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Rapid Development and Debugging of Arduino 
Projects Using AI and Logic Analyzers 

Introduction 

In embedded system development, Arduino has become a preferred choice for engineers and makers 

due to its simplicity and high flexibility. However, developing Arduino projects is not always smooth 

sailing. Challenges include coding, hardware debugging, and troubleshooting. As project complexity 

increases, these challenges can significantly extend development time and costs. 

Challenges and Needs in Arduino Project Development: 

Coding: For beginners and non-professional engineers, writing effective and efficient Arduino code 

can be a challenge. They need to master the Arduino programming language and various libraries, 

which is a significant hurdle for those lacking relevant experience. 

Hardware Debugging: Ensuring all components are correctly connected and functioning at the 

hardware level is another challenge. Incorrect connections or component failures can cause the 

system to malfunction or even damage the hardware. 

Troubleshooting: Identifying and resolving the root cause of system failures can be very difficult. 

Failures may stem from hardware connection errors, coding errors, or a combination of both. 

These challenges highlight the need for efficient tools and methods to assist developers in improving 

development efficiency and reducing errors in the Arduino project development process. 

Role of AI and Logic Analyzers in the Development Process: 

AI (Artificial Intelligence): Modern AI technologies, such as ChatGPT, can assist in generating Arduino 

code through natural language processing. Users only need to describe the required functionality, 

and AI can automatically generate the corresponding code, accelerating the coding process and 

reducing the likelihood of errors. AI can also aid in code optimization and automated testing, 

enhancing code quality. 

Logic Analyzers: Logic analyzers are powerful tools used for capturing and analyzing digital signals. 

In Arduino project development, logic analyzers can help monitor and analyze signal transmission 

states, identifying issues in data transmission processes. For example, logic analyzers can be used to 

monitor communication buses like I2C, SPI, and UART, quickly locating and resolving signal 

interference and data errors. 
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By combining AI and logic analyzers, developers can significantly improve the efficiency and accuracy 

of Arduino project development, allowing for faster and more precise project completion. AI-

generated code and detailed signal analysis provided by logic analyzers complement each other, 

offering strong support for rapid development and debugging of Arduino projects. 

Utilizing AI to Generate Arduino Code 

Introduction to ChatGPT 

ChatGPT is an artificial intelligence system based on the Generative Pre-trained Transformer model 

(GPT-3.5) developed by OpenAI. It can understand and generate natural language text, capable of 

answering questions, providing suggestions, writing articles, and more. Due to its powerful natural 

language processing capabilities, ChatGPT can also assist in generating code, including Arduino code. 

How to Use ChatGPT to Generate Arduino Code 

Using ChatGPT to generate Arduino code is very straightforward. Developers simply need to describe 

the desired functionality, and ChatGPT will automatically generate the corresponding code based on 

the description. The specific steps are as follows: 

Describe the Functional Requirements: Provide a detailed description of the required Arduino 

functionality in natural language. For example, "Generate code to make an LED blink once every 

second." 

Input the Description: Enter the description into the ChatGPT interface. 

Copy the Code: ChatGPT will generate the corresponding Arduino code based on the description, 

which developers can directly use or modify as needed. 

Example: Generating LED Blink Code Requirement Description: "Generate Arduino code to make an 

LED blink once every second." 
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Figure 1: Example: Generating LED Blink Code 

 

Example: Generating Temperature Sensor Reading Code Requirement Description: "Generate 

Arduino code to read data from a DHT11 temperature sensor and display it on the serial monitor." 
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Figure 2: Example: Generating Temperature Sensor Reading Code 

 

Evaluating the Advantages and Limitations of AI-Generated Code 

Advantages: 
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Increased Efficiency: Using ChatGPT can quickly generate basic code, significantly reducing writing 

time. 

Lowered Barriers: For beginners or non-professional engineers, AI-generated code can lower the 

barriers to learning and development. 

Automation: AI can automate the generation of repetitive or common code snippets, reducing 

manual coding errors. 

Limitations: 

Code Quality: The code generated by AI may not be optimized and requires experienced engineers 

to review and adjust. 

