#!/usr/bin/env python3
# -*- coding: utf-8 -*-

DEBUG_MODE = False # W E N False A/ A P A5G 1) H 500

import cv2

import socket

import struct

import pickle

import sys

import time

import pyaudio

import threading

import tkinter as tk

from tkinter import ttk, simpledialog, messagebox, filedialog
from PIL import Image, ImageTk

import numpy as np

import os

from datetime import datetime

import queue

import soundfile as sf

import torch

import torchaudio

from concurrent.futures import ThreadPoolExecutor
from queue import Queue, Empty

e MRS —————eee
class BiometricDatabaseManager:

AR B P (G BN AN s A dE)

def init (self, host="localhost', port='5432', database="record',
user="xlevon', password="xlevon!2025"):
"G B P
try:
from psycopg2 import pool
import psycopg2.extras

self.db_pool = pool.ThreadedConnectionPool(
minconn=2,
maxconn==,,
host=host,



port=port,
database=database,
user=user,
password=password

)
print(F' (5 ] v EBIHILA TS ({host}: {port}/{database})")

# QI RLM

self. _create tables()

except Exception as e:
print(f"[Eda ] X FIAEACRIG: {e}")
self.db_pool = None

raise

def create_tables(self):
R R
conn = None
try:
conn = self.db_pool.getconn()

cur = conn.cursor()

# NRRAIR - BEEAAEE S

nnn

cur.execute(
CREATE TABLE IF NOT EXISTS face_embeddings (
id SERIAL PRIMARY KEY,
name VARCHAR(255) NOT NULL,
model type VARCHAR(50) NOT NULL,
embedding BYTEA NOT NULL,
image data BYTEA,
image format VARCHAR(10),
registered_at TIMESTAMP DEFAULT CURRENT TIMESTAMP,
UNIQUE(name, model_type)
)
")

# U NUIER - EAF o
cur.execute("""
CREATE TABLE IF NOT EXISTS speaker _embeddings (
id SERIAL PRIMARY KEY,
name VARCHAR(255) NOT NULL,
model type VARCHAR(50) NOT NULL,
embedding BYTEA NOT NULL,

audio_data BYTEA,



audio_format VARCHAR(10),
sample rate INTEGER,
registered_at TIMESTAMP DEFAULT CURRENT TIMESTAMP,
UNIQUE(name, model_type)
)
")

# PRl HER (EHEE R

nnn

cur.execute(
CREATE TABLE IF NOT EXISTS face recognition_log (
id SERIAL PRIMARY KEY,
person_name VARCHAR(255),
confidence FLOAT,
recognized_at TIMESTAMP DEFAULT CURRENT TIMESTAMP

)
"""

conn.commit()

cur.close()

print("[HHEE] v ARG ETEK")

except Exception as e:
print(f" [ FE] A FRENE KW {e}")
if conn:
conn.rollback()
finally:
if conn:

self.db_pool.putconn(conn)

def save face embedding(self, name, model type, embedding, image data=None,
image format="jpg'):
m R NG RFIE EIEHE PE (OpenGauss H7%) - ELA7 it EG Edl
conn = None
try:
conn = self.db_pool.getconn()

cur = conn.cursor()

# J7 %4t embedding
embedding_bytes = pickle.dumps(embedding)

# K UGB 3y 71 (R )
image bytes = None
if image data is not None:

if isinstance(image data, np.ndarray):



# W2 numpy Z0H, ZbdN JPEG
success, encoded = cv2.imencode(f.{image format}', image data)
if success:
image bytes = encoded.tobytes()
elif isinstance(image data, bytes):

image bytes =image data

# A
cur.execute("""
UPDATE face_embeddings
SET embedding = %s, image data = %s, image format = %s, registered at =
CURRENT TIMESTAMP
WHERE name = %s AND model_type = %s
""" (embedding_bytes, image bytes, image format, name, model type))
# WOREA EHAEMAT, NHEA
if cur.rowcount == 0:
cur.execute("""
INSERT INTO face embeddings (name, model type, embedding,
image data, image format)
VALUES (%s, %s, %s, %s, %s)
""" (name, model type, embedding bytes, image bytes, image format))
conn.commit()
cur.close()

return True

except Exception as e:
print(f" (K FE] RAF NARFIE R {e}")
if conn:
conn.rollback()
return False
finally:
if conn:

self.db_pool.putconn(conn)

defload face embeddings(self, model type):
RN €129 e DN v (TR
conn = None
try:
conn = self.db_pool.getconn()
cur = conn.cursor()

nnn

cur.execute(



SELECT name, embedding FROM face embeddings
WHERE model_type = %s

ALE (model_type,))

results = cur.fetchall()

cur.close()

