Automated Sensor Technology for the Operation
of Smart Homes
Jahnavi Bavuluri

Antonio Bu Sha

jbavuluri@gmail.com

asaxb@outlook.com

David Lin

Sara Strenger

david.lin7303@gmail.com

saraxstrenger@gmail.com

Einar Magnusson*
em785@scarletmail.rutgers.edu

New Jersey’s Governor’s School of Engineering and Technology
July 27, 2018
*Corresponding Author

system is a smart house that tracks information such as which
appliances are used, when they are in use, and the location
of people in the house to determine when various appliances
should run. The IoT provides a new avenue for technological
growth, and may hold great importance in the future.

Abstract—The concept of smart home technology has become
more common in modern homes and has allowed for detailed
monitoring of many household aspects. Data collected around
the home, such as energy usage and waste produced, can be
used to make daily life more convenient and create a more
energy efficient household. The purpose of this project was to
create a series of sensors to monitor a house that functions
as an Internet of Things (IoT). This was accomplished through
the development of a temperature/humidity sensor, door motion
sensor, light sensor, and color sensor. These sensors were chosen
to monitor the characteristics of a hypothetical house, so a
program could give suggestions for conserving energy. The house
monitoring system was built out of Arduino microcontrollers and
a Java graphical user interface (GUI). The values taken from
these sensors are compiled in a central computing source which
adjusts air conditioning or sends alerts to the user based on
the data collected around the home. The sensors are also linked
through Bluetooth to create a fully functional household Internet
of Things. This sensor system aims to eliminate wasted energy by
creating an automated system to efficiently regulate the climate
of the home.

B. ARDUINO BOARD
Arduino is an open-source electronics platform that is based
on user friendly hardware and software. It is used as the basis
of most hardware-software projects due to its flexibility. The
Arduino unit is often paired with a circuiting platform called
a breadboard, which is a board with metal connectors that
allow for quick, temporary circuit connections. Arduino boards
are microcontrollers, small programmable computers that can
be easily connected to electronic components. They can be
programmed to detect changes in voltage from sensors, or
to deliver voltage to different electrical components, such as
light bulbs or motors. The Arduino has countless applications
depending on what type of information it receives and how
it is programmed to respond. The Arduino UNO, one of
several commercially available Arduino models, served as the
foundation for this project.
The Arduino unit communicates with the computer through
a communications (COM) port. Since most modern computers
no longer contain COM ports, most Operating Systems contain
virtual COM ports, which are linked to memory locations tied
to the port number.

I. BACKGROUND
A. THE INTERNET OF THINGS
The Internet of Things (IoT) is a system of small interacting
computers incorporating four components: sensors, connectivity, data processing, and a user interface. In the Internet
of Things, an array of simple sensors collect data from their
surroundings and send it to a single, central computer. Based
on this data, the computer then makes a series of decisions.
Some IoT systems include a user interface that allows a user
to directly interact with the data and sensors while others are
designed to function independent to user input.
Today, the Internet of Things is used in many aspects of
technology and business. One example of a commonplace IoT

C. ARDUINO SOFTWARE
Arduino boards utilize their own unique programming language, similar to the widely known language of C++. Using
the Arduino integrated development environment, code is
compiled and loaded onto the board to be run. This code
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any device as long as it is equipped with a Java Virtual
Machine (JVM), which executes programs after compiling
them into Java bytecode. Java includes a large database of
libraries which can be called by Java programs when they are
run [3]. These libraries provide a variety of helpful classes and
functions to use when programming.
F. ARDUINO-JAVA COMMUNICATION
In order to link Arduino and Java, the external library,
“jSerialComm,” is used. “jSerialComm” links Arduino and
Java to enable two way communication [4]. The library allows
the data from the COM port of the Arduino to be imported
directly to Java through an input stream using a Scanner.
Additionally, this library allows Java to send information to the
COM port of the Arduino using a printWriter class, allowing
for two way communication across the interfaces.

