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Abstract— Conventional heating, ventilating, and air condi-
tioning (HVAC) systems usually achieve the desired control
level by means of simple ON-OFF control, which can often
result in high energy wastage. A potential solution to this
issue is intelligent self-regulating HVAC controllers, which base
their actions/decisions on sensor data. In this paper, an office
climate monitoring and control system is designed and imple-
mented. The system consists of various wireless sensor nodes
and a control node. The sensor nodes provide the sensor data
necessary to determine occupancy and the control node executes
the algorithm, which decides whether to activate cooling or
heating based on the sensor data. This system can serve as
a controller and can be integrated into HVAC systems in smart
buildings. It is shown that the developed control algorithm
executed on the control node results in an improvement of up
to 39% in energy efficiency over conventional ON—OFF controllers
for HVAC systems.

Index Terms— Climate control,
wireless sensor networks.

HVAC, thermal control,

1. Introduction

N RECENT times, there has been a growing demand for

heating, ventilating and air conditioning (HVAC), espe-
cially from the perspective of smart and energy efficient
buildings [1]. Advances in technology, as well as the wide-
spread of ubiquitous wireless computing and Internet of
Things (IoT), have consequently contributed to making these
systems simpler and more cost effective [2]. Due to the
widespread of such systems, it is estimated that 50% of energy
in buildings is consumed by HVAC [1], [3]. In a lot of
instances, this energy is generated using unclean fuels; there-
fore HVAC systems are usually responsible for a large global
carbon footprint. A primary motivator for the development
of a cost effective, smart HVAC system is the opportunity
to greatly reduce energy consumption, and consequently the
monthly operating cost of businesses employing HVAC. It is
of utmost importance to have a HVAC system to ensure
the occupants’ comfort, especially in working environments.
Previously developed HVAC systems have fallen short in
a number of areas including energy efficiency, cost effec-
tiveness and configuration complexity [1]. Traditional HVAC
systems achieve the required control level by means of sim-
ple on-off control. These systems make use of an upper
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Wireless sensor network for HVAC.

and lower temperature limit where the system is actively
cooling the environment if the upper limit is reached, and
heating the environment if the lower limit is reached. Better
HVAC control can be achieved using intelligent occupancy
detection, such that the system can autonomously adapt to
the occupancy conditions. There are several commercial sys-
tems developed by companies such as Honeywell, Toshiba,
Hitachi and Mitsubishi (amongst others) which offer a vari-
ety of sensors and controllers [4]-[6]. These systems are
usually expensive and sometimes use proprietary wireless
protocols and not popular wireless standards such as ZigBee
(IEEE 802.15.4), which can be readily used in smart build-
ings [7]. Additionally, the majority of these controllers only
have a local display that serves as the human machine inter-
face (HMI) and do not offer the option to access/configure the
controller remotely (eg. through a web interface) and they
require on-off human control. A system which addresses these
issues is desirable.

Advanced systems in this domain use proportional-integral-
derivative (PID) controllers (such as in the systems in [8]-[12])
which aim to minimize errors in the heating/cooling cycle,
but sacrifice simplicity of installation and use. In order to
compensate for varying load conditions, it is possible to imple-
ment self-tuning PID controllers [13]. This approach helps
to improve performance, but still presents a challenge since
it is difficult to obtain suitable models for HVAC systems.
Thus, an intelligent controller which can self-optimize with
the use of multiple sensors is potentially a viable solution to
the problem of HVAC inefficiency. A wireless sensor system
can be integrated into a building’s HVAC [14], as illustrated
in Fig. 1.

In this paper, we develop and implement such a system.
This system considers sensor data (i.e. temperature, noise,



light and occupancy) from various sensors placed at strategic
locations within a room, and decides whether to activate cool-
ing or heating based on the sensor data. The sensors include
temperature and motion sensors (amongst others) which report
their data in real-time to a control node responsible for
executing a control algorithm to carry out the action.

Similar systems which also rely on wireless sensor networks
include [15]-[17]. A comfort system based on IEEE 1451.2 is
presented in [18]. It uses electrochemical and semiconductor
sensors to sense temperature, humidity, carbon monoxide and
carbon dioxide. However, the system has no interface to
a mobile user and does consider motion, light nor noise,
which are all parameters that can be used to increase the
reliability of occupancy detection. Additional systems based
on IEEE 1451.2 are also presented in [19] and [20]. In [6],
a thermal comfort system aimed at HVAC applications was
simulated but not implemented. In [21], three parameters
were considered for comfort control. A volatile organic com-
pound (VOC) wireless monitoring system based on ZigBee
is presented in [22]. VOCs are emitted as gasses for certain
liquids and solids (eg. paint strippers, pesticides, etc), and it is
therefore crucial to monitor these gasses indoors for comfort.

