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Abstract— The Internet of Things (IoT) has significantly transformed various industries by improving their 

connectivity and operational efficiency. However, the proliferation of IoT devices has introduced substantial 

security risks, requiring robust testing tools for vulnerability assessment. Flipper Zero, an open-source, 

compact device, has gained attention for its capability to test the security of IoT devices through features 

such as RFID/NFC analysis, Bluetooth and sub-gigahertz frequency manipulation, and infrared signal 

replication. Although it offers valuable insights into vulnerabilities, it has limitations in handling complex 

encryption algorithms, interacting with proprietary protocols, and performing long-range wireless 

communication. This study explores the functionalities, use cases, challenges, limitations, and ethical 

considerations of Flipper Zero, shedding light on its role in enhancing IoT security while emphasizing the 

need for supplementary tools in certain scenarios. This study also highlights the importance of ethical hacking 

practices and legal compliance when using Flipper Zero for IoT security testing. 
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Introduction: 

The Internet of Things (IoT) has become an integral part of modern life, influencing industries such as 

healthcare, finance, and home automation by enhancing connectivity and efficiency. However, the rapid 

expansion of IoT also brings significant security challenges, as many devices are vulnerable to cyber-attacks 

owing to weak authentication, insecure data transmission, and a lack of robust security protocols. To combat 

these vulnerabilities, cybersecurity experts and penetration testers require powerful and versatile tools to 

assess the security of the IoT devices. Flipper Zero, a compact and open-source device, has emerged as a 

popular solution for IoT vulnerability testing. It offers a range of features, including RFID and NFC analysis, 

Bluetooth scanning, infrared signal replication, and sub-gigahertz frequency manipulation, making it an ideal 

tool for evaluating a wide variety of wireless communication protocols. 

Despite its impressive capabilities, Flipper Zero has limitations that can affect its effectiveness in certain 

scenarios. These include limited processing power for handling complex encryption algorithms, 

incompatibility with proprietary or encrypted IoT protocols, and short-range communication capabilities for 

specific wireless standards. While Flipper Zero provides valuable insights into IoT security, its limitations 

may necessitate the use of supplementary tools or methods to conduct thorough assessments. This study 

explores the features, use cases, challenges, and limitations of Flipper Zero in IoT security testing, offering 

a comprehensive understanding of its role in enhancing cybersecurity for connected devices. 

  

FEATURES OF FLIPPER ZERO FOR IoT TESTING 

  

A. RFID and NFC Analysis 

Radio Frequency Identification (RFID) and near-field communication (NFC) are wireless technologies 

commonly used in IoT devices for authentication and data exchange. Flipper Zero can interact with these 

technologies by reading, emulating, and cloning RFID and NFC tags. This feature allows testers to evaluate 

vulnerabilities in systems that rely on these technologies, such as access control systems (e.g., keycards for 

buildings) and smart cards (e.g., contactless payment cards). For example, if an RFID-enabled door lock uses 

weak encryption, an attacker can use Flipper Zero to clone the key card and gain unauthorized access. 
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B. Bluetooth and Wireless Testing 

Bluetooth, especially Bluetooth Low Energy (BLE), is commonly used in IoT devices, such as smart home 

appliances and wearable devices (e.g., fitness trackers). Flipper Zero’s Bluetooth scanning capabilities allow 

testers to identify nearby BLE devices, check for vulnerabilities such as weak encryption, and capture the 

transmitted data. A key concern is that weak Bluetooth encryption can expose sensitive information, thereby 

allowing attackers to intercept data or manipulate device functions. For example, an attacker can capture 

unencrypted data from a wearable device and steal personal health information. 

  

C. Infrared Signal Replication 

Many IoT devices, such as smart TVs, air conditioners, and other home appliances, use infrared (IR) signals 

to communicate. Flipper Zero can replicate IR signals, which is useful for testing vulnerabilities in devices 

that rely on this communication. This capability allows penetration testers to simulate signal replication 

attacks, in which an attacker can record and replay the IR signals of a device, potentially controlling it without 

authorization. For example, if a smart TV’s remote control uses simple IR signals, Flipper Zero can be used 

to capture and replay these signals to control the TV without the original remote control. 

  

D. Sub-GHz Frequency Attacks 

Many IoT devices, such as smart home sensors, remote controls, and garage door openers, communicate 

using sub-GHz frequencies (frequencies below 1 GHz, typically between 300 MHz and 900 MHz). Flipper 

Zero can intercept and replay signals at these frequencies to test vulnerabilities, such as unauthorized access 

or signal manipulation. An attacker can intercept the communication between a smart lock and its key fob 

operating at sub-gigahertz frequencies and replay a recorded signal to gain access. This can help identify the 

risks in devices that do not adequately secure these frequency ranges against eavesdropping or replay attacks. 