Fig. 1. DSD-Tech HC-05 [5]

instructs the microcontroller which ports to check for input
and how to respond. The versatility of the software allows for
the Arduino to take many possible actions. The Arduino can
be connected to almost any wired sensor, and can output data
or commands to any wired actuator.

G. JFRAME
JFrame is a Java library used to create a GUI. The commands in this library can be used to produce windows on the
computer. These windows can contain any information located
in the Java program.

D. BLUETOOTH MODULE
Bluetooth is an essential aspect of the IoT smart house
because it relays data from the Arduino boards to a computer.
Bluetooth is radio wave technology that enables wireless
short-distance communication. Bluetooth waves are industrial,
scientific, and medical (ISM) radio bands that have 79 different frequencies centered around 2.4 GHz. [1] Not only do
Bluetooth devices use little energy, but Bluetooth waves also
do not interfere with one another because they are of different
frequencies. Furthermore, Bluetooth devices can automatically
detect one another, allowing for up to eight Bluetooth devices
to communicate with each other at once.
In this project, the DSD-Tech HC-05 Bluetooth module
was used to wirelessly connect the Arduino to the central
computer [2]. There are two main modes on the HC-05
module: default “Data” mode, in which the module is able
to send and receive data, and “AT-Command” mode, in which
the module’s core settings can be altered. On the module, there
are eight main components, which can be seen on Figure 1.
The EN pin toggles the module between “Data” mode and
“AT-command” mode, designed for communications between
multiple Bluetooth chips. The VCC pin powers the module and
is typically connected to 5V and the GND pin is grounded.
The TX pin transmits serial data to other Bluetooth devices
while the RX pin receives serial data from other Bluetooth
devices. The “state” pin can be used to check if the Bluetooth
is functioning properly. An LED illustrates the status of the
Arduino: a module in “AT-command” mode blinks every 2
seconds, a module waiting for connection blinks rapidly, and
a module that is successfully connected blinks twice every
second. Additionally, the button on the module toggles the
EN pin between “Data” mode and “AT-command” mode.

H. FUNDAMENTAL ACTUATORS
1) Light Emitting Diode (LED): A light emitting diode
functions by only permitting the flow of electrons in one
direction. This is accomplished by placing two semiconductors (materials that can become conductors through chemical
processes) adjacent to each other. Since the semiconductors
have opposite charges, if electricity tries to flow one way, the
process that made the material a semiconductor is reversed.
This prevents the flow of charge.
2) Active Buzzer: A buzzer is a type of electrical component that produces noise when provided electric charge. An
active buzzer contains the circuitry to convert direct current
into sound waves.
I. FUNDAMENTAL CIRCUIT COMPONENTS
1) Resistor: A resistor is a circuit component that decreases
current flow by forcing the electricity through a wire with high
resistance. This causes a significant proportion of the electric
energy to be converted into heat, leading to a net voltage drop
in the wire.
2) Photoresistor: A photoresistor is a resistor that changes
its resistance in response to changes in the wavelength of light.
The greater the intensity of light, the more the resistance of
the photoresistor drops. Similarly, in darker surroundings, the
resistance of the photoresistor rises.
3) Thermistor: A thermistor is a resistor that changes its
resistance in response to variation in surrounding heat. The
greater the temperature, the lower its resistance. The thermistor
is made of metallic oxides that are pressed into a bead and
then encased in epoxy [6]. In a thermistor circuit, the Arduino
measures the voltage between a thermistor and a 100kΩ
resistor, which creates a voltage divider. To calculate the
resistance of the thermistor, Equation 1 was used.