Errors and Vulnerabilities: AI might generate code with errors or vulnerabilities, especially in complex 

or specialized requirements. 

Dependency: Over-reliance on AI may result in developers lacking a deep understanding and 

mastery of programming languages, affecting long-term skill development. 

In summary, utilizing AI to generate Arduino code can significantly enhance development efficiency, 

especially in implementing basic functionalities. However, developers still need to validate and 

optimize the code to ensure its quality and reliability. 

Using Logic Analyzers for Signal Capture and 

Troubleshooting 

Basic Principles and Functions of Logic Analyzers 

A logic analyzer is an electronic test instrument used to capture and display digital signals in digital 

circuits. Its basic functions include: 

Data Capture: Logic analyzers capture digital signals in a circuit through multi-channel probes. 

Signal Display: The captured signals are displayed as waveforms for easy observation and analysis. 

Protocol Decoding: Built-in protocol analysis tools can decode and display communication protocol 

data, such as I2C, SPI, UART, etc. 

Trigger Setup: Specific trigger conditions can be set to capture specific events or signal patterns. 
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Measurement and Analysis: They provide measurement tools to calculate signal frequency, width, 

period, count, and other parameters. They also offer memory analysis, image parsing, and analog 

waveform analysis tools. 

How to Set Up a Logic Analyzer for Signal Capture 

The basic steps to set up a logic analyzer include: 

Connect Probes: Connect the logic analyzer probes to the test points in the circuit. 

Select Channels, Memory Capacity, and Sampling Rate: Choose the digital signal channels to 

monitor, the memory capacity, and the sampling rate. The sampling rate should generally be 6 to 10 

times the signal frequency; select a large memory capacity initially. 

Set Voltage Range: Set the input voltage range of the logic analyzer to match the voltage level of the 

test circuit. 

Configure Trigger Conditions: Set trigger conditions according to testing needs to start data capture 

upon specific events. 

Start Capture: Activate the logic analyzer to begin capturing and recording digital signals. 

Example: Setting Up a Logic Analyzer to Monitor I2C Bus 

Connect Probes: Connect probes to the SDA (data) and SCL (clock) lines of the I2C bus. 

Select Channels, Memory Capacity, and Sampling Rate: Choose two channels to monitor SDA and 

SCL signals respectively. For a 400K Hz I2C signal, a 5MHz sampling rate is suitable. 

Set Voltage Range: Adjust the voltage range of the logic analyzer to match the I2C bus voltage level 

(e.g., 3.3V or 5V). 

Configure Trigger Conditions: Set the trigger condition to capture data on the start condition of SCL 

high and SDA falling edge. 

Start Capture: Activate the logic analyzer and the device under test to capture data transmission on 

the I2C bus. 

Example: Setting Up a Logic Analyzer to Monitor SPI Bus 

Connect Probes: Connect probes to the MISO (Master In Slave Out), MOSI (Master Out Slave In), SCK 

(clock), and CS (chip select) lines of the SPI bus. 



 

Copyright @ZEROPLUS TECHNOLOGY CO., LTD.   ALL rights reservied.  Publication Release:   

www.zeroplus.com.tw  TEL:+886 2-66202225 FAX:+886 2-22234362 

2024/09 

High Quality Pr ofessional Instruments 

Select Channels, Memory Capacity, and Sampling Rate: Choose four channels to monitor MISO, 

MOSI, SCK, and CS signals. 

Set Voltage Range: Adjust the voltage range of the logic analyzer to match the SPI bus voltage level. 

Configure Trigger Conditions: Set the trigger condition to capture data on the falling edge of the CS 

line. 

Start Capture: Activate the logic analyzer and the device under test to capture data transmission on 

the SPI bus. 

Detailed Troubleshooting Steps 

Observe Waveforms: Inspect the digital signal waveforms captured by the logic analyzer to check 

for anomalies. 

Compare Reference Waveforms: Compare captured waveforms with reference waveforms of a 

normally functioning system. 

Protocol Decoding: Use the logic analyzer’s protocol decoding function to check if communication 

protocol data is correct. 

