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1. INTRODUCTION

A telematic control unit (TCU) is a smart device built into vehicles that helps them stay connected
by enabling wireless communication with external systems and networks. It processes data from various in-
vehicle sources such as sensors and control units, enabling real-time decision-making, and also provides
crash alerts or fault notifications. On-board diagnostic II (OBD-II) is the upgraded version of a built-in
system included in most cars and light trucks that helps monitor various vehicle subsystems, including the
engine, transmission, and emissions systems, by communicating with multiple electronic control units
(ECUs) such as the engine control module (ECM) and TCU. Rybitskyi et al. [1] analyzed the OBD-II
technology extensively and proposed a practical software model that utilizes cost-effective hardware to
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enable comprehensive diagnostic functions. Suzen and Kayaalp [2] have presented a practical and integrated
solution for remote vehicle diagnostics and performance monitoring. It uses standard OBD-II protocols along
with affordable hardware. A web-based interface is included to improve vehicle safety and make
maintenance more efficient.

When full data is unavailable, it becomes difficult to find the exact cause of problems in a vehicle
and also more difficult to improve vehicle’s overall performance. This is particularly the case for hybrid and
flex-fuel vehicles, as they utilize more than one type of energy source. OBD-II data covers only a limited
range, it can make it harder to build accurate models for tracking emissions and fuel efficiency. The
feasibility of using cost-effective OBD data to develop detailed engine maps and analyze the urban taxis’ fuel
efficiency and CO; emissions under real-world, practical driving conditions is discussed in [3]. The method
proposed in this paper combines a ‘vehicle specific power’ analysis with OBD-collected data and enables a
detailed assessment of vehicles without the need for expensive equipment like portable emission
measurement systems.

Heavy vehicles are tracked through a mix of GPS technology, telematics solutions, and onboard
diagnostic systems OBD-II. Heavy machinery is usually monitored through advanced telematics and internet
of things (IoT) technologies instead of traditional OBD-II systems. The heavy machinery, characterized by
legacy equipment and high upgrade costs, presents challenges. With the support of external sensors to the
existing vehicle's system that gather necessary data without changing the vehicle, the warranty for these EVs
complies, and logical issues can be improved. The data gathered gets transmitted to the fleet management
system through Wi-Fi with high-speed transfer and an inbuilt buffer storage mechanism to maintain data
integrity even during data network disruptions.

Rimpas et al. [4] compared the actual fuel consumption of the vehicle with calculated values using
the OBD-II data, sensor data, and software. The results show that fuel consumption is closely tied to driving
habits: stop-and-go driving burns more fuel, whereas steady, consistent driving keeps fuel use in check.
Dhananjayan et al. [5] have used external sensors to monitor driver’s real time health and behavior, and fuel
consumption, along with OBD-II data and monitored through a mobile App developed about vehicle
conditions and route tracking.

This paper focuses on integration of adaptive telematics which offers significant advantages for both
operational efficiency and data-driven decision-making. Telematics systems allow fleet operators to monitor,
control, and optimize their EVs in real time, facilitating better management of resources and improving
sustainability with enhanced data acquisition capabilities for EVs to enable efficient fleet management.

2. LITERATURE REVIEW
2.1. Overview of telematic control units (TCUs)

Urban transport creates a lot of air pollution and is actively responsible for over 25% of the world’s
greenhouse gas emissions. Vehicle telematics can play a big role in making city travel safer, reducing
pollution, and creating an eco-friendlier and more sustainable ways to travel. Vehicle telematics uses GPS
technology combined with onboard sensors to track a vehicle’s exact location along with the time that data is
recorded. Telematics devices inside the vehicle continuously records where the vehicle is, by helping fleet
managers or owners keep track in real time. Telematic data is also used to find [6] vehicle emissions, driving
cycle, driver behavior, driving styles, driving risks, real world traffic, fleet management, remote diagnostics,
safety, and is also used by insurance sector.

The TCU is equipped with a comprehensive set of software tools, along with microcontrollers,
radiofrequency/internet communication modules, and GPS receivers. The integration of hardware and
software [7] in the vehicle provides valuable information to fleet operators, insurers, and other interested
parties. Information access services allow people inside the vehicle to connect to and use information from
sources outside the vehicle [8]. These provide bi-directional communication of all types of data through a
standardized interface. Many vehicles are equipped with tracking systems that keep an eye on where they are
in real time. This information helps a system predict when the vehicles will arrive and leave, and these
updates are shared with passengers to make their travel easier. Vehicle telematics also provide context aware
services like vehicle component states, traffic, weather, and pollution conditions, accurate parking, on
demand entertainment, and information about nearby points of interest [8]. This variety of usage contributes
to vast applications in an array of industries, including transportation, logistics, and automotive insurance.