E. JAVA
Java is an object oriented programming language used for
general computing. The language is highly compatible across

Rt = Rr ∗ (V i/V o − 1)
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(1)

In this equation Rt is the resistance of the thermistor, Rr is the
resistance of the known resistor, Vi is the input voltage (5V),
and Vo is the voltage between the thermistor and the known
resistor. After Rt is calculated, the Steinbeck-Hart Equation
(2) is used to determine the temperature.
1/T = a + b ∗ ln(Rt) + c ∗ ln3 (Rt)

II. PROCEDURE
A. DESIGNING THE IOT SYSTEM
The preliminary research focused on the energy and money
wasted by many home climate-control systems. As mentioned
before, air conditioning systems utilize a large percentage
of the energy produced in the United States. This project
developed a temperature and humidity sensor in an attempt to
combat this issue. The mechanisms of this system facilitate an
efficient household by regulating indoor temperature based on
outside conditions. By taking outdoor conditions into account,
the system can work to maintain a user defined temperature
through both cooling and natural air circulation.
To further save energy in climate-control systems, a door
monitoring sensor was implemented. This sensor can be used
to stop cooled air from leaving the home and continue to help
reduce energy usage. The purpose of this sensor is to alert
the user if a door is open for an extended amount of time.
The sensor can be placed on any door but preferably on one
which opens to the outside. Placing the sensor on a refrigerator
door is also a viable option as research shows that opening
refrigerator doors can waste anywhere from 50 to 120 kilowatthours a year. Wherever the sensor is placed, the ultimate goal
is to alert the user when they should close the door to save
energy.
Similar to how energy is wasted on air conditioning in
the United States, the lighting in American households also
leaves a large economic and environmental footprint. To lessen
this impact, a light sensor was incorporated into the smart
home system. The sensor detects surrounding levels of natural
light and adjusts the brightness of LED lights to reach a user
defined brightness. When there is less natural light present,
the LEDs are stimulated to be brighter; when there is more
natural light, the LEDs dim down. Most households tend to
have a single brightness setting that can lead to unnecessary
energy consumption when paired with natural lighting. With
this sensor, that cost can be eliminated as only sufficient
lighting will be used.
Keeping with the smart home theme, the system also
includes a color sensor. While the color sensor is only a
prototype as of yet, it will soon be fully incorporated into the
system. This sensor can accurately detect colors and return the
red, green, blue (RGB) and brightness (alpha) values as well
as project the color on a GUI. The user can then use the RGB
and alpha values to find or replicate the exact color if need
be. In a practical application this sensor can be used to match
paint or decorations around the home.

(2)

In Equation 2, a, b, and c are unitless constants of
0.001129148, 0.000234125, and 0.0000000876741, respectively, for this specific type of thermistor used. In addition,
Rt is the thermistor resistance (Ω), and T is the temperature
(◦ C). The Arduino then transmits this constantly-updating
temperature to the computer via Bluetooth which will be
displayed on the GUI.
4) Capacitor: A capacitor is a circuit component that is
made up of two metal plates, which are separated by a partially
conductive material, called a dielectric. Voltage builds up on
one of the plates until there is enough for the charge to transfer
to the other side. This produces a changing voltage.
5) Humidity Sensor: Many humidity sensors are special
types of capacitors, with air between the metal plates. A
humidity sensor takes advantage of the fact that the relative
humidity of the air changes the dielectric relative permittivity
(r ), as defined in Equation 3,
s = r ∗ o

(3)

where s is the permittivity of the capacitor and o is the
permittivity constant: 8.85 ∗ 10−12 F/m. Then, Equation 4
C = s ∗ A/d

(4)

would be applied, where C is the capacitance of the capacitor
(F ), A is the area of the metal plates (m2 ), and d is the
separation of the plates (m).
For this project, DHT11 humidity sensors were used. This
project uses the formula in Equation 5 to calculate relative
humidity, where ρw is the density of water vapor, ρs is the
density of saturated water vapor, and RH is relative humidity
(%).
RH = ρw/ρs ∗ 100%
(5)
J. ENERGY EFFICIENCY
According to the United States Department of Energy, air
conditioning (AC) uses around 6% of all annual electricity and
costs about $29 billion in the United States [7]. In addition to
its financial burden, AC also creates approximately 117 million
metric tons of carbon dioxide every year. Homeowners often
waste energy on air conditioning by setting their temperature
to a value that is either inefficiently high or low. The effect can
be mitigated through careful tracking of the temperature inside
and outside of the house. Some AC systems monitor indoor
temperatures to prevent indoor over-heating/cooling, but few
monitor outdoor temperatures. In the case where a user wants
to warm up a cold house when it is warm outside, or vice
versa, instead of using the heater or AC, a program monitoring
the outdoor temperature can instead circulate air from outside,
saving money and energy.

