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Abstract. The rise in remote work has created a demand for innovative tools to
assist telecommuters inmanaging their workflow and communications. This paper
introduces the Smart Notification Bar, a device affixed atop computer monitors
that employs IoT technology, facilitated by Raspberry Pi, to provide real-time
visual and sound notifications from various platforms, including Gmail, Twitter,
and Zoom. The system is designed to be reliable, easy-to-use, secure, and available
24/7. Utilizing LEDs and a buzzer, the device offers immediate visual and audi-
tory cues for unread Gmail messages, pre-programmed Twitter notifications, and
Zoom meeting statuses.Beyond enhancing personal productivity by consolidat-
ing notifications and reducing distractions, the Smart Notification Bar serves as a
non-intrusive indicator for household members to know when the user is engaged
in a video conference and should not be disturbed. This is particularly useful for
remote workers with hearing challenges or sound phobias.

Keywords: Raspberry Pi · LED · Smart Notification System · API ·Work from
Home Employee

1 Introduction

The mobile phone is a significant source of distractions for work-from-home (WFH)
employees [1]. The advent of the internet and advancements in communication tech-
nology have transformed the way people work. Over recent years, there has been a
significant increase in the number of people working remotely. This trend was further
accelerated by the COVID-19 pandemic, which forced companies and individuals to
rapidly adapt to WFH arrangements. While WFH offers numerous benefits such as
flexibility and reduced commute times, it also presents unique challenges in terms of
managing communication and maintaining productivity in a domestic environment.

One of the common challenges faced by remote workers is the management of
notifications from various communication platforms. The constant influx of emails,
messages, and social media updates can become a source of distraction and reduce
productivity. Moreover, when engaged in virtual meetings or calls, it is essential for
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remote workers to communicate their availability to others sharing the living space, so as
tominimize interruptions. Peopleworking remotely frequently receive notifications from
email and social media applications from their smartphones, interrupting their workflow
and diverting their attention from essential tasks during working hours [2, 3]. Although
mobile phones help WFH employees to collaborate with co-workers remotely [4], they
contribute to notification overload and allow employees working remotely to engage in
multitasking activities, such as chatting with their friends while participating in Zoom
meetings [3]. This multitasking can disrupt concentration and decrease productivity [5].
In Westermann et al. [6], users were advised to use sophisticated notification settings
on their mobile phones to manage app alerts. This recommendation, however, may only
be useful to remote workers who are savvy with phone settings. A better solution to the
productivity or distraction issues associated with frequent mobile phone notifications is
smart notification systems.

Technology advancements have contributed to the significant development of intel-
ligent notification systems [7]. Today’s smart alert systems leverage information tech-
nology not only to communicate with mobile devices and home appliances but also to
provide timely alerts to users [8]. They can support multiple communication channels,
including email, SMS, video calls, and in-app alerts. Smartphone notification systems
are designed to collect and process data from various sensors, such as location, motion,
light levels, air quality, humidity, or temperature data [7]. Depending on users’ pref-
erences, the processed data are then used to send specific notifications. Hence, smart
notification systems are invaluable to WFH employees in reducing notification over-
load and enhancing employee engagement [8]. Like mobile phones, they can provide
WFH staff with notifications on important meetings [9], natural disasters [10], product
updates [11], and crucial deadlines [10]. Smart alert systems are more attractive toWFH
employees because, unlike mobile phones, they do not send users unsolicited adverts or
distracting messages. They can also be programmed to send automated alerts to remote
workers based on their preferences [12]. Ultimately, smart notification systems have
the potential to quickly identify and block disruptive notifications from mobile apps,
ensuring that WFH workers’ productivity is not compromised during working hours.

