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Abstract— This paper describes the experience of a team
of two undergraduate students and one graduate student
to design and implement an Internet of Things (IoT)-based
research project in a final year capstone project class at
Kennesaw State University. The Internet of Things involves
connecting physical objects to the Internet, which pro-
vide opportunity to build intelligent systems and applica-
tions by leveraging Radio-Frequency Identification (RFID),
Near Field Communication (NFC), Wireless Sensor Network
(WSN), and universal mobile accessibility advanced tech-
nologies. In this case study, the office/lab chairs are pro-
posed to connect to the internet. During the one semester’s
capstone project class, the proof-of-concept implementation
(i.e., connecting one chair to the internet) is completed.
To be specific, an assembled Ardunio system is responsible
for scanning user ID and obtaining chair occupancy status
and then sending that information to the cloud server. The
collected and stored data on the cloud can be retrieved and
displayed on an Android application.

Nowadays, the undergraduate degree program has grad-
ually evolved to include research projects in the capstone
project class. Moreover, there is a growing need in our
local industry for graduates with research skills in advanced
technologies. This Internet of Things case study shows a
good example of learning advanced technologies during the
research process so that students can keep pace with the
rapid rate of change in computer science.

Keywords: Internet of Things, Capstone Projects, Agile Software
Development, Ardunio Boards, Cloud Services, Mobile Applica-
tions.

1. Introduction

Capstone projects are culminating experiences situated in
the final year of an undergraduate students college curricu-
lum and are designed around students demonstrating mastery
of both content and application of relevant subject matter.
In computer science, project-based learning model is often
adopted in Capstone projects, which focus on developing
case-specific problem understanding to create feasible so-
lution options [1], [2]. In a project-based learning model,
professional project-managements approach provides steps
and tools to structure and support students’ work. Nowadays,
a growing proportion of such capstone projects undertaken at

Kennesaw State University (KSU) have had a research focus,
since KSU changed its status to comprehensive university in
August 2013. Except for facilitators, the role of instructors
extends to include proactive guidance of students in the chal-
lenging process of constructing not only new understanding
but also developing feasible solutions in capstone research
projects. This case study’s smart chair system describes one
such research project which connects office/lab chairs to the
internet. The data of who occupancy the chair, and occu-
pancy time duration will be collected and stored in the cloud
server. The stored data can be accessed by authorized users at
anytime anywhere. Moreover, the analyzed data can be used
in various commercial/educational systems such as resource
management, tutor time tracking management, students at-
tendance checking, dynamic ticketing, and so on. Because
of the time limitation, agile software development method-
ology [3] are adopted in this capstone research project.
Agile methodology is described as iterative and incremental
"inspect-and-adapt" approach, which provides opportunities
to assess the direction throughout the development life-
cycle. Every aspect of development, such as requirements,
specification, design, etc. is continually revisited, so that
agile methodology greatly reduces development costs and
time [4].

The effective management of classrooms, halls, offices,
and public spaces in any organization and the efficient
and effective deployment of an organization’s resources
when they are needed are challenging problems. How to
automatically record the activities undertaken and monitor
resources usage inside rooms in real-time is usually intricate.
The smart chair system described in the paper tries to
solve the problem by applying Internet of Things techniques
[5]1, [6], [71, [81, [9], [10], [11] to create an intelligent
environments or decision making environments [12], [13]
to facilitate the use and management aspects of our daily
life. Taking students’ attendance monitoring systems as a
motivational example, in the past, instructors had to call
the names of students or the students had to sign their
names on the attendance check sheets. The former is a time
consuming process, while the latter is unreliable and the
attendance sheets could be lost or damaged. Subsequently,
facial and voice recognition methods are proposed to verify
the identity of students. Recently, Radio-Frequency (RF)
communication based methods [14], [15] and smartphone
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based methods [16], [17] are extensively investigated. The
former has some limitations to cover the whole area of a
classroom by applying Near Field Communication (NFC) or
Bluetooth technologies; while the latter requires the students
click on smartphones. Different from the aforementioned
techniques, the smart chair system can automatically check
whether the chair is occupied or not by using remote sensing
technologies. Moreover,the identification of the students can
be automatically collected by using RFID technologies.
Additionally, the lateness or leave-early information can be
analyzed by integrating timestamps. Furthermore, the smart
chair system has brilliant commercial prospects, which are
helpful to build intelligent resource management systems,
intelligent dynamic ticketing systems, etc.