B. ELECTRONIC SETUP
The Miniature Internet of Things is built primarily using
Arduino boards and circuit components, and is linked to a
computer via Bluetooth. The information transmitted from the
Arduino boards is compiled and displayed using Java. The
sensors are set up using breadboards for the electrical wiring
components of the sensors. Multiple circuit components like
reed switches, LEDs, and buzzers are in series with resistors to
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Fig. 4. Board 3: Door monitoring system and color sensor.

expose it to a strong magnetic field, creating a closed circuit.
This closed circuit set pin 8 to HIGH, signaling to the software
a closed door. Alternatively, when the reed switch was left
open, pin 8 was set to LOW, representing an open door. When
the door was left open, the Arduino board also sent a HIGH
signal to pin 11, which was connected to an active buzzer. The
buzzer served to alert the user of the open door; however, the
buzzer was programmed to sound only 10 seconds after the
door was opened as not to irritate the user. When the door was
closed, the Arduino set pin 11 to LOW, silencing the buzzer.

Fig. 2. Board 1: Temperature sensor, humidity sensor, and reed switch.

D. CONFIGURING THE TEMPERATURE AND HUMIDITY
SENSOR
The temperature sensor circuit, as shown in Figure 5, was
built using a 10kΩ resistor and a thermistor that was connected
to analog pin A1 in series. In addition, the humidity sensor
circuit consisted of the 3-pin DHT11 humidity sensor, in which
the signal pin was plugged into digital pin 11, the VCC pin
was connected to 5V , and the GND pin was grounded on
the Arduino. Since the thermistor in the temperature sensor
only returned voltage values based on changes in the air, the
sensors had to be calibrated. This was done by creating a table
of values, and then comparing each returned temperature to
the thermistor resistance and creating a function. The graph
shown in Figure 6 illustrates the function used to determine
temperature (◦ F ) from the resistance of the thermistor.

Fig. 3. Board 2: light sensor, temperature sensor, and humidity sensor.

prevent circuit breaks caused by an overabundance of current.
Power is supplied with an Arduino 5V port, and results are
tracked with analog and digital in ports. In addition, this
project designed three main Arduino boards. The first Arduino
board, shown in Figure 2, consists of a door monitoring
system and temperature/humidity sensor. The second Arduino
setup, shown in Figure 3, consists of the light sensor and
temperature/humidity sensor. The final Arduino board, shown
in Figure 4, is placed in a wooden box with a lock and consists
of a door monitoring system and a color sensor.

E. DESIGNING THE LIGHT SENSOR
The light sensor circuit consisted of a 10kΩ resistor, a
10kΩ photoresistor, and six blue LEDs in parallel, as shown
in Figure 7. The Arduino uses the analogRead() function to
extract photoresistor readings ranging from 700 (extremely
bright) to 1018 (extremely dim) to analog pin A0. The light
sensor uses the analogWrite() function to continually adjust
the brightness of the LEDs connected to pin 3 until the
photoresistor readings fell within 5 of a target value chosen
by the user. The target value is chosen from 10 different levels
of brightness and is equivalent to equation 6

C. DESIGNING THE DOOR MONITORING SYSTEM
The door monitoring sensor was designed using a reed
switch. When installed, the switch was fixed to a a door frame
in line with a small magnet attached to the door. When the
door was closed, the magnet was close enough to the switch to

V = 1018 − 31.8 ∗ userInput

(6)

where ”userInput” is the value chosen by the user from 1 to
10. The LEDs convert voltage values ranging from 0V to 5V

4

Bluetooth to the board, the module seen in Figure 1 was wired
into the Arduino circuit - the VCC pin of the module connected
to the 5V pin of the Arduino, the GND pin of the module
to the GND pin of the Arduino, the TX pin of the module
connected to the RX pin of the Arduino, and the RX pin of
the module connected to the TX pin of the Arduino. Next, an
LED controller application was installed on an Android phone
that was paired with the HC-05 through Bluetooth. Finally,
code was uploaded onto the Arduino that allowed “On and
Off” buttons on the LED controller application to alter the
light intensity of the LED on pin 13.
Bluetooth connection was turned on for the central processing computer, and the computer was paired with Bluetooth
modules after selecting “add a device” and entering the
passcode.
Fig. 5. Circuit diagram for the temperature and humidity sensor.