This paper addresses the distraction problems associated with mobile phones by
designing a prototype smart notification system that can provide tailored visual or sound
alerts for WFH employees. The prototype is designed with Raspberry Pi 3 Model B+
to allow WFH employees to receive email, Twitter, and Zoom alerts. This system aims
to demonstrate the possibility of improving remote workers’ productivity. By using this
system, WFH staff members can receive a display of red, blue, green, or orange light-
emitting diode (LED) signals depending on whether the notifications are from Gmail,
Twitter, or Zoom. The Gmail LED lights up when a new email is received, the Twitter
LED is activated when a tweet arrives, and the Zoom LED illuminates when the user is
engaged in a Zoom call. The Zoom LED also serves a dual purpose, acting as a visual
indicator for household members to know when the user is occupied and should not be
interrupted. The proposed alert system can allow remote staff to receive various alerts
associated with project deadlines, office meetings, potential environmental crises, and
urgent tasks. Apart fromWFH employees, companies can use the notification system to
receive visual or sound notifications from their social media accounts.
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In the subsequent sections, we will review the existing literature on notification
management and remote work tools, detail the design and implementation of the Smart
Notification Bar, present the findings of the implementation, and discuss the implications
and future prospects of this innovative device.

2 Background

Thework in [13] details a project from Instructables.com for the creation of aWork From
Home Status Indicator using an ESP8266 and an LED strip. The author developed this
system to help establish boundaries while working from home. The system uses different
colors to indicate the user’s availability status to family members. The implementation
is quite simple, involving basic components like an LED strip, a 330 � resistor, a
prototype board, and connector wire. The ESP8266 connects to the internet and waits for
instructions, which are sent from a connected device. The status light can be activated
through a web browser, with the choice of color signifying the user’s current status. This
project demonstrates a hands-on approach to managing work-life balance in a remote
working context, and also shows how the ESP8266 can be used as a simple but effective
tool for IoT applications in this space.

The authors in [14] discuss the integration of Augmented Reality (AR) and lighting
systems in aWFH setting. It outlines eight use-cases, such as coloured lighting for status
feedback, hot-desk personalisation, meeting room controls, teleconferencing lighting,
energy management, gesture control, light tracking, and data-centre assistance. These
features are achieved through a system comprising Raspberry Pi IoT control, Vuforia,
Unity3D, Node-Red, Philips Hue Lightstrip, and Philips Bridge.

The literature is replete with numerous solutions aimed at managing smartphone
interruptions. Much of the research effort to address digital disruption focuses on
determining “when” smartphone users should receive notifications from mobile apps.
Researchers have developed smart notification systems like Attelia [15], InterruptMe
[16], and smartNoti [17] to predict opportune moments to send users phone notifica-
tions. While the solutions proposed in these studies are compelling, users cannot used
them to receive email, tweet, or Zoom notifications.

Some scholars have extended their smartphone interruption solutions from phone
calls to a wide variety of digital services. Context-aware notification management sys-
tems (CNMSs) have received significant research attention as they show promising
results in determining (a) when users should receive incoming notifications, (b) the
appropriate timing for sending notifications, and (c) which device(s) should receive
incoming notifications [18]. For example, Roecker et al. [9] designed a context-
dependent email notification system that allowedusers to receive emailmessages relevant
to them at a particular time.While this system is similar to the one proposed in this study,
it cannot provide visual alerts of emails, tweets, or Zoom calls.

Furthermore, Leonidis et al. [19] presented AlertMe to provide customized notifica-
tions to graduate students. This semantics-based CNMS exploited semantic web tech-
nologies, helping users to receive reminders about canceled lectures, timetable changes,
or campus-related events based on their preferences [20]. Although this software-based
system could send SMS notifications, users could not use it to receive tailored notifi-
cations from social media apps, making it less useful for WFH workers who need to
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receive only important messages from various social networking platforms. Most of the
solutions proposed in the literature or the marketplace depend on users being in prox-
imity to their smartphones, laptops, or computers to receive personalized notifications.
Hence, there is a necessity to enable users who wish to disconnect temporarily from
mobile devices yet receive alerts on simplified hardware dedicated to providing visual
or audio notifications of incoming emails, tweets, or Zoom calls.

The Smart Notification Bar, as described, is designed to be an unobtrusive device
that uses LED indicators to inform users about the status of various communication
platforms such as Gmail, Twitter, and Zoom. There are many ways in which this device
can be particularly beneficial for underserved areas.

EnhancedFocus andProductivity: In underserved areas, individualsmay not have the
luxury of separateworkspaces andmay need towork in shared or crowded environments.
The Smart Notification Bar helps in reducing distractions by consolidating notifications.
The visual cues allow users to quickly glance at the status without having to sift through
multiple applications. This can lead to enhanced focus and productivity, which is crucial
for individuals in these areas who might already be dealing with resource constraints.