Through successfully implementing the smart chair proof-
of-concept research project, the students got familiar with the
process of conducting research, which includes developing a
research project; conducting a literature review; investigating
appropriate methods and tools to implement the research
project; making oral presentation of the application of the
research project; and writing technique manuscript of the
research findings. Moreover, this research project provides
students with the opportunity to apply the knowledge and
skills acquired in their courses to a specific practical prob-
lem; extend their academic experience into working with
new ideas and learning new advanced technologies; demon-
strate their proficiency in written and oral communication
skills; extend and refine their knowledge and skill in the
realization of their personal and professional goals.

The rest of this paper is organized as follows: In Section
2, the system architecture is specified. In Section 3, we
describe the actual design and implementation of the smart
chair system. Finally, the paper is concluded in Section 4 as
well as the future work directions.

2. System Architecture

The smart chair system is based on a network of connected
sensors embedded on the physical chairs to collect infor-
mation, which is governed by the functionality of Internet
of Things. All the collected information are uploaded to
the cloud server so that any application can take advantage
of data anywhere anytime when necessary. In this capstone
project, we implemented the proof-of-concept experiment on
a single chair. Later, we will extend it to a connected smart
chair system. This project has three major components which
include:

o The "thing": the chair ID and its occupancy state are

stored in the cloud via Ardunio Yun [18].

o The cloud server: ThinkSpeak [19].

o The mobile application: the chair occupancy state and
the user information can be displayed and monitored
through mobile application.

The overall architecture of the smart chair system is

described in Fig. 1. As shown in Fig. 1, RFID reader
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can automatically read the user’s identification (denoted
by UID) and passes it along to the Arduino ATmega32u4
microcontroller. The custom program checks if the pressure
was applied to the pressure resistor. If the pressure applied
is more than twenty pounds, the program then passes the
timestamp to the Atheros AR9331 microcontroller through
the bridge library [20]. Finally the bridge library issues a
HTTP POST request to the ThingSpeak API [19] along with
the UID of the scanned RFID card.

HTTP PGST e e GHPOEL

Cloud

Arduine Yun f

ThingSpeak.com Android Application

( ARI3IZLWIFI )
RESTFul API

SCAN Channel USER Channel

Card scanned

RFID Reader

Fig. 1: Smart Chair System Architecture.

Moreover, the Android application is also developed to
let administrators or other interested users monitor when
or who has scanned his card and sat on the chair. The
overview of the Android architecture is also illustrated in
Fig. 1. The Android application issues an HTTP GET request
to ThingSpeak’s JSON feed. Each HTTP GET request is
authenticated against an API key (more details will be
mentioned in the next section). When submitting a HTTP
GET request, the API key must be included in the URL
string. Finally, the retrieved data will be displayed on the
Android application.

In more detail, the data flow of the whole system is
summarized in Fig. 2. First RFID scan is performed and
the card UID is read and transferred to the Arduino micro-
controller, then the program on Arduino transfers the data
to the AR9331 chip with bridge library. AR9331 being a
WiFi chip submits a HTTP POST request to the RESTFul
API of the ThingSpeak.com. Likewise in order to display the
latest scans, Android application submits HTTP GET request
to the RESTFul API and fetches the data in JSON format.
Finally Android application parses the JSON and displays
the latest scans.

3. System Design and Implementation

In this section, we will mention the details to design and
implement the smart chair system. Before we move to the
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Fig. 2: System Data Flow Diagram.

technical details, the system requirements are summarized

and listed in Table 1.

Table 1: Smart Chair System Requirements

Requirement

Description

Read RFID tag
UID with reader

Write Arduino program which will read the UID
off the RFID tag when in close proximity

Sense when pres-
sure is applied

Connect pressure resistor and write correspond-
ing program which detects when pressure is
applied

Program
indication lights

Implement LED indication lights in the program
to know the system status

Find and config-
ure [oT restful ser-
vice to store data

ThingSpeak chosen as backend for the project.
Corresponding USER and SCAN channels will
be configured to store data.

Send the UID data
to ThingSpeak

Write Arduino program which will send the UID
data to ThingSpeak channel. Yun Bridge library
is used for HTTP POST requests.

Implement Login
screen

Login screen will be implemented on Android
application to authenticate users

JSON Parser

A JSON parser will be written to parse the JSON
data returned from ThingSpeak channels.

Develop Android
Client

Android application will be developed to view
the latest scans performed.

o Pressure Sensor: Interlink 402 pressure resistor was
chosen to detect if a person is currently sitting on a
chair.

o Miscellaneous: Three LEDs (Red, Green and Blue)
were used to indicate the status of data transmission
or the success of card read. Three 180 ohm resistors
were used for LEDs and one 10k ohm resistor was
used for pressure sensor.

AR9331 Linux

Ethernet =

.| ARDUINO
§

i
Prog. Micro USH————
Micro SD

Button | ATmega 32U4 Linino Reboot Button

Fig. 3: Ardunio Yun Board.

