listall. txt
JZX 1 PythondD{RBILIREBEDERFIE |

sudo apt install python3-venv -y

python3 -m venv tflite-env

source ~/tflite-env/bin/activate

pip3 install smbus2

pip install numpy==1.26.4

pip3 install —extra-index—-ur| https://google-coral. github. io/py-repo/ tflite_runtime

VA B2 ¥ - T—EDHEARY TO5 5L (read_sensor.py) | _ )
X KETHENT 2EERMOPython 705 5 AlF, §XTChatGPTEDIEEEE L THERLE LT,

import smbus2 as smbus
class ADXL345:
def __init__(self, address=0x53, busnum=1):
self. address = address
self.bus = smbus. SMBus (busnum)
self.bus.write_byte data(self.address, 0x2D, 0x08)
def read_axes(self):
def read_word(reg):
low = self.bus. read_byte_data(self.address, reg)
high = self.bus. read_byte data(self.address, reg + 1)
val = (high << 8) | low
return val - 65536 if val > 32767 else val

X = read_word (0x32)
y = read_word (0x34)
z = read_word (0x36)
return [x, vy, z]
if _name__ =="_main__":
sensor = ADXL345 ()
while True:

print (sensor. read_axes ())
JR 3 F—HUNETAY T L (data_collect. py) |

import os

import sys

import argparse

from datetime import datetime
import csv

import time

from read_sensor import ADXL345
D (HEg)

sensor = ADXL345()

filename = output_file

duration = 60 FLEx9 S & ETHFE ()
interval = 0.1 t o) U ORREF)
log_interval = 5.0 # 32— L&)

o

print (f"IEE T—2IN&E S ({duration}#)...")
with open(filename, mode="w', newline="") as f:
writer = csv.writer (f)
writer.writerow([“timestamp”, “x”, “y”, “z"1])
start = time. time()
last_log = start
while time.time() - start < duration:
X, ¥, z = sensor.read_axes()
ts = time. time()
writer.writerow([ts, x, y, zI)
t —EEECEICERmICRT
if ts — last_log >= log_interval:
print (f” {ts - start:. 1f}s#&& - x={x}, y={y}, z={z}")
last_log = ts
time. sleep (interval)
print(F"EET—4 % {output_file} IZRBFLEL, )

DA R YR PIDETHER |

(tflite-env) xxxxxx@raspberrypi:~/dev/anomaly detection/raspi5 $ python collect_data. py

EET—2UINE G (607)). ..
« 5 0s#&1® - x=-48, y=5, z=210

. 55.3S%§ﬂ5 - x=—47, y=3, z=214
E®ET—4 % data/sensor_data 2508161414.csv IZI&7FLEL 1=,

JR KRS TFT—A2OHNIETO4S 5L (prepare_data.py) |

import os

import argparse

import pandas as pd

import numpy as np

from sklearn. preprocessing import StandardScaler
# 5IH0E

L (EH)

# CSVERAAH & EEE

all_data = []
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for filename in sorted(os. listdir (input_dir)):
if filename. endswith(”. csv”):
path = os.path.join(input_dir, filename)
print(f"¢& ZHZA&RAHF: {path}”)
df = pd read csv(path)
if {'x z }. issubset (df. columns) :
xyz = df[[ X', 'y, "z'1].values
all_data. append (xyz)
else:
print(f"aA RFwv F: {filename} MLELZFINTRE)")
if not all_data: .
print("X BIECSN T 7 A ILMRDOMY FEATLR, )
raise SystemExit (1)
xyz_all = np.concatenate (al |_data, axis=0)
# ZEEIE (F180 - 28 L, RT—S#H = REF
scaler = StandardScaler ()
Xyz_scaled = scaler. fit_transform(xyz_all)
np. save (“scaler_mean. npy”, scaler.mean ) # F4k: (3,)
np. save (“scaler_std. npy”, scaler.scale) # fs4k: (3,)
print (" R —S#etZRHFLFE L1 scaler_mean.npy / scaler_std. npy”)
§ZE4?4>7®4>F®¢m

for i in range(len(xyz_scaled) — window_size):
window = xyz_scaled[i:i+window_size]. flatten()
X. append (window)
X = np. array (X)
t ZERT—2ERHF
np. save (output_file, X)
print(f"®@ {output_file} #{R#F L E L 1= (shape = {X.shape})”)

JA K6 YRXRMDETHR|

python . ¥prepare_data. py
@ =7 5AA 0 data¥sensor _data 2508022026. csv

& FHAIAAH: data¥sensor_data 2508161414. csv
I 7\’7 St EE7ELE L= scaler_mean.npy / scaler_std. npy
©@ X_train.npy %{&7F L F£ L 7= (shape = (3500, 30))

