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ABSTRACT

Door signage system is used to indicate the status of the person inside a room. This is helpful for both the
room owner and the outsider. Conventional door signages needs both time and effort to accurately indicate the
status of the person inside the room. This paper describes the design and implementation of an IoT-based door
signage. The IoT-based door signage reduces the time to change the status of the room, increases the accuracy

of the door signage and eliminates the need of physical contact with the signage.

[. Introduction also proven to change and improve people’s lives.
Despite that fact, researchers do not stop and

Nowadays, several IoT systems and devices have continue the development, with the main goal of

[1.2]

been developed™. Such systems and device were reducing the time and effort needed to perform any
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task®*. The IoT systems and devices nowadays are
able to replace humans in performing some process
necessary in accomplishing a task. To do this, the
systems and devices must be developed or
configured to function in a similar way a specific
part of human body functions.

In [5], a system that detects a forgotten child
inside an enclosed car is developed. In this paper,
IoT system does not only replace the human but
also exceeds its capability in performing the task.
Unlike human, the IoT device can monitor the car
24 hours in a day. In [6], a system that monitors the
environment of fish, and controls the feeding time
brightness of the LED lamps is developed. The IoT
system is used to automate the monitoring and
control tasks. As a result, the tasks are performed
with higher accuracy. In [7], a system that controls
the pedestrian crossing areas is designed and
developed. In this study, the IoT system is designed
to automatically detect the presence of pedestrians
and controls the crosswalk traffic lights. In [8], an
IoT-based embedded system that logs and monitors
the weather is designed and developed. The study
integrates electronic devices, sensors and wireless
technology to sense, store, and visualize the climate
parameters such as temperature, humidity, and some
gases. In [9], a mobility recognition system capable
of assisting visually challenged individuals is
developed. The system is designed to recognize
manholes and stairs using ultrasonic sensors. In
addition to that, the system also uses camera from
mobile phones. The input from the camera is sent to
the system wirelessly via Bluetooth. Once a manhole
or staircase is detected, the system notifies the user
using sound or vibration. In [10], an IoT based
smart shopping cart is developed. The study utilized
radio frequency identification (RFID) sensors,
Arduino microcontroller (MCU), Bluetooth module
and a mobile application. The RFID sensors and
Bluetooth modules are directly connected to the
Arduino MCU. The RFID sensors detect the
products; and the Arduino sends the product
information to the mobile application or to the
supermarket wirelessly via Bluetooth for user
management or billing, respectively.

In this paper, we aim to improve the conventional
door signage by developing an IoT-based door
signage control system. Door signages indicates the
state of the person in this room. The current door
signage systems require the person inside the room
to manually and physically change the indication on
the door signage. The manual operation of
conventional signage systems requires both time and
effort for the person inside to accurately indicate the
status of that person.

This paper focuses on the design and
implementation of an IoT-based door signage control
system. Instead of manually changing the status of
the person by going to the door and physically
switching the indicator, we integrate a simple
wireless network to change the status. The IoT
network enables the person to change the status
without having physical contact with the door
signage. The IoT-based door signage is expected to
improve the conventional door signage by 1)
reducing the time needed to change the status of the
door signage, 2) increasing the accuracy and
reliability of door signage by adding more status,
and 3) eliminating the need of physical contact with

the door signage to change its status.
II. Circuit design

The IoT-based door signage control system
developed in this study consists of two main
components: 1) signage and 2) controller. The
circuit design of signage and controller are shown in
Fig. 1. The main objective in circuit design is to
effectively connect all the components together such
that the system requirements are met. The system
requirements are defined as: 1) signage and
controller must communicate wirelessly, 2) the
status must be indicated with LEDs, 3) the signage
and controller must alert the user whenever an
inquiry or a command is sent using buzzers, and 4)
both signage and LEDs must be powered with
batteries.

