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Abstract

Countries in the Asia region have hot weather around 2—6 months of the year, which might lead to
uncomfortable conditions for elder, physically challenged public commuters. Technical teams have
made some major enhancements to existing bus stops as Model bus stop by installing Updated
version of smart boards, This paper proposes a smart loT-based environmentally - friendly
enhanced design for existing bus stop services in our cities. The microcontroller transmits the
sensor readings to a real-time database hosted in the cloud and incorporates a mobile app that
notifies operators or maintenance personnel in the case of abnormal readings or breakdowns. Give
systematic information to the bus stop smart display board. The mobile app encompasses a map
interface enabling operators to remotely monitor the conditions of bus stops such as the
temperature, humidity, estimated occupancy, and space availability. In addition to presenting the
system’s architecture and detailed design, a system prototype is built to test and validate the
proposed solution.

The suggested system uses a mobile app or simply view the smart board that enables users to view
current bus stop conditions and related information on Google Map. An added benefit of the
proposed system is that by keeping an estimated track of the number of people at the bus stop and
other related components will be examined and proposed expert system.

Keywords: Internet of Things; intelligent transportation systems; air pollution; energy efficiency

1. Introduction to 10T concepts:

The concept of 0T technology where citizen related data, processes, communications and things are
connected. likewise, our smart system reflects the aspect of ‘things’ by making use of various types of
sensors and actuators. The ‘process’ aspect of the smart display system is processing the generated and
collected data from bus, from various location its other components in order to make appropriate
decisions to command actuators accordingly.

The last section concludes the paper and presents ideas for future work.

Generally, minors (below 18 years), the elderly or members of large households (need support), may
need support while they go for transport. Collective autonomous info desk might help this situation, e.g.
by enhancing standard line-based services or introducing alternative technologies. Nevertheless, the
collective usage of AVs inrural transportand their potential impacts on accessibility are still
underexplored, with most research focused on the urban context. This study aims to fill this gap by
analysing the public transport accessibility impacts that five alternative technology supply scenarios
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might generate in the rural areas, Wheel chair access, villages, tribal, braille signage peoples spot, near
bus station, audio or screen readers for visually impaired users.

The scientific literature in relation to the technological systems used in the transportation systems and
their main elements given scenario. In addition, there is an important volume of scientific literature
describing the use of 10T (Internet of Things) technologies for improving the quality of life of citizens in
smart cities through measures that lead to a healthy, comfort and sustainable environment.

More than that tourist Language barriers and difficulty understanding local bus schedules or stop names.
uncertainty regarding bus timings and unexpected route changes, low-income people area or vulnerable
populations limited access to smartphones or technology to track bus time these are the key factors insist
us to help and provide unbelievable service to meet their needs by Multilingual bus information
available both in digital and physical formats. Language-specific customer service support. Apps with
translation features to help navigate, for new riders using smart help desk will make the bus system
simple, step-by-step information on how to use bus services.

2. 1 Special coverage peoples:

If people come with special time sensitivity like, sick people, students during exam times, time oriented
daily wages, medical appointment for critical patients, teaching faculties and so on. A clear
understanding of bus arrival times to ensure timely arrival for work, medical appointments, or other
important commitments. Real-time updates to avoid delays or missed buses. This technology provides
Priority bus services or dedicated lanes for time-sensitive passengers.