The control system presented in this paper attempts to
achieve greater energy efficiency than conventional HVAC
systems by making use of wireless sensors. These sensor
nodes monitor the environment and provide real-time data
over a wireless connection to a control node, which then
takes the appropriate action in quick response to changes
in the environment. With regards to the wireless connec-
tivity of the system, it is also important to ensure that
enough high quality links are available to ensure good
communication [23].

The system has been designed to reduce power consump-
tion and wastage by increasing the efficiency of the HVAC
system. This is achieved through the use of a network of
wireless sensors which are used to sample the temperature (and
other relevant parameters) at various points and determine
occupancy of the room. Using this data, it is possible to
improve the efficiency of standard HVAC systems by apply-
ing better control signals instead of simple on/off control.
The primary focus of this work is on the implementation
of the decision system used to select the appropriate action
(i.e. lower or increase the temperature), and the sensor network
which provides sensor data, and not on the implementation
of a complete HVAC system. Furthermore, various sensors
were tested to determine whether their data can be used to
improve the occupancy detection rate. The goal is that the
system developed here is able to interface with a HVAC
system and server as a controller to said system. Integrating
the system presented here into HVAC systems can result
in greater HVAC efficiency, reduction of energy bills and
reduction of carbon emissions. This paper makes the following
contributions:

« the reliability of occupancy detection using different low

cost sensors is evaluated;

« A controller algorithm which results in an energy effi-

ciency improvement of 39% over conventional on-off
schemes to control HVAC systems is presented.

The rest of this paper is organized as follows:
Section II gives discusses background work on occupancy
detection; Section III provides a general overview of the
system designed here; Section IV discusses the controller
algorithm; Section V builds on Section III, and presents
the detailed design and implementation of each sub-system;
Section VI discusses the experimental protocol and results;
and in Section VII the paper is finally concluded.

2. Background:Occupancy Detection

Occupancy detection is the action of determining if there
are people present in locations such rooms or corridors.
Examples include automatic lights, for instance. Using an
occupancy sensor, it can be determined if there are people
in the room, and lights can be switched on or off accord-
ingly. Although various sensors exist and there is significant
research on the topic, accurate occupancy detection is still very
complex [24], [25]. Occupancy detection is closely intertwined
with intelligent HVAC controllers, as the decisions made by
the controller are based on the data provided by the occupancy
sensors. In this section we discuss occupancy detection and
give some background to place the system presented in this
work in context.

A. Passive Infrared Sensors, Ultrasonic
Sensors and People Counting

Passive infrared (PIR) sensors detect infrared radiation
caused by the movement of the human body. It is a very
popular type of sensor which is used in a lot of occupancy
detection systems. A key limitation of PIR sensors is that they
do not provide any information regarding the number of people
in a room; they are only able to detect movement (i.e. whether
a person has passed through the area covered by the sensor),
and therefore they are rarely deployed without other sensors.
Nevertheless, recent research has attempted to determine the
number of people in a room using distributed PIR sensors [26].
Ultrasonic sensors operate based on the principle of Doppler
shift, and similar to PIRs, are also used to detect presence.
This type of sensor emits high frequency sounds which are
then reflected by nearby objects. In the presence of a moving
human being, the reflected pattern differs therefore it can be
inferred that there’s an occupant.

Alternative methods to get an estimate of the number people
in a room (also known as people counting) at any given time
are necessary. Promising approaches currently include camera
based approaches [27], where is usually easier to perform (in
comparison other types of sensors) because of the ability
to actually view people. Ultra-wideband radars have also
been proposed as a potential solution to the people counting
problem [28]. Although the above-mentioned approaches have
been proposed, it is still a real challenge to count people in
a room accurately.

B. Ambient Noise

Noise has also been used (albeit to a less extent com-
pared to the other sensing methods highlighted above) in
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Overview of the developed system.

occupancy detection. Acoustic sensing can be performed
using microphones. By interpreting/classifying different kinds
of sounds, it is possible to infer occupancy based on ambient
noise by considering only specific sounds which are relevant
for occupancy detection, such voices and sounds of people
walking [29].

