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Abstract: Project presents a  digital storage oscilloscope with real-time visualization capabilities and 

frequency control. The system is based on the flexible ESP32 microcontroller architecture, which allows for 

the creation of a wide range of waveforms at tunable frequencies. Quick waveform adaptation is made 

possible by users' easy control over the oscillator's frequency in real-time through simple input techniques. 

Additionally, the system has a graphical user interface that allows users to instantly visualize created 

signals and easily monitor waveform properties. The oscillator is appropriate for a variety of applications 

in industries like audio synthesis, instrumentation, and telecommunications because it also provides 

sophisticated control options and signal processing capabilities. This comprehensive solution meets the 

needs of both enthusiasts and experts in signal production and visualization by providing a practical and 

versatile tool for those working in 
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I. INTRODUCTION 

In the dynamic landscape of modern technology, the need for versatile and efficient digital storageoscilla has become 

increasingly pronounced across diverse industries. This demand has been met with significant advancements in 

microcontroller platforms, notably exemplified by the ESP32, which have empowered the development of compact yet 

robust signal generation systems [1]. These systems not only offer the capability to produce customizable waveforms 

with adjustable frequencies but also provide intuitive real-time frequency manipulation and graphical visualization 

features [2]. 

Such innovations represent a significant leap forward in facilitating a wide array of applications in electronics, 

communications, and signal processing, promising heightened flexibility and usability for engineers, researchers, and 

enthusiasts alike [3]. The integration of digital storage oscilloscope into virtualized environments, where the 

optimization of hardware resources through resource sharing is paramount, further enhances their utility and 

accessibility in both academic and industrial spheres [4]. By harnessing the power of virtualization, these oscilloscope 

can offer cost-effective and efficient solutions for signal processing tasks [5].The system features a low-cost, handheld 

design, making it portable and practical for diverse applications. It includes a graphical interface that displays key 

signal parameters such as peak-to-peak voltage, average voltage, root mean square voltage, and frequency, providing 

comprehensive signal analysis [6]. The use of Arduino for data processing ensures widespread accessibility and ease of 

customization [7].This project aims to contribute to the development of portable and accessible solutions for signal 

visualization and analysis in electronics applications by leveraging the capabilities of the ESP32 microcontroller [8]. 

Subsequent sections will delve deeper into the methodology, implementation, and validation of the ESP32-based 

Digital Storage Oscilloscope, highlighting its potential impact and applications across diverse electronic domains. This 

comprehensive approach meets the needs of both enthusiasts and experts in signal production and visualization, 

providing a practical and versatile tool for those working in audio synthesis, instrumentation, telecommunications, and 

beyond [9]. 
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Signal generators are essential tools in educational institutions, prompting the need for cost

implementation of a digital oscilloscope using FPGA 

the ESP32 microcontroller, offer significant advantages in terms of portability and real

addressing the limitations of traditional wired oscilloscopes [2]. Additio

visualization tools using the ESP32 microcontroller demonstrates its effectiveness in capturing and visualizing analog 

signals with high accuracy and reliability [3]. In contrast, the utilization of Direct Digital S

in signal generator design enables the production of commonly used wave signals, contributing to the improvement of 

teaching experiments with cost-effective and highly accurate solutions [4].

Furthermore, the flexibility of DDS technology allows for the implementation of economic signal generators with small 

size and high precision, fulfilling the requirements for common signal output functions in experimental courses [5]. The 

basic principles of DDS involve utilizing phase concep

based on phase variation and amplitude control [6]. This technology's application in signal generator design facilitates 

the production of sine and square waveforms with customizable parameters

amplitude [7]. 

Moreover, the overall design scheme of signal generators based on DDS technology includes various modules such as 

power supply, waveform generation, amplitude adjustment, and control systems [8]. 

encompass power supply circuitry, LCD modules, and other functional blocks necessary for signal generation and 

visualization [9]. These developments underscore the importance of leveraging advanced technologies like DDS and 

ESP32 microcontrollers to create cost-effective and versatile digital oscilloscopes for educational and experimental 

purposes [10]. 