These different groups of people may face unique challenges in our daily life while accessing bus
arrival details. Providing tailored updated technology-oriented solutions, such as accessible apps,
printed schedules, audio and video notifications, smart help desk, customer service, and multi-language
support, can help and ensure that everyone, regardless of their

circumstances, easily access essential public transport information. It will be a great help to face their
working environment Individual accessibility figures of all the sample members.
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. Gender: M=male, F=female. = 2. Age: M=minor (65). 3. Household size: 1=one member, 2=two
members, 3=three members, etc. 4. Employment status: F=full-time worker, P=part-time worker,
S=school/university student, N=unemployed/retired. 5. Residential location: A=built-up

agglomeration, H=dispersed hamlet. 6. Private car availability: A=always available, S=sometimes
available depending on household  priorities, N=never available.
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Figure 1:Vulnerable group of citizens
There were 800 million persons aged more than 68 years or over in the world in 2020. The number of
older persons is estimated to double to 1.5 billion in 2050, growing from the current 11% to 20% of the
current density.
This growth have special needs to maintain a good models and methods. These needs include smart
monitoring, helping desk, digital desk, easy access, help to elder people, disabled and ills peoples for the
social interaction, mental stimulation and more than that mobility.

2.2 Special people interconnected spot

An interconnected spot is an outdoor space provided with IOT device that can connect only with a
similar space in other part of the particular area. That means that an SPA is a node in a network of
similar spaces. A Spa node can be established in a bus stop, before government hospitals, schools, in a
park or any other outdoor spot in the connected city, in which a group of persons could potentially
interact with it. Therefore, spot allow the sharing of collective updated information.

2.3 Smart Bus stop

The upcoming digital concept of the smart bus stop is recently new as part of the developments related
to Smart connecting spot. Several Western cities have launched smart bus stop methods. That is the case
of Paris (one smart model stop accessible to persons with disabilities, and providing free Wi-Fi and USB
charge, bus info, departure and arrival details, among other services), London (100 Clear Channel bus
shelters, using Google Outside service to provide information) and Melbourn (around 20 stops, with
mobile-based payment system). Other cities have incorporated some smart elements to traditional stops
to supply more information to needy people, such as arrival time of buses or other general information,
without providing more interactivity. Another example is the smart bus stop prototype which includes
ticket vending, parcel delivery, passenger counting, passenger information, wireless, USB charging, bike
rental, air conditioning, taxi ordering, tourist information, news, advertisements, weather forecast,
reverse vending, surveillance and other services like Solar powered display boards, e-papers, Wi-fi
technology, bus time tables, Route changes, traffic, accidents, Unavailability, early departure, special
additional buses, other additional information.

Despite the huge potential of smart bus stops, their penetration in many metro cities is very limited and
its adaptation to inclusiveness is just starting to be developed.

The main characteristics of smart model bus stop may include the important following points
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(@) An interactive bus stop available to the whole population. It is a public access point to a digitized
transport system (DTS), which allows access to persons without apps or even without a smart phone.

(b) It can work as a public access point and as a travel assistant for low-income or disadvantaged groups
of users.

(c) It can improve the accessibility to DTS through customization of interfaces and reduction of
cognitive demand.

(d) It can improve planning in real-time taking into account unexpected events that can improve or
disrupt transport operations.

(e) Through an attractive and customized interface, it can foster the penetration of travel planning apps
and its use by different user groups (elders, immigrants, etc.).

(f) It can be implemented as a reduced size smart furniture providing a robust, essential electronic
equipment that converts traditional stops into accessible smart bus stops, minimizing the modernization
cost and having a wide use in the cities and rural areas.

(g) Finally, it can be used for introducing Interconnected Public Space spots of the city.

3. Literature Review

A Modern loT architecture platform utilizing the 10T concept was proposed to provide neighborhood,
elder citizen home, childcare centre watch and medicare as well as some additional features such as
smart medication management and patient network applications. Recently, 10T applications have been
extended to smart bus stop services, smart kitchen, Smart Medicare, Smart Old age, Smart Park and so
on.

Smart Transport management is a crucial phenomenon in smart city applications. In the literature, an
loT-based school bus tracking with arrival time prediction was reported in [6].

4. Proposed System Hardware Architecture:

The microcontroller continuously reads and transmits the most recent sensor values to the remote
database. In turn, a remote database pushes the most recent values to a database available to the levels of
operators .Time to Time information collected and processed by the system and will be display in the
smart model bus stop smart board with all Audio, video display.

