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Abstract: This paper presents the design and implementation of a digital dashboard 

interface for electric vehicles using advanced simulation technologies and navigation APIs. The 

proposed dashboard system integrates real-time data processing and visualization to provide 

critical information to the driver, enhancing both the safety and efficiency of electric vehicle 

operation. Developed on a low-cost embedded platform, the system utilizes a combination of 

GMap.NET for mapping and navigation, the OpenWeatherMap API for real-time weather 

updates, and the Geoapify API for route planning and navigation functionalities. The graphical 

interface, created using Windows Forms and C#, includes features such as speed indicators, 

battery level indicators, navigation aids, and current weather information. A simulation program 

was developed to demonstrate the system's capabilities, including real-time updates of vehicle 

parameters such as speed, battery level, and remaining range. The simulation adjusts these 

parameters based on user inputs and driving conditions, providing an accurate representation of 

the vehicle's performance. The study highlights the system's adaptability to various vehicle 

models with minimal modifications and its potential for future enhancements, such as integrating 

additional sensors and incorporating AI algorithms for improved performance. The research 

underscores the importance of user-friendly interfaces and real-time data integration in modern 

electric vehicles, offering a scalable and cost-effective solution for enhancing electric vehicle 

usability. 
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1. INTRODUCTION AND LITERATURE REVIEW 

 

  The on-board computer system of an electric vehicle (EV) is a vital component 

that significantly enhances the driving experience by providing essential information for 

monitoring and controlling the vehicle. As the automotive industry moves towards more 

advanced and intelligent systems, the need for efficient, cost-effective, and customizable 
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dashboard interfaces becomes increasingly important. These interfaces not only improve 

the usability and safety of EVs but also contribute to a more sustainable and enjoyable 

driving experience. 

  The existing commercial car computer systems are often prohibitively expensive 

and lack the flexibility required for customization and expansion. This limitation has 

created a demand for innovative solutions that can provide real-time vehicle data and 

navigation functionalities without the high costs associated with commercial products. 

Addressing this gap, our research focuses on developing a digital dashboard interface 

for electric vehicles using advanced simulation technologies and navigation APIs. The 

paper by Parth Bhatnagar et al. [1] addresses the issue of range anxiety among electric 

vehicle (EV) owners. It introduces "EV-Connect," a mobile application designed to 

optimize EV range by providing users with real-time battery status updates, route 

optimization suggestions, a charging station locator, and a community platform for EV 

enthusiasts. The authors begin with a comprehensive literature survey of existing mobile 

applications and their features related to EV management. They detail the development 

of EV-Connect using Django and Firebase for backend functionalities and Flutter for 

frontend development. The app integrates several APIs, including Google Maps for 

navigation, Open Weather Map for weather updates, and Open Charge Map for charging 

station locations, offering a robust tool for EV owners. Results demonstrate the app's 

effectiveness in enhancing the EV user experience, reducing charging costs, minimizing 

grid stress, and promoting efficient use of renewable energy sources. The authors 

emphasize addressing "range anxiety" to facilitate broader EV adoption, highlighting the 

need for ongoing collaboration, adaptive solutions, and continuous improvement based 

on user feedback. Future work includes integrating data from EV built-in systems for 

more accurate information and further enhancing the app to meet user needs. This 

research underscores the critical role of smart EV charging solutions in promoting 

sustainable transportation and improving the overall user experience for EV owners [1]. 