G. CREATING THE GRAPHICAL USER INTERFACE
To create a GUI in Java, the program extends the class
JFrame. Using the methods and commands available in
JFrame, the program displays the status of the indoor and
outdoor temperature sensors as well as lighting and door
sensors. The interface also included three JTextFields (text
boxes) which allow the user to input desired temperature,
humidity, and brightness level. The GUI, as shown in Figure 8,
displays indoor and outdoor temperatures and humidities, the
air conditioning status (on/off) and door statuses (open/closed)
using the data from sensors around the house. Each value is
updated every half second to keep the data current.

Fig. 6. Graphical relationship between temperature and resistance in the
temperature and humidity sensor.

to eight-bit integers ranging from 0 to 255. However, when the
LED reading rose above 160, changes in brightness were no
longer visible to the human eye; thus, the maximum brightness
value for the LEDs was 160. When the photoresistor reading
was greater than the target value, the LED brightness was
increased by increments of 2. Likewise, when the photoresistor
reading was less than the target value, the LED brightness was
decreased by increments of 2, until it reached 0.
Fig. 8. Graphical User Interface

F. IMPLEMENTING BLUETOOTH CONNECTION

In order to create a direct exchange of information between
the various Arduino boards and Java, the program utilized the
jSerialComm library. Each Arduino board within the program
had an individual Scanner, an object in Java which can read
imported data, and printWriter, an object in Java which can
send outgoing data. From the jSerialComm library the method
getOutputStream() was used to send data to the Arduino and
getInputStream() was used to receive data. In order to keep
the information displayed in the interface contemporary, the
“main” portion of the program contained an infinite loop
calling to the method “update().” With each call to update(),
each piece of data was updated to the most recent reading
available from each sensor. The program includes a timestamp

The Bluetooth module DSD-Tech HC-05 was used to connect the Arduino to the computer via Bluetooth. To connect the

Fig. 7. Circuit diagram for the light sensor.
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using the libraries Date and SimpleDateFormat to show the
user the time of the most recent update.
After collecting the incoming data from each Arduino board,
the program then made a series of decisions. In respects to
climate, the program determines whether the air conditioning
should be on or off. If the outdoor temperature or humidity
rises above the desired temperature/humidity set by the user,
the air conditioning is turned on and the GUI sends an alert
to the user to close the windows of the house. Similarly, if the
temperature drops to or below the temperature set by the user,
the program turns off the air and sends an alert to the user to
open the windows of the house. The full range of settings can
be seen in Figure 9.
Fig. 11. Color Sensor Layout

Temperature
Above
Temperature
Below

Humidity
Above
on

Humidity
Below
on

Not Specified

on

off

off

sensor was then given a black rim 1.5 cm in depth as an
enclosure against external light.
The values from each photoresistor were read using analog
pins from the nodes indicated as A0, A1, A2, and A3 in
Figure 10. These values were then converted into a value
from 0 to 255 to conform to Red Green Blue (RGB) format
using the Color library in Java. The color function used in
the program also took into account the alpha value, which
was also registered as a number from 0 to 255. To calibrate
the color sensor, pure red, green, and blue were all read and
the values from each pin were recorded. In order to convert
these values to a number compatible with RGB color codes
Equation 7 was used

on

Fig. 9. Air conditioning decision making process

In addition to regulating the climate, the sensor system
displays the status of two doors of the users choice, and
lighting. The GUI shows whether each door is open or closed,
showing a time stamp if the door has been left open. The
program also allows the user to set a desired brightness level
ranging from 1 to 10, using the printWriter() function to
send the value out to the Arduino board, and displaying what
percentage of energy is being used on the interface.