For example, If special people waiting for specific bus means they can access the right information from
the digital display whether that bus arrived or late, it has adequate capacity or not, If it is filled, What is
the next option how time he has to wait. Some time it didn’t arrived, provide detail whether can wait
some more time or not necessary. So all these basic info related to particular route bus will be displayed
using more than three languages visually as well as voice people can get their data without anybody’s
help and without any device.

GSM/3G/4G Module: To send data via mobile networks. Wi-Fi/Bluetooth: If the bus is within the Wi-
Fi range of a local network. NB-10T or LoRaWAN: These are low-power wide-area network (LPWAN)
technologies that can be used in rural or remote areas. Connect bus with central server or cloud. The loT
device will send data (GPS coordinates, speed, and bus status, images of the capacity) to a central server
or a cloud service. The data is processed, and the real-time status of the bus (such as its estimated arrival
time, route information, present location, traffic status, estimated arrival time, whether place available or
not etc.) is calculated and will be displayed. In smart board On the server, the data is stored and
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analyzed. This analysis can include, Current Bus Location: From GPS coordinates, Speed and ETA
(Estimated Time of Arrival): Based on the bus's current location and route.Route Status: If there are
any delays or traffic-related issues. communication Protocol: The server sends the processed data to the
smart digital board using protocols like MQTT, HTTP, or WebSocket. Data Display on Digital Board:
The digital board at the bus stop receives this information and displays it in a user-friendly format such
as, Real-Time Bus Arrival Time: Based on the bus's GPS location and traffic conditions. Bus Route
and Next Stop Information: For passengers to know the bus's path and upcoming stops. Status
Updates: Such as delays or early arrivals. Real time bus mobility status will be displayed, Architecture
set up, Bus 10T Device: A GPS module GSM/3G/4G module. Server or Cloud Platform: AWS IoT,
Google Cloud 10T, or a custom cloud solution for processing data. Digital Board: Smart display
connected to the internet or a local network with software to display real-time bus information. Smart
alert : It produce smart alert via digital board because of special issue bus may crossed platform in
advance, any other special additional bus facilities provided means that information, otherwise bad
traffic no other way to reach means all these alert may be given.

Bus Stop Side: Smart Digital Board (LED/Display Screen),Communication device for receiving data
(Wi-Fi, Ethernet, etc.),Software for managing and displaying information on the board

This loT-based solution enhances passenger experience by providing accurate, real-time information and
improves the efficiency of the public transportation device.

The sensors GPS (Global Positioning System) Sensors, Cameras (Optical Sensors), Captures visual
data, Provides video surveillance, assists in monitoring traffic, and enhances safety features such as lane-
keeping assistance or pedestrian detection. Weight Sensors Measures the weight of passengers or the
total load on the bus. Helps in managing the bus's capacity, ensuring that weight limits are not exceeded,
and enabling fare calculation in some systems. Seat occupancy sensor Provides data for passengers
about available seats, aids in monitoring and managing passenger load, and supports fare systems that
may involve seat reservation.

The future system will operate as shown in the flowchart below:
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Figure 2:Work flow chart

5. Proposed System software Architecture:

The suggested techniques modern architecture for the Smart model Bus Stop project utilizes a
combination of cutting-edge technologies to provide a robust, efficient, and cost-effective solution. At
the heart of the system lies the data collection and processing unit, which employs Python as the primary
programming language due to its simplicity, flexibility, and extensive libraries. Specifically, the Scikit-
learn library is utilized for implementing the Random Forest algorithm, which predicts bus arrival times,
passenger demand, and traffic congestion.
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To store and manage the vast amounts of data generated by the system, MySQL is employed as the
relational database management system. MySQL provides a reliable, scalable, and secure platform for
data storage and retrieval. Additionally, its compatibility with Python enables seamless integration with
the data processing unit.

