang H. Application of Baidu Apollo open platform in a course of control simulation 
experiments[J]. Computer Applications in Engineering Education, 2022, 30(3): 892-906. 
[21] https://github.com/vim/vim. Accessed online, July 1, 2024. 
[22] https://www.gnu.org/software/emacs/. Accessed online, July 1, 2024. 
[23] https://code.visualstudio.com/. Accessed online, July 2, 2024. 
[24] https://linux.wps.cn/. Accessed online, July 2, 2024. 
[25] Kümmerle R, Grisetti G, Strasdat H, et al. g 2 o: A general framework for graph 
optimization[C]//2011 IEEE international conference on robotics and automation. IEEE, 2011: 3607-
3613. 
[26] https://git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git/tree/?h=v6.10-rc6. Accessed onli-
ne, July 2, 2024. 
[27] https://github.com/ros-planning/navigation/tree/noetic-devel/amcl. Accessed online, July 2, 2024.  

https://www.arduino.cc/en/software
https://code.visualstudio.com/
https://linux.wps.cn/
https://git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git/tree/?h=v6.10-rc6

	2.1. Simple Open-source Hardware
	2.2. Embedded Artificial Intelligence Devices
	2.3. Robot Platforms
	3.1. Text Editors in Linux OS
	3.2. Office Software in Linux OS
	3.3. Classic Open-source Software Library in Linux OS

