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Abstract—This paper details the design and development of a 
system that is intended to be used as a tool to educate and excite 
young school leaver to pursue engineering education, especially 
in the field of sensors and sensor applications. The system is 
essentially a home automation platform that allows users to 
interact with a network of sensors and actuators. The system 
consists of four hardware components; the computer/webserver 
that controls the network of sensors and actuators, the device the 
user will use to access the web server, the sensors/actuators of the 
system, and the microcontroller that bridges the web server and 
the sensor/actuator network. The end user of this system will be 
expected to assemble various components of the system together 
and in doing so, will gain an exposure to the engineering field. 
This exposure will increase the awareness of what engineering 
entails and hopes to prompt future students to take up 
engineering as a field of study. The system, while being a 
platform for exposing engineering, can also be a platform for 
future projects requiring remote access to an autonomous sensor 
network with the ability to change the environment around them, 
such as zoological research projects tracking the endangered 
birds. Finally, the system, capable of sensing temperature and 
light, controlling 230V 10A mains appliances and a keyless entry 
device, could be used simply as a home automation system in its 
own right by an interested hobbyist. 

Keywords- home automation, education, learning platform 

I. INTRODUCTION 
While the engineering and computer science fields are two 

of the fastest growing industries in the world, they are also 
suffering from under representation in new students starting 
tertiary education [1]. 

This project aims to provide a platform that can be added to 
the current collection of resources being used to raise 
awareness of engineering and computer science and instill 
interest and a feeling of capability in potential new engineers. 
There is a lack of understanding as to what engineering 
actually entails [2]. There is also a perception, particularly 
among younger people, that the profession “engineer” is 
synonymous with “tradesman”, “welder”, “machinist”, “fitter 
and turner”. Very clearly this is not true, however it is deeply 
damaging to the engineering field if people see engineering 
subjects as lacking glamour based upon this perception. There 
are many groups offering products to try and deal with this 
perception and inspire interest in the engineering and computer 

science fields; “The Funway into Electronics” kits once offered 
by Dick Smith Electronics were how many people first became 
introduced to electronics, these kits however have stopped 
being produced by DSE. Jaycar electronics are still selling their 
“Short circuits” series of DIY electronics kits, however both of 
these companies have moved towards consumer electronics. 
New companies like Adafruit electronics are providing a 
service whereby they manufacture and sell electronics and 
electronic accessories that can be used to encourage people into 
engineering and electronics, but interestingly, their products are 
also used by students in their own learning, experimentation 
and personal projects. 

There are currently many mechatronic systems being used 
to help expose and familiarize potential future engineers to the 
field, however the predominant trend is to use self-contained 
robots that sense their environment and move IN their 
environment. Tools like BeeBot, Probot [3], and systems like 
LegoMindstorm are being used in kindergartens, primary 
schools, and high schools/universities respectively [4]. All of 
these systems move themselves around their environment; they 
do not create a change in their environment. 

There are systems available that change the state of their 
environment; Ninja Blocks is a crowd sourced project that 
takes plug and play modules and lets the user program actions 
based upon the “if this, then that, else this” architecture. The 
issue is that once a user has set up the system, there is no room 
for a lay-person user to play or experiment; even though the 
project is open source, to dive into the code and modify the 
project to suit their means requires making the jump from 
layperson to fully qualified developer. This project seeks to 
remedy this by providing a platform that gets set up by the user 
right from the start. As it is the user that is doing the setup, the 
user will learn the code and the workings of the system to a 
level that they can then start to repurpose the modules for their 
own means, add features to, or remove features from the 
system according to their wishes. 

This article is organized as follows: Section II reviews 
related work in educational engineering systems. Section III 
provides an overview of the system. The Hardware design and 
implementation is discussed in section IV. Section V outlines 
the wireless communication protocol implemented in the 
sensor-actuator network. Section VI illustrates the software 
design and user interface used in the project. The results of 
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some experimental testing is detailed in section VII. The paper 
finishes with some discussions and conclusions in section VIII. 

II. RELATED WORK IN EDUCATIONAL TOOLS  
There are (and have been) may many electronics companies 

that have contributed to the library of tools and teaching aids. 
Here will be introduced the four most prominent historically 
and current companies. 

Dick Smith Electronics is credited with being one of the 
great founders in the DIY electronic scene. They started 
offering their “Funway into Electronics” kits in 1979[5], these 
kits provided a means for enthusiastic people to be introduced 
to and become familiar with electronics. There were 2 volumes 
released with the first containing 20 projects. The first volume 
focused on the use of analogue electronics and the second on 
digital/IC based circuits. Sadly these kits started to become 
discontinued in 2008, when DSE started moving towards 
commercial electronics [5]. 

Jaycar started offering the Short Circuits range of DIY 
electronics kits around the same time as DSE and these are still 
being sold. There were only 3 volumes released with a total of 
little over 72 kits. Jaycar remains one of the select few retailers 
of electronics retail shops still in operation, and the only 
retailer of electronic components in many cities and towns in 
New Zealand. This is a great feat. 

SparkFnun electronics is an online retailer of electronics 
and electronic components, as well as accessories such as 
breakout boards for components, this allows customers with 
only breadboard prototyping ability access to more advanced 
sensors and electronics. The other part of their business is 
networking their customer base together via their comments 
sections and forums. This allows customers wanting to learn, to 
be taught by the community of the internet.  