To ensure cost-effectiveness and scalability, the unit is deployed on a cloud platform. After careful
consideration, Amazon Web Services (AWS) is recommended as the preferred cloud provider. AWS
offers a comprehensive range of services, including computing, storage, databases, analytics, machine
learning, and more. Specifically, the AWS Lambda function is utilized to run the Python code for data
processing and prediction, while Amazon S3 is employed for storing and retrieving data. Furthermore,
AWS provides a free tier for new users, making it an attractive option for startups and small-scale
projects.

Overall, the proposed system software architecture provides a robust, efficient, and cost-effective
solution for the Smart model unit. By leveraging the power of Python, Scikit-learn, MySQL, and AWS,
the system can effectively predict bus arrival times, passenger demand, and traffic congestion, ultimately
enhancing the overall passenger experience.

Algorithm:
Function RandomForest(trainData, numTrees, maxDepth)
ensemble =[]
For i =1 to numTrees
tree = DecisionTree(BootstrapSample(trainData), maxDepth)
ensemble.Add(tree)
Return ensemble

Function DecisionTree(data, maxDepth, depth=0)

If depth >= maxDepth or data is pure

Return LeafNode(PredictClassLabel(data))

feature = SelectRandomFeature(data)

split = FindBestSplit(data, feature)

left, right = SplitData(data, feature, split)

Return Node(feature, split, DecisionTree(left, maxDepth, depth+1), DecisionTree(right, maxDepth,
depth+1))

Function Predict(dataPoint, ensemble)
predictions =[]
For tree in ensemble
predictions.Add(PredictDecisionTree(dataPoint, tree))
Return Majority\Vote(predictions)

Function PredictDecisionTree(dataPoint, tree)
If tree is LeafNode
Return tree.classLabel
If dataPoint[tree.feature] <= tree.split
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Return PredictDecisionTree(dataPoint, tree.left) turn PredictDecisionTree(dataPoint, tree.right)

6.New Techniques model application and verification.
Relevant details should be stored time to time in main database which could be handled by three more
admins to take proper actions same can be displayed on the smart board for special peoples.
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Figure 3.(a) 10T based Smart model Bus Stop  (b) System Hardware prototype

The sensors used were GPS (Global Positioning System) Sensors, Traf-Sys, Amsonic, and SenSource
offer affordable solutions that can provide essential passenger traffic data without the high
upfront costs of more advanced technologies, sensors from brands like DFRobot, and Honeywell
provide an economical way to count passengers, with prices ranging from $10 to $300 depending
on the functionality and complexity of the sensor. These sensors are great for small public
transport systems, bus fleets, or DIY smart model projects Raspberry Pi camera modules, ESP32-
CAM, and Arducam Mini Modules are among the best budget options. These cameras are easy to
integrate with 10T systems, . The DFRobot Sound Sensor, KY-038, and Adafruit MAX4466 offer
budget-friendly solutions, while the ReSpeaker array offers higher quality sound capture for more
advanced applications. These sensors integrate well with microcontrollers like Arduino, Raspberry
Pi, or ESP32, and can be used in conjunction with smart board systems, alert systems, or
passenger services. proximity sensors such as the HC-SR04 Ultrasonic, JSN-SR04T, and APDS-
9960 Gesture Sensor offer a low-cost and reliable solution for detecting the presence of passengers
or vehicles. RFID readers such as the HID Global, ThingMagic M6e, and Zebra RFD8500 can be
used for various applications, passenger management. Using RFID tags like the MIFARE Classic
1K or Smartrac Frog 3D ensures reliable identification of passengers, improving the efficiency of
public transport systems.

