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Abstract- This article proposed a low cost and free software learning interactive platform as assistance in the learning of the 
embedded system and the micro controller software. Owing to the rapid development of the Internet of Things (IoT) 
technology in recent years, the demand for IoT-related technicians has been increasing in all countries, which is also the reason 
why embedded systems courses are indispensable in today's universities. The purpose of the study is to construct a teaching 
system for IoT and embedded applications. With integration of the application development features of App Inventor 2 plus 
the embedded development board of NodeMCUESP8266 with Wi-Fi functions, an Android smart platform and the NodeMCU 
were utilized in the environment within the same network to use an APP for the wireless controlling of a robot arm. All these 
may allow the students to learn how to develop diversified embedded systems and IoT technologies and elevate students’ 
ability in professional program development. 
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I. INTRODUCTION 
 
Embedded systems training courses are widely 
introduced to universities, which combine in-class 
lecture with hands-on practice. Traditional embedded 
systems courses are usually restricted by site and 
equipment with theoretical inference and explanations 
accounting for the majority of class time, and students 
could only practice with the remaining time. Students 
will often need to take turn to operate the equipment 
due to the lack of instructional equipment, which 
substantially inhibits the time for students to operate 
and practice using the equipment and thereby cause 
impact on their learning effectiveness [1]. 
The study collects various open source software based 
on the foregoing reasons. Open source software 
features the free, secure and low-cost advantages, 
which could be easily searched for the relevant 
teaching and sample programs. Moreover, such 
software could be worked with embedded 
development board easily acquired from the internet 
websites, such as NodeMCU to assist with the 
learning. These development boards are inexpensive 
and can be coded with open source software, reducing 
the costs for school and improve the learning 
effectiveness while reducing the difficulty with system 
installation and using software tools. For example, 
App inventor 2 can be used to develop Apps directly 
on the websites, which can work with Android system 
devices for learning program development quickly. 
The study further developed embedded learning 
platform from the aforementioned system. Using the 
currently popular App development, the specific 
puzzle pattern of App inventor 2 was applied to create 
programs to improve the students’ learning intention 
so that students will not need to spend more time on 
learning difficult JAVA language. This system use the 

Wi-Fi embedded development board combines with 
4-axis robot arm to make it move. The system can be 
applied to embedded system related App course so that 
students not only learn the Android App development 
but also learning Internet of things applications [2]. 
Furthermore, the increase of fun and flexibility for this 
system stimulate the students with creativity, thereby 
raising their interest in program development.  
 
II. SYSTEM DESIGN 
 
A. System Architecture 
The study adopts some open source software to build 
the learning platform; it combines NodeMCU 
ESP8266 Wi-Fi module, 4-axis robot arm and 
Android system. The design is free from the restriction 
of equipment and it enhances students’ learning 
effectiveness. The platform develops an IoT App by 
using App inventor 2 and such App works with 
NodeMCU Wi-Fi module to control the 4-axis robot 
arm. The NodeMCU Wi-Fi module is configured to 
AP mode for use as a Wi-Fi Station. Moreover, use 
ESPlorer coded the program written in LUA language 
to control robot arm and download the program to 
NodeMCU via USB. Installing the App designed by 
App inventor 2 to the Android device. Connect the 
tablet and NodeMCU under the same network for 
operation on the robot arm. 
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Fig.1 System architecture diagram 
B. Software Integration 
The development tools of assistance, which are used in 
this research, are open source or freeware. Most 
companies and universities use those tools to develop 
their products or projects. These tools provide students 
even children a good learning environment, made 
them to learn programing language easier and 
convenience. 
C. MIT App Inventor 2 
MIT App Inventor 2 is a programming tool based in 
blocks that permits everyone to start programming 
and creating totally functioning mobile applications 
for Android devices. Those that have recently started 
using App Inventor 2 can have their first application 
functioning in short time, and can program more 
complex applications in much less time than with 
traditional languages based in text [3]. 
App Inventor 2 is the new version of App Inventor. It’s 
much easier to set up and provides a much more 
graceful programming experience. 