Improved Internet Bandwidth Utilization: In underserved areas, internet connectiv-
ity might be limited or unreliable. By using LED indicators instead of pushing notifica-
tions through the internet, the Smart Notification Bar might reduce the bandwidth used
by non-essential notifications. This can be beneficial for keeping the internet connection
more stable and reliable for critical tasks.

Non-verbal Communication with HouseholdMembers: The device serves as a non-
intrusive indicator for others in the household, signaling when the user is engaged in
a video conference and should not be disturbed. In underserved areas, where house-
holds may be smaller and more crowded, this feature is particularly useful. It allows
for a respectful and efficient way to communicate availability without interrupting the
workflow.

Accessibility for the Technologically Less Proficient: Individuals in underserved
areas might not be as technologically proficient. The simplicity of the Smart Notifi-
cation Bar makes it accessible to a wide range of users. The visual cues via LEDs can be
easily understood even by those who are not comfortable with sophisticated technology.

Potential Cost Savings: Depending on the implementation, the Smart Notification Bar
could be a low-cost alternative to more expensive productivity tools. This is particularly
beneficial for underserved areas where financial resources might be limited.

Encouragement for Remote Work: By enhancing productivity and minimizing dis-
tractions, the Smart Notification Bar can make remote work more feasible and attrac-
tive. This is particularly important for underserved areas, which may not have as
many local employment opportunities. Encouraging remote work can lead to economic
empowerment and improved standards of living in these areas.

Potential for Community Collaboration: In underserved areas, community collabo-
ration can be a powerful tool for development. The Smart Notification Bar could poten-
tially be used in community centers or shared workspaces to facilitate collaborative
efforts among community members.
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3 System Architecture

The proposed InSightHub prototype is a WFH smart notification system that allows
staff working remotely to receive personalized alerts from Gmail, Twitter, or Zoom,
depending on their needs and priorities. The system comprises a Raspberry Pi 3 Model
B+, a buzzer, 4 LEDs, resistors, jumper wires, and Gmail, Twitter, and Zoom application
programming interfaces (APIs) (Fig. 1). The Raspberry Pi 3 Model B+ is connected to
the LEDs and buzzer with the jumper wires, resistors, and a 3D container. The single-
board computer is also connected through the internet to Gmail, Twitter, and Zoom
APIs. These components work as a unit to help users receive timely visual or audio
notifications of incoming emails, tweets, or Zoom calls.

Fig. 1. System architecture of the proposed prototype

3.1 Raspberry Pi

Raspberry PI 3 Model B+ is an upgraded version of the Raspberry Pi 3 Model B.
This single-board computer is used as the central unit for the WFH smart notification
prototype in this project. It features 1 GB LPDDR2 RAM, built-in Bluetooth 4.2 and
dual-band Wi-Fi, Bluetooth 4.2, a microSD card, an HDMI output, a 40-pin General
Purpose Input/Output header, and BroadcomBCM2837B0 quad-core ARMCortex-A53
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processor running at 1.4GHz.Raspberry Pi 3ModelB+. Several programming languages
can be used namely Python, Java, C, C++, HTML and others. These features make this
single-board computer ideal for automating incoming notifications from Gmail, Zoom,
or Twitter.

3.2 LED

Four LEDs are used in this project to provide lighting signals depending on the nature or
source of the notifications. The colors of the LEDs include red, blue, green, and orange.
Each LED emits one of these colors when currents flow through it. For instance, the
green or orange LED is expected to switch on when users receive incoming emails.
The blue and red LEDs should be switched on when users receive incoming tweets
and Zoom calls, respectively. Compared to traditional bulbs, these LEDs are energy-
efficient, environmentally friendly, durable, and easy to control. Hence, the four LEDs
are expected to last tens of thousands of hours, providing timely alerts to users.

3.3 API

Three APIs are used in the proposed prototype. They include Gmail, Zoom, and Twitter
APIs. Each API allow the Raspberry Pi 3 Model B+ to communicate and interact with
the LEDs and buzzer through Python scripts.