C. Device-Free Localization

Another popular technique that has emerged in recent
years is device free (or passive) localization. Unlike active
localization where sensors are attached to the objects/people
to be tracked, device-free localization infers the presence of
a human being by observing changes induced by moving
objects on certain characteristics of wireless signals [30].
This can be directly applied to occupancy detection.
Additionally, the deployed Wi-Fi infrastructure readily avail-
able in most buildings can be used for this purpose,
which eliminates the need for additional dedicated infrastruc-
ture, unlike the other methods which have been discussed
above. Recent research work which has investigated this
includes [31].

D. Algorithms for Occupancy Detection

Once data has been collected from various sensors, algo-
rithms are necessary to extract knowledge from the data
to provide a reliable occupancy detection estimate. Tech-
niques include artificial neural networks (ANN), support vec-
tor machines (SVMs) and hidden Markov models (HMMs).
These have been applied in [32] and [33]. The features
extracted from the data sourced from different sensors are
used by these algorithms to detect occupancy. Examples of
additional algorithms are discussed in [34] and [35]. In [36],
an Autoregressive Hidden Markov Model (ARHMM) was
developed to model the occupancy pattern using data from PIR
sensors, carbon dioxide, concentration and relative humidity
sensors. It was found that the algorithm has an average
estimation accuracy of 80.78% and outperforms the other
previously mentioned methods. A method based on electricity
data consumption with an occupancy detection rate of 94% is
presented in [37].

3. Overview of the system

The system consists of 3 main functional units (illus-
trated in Fig. 2): wireless sensor nodes, control unit and

Table 1: Wireless Sensor Node Hardware Details

Device Specification
Microcontroller ATmega328P
Smoke sensor MQ-2
Noise sensor CMA-4544PF-W
Temperature sensor DS18B20
Light sensor CDS003

Motion sensor
ZigBee module
Wi-Fi module

Ultrasonic range finders
XB24-Z77CIT-004
Espressif ESP8266

mobile application. The sensor nodes detect temperature, back-
ground noise, available light, occupancy and smoke.

For temperature, a DS18B20 one-wire digital sensor is used.

For occupancy detection, multiple ultrasonic range finders
modules were placed at each of the entrances of a room and
directed at the entrance, such that it is possible to detect
whether a person is entering or exiting the room.

A CDSO003 light dependent cell was used to estimate the lux,
where an illuminance of 500 lux is typically recommended
for normal office working areas. All sensor data is collected
and transmitted to the control unit in a periodic fashion.
To improve the energy usage of the system, temperature in
a room is only monitored if it is known that the room is
not empty. Noise level measurements were recorded with a
CMA-4544PF-W electret microphone. An MQ-2 electro-
mechanical gas sensor was used to detect the presence of
smoke. This sensor can detect liquefied petroleum gas (LPG),
propane, methane and alcohol. Table I summarizes the sensor
system’s specs.

Wireless communication between wireless sensor nodes and
control node is performed using 802.15.4, and 802.11 is used
between the mobile client and control mode through a wireless
router or access point which is part of the wireless local
network in the building. The control unit must be able to
accurately make a decision on how to adjust the temperature
of the environment by taking into consideration all data from
the sensors. Each of these sub-systems is explained in more
detail in Section V.

4. Controller Algorithm

This section demonstrates - through simulation - that a more
advanced control algorithm outperforms the traditional on/off
controlled systems. The algorithm discussed here is then
implemented on the control node’s microcontroller.

A. Simulation Options

HVAC has a dominant role in the overall energy effi-
ciency of a building. By analyzing actual energy con-
sumed versus the energy required for heating/cooling, it has
been shown that the efficiency of HVAC systems can be
improved on average by 30% [38]. In order to design the
proposed system, it is crucial to understand how thermal
energy behaves inside a building. For this purpose, energy
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simulations which take into account several environmental
variables (including occupancy, speed of airflow, etc), can
be conducted [39] but often require complex mathematical
models. Some simulation software such as DOE-2 [40] and
TRNSYS [41], [42] can be used, but TRNSYS is not applica-
ble for occupancy based design. Occupancy and other fac-
tors can be used to simulate and test alternative control
algorithms [43]-[45]. Simulink is another popular option to
simulate control systems.

B. Simulation

To show that on-off type control can be improved upon,
a simulation on Simulink was conducted. This simulation was
based on a simple thermodynamic model of an office floor
and application of on-off functions to the heating and cooling
functions. The Simulink model is illustrated in Fig. 3.