# FAL
embeddings = {}
for name, embedding_bytes in results:
embeddings[name] = pickle.loads(embedding_bytes)

return embeddings

except Exception as e:
print(f"[Hd ] BN RRFIE R {e}")
return {}

finally:
if conn:

self.db_pool.putconn(conn)

def save speaker embedding(self, name, model type, embedding, audio data=None,
sample rate=16000, audio_format="wav'):
RS A EEISRE (OpenGauss HE40) - ELARAF A SUELR
conn = None
try:
conn = self.db_pool.getconn()

cur = conn.cursor()

# J7 %4t embedding
embedding_bytes = pickle.dumps(embedding)

# K E IR R T (R D)
audio_bytes = None
if audio_data is not None:
if isinstance(audio_data, np.ndarray):
# {1 soundfile ¥ numpy ZH %%~ WAV FFiii
import io
audio_io = i0.BytesIO()
sf.write(audio _io, audio_data, sample rate,
format=audio_format.upper())
audio_bytes = audio_io.getvalue()
elif isinstance(audio_data, bytes):

audio_bytes = audio_data



# A
cur.execute("""
UPDATE speaker_embeddings
SET embedding = %s, audio_data = %s, audio format = %s, sample rate
= %s, registered_at = CURRENT _TIMESTAMP
WHERE name = %s AND model_type = %s
(embedding_bytes, audio bytes, audio format, sample rate, name,

nnn

model_type))

# WOREA EHAEAT, NMHEA
if cur.rowcount == 0:
cur.execute("""
INSERT INTO speaker embeddings (name, model type, embedding,
audio_data, audio_format, sample_rate)
VALUES (%s, %s, %s, %s, %0s, %s)
, (name, model type, embedding bytes, audio bytes, audio format,

nnn

sample rate))

conn.commit()
cur.close()

return True

except Exception as e:
print(f"[EHE ] TRAEULE NRHIER I {e}")
if conn:
conn.rollback()
return False
finally:
if conn:

self.db_pool.putconn(conn)

defload_speaker embeddings(self, model type):
" IS A T R
conn = None
try:
conn = self.db_pool.getconn()
cur = conn.cursor()
cur.execute("""
SELECT name, embedding FROM speaker embeddings
WHERE model_type = %s

LS (model_type,))



results = cur.fetchall()

cur.close()

# FAIL
embeddings = {}
for name, embedding_bytes in results:
embeddings[name] = pickle.loads(embedding_bytes)

return embeddings

except Exception as e:
print(f"[EHE ] gk gias NRHERIG {e}")
return {}

finally:
if conn:

self.db_pool.putconn(conn)

def delete face embedding(self, name, model type):
AR
conn = None
try:
conn = self.db_pool.getconn()
cur = conn.cursor()
cur.execute("""
DELETE FROM face embeddings
WHERE name = %s AND model_type = %s
""" (name, model type))
deleted = cur.rowcount > 0
conn.commit()
cur.close()
return deleted

except Exception as e:
print(f"[Hedh A ] MR N ARFAE R0 (e} ")
if conn:
conn.rollback()
return False
finally:
if conn:

self.db_pool.putconn(conn)

def delete speaker embedding(self, name, model type):