  The paper by Shyba Zaheer et al. [2] delves into the real-time monitoring of 

lithium-ion battery health within the framework of Industry 4.0. The study highlights the 

development and deployment of a dashboard utilizing STM32 microcontrollers, 

advanced sensor technology, and data analytics to provide continuous insights into 

battery performance, including state of charge (SOC) and temperature. Integrating IoT 

principles, the system aims to enable predictive maintenance and optimize resource 

utilization, enhancing operational efficiency and reliability in industrial settings. The 

paper highlights the significance of lithium-ion batteries in electric vehicles (EVs), 

noting their high energy density and extended driving range. It addresses safety concerns 

such as thermal runaway, fires, and explosions, which can occur due to overcharging or 

physical damage. The authors detail the development of the dashboard using STM32 

microcontrollers, advanced sensors, and data analytics to monitor SOC and temperature 

continuously. The methodology includes the design and implementation of charging and 

discharging processes, sensing of current, voltage, and temperature, data processing 

using MATLAB, and the display of real-time information through a user-friendly 

dashboard. The results indicate effective monitoring of battery health, with SOC 

variations and temperature stability being accurately tracked during charging and 

discharging conditions. 
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  The paper by Agnieszka Dudziak et al. [3] explores the evolution and impact of 

modern vehicle communication systems, specifically focusing on intelligent car 

dashboards equipped with multimedia and internet connectivity. The study examines 

various types of dashboard interfaces, including analogue switch dashboards (ASD), 

gesture/speech controlled dashboards (GSD), and touch screen dashboards (TSD), 

assessing their convenience and safety from the driver's perspective. The authors 

conducted a comprehensive literature review, highlighting current trends in vehicle 

technology and the shift from mechanical controls to interactive touch panels, voice, and 

gesture control systems. This shift is driven by advancements in technology and the need 

for efficient handling of multiple functions within vehicle infotainment systems. The 

research methodology involved a survey of 863 drivers with varying levels of experience 

and driving environments. The survey aimed to gather opinions on the three types of 

dashboard interfaces, focusing on their usability and safety implications. The analysis 

employed correspondence and decision tree analyses to evaluate the data and identify 

significant differences in driver assessments based on demographics and driving 

conditions. 

  The study underscores the importance of aligning vehicle control systems with 

driver needs and safety, highlighting that the development of these systems should 

continue to evolve towards more intelligent and autonomous solutions. The findings 

emphasize the necessity for ongoing user feedback and adaptive solutions to enhance the 

driving experience and promote road safety [3]. 

  The paper [4] addresses the challenge of creating an affordable, customizable 

car dashboard. It focuses on displaying real-time vehicle data such as speed, engine 

RPM, fuel levels, and battery status, using a Raspberry Pi 3 single-board computer. The 

dashboard receives data from the vehicle's CAN bus via an OBD-II cable. The study 

reviews existing commercial car computer systems, noting their high costs and limited 

customization options. It then details the design and implementation of a digital 

dashboard that is cost-effective and adaptable to various vehicles with minimal physical 

or software modifications. The authors highlight the potential for future enhancements, 

such as integrating GPS modules and inertial measurement units (IMUs). The system 

architecture includes a low-cost embedded platform optimized for graphical design. This 

platform processes and displays critical vehicle information interactively in real-time, 

ensuring that the final device is both affordable and highly functional. The paper 

concludes by demonstrating the feasibility and performance of the digital dashboard, 

emphasizing its adaptability and the ease of future upgrades. This research contributes 

to the development of accessible and customizable vehicle management systems, 

aligning with the broader goals of enhancing electric vehicle usability and driver 

experience. 

 

2. IMPLEMENTATION 

 

2.1. Graphical interface 

 

  The graphical interface of the dashboard system is developed using Windows 

Forms and the C# programming language, offering an interactive and intuitive 
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experience for the user. The graphical interface includes a series of elements that provide 

essential information and functionalities for the driver: 

 Speed indicator: displays the current speed of the vehicle, allowing the driver to 

monitor and adjust the speed while driving; 

 Maps and navigation: offers navigation functions, including route planning, 

turn-by-turn directions, and displaying points of interest along the route. These 

functionalities are integrated into the graphical interface to help the driver 

navigate efficiently to their destination; 

 Current weather information: displays information about current weather 

conditions, such as temperature, humidity, wind speed, and visibility to help the 

driver make informed decisions during the trip; 

 Energy consumption graph: includes a graphical representation of the energy 

consumed per hour. This graph provides detailed information about the vehicle's 

energy consumption over time, helping the driver to monitor and optimize 

energy usage; 

 Gear indicator: Shows the current gear position of the vehicle. The positions 

include Park (P), Reverse (R), Neutral (N), Drive (D), and Sport (S). This helps 

the driver know the operational state of the vehicle; 

 Tire pressure: indicates the current tire pressure, which is shown as 2.0 bar. 