The energy cost was calculated by integrating the total
energy output of the heating and cooling blocks and multi-
plying by a value of 0.9 cents per kWh. Occupancy of the
environment was generated and changed randomly throughout
a 24-hour period (except for the hours between 20:00 and 6:00)
wherein occupancy was reduced to zero to simulate a typical
working day at the office. Fig. 4 shows occupancy on the top
half and temperature at the bottom, and is a typical example
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Fig. 5. Improved controller on Simulink.

of simulating the system over 48 hours. The occupancy value
fluctuates between —0.5 and 0.5, where this value represents
the amount of heat given off by 10 people per hour, and was
calculated by assuming that on average a person consumes
8.37 x 10° joules of energy (2000 calories) per day, and that
this energy must be dissipated in the form of heat over the
course of each day.

The occupancy value is then a measure of the total heat
being added to the system by the room’s occupants. Since this
value is integrated to produce an actual temperature to add
to the environment, the negative occupancy values indicate
that someone has left the room. Thus, their effect on the
temperature of the environment is gradually reduced over time.

Within the office model, the temperature of the room is
calculated by subtracting the thermal losses of the building
from the mass of air in the room, and then adding to this the
heat flow of the cooler or heater, divided by the heat capacity
of the air in the room.

The bottom half of Fig. 4 shows the on-off controlled
HVAC system attempting to keep the temperature of the office
between 20°C and 22°C, in spite of the fluctuating temperature
changes due to the behaviour of the people and the variations
in outside temperature. This model was used to establish
a baseline performance value in terms of cost, which was then
compared with the performance of the improved system. The
improved system was set up using a slightly modified version
of the above model illustrated in Fig. 5 (sections which are
exactly the same in Fig. 3 have been omitted for brevity).

In this simulation model, the improved algorithm was
implemented in the block labelled “Func2” and the output
of this function was used to trigger the heating and cooling
in a similar fashion to the on-off controlled system. The
algorithm that was implemented attempted to achieve better
efficiency by regulating heating and cooling based on both
occupancy and temperature. Firstly, minimum and maximum
bounds were set to 2°C above the higher threshold and 2°C
below the lower threshold, respectively. These values are
considered to be within the human comfort zone when the
humidity is between 46% and 56% for a set point of 21°C.

Using the value for occupancy, the system either shuts down
if occupancy is registered as zero or begins heating or cooling
depending on the temperature or if occupancy is detected to
be greater than two people. Finally, if occupancy is detected
to be less than two people but the maximum or minimum
bounds have been exceeded, the system activates. This setup



successfully maintains human comfort levels whilst allowing
the office temperature to drift towards the outside tempera-
ture. The flow diagram of the algorithm (as implemented on
a microcontroller) described here is shown in Fig. 10.

5. Sensor and Control Nodes: Deand
Implementation

This section describes the design and implementation of the
sensor nodes and control node in more detail. This includes
(1) development of a mobile application, (ii) communication
between the control node and the local network over 802.11,
(iii) communication between the sensor nodes and control
node using 802.15.4, and (iv) sensing the environment.

A. Microcontroller & Wireless Connectivity

The microcontroller selected for this system is an 8-bit
ATmega328P microcontroller (MCU) with sufficient capabil-
ities to meet the system’s requirements. One of the require-
ments for the MCU was an analog-to-digital converter (ADC)
module with at least a 10-bit resolution and 5 channels.
All sensors used are connected to the MCU via ADC
and the control algorithm is programmed onto the MCU.
XBee XB24-Z77CIT-004 radios operating at a frequency of
2.4 GHz were connected to each wireless sensor node and the
control node.

B. Web Server

One of the requirements of the web server was to be
able to handle at least 3 requesting clients simultaneously.
To this end, a multithreaded webserver was implemented on
an Espressif ESP8266 module. The server is able to handle
incoming requests and serve the appropriate files, and it is
also able to handle AJAX requests. However, due to memory
limitations (instruction RAM of 64 KiB and 96 KiB data
RAM) and processing speed, the module can run out of
memory, execute kernel panic and restart. To avoid this,
the web application and mobile application are designed to
request information at 30 s intervals instead. The webpage
was written using a combination of HTMLS5, CSS3, jQuery
and the chart.js library.

C. Noise Sensor

The noise sensor is an electret microphone that is used
to measure the ambient noise. It is a CMA-4544PF-W
microphone which is omnidirectional and sensitive to
within +/—2dB over the 20 Hz-20 kHz frequency range.
A MAX9814 amplifier connected to the microphone was
configured to a gain of 40dB. The output of this sensor was
then converted to an appropriate estimation of the noise in
the environment by the software running on the sensor node’s
MCU.

