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Abstract - Currently, engine remapping is widely utilized to 

enhance the performance of diesel and petrol engines. 

Given that a substantial amount of data must be collected 

during the optimization process, a data acquisition system 

is necessary to organize and retrieve data automatically. 

This research focuses on the design, development, and 

testing of a data acquisition system for controlling and 

measuring the throttle pedal in diesel vehicles equipped 

with a common rail system. The system is designed to 

manage the Throttle Position Sensor (TPS) and monitor 

vehicle operational parameters in real-time. The proposed 

device employs Arduino as the primary hardware, with 

TechStream software for vehicle data acquisition, and a 

web-based application developed using the Python 

programming language, and displays data in real-time in 

the form of graphs and tables. From the test results, it can 

be concluded that the developed acquisition system 

produces precise and sensitive throttle position settings. Its 

operation is also straightforward, safe, and requires a 

relatively short amount of time. 

Keywords: Data Acquisition, Arduino, TechStream, Python, 

Diesel Engines, Throttle Position. 

I. INTRODUCTION 

The current advancements in science and technology are 

reflected in the growing use of more efficient automatic 

control systems, particularly in the automotive industry. These 

advancements are most evident in Engine Control Units 

(ECUs), computerized systems that automatically manage 

various aspects of engine performance, including fuel mixture, 

ignition timing, and engine speed [1]. ECUs can be 

reprogrammed to achieve optimal performance based on the 

owner's preferences, a process known as remapping [2, 3]. 

With prolonged use and vehicle operation, the 

performance of the ECU may degrade, necessitating 

recalibration to restore its functionality. To accomplish this, 

data from the ECU must be accessed using an engine scanner, 

allowing the monitoring of various vehicle parameters [4]. 

Therefore, there is a need to develop a data acquisition system 

that can facilitate the remapping process by automatically 

adjusting engine settings 

In an electronic throttle system, the Throttle Position 

Sensor (TPS) plays a crucial role in precisely monitoring and 

adjusting the throttle position. This accuracy is essential for 

optimizing engine performance, fuel efficiency, and emission 

control [5, 6]. In diesel vehicles equipped with a Common 

Rail system, the precise management of air and fuel flow is 

central to engine operation. However, despite the advantages 

offered by this technology, challenges such as backfire, 

misfire, and knocking remain significant issues that affect 

engine reliability and performance [7]. 

Electronic Throttle Control Systems (ETCS), integrated 

with the Throttle Position Sensor (TPS), offer significant 

advantages in controlling longitudinal speed and enhancing 

fuel efficiency. This system allows for more responsive and 

precise throttle adjustments, with microcontrollers such as the 

Arduino Mega 2560 playing a key role in refining this control 

[5, 6]. As a microcontroller, Arduino provides high 

adaptability and compatibility across various applications, 

enabling the implementation of flexible and efficient control 

systems. In this context, data acquisition technology is critical 

to ensuring the system’s overall effectiveness. Software such 

as TechStream facilitates real-time collection of vehicle 

parameters, providing valuable insights into operational 

conditions and system performance. Leveraging this data is 

essential for evaluating the precision of throttle control, 

ensuring optimal performance across different operating 

conditions. 

This research aims to develop an automated system for 

the Throttle Position Sensor (TPS) to simplify the engine 

remapping process. The focus is on achieving precise control, 

optimizing performance, and improving the safety and 

reliability of the system [8]. This system is specifically 

designed to address common engine performance issues, such 

as aggressive driving styles that can cause inconsistent engine 

loads and negatively impact fuel consumption [4]. To 
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accurately monitor transitions in vehicle status, advanced 

modelling and computing technologies are utilized [9, 10]. 

The objectives of the research are to design a data 

acquisition system for controlling and adjusting the throttle 

pedal in vehicles and to develop a system capable of collecting 

real-time vehicle parameters. Additionally, the precision of the 

throttle position control system and the accuracy of the data 

acquisition system will be tested through a series of 

evaluations. 

II. LITERATURE REVIEW 

2.1 Data Acquisition 

Data acquisition is the process of collecting information 

from various sources and making it available for analysis or 

storage [11, 12]. In the automotive industry, data acquisition 

analysis plays a crucial role in optimizing driving conditions, 

reducing the need for test vehicles, and enhancing the overall 

functionality of vehicles. This research focuses on measuring 

data acquisition for the control of various vehicle parameters, 

including the adjustment of throttle position.2.2 Arduino-

Based Data Acquisition System. 