Signal Consistency: Check for signal consistency, ensuring there are no glitches or jitters. 

Timing Analysis: Verify if the signal timing meets expectations and check for timing conflicts. 

Example: Analyzing Data Bus Errors 

Capture Data: Use a logic analyzer to capture signals on the data bus. 

Protocol Decoding: Decode data packets on the data bus and check for errors (e.g., checksum errors, 

address errors). 

Timing Analysis: Inspect data transmission timing to ensure there are no timing violations. 

Example: Locating Signal Interference Issues 

Capture Signals: Use a logic analyzer to capture the interfering signals. 

Observe Waveforms: Check waveforms for abnormal spikes or glitches. 
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Identify Interference Source: Systematically identify potential sources of interference (e.g., power 

noise, adjacent signal line interference) and reduce interference by changing circuit layout or adding 

shielding. 

By following these methods, logic analyzers can help engineers quickly capture and analyze digital 

signals, effectively troubleshoot issues, thereby improving development efficiency and product 

reliability. 

Practical Cases 

Case 1: Using ChatGPT to Generate and Debug Arduino LED Control Program 

Program Generation Process Using ChatGPT to generate Arduino code to control an LED blink is a 

simple and common starting point. Here is the process of generating LED blink code using ChatGPT: 

Stating the Requirement: Tell ChatGPT that you want to generate code to control an LED blink. 

Describe the requirement: "Generate Arduino code to make an LED blink once every second." Here 

is an example: 

Generated Code: ChatGPT will respond with the following code: 

 

Figure 3: Example: Generating LED Code 

 

Using a Logic Analyzer for Signal Capture and Troubleshooting 

Setting Up the Logic Analyzer: Connect the logic analyzer probes to the LED control pin. 
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Selecting Channel, Memory Capacity, and Sampling Rate: Choose one channel to monitor the LED 

control signal (e.g., Arduino digital pin 13). 

Capturing the Signal: Start the logic analyzer to capture the LED's on/off signal. 

Analyzing the Waveform: Check if the waveform switches every second as expected. 

Problems and Solutions 

Problem: LED does not blink as expected. Solution: Check if the wiring is correct and ensure there is 

no issue with the connection between the LED and the control pin. Use the logic analyzer to check if 

there is a signal at the Arduino output pin and confirm if the LED is on or off when the control pin 

outputs HIGH. 

Problem: LED blink frequency is incorrect. Solution: Use the logic analyzer to check if the delay 

function is timing correctly. Adjust the delay time and recapture the signal to verify the issue. If the 

delay function is unsuitable, use ChatGPT to generate code using the millis() function. 

Stating the Requirement: "Generate Arduino code to make an LED blink once every second using 

the millis() function." Generated Code: ChatGPT will respond with the following code: 
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Figure 4: Example: Generating Blink LED Code 

 

Case 2: Using ChatGPT to Generate Code for LCD 1602 

Program Generation Process Using ChatGPT to generate code to display specific text on an LCD 

1602. Here is the process of generating the code using ChatGPT: 

Stating the Requirement: "Generate Arduino code to display 'Hello, World!' on an I2C interface LCD 

1602." 

Generated Code: ChatGPT will respond with the following code: 
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Figure 5: Example: Generating I2C LCD1602 Code 

 

Using a Logic Analyzer for Signal Capture and Troubleshooting 

Setting Up the Logic Analyzer: Connect probes to the SDA and SCL pins of the temperature sensor. 

Selecting Channel, Memory Capacity, and Sampling Rate: Choose two channels to monitor the 

sensor's data signals. 

Capturing the Signal: Start the logic analyzer to capture the temperature sensor's analog signal. 

Configuring I2C Decoder: Enable the I2C protocol decoder in the logic analyzer software. 