Proper tire pressure is crucial for safe driving, optimal fuel efficiency, and tire 

longevity; 

 Distance driven: shows the total distance the vehicle has travelled, which can be 

useful for maintenance schedules and overall vehicle usage tracking. 

 Battery capacity, temperature, and drivable time: displays the total capacity of 

the vehicle's battery, allowing the driver to understand the maximum energy 

storage. Additionally, it shows the battery temperature, which helps in assessing 

the battery's performance and health. The indicator also provides the remaining 

drivable time, enabling the driver to manage energy consumption and plan 

charging stops efficiently; 

 Other useful information: the graphical interface also includes other elements, 

such as a visual representation that adjusts the display according to the time of 

day (Day/Night Mode) for optimal visibility and reduced eye strain during night-

time driving; the cellular signal strength, indicating the availability of a 5G 

connection for navigation, communication, and other connected services; a top-

down view of the car showing its current state, such as whether the doors are 

closed and lights are off, to help the driver ensure that all parts of the car are in 

the correct state before and during driving; and the current time and date to help 

the driver manage their schedule with real-time information. 
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Fig.1. The graphical user interface 

 

2.2. Design and ease of use 

 

  The graphical interface is carefully designed to be easy to use and understand, 

considering that the driver needs to primarily focus on driving the vehicle. The design is 

simple and intuitive, with accessible control elements strategically placed to allow quick 

and efficient access to information and functionalities. The graphical interface can 

integrate advanced technologies such as high-resolution displays, voice commands, and 

touch interfaces to offer an enhanced and more intuitive user experience. These 

technologies can help reduce distractions and improve safety while driving. 

 

2.3 Navigation functions in the on-board computer system 

 

  The navigation functions are designed to help the driver plan and follow routes 

to destinations, providing precise directions and route information to facilitate the 

journey. The system allows the user to input the desired destination by directly selecting 

a point on the map, providing an intuitive and efficient way to set navigation goals 

without the need for typing addresses. Users can also select multiple points on the map, 

and the system will calculate the route based on all of them. By enabling multiple 

destination inputs and optimizing routes accordingly, the navigation system greatly 

enhances trip planning capabilities, making it a powerful tool for both everyday use and 

professional applications. This leads to time savings, reduced travel stress, and improved 

overall efficiency on the road. Once the destination is entered, the system calculates the 

fastest or shortest possible route. During the journey, the system provides visual 
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directions to follow to reach the destination. These directions include turns, traffic lights, 

pedestrian crossings, and other important landmarks along the route (Figure 2). 

 

 
Fig.2 Temperature, time, date and other information 

 

Additionally, the map can be visualized in three different modes: satellite view, 

terrain view, and standard map view (Figure 3). This functionality allows users to choose 

the most suitable view for their needs. For instance, the satellite view offers a detailed 

aerial perspective, which can be particularly useful for identifying landmarks and 

navigating in unfamiliar areas. The terrain view highlights geographical features, making 

it ideal for routes through mountainous or rural areas where understanding the 

topography is important. The standard map view provides a clear and straightforward 

representation of roads and infrastructure, which is useful for everyday driving in urban 

or suburban environments. These visualization options can significantly enhance the 

driver's ability to plan and navigate routes effectively. For example, when traveling 

through a densely populated city, the standard map view can help identify the best streets 

to avoid traffic congestion. In contrast, when driving in the countryside or mountainous 

regions, the terrain view can help anticipate changes in elevation and road conditions. 