First, to enable the wireless communication
between the signage and the controller, two

components are required: 1) MCU and 2) wireless
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Fig. 1. Circuit design of Arduino (a) signage, and (b)
controller

modules. In this paper we used Arduino nano as the
MCU and low power HM-10 Bluetooth modules as
the wireless module. HM-10 Bluetooth modules
enable two MCUs to send and receive data using the
Bluetooth protocol without consuming much power
from the battery. The HM-10 module has four pins:
1) VCC, 2) RX, 3) TX, and 4) GND. VCC and
GND pins are used to power the Bluetooth module.
In our design, we used the +5V output from the
on-board regulator of the Arduino nano to supply
power to the Bluetooth module. Hence, the VCC pin
of the HM-10 module is connect to pin 12 of the
Arduino nano. On the other hand, the RX and TX
pins are used to send and receive data from one
MCU to another. The Arduino nano has digital
input/output pins that can be configured as serial RX
and TX pins. In this paper we configured D2 (pin
20) and D3 (pin 21) of the Arduino board as RX
and TX pins respectively. It is important to note that
the RX and TX pins of the Arduino nano must be
connected to the TX and RX pins of the HM-10
Bluetooth module respectively. The connection of
Arduino nano and HM-10 Bluetooth module is same
for both signage and controller.

Second, to enable the signage to display the status
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using the LEDs, two components are required: 1)
LEDs and 2) current-limiting resistors. LEDs must
be turned on or off depending on the command from
the controller. To be able to control the state of the
LED (on or off), we connect its positive terminal to
the digital pins of the Arduino nano and its negative
terminal to the ground. Hence, a closed circuit is
formed with the digital pins of the Arduino nano as
the variable supply (+5V or OV). The digital pins of
the Arduino nano can be programmed to output +5V
or OV by writing a value of 1 or O respectively. In
addition to that, a current-limiting resistor is placed
in series with the LEDs for protection. Since we
used 6 different status, we connected 6 LEDs and
resistors to pins 25 (D7) to 30 (D12) of Arduino
nano.

Third, to alert the user whenever an inquiry or a
command is sent, two components are required: 1)
buzzer and 2) current-limiting resistors. Similar to
LEDs, the buzzer is also turned on or off. To be
able to control the state of the buzzer (turned on or
off), we connect its positive terminal to the digital
pin of Arduino nano and its negative terminal to the
ground. The signage and controller have one buzzer
each. In our design, we connect the buzzer to pin 24
(D6) of Arduino nano.

Finally, to enable the signage and controller to be
powered with batteries, two components are
required: 1) battery connection header and 2) battery
itself. The battery connection header establishes a
reliable connection between the battery and the
signage/controller. The battery is used to supply
power to the system. The battery used is 4 pieces of
AA Dattery cells connected in series. One AA
battery cell has a nominal voltage of 1.5V. Hence,
4 AA battery cells connected in series has a total
nominal voltage of 6V. The battery only supplies
power to the Arduino nano which has a maximum
power consumption of 0.2W. In our design, we
connect the one terminal of the battery connection
header to the VIN pin (supply voltage pin) of the
Arduino nano and the other terminal to the GND pin
(supply ground pin).

www.dbpia.co.kr
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. Software design

In this section we discuss in detail the design of
the software part of the IoT-based door signage.
First, the design of algorithm is explained using a
flow chart of the overall process. Then, the wireless
communication between the signage and controller is
described in detail. Finally, the overall process and
flow of the data from the user of the controller to

the user of the signage, and vice versa is discussed.

3.1 Algorithm design

The block diagram of the IoT-based door signage
that we developed is shown in Fig. 2. To enable the
wireless control of door signage, a controller and a
signage capable of sending, receiving and
responding to the command is developed. As shown
in Fig. 2, conventional signage is modified such that
it can receive status and clear command from the
controller. The status command is a command sent
by the controller which asks the signage to display
the corresponding status using the LED indicators.
Once the status command is sent, the signage
activates that status using the LED indicators for a
certain amount of time. The clear command is a
command sent by the controller which asks the
signage to stop displaying any status that is currently
activated by a previous status command. Once the
clear command is sent, the activated status command
is interrupted. The status inquiry is an inquiry sent
by the signage to the controller which indicates that
no status is currently activated and that the status is
unknown.

A flowchart of the IoT-based door signage
algorithm is shown in Fig. 3. As shown in the
figure, the signage has two modes: 1) standby mode
and 2) display mode. In standby mode, the signage

LED status command
buzzer At clear command.

signage

inquiry -
button status inquiry

controller

buzzer

Fig. 2. Diagram of door signage control system

identify status
status command = statns

‘ device initialization

wait for command
(standby mode)

activate 1% status
(display mode)

activate 2™ status

(display mode)

activate 3 status
(display mode)

activate 4% status
(display mode)

activate interriupt
(clear display) activate 5% status
(display mode)
activate 6“’ status
(dlsplav mode)

Fig. 3. Flow chart of IoT-based door signage algorithm

is simply waiting for the command from the
controller. Once a command from the controller is
received, the signage identifies the type of
command: status command or clear command. If a
status command is detected, the type of status is
then identified. In this paper we set six status: 1)
“please come in”, 2) “please come back later”, 3)
“in a meeting”, 4) “in a call”, 5) “not available”, 6)
left as spare. Depending on the status number
contained in the status command received, the
corresponding status is activated. If a clear
command is detected, the activated status is cleared
and the system goes back to standby mode. To
further illustrate this, a state diagram is shown in
Fig. 4.