R R ETFILOFREWLEITO4Y S5 L (train_autoencoder.py) |
D (ERR)

def main(in_fn: str, epochs: int, batch_size: int) :

# AILEEAHDFEET—42 (npy) EHRARXH
print(f" @ BIIBEHT—F FHmHAHAH: {in_fn}”)
X = np. load(in_fn)
if X.ndim 1= 2: .

raise ValueError (f ARNBHFI2ZRATHILEAHY FTH. BIK: {X shape}”)
print (f” shape = {X. shape}”)
# Autoencoder 1&EZE
input_layer = Input (shape=(X. shape[1],))
encoded = Dense (16, activation="relu”) (input_layer)
decoded = Dense (X. shape[1], activation="1|inear”) (encoded)
autoencoder = Model (inputs=input_layer, outputs=decoded)
autoencoder. compile (optimizer="adam’', loss="mse’)
print("e FEMK...")
autoencoder. fit (X, X epochs=epochs, batch_size=batch_size, shuffle=True)
# Keras ( ho) Wzt CRE
print("® Keras (. hb) A TREH...")
autoencoder save (“autoencoder_model. h5’ ")
print("®@ ETILZ autoencoder_model.hd IZRFELZEL=, )
# TFLite BRICE#: - RFF
print("® TFLite KIZEH#d. .. ")
converter = tf. |ite. TFLiteConverter. from_keras_model (autoencoder)
tflite_model = converter. convert ()
with open(“autoencoder_model. tflite”, “wb”) as f:

f. wrlte(tfllte mode|)
print("&@ ETI/L% autoencoder_model.tflite ITIRFLFE L=, )

if _name__ == "__main__":

parser = argparse. ArgumentParser (description="gILIEFHT—4 (. npy) A SAutoencoder =)
parser. add_argument ("—in_fn”, default="X_train.npy”, help="AJinpyZ 7 4 JL (BX%E: X_train. npy)”)
parser. add_argument ("——epochs”, type=int, default=50, help="%FE TR v o EXE: 50)”)
parser. add_argument ("——batch_size”, type=int, default=32, help="/N\vFH A4 X EEE: 32)7)
args = parser.parse_args()
main(args. in_fn, args.epochs, args.batch_size)

JRA 8 YRFIDETHRE
python . ¥train_autoencoder. py

& BMEEAT—4 EEHRAH X _train. npy
_ shape = (3500, 30)

o TR, ..

Epoch 1/50
110/110 [ 1 - 0s 411us/step - loss: 0.5997
Epoch 2/50
110/110 [ 1 — 0s 376us/step - loss: 0.0914

2
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L (R
Epoch 50/50
110/110 [ 1 - 0s 365us/step - loss: 0.0022
= Keras (.hd) A THRES..
E£5)L% autoencoder model.h5 2R LE L1=,
@ TFLite BT, ..

ET /L% autoencoder_model. tflite [CREFELFE LT=.

JR BRI LEWMEDFERTIOS S L (calculate_threshold. py) |

import numpy as np
import tensorflow as tf
import os

# 27 A4IEE
X_TRAIN_PATH = “X_train. npy”
MODEL_PATH = autoencoder _model. tflite”
THRESHOLD FILE = “threshold. txt”
SCALER_MEAN_PATH = “scaler_mean. npy”
SCALER_STD_PATH = “scaler_std. npy”
PERCENTILE = 95
print("® X_train.npy #mARAHH...")
X_train = np. load (X_TRAIN_PATH)
t — RT—FHmHAH —
if os.path. exists (SCALER_MEAN_PATH) and os. path. exists (SCALER_STD_PATH) :
scaler_mean = np. load (SCALER_MEAN_PATH)
scaler_std = np. load (SCALER_STD_PATH)
lpHM(ﬂZﬁ-?ﬁﬂﬁﬂmmﬁ
else:
prin’E1(;'x A5—S5 774 ILHARDMY £H A (scaler_mean.npy / scaler_std. npy)”)
exit
print("® TFLite ETILHEHAAHT. .. ")
interpreter = tf. lite. Interpreter (mode!|_path=MODEL_PATH)
interpreter. al locate_tensors()
input_index = interpreter. get_input_details() [0][" index ]
output_index = |nterpreter get_output_details () [0][" index’ ]
print("® MSE &tEdh...")
errors = []
for i, x in enumerate (X_train):
window = x.reshape((10, 3))
normed = (window — scaler_mean) / (scaler_std + 1e-8)
input_data = normed. flatten(). reshape (1, -1).astype (np. float32)
interpreter. set_tensor (input_index, input_data)
interpreter. invoke ()
output_data = interpreter. get_tensor (output_index)
mse = np.mean((input_data — output_data) ** 2)
errors. append (mse)
threshold = np. percentile(errors, PERCENTILE)
print (f"&@ {PERCENTILE}/S—t >R A4 )LD L ELME: {threshold:. 4f}")
with open (THRESHOLD FILE, “w”) as f:
f.write(f” {threshold:. 6f}")
print(f"® L&E(MEZ ({THRESHOLD_FILE} ITRFLFELTz, )