2.2 Arduino-Based Data Acquisition System 

Arduino is an open-source platform that encompasses 

both hardware and software, making it a popular choice for 

developing interactive electronic projects [13]. Arduino 

microcontroller boards can be programmed using the C or 

C++ programming languages with the aid of the Arduino 

Integrated Development Environment (IDE). The 

development of an Arduino-based data acquisition system 

aims to control the throttle pedal in vehicles and collect engine 

performance parameters in real time. This system comprises 

key components that facilitate data collection, integration 

between Arduino and Python, and analysis of engine 

performance measurements [14]. 

A Digital-to-Analog Converter (DAC) is an electronic 

component that converts digital signals into analogue signals 

[15]. Its primary function is to regulate the voltage required 

for calibration and system control. The DAC transforms 

digital data into an analogue signal that can be controlled or 

monitored, allowing for the adjustment of output voltage 

according to specified parameters [16]. 

2.3 Python: Data Processing Software 

2.3.1 Backend: Flask and SQLAlchemy 

Flask is a lightweight Python framework for building 

web applications. It is a versatile tool that allows for the 

creation of interactive web applications by utilizing HTML, 

CSS, and JavaScript technologies, with Python as the core 

programming language [17]. In this system, Flask is used to 

present the user interface and to provide an Application 

Programming Interface (API), including endpoints such as 

API/save-data and API/live-data. SQLAlchemy is a SQL 

toolkit for Python that provides Object Relational Mapping 

(ORM) and is used for data modelling and database 

management. 

2.3.2 Frontend: Data Visualization 

Hypertext Markup Language (HTML) is used to structure 

web pages, facilitating the creation and organization of content 

on those pages [18]. Cascading Style Sheets (CSS) are 

employed to style and format web pages, enhancing their 

visual appeal and user-friendliness. By utilizing CSS, 

developers can control various visual aspects, including 

colour, size, font type, spacing, and other properties, thereby 

improving the overall aesthetics of the page [19]. JavaScript is 

utilized for interactivity, enabling real-time data updates and 

graphical visualizations through libraries such as Chart.js. 

2.4 Accelerator Pedal Position (APP) 

APP are sensors used to detect the position of the 

accelerator pedal in a vehicle. This is shown in Figure1. 

 

Figure 1: Accelerator Pedal Position [20] 

The APP system operates by applying voltage to the 

terminals, which varies proportionally with the throttle pedal's 

operating angle. The characteristics of the pedal sensor exhibit 

a linear voltage range of 0–5V corresponding to an angle 

range of 0 to 125 degrees [21]. The signal from the main 

terminal (MAIN) represents the actual throttle pedal angle, 

which is utilized to control the engine, while the signal from 

the backup terminal (SUB) conveys the status of the MAIN 

circuit and is employed to verify the APP sensor [22]. The 

positions of the APP sensor components are illustrated in 

Figure 2. 
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Figure 2: APP Sensor 

The sensor structure consists of six terminals: 

1. Sensor Voltage (Main) 

2. Sensor Ground (Main) 

3. Sensor Output (Main) 

4. Sensor Voltage (Sub) 

5. Sensor Ground (Sub) 

6. Sensor Output (Sub) 

2.5 TechStream Toyota 

To access sensor parameter data and reset and read error 

codes on Toyota vehicles. This is shown in Figure 3. 

 

Figure 3: TechStream Toyota Software 

2.6 Percentage Error 

Percentage error quantifies the accuracy of an estimate by 

comparing it to the known true value [23, 24]. 

𝑃𝐸 =
𝐴𝑣 − 𝐸𝑣

𝐸𝑣
 𝑥 100% 

Notation:  

PE: Percentage Error 

Ev: Measured Value  

Av: Actual Value. 

III. RESEARCH METHODOLOGY 

3.1 Research Workflow 

The research workflow includes the stages of design, 

development, testing, results, and evaluation. It is illustrated in 

Figure 4. 

 

Figure 4: Research Workflow 

3.2 Design of a Data Acquisition System 

The developed system consists of two main components: 

a) Hardware component: utilizes Arduino to control the 

TPS. 

b) Software component: employs Flask as a web server to 

manage the user interface, and SQLAlchemy for data 

storage in the database. 

3.3 Hardware Development 

The hardware utilized in this system is illustrated in 

Figure 5. These components include various essential 

elements that support the operation and functionality of the 

data acquisition system. 