B A
conn = None
try:
conn = self.db_pool.getconn()
cur = conn.cursor()
cur.execute("""
DELETE FROM speaker embeddings
WHERE name = %s AND model_type = %s
""" (name, model type))
deleted = cur.rowcount > 0
conn.commit()
cur.close()
return deleted

except Exception as e:
print(f"[Z#E FE] MHFR U 1E NRFER I {e}")
if conn:
conn.rollback()
return False
finally:
if conn:

self.db_pool.putconn(conn)

deflog face recognition(self, person_name, confidence):
sk NRER H S (R R
conn = None
try:
conn = self.db_pool.getconn()
cur = conn.cursor()
cur.execute(
"INSERT INTO face recognition log (person name, confidence) VALUES
(%os, %s)",
(person_name, float(confidence))
)
conn.commit()
cur.close()
except Exception as e:
print(f"[F s ] e R0 HE R {e}")
if conn:
conn.rollback()
finally:

if conn:



self.db_pool.putconn(conn)

def export_face image(self, name, model type, save path):
" N T O AR B S
conn = None
try:
conn = self.db_pool.getconn()
cur = conn.cursor()

nnn

cur.execute(

SELECT image data, image format FROM face embeddings

WHERE name = %s AND model_type = %s
""" (name, model type))
result = cur.fetchone()
cur.close()

if result and result[0]:
image bytes, image format = result
# A R (%
nparr = np.frombuffer(image bytes, np.uint8)
img = cv2.imdecode(nparr, cv2.IMREAD COLOR)

if img is not None:
cv2.imwrite(save path, img)
print(f'[#¥5E] BB EFH: {save path}")

return True
return False

except Exception as e:
print(f"[ 4 ] 5 HH KRR {e}")
return False

finally:
if conn:

self.db_pool.putconn(conn)

def export_audio(self, name, model _type, save path):
R S A S
conn = None
try:
conn = self.db_pool.getconn()

cur = conn.cursor()



nnn

cur.execute(
SELECT audio_data, audio_format, sample rate FROM speaker embeddings
WHERE name = %s AND model_type = %s

""" (name, model type))

result = cur.fetchone()

cur.close()

if result and result[0]:
audio_bytes, audio_format, sample_rate = result
# B AIRE A
with open(save path, 'wb') as f:
f.write(audio_bytes)
print(f"[F¥5 ] S 2 FH: {save path}")

return True
return False

except Exception as e:
print(f"[##E FE] FH BRI {e}")
return False

finally:
if conn:

self.db_pool.putconn(conn)

def close(self):
mnl;‘%ﬁjﬁ*}%ﬁ%%ﬁ? nn
if self.db_pool:
self.db_pool.closeall()

print("[HdE ] E A 2 KM

o HBH S ——————
def debug_print(message):
"R S S (U DEBUG_MODE=True H#iiH) ™"
if DEBUG_MODE:

print(message)

def info_print(message):
L B A

print(message)

# 12 H torchaudio 71
if not hasattr(torchaudio, 'list_audio_backends'):



def list_audio_backends():
return ["soundfile"]
torchaudio.list audio backends = list audio backends

try:
import onnxruntime as ort
ONNX AVAILABLE = True
except ImportError:
ONNX AVAILABLE = False
print("£5 1% : onnxruntime AR ZEHE")
sys.exit(1)

try:
from speechbrain.inference.speaker import EncoderClassifier
except ImportError:
try:
from speechbrain.pretrained import EncoderClassifier
except ImportError:
EncoderClassifier = None

print("# ¥ : SpeechBrain K%%e, Uil AR TIREATTH")

# ========== TPHILHEMNX =———————=
class LockFreeRingBuffer:
T IEZE M X (Lock-Free Ring Buffer)
FH T8 SRS (1 v R i, 8 S B 3E

FEPE:

- B E R RER (SPSO)
- S FH R R AR e A

- [ RN, HBhE R IHEE

nnn

def init (self, capacity):

nmn

IR G2 1 [X

Args:

capacity: M X AR (FEAZD
self.capacity = capacity
self.buffer = np.zeros(capacity, dtype=np.int16)
self.write pos=0 # Higkl



selfread pos=0 # EFR4Er
selfavailable =0 # ] A &

# A ST O AR (SPSC AL T %2 4)
print(f"[AE M X ] PI4hfh: {capacity} FEA ({capacity/16000:.1f}F})")

def write(self, data):

nnn

BNHHE CEPEERAD

Args:
data: numpy array (int16)

nnn

data_len = len(data)
if data_len ==0:

return

# HNHHE (TEE B

end pos = self.write_pos + data_len

if end_pos <= self.capacity:
# —IKEHA
self.buffer[self.write_pos:end pos] = data

else:
# TWEEAN GIAE)
first_part = self.capacity - self.write_pos
self.buffer[self.write_pos:] = data[:first_part]
self.buffer[:data_len - first part] = data[first_part:]