v = (C − x)/dC ∗ 255

(7)

where C is the value read when the photoresistor senses its
own pure color and dC is the difference between the value
of the pure color and the average of the two readings for that
sensor when scanning the other two pure colors. For example,
to calibrate red, C would be equal to the value recorded when
scanning red and dC would be the difference between C and
the average of the values read when that photoresistor sensed
green and blue.
The color read from the sensor was displayed to the user
through a button in the GUI labeled ”Start.” When turned on
by the user, the color of the button was continuously updated
to match the RGB values read from the sensor. When pressed,
the button switches the value of a boolean within the program
called start. This boolean corresponds to an “if” statement
within the update() method mentioned in section G. When
start is true, the program updates the color read by the sensor
in addition to all other data in the display. When the boolean
reads false, the color sensor is effectively “off” and the color
read by the sensor is not acknowledged by the display.

H. DESIGNING THE COLOR SENSOR
The color sensor is comprised of photoresistors, resistors,
and an LED, linked in parallel, as seen in Figure 10. In
order to create the sensor, the circuit was soldered to a circuit
board and wrapped in black tape to block any outside light
from reaching the color being read. The color black is crucial
because it absorbs any light that could interfere with sensor
readings. Next, red, green, and blue colored filter papers were
placed over one photoresistor each, to create sensors for each
individual color as seen in Figure 11. The filter allowed only
a specific color of light to pass through, allowing for each
photoresistor to record the value of only red, green, or blue
light. There was one photoresistor without any filter paper to
read the brightness, or alpha value, of the color as well. The

III. RESULTS
A. GENERAL RESULTS
This project resulted in the creation of an operating smart
house using the Internet of Things, that was built using several
Arduino boards. Together, the components were connected

Fig. 10. Circuit diagram for color sensor.
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to form a smart house system that executes actions based
on sensor readings and data processing done by the central
computer. The sensors built include ones to detect the light
levels in a room, detect if a door is open or closed, and check
the inside and outside temperature and humidity. The Arduino
units are connected to a computer, and the information is
displayed through a Java program. The program successfully
determined if the air conditioning inside the home should be
turned on or off based on the discrepancy between the indoor
and outdoor climates and the user requested temperature and
humidities. The sensor also successfully detected and alerted
the user when doors were left open to stop cool air from
exiting the room. Furthermore, the system created a light
sensor that maintained a user defined brightness, which was
communicated to the Arduino through Java as a user defined
parameter.

T1

T2

T3

T4

T5

Color

Black

Red

Blue

Green

White

Experimental R

10

255

8

11

255

Experimental G

15

0

5

249

255

Experimental B

0

0

246

4

255

Actual R

0

255

0

0

255

Actual G

0

0

0

255

255

Actual B

0

0

255

0

255

Avg Difference

25/3

0

22/3

7

0

Fig. 12. Color sensor testing results.

B. SENSOR USAGE RESULTS
At the conclusion of the building process, the color sensor
was tested to measure accuracy. Five trials were ran in which
the sensor displayed RGB values when held up to a certain
color. The sensor was held up to pure black (0, 0, 0), red (255,
0, 0), blue (0, 0, 255), green (0, 255, 0), and white (255, 255,
255) colored papers. The returned values were then compared
to the actual RGB values by calculating the absolute difference
between the experimental and actual values and then averaging
the R, G, and B absolute differences to find the average
absolute difference. This data is illustrated in Figure 12. As
shown in the table, the color sensor detected colors with
reasonable accuracy. Often times, the photoresistors were not
able to return the exact RGB values not only due to the
relatively low quality of the colored filter paper in the color
sensor, but also due to the fact that the actual colors of
the paper used for testing were not completely pure colors.
However, not only was the average absolute difference 0 for
red and white, but the average absolute differences of 25/3,
22/3, and 7 for black, blue, and green, respectively, were still
relatively close to 0, which demonstrates that the color sensor
was reasonably accurate and could properly serve to detect
correct shades of color.
The door sensor was very accurate, immediately detecting
changes in the state of the box. The sensor also consistently
notified the user by beeping after ten seconds if the box was
left open for too long.
The temperature and humidity sensors were tested for
accuracy over five trials as seen in Figure 13. When collected
values for temperature and humidity were compared to data
from local weather stations, the average percent error was
calculated to be 2.6%. This demonstrates the degree of precision of the sensors and ensures that the sensors will create
an energy efficient home by accurately reading indoor and
outdoor temperatures.
The light sensor was mostly accurate in matching the current
light level of a room to user input. Varying levels of power
were provided to the LEDs dependent on the discrepancy between user input and the data from the photoresistor. Although