Category Passenger Density Location in Km | Traffic Breakdown if Any
Intimation
Sensor DFRobot, Honeywell, | GPS Sensors, | Traf-Sys, HC-SR04
Name Traf-Sys, Amsonic, | Arducam, ESP32- | Amsonic, Ultrasonic,  JSN-
SenSource CAM SenSource SR04T
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Operating 5-30 passengers for bus | GPS: ~5 meters | Traf-Sys:  0-500 | HC-SRO04: 4m,

Range occupancy accuracy meters for | JSN-SRO4T: 10m
counting

Sensor Varies based on system: | GPS: 1  meter | Moderate, up to | HC-SR04: 1 cm,

Resolution 5-10 passengers resolution 500 meters JSN-SRO4T: 2 cm

Table 2: System hardware details

Verification of our system
All the sensor data received in a correct proportion and sent to the parent database in a systematic
interval for decision making, everything in a correct form to make proper decision to display the result .
and the all units are working.

S.No. | Test Case Expected Condition in the Bus Expected Condition at the Bus
Stop
1 People The bus should have an appropriate | The system should display the
Density number of passengers based on sensor | current density of passengers
readings (e.g., 5-30 passengers in a 50- | waiting at the stop (e.g., 5-10).
seat bus).
2 GPS The GPS sensor should provide accurate | The model map should display the
Location data within a 5-meter radius. accurate location of the bus within 5
meters.
3 Availability | Sensors detect seat occupancy; seat | Shows available seats at the stop, if
of Seat availability data must be within 90-100% | applicable (e.g., "5 seats available™).
accuracy.
4 Current GPS provides current coordinates of the | The map at the bus stop should
Position bus (e.g., 28.7041° N, 77.1025° E). reflect the bus's current position in
real-time.
5 Projected Estimated time of arrival (ETA) at the | The bus stop display should show
Atrrival stop should be calculated based on | the projected time for the bus arrival
distance and speed. Example: "ETA: 3 | (e.g., "Arrival in 3 minutes").
minutes."
6 Traffic (if | Traffic sensors detect heavy traffic | Traffic conditions should be shown
any) conditions (e.g., 10-15 km/h speed). on the map with details like "Heavy
traffic ahead."
7 Breakdown The system should detect bus | The bus stop system should display
(if any) malfunctions,  triggering alerts  for | a warning message like "Bus service
breakdown (e.g., engine failure, sensor | delayed due to technical failure.”
malfunction).
8 No Space Occupancy sensors detect full bus | Displays message: "No space
capacity (e.g., 50/50 seats occupied). available on the next bus. Please
wait for the following bus."
9 Pre-arrival The system detects the bus approaching | The bus stop system should alert
(e.g., within 500 meters of the stop). users with a "Bus arriving soon"
IJSAT25011802 Volume 16, Issue 1, January-March 2025 10
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notification.

10 Post-arrival | Once the bus arrives, all relevant data | The bus stop system should update
(e.g., current status, seat availability) | with "Bus has arrived" and display
should be updated in real-time. the time of arrival.

Table 3. Test cases
The units of the system was tested by receiving data from more than 20 bus stops and adding them to the
major database.

7. Discussion :

This work in progress is an experimental platform, which has two main objectives: increasing social
inclusiveness and elder people, differently abled persons. First, it addresses the inclusiveness of all kind
of people in smart bus stop. Sensor buses to detect or estimate buses’ real-time occupancy is crucial for
increasing the effectiveness of transport planning, from both users’ and transport providers’ points of
view. Therefore, this work is addressing several issues related to inclusiveness as the lack of information
on accessibility of local transport, the lack of information presented in accessible formats or concise and
reliable, and the low use of mobile apps and social media in the local transport sector.

Increasing the use of planning apps have the potential to anonymously create mathematical models for
planning mobility at city scale and therefore, opens the possibility of new transportation paradigms. In
addition, socialization at smart bus stops allows citizens to potentially organize and require new
transport options. Finally, this paper introduces the novel concept of Interconnected Public Space or SPA
Space and describe its potential for increasing (or at least maintain) quality of life of the elders and
differently abled persons. Basic design of SPA-Space is described, as well as how to link it with smart
bus stop development, to take advantage of ICT smart bus stop infrastructure. This can be particularly
effective in wide outdoor spaces as parks and squares, producing a faster and cheaper deployment of
SPA-Spaces.

