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def distance(a: float, b: float, c: float, d: float) -> float:
“""Euclidean distance between (a,b) and (c,d)."""
return math.hypot(a - ¢, d - b)
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def power(x: np.ndarray) -> float:
“""Sum of squares."""
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Construct RF features: Caculate RFF feature based on the preamble

Caculate RFF Feature Based on the Preamble

This section extracts ten representative radio-frequency fingerprinting (RFF) features from |IEEE 802.11 preamble data. The extracted features include the raw
preamble samples, long-preamble 1/Q samples, multiple CFO estimations (total, STS-based, and LTS-based), phase and magnitude error metrics, I/Q gain
imbalance, and fractal-dimension-based descriptors.
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import os

import math

import ast

import re

from pathlib import Path
import numpy as np
import pandas as pd

def distance(a: float, b: float, c: float, d: float) -» float:
"""Euclidean distance between (a,b) and (c,d)."""
| return math.hypot(a - ¢, d = b)
def power(x: np.ndarray) -> float:
“""Sum of sgquares."""
X = np.asarray(x, dtype=float)
return float(np.sum(x * x))
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Feature visualization
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Construct RF features: Kalman filtering

Kalman filtering recursively combines state prediction and noisy observations to obtain a smoother signal estimate.

Kalman Filtering

(You can skip this step and use the pre-processed dataset named “rffi-kf-feature-ig-wifi-802-11g-2-4g-123-m5stack,” which allows you to directly perform t-
SNE visualization and Random Forest classification.) In this section, the RF features generated in the previous step are refined using Kalman Filtering to
improve data smoothness and suppress measurement noise.

import os
import pandas as pd
import numpy as np

g try:
Clle tO from pykalman import KalmanFilter

except ImportError:
run. !pip install pykalman
from pykalman import KalmanFilter

# Define the Kalman filter function
def apply_kalman_filter(df, columns):
filtered_data = df.copy()
for col in columns:
if col in df.columns:
try:
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