4 System Design

The design of the proposed system aims to provide effective visual and sound notification
alerts to employees working remotely. The activity diagrams show how the alert system
works (Figs. 2, 3, and 4). Raspberry Pi 3 Model B+ access Gmail, Twitter, or Zoom via
their respective APIs. The Gmail API scans unread emails from a user’s Gmail account,
while the Twitter API and Zoom API search for users’ incoming tweets and Zoom
calls. If there are unread emails, the orange LED is turned on. However, the green LED
is switched on if there are no unread emails. The script pauses its activities for some
seconds and then scans the Gmail inbox again for unread emails (Fig. 2).

Similarly, the Twitter API searches predefined keywords associated with personal-
ized notifications. The result is saved in a CSV file, and the blue LED is switched on if
a desired keyword is found (Fig. 3). The Zoom API also triggers Raspberry Pi 3 Model
B+ to switch on the red LEDwhen a user is in a Zoommeeting. Like the Gmail APIs, the
Zoom and Twitter APIs stay idle for some seconds and continue with the search (Fig. 4).

The functional and non-functional requirements of the prototype are considered
during the design stage. The functional requirements indicate the essential functions that
the WFH notification systems must have. In contrast, the non-functional requirements
indicate the qualities or attribute the prototype should possess, even though they are not
directly related to its specific functionalities. Tables 1 and 2 indicate the functional and
non-functional requirements of the proposed alert system for WFH employees.
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Fig. 2. Gmail activity diagram

Table 1. Functional requirements of the proposed WFH notification system

Applications Functional Requirements

Gmail • There must be light and sound alerts when there are unread emails

• There must be light notification when all emails are read

• The script should continue to scan the inbox for unread emails

Twitter • There should be light alerts for incoming tweets

• Users should be able to predefine keywords for search criteria

• The number of adjusted search results should be displayed

• All search results should be recorded

Zoom • There should be LED notification when a user is in a meeting

• The script should scan continuously to know if a user is in a meeting

• The scan rate should be adjustable to check whether a user is in a meeting
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Fig. 3. Twitter activity diagram

Table 2. Non-functional requirements of the proposed WFH notification system

Features Details

Reliability • It must produce the same result every time

Usability • It should be easy to use

Security • It should protect users’ personal data and prevent security breaches

Performance • It should be able to provide notifications within a short time

Availability • It should be able to run 24/7

Operation • It should allow Twitter users to edit keywords for search criteria
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Fig. 4. Zoom activity diagram

5 Implemented System

Figure 5 illustrates the implemented WFH notification system and its components. The
buzzer and the four LEDs are connected with jumper wires and enclosed in a container
(Fig. 6).
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Fig. 5. System design of the prototype

Fig. 6. A container with LEDs and a buzzer soldered with jumper wires

The outer part of the container is divided into three sections, and each section is
labeled with Gmail, Twitter, and Zoom logos to enable users to recognize the meaning
of the visual signal (Fig. 7).
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Fig. 7. A container connected to Raspberry Pi with jumper wires

In Fig. 8, jumper wires connect the buzzer and the LEDs to Raspberry Pi 3 Model
B+. All LEDs are linked to their negative leg to connect to the ground GPIO of the
Raspberry Pi. Each jumper wire is connected to the GPIO on the Raspberry Pi.
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Fig. 8. Jumper wires connected to the GPIO pins on the Raspberry Pi

5.1 Gmail Testing

A new Gmail account is created to test the WFH notification system’s ability to provide
unread email alerts to users. As soon as the prototype is switched on, it checks the Gmail
inbox and turns the green LED on if there are no unread emails (Fig. 9). However, if
unread emails are in the inbox, the orange LED is switched on and the buzzer also is
activated (Fig. 10).
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Fig. 9. Green LED switches on when there are no unread emails

Fig. 10. Orange LED switches on when there are unread emails

5.2 Twitter Testing

A new Twitter account is created to test the prototype’s effectiveness. A predefined
keyword is entered into the keyword file, and the script can run. The prototype runs the
script, searching for previous tweets with the targeted keyword. As shown in Fig. 11,
the blue LED is switched on when the pre-programmed keyword is found.
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Fig. 11. Blue LED switches on when a user receives tweet alerts

5.3 Zoom Testing

A new Zoom account is created to evaluate the performance of the proposed WFH alert
system. As soon as the user joins a Zoommeeting, the red LED is switched on but turned
off when the user leaves the meeting (Fig. 12).