4

Next, we are ready to illustrate the system implementation
details.

3.1 Hardware

Fig. 4 shows all the hardware components which are
assembled with Ardunio Yun (shown in Figure 3):

o RFID Reader: SainSmart RC522 RFID reader was
chosen for reading UID off user’s RFID cards. RC522
is easy to connect to Arduino, since a library [21] was
already written to communicate with the reader through
Ardunio Serial Peripheral Interface (SPI) bus [22].

Fig. 4: Hardware Components of Smart Chair System.

The unassembled system and fully assembled system are
shown in Fig. 5 (a), and (b) respectively.
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displayed in Fig. 6 (c).

(d)

Fig. 5: (a) Unassembled System; (b) Assembled System.

3.2 Reading and Processing Data

The assembled smart chair system has three LEDs, which
indicate success or failure of data transmission. As we
already mentioned, the system will read UID through RFID
reader and the pressure through pressure sensor. If the sensed
pressure is greater than twenty pounds, the corresponding
timestamp will be collected. As shown in Fig. 6 (a), the
red colored LED indicates that the scan was unsuccessful
or not enough pressure was applied to the pressure sensor.
Fig. 6 (b) shows the blue colored LED is turned on, which
indicates that enough pressure was applied and UID was
successfully read. Finally the green colored LED indicates
that data transmission to the ThingSpeak was successful as

Fig. 6: LED Indications in Smart Chair System: (a) RED
indication; (b) BLUE indication; (c) GREEN indication.
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3.3 Data in the cloud

Whenever there is a successful scan with enough pressure,
the UID and timestamp data will be sent to ThingSpeak.
ThingSpeak uses a concept of "channels", where each chan-
nel can be configured with different labels to hold different
kinds of data. Our system is configured with two channels.
The first channel named "USER" holds user information,
while the second channel named "SCAN" holds the data
related to RFID card scan. For "USER" channel we have
labeled eight fields indicating card key, name, gender, email,
phone number, major, address and faculty status of a user
as shown in Fig. 7.

(] ThingSpeak =

"channel": {

"id": 27566,

"name": "USER",
"fieldl": "card_key",
"field2": "name",
"field3i": "gender",
"field4": "email",
“field5": "phone”,
"fields": "major",
"field7": "address",
"field8": "isfaculty",

"created_at": "2015-02-23T@1:31:52Z",
"updated_at": "2015-03-17T14:12:14Z",

"last_entry_id": 2

»
"feeds": [

"created_at": "2015-83-17T14:11:15Z",

“"entry_id": 1,

"field1l": "E3 CC 50 CE",
“field2": "Amir Atabekov",
"field3": "Male",

“field4": “"sample@gmail.com"”,
"fields": "222-777-2187",
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"field6": "Computer Science",
“field7": "1501 Miramar St, Valdosta, GA, 316e2"
"field8": "No"
}J
{
"created_at": "2815-83-17T14:12:14Z2",
"entry_id": 2,
"field1": "94 CB 59 CB",
“field2": "Selena He",
"field3": "Female",
"field4": "sample@gmail.com",
“fields": "222-777-0808",
“field6": "Computer Science",
"field7": "1@@ Chastain Rd, Kennesaw, GA, 381e2",
"fields": "Yes"
}

Field 1 card_key remove field
Field 2 name remove field
Field 3 gender remove field
Field 4 email remove field
Field 5 phone remove field
Field 6 major remove field
Field 7 address remove field
Field 8 isfaculty remove field
Sauechmuuﬂ.

Fig. 7: USER Channel Creation Screen on ThingSpeak.

The "SCAN" channel holds only one label named "UID"
along with the default label indicating timestamp. The rea-
son is that we don’t need to hold any extra information,
which can easily be found in "USER" channel with the
help of card UID. ThingSpeak provides a data feed for
each channel in JSON format, which can be retrieved by
any client application such as by Android, or iOS mobile
applications. Fig. 8 illustrates the JSON feed for "USER"
channel. The first object in JSON feed is called channel. It
contains information about the channel such as the "id" of
the channel, name of the channel, names of all fields in the
channel and the "id" of the last entry.

Likewise the JSON field for "SCAN" channels is illus-
trated in Fig. 9. This channel has only one field name "UID"
which holds the card UID. In addition to UID, time stamp
field is provided by default. There’s no need to store any
more information other than UID, since the data related to
particular user can be located in "USER" channel.

The first object in "SCAN" channel as always, contains
information about the fields of the channel, its name and id.
The second object which is a JSON array named "feeds"
contains the actual feeds of the channel.

Fig. 8: JSON Feed for USER Channel.