# BB S iEE
self.write_pos =end pos % self.capacity

# ST E

self.available = min(self.available + data_len, self.capacity)

def read(self, size):

nnn

BRCE CEREIAAD

Args:
size: ETLHURIFEANEY

Returns:

numpy array (int16) 5% None (E#&EAsf2)



nnn

if self.available < size:

return None

# SR (TRE B

end pos = self.read_pos + size

if end_pos <= self.capacity:
# — IR
result = self.buffer[self.read pos:end pos].copy()
else:
# B AL GAED
first_part = self.capacity - self.read _pos
result = np.concatenate(|
self.buffer[self.read pos:],
self.buffer[:size - first_part]

D

# SHTRE
self.read _pos =end_pos % self.capacity

# ST E

self.available = size
return result

def available samples(self):
mnljg IEI El‘ii*_}ﬁj:ﬁmm

return self.available

def clear(self):
A X
self.write pos =10
self.read pos=0
self.available = 0

# A A7t B

class FramePool:

nnn

iy A7t (Frame Memory Pool)
T3 BC [ T8 RN iz o, 3 G 2 TC /R T

P



- TRAMEE N AN g2
- 3 5 R TR 3tk
- B> GC R Ay

nnn

def init_(self, frame shape=(480, 640, 3), pool_size=10, dtype=np.uint8):

nnn

FIaa A ot

Args:
frame_shape: M/~ (height, width, channels)
pool_size: K/
dtype: ##m KA

self.frame shape = frame_shape

self.dtype = dtype

self.pool_size = pool_size

# TSI N AT
self.pool =[]
self.available =[] # w]Fi%|$

for i in range(pool_size):
frame = np.zeros(frame_shape, dtype=dtype)
self.pool.append(frame)
self.available.append(i)

self.lock = threading.Lock()

memory_mb = (pool_size * np.prod(frame_shape) * dtype(0).itemsize) / (1024 * 1024)
print(f"[MI N /73] BIUE1E: {pool size} /MMi, &it {memory mb:.1f} MB")

def acquire(self):

nnn

AR~ A ot

Returns:
numpy array 2% None (JE2%)
with self.lock:
if len(self.available) == 0:
return None

idx = self.available.pop(0)



return self.pool[idx], idx

def release(self, idx):

nnn

B0y [e] it

Args:
idx: MR 5|
with self.lock:
if idx not in self.available:
self.available.append(idx)

def get usage(self):
mnlg‘j{ﬂﬁﬁ{i)}ﬁ %mm
with self.lock:
used = self.pool_size - len(self.available)

return used, self.pool size

class SpeakerRecognitionSystem:
"G MR RS - CRF ECAPA-TDNN. ResNet34-SE Al &=

# B

MODEL ECAPA = "ecapa"

MODEL RESNET = "resnet"

MODEL _FUSION = "fusion" # #ii: mh&H

—n

def init_ (self, model type="ecapa", device="cpu", db_manager=None):

nnn

Praa A i 1E AR R 5t

Args:
model _type: FERIZKEAY ("ecapa". "resnet" BY "fusion")
device: IB1T&
db_manager: ¥ B HE A LA

self.model type = model type

self.device = device

self.sample rate = 16000

self.min_duration= 1.0

self.speaker database = {}
self.classifier = None



self.db_manager = db_manager # (I s

# Y4s1k Silero VAD 8 (T A ALID
self.vad_model = None
self. init_vad model()

# Rl A A P AR A

if model type == selt MODEL FUSION:
# EhEPCE (AR AR 2D
self.ecapa_weight = 0.6
self.resnet_weight = 0.4

self.ecapa_classifier = None
self.resnet _classifier = None
self.ecapa_database = {}
self.resnet_database = {}