 

Methodology adopted involves a systematic approach towards the design and implementation of the Digital Storage

Oscilloscope (DSO) functionality using the ESP32 microcontroller. The process commences with a thorough analysis 

of requirements, wherein both functional and non

stakeholder consultation and comprehensive literature review. 

 

Algorithm 

1. Set up the ESP32 microcontroller, ADC, display, and GPIO pins.

2. Continuously sample the input signal using the ADC.

3. Apply signal processing algorithms like sample

4. Display the processed waveform data on the graphical display in real

5. Monitor and respond to user inputs for adjusting display settings and signal parameters.

6. Save waveform data to on-board storage or an SD card.

7. Collect user feedback and iteratively refine the design.
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II. LITRATURE REVIEW 

Signal generators are essential tools in educational institutions, prompting the need for cost-effective solutions like the 

implementation of a digital oscilloscope using FPGA architectures [1]. Wireless oscilloscopes, such as those based on 

the ESP32 microcontroller, offer significant advantages in terms of portability and real-time signal visualization, 

addressing the limitations of traditional wired oscilloscopes [2]. Additionally, the development of real

visualization tools using the ESP32 microcontroller demonstrates its effectiveness in capturing and visualizing analog 

signals with high accuracy and reliability [3]. In contrast, the utilization of Direct Digital Synthesis (DDS) technology 

in signal generator design enables the production of commonly used wave signals, contributing to the improvement of 

effective and highly accurate solutions [4]. 

echnology allows for the implementation of economic signal generators with small 

size and high precision, fulfilling the requirements for common signal output functions in experimental courses [5]. The 

basic principles of DDS involve utilizing phase concepts for frequency synthesis, enabling the generation of signals 

based on phase variation and amplitude control [6]. This technology's application in signal generator design facilitates 

the production of sine and square waveforms with customizable parameters such as frequency range, resolution, and 

Moreover, the overall design scheme of signal generators based on DDS technology includes various modules such as 

power supply, waveform generation, amplitude adjustment, and control systems [8]. Hardware design considerations 

encompass power supply circuitry, LCD modules, and other functional blocks necessary for signal generation and 

visualization [9]. These developments underscore the importance of leveraging advanced technologies like DDS and 

effective and versatile digital oscilloscopes for educational and experimental 

III. METHODOLOGY 

ethodology adopted involves a systematic approach towards the design and implementation of the Digital Storage

Oscilloscope (DSO) functionality using the ESP32 microcontroller. The process commences with a thorough analysis 

of requirements, wherein both functional and non-functional specifications of the DSO are delineated through 

rehensive literature review.  

1. Set up the ESP32 microcontroller, ADC, display, and GPIO pins. 

2. Continuously sample the input signal using the ADC. 

3. Apply signal processing algorithms like sample-and-hold, trigger detection, and digital filtering. 

4. Display the processed waveform data on the graphical display in real-time. 

5. Monitor and respond to user inputs for adjusting display settings and signal parameters. 

board storage or an SD card. 

back and iteratively refine the design. 

 
Fig 1. Block Diagram Of DSO 
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effective solutions like the 

architectures [1]. Wireless oscilloscopes, such as those based on 

time signal visualization, 

nally, the development of real-time data 

visualization tools using the ESP32 microcontroller demonstrates its effectiveness in capturing and visualizing analog 

ynthesis (DDS) technology 

in signal generator design enables the production of commonly used wave signals, contributing to the improvement of 

echnology allows for the implementation of economic signal generators with small 

size and high precision, fulfilling the requirements for common signal output functions in experimental courses [5]. The 

ts for frequency synthesis, enabling the generation of signals 

based on phase variation and amplitude control [6]. This technology's application in signal generator design facilitates 

such as frequency range, resolution, and 

Moreover, the overall design scheme of signal generators based on DDS technology includes various modules such as 