  

USE CASES IN IoT VULNERABILITY TESTING 

  

A. Smart Home Security Audits 

Flipper Zero can play a vital role in performing security audits for smart home devices, such as smart locks, 

security cameras, and home automation systems. These devices often rely on wireless communication, such 

as Bluetooth, Wi-Fi, and infrared, to interact with each other and with the users. Penetration testers can use 

Flipper Zero to identify weak authentication mechanisms (e.g., poor password policies and unencrypted 

communication) or vulnerabilities during the pairing process. For example, if a smart lock uses a weak or 

predictable PIN for unlocking, an attacker can use Flipper Zero to test for brute-force attacks, or intercept 

the communication between the lock and its paired smartphone to gain unauthorized access to the home. 

Similarly, Flipper Zero can be used to scan unprotected cameras or other devices that may be vulnerable to 

unauthorized control. 

  

B. Industrial IoT (IIoT) Penetration Testing 

In industrial environments, IoT devices are used to control and monitor critical systems such as automation 

processes, machinery, and sensors. Flipper Zero can be used for penetration testing in these environments by 

analyzing the wireless protocols on which industrial IoT (IIoT) devices rely, such as Zigbee, LoRa, or 

proprietary protocols. One of the main threats in IIoT systems is signal spoofing, in which attackers mimic 

legitimate device signals to inject malicious commands into a system. For example, an attacker can spoof a 

temperature sensor’s signal to trick an industrial control system into thinking that everything is normal when 

the temperature is dangerously high. The ability of Flipper Zero to intercept and replay signals in the sub-
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GHz frequency range allows testers to evaluate these vulnerabilities and ensure that IIoT systems are resilient 

against such attacks. 

 

  

 

 

C. Testing Wearable Devices 

The growing use of wearable devices, such as fitness trackers and medical IoT devices (e.g., glucose monitors 

and heart rate sensors), has raised concerns about the security of personal health data and wireless 

communication. Flipper Zero can be used to test the vulnerabilities in the communication protocols that these 

devices use, such as Bluetooth Low Energy (BLE). Attackers can intercept or manipulate data transmitted 

by these devices, which could have serious implications such as stealing sensitive health information or 

altering device settings. For example, an attacker can capture unencrypted data from a fitness tracker, extract 

personal health information, or manipulate data sent from a medical device to mislead healthcare providers. 

Flipper Zero’s Bluetooth scanning and data capture capabilities make it a useful tool for identifying 

weaknesses in how wearable devices handle data and communicate wirelessly. 

  

ETHICAL CONSIDERATIONS AND LEGAL IMPLICATIONS 

  

The unauthorized testing of IoT devices using tools such as Flipper Zero can have serious legal and ethical 

consequences. In many countries, conducting penetration tests or security assessments of devices without 

permission is considered illegal. For example, hacking a smart lock system or intercepting data from 

wearable devices without authorization can lead to unauthorized access, wiretapping, or data theft. 

  

Real-Time Example: In 2017, a cybersecurity researcher was fined and faced legal action to perform 

unauthorized vulnerability testing on a smart home system. The researcher used tools similar to Flipper Zero 

to assess the security of IoT devices, such as smart locks and cameras, but did not obtain consent from the 

device owners or manufacturers. This act of unauthorized testing violated local laws and the researcher faced 

potential criminal charges for breaching security systems.5y 

To avoid such legal repercussions, ethical hackers must always obtain proper authorization before 

performing security assessments. This is especially crucial when dealing with sensitive data, such as personal 

health information or private communications, which can be governed by strict privacy regulations. 

  

Regulations like DPDPA and GDPR the Digital Personal Data Protection Act (DPDPA) and General Data 

Protection Regulation (GDPR) are two examples of regulations that govern the handling of personal data and 

privacy. Under these laws, any unauthorized access to personal data, whether through hacking or security 

testing, can result in severe penalties. For instance, GDPR fines can reach up to 4% of the annual global 

turnover, or €20 million (whichever is greater). 

  

Ethical Hacking Practices: Ethical hackers must follow responsible disclosure practices, meaning they 

should report discovered vulnerabilities to the affected organization or manufacturer so that the issue can be 

addressed before it is exploited maliciously. This ensures that cybersecurity is enhanced without violating 

privacy laws or harming individuals or organizations. 

  

  

Challenges Faced by Developers in Building Flipper Zero 

  

Hardware Design and Customization 
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Flipper Zero needs to support multiple wireless communication protocols, including RFID, NFC, Bluetooth, 

infrared, and sub-GHz frequencies. Designing a compact, portable device capable of handling all of these 

functions without compromising performance is a significant engineering challenge. Additionally, ensuring 

that Flipper Zero is compatible with various IoT devices while keeping production costs low adds to the 

complexity of the hardware design. 

  

 

 

Open-source Development 

As an open-source project, Flipper Zero requires constant update, testing, and community involvement. 

Managing contributions, ensuring that the software was accessible to a wide audience, and maintaining 

security standards are all ongoing challenges. Open-source development requires careful consideration to 

prevent the introduction of vulnerabilities into software, as well as ensuring that updates are reliable and 

secure. 