# NP
self._init_fusion_models()
self. load fusion_databases()

print(f"[BETE N RA] v Al g
print(f" - ECAPA-TDNN H{HE: {self.ecapa_weight:.1%}")
print(f" - ResNet34-SE A E: {self.resnet weight:.1%}")

else:
# BB
# N AR A
if model type == selt MODEL RESNET:
self. init_resnet model()
else:
self._init_ecapa_model()

# N I E
self.load_database()

print(f"[UE1E AR v E 0% {len(self.speaker database)} /MAEMULTE A"

def init vad model(self):
"W Silero VAD Y CAARHBINED "

local model path = "pretrained models/silero-vad/files/silero_vad.jit"

if not os.path.exists(local model path):
raise RuntimeError(f"VAD B S AAEAE: {local_model path}")



print(f"[VAD] IEFENN#EAY: {local model path}")

self.vad_model = torch.jit.load(local _model path, map location=self.device)
self.vad_model.eval()

print(f"[VAD] v/ BRI 8T (device: {self.device})")

def detect_speech(self, audio_chunk):
"3 Silero VAD BEALKINZ 5O AR
# ¥y float32 FFIH—LE] [-1,1]
audio_float = audio_chunk.astype(np.float32) / 32768.0
audio_tensor = torch.from_numpy(audio_float).to(self.device)

# AE R Eh & DRI (512 BEARE 1, 256 FEADK)
window_size, step_size =512, 256
speech_probs =[]

for i in range(0, len(audio_tensor) - window_size, step_size):
window = audio_tensor[i:i+window_size]
with torch.no_grad():
prob = self.vad_model(window.unsqueeze(0), 16000).item()
speech_probs.append(prob)

if not speech_probs:
return False, 0.0

# HECFEERE, BME 05
avg_confidence = np.mean(speech_probs)
return avg_confidence > 0.5, avg_confidence

def init ecapa model(self):
" IAYL ECAPATDNN M CAAHLAIE) "
if EncoderClassifier is None:
raise RuntimeError("SpeechBrain A % %% ")

print("[Vi1H N iR A IEFEN%, ECAPA-TDNN...")
local_model dir = "pretrained models/spkrec-ecapa"

if not os.path.exists(os.path.join(local_model dir, "hyperparams.yaml")):
raise RuntimeError(f"ECAPA 5! LA AA74E: {local _model dir}")

self.classifier = EncoderClassifier.from hparams(
source=local model dir,
savedir=local model dir,



run_opts={"device": self.device}

)
print("[#i1% AiR5I] v ECAPA-TDNN Hn# &)

def init resnet model(self):
"I ResNet34-SE BEAY CAA Mg "
if EncoderClassifier is None:
raise RuntimeError("SpeechBrain A % %% ")

print("[V1E N IR A IEFEN#E ResNet34-SE...")

local_model dir = "pretrained models/spkrec-resnet"
if not os.path.exists(os.path.join(local_model dir, "hyperparams.yaml")):
raise RuntimeError(f"ResNet 58 U AAEFE: {local_model dir}")

self.classifier = EncoderClassifier.from hparams(
source=local_model_dir,
savedir=local model dir,
run_opts={"device": self.device}

)

print("[ 15 N iR 5] v ResNet34-SE  INZpzh")

def init_fusion_models(self):
MR - IR B AR
if EncoderClassifier is None:
raise RuntimeError("SpeechBrain A % %% ")

print("[VEiE N RA] IELE A E AL

# Jn# ECAPA-TDNN

ecapa_dir = "pretrained _models/spkrec-ecapa"

if not os.path.exists(os.path.join(ecapa_dir, "hyperparams.yaml")):
raise RuntimeError(f"ECAPA f5! SUAFAA77E: {ecapa_dir}")

print(" [1/2] n#% ECAPA-TDNN...")
self.ecapa_classifier = EncoderClassifier.from_hparams(
source=ecapa_dir,
savedir=ecapa_dir,
run_opts={"device": self.device}
)
print(" v ECAPA-TDNN ik mzh")