Hardware design considerations 

encompass power supply circuitry, LCD modules, and other functional blocks necessary for signal generation and 

visualization [9]. These developments underscore the importance of leveraging advanced technologies like DDS and 

effective and versatile digital oscilloscopes for educational and experimental 

ethodology adopted involves a systematic approach towards the design and implementation of the Digital Storage 

Oscilloscope (DSO) functionality using the ESP32 microcontroller. The process commences with a thorough analysis 

functional specifications of the DSO are delineated through 
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Following the hardware design phase, the software development stage entails programming the ESP32 microcontroller 

to execute signal processing algorithms, data storage mechanisms, and us

algorithms like sample-and-hold, trigger detection, and digital filtering are integrated to facilitate waveform capture, 

analysis, and display.  

Fig 2. Block Diagram Of Function Generator

For developing a function generator using the ESP32 microcontroller begins with the design of a block diagram 

outlining the system's components and their interactions. This diagram illustrates the flow of signals and data within the 

function generator, providing a visual guide for the subsequent stages of hardware design, software development, and 

testing. Additionally, a graphical user interface (GUI) is developed to furnish users with intuitive controls for adjusting 

display settings, zooming in on waveform details, and pe

Upon the completion of implementation, rigorous testing protocols are enacted to ensure the functionality, reliability, 

and performance of the ESP32-based DSO. Unit testing, integration testing, and system 

validate individual modules, evaluate interactions between components, and ascertain overall system behavior.

The validated DSO prototype is deployed for real

encompassing electronics enthusiasts, hobbyists, and educators. User feedback is meticulously analyzed to pinpoint 

potential areas for improvement and refinement, thereby informing iterative cycles of design optimization and further 

development. Through this iterative process, the ESP32

its intended user base, ultimately serving as a valuable tool for signal visualization and analysis across diverse 

applications. 

 

Parameter 

Signal Sampling Rate 

Resolution 

Input Range 

Data Storage 

Power Supply 
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Following the hardware design phase, the software development stage entails programming the ESP32 microcontroller 

to execute signal processing algorithms, data storage mechanisms, and user interface functionalities. Signal processing 

hold, trigger detection, and digital filtering are integrated to facilitate waveform capture, 

 
Fig 2. Block Diagram Of Function Generator 

function generator using the ESP32 microcontroller begins with the design of a block diagram 

outlining the system's components and their interactions. This diagram illustrates the flow of signals and data within the 

uide for the subsequent stages of hardware design, software development, and 

Additionally, a graphical user interface (GUI) is developed to furnish users with intuitive controls for adjusting 

display settings, zooming in on waveform details, and performing measurements. 

 
Fig 3. Circuit Diagram 

Upon the completion of implementation, rigorous testing protocols are enacted to ensure the functionality, reliability, 

based DSO. Unit testing, integration testing, and system testing are conducted to 

validate individual modules, evaluate interactions between components, and ascertain overall system behavior.

he validated DSO prototype is deployed for real-world evaluation and feedback collection from target users, 

g electronics enthusiasts, hobbyists, and educators. User feedback is meticulously analyzed to pinpoint 

potential areas for improvement and refinement, thereby informing iterative cycles of design optimization and further 

e process, the ESP32-based DSO is honed to cater to the needs and expectations of 

its intended user base, ultimately serving as a valuable tool for signal visualization and analysis across diverse 

IV. RESULT 

Result 

Adjustable, up to 1 MSPS (Million Samples Per Second)

High resolution, up to 12-bit ADC resolution    

0-3.3V 

On-board storage and SD card support 

Operates on 5V power supply 
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Following the hardware design phase, the software development stage entails programming the ESP32 microcontroller 

er interface functionalities. Signal processing 

hold, trigger detection, and digital filtering are integrated to facilitate waveform capture, 

function generator using the ESP32 microcontroller begins with the design of a block diagram 

outlining the system's components and their interactions. This diagram illustrates the flow of signals and data within the 

uide for the subsequent stages of hardware design, software development, and 

Additionally, a graphical user interface (GUI) is developed to furnish users with intuitive controls for adjusting 

