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Understanding the AVR411 Secure Rolling Code Algorithm for Wireless
Links

Wireless communication has become the backbone of modern security systems, from vehicle immobilizers to
remote door locks and access control devices. As the demand for robust, tamper resistant authentication grows,
rolling code algorithms have emerged as a cornerstone technology. Among these, the AVR411 secure rolling

code algorithm for wireless linkstands out for its blend of simplicity, low computational overhead, and strong
cryptographic guarantees. This article dives deep into the AVR411 algorithm, exploring its architecture, security
mechanisms, implementation considerations, and real world applications.

What Are Rolling Code Systems?

Rolling code, also known as hopping code or one time code, is a security technique where each transmitted code is
unique and derived from the previous one. The core idea is to prevent replay attacks: an attacker cannot simply
capture a code and resend it later because the receiver will expect a different, fresh code.

Rolling code systems typically involve a synchronized state machine on both the transmitter (e.g., key fob) and the
receiver (e.g., car lock). When a button is pressed, the transmitter generates a new code based on its internal
counter and a shared secret key. The receiver, knowing the same counter and key, can independently compute the
expected code. If the codes match, the action is authorized.

Key Benefits of Rolling Code Algorithms
¢ Prevents replay attacks and key replay attacks.
¢ Reduces the risk of code guessing due to large state space.
e Supports forward secrecy: compromising one code does not reveal future codes.
« Efficient for low power devices due to lightweight computations.

Introducing the AVR411 Algorithm

The AVR411 algorithm is a proprietary rolling code scheme designed for high throughput wireless links, such as
those used in automotive keyless entry systems and industrial access control. It builds upon the classic
HMAC based approach but introduces several optimizations tailored for embedded hardware.

Core Components

1. Shared Secret Key (K): A 128 bit symmetric key stored securely on both the transmitter and receiver.
State Counter (C): A 32 bit counter incremented with each code generation.

Hash Function (H): A lightweight cryptographic hash (e.g., SHA 256 truncated to 64 bits).

Key Derivation Function (KDF): A simple XOR based derivation to produce per session sub keys.
Error Correction Layer: Optional Reed—Solomon or CRC to mitigate transmission errors.

Security Features of AVR411
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Security is paramount when designing a rolling code algorithm for wireless links. The AVR411 incorporates several



layers of protection:

1. Cryptographic Strength

By using a 128 bit key and a 64 bit truncated hash output, the algorithm achieves a practical security level of 264
against brute force attacks, while keeping computational demands low.

2. Forward Secrecy

Each code is derived from the previous counter value and a fresh sub key. Even if an attacker captures a code, they
cannot deduce the key or predict future codes.

3. Counter Synchronization

The AVR411 includes a counter gap tolerance mechanism If the receiver’s counter lags behind the transmitter’s
by up to 64 steps, it will still accept the code, preventing lockout scenarios due to missed transmissions.

4. Replay Attack Mitigation

Because each code is unique and tied to the counter, replaying a captured packet will fail. Moreover, the algorithm
includes a timestamp field that is validated against the receiver’s clock, adding another layer of protection.

Algorithm Flow

The AVR411 algorithm can be summarized in a concise, step by step flow:

Key Initialization: Both devices load the shared secret key K from secure storage.
Counter Increment: On button press, the transmitter increments its counter C.
Sub Key Derivation: The transmitter computes Ki = KDF(K, C).
Message Construction: The transmitter builds the message payload: M = C || Timestamp || RandomNonce.
Hash Computation: H = Truncate(H(M || Ki)).
Packet Assembly: Final packet = M || H.
Transmission: The packet is sent over the wireless link.
8. Reception & Verification: The receiver repeats steps 3 5 using its own counter value. If H matches and the
counter is within tolerance, the action is authorized.
9. Counter Update: The receiver updates its counter to match the transmitter’s value.
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Implementation Steps

Deploying AVR411 in an embedded system involves several practical steps. Below is a guide for developers and
system integrators.

Step 1: Secure Key Storage
e Use a Trusted Platform Module (TPM) or Secure Element (SE) to store the 128 bit key K.
¢ Implement key exchange protocols (e.g., Diffie—Hellman) during device provisioning to avoid hard coding keys.
» Ensure that key extraction is prohibited by hardware and firmware safeguards.
Step 2: Counter Management
e Use a 32 bit non volatile counter that persists across power cycles.
e Implement counter wrap around logic: after reaching OxFFFFFFFF, reset to O.
e Synchronize counters during device pairing by exchanging initial counter values.
Step 3: Cryptographic Primitives
« Integrate a lightweight SHA 256 implementation optimized for ARM Cortex M or AVR microcontrollers.