Adafruit Industries, the final organization could be 
considered the current champion of the engineering and 
electronics education environment [6]; they have electronics 
kits, components of many kinds ranging from microcontrollers 
and sensors to the more mundane such as switches and PCB 
headers. They also sell children’s toys; fluffy pillows in the 
shape of resistors and capacitors, these toys are targeted at 
children under 10 so that they can be exposed to the appearance 
of electrical components from a very young age. Adafruit 
industries also have a “learning system” whereby they 
distribute knowledge about their products, ideas for projects, 
explanations of various concepts like the MIDI protocol. 
Adafruit offer support to customers through the use of an 
online community forum.  Adafruits founder Limor Fried is 
considered to be one of the founders of the open hardware 
movement [8]; creating products and kits that she sells and 
profits from, while also releasing all the design files and 

information for free. In this way, people can learn by looking at 
how each kit is built and look at the design methodology [7]. 

III. SYSTEM OVERVIEW 
The Home Automation System, shown in figure 2, is 

comprised of several blocks: the sensor/actuator network 
(S.A.N), the sensor modules gather information about the 
environment and the actuator modules  act to create change in 
the environment; the web server, which stores and serves the 
webpage for the user interface and handles requests and 
commands sent from the end user; finally, the web interface, 
this is an interface that facilitates access to the data recorded by 
the system and allows the user to alter the state of the system 
outputs. The sensor-actuator network topology has been 
discussed in the wireless communication section. 

The sensor modules have been implemented as shields for 
an Arduino UNO, whereas the mains actuator module and the 
keyless entry module have been designed with ATMEGA 328P 
as the on-board processor loaded with the Arduino boot-loader.  

IV. HARDWARE DESIGN AND IMPLEMENTATION  

A. Sensor Module 
The sensor module consists of a microcontroller interfaced 

with a temperature sensor, a light sensor, and a wireless RF 
transceiver. These sensor boards, powered from the 
microcontrollers USB programming port, wait for a command 
to be sent to them and then reply with the appropriate data. To 
make the unit completely mobile and independent of wall 
power source, it can be powered by a battery. 

The temperature sensor chosen was the Dallas DS18B20 1-
Wire bus temperature sensor. This sensor has 12bit precision 
and very simple wiring. This sensor was chosen as it is very 
cheap, readily available from a wide variety of sources, there 
are also many tutorials on how to use this sensor with 
microcontrollers. These qualities mean that this sensor 
increases the effectiveness of the system in the context of 
exposing people to engineering and computer science; by being 
available, affordable, and supported by the community.   
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D. Microcontroller 
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Figure12 shows the temperature of the room being maintained 
to 24+1.5°C with the use of an 1800W heater.  This control 
margin is quite adequate for an educational project and would 
even be suitable for a standalone temperature control system. 

 
Figure 12. Recording of room temperature under autonomous control 

Most importantly, this demonstrated autonomous control over a 
process variable. Even for a 3rd year engineering student this 
can be incredibly rewarding and exciting, for a person 
unexperienced in the field of engineering. Dabbling in the area 
of control theory can be incredibly enthralling.  

VIII. DISCUSSIONS AND CONCLUSIONS 
The system developed in this paper will serve as another 

tool in the current collection to demonstrate the things that 
engineering can lead to, or a tool to help educate potential 
students through use of a practical project. The system can also 
be used as a building block for future work by engineering 
students/maker communities. The current system could very 
well be used as the basis of another 4th year engineering project 
or maker project that requires a remote monitor/control system.  

 Research suggests that simply by exposing someone to 
something, they will, over time, develop a preference for the 
thing to which they are being exposed. This is the underpinning 
theory of advertising campaigns. Similarly if we expose 
potential new engineering students to interesting and rewarding 
engineering projects then they can be given the chance to 
engage with the subject and take up an education in the subject 
[9] [10].   

This system needs supplementary work before it becomes a 
fully usable system that is presentable to the public; the system 
need to be comprehensively documented, tidied and packaged 
such that a user that is uninformed about the project can take 
the system package and extract information in an easy to 
understand order that will help them set up the system.  

In summary, in going through the process of using this 
system, users will be exposed to many different facets of the 
engineering field, electronics, sensors, micro controllers, power 
supplies, wireless radio communication, wireless network 
topologies, computer science, programming, setting up servers, 
web development, interacting with a computer system using a 
command line interface, computer networking (when accessing 
the server from a device outside of the local network of a user’s 
house).  

The aim of this system is to provide users with a platform 
that can expose them to a realistic view of what engineering 
can lead to aside from the common misconception amongst 
many New Zealanders that the profession “engineer” is 
synonymous with “tradesman”, “welder”, “machinist”, “fitter 
and turner”. 

As an actual example of a possible system, consider a 
reptile enclosure. Reptiles need a warm space created by a 
light/heater and a cold space to regulate body temperature. A 
system, using the described modules, can be put together to 
monitor and control temperature while broadcasting the 
temperature readings to a webserver. The system may also be 
used to control the food dispensation autonomously and 
remotely employing the mains actuator module and the 
wireless communication features. Putting such a system 
together and programming it will be an immense learning 
exercise. Sensors, actuators, wireless communication, web 
application development etc. all come together in this exercise 
giving the learner a rich experience. 
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