Upon the completion of implementation, rigorous testing protocols are enacted to ensure the functionality, reliability, 

testing are conducted to 

validate individual modules, evaluate interactions between components, and ascertain overall system behavior. 

world evaluation and feedback collection from target users, 

g electronics enthusiasts, hobbyists, and educators. User feedback is meticulously analyzed to pinpoint 

potential areas for improvement and refinement, thereby informing iterative cycles of design optimization and further 

based DSO is honed to cater to the needs and expectations of 

its intended user base, ultimately serving as a valuable tool for signal visualization and analysis across diverse 

Adjustable, up to 1 MSPS (Million Samples Per Second) 
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This circuit diagram illustrates the implementation of a Digital Storage Oscilloscope (DSO) using the ESP32 

microcontroller. The setup features a compact design with a graphical display that visualizes the waveform of the input 

signal. The ESP32 module handles signal processing tasks, including sampling and digitizing the input signal, while the 

graphical user interface (GUI) provides an intuitive way to monitor signal parameters such as frequency, amplitude, and 

waveform shape. The buttons on the circuit board allow for user interaction, enabling adjustments to the display 

settings and measurements. This design showcases a portable, cost

making it suitable for educational and experiment

 

Moving forward, there are several opportunities for advancing the ESP32

Improving hardware capabilities could allow for higher sampling rates and expanded input ranges. 

signal processing algorithms could enhance waveform analysis capabilities. Cloud integration could enable remote 

monitoring and collaboration. Miniaturization efforts could result in portable DSO devices. Continuous user 

engagement and feedback will be essential for driving ongoing innovation and addressing emerging needs in signal 

visualization and analysis. 

 

The ESP32 microcontroller provides a flexible and affordable solution for signal analysis and visualization through th

development and deployment of a Digital Storage Oscilloscope (DSO). Through methodical design and thorough 

testing, the ESP32-based DSO proves its efficacy in satisfying the demands of various applications, ranging from 

hobbyists and electronics enthusiasts to educational institutions. The user experience is improved and experimentation 

and learning are made easier by the exact waveform capture, analysis, and display made possible by the integration of 

cutting-edge hardware and software components.Prospec

that the DSO based on ESP32 keeps changing to satisfy the ever

strengthening its standing as an important instrument in the signal processing and e
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Fig 4. Actual Circuit Diagram 

This circuit diagram illustrates the implementation of a Digital Storage Oscilloscope (DSO) using the ESP32 

microcontroller. The setup features a compact design with a graphical display that visualizes the waveform of the input 

ESP32 module handles signal processing tasks, including sampling and digitizing the input signal, while the 

graphical user interface (GUI) provides an intuitive way to monitor signal parameters such as frequency, amplitude, and 

on the circuit board allow for user interaction, enabling adjustments to the display 

settings and measurements. This design showcases a portable, cost-effective solution for real-time signal visualization, 

making it suitable for educational and experimental purposes in electronics. 

V. FUTURE SCOPE 

Moving forward, there are several opportunities for advancing the ESP32-based Digital Storage Oscilloscope (DSO). 

Improving hardware capabilities could allow for higher sampling rates and expanded input ranges. Integrating advanced 

signal processing algorithms could enhance waveform analysis capabilities. Cloud integration could enable remote 

monitoring and collaboration. Miniaturization efforts could result in portable DSO devices. Continuous user 

feedback will be essential for driving ongoing innovation and addressing emerging needs in signal 

VI. CONCLUSION 

he ESP32 microcontroller provides a flexible and affordable solution for signal analysis and visualization through th

development and deployment of a Digital Storage Oscilloscope (DSO). Through methodical design and thorough 

based DSO proves its efficacy in satisfying the demands of various applications, ranging from 

sts to educational institutions. The user experience is improved and experimentation 

and learning are made easier by the exact waveform capture, analysis, and display made possible by the integration of 

edge hardware and software components.Prospectively, continuous improvement and innovation will guarantee 

that the DSO based on ESP32 keeps changing to satisfy the ever-changing demands of its user community, thereby 

strengthening its standing as an important instrument in the signal processing and electronics domain.
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