JR MO BEERNMEZEITTATIOY 5L (detect_anomaly. py) |

import tflite_runtime. interpreter as tflite
import numpy as np

from read_sensor import ADXL345

from collections import deque

import time

import os

—n..--|

WINDOW SIZE =10

THRESHOLD_FILE = “threshold. txt”

MODEL_PATH = “autoencoder model. tflite”

SCALER_MEAN_PATH = “scaler_mean. npy”

SCALER_STD_PATH = “scaler_std. npy”

#— LEVMEDHEHAH —

if os.path. exists (THRESHOLD_FILE) :
with open (THRESHOLD_FILE, “r”) as f:

THRESHOLD = float (f.read().strip())
(%SH“)

prlnt(f AT B L =UVE: {THRESHOLD:. 4f}”)

#"—Z7 T DEHEAIAF ——

if os.path. exists (SCALER_MEAN_PATH) and os. path. exists (SCALER_STD_PATH) :
scaler_mean = np. load (SCALER_MEAN_PATH)
scaler_std = np. load (SCALER_STD PATH)
print(f"®@ RT—FHHAHAARIN)

. (EBRrR)

# —— TFLiteETILDFAHAH ———

print("® ETIEHEMAAAH...)

interpreter = tflite. Interpreter(model_path:MODEL_PATH)

interpreter. al locate_tensors()

input_details = interpreter. get_input_details()

output_details = interpreter. get_output_details()
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t — oY —wHE —
sensor = ADXL345()
queue = deque (max|en=WINDOW_SIZE) N
print("@ EEHMERHBLET (Ctri+C TEL) ")
t— A4 —TF —

try:
while True:
X, ¥, z = sensor.read_axes()
queue. append ([x, vy, z])
if len(queue) == WINDOW_SIZE:
data = np. array (queue, dtype=np.float32)
normed = (data - scaler_mean) / (scaler_std + 1e-8)
input_data = np. array ([normed. flatten()], dtype=np.float32)
interpreter. set_tensor (input_details[0][ index’ ], input_data)
interpreter. invoke ()
output = interpreter. get_tensor (output_details[0][" index’ ]) [0]
mse = np.mean ((input_data[0] - output) **x 2)
result = “& Anomaly” if mse > THRESHOLD else " Normal”
print (f”{result} | MSE = {mse:.4f}")
time.sleep(0.1)
D (R

DR M1 YR MODETHRE

(tflite—env) xxxxxx@raspberrypi:~/dev/anomaly detection/raspib5 $ python detect_anomaly. py
AT HLELME: 0.1958

8 R —FHmAHRAHI

- ETILERARAAR. ..

INFO: Created TensorFlow Lite XNNPACK delegate for GPU.

- EERBRMEHELET (Ctri+C TEL)

Normal | MSE = 0.0003

Normal | MSE = 0.0003
- Anomaly | MSE = 0.8567

- Anomaly | MSE = 3.0140
Normal | MSE = 0. 0004
Normal | MSE = 0.0003

JR M2 LEMEORUMEZREMICHERT S T05 5L (check_mse_distribution. py) |

import numpy as np
import matplotlib.pyplot as plt
import tensorflow as tf

X = np. load ("X_train. npy”)

interpreter = tf. lite. Interpreter (model_path="autoencoder_model. tflite”)
interpreter. al locate_tensors ()

input_index = interpreter. get_input_details() [0][ index’ ]

output_index = interpreter. get_output_details() [0][" index’ ]

errors = []

for x in X:
X = x.reshape (1, -1).astype (np. float32)
interpreter. set_tensor (input_index, x)
interpreter. invoke ()
output = interpreter. get_tensor (output_index)
mse = np.mean ((x — output) **x 2)
errors. append (mse)

plt.hist(errors, bins=50)

plt.title("Reconstruction Error Histogram (X_train.npy)”)
plt. xlabel ("MSE”)

plt.ylabel ("Frequency”)

plt.grid(True)

plt. show()

print ("Min MSE:”, np.min(errors))
print (“Max MSE:”, np.max(errors))
print (95 percentile:”, np.percentile(errors, 95))