The TCU is an essential constituent of advanced vehicle connectivity, which enables stakeholders to
use these data to make prompt and pertinent judgments and improve road productivity, fuel consumption, and
safety [9]. Data extraction from the OBD port in internal combustion engine vehicles adheres to an industry-
standard protocol but electric vehicles are not bound by such a standard. Data extraction from the OBD port
of electric vehicles and to synthesis of the collected data on various parameters on EV energy consumption is
discussed in [10].
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2.2. Existing fleet management systems (FMS)

Fleet management is the process of monitoring a company's vehicles and assets to improve
operational efficiency, reduce costs, and increase performance. Fleet management systems (FMS) are
integrated software and hardware solutions designed to help organizations efficiently manage their fleet of
vehicles through key functionalities like driver behavior monitoring, vehicle tracking, diagnostics, fuel
management, maintenance management, safety, and risk management. A cloud-based fleet management [11]
system is an online service that allows large-scale organizations to manage their vehicle fleets’ costs
effectively and more efficiently. This system works on cloud infrastructure and can be accessed from
anywhere via the internet. It offers features including vehicle tracking, route optimization, driver
management, fuel management, and maintenance scheduling. The FMS discussed in [12] integrates vehicle
units with sensors, GPS, and GSM technology to enhance scheduling, improve productivity, and reduce
transportation costs. The designed system addresses security concerns like driver over-speeding and
unauthorized private use, benefiting fleet owners and administrators. Fleet management plays a crucial role in
intelligent transport systems (ITS) [13], optimizing large-scale vehicle fleet operations in transport
companies. The proposed FMS uses tachographs for monitoring vehicle and driver activities.

The existing few FMS solutions in the market are Geotab and Verizon Connect. Geotab stands as
one of the pacesetters in the FMS field and is widely known for the powerful telematics system that it
provides. Geotab delivers business solutions, including real-time GPS tracking, vehicle statistics, driver mode
rating, and vehicle maintenance schedules. The system features interactive reports and dashboards that fleet
managers can tailor to their specific data needs for more informed decision-making.

Verizon Connect has a good source of FMS; they provide advanced FM software solutions to
enhance the efficiency and safety of fleets. The platform includes fuel management, good driving habit
scoring, routing optimization, and fleet prospection. Verizon Connect also features comprehensive third-party
integration and application programming interface (API) functionality, making it very flexible when telling
the story of EVs and assets.

2.3. Challenges in vehicle data acquisition

Vehicle data acquisition comes with a variety of challenges that can be quite complex and involve
many different factors. Various methods of data acquisition systems are shown in Figure 1. The major
difficulties are gathering efficiently, memory requirement, privacy concerns, managing data redundancy and
processing vast amounts of data from various sensors. A specially designed unique data acquisition system is
proposed [14], which emphasizes the need for advanced data acquisition system with preprocessing of data
and intelligent strategies to analyze complex data vehicle dynamic movement data and the associated human
behaviour data while driving in challenging environments. Gathering and analyzing of real-world vehicle
data, particularly for electric vehicles [15], comes with quite a few challenges from technical hurdles to legal
considerations. The challenges in case of automated vehicles [16] will specifically be data logging,
collection, storage, annotation, reprocessing, and evaluation to ensure automated vehicles behave consistently
and reliably. The data extraction and processing is tough in highly heterogeneous traffic [17] with poor lane
discipline. In this situation, the vehicles interact both front-to-back and also laterally.

Automotive ECUs usually get supported for 10 to 30 years, which is often much longer than the
lifespan of many of their electronic parts [18]. Redesigning obsolete ECUs with new components and
corresponding software redevelopment involves lots of effort and cost. The data acquiring from EV
integrated with diverse vehicle types, including ensuring compatibility with vehicle-to-grid (V2G)
communications, data transmission through 5G networks is also challenging [19].

The data collection and accurately interpreting data from the in-vehicle networks of heavy-duty
vehicles using CAN bus is discussed in [20]. Interfacing TCU and fuel sensors to monitor the fuel levels [21]
and to manage fuel pilfering in commercial vehicles is presented in [21]. Saghaei [22] has used a web-based
software and a trackerRAD100 to find the live location of the vehicle, travelled path, and fuel consumption
rate. The fleet management (FM) software implementation, improvement in fleet operation, savings and
design at various levels FM are discussed in [23] to meet the varying requirements, characteristics, and
operational needs. The use of vehicle telematics data like speed, braking, distance travelled, and driver
behavior is used for vehicle insurance application is documented by Boylan ef al. [24]. The vehicle telematics
data is used for understanding urban mobility, vehicle emissions, with geospatial data were presented in
detail by Ghaffarpasand and Pope [25]. The objective of this paper is to develop a cost effective a cost-
effective transmission control unit that can work across different EV models in a fleet management system. It
focuses on building a unit that can reliably gather important data by using sensors that send key information
from the battery management system (BMS) to the telematics control unit.
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3. METHODOLOGY AND SYSTEM IMPLEMENTATION
3.1. Design of the telematics control unit (TCU)