As shown in Fig. 4, the IoT-based door signage

has two modes or states: 1) standby mode and 2)

display mode. In display mode all LED indicators

!

status command = 1 (Display mode: nth status
entry:
turn on LED # for s secs.

\ tum on buzzer

standby mode
entry:

turn off all LEDs
turn off buzzer

after s secs.
or
clear command = 1

Fig. 4. IoT-based door signage state diagram.
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and the buzzers are turned off. In display mode, the
LED corresponding to the activated states and the
buzzer are turned on for a certain amount of time.
In Fig. 4, LED n is turned on for s seconds after the
status n is activated. To exit standby mode, the
controller simply needs to send a status command to
the signage. After status command is activated, the
mode is shifted to the display of the corresponding
status activated. To exit the display mode, two
methods can be performed: 1) wait for the time set
to execute the display and 2) the controller simply
needs to send a clear command to the signage. In
Fig. 4, LED n is set to turn on for seconds after
entering the display mode. After seconds, the mode
is automatically set to standby mode. However,
when a clear command is sent by the controller, the
mode is set to standby mode even though the time
requirement (s seconds) is not yet satisfied.

3.2 Wireless communication

To enable the wireless control of door signage, a
controller capable of sending/receiving commands
and a signage capable of sending, receiving and
responding to the commands is developed. The
wireless communication between the controller and
signage is established using Bluetooth as the
communication interface. The Bluetooth module we
used is HC-05, which is a Bluetooth SPP (Serial
port protocol) module. It uses a SPP which means
it communicates with the Arduino using Serial
communication. In a SPP, the data is transferred one
bit at a time. SPP has three transmission modes: 1)
simplex, 2) half duplex and 3) full duplex. Simplex
method is a one-way communication technique in
which a module can only either send or receive
data. In half duplex method, a module can both send
and receive data, but not at the same time. In full
duplex method, a module can send and receive data
at the same time. In developing the IoT-based door
signage we utilized Bluetooth SPP module with full
duplex mode.

In developing the IoT-based door signage, we
used a SPP Bluetooth module for the wireless
signage control. In wireless signage control, first, the

command is defined by the user. The command is
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assigned based on the button the user presses. Then,
the command is identified by the signage using the
flowchart in Fig. 3. In identifying the command, a
corresponding decimal value is assigned to the
command register. After the command is identified,
the value of command register is sent to the signage.
Finally, the command is processed by the signage.

The value of the command register is sent from
the signage to the controller via SPP. Before sending
the value via SPP, it is necessary to be converted its
equivalent 8-bit binary value. This 8-bit binary value
is then sent to the signage one bit at a time. The
Bluetooth frame format in sending the value of the
command register is shown in Fig. 5.

As shown in Fig. 5, the communication starts as
soon as the transition from logic 1 to logic O is
detected. Hence, the start bit is set to logic 0. After
the logic O is detected, the 8-bit (Word) data is
transmitted one bit at a time starting at the least
significant bit (LSB). After successfully sending the
8-bit data, the logic transitions back to 1.

Start bit Stop bit
logic 0 Word data logic 1
| ’

DO DI | D2 | D3 | D4 | D5 | D6 D7

Fig. 5. Bluetooth frame structure

3.3 Overall process

The overall process governing the IoT-based door
signage is shown in Fig. 6. The process starts when
a user sends a command. IoT-based door signage
consists of a controller and a signage capable of
both sending and receiving commands. The
commands can either be a 1) status command or
clear command or 2) status inquiry. The status and
clear commands are sent from the controller to the
signage while the status inquiry is sent from the
signage to the controller. The status command asks
the signage to activate a status by turning on the
corresponding status indicators. The clear command
clears the previously displayed status on the signage.
The status inquiry turns on the indicator on the
controller which notifies and requests the user of the

controller to activate a status on the signage. Both
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Fig. 6. Overall process for IoT-based door signage

user

controller and signage are capable of sending and
receiving commands at the same time due to the use
of the Bluetooth SPP module with full duplex
transmission mode. Hence, in operating the
IoT-based door signage, both controller and signage
can be THE sender and/or receiver. Specifically, the
user sends a command by pressing a button that
corresponds to the desired command. As show in the
Fig. 6. the sender receives the command from the
user through the port digital interface of the device.
Each button has a distinct decimal value which is
received by the sender through the port digital
interface. The values are listed in Table 1.

