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Abstract

Secondary school students, when investigating tertiary
study, have little opportunity to discover what a
particular course  has to offer and often have a poor
understanding of employment options in that field.
Further, many secondary schools have limited
resources, and are thus unable to provide  career
advice in any detail.
Whilst University Open Days’ are a good opportunity
for information seeking, we often experience parents
driving the direction of the student’s choice.

In 1997 a program was initiated aimed at informing
students about the “Bachelor of Digital Systems” at
Monash University as a course option. Because the
degree involves both digital hardware and computing,
a project that offered both disciplines in a non-trivial
task was desirable. The development of a computer
controlled house in which electronic appliances could
be monitored and operated via a computer was
proposed. This system is known as the “Smart House”.

In this paper we will discuss the concept of the Smart
House with an overview of the equipment. Discussion
of activities in the workshops, and feedback from
participants, is also covered. One of the major
outcomes mentioned by participants was that the
construction of hardware and software was both fun
and new, and lead to a real sense of achievement.

1.0 Introduction

The Bachelor of Digital Systems is a niche degree
run by the Faculty of Information Technology
(FIT) at Monash University. It is a 3 year program
(plus an optional honours year) that provides a
unique combination of computer science and
electrical engineering. However, because the
course is not a traditional engineering course, and
is not hosted by an engineering faculty, it is not
well known by many prospective students. Also
students do not necessarily understand what is
involved in this course. The name “Digital
Systems” does not convey a clear meaning to
students of what the course involves.

In 1997 a planning group began a program to
raise the awareness and understanding of the
course to secondary school students [7]. One of
the major goals of this project is to assist
secondary school students in their transition to
tertiary courses. Awareness of career options is
another important aspect of course selection, and
to address this we produced a glossy a brochure
entitled “Are you interested in Computers and
Electronics” [6], a multi-media CD and a series of
workshops. Finding a theme for the workshops
was difficult. We wanted to expose students to
something new and exciting, whilst highlighting
both the hardware and software aspects of digital
systems. However, we wanted to differentiate our
hardware demonstrator from the type of kits that
could be purchased readily from electronics
stores. We also wanted to give students a taste of
the future devices they might see, and yet
implement it using today’s technology [2][1] [8].

After much discussion, the planning group
decided to design hardware and software for
supporting a “Smart House”, one in which a
computer can control the various appliances of the
house whilst being able to sense various inputs.
We were not aware of any readily available
commercial hardware that performed this task,
thus it also gave us an opportunity to design a
cheap, network based, control system. The result
is the “Smart Node”, a device which can control a
number of digital outputs as well as sense digital
and some analogue inputs. Many “Smart Nodes”
can be connected by daisy chaining them into a
network, and thus they can be distributed around
the house. A central control computer polls the
nodes, and sends them control signals
accordingly.

Along with the hardware, we developed a GUI
(Graphical User Interface) based programming
environment for configuring and programming a
“Smart House”. This system was built on the
premise that the students would not know any
conventional programming languages, and yet we
wanted them to be able to build simple networks



in a short workshop [9]. However, the system is
also sufficiently powerful that advanced students
can develop quite complex control programs and
logic structures [12].

2.0 What is a Smart House?

The Smart House is a house fitted with a variety
of sensors and electronically operated devices
which allows the occupants to customize their
home [11], [13], [14], [3]. Using the system, it is
possible to monitor light level, temperature,
window and door status and who is currently in
the house. With all this information available, a
user could make a request like “if the children are
home and it is after 4:00 PM, then ensure the
temperature range is controlled between 16 and
18 degrees C and pipe jazz music to current
location”. Or alternatively, “if no occupants are
home lock all the doors and windows, activate
alarm system and redirect all phone calls and
intercom users to my mobile phone”. Whilst such
requests might seem fanciful, they will probably
be seen as routine within our lifetimes. One
motivation for choosing such a futuristic, yet
plausible project, was to excite the imagination of
today’s students and help them shape tomorrow’s
technology.

The design is based on a shared network, which
winds its way throughout the various rooms of the
house, as shown in Figure 1. In this scheme, each
sensor is connected to the network, and it only
responds when prompted by the host computer.
Each sensor needs to be intelligent enough to send
its value down the network wire – we have called
these “smart nodes”. The host computer runs a
special control program, which samples the value
for each of the external devices. In the basic
software, the program allows you to select a
device, and it will report the status of the device.
The software also allows you to control a number
of simple devices by turning them “off’ or “on”.
The program is written in visual basic. The host is
connected to the “smart nodes” by the serial
RS232 communications port of the PC.

3.0 Design of the Smart House Hardware
and Software

There are three principle areas to a functional
Smart House. Namely, Smart Nodes, Smart
House Designer Software and input/output
devices connected to the network.

Figure 1 – Smart nodes connected via a bus to the
central control computer

3.1 Smart Nodes

The hardware components of the “Smart House”
consist of one or more “Smart Node” boards as
shown in Figure 2, various different sensors and
associated electronics, an interface cable and a
host computer. Each node can handle up to eight
programmable input/output pins and one
dedicated output pin. Nodes are connected
together using a daisy-chained four-wire
telephone cable as shown in Figure 3. Each node
is “named” by an address, which allows the host
to name the node and sensor when it sends out a
command.

Figure 2 – A Smart Node Board

Figure 3 – Smart Node interconnection scheme

Each Smart Node is controlled by very few
integrated circuits. All of the intelligence is
contained in an 18 pin reduced instruction set
computer, a PIC18F8X [10]. This processor is
much less powerful than the type found in a
normal PC, but it operates in much the same way.
It can run a program, which is a sequence of
simple instructions stored in memory. It contains
data memory, registers and arithmetic units just
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like a conventional PC  processor chip. We have
written a control program for the PIC18F8X,
which implements all of the “Smart Node”
functions.