The overall system architecture is shown in Figure 1. The TCU is a central element and vital in-
vehicle telematics system. The TCU is responsible for data acquisition, computation, and transmission in a
modern vehicle telematics system with many embedded hardware and software. There are 3 different modes
of acquiring data by TCU as shown in Figure 1, in mode 1 data from only OBD-II, in
mode 2 it gathers data from OBD-II and external sensors, and in mode 3 only from external sensors. In this
paper, mode-2 that is data from sensors and OBD-II has been taken for controlling and managing the vehicle.

FMS <«— TCU OBD-2 Vehicle

Data Acquisition Mode 1

External
Sensors
l BMS
x
‘ﬁ t
Converted
OBD-2 EV vehicle

FMS
Data Acquisition Mode 2
Without Tampering the
7| - wehicle thus able to
External avoid any vulnerabiliies
TCU | Sensors
Heavy Earth
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Old ECU with
FMS less Dala ,—‘

Data Acquisition Mode 3

Figure 1. Existing mode of data acquisition methods

The TCU has advanced hardware features such as microcontrollers, wireless communication radios
(like Wi-Fi and Bluetooth), GPS interfaces, and a broad range of sensors. Vehicles commonly use two main
types of speed sensors: wheel speed sensors and vehicle speed sensors. These sensors rely on different
technologies, including the Hall effect, magnetic (variable reluctance), and magnetoresistance sensors, to
accurately monitor speed and support essential vehicle systems. The complete block diagram of the developed
model is depicted in Figure 2, where FMS, sensor cluster, and signal transmission system are shown.

3.1.1. TCU setup and configuration

RC car integration: in this paper, TCU is the element that physically connects the autopilot to the
RC car while enabling telemetry communication between the autopilot and the microcontroller. The
integrated IC ESP32 has been used in TCU which is a low cost, energy efficient micro controller. This has
inbuilt Wi-Fi and Bluetooth which helps in connecting to the internet or other devices. Controlled by a built-
in ESP32 microcontroller and an L290 motor driver, the TCU processes the input to control the robot's speed
and track direction; it works like an actual vehicle control unit. These components are shown in the Figure 2
block diagram.

Bluetooth communication: the TCU uses the ESP32 BLE module to imitate the vehicle’s Bluetooth
communication, allowing it to work exactly like the car’s built-in Bluetooth system. This creates
uninterrupted integration between the TCU and data acquisition and control. Comprehensive sensor suite: the
functionality of TCU has not been limited to simple types of sensors, the sensors used in the paper are
proximity sensor, temperature sensor, humidity sensor, speed sensor, and for location the position GPS
module, SoC battery monitoring and voltage, and battery temperature.
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Realistic vehicle simulation: this paper uses an RC car to prototype and test a TCU. The TCU is
tested in a smaller, safe environment. Even though the RC car is just a model, it gives the TCU a real place to
connect with sensors, send and receive data, and act just like it would in a real car. The findings show that
this type of systems have strong potential for use in managing fleets of vehicles. Resource optimization: the
paper carries out the RC car setup, and therefore, it proves that through fleet optimization, TCU provides
fleet resource management services. By using different data acquisition methods, TCU improves productivity
in operating equipment and aids in organizing managers' decisions into more informed ones.

The TCU’s software element processes and assesses the net result of collected data rapidly and
effectively. The software processes online data, checks real-time fault detection, vehicle condition and
transmitting data to external system the FMS. Additionally, the TCU has embedded hardware SD card that
ensures that network disruptions do not affect data integrity and reliability. Even in the case of network
failure, the vehicle can safely carry out the driving task relying on the buffered and stored data on the
SD card.

The TCU's hardware and software components can be designed separately and then integrated; this
modular nature allows flexibility and scalability to upgrade the TCU system used in vehicles. This reassures
technical professionals that the TCU will remain a reliable and effective component in their systems, even as
technology continues to evolve. Figure 3 shows the prototype of RC car with TCU and data acquisition
system developed.
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Figure 2. Block diagram of the developed model

Figure 3. Prototype of data acquisition and TCU module
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3.2. Data acquisition, processing, storage mechanisms, and transmission process

This section presents the mechanisms involved in data acquisition, processing, storage, and
transmission within the TCU system. It outlines how vehicle data is collected, analyzed, and reliably
delivered to support real-time monitoring and decision-making.