The satellite view can assist in recognizing specific buildings or landmarks, making it 

easier to find exact destinations in complex settings like large campuses or industrial 

areas. By offering these versatile map visualization modes, the system ensures that 

drivers can adapt their navigation experience to different driving conditions and personal 

preferences, ultimately improving safety, convenience, and efficiency on the road. 

 

 
Fig.3 Navigation system 
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3. TECHNOLOGIES USED 

 

3.1 GMap.NET 

 

GMap.NET [5] is a mapping and map display technology that offers a robust 

and user-friendly interface for integrating interactive maps into .NET applications. In 

the on-board computer system of an electric car, GMap.NET is used to display maps, 

including street maps, terrain maps, satellite maps, and others. These maps are displayed 

within the graphical interface of the on-board computer system, providing the user with 

a visual view of the area they are in and the planned route. The user can interact with the 

displayed maps using a mouse or other interaction devices. For example, the user can 

zoom into a specific area of the map, scroll to explore adjacent areas, or click on points 

of interest to obtain additional information. In addition to displaying basic maps, 

GMap.NET also allows for the addition of extra elements to the maps, such as markers, 

route lines, polygons, and others. These elements can be used to highlight planned routes, 

electric vehicle charging stations, or other relevant points of interest. 

 

3.2. OpenWeatherMap API 

 

The OpenWeatherMap API [6] provides access to detailed weather data such as 

temperature, humidity, wind speed, and more for locations worldwide. In the on-board 

computer system of an electric car, the OpenWeatherMap API is used to provide up-to-

date weather information and assist the driver in making route and driving decisions. 

Weather data obtained through the OpenWeatherMap API is displayed within the 

graphical interface of the on-board computer system, allowing the user to see current 

weather conditions and consider this information when planning the trip. 

 

3.3. Geoapify API 

 

The Geoapify API [7] offers various routing and navigation functionalities, 

which are used in the on-board computer system of an electric car to provide the driver 

with useful and precise information related to the planned route and travel conditions. 

Road maps are displayed within the system’s graphical interface using data obtained 

through the Geoapify API. These maps include the planned routes, points of interest, and 

other relevant travel information. 

 

4. DRIVING SIMULATION 

 

To demonstrate the functionality and features of the interface, a simulation 

program was created for an electric car [8], [9]. The simulation begins with the 

initialization of the car's parameters and the initial driving conditions [10], [11]. This 

includes the car's weight, battery capacity, motor power, friction coefficients, and other 

relevant parameters. The objective is to calculate the car's speed based on acceleration, 

car mass, and other influencing factors using the derived formulas [8], [12]. 
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  Initialization parameters 

The initial parameters for the electric car simulation are as follows: 

 Weight of the car (W): The weight of the car. 

 Battery capacity (C): The battery capacity. 

 Motor power (P): The motor power. 

 Rolling resistance coefficient (kr): The rolling resistance coefficient. 

 Aerodynamic drag coefficient (Cd): The aerodynamic drag coefficient. 

 Frontal area (A): The frontal area. 

 Air density (ρ): The air density. 

Driving Forces 

The forces acting on the car are calculated as follows: 

1. Rolling resistance force (Fr)(1): 

 

Fr = W ⋅ kr     (1) 

 

    where: 

 W is the weight of the vehicle. 

 kr is the rolling resistance coefficient. 

2. Aerodynamic drag force (Fd)(2): 

 

Fd = 12 ⋅ ρ ⋅ Cd ⋅ A ⋅ v2    (2) 

 

    where: 

 ρ is the air density. 

 Cd is the drag coefficient. 

 A is the frontal area. 

 v is the vehicle velocity in meters per second (m/s). 

3. Motor force (Fm)(3): 

 

Fm = P ⋅ 1000 ⋅ v    (3) 

 

    where: 

 P is the motor power in kilowatts (kW). The factor 1000 converts 

kilowatts to watts for consistency in units. 

 v is the vehicle velocity in meters per second (m/s). 