Second, the command is processed by the central
processing unit (CPU). In processing, the value
received by the sender through the port digital
interface is identified. Then, the value is assigned to
the command register. Finally, the value in the
command register is sent to the signage serially
through the Bluetooth SPP module. The Bluetooth
SPP module is interfaced with the CPU through the
universal synchronous/asynchronous receiver/transmitter
(USART). The USART is configure to transmit and
receive 8-bits of data or Word. To send the value in
the command register is converted to decimal value
first, then to 8-bit binary value.

Third, the 8-bit binary value is sent from the
sender to the receiver at a specified baud rate one
bit at a time. The baud rate is defined as the rate

at which the data is transmitted. In the IoT-based

command register
B o oo o os]oe ]

receiver

USART

&

central processing unit

1. Identify value of command register
2. Identify response to command
3. Respondto command

\_' port digital L

interface

response

door signage, the baud rate is set to 9600 bits per
second. Since each command consist of 8-bits, a
baud rate of 9600 bits per second enables 1,200
commands to be sent consecutively.

Fourth, the 8-bit data is received by the receiver
through the Bluetooth SPP module. The Bluetooth
SPP module is interfaced with the CPU through the
USART. The 8-bit data is processed by the CPU. In
processing, the value in the command register is
identified by converting the 8-bit data to decimal.
After identifying the value of the command register,
the corresponding response of the command is
identified using switch case algorithm. The response
corresponding to the commands are listed in Table 1.

Fifth, the response is activated using the port
digital interface that is physically connected to the
hardware peripherals of the controller and the
receiver.

For further understanding, an example is provided
as follows: First, the command is sent by the user
by pressing button 1 on the controller. Then, the
distinct decimal value corresponding to that button is
identified, which is given in Table 1 as “49”. That
value is stored to the command register. After that,
the value in the command register is converted to
8-bit binary value. The corresponding 8-bit binary
value is “00110001”. Then, each bit of the 8-bit
binary value is sent to the signage starting from the
LSB. In this case, bit “1”. Then “0”, “0”, “0”, “1”,

until all bits are sent. Similarly, the signage also
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Table 1. List of commands and its corresponding buttons,
decimal value and response.

Command Button | Decimal Response
« Turn on signage
pleaée”come Controller 49 LED 1 and
in button 1
buzzer
« Turn on signage
please cor:le Controller 50 LED 2 and
back later button 2
buzzer
Turn on signage
“in a meeting” Controller 51 LED 3 and
button 3
buzzer
Controller Turn on signage
“in a call” 52 LED 4 and
button 4
buzzer
Turn on signage
“not available” | UM | 53 LED 5 and
button 5
buzzer
Turn on signage
left as spare Controller 54 LED 6 and
button 6
buzzer
11 T ff all LED
CLEAR Controller 55 urn off a
button 7 and buzzer
STATUS Signage Turn on
L 56
inquiry button controller buzzer

received the 8-bit binary value expecting the LSB
first. The 8-bit data is sent and received wirelessly
through the Bluetooth SPP module interfaced with
the USART. After the signage receives all 8-bit
value, it is converted back to its decimal value.
Then, the decimal value is passed thru a switch case
algorithm to determine the response corresponding
to the command. In this case, the response
corresponding to the command when the button with
a value of “49” is pressed, as listed in Table 1, as
“Turn on signage LED 1 and buzzer.” Finally, the
LED 1 and buzzer are turned on through the port

digital interface on the signage.
IV. Actual device development

The actual device is built based on the designed
circuit and software. After the circuit a software is
designed, a prototype is built. A prototype is built to
test both the circuit and software design. In building
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the prototype, a bread board is used first to enable
the flexibility in changing the circuit. After the
circuit and the software is tested and verified, the
components can be transferred from the bread board
to a universal printed circuit board (PCB) for further
testing and sampling. We soldered all components
on a universal PCB. This is helpful to test the
robustness of the hardware. Using a bread board
only is not practical since the components are not
held in place. Hence, by soldering the components
on a universal PCB, further test can be performed to
verify the reliability and efficiency of both circuit
and software design.