Fig. 13. Recorded vs Accepted Temperatures and Humidities and the percent
error.

it sometimes took more than twenty seconds for the LEDs to
reach the target brightness for user inputs ranging from 7 to
10, the LEDs were able to precisely brighten/dim until the
photoresistor reading fell within 5 of the target value.
C. FINAL PLACEMENT OF SENSORS
Figure 14 is a realistic representation of where the sensors can be placed in a house. Sensor 1 refers to the door
monitoring sensor. In this diagram, this sensor is on the
refrigerator but it can also be placed on any door that opens
to the outside to minimize wasted energy. Sensor 2 refers
to both the temperature/humidity sensor and the light sensor.
The temperature sensor can be placed anywhere in the room;
however, the light sensor needs to be near a light source to
control the brightness based on inside lighting. Lastly Sensor 3
refers to the temperature/humidity sensor that is placed outside
to collect outside temperatures and correlate that with the
sensor inside.
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an IoT by functioning as a liaison between the sensors and
the central computer.
B. FUTURE PLANS AND IMPROVEMENTS
With extra time and more resources, a major improvement
would be to use materials such as acrylic glass and plastic to
create 3D-printed enclosures to cover up and protect sensor
hardware. In addition, adjustments such as modifying the
light sensor to instantly control the brightness of commercial
light bulbs instead of LEDs could be resolved. The humidity
and temperature sensor monitoring system could also be
altered to adjust the air conditioning without user presence.
A logical extension of this project would include adding
additional sensors such as smoke detectors, noise sensors, and
touch sensors to allow the computer to make more informed
decisions and improve the quality of household features. In
addition, the wireless data transfer could be improved. Using
WiFi communication instead of Bluetooth would increase the
distances over which the sensors can communicate. This way,
the sensor system can be spread across greater distances and
relay data at a faster rate.

Fig. 14. A possible placement of sensors. [8]

D. SHORTCOMINGS AND LIMITATIONS
Initially, the IoT blueprint included a homemade humidity
sensor, using two parallel metal plates to create a capacitor. However, the issue with this setup is that the relative
permittivity of 100% humid air and 0% humid air was too
similar (10−12 units) to notice a significant difference between
different circuit capacitances, and thus, voltage drops. This
requires much more sensitive equipment than covered in the
project budget - resulting in the implementation of a DHT11
humidity sensor instead. This shortcoming is currently being
studied for future implementation. Similarly, the original plan
for the light sensor involved an incandescent bulb to simulate
changes in light intensity for the indoor light source based
on the surrounding conditions. However, a voltage amplifier
would be necessary to power the incandescent bulb. Because
the materials did not include a sufficient number of amplifiers,
a board consisting of 6 blue LEDs was used to simulate the
indoor light source instead. While the LEDs are generally
sufficient in illustrating brightness changes, it becomes increasingly difficult to notice a significant change in brightness
with the human eye past a certain threshold.
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IV. CONCLUSION
A. OVERVIEW
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as display the exact color of objects. Moreover, the sensor
system is an inexpensive option to regulate housing conditions.
The individual sensor components such as thermistors and
reed switches are simple to use and inexpensive, but when
combined together, help form a practical system. Even the
Arduino unit, the most expensive part, is only about ten
dollars. The versatility of the Arduino units makes them easy
to use as a part of a larger communications network, forming
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