 

Figure 5: Components of the controller 
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Description of Figure 5: 

1. USB Type C 

2. Battery 

3. Step-Up Regulator XL6009E1 

4. Arduino Nano 

5. DAC MCP 4725 

6. LCM 1602 

7. LCD Display  

3.4 Integration of Arduino, Python Flask, and TechStream 

The integration system of Arduino, Python Flask, and 

TechStreamis illustrated in Figure 6. 

 

Figure 6: Integration of Arduino, Python Flask, and TechStream 

a) Arduino (Sensor Data Reading): Arduino reads data from 

the vehicle’s sensors. 

b) Arduino (Send Data): The data read from the sensors is 

transmitted via the serial port to Python Flask. 

c) Python Flask (Receive Data): Python Flask receives data 

from Arduino through the API endpoint /api/livedata. 

d) TechStream (Clipboard Data): TechStream retrieves 

vehicle diagnostic data and stores it in the clipboard. 

e) Python Flask (Retrieve Data using pywinauto): Python 

Flask uses pywinauto to extract data from the 

TechStream clipboard. 

f) Python Flask (Save Data to SQLite Database): Data 

received from Arduino and TechStreamis stored in an 

SQLite database. 

g) SQLite Database (Store Data): The SQLite database 

stores the data collected from Arduino and TechStream. 

h) Data Analysis & Visualization: The data stored in the 

SQLite database is analyzed and visualized according to 

requirements. 

3.5 Development of Python Flask Code 

3.5.1 Data Retrieval from TechStream 

a) Library Inclusions 

To build a web application with Flask and support 

various additional features, several Python libraries 

areutilized, as follows: 

 Flask: Framework for creating web applications. 

 serial: For serial communication with Arduino. 

 list_ports: For obtaining a list of available serial ports. 

 SQLAlchemy: ORM for managing the SQLite database. 

 datetime: For time management. 

 pywinauto: For interacting with Windows applications 

(TechStream). 

 random: For generating random data (for testing 

purposes). 

 

Figure 7: Library Inclusions 

By using these libraries, the web application can access 

various features such as database management, serial 

communication, and interaction with Windows applications. 

b) Clipboard Data Processor 

The clipboard data processor retrieves data copied to the 

clipboard and processes it according to predefined headers. 

Code Snippet for Clipboard Data Processing is depicted in 

Figure 8. 

 

Figure 8: Clipboard Data 

3.5.2 Voltage and Interval Settings 

Voltage settings are configured by sending commands 

through the serial port using the pyserial library. The steps to 

configure voltage and interval are as follows: 

a) Serial Connection and Voltage Configuration 

The serial port is configured for communication with the 

device. Data is transmitted to adjust the voltage. The code 

snippet is displayed in Figure 9. 
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Figure 9: Serial Connection and Voltage Configuration 

b) Transmission of Voltage Data 

The voltage is transmitted to the device via the serial 

port. The code snippet is shown in Figure 10. 

 

Figure 10: Transmission of Voltage Data 

3.5.3 Data Visualization 

Data visualization is presented in the form of graphs and 

tables within the web application. The web page for 

visualization is rendered using Flask. The code snippets are 

shown in Figures 11 and 12. 

a) Route for the Graphs Page 

 

Figure 11: Route for the Graphs Page 

b) Route for the Tables Page 

 

Figure 12: Route for the Tables Page 

3.5.4 Data Storage 

The collected data is stored in an SQLite database using 

SQLAlchemy. The storage process involves receiving data 

through an API endpoint and saving it into database tables as 

shown on Figure 13 and 14. 

a) API Endpoint for Data Storage 

 

Figure 13: API Endpoint for Data Storage 

b) Data Model 

 

Figure 14: Data Model 

3.6 Arduino Voltage Settings 

Voltage Settings: The voltage is controlled through a 

Digital-to-Analog Converter (DAC) to adjust the throttle 

position sensor (TPS). 

 

 int vAtas and int vBawah: Calculate the voltage values 

for the DAC based on the input voltageAtas. 

 dacAtas.setVoltage(vAtas, false): Sets the voltage on the 

upper DAC. 

 dacBawah.setVoltage(vBawah, false): Sets the voltage 

on the lower DAC. 
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IV. RESULTS AND ANALYSIS 

4.1 Results of Data Acquisition Control 

4.1.1 Data Retrieval from TechStream 

Data from the vehicle system is obtained using the 

TechStream application. This data is copied to the clipboard 

and subsequently accessed by the Python Flask application. 

This process is illustrated in Figure 15. 