Problems and Solutions 

Problem: LCD 1602 does not display anything. Solution: The I2C address in the ChatGPT-generated 

code is set to 0x27, but the LCD 1602 could have an address of 0x27 or 0x37. Use the logic analyzer 

to check if the I2C packet receives an ACK; otherwise, modify the code and test again to see if the 

display works. 
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Figure 6: 帶有 NACK 回應的 I2C Address 

 

 

Figure 7: 帶有 ACK 回應的 I2C Address 

 

Through these practical cases, we demonstrate how to use ChatGPT to generate Arduino code and 

combine it with a logic analyzer for signal capture and troubleshooting. This effectively solves various 
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issues encountered during development, enhancing development efficiency and significantly 

reducing troubleshooting time. 

Advantages of Combining AI and Logic Analyzers 

Enhancing Development Speed and Efficiency 

The integration of AI technologies, such as ChatGPT, with logic analyzers significantly enhances the 

speed and efficiency of embedded system development. By utilizing AI to generate code, developers 

can quickly obtain the required code samples, reducing the time spent on manual coding and 

debugging. At the same time, logic analyzers can monitor signals in real-time, quickly identifying and 

resolving issues. This automation and immediate feedback mechanism substantially shorten the 

development cycle, enabling engineers to complete projects faster. 

Improving Accuracy and Effectiveness in Troubleshooting 

Combining AI and logic analyzers greatly improves the accuracy and effectiveness of troubleshooting. 

AI can provide precise fault localization and recommendations through pattern recognition and data 

analysis, while logic analyzers can capture and analyze complex signal behaviors, offering detailed 

waveform images and data. This dual assurance effectively eliminates various problems, ensuring 

system stability and performance. 

Reducing Workload and Error Rate for Engineers 

Using AI and logic analyzers together can significantly reduce the workload and error rate for 

engineers. AI can automatically generate large amounts of standardized code, reducing the tedious 

task of manual coding and thus lowering the chances of errors. The logic analyzers, aside from bus 

analysis, also offer tools for image analysis, memory analysis, statistical analysis, and analog 

waveform display, providing real-time and precise signal analysis. This helps engineers quickly detect 

and correct errors, avoiding issues caused by AI or human oversight. This not only improves work 

efficiency but also enhances product quality and reliability. 

In summary, the combination of AI technologies and logic analyzers provides a powerful toolset that 

can significantly enhance development speed and efficiency, improve the accuracy and effectiveness 

of troubleshooting, and reduce the workload and error rate for engineers. This holds profound 

significance for embedded system development. 

Future Prospects 

Development Trends of AI and Logic Analyzer Technologies 

In the future, AI technology and logic analyzers will continue to integrate and evolve, driving further 

advancements in embedded system development. As AI technologies, such as deep learning and 
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reinforcement learning, progress, logic analyzers will be able to more intelligently analyze and 

interpret complex signals and data, providing more precise fault diagnosis and solutions. Moreover, 

advancements in AI will allow logic analyzers to automate more analytical tasks, further reducing 

human intervention and improving efficiency and accuracy. 

Potential New Application Scenarios 

With technological advancements, the application range of AI and logic analyzers will continue to 

expand, covering more embedded system scenarios. For instance, in the field of autonomous vehicles, 

these technologies can help analyze and diagnose signal issues in vehicle electronic systems, 

ensuring system reliability and safety. In IoT devices, AI and logic analyzers can assist in diagnosing 

and optimizing communication between devices, enhancing the performance and stability of the 

entire IoT network. Additionally, these technologies can be applied to medical devices, smart homes, 

industrial automation, and more, providing more intelligent troubleshooting and performance 

optimization solutions for these applications. 

Ongoing Research and Improvement Directions 

Future research will continue to focus on enhancing the capabilities and performance of AI 

technologies and logic analyzers. One key research direction is developing more efficient machine 

learning algorithms that can process and analyze more data in a shorter time, providing more 

accurate results. Research will also focus on improving the hardware performance of logic analyzers, 

enabling them to capture and analyze higher frequency and more complex signals. Another 

important direction is developing more intelligent user interfaces, allowing engineers and 

technicians to use these tools more intuitively and efficiently, further improving work efficiency and 

reducing error rates. 

In conclusion, the future of AI and logic analyzer technologies is full of potential. The ongoing 

development of these technologies will continue to drive advancements in embedded system 

development, providing more intelligent and efficient solutions for various application scenarios. 