D. Motion Sensing

In addition to the temperature in an office, another important
factor is occupancy. Knowing the number of people in the
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room allows better control over the HVAC system. However,
accurate determination of occupancy is challenging due to
random human behavior. Occupancy in the proposed system
was achieved using multiple sonic rangefinder modules located
at each of the entrances to the room. These sensors were
directed at the entrances, such that it is possible to detect if
a person is entering (or exiting), based on the gradient of the
readings obtained from the module. If a person is entering
a room, the module shows readings which are successively
decreasing. When a person is exiting the room, successive
readings increase in value. Thus, it is possible to count the
entry and exit of people at each entrance of the room. The
control node then collates this information into an occupancy
reading for the room.

An alternative would be to use light dependent resis-
tors (LDRs) and corresponding laser diodes at each entrance,
but this would require a lengthy installation procedure and
significant amounts of wire.

E. Light Sensor

The light sensor was calibrated to operate within a range
of 100 to 2000 lux. This range covers the majority of offices
while still meeting the required specifications for accuracy.
A CDS003 light dependent cell was connected in series to
a 10 kQ resistor, where the ADC of the microcontroller
measured the center point. The information illustrated in
Fig. 6 was taken from the cell’s datasheet and subsequently
used to calculate lux as follows.

From Fig. 6:

P; (log1,1log100) = Py (0,2)

P> (log 10,1og 18) = P, (1, 1.255)

P5 (log 100, log 3) = P3(2,0.477) (1)
Using P;1(0,2), P>(1,1.255) and P3(2,0.477), an expres-

sion of the linear relationship can be obtained with ¢ = 2.0165
and m = —0.7615. This expression becomes:

1
log (Iux) = — == log(R [kQI) + log (102-6726)

= log(R [kQ]71313%) 4 10g (470.5437)  (2)
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Finally, lux can be calculated as:

470.5437
X = R [kQ]l.3132 (3)

FE. Smoke Sensor

To provide a measure of safety, an electrochemical gas
sensor was connected to each sensor node to detect the
presence of smoke. The MQ-2 sensor was selected due to
its sensitivity, stability, long life and fast response. The circuit
schematic in Fig. 7 shows how the sensor was connected to
the MCU.

Pins A-H-A on the left hand-side were connected
to V¢c; pin H on the right hand-side was connected to GND,
and the B pins were connected to the MCU’s ADC pins.
Calibration graphs showing the relationship between R/R,
and concentrations in parts per million (ppm) were used
to detect the presence of smoke. It is noted that for this
application, the detection of smoke is more important than the
actual concentration in ppm so exact accuracy is not a concern.
The clean air factor is observed to be around 9.83kQ from the
calibration graph shown in Fig. 8.

G. Control Node

The control node serves two primary functions: it coordi-
nates all other components of the system and manages inter-
component communication. It also analyses data received from
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the wireless sensor nodes and provides an adequate signal to
the HVAC system.

The control node is equipped with Xbee and WiFi
radios. The ESP8266 module is compatible with the
IEEE 802.11 b/g/n standard and includes a 32-bit
microcontroller to provide web application processing and
hosts a webserver which can be accessed from any Hypertext
Transfer Protocol (HTTP) client. Since the ESP8266 module
handles all web processing and client connections,
the PIC32MX220 MCU functions as a dedicated processor
which executes the HVAC control algorithm.

H. Control Algorithm

The flow diagram shown in Fig. 9 describes the operation
of the control algorithm which was implemented based on the
simulation described in Section IV.B. It is executed on the
control node’s microcontroller.

The code enables the controller to activate heating or
cooling based on the detected occupancy, which is based on
the data received from the wireless sensors.

1. Mobile Application

The mobile application runs on an Android smartphone and
allows the system’s user to view the current status of the
system and control it. The user interface is shown in Fig. 10.

This app allows the user to adjust the set point, view the
history of each of the 5 sensors, and also alert the user in case
of an emergency.

6. Results and Discussion

To evaluate the system, a number of tests on each sensor
sub-system were conducted, according to experimental proto-
cols described in this Section. For the sake of brevity, tests to
evaluate the wireless connectivity of the system are omitted.

A. Smoke

The smoke sensor was configured to take readings every
2 seconds for 5 minutes. A mixture of 30g potassium nitrate
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and 20g table sugar was used to create smoke, which was
then trapped in a container. Using a syringe as an applicator,
smoke was administered directly to the sensor at varying rates.
Fig. 11 shows the readings obtained with this procedure.