 
Fig. 2 Example of blocks programming language in App 

Inventor 2 
D. Esplorer 
Esplorer is the essential multi platforms IDE tools for 
any ESP8266 devices, and code was written in LUA 
programming language.  The tool which uses in this 
research is control NodeMCU Wi-Fi module [4]. 
Esplorer is an IDE with an advantage of highlighting 
the LUA and python code, code editor, code will auto 

completion and sending data to ESP8266. The 
interface of Esplorer looks 

like:

 
Fig.3 Screenshot of ESPlorer 

 
III. HARDWARE INTEGRATION  
 
E. The Wi-Fi module 
The Wi-Fi module which uses in this research is 
NodeMCU ESP8266 [5]. 

The NodeMCU is an open-source firmware and 
development kit based on ESP8266, integrates GPIO, 
PWM, IIC, 1-Wire and ADC all in one board.  
It provides a LUA development and execution 
environment which can run on any ESP8266 module 
and developing IoT applications. 
F. 4-Axis robot arm 
This 4-axis robot arm is produced by Catcan Creative. 
Mechanical arm needs a working voltage of DC 6V 
and a working current of 0.6A-2A. The extension 
distance can achieve 230mm vertically and the 
horizontal rotation angle can achieve 180°. It can 
squeeze an object of 60g with width of 35 mm at most 
and control a motion using PWM analogous pulse 
signal from 500µs-2500µs [6]. It is a fundamental 
mechanical arm and can be used to represent the 
motion after the user executes the program. 
  
IV. SYSTEM PRESENTS 
 
To carry out this system, it needs an Android device, a 
NodeMCU Wi-Fi module and a computer. Use the 
applications that developed by App inventor 2 via the 
NodeMCU Wi-Fi module to control robot arm. The 
detailed flow is shown in Fig. 4. 

 
Fig. 4 System flow diagram 

First use the ESPlorer to program the NodeMCU 
control code, and then use this code we can setting 
NodeMCU as AP mode and set up SSID name and 
password so we can directly connect to the node by 
using this AP. We use this code to create a TCP server 
written by LUA languages, download this code in 
NodeMCU and running it, then we can communicate 
between NodeMCU and robot arm by using UART 
communication. The NodeMCU will send an IP 
address then we can use this IP connect to the TCP 
server.
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Fig. 5 Part of the NodeMCU control code 

Second, after complete the application that coded by 
App inventor 2 and installed in Androids device, 
following the steps below to control robot arm: 
a. Connect the Wi-Fi that setting by NodeMCU, as 
shown in Fig. 6. 

 
Fig. 7 Wi-Fi choosing Screenshot 

b. Open the application, and entering the IP address 
that send by NodeMCU, as shown in Fig. 7. 

 

Fig. 8 The control app Screenshot 
c. After connect to the IP address, and then we can 
control the robot arm. 
CONCLUSION 
 
At this era with highly advanced internet technology, 
internet is closely tied with our lives, which also 
provides a great developing environment for IoT 
applications and embedded system. 
With the development of current technology, smart 
devices and IoT have become inseparable. It can be 
expected that there will be more and more applications 
related to the IoT and embedded smart devices. The 
application of mobile phone applications, embedded 
development board and IoT proposed in this study 
integrated with the embedded systems courses 
provided by universities may allow students to learn 
related knowledge in advance. In this way, 
technological talents of next generation can be 
cultivated, and they will be able to assist in the 
technological development of the industry. 
This study aims to develop a comprehensive 
embedded teaching system to provide a favorable 
learning environment, and enhance student’s 
professional skills. Therefore, the author thinks that 
this system still has a lot for improvement. 
 Increase the Bluetooth function 
 long distance teaching 
 The abundance of demonstration programs. 
 The diversity of system.  
 Integrate the cloud application technologies 
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