¢ Use a truncated 64 bit hash to reduce data size.
¢ Implement the XOR based KDF: Ki =K " (C

Step 4. Error Correction

e Add a 16 bit CRC to the packet header to detect transmission errors.
¢ Optionally use Reed—-Solomon coding for higher reliability in noisy environments.

Step 5: Firmware Integration

* Encapsulate the AVR411 logic into a reusable library with clear APIs: init(), generate_code(), verify_code().
¢ Provide callback hooks for counter synchronization events.
* Include unit tests covering edge cases: counter wrap around, maximum tolerance, and timestamp validation.

Hardware Considerations

Implementing AVR411 efficiently requires careful hardware selection.

Processor

« ARM Cortex M4 or M7 offers sufficient DSP instructions for hash calculations.
« AVR XMEGA series can also handle the lightweight hash with optimized assembly.

Memory

e Code size: ~8 /KB for the library, including hash implementation.
e Data memory: 256 /B for counter, timestamp, and nonce storage.

Power Consumption

¢ The algorithm’s computational load is minimal, enabling sub microamp idle power consumption.
e Use sleep modes between transmissions to extend battery life.

RF Module

¢ Choose modules with low error rates (e.g., 2.4 /GHz ISM band transceivers).
¢ Implement automatic retransmission on CRC failure.

Software Integration Example

Below is a simplified C style pseudocode illustrating AVR411 usage on the transmitter side.

#include "avr411.h"

void on_button_press() {

uint32_t counter = read_counter(); /I Non volatile read
counter++;
write_counter(counter); /I Persist new counter

uint64_t timestamp = get_unix_time(); /I 64 bit timestamp
uint32_t nonce = random32(); /I Random nonce

packet_t pkt;

pkt.counter = counter;
pkt.timestamp = timestamp;
pkt.nonce = nonce;



uint64_t hash = avr411 hash(&pkt, key);
pkt.hash = hash;

radio_send(&pkt, sizeof(pkt));

On the receiver side, the verification function mirrors this logic, checking counter tolerance and hash validity before
authorizing the action.

Performance Metrics

Understanding how AVR411 performs in real scenarios is essential for design decisions.

Computation Time
e Hash calculation on a Cortex M4:~1.2 /ms.
 Total code generation time (including counter increment and packet assembly): ~1.5 /ms.
 Verification time on the receiver: ~1.8 /ms.
Energy Consumption
e Transmitter: ~15 /uJ per packet.
e Receiver: ~12 /uJ per packet.
Packet Size

e Counter (4 /bytes) + Timestamp (8 /bytes) + Nonce (4 /bytes) + Hash (8 /bytes) + CRC (2 /bytes) = 26 /bytes.
¢ With 2.4 /GHz ISM band overhead, the effective payload is ~30 /bytes.

Comparing AVR411 to Other Rolling Code Algorithms

How does AVR411 stack up against popular alternatives like the HMAC SHA1 Rolling Codeand AES CTR One Time
Pad?
HMAC SHA1 Rolling Code

e Pros: Strong cryptographic foundation, widely adopted.
¢ Cons: Larger hash output (20 /bytes) increases packet size; heavier computational load.
e AVRA411 offers a smaller hash (8 /bytes) and optimized KDF, making it more suitable for constrained devices.

AES CTR One Time Pad

¢ Pros: Symmetric encryption provides confidentiality.

* Cons: Requires a full encryption/decryption cycle; higher energy usage.

¢ AVR411 focuses solely on authentication, avoiding unnecessary encryption overhead.
Overall Assessment

AVRA411 strikes a balance between security, performance, and resource efficiency, making it ideal for automotive
and industrial applications where power and size constraints are critical.

Use Cases in the Real World



1. Automotive Keyless Entry

Modern cars use rolling code systems to prevent relay attacks. AVR411’s counter gap tolerance ensures that drivers
who misplace their key fobs can still unlock the vehicle after a few failed attempts.

2. Secure Door Locks

Commercial access control systems can deploy AVR411 to authenticate employees’ proximity cards or mobile
devices without exposing long term secrets.

3. Industrial Machinery Control

Heavy equipment operators use handheld controllers. AVR411's lightweight design keeps the controller's battery
life high while preventing unauthorized operation.

4. Remote Vehicle Tracking

Fleet management solutions use rolling codes to authenticate
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