The 2 large spikes (at 75 and 105 seconds) are due to the
entire Sml capacity of the syringe being released instantly,
whilst the much smaller spikes are due to lesser quantities
of smoke being released at a time. Validating the accuracy
of the smoke sensor was difficult since the reference was an
estimation of the concentration of smoke in the syringe appli-
cator. However, in this work, a binary indicator of the presence
of smoke is more important than the actual measurement of
smoke amount and it is shown that this sensor is adequate. This
MQ-2 gas sensor allows each sensor node to accurately detect
the presence of smoke in the room up to 5000ppm. Above
5000ppm, the readings become inaccurate but still provide
a binary indication of the presence of smoke.

B. Temperature

Evaluation was performed over the range of
18 °C and 73 °C. Samples for each temperature were
collected at 2 second intervals with a total sample size
of 366. Fig. 12 shows the results of this evaluation.

It is seen that temperature sensing was accurate to within
0.3 °C over the operating range of 18 °C to 60 °C, and
was always within specification. The temperature sensor was
accurate to within 0.2 °C when measuring temperatures within
the range of approximately 10 °C to 60 °C.

80
80
70
60
50

40

10

Measured Temperature ("C)

0 10 20 30 40 50 60 70 80 90
Actual Temperature (°C)

Fig. 12. Temperature sensing results.
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C. Light

An evaluation was conducted using a variety of different
levels of light exposure. A 600-lumen torch with a view
angle of 90° (45° on either side of the central beam) was
shone directly at the light sensor from varying distances.
Fig. 13 illustrates the measured light against known light at
various intensities. Due to the large range (10 lux to 14490 lux)
all values have been converted to log 10.

The light sensor reported measurements varying with an
error ranging from 15% to 27% when measuring light over
the range of 10 lux and 400 lux. This can be possibly
improved with the use of a photometer. Within a range of
10 1x to 3500 Ix, an error of between 1.33 Ix and 338.13 Ix
was observed. Outside this range, the error rate increased
dramatically to 3423 1x when attempting to measure a known
value of 14490 Ix.

D. Noise

The first test was at the center of an office in order to find
the environment’s background noise. This was found to be
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Table II. Summary of Trials Conducted on Simulink

Trial Cost using on-off | Cost using

controller (R) improved
controller

1 159 106

2 166 94

3 164 93

4 143 87

5 172 104

Average 160.8 96.8

an average of 24 dB. The actual noise levels were measured
with a commercial off-the-shelf (COTS) sensor and the results
between the 2 sensors were found to be similar, as shown
in Fig. 14.

Deviation of the measurements from the actual values is
depicted by the size of the circles around each point. The noise
results in errors between 0.3 dB and 13.42 dB. Practically, this
value is equivalent to being able to hear someone breathe from
around 1 m away, therefore it is considered a fairly good result.

E. Occupancy Detection

Occupancy detection is reliable provided one person enters
the door at a time and that they walk at a reasonable pace.
Running, walking very slowly, or walking in close prox-
imity to other people can cause the system to miscount.
More advanced approaches (like camera-based people count-
ing) can be implemented to increase the reliability of the
occupancy detection component of the system.

F. Comparison of Bang-Bang Controlled HVAC and
Improved Control Algorithm

When simulating the efficiency of the on-off controller and
the improved system, the simulations were each run for a total

of 600 time steps which equates to 250 days. Table II shows
the results of these experiments.
The percentage improvement (Imp) can be calculated as:

160.8 — 96.8
160.8

Therefore, the percentage increase in efficiency is 39.8%,
showing that the improved algorithm outperforms the conven-
tional bang-bang type of control.

Imp (%) = %100 = 39.8% )

7. Conclusion

In this paper, a proof-of-concept of a Web-based climate
control system was presented. This system relies on sen-
sor data from multiple sensors to detect temperature, noise,
light, smoke and occupancy levels. An improved HVAC con-
trol algorithm that is more advanced than the conventional
on-off scheme was simulated in Simulink, and shown to
provide an improvement of 39.8% in terms of energy
efficiency. Experiments showed that the selected sen-
sors provide data that is reliable and within requirement
specifications.

For future work, the system developed in this work will be
integrated with an HVAC system to evaluate its performance
in a realistic environment. Additionally, the history of the
system could be recorded for longer time periods. Consid-
eration should be given to a full Apache, PHP and MySQL
stack which can easily store large amounts of information.
Alternatively, EEPROM could be used for permanent data
storage on the control node.
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