  

Security Concerns: 

Given that Flipper Zero is primarily a tool for penetration testing, developers must ensure that the device is 

secure. Its ability to interact with various wireless protocols raised concerns about potential misuse; therefore, 

developers had to design safeguards to ensure that it was only used ethically and legally. This also prevents 

the device from being exploited for unauthorized hacking or unauthorized access. 

  

Regulatory and Legal Compliance 

The device’s ability to interact with radio frequencies has raised concerns about compliance with local and 

international regulations. Developers needed to ensure that Flipper Zero operated within the legal 

frameworks governing radio frequency use, cybersecurity, and data protection. For example, certain 

frequency bands and wireless communication techniques could be illegal in some countries, necessitating an 

awareness of these laws and providing guidance to users on how to avoid legal risks. 

  

Community feedback and continuous improvements 

As Flipper Zero has gained popularity, developers have faced the challenge of responding to evolving user 

needs. The device’s feature set must be updated regularly to support new protocols, improve performance, 

and fix bugs. Balancing these improvements with the stability of the device remains a challenge. 

Additionally, engaging with the community and incorporating user feedback into the development cycle 

requires strong communication and iterative updates. 

  

Usability of Diverse Users 

One of the challenges was to ensure that Flipper Zero was accessible to both beginners and experienced 

penetration testers. The device needs to be powerful enough to perform complex security tests, but also 

simple enough for less experienced users to operate. Developers worked to create an intuitive user interface 

and detailed documentation, ensuring the device could be used effectively by a broad audience without 

overwhelming users with technical complexity. 

  

Limitations of Flipper Zero in IoT Security 

 

Although Flipper Zero is a versatile and powerful tool for IoT security testing, it has certain limitations that 

may affect its ability to fully assess the security of all IoT devices. These limitations include the following. 

 

Limited Processing Power for Handling Complex Encryption Algorithms 
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Flipper Zero is designed to be compact and affordable, which means that it is not equipped with the high 

processing power found in advanced penetration-testing tools. Consequently, it is difficult to handle complex 

encryption algorithms, especially those used in modern IoT devices that employ strong cryptographic 

techniques to secure communication. For example, Flipper Zero may not be able to effectively break or 

analyze strong encryption protocols such as AES-256, which are commonly used in high-security IoT devices 

such as smart locks or critical medical devices. This limitation can hinder the device's ability to perform 

deeper security assessments or decrypt data for further analysis. 

 

 

Incompatibility with Proprietary and Encrypted IoT Protocols 

Many IoT devices use proprietary or custom communication protocols designed to protect against data 

transmissions. These protocols may include unique encryption schemes, authentication mechanisms, or 

communication methods that Flipper Zero is not equipped with. Although Flipper Zero can interact with 

many standard IoT protocols, such as Bluetooth Low Energy (BLE), RFID, and NFC, it may struggle with 

devices that use specialized, closed-source protocols. For example, some smart home devices or industrial 

IoT systems may implement encrypted communication protocols with which Flipper Zero cannot decipher 

or interact, limiting its effectiveness in testing these devices. This creates a challenge for penetration testers 

as they may need other tools or methods to assess devices with proprietary protocols. 

 

Short-Range Communication for Specific Wireless Standards 

Another limitation of Flipper Zero is its short-range communication capabilities for certain wireless 

standards. Although Flipper Zero supports a variety of wireless protocols such as RFID, NFC, Bluetooth, 

and sub-GHz frequencies, its range for some of these technologies is relatively limited. For instance, a device 

has a limited range of Bluetooth and NFC interactions, meaning that it can only interact with devices that are 

physically close. This limitation can be problematic when testing IoT systems that have a longer 

communication range, or when trying to perform wireless attacks on devices that are situated far away from 

the tester. By contrast, more specialized tools designed for long-range wireless testing, such as software-

defined radios (SDRs), can cover greater distances and interact with devices over extended ranges, providing 

a significant advantage in certain use cases. 

 

 Conclusion: 

Flipper Zero is a versatile and valuable tool for IoT security testing, enabling cybersecurity professionals to 

identify vulnerabilities in wireless communication protocols such as RFID, NFC, Bluetooth, infrared, and 

sub-GHz frequencies. Its diverse capabilities make it an essential asset for penetration testers to assess smart 

home devices, industrial IoT systems, and wearable technologies. By leveraging features such as RFID 

cloning, Bluetooth scanning, and infrared signal replication, Flipper Zero offers valuable insights into the 

security weaknesses of connected devices. 

Despite its strengths, Flipper Zero has limitations, including restricted processing power for handling 

complex encryption, incompatibility with proprietary protocols, and short-range communication capabilities. 

These factors can hinder the effectiveness of comprehensive IoT security evaluation. 

To overcome these challenges, cybersecurity professionals should supplement Flipper Zero with additional 

tools for more holistic assessment. Ethical and legal considerations are also paramount, requiring users to 

adhere to regulations such as the GDPR and DPDPA to ensure responsible security testing practices. 

In conclusion, while Flipper Zero is a powerful and accessible tool for IoT vulnerability assessment, it should 

be used as part of a broader cybersecurity strategy to address the evolving threats and challenges in the IoT 

landscape. 
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