 

Figure 15: Data Extraction from TechStream 

4.1.2 Voltage Settings and Intervals 

The required voltage and data acquisition intervals can 

also be adjusted according to needs. This is illustrated in 

Figure 16. 

 

Figure 16: Voltage Settings and Intervals 

4.1.3 Data Visualization 

The collected data is displayed in graphical form, 

facilitating easier visual analysis. This is illustrated in Figure 

17. 

 

Figure 17: Data Visualization 

4.1.4 Data Storage 

The data obtained from Arduino and TechStreamis stored 

in Excel format. This is illustrated in Figure 18. 

 

Figure 18: Data Storage 

Overall, the system provides an effective solution for data 

acquisition, analysis, and visualization from vehicles, 

leveraging the integration of Arduino, Python Flask, and 

TechStream. 

4.1.5 Application of Data Acquisition in Vehicles 

The application of data acquisition in vehicles is 

illustrated in Figure 19, which depicts the implementation of 

data acquisition tools within the real-world context of 

vehicles. 

 

Figure 19: Application of Data Acquisition in Vehicles 

a) Data acquisition cable connecting Arduino to the pedal 

for Throttle Position Sensor (TPS) adjustment. 

b) TechStream cable for extracting data from the vehicle. 

c) Laptop serving as the user interface for adjusting voltage 

and intervals. 

d) Custom-built tool for TPS control data acquisition. 
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4.2 Measurement Results (Percentage Error for Data 

Comparison) 

In this analysis, the percentage error is used to compare 

the acquisition data from the designed system with reference 

data obtained from TechStream across various common rail 

diesel vehicle parameters. The parameters analyzed include, 

1) Engine Speed 

2) MAF 

3) Accel Sensor No.1 Volt 

4) Accel Sensor No.2 Volt 

5) Accel Sensor 1 % 

6) Accel Sensor 2%.  

The percentage error is calculated to assess the accuracy 

of the data collection system. Testing was conducted at 

intervals of 1%, 5%, and 20%, and for voltages of 1.7 V, 1.9 

V, 2.1 V, and 2.3 V. 

4.2.1 Engine Speed 

The percentage error for engine speed tends to be low at 

1% and 5% intervals, with error values at 0% for most 

measurements. However, at the 20% interval, the percentage 

error shows greater variation, particularly at 2.3V, where the 

error reaches 0.39%. This information is presented in Table1 

and Figure 20. 

Table 1: Measurement Results of Percentage Error for Engine Speed 

Engine Speed 

Percentage Error (%) 

Voltage Interval 

(V) 1% 5% 20% 

1.7 0.00 0.00 0.00 

1.9 -0.04 -0.02 0.00 

2.1 0.01 0.08 0.00 

2.3 0.02 0.00 0.39 

 

 

Figure 20: Measurement Results of Percentage Error for Engine Speed 

4.2.2 MAF 

Data for MAF indicates that the percentage error at the 

1% interval is generally very small, with limited positive and 

negative variation. However, at the 20% interval, the 

percentage error shows a significant increase, particularly at 

2.3V, where the error reaches 0.44%. This may suggest 

instability in MAF readings at this voltage or issues with 

sensor sensitivity at higher intervals. This information is 

presented in Table 2 and Figure 21. 

4.2.3 Accel Sensor 1 Volt 

For Accel Sensor No.1 Volt, the percentage error is 

generally small, although there are minor fluctuations across 

various voltages and intervals. At the 20% interval, the error 

reaches 0.19%, showing an increase at higher voltages, which 

may indicate a higher error margin at larger intervals. This 

information is presented in Table 3 and Figure 22. 

Table 2: Measurement Results of Percentage Error for MAF 

MAF 

Percentage Error (%) 

Voltage Interval 

(V) 1% 5% 20% 

1.7 0.00 -0.01 0.04 

1.9 -0.03 0.00 -0.06 

2.1 0.04 0.09 0.23 

2.3 0.02 0.00 0.44 

 

 
Figure 21: Measurement Results of Percentage Error for MAF 
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Table 3: Measurement Results of Percentage Error for Accel Sensor1 

Volt 

Accel Sensor 1 Volt 

Percentage Error (%) 

Voltage Interval 

(V) 1% 5% 20% 

1.7 0.00 -0.02 -0.02 

1.9 -0.02 -0.02 0.00 

2.1 0.00 0.00 0.03 

2.3 0.01 0.00 0.19 

 

 

Figure 22: Measurement Results of Percentage Error for Accel Sensor 1 

Volt 

4.2.4 Accel Sensor 2 Volt 

Accel Sensor No.2 Volt exhibits very small percentage 

errors across all intervals, with a slight increase at the 20% 

interval at higher voltages. This indicates that this sensor has 

excellent accuracy, particularly at higher voltages and larger 

intervals. This information is presented in Table 4 and Figure 

23. 