After verifying the circuit and software design,
we built the actual device. The following steps are
performed to build the actual device: 1) printing the
circuit on a board (printed circuit board), 2)
assembling the components on the boards, 3)
uploading the software on the MCU, and 4) creating
a device housing to protect its components. First, to
print the circuit on the board, the board has to be
designed. The PCB design is similar to the circuit
design except that in circuit design, we don’t mind
the placement of components. After the PCB design
is completed, the board can then be fabricated. An
example of the result of PCB fabrication is shown
in Fig. 7.

After the PCB is fabricated, the components can
then be assembled on the board. An example of
PCB assembly is shown in Fig. 8 (a). Finally, after
the PCB is assembled, the device housing can be

placed to protect the components. An example of the

Fig. 7. Actual board of signage and controller

www.dbpia.co.kr
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device housing is shown in Fig. 8 (b).

Overall, the development consists of four steps:
1) circuit design, 2) software design, 3) prototype,
and 4) actual device. Steps 1 and 2 are performed
at the same time. That is, the software is considered
in designing the circuit and vice versa. After every
completion of circuit and software design, the
prototype is developed to test and find the possible
errors in the current design. If error is found, then
the circuit or the software has to be re-designed. The
re-designed version is then put to test using the
prototype. The design-test cycle is performed until
all the requirements of the system are satisfied.
After successfully building the prototype, the actual
device is then built by printing the circuit on a
board (PCB), assembling the components on the
PCB, uploading the software on the MCU, and

creating a device housing to protect its components.

|
I 84 mm LA f 84 mm L

o] 1 50242

LELA B N 122

122 mm

2AFUUT

Lo |

X e
(b)
Fig. 8. IoT-based door signage (a) PCB assembly and (b)
final device

V. Results and discussion

After the developing the device, we performed

tests to verify the reliability and efficiency of both
circuit and software design. The test conducted is
described as follows. First, the controller is tested by
sending different commands (user status and clear
command) to the signage. Each command is sent for
50 trials each. An example testing scenario is shown
in Fig. 9. Fig. 9(a) shows that the button 1 on the
controller is pressed. Button 1 on the controller
corresponds to the status “please come in status”
which is pressed to activate LED 1 on the signage.
Fig. 9(b) shows the response of the signage when
button 1 on the controller is pressed. The response
is shown by activating LED 1. LED 1 corresponds
to the status “please come in. In addition to that, the
buzzer inside the device housing turns on with the
LED simultaneously. Similar procedures were
performed with the remaining buttons on both the
controller and signage. Each procedure performed

corresponds to one trial and a total of 50 trials were

4, 501248

SRRV

Yo FAUY

N EUEL

LS ESEL

(a)

controller

4, &9 Signage LED 1

9o FYUL

#HFYYU

(b)

Fig. 9. Example process of sending command from
controller to signage
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Table 2. Result of testing IoT-based door signage device
for 50 trials

BUTTON
PRESSED RESPONSE TRIALS | ERRORS
Controller Turn on signage
LED 1 and 50 0
button 1
buzzer
Controller Turn on signage
LED 2 and 50 0
button 2
buzzer
Turn on signage
Controller LED 3 and 50 0
button 3
buzzer
Controll Turn on signage
ontrotier LED 4 and 50 0
button 4
buzzer
Controller Turn on signage
LED 5 and 50 0
button 5
buzzer
Controller Turn on signage
LED 6 and 50 0
button 6
buzzer
Controller Turn off all 50 0
button 7 LED and buzzer
Signage Turn on
50 0
button controller buzzer

performed. The result is listed in Table 2.

The result listed in Table 2 shows that out of 50
trials in sending commands from the controller to
the signage and vice versa, O failure was
encountered. That is, all status commands sent from
the controller is received and displayed by the
signage. Similarly, all clear commands sent by the
controller deactivates all the status being displayed
by the signage. Furthermore, all status inquiry sent

from the signage is received by the controller.

VI. Conclusion

In this paper, we described in detail the process
of developing the IoT-based door signage control
system. The process includes circuit design, software
design, prototype building and actual device
building. Using MCUs and wireless modules, we are

able to improve conventional door signage by
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enabling wireless operation and control. In addition
to that, we also presented the advantage of the
IoT-based door signage over the conventional ones.
The device developed is expected to lead to further
developments of objects into devices that provides

more convenience to our daily lives.
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