“channel®: {
"id": 27574,
"name": "SCAN",
"field1": "UID",

“created_at": "2015-82-23T84:24:532",
"updated_at": "2015-93-10T720:02:482",

"last_entry_id": 215
}

feeds": [

"created_at": "2815-82-24T@2:07:082Z",

“entry_id": 116,
“fieldi": "E3 CC 50 CE"

%J
"created_at": "2015-82-24Te2:07:172",
“entry_id": 117,
"field1": "E3 CC 5@ CE"

}l

{
"created_at": "2815-82-24T@2:087:322",
"entry_id": 118,
"fieldl": "E3 CC 58 CE"

}J

{
"created_at": "2015-82-24Te2:24:16Z",
"entry_id": 119,
“field1l": "E3 CC 5@ CE"

%J
"created_at": "2@15-82-24T@4:89:59Z",
"entry_id": 128,
"field1": "E3 CC 58 CE"

}!

{
"created_at": "2015-82-24Te4:15:39Z",
"entry_id": 121,

) "field1": "E3 CC 5@ CE"

k]

Fig. 9: JSON Feed for SCAN Channel.
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3.4 Retrieving the data

In this project, we also implement Android Application i@ SmartChair
to retrieve data stored in the cloud server. As we mentioned
before, the Android application needs to issue HTTP GET N=nie

requests to ThingSpeak’s JSON feed. Each HTTP GET re-
quest is authenticated against an API key which is generated
when a new channel is configured (shown in Fig. 8 and 9). Paseword
When submitting a HTTP GET request, the API key must
be included in the URL string. Since ThingSpeak requires
API keys to be included in every request, it is helpful to
implement some form of authentication on Android applica-
tion as well. Fig. 10 (a), and (b) show the registration and
login screens of the Android application respectively.

Once the "Sign in" button is pressed, an Android Async-
Task is executed in the background to first fetch the results
of the "USER" channel. Once the "USER" channel feed is
obtained, it is stored in a HashMap data structure locally.
Then a second HTTP GET request is sent to fetch the results
of the "SCAN" channel. Once obtained, the data from the
"SCAN" channel is merged with data we stored earlier for
"USER" channel. Finally the merged records are displaced
as illustrated in Fig. 11. As shown, the name of the user
is displayed followed by the timestamp when the last card
scan was performed. The yellow progress bar indicates the
loading progress of retrieving the data. If it is full, it means
that all the data was successfully fetched and stored locally.

Register

31 SmartChair

4. Conclusion and Future Work

The proof-of-concept experiment of the smart chair sys- api.thingspeak.com
tem has been completely implemented in this capstone
research project. An Ardunio board based system is as-
sembled and implemented to get user ID through RFID .....
reader and chair occupancy status by pressure sensor. All
data is uploaded to the ThingSpeak cloud. Moreover, an
Android application to view the stored data has also been im-
plemented. Through successfully implementing the project,
the whole team gained invaluable knowledge in hardware
design, hardware prototyping, cloud services, and android
application development. After developing this project, we
can recommend Ardunio hardware to those interested in
implementing Internet of Things systems. Since, Ardunio
hardware is easy to use and can be intergraded with nu-
merous different modules. Moreover, the learning curve for
programming on the devices is not sharp as the Ardunio
developer community is large and there are many tutorials
available on the Internet.

It should be noted that the possibilities exist not only in
connecting the chair to internet but also in the use of real
time data stored in the cloud to create new applications. This
smart chair system not only offers the solution to a problem (b)
but also lays the foundation for series of future projects (such
as intelligent parking system, dynamic ticketing system, efc.)
Because of the time limitation, only the proof-of-concept App.

example@kennesaw.edu

Sign in

Fig. 10: (a) Registration Screen; (b) Login Screen of Mobile
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i®1 SmartChair

Amir Atabekov mple@gmail.com:
Latest scan: Tue Mar 17 14:42:28 EDT 2015

Selena He : sample@gmail.com:
Latest scan: Tue Feb 24 21:15:41 EST 2015

Fig. 11: Data Display Screen of Mobile App.

experiments are completed in the capstone project. Lots of
additional improvements to the system can be implemented.
So far only one chair connects to the internet. It is more
practical to connect all chairs in a room to the internet.
Hence, constructing a wireless sensor network so that every
chair in a room can be connected to the internet is one
research direction. Moreover, a simple mobile application
is implemented in this project. Advanced application can be
designed and developed, such as to show the chair map on
the screen. Additionally, the occupancy status of each chair
can be graphically displayed/viewed on the screen. More
advanced functionality could be to let users can interact with
the graph to reserve a chair. Finally, the collectted/analyzed
data could be used for additional purposes, such as resource
management, attendance checking, or tutor time tracking
management.
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