Table 4: Measurement Results of Percentage Error for Accel Sensor2 

Volt 

Accel Sensor 2 Volt 

Percentage Error (%) 

Voltage Interval 

(V) 1% 5% 20% 

1.7 0.00 -0.01 -0.01 

1.9 0.00 -0.01 0.00 

2.1 0.00 0.00 0.05 

2.3 0.00 0.00 0.06 

 

 

Figure 23: Measurement Results of Percentage Error for Accel Sensor 2 

Volt 

4.2.5 Accel Sensor 1 % 

For the Accel Sensor 1 % output, the percentage error is 

exceptionally low at the 1% and 5% intervals, remaining at 

0% across most voltage levels. However, at the 20% interval 

and 2.3V, there is a slight increase in the percentage error to 

0.15%. This suggests that the sensor exhibits high consistency, 

with only a minor increase in error at larger intervals. This 

information is detailed in Table 5 and Figure 24. 

Table 5: Measurement Results of Percentage Error for Accel Sensor 1% 

Accel Sensor Out 1 % 

Percentage Error (%) 

Voltage Interval 

(V) 1% 5% 20% 

1.7 0.00 0.00 0.00 

1.9 0.00 0.00 0.00 

2.1 0.00 0.00 0.00 

2.3 0.00 0.00 0.15 

 

Figure 24: Measurement Results of Percentage Error for Accel Sensor 
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4.2.6 Accel Sensor 2 % 

The Accel Sensor 2% output demonstrates exceptionally 

low percentage errors across all voltages and intervals. 

Although there is a slight increase at the 20% interval at 2.3V, 

the percentage error remains very small, at 0.05%. This 

indicates that the sensor is highly stable and accurate within 

the tested measurement range. This information is presented in 

Table 6 and Figure 25. 

Table 6: Measurement Results of Percentage Error for Accel Sensor 2% 

Accel Sensor Out2 % 

Percentage Error (%) 

Voltage Interval 

(V) 1% 5% 20% 

1.7 0.00 0.00 0.00 

1.9 0.00 0.00 0.00 

2.1 0.00 0.00 0.00 

2.3 0.00 0.00 0.05 

 

Figure 25: Measurement Results of Percentage Error for Accel Sensor 

2% 

Based on the data analysis presented, it is observed that 

the maximum error occurs at a voltage of 2.3 V and an interval 

of 20%. Overall, the comparison results indicate that the data 

acquisition system has good accuracy at lower intervals and 

voltages. However, inaccuracies tend to increase at higher 

voltages and more extreme intervals. This may suggest 

limitations in the system's design or calibration that need to be 

addressed to improve measurement accuracy. 

V. CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The research results indicate that the designed data 

acquisition system successfully collects vehicle parameters 

with sufficient accuracy 

1) Data Acquisition System Design 

The designed data acquisition system successfully meets 

its primary objective of regulating the throttle on the vehicle's 

gas pedal. The system is capable of collecting various vehicle 

parameters in real-time, including engine speed, airflow, and 

data from acceleration sensors. 

2) Development of the Data Acquisition System 

The developed data acquisition system demonstrates 

good capability in collecting real-time vehicle parameters. 

3) Testing of Precision and Accuracy 

Testing of the accelerator pedal position control system's 

precision and the data acquisition system's accuracy revealed 

some measurement errors. Variations in errors were detected 

in several sensors, particularly at 2.3 volts and higher 50% 

intervals. This indicates the need for more precise calibration 

of certain sensors. 

5.2 Recommendations 

Based on the results and conclusions above, the following 

recommendations are suggested for further research and 

development: 

1) Calibration and Adjustment of Sensors 

Conduct more in-depth calibration of sensors, particularly 

at extreme voltages and higher intervals. Additional testing 

and calibration adjustments can enhance accuracy and reduce 

errors. 

2) Broader Testing 

Further testing is required across a wider range of 

voltages and a broader variety of intervals to ensure the 

system's accuracy under different operational conditions. 

3) System Control Improvements 

Evaluate and improve the accelerator pedal position 

control system to enhance responsiveness and accuracy. This 

is important to ensure that the system can control the throttle 

precisely according to the vehicle’s operational requirements. 
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