8. Conclusions
This approach introduced a smart solution loT-based model bus stop that provided smart monitoring
and maintenance solutions and great help to the needy people.

Reference:

1. Individual accessibility impacts of public transport automation on (groups of) rural dwellers

Alberto Dianin a,b,* , Michael Gidam a , Elisa Ravazzoli b , Agnieszka Elzbieta Stawinoga b , Georg
Hauger a a Faculty of Architecture and Spatial Planning, Vienna University of Technology, Karlsgasse
11, Vienna 1040, Austria b Eurac Research, Institute for Regional Development, Viale Druso 1, Bolzano
39100, Italy

2. Adom-Asamoah, G., Amoako, C., Adarkwa, K.K., 2020. Gender disparities in rural accessibility and
mobility in Ghana. Case Stud. Transp. Policy 8, 49-58. https://doi. org/10.1016/j.cstp.2019.12.006.

3. Dianin, A., Cavallaro, F., 2019. Automation and urban transport planning: policy recommendations
and best practices. WIT Trans. Ecol. Environ. 238, 627—638. https://doi.org/10.2495/SC190541.

IJSAT25011802 Volume 16, Issue 1, January-March 2025 11



https://www.ijsat.org/
https://doi.org/10.2495/SC190541

International Journal on Science and Technology (IJSAT)

— E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

4. Pigeon, C., Alauzet, A., Paire-Ficout, L., 2021. Factors of acceptability, acceptance and usage for non-
rail autonomous public transport vehicles: a systematic literature review. Transp. Res. Part F Traffic
Psychol. Behav. 81, 251-270. https://doi.org/ 10.1016/j.trf.2021.06.008.

5. Smart Bus Stops as Interconnected Public Spaces for Increasing Social Inclusiveness and Quality of
Life of Elder Users Victor Manuel Padron Napoles 1 , Diego Gachet Paez 2,* , José Luis Esteban
Penelas 3, Olalla Garcia Pérez 1 , Maria José Garcia Santacruz 4 and Fernando Martin de Pablos 2Smart
Cities 2020, 3, 430-443; doi:10.3390/smartcities3020023

6.IT Based Smart City Bus Stops, Miraal Kamal, Manal Atif, Hafsa Mujahid, Tamer Shanableh, A. R.
Al-Ali * and Ahmad Al Nabulsi, Department of Computer Science and Engineering, American
University of Sharjah, Sharjah P.O. Box 26666, UAE; future internet 2019 11,227

7. Reporter, S. Dubai Gets 100 Air-Conditioned Smart Bus Shelters. Khaleejtimes.com. 2017. Available
online:  https://www.khaleejtimes.com/rta-constructs-100-smart-ac-bus-shelters  (accessed on 20
September 2019).

8. 100 AC Bus Shelters Not Working in Dubai. Emirates 24|7. 2017. Available online: http://www.
emirates247.com/news/emirates/100-ac-bus-shelters-not-working-in-dubai-2012-07-09-1.466390
(accessed on 20 September 2019).

9. Alexandru, A.M.; Fiasché, M.; Pinna, C.; Taisch, M.; Fasanotti, L.; Grasseni, P. Building a smart
maintenance architecture using smart devices: A web 2.0 based approach. In Proceedings of the 2016
IEEE 2nd International Forum on Research and Technologies for Society and Industry Leveraging a
Better Tomorrow (RTSI), Bologna, Italy, 7-9 September 2016; pp. 1-

10. Islam, T.; Mukhopadhyay, S.C.; Suryadevara, N.K. Smart sensors and internet of things: A
postgraduate paper. IEEE Sens. J. 2017, 17, 577-584. [CrossRef]

IJSAT25011802 Volume 16, Issue 1, January-March 2025 12



https://www.ijsat.org/