Fig. 12. Red LED switches on when a user is in a meeting
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6 Results

The results of each application and its functions are shown in Table 3. The Raspberry Pi
3 Model B+ triggered the LED bulbs to light up when users had unread emails (orange
light) or all read emails (green light) in their inboxes. It also triggered the blue LED to
switch on when users received incoming tweets, and the red LED turned on when users
joined a Zoom meeting. As illustrated in Table 3, all the test results are positive.

LED bulbs to light up when users had unread emails (Orange light) or read emails
(Green light) in their inbox. The blue LED bulb turned on when users received incoming
tweets, while the red LED bulb turned on when they received incoming Zoom calls.
Overall, all the test results are positive.

Table 3. Functional requirement results of the prototype

Applications Functions Actions Results

Gmail Unread emails Trigger a LED to turn on Yes

Gmail Read emails Trigger a LED to turn on Yes

Gmail Scan the email inbox Adjust the refresh rate Yes

Gmail Scan the email inbox and adjust
features

Do not trigger any LED to turn on Yes

Twitter No new tweets Search for the pre-programed
keyword

Yes

Twitter Search functions Modify the return of tweets from
the search

Yes

Twitter Return tweets from the search Store all search results in a text
file

Yes

Twitter Record all search results Do not trigger any LED to turn on Yes

Zoom In-meeting notifications Trigger a LED to turn on Yes

Zoom Not in-meeting notifications Do nothing, LED off Yes

Zoom Continuous scan Continue to check users’ meeting
status

Yes

Zoom Scan rate adjustments Adjust the scan rate by seconds Yes

Table 4 indicates the non-functional performance results of the proposed WFH noti-
fication system. The test findings indicate that the system can provide the same results at
all times, that users need little programming knowledge to use the system, and that users’
data are well-protected from cyber theft and threats. Overall, the prototype is reliable,
easy to use, secure, and responsive 24/7.



InSightHub: Intelligent Notification and Status Indicator 63

Table 4. Non-functional requirements of the prototype

Functions Actions Test Result Comments

Reliability Must provide the same results
every time

Yes Users obtained the same
results at all times

Usability Should be easy to use and should
power device and run script
automatically

Yes Users need little IT
knowledge to use the system

Security Should secure API scripts Yes Users’ data cannot be easily
compromised while using the
system

Availability Should be available 24/7 Yes Users can run the notification
system 24/7

7 Conclusion

This paper presents the design and implementation of a WFH smart notification system
that provides remote workers visual and sound alerts of tweets, unread or read Gmail
messages, and Zoom meeting status. The prototype exploits IoT technology to facilitate
the communication between Raspberry Pi and notification indicators such as LEDs and
the buzzer. The notification prototype is reliable, easy to use, secure, and responsive
24/7. It allows users to receive visual and sound notifications of unread and read mes-
sages from their Gmail inbox. Users can easily configure the WFH smart alert system
to receive visual notifications of pre-programmed tweets. It is also possible for them to
receive visual alerts when they join or leave a Zoommeeting. The apparent advantage of
the alert-based system is its ability to help remote workers receive visual alerts without
worrying about ads. Apart from this benefit, this alert prototype can be helpful to WFH
employees with hearing challenges, including those with a phobia of sounds. Besides,
remote workers can use this prototype to get warning alerts in real-time in the event of
natural hazards. However, despite the numerous functionalities of the prototype, users
cannot receive notifications from other social networking sites. Future research should
demonstrate the feasibility of using this alert system to receive visual and sound alerts
from Facebook, Instagram, YouTube, TikTok, and other social networking platforms.
Furthermore, future studies should consider using other electronic boards with a sim-
ple microcontroller to explore this research topic, such as Arduino, Banana Pi, and
Orange Pi. It would be interesting for future researchers to compare the performance of
these microcontrollers in terms of their ability to provide users with visual and sound
notifications.
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