Vehicle dynamics 

The total driving force and the resulting acceleration are determined using the 

following equations: 

1. Total driving force (Ft)(4): 

 

Ft = Fm – Fr – Fd    (4) 

 

    where: 
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 Fm is the motor force. 

 Fr is the rolling resistance force. 

 Fd is the aerodynamic drag force. 

2. Acceleration (a)(5): 

 

A = Ft/m     (5) 

 

    where: 

 Ft is the total driving force. 

 m is the mass of the vehicle. 

 

Simulation of speed 

To determine the speed of the car over time, the following kinematic equations 

are used: 

1. Velocity v(t) (6): 

 

v(t) = v0 + a ⋅ t     (6) 

 

    Where: 

 v(t) is the velocity at time t. 

 v0 is the initial velocity. 

 a is the acceleration. 

 t is the time. 

2. Position s(t)(7): 

 

s(t) = s0 + v0 ⋅ t + 1/2 ⋅ a ⋅ t2    (7) 

 

    Where: 

 s(t) is the position at time t. 

 s0 is the initial position. 

 v0 is the initial velocity. 

 a is the acceleration. 

 t is the time. 

The car's motion is simulated using a set of predefined formulas [8]. This 

approach facilitates the assessment of the vehicle's range and performance throughout 

the route. The simulation continuously monitors and updates the battery level based on 

the car's energy consumption and additional factors such as energy regeneration during 

braking (Figure 4).  

Parameters such as the coefficient of friction, aerodynamic drag coefficient, 

frontal area, and motor power are dynamically adjusted in real-time, taking into account 

driving conditions like speed, gear selection, and terrain. 
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Fig.4. Regeneration of energy during braking 

 

Users can change gears according to driving requirements, and the simulation 

adapts the car's performance accordingly. During the simulation, visual feedback is 

provided to the user, displaying essential information such as current speed, battery level, 

and remaining range. 

By persistently updating the car's parameters and offering real-time feedback, 

this simulation serves as a comprehensive tool for evaluating the vehicle's range, 

performance, and energy efficiency.  

This methodology not only enhances the understanding of the car's capabilities 

but also aids in optimizing driving strategies to improve performance and conserve 

energy. Future advancements may include more detailed terrain modelling and the 

integration of real-world driving data to further enhance the accuracy and applicability 

of the simulation. In addition to the benefits related to reducing energy consumption, 

such a system can help in the fight to reduce pollution, thus ensuring an effective 

sustainable framework [13]. 

 

5. CONCLUSIONS 

 

  This paper presents the design and implementation of a digital dashboard 

interface for electric vehicles, utilizing advanced simulation technologies and navigation 

APIs. The developed system demonstrates a significant improvement in providing real-

time vehicle data and enhancing the overall driving experience through a user-friendly 

interface. The integration of GMap.NET, OpenWeatherMap API, and Geoapify API has 

enabled the creation of a robust and interactive dashboard that offers comprehensive 

navigation, weather updates, and vehicle performance metrics.  
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The use of Windows Forms and C# for the graphical interface ensures an 

intuitive and accessible user experience, allowing drivers to focus on the road while 

accessing essential information effortlessly.  

The simulation program, which includes real-time adjustments of vehicle 

parameters based on user inputs and driving conditions, provides an accurate 

representation of vehicle performance and assists in route planning and energy 

management.  

The findings highlight the potential for future enhancements, such as integrating 

additional sensors and improving AI algorithms to further refine the system's 

capabilities. This research underscores the importance of real-time data processing and 

user-friendly interfaces in modern electric vehicles, offering a scalable and cost-effective 

solution for enhancing vehicle usability and driver satisfaction. 

  The proposed digital dashboard interface represents a significant advancement 

in electric vehicle technology, contributing to safer, more efficient, and enjoyable 

driving experiences. The system's flexibility and potential for continuous improvement 

align with the evolving needs of EV drivers and support the broader adoption of electric 

vehicles.  

Future work will focus on expanding the system's functionalities and ensuring 

seamless integration with emerging automotive technologies. 
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