3.2 Smart House Designer Software

The Smart House Designer is a software system
that can be used to create software to control the
operation of the Smart House devices. Programs
are created with symbolic components and
connected by wires to represent the required
logic. The symbolic components represent
“logic” and “real world” functions. Logic
functions are standard gate logic, including AND,
OR, NOT. Real world functions include input and
output nodes, timers, dials, push buttons, sound as
shown in Figure 4. This is similar to
Programmable Logic Controllers [5].

Smart House programs are created by selecting
and placing components from the toolbar and
linking them together in a logical arrangement. To
place a component on the design window first
select it and then click at the position where you
wish to place it. Layout is important for large
designs.

An interesting feature of the designer software is
that it is possible to create quite complex designs
without understanding any standard programming
languages. For example, students are able to build
a program that tests whether the temperature is
between a lower and upper bound, and then to use
the result of this comparison to switch on an
external fan without any training in programming.
It is even possible to illustrate complex issues in
logic design such as feedback using the software,
and students can create a bi-stable flip-flop device
using NOT and AND gates.

4.0 The Workshops

4.1 Goals
The main aim of the workshops was to use the
Smart House system to demonstrate to students
how hardware and software can work in unison.
The workshops were designed to be interactive.
Students were encouraged to ask questions and
had plenty of opportunity to talk with staff about
the work, the digital technology field and IT in
general.

Attending the workshop also gave students an
opportunity to visit a university campus and
experience a more realistic view of university life

than is provided by Open Days [15]. We also
wanted this to be an enjoyable experience for
students. The learning experience was to be
relaxed and flexible, encouraging students to ask
questions about course work, careers, life as a
tertiary student.

4.2 Running a Workshop

There was a wide range in computing and
electronics experience of students attending the
workshops. The four-hour workshop was
designed to cater for the different paces and
challenge the student from beginning to end.

The workshop begins with an over view of what a
Smart House. This was followed by a description
of a Smart Node and its components. Students
then assemble their Smart Node at their own pace,
following step by step instructions, which include
full color images. When a student has finished
soldering, the node is subjected to set of tests and
debugging if required. The node is then connected
to the computer in readiness for the software
tasks.

The software segment commences with a brief
over view of the Smart House Designer system.
The students are shown how to create a program
through an example exercise. The students then
work at their own pace through a series of
exercises of increasing difficulty. This culminates
with the task of creating a program to control
appliance devices in a doll’s house by monitoring
sensors in the doll house. Multiple Smart Nodes
are utilized in this exercise and this demonstrates
some of the potential applications.

Students leave the workshop with a Smart Node,
computer connector to the Smart Node, software
and a full set of documentation. This is to
encourage them to continue working with the
Smart House at home or at school [4].

5.0 Evaluation

An exit survey was conducted at the end of each
workshop, and students were asked to provide
some feedback on aspects of the workshop. This
allowed us to identify where improvements could
be made and to measure the success of our goals.
A total of 85 surveys were completed. The two
most pertinent questions asked were:

Q1. Would you consider studying Digital
Systems?



Q2. Did this workshop affect your choice?

The most significant response was 77% of the
students answered yes to Q2, indicating that the
workshop and discussions with staff gave the
students the necessary information to contemplate
a career in digital technology. Since 95% of the
students answered yes for Q1, indicating that they
would consider studying digital system, we
believed we had attracted the right cohort to the
workshops.

We are very keen to increase the proportion of
female students in the course. Initially we
canvassed girls schools, requesting the schools to
send all interested students to the workshops [12].
The result was less than satisfactory with most of
the participants not interested in what we were
teaching them. As this approach was not working
we focused our attention on the top IT schools in
the metropolitan area. We asked each school to
nominate two students to attend the workshop.
This made the schools and students treat the
workshop as a special opportunity afforded to a
privileged few. It also meant we would have the
best students attending the workshop, and these
students would be likely to disseminate workshop
information to fellow students interested in IT at
their school.

An unexpected outcome was that female students
actually accounted for 34.5% of the students. This
was an encouraging sign given that 95.4% of
students said they would consider studying
Digital Systems. Some comments we had from
female students include:

“[The workshop has] shown me the different kind of
pathways I could go into.”
“[Until now]I had never really considered engineering
or computer engineering.”
“[The workshop has ] made me realize what’s
involved.”

6.0 Conclusion

The development of the Smart House system has
provided activities for an innovative workshop
program that demonstrates both hardware and
software, giving students an insight into the
course content of the Bachelor of Digital Systems.
The information we have from surveys indicates
that the workshop exposed students to an area in
which they were not experienced, and that they
gained something from attending. Furthermore,
the workshop was regarded as fun by the students,

and they were happy to give up a Sunday morning
to attend the University.

Choosing  a topic for the workshops was not easy
because there are so many sophisticated computer
games and electronic kits available at electronics
hobby stores. However, we believe our choice of
hardware and software for controlling a smart
house is sufficiently futuristic whilst achievable
using current technology. Because we wanted to
develop a cheap platform, we based it on an
existing embedded microprocessor, keeping the
chip count low and increasing flexibility.

One interesting by product of the smart house
hardware is that we have used it in a series of
“software only” workshops. In these, students are
exposed to the designer software and are given
the task of developing innovative control
programs.

One Victorian school has adapted the Smart
House hardware to their Information Technology
subject and are expected to expand this in the near
future. Other secondary schools have been
encouraged to take similar steps with support
from the university. In addition, we are working
with a company that manufacturers hardware that
is similar to our “Smart Nodes”, and we expect to
interface the “Smart House Designer” to their
hardware in the near future.
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Figure 4 – Sample Screen from the Smart House Designer Software