- Data collection: the TCU system uses a smart setup to gather all the important details about the vehicle
that are needed. The data it collects is of GPS paths, battery charge state, voltage levels, temperature
readings, proximity data, and vehicle speed.

- Data processing: the TCU collects the information, after which the server performs various data analytics
tasks to generate improved insights and carry out the required computations. This involves aggregation,
analysis, and processing of the raw data into results that make significant contributions to decision-
making.

- Transmission via Wi-Fi: after collecting the necessary data, the TCU is designed to send this information
to a specific server using a node MCU’s Wi-Fi connection. With vehicle telematics, fleet managers get
instant updates of their vehicles in real time and this helps them respond quickly to important situations.

- Network redundancy: the TCU is built with a backup system to handle issues like dropped connections or
brief network outages. Whenever the Wi-Fi connection is lost, it automatically switches to saving data
locally on an SD card, keeping all important information safe until the network is restored. Once the
network connection is restored, TCU transmits the stored data smoothly and continuously without
interrupting the server. As a result, fleet transportation is monitored continuously, registering every detail
of the vehicle data at all times.

3.3. Development of the fleet management system (FMS)

Developing an FMS creates a complex software infrastructure that provides the platform to integrate
data from different sections to control fleet operations through data collecting, storage, and visualization.
Setting up the back-end server with middleware tools like Node.js and Express helps with receiving, saving,
updating, or manipulating data as needed. Node.js is a tool that lets to run JavaScript outside of a browser,
such as on a server or computer. It can handle many tasks at the same time without waiting for one to finish
before starting another. Because of this it’s also very fast and can easily manage lots of communications or
requests simultaneously, making it ideal for FMS.

In this paper, for database management, MongoDB, a popular open-source, document-oriented
NoSQL is implemented. This stores data in a binary form that is more efficient for storage and processing by
computers. An FMS administrator server equipped with Node.js and Express can process data from incoming
EVs and store it in a MongoDB database. As MongoDB has a document-oriented approach, data in structured
and unstructured forms is easy to access. Consequently, the capability to handle the different data types
collected from various EVs is realized and this enhances the database's universal applicability.

For building front end user interfaces (UIs), open-source JavaScript library React.js is used. React.js
helps create interactive and changing user interfaces by dividing the screen into small, simple parts called
components. The frontend is a user-friendly dashboard; this is the key technical part that powers the FMS.
Figure 4 shows the web app signal flow in FMS.

User Frontend Backend Datal)ase
(MangODB)

Browser (React.js) (Node.js)

Figure 4. The flow of signal in FMS

4. RESULTS AND DISCUSSION

Integrating the TCU with FMS system is crucial, transforming the way fleet management operations
are handled. This integration enables sophisticated and varied data collection across various vehicle types,
capturing large volumes of data and providing real time insights. The highlight that integrating various EVs
with a TCU and an efficient FMS is both practical and achievable.

The dashboard works in real time updating the information received by TCU from vehicles. By
increasing the use of dynamic data visualization tools, fleet managers can monitor vehicle health conditions,
battery status in real time which helps them in making managerial decisions adequately. The FMS frontend
dashboard is built with React and Tailwind CSS which has two-way communication feature, which provides
fleet managers with seamless data visualizations and actionable insights.
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The dashboard also provides selective summary data generated by the data collection process.
Figure 5 shows the FMS dashboard, which consists of 4 vehicles linked with the fleet management portal.
The type of vehicle, vehicle number, and condition of each vehicle is displayed. The summaries give clear
and simple insights into how EVs perform on the job.

Figure 6 shows that location and route tracking capabilities is the dashboard’s ability to track routes
is one of its most useful feature. Fleet managers can quickly see the status of every vehicle in a congested
area and can do route planning, easily identify opportunities for improvement, helping the fleet run more
smoothly and efficiently. The FMS evolves to enhance robustness, scalability, and humanization to the
benefit of fleet managers, and they are equipped with the necessary tools to help them make the right
decisions and simplify the fleet management process.
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5.  CONCLUSION

A cost-efficient TCU has been designed with the capability to integrate various EV models,
functioning as part of an FMS. The TCU is built using a low-cost microcontroller with built-in Wi-Fi and
Bluetooth features. On the FMS server, data processing is handled using Node.js and Express, with
MongoDB serving as the database solution. The TCU is configured to buffer data during connectivity losses
to ensure data integrity once the connection is restored. Additionally, a front-end dashboard has been
developed to visualize and summarize real-time data, as well as track vehicle routes and movements. Future
work on this topic can explore the use of advanced communication technologies like 4G/5G and vehicle-to-
everything (V2X) to improve connectivity and reliability. It can also include integrating the system with
smart charging infrastructure and traffic management systems to support smart city applications. Overall,
these improvements can make telematics-based fleet management systems more efficient, intelligent, and
scalable.
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