# JN% ResNet34-SE
resnet_dir = "pretrained models/spkrec-resnet”



if not os.path.exists(os.path.join(resnet_dir, "hyperparams.yaml")):
raise RuntimeError(f'ResNet &4 XA ANELE: {resnet_dir}")

print(" [2/2] JN%L ResNet34-SE...")
self.resnet_classifier = EncoderClassifier.from hparams(
source=resnet_dir,
savedir=resnet_dir,
run_opts={"device": self.device}
)
print(" v ResNet34-SE Jn#k 3"

print(f"[ B N IR ] v BlA N3 58 i (ECAPA: {self.ecapa_weight:.0%} +
ResNet: {self.resnet_weight:.0%})")

def load fusion databases(self):
R A A R

if not self.db_manager:

raise RuntimeError("#04 5 PR S RV URAL, ik n# gz "

# INECHE N 2
self.ecapa_database = self.db_manager.load speaker embeddings('ecapa’)
self.resnet_database = self.db_manager.load speaker embeddings('resnet’)

# G IEEHEFESR] speaker database (FT4t—H:1, W¥H|RER)
# A I PTSHdE E  OFR
all names = set(self.ecapa_database.keys()) | set(self.resnet database.keys())
self.speaker database = {}
for name in all_names:
# R BT —JE B P A AR AN I
self.speaker database[name] = {
'ecapa': self.ecapa_database.get(name),
'resnet': self.resnet_database.get(name)

print(f"[Viih A R] FlE o 2E 4 e )

print(f" - ECAPA %{# % {len(self.ecapa_database)} A")
print(f" - ResNet #(#i/%: {len(self.resnet database)} A")
print(f" - =3 {len(self.speaker database)} A'")

def'load_database(self):
mnljjuft'j‘ziﬁ_‘l/ﬁj\ﬁﬁﬁunn
if self.model type == selt MODEL_FUSION:
# AR CALAE  load fusion databases() HH#K,



pass
else:
if not self.db_manager:

raise RuntimeError(" 4 & FL 28 AW UGk, ToikmaiEdiE

# MERE ZEInE
self.speaker database
self.db_manager.load _speaker embeddings(self.model type)

def save database(self):

"R T T N B

if self.model_type = self MODEL_FUSION:
# AR fRAFCTE register speaker from audio HHALEE
pass

else:
# PRI fRAFC7E register speaker from audio HAbEE
pass

def extract_embedding(self, audio_tensor):
SRR AHE (ST
if audio_tensor.dim() == 1:

audio_tensor = audio_tensor.unsqueeze(0)
audio_tensor = audio_tensor.to(self.device)

with torch.no_grad():
embeddings = self.classifier.encode batch(audio_tensor)

return embeddings.squeeze().cpu().numpy()

def extract_embedding_ecapa(self, audio_tensor):
"""§2H ECAPA-TDNN HFfE (il iU D)
if audio_tensor.dim() == 1:
audio_tensor = audio_tensor.unsqueeze(0)
audio_tensor = audio_tensor.to(self.device)
with torch.no_grad():
embeddings = self.ecapa_classifier.encode batch(audio_tensor)
return embeddings.squeeze().cpu().numpy()

def extract_embedding_resnet(self, audio_tensor):
"HEHL ResNet34-SE AHAE (LI E D
if audio_tensor.dim() == 1:
audio_tensor = audio_tensor.unsqueeze(0)

audio_tensor = audio_tensor.to(self.device)



with torch.no_grad():
embeddings = self.resnet_classifier.encode batch(audio_tensor)
return embeddings.squeeze().cpu().numpy()

defregister speaker from file(self, name, audio path):
SRRV A
try:
# 1 soundfile JN#;
audio, st = sf.read(audio_path, dtype='float32")
audio = torch.from_numpy(audio)

# AR B HURE E
if audio.dim() > 1 and audio.shape[1] > 1:
audio = torch.mean(audio, dim=1)

if audio.dim() == 1:

audio = audio.unsqueeze(0)

# HRFE

if sr |=self.sample_rate:
resampler = torchaudio.transforms.Resample(sr, self.sample rate)
audio = resampler(audio)

# PEHURHIE
embedding = self.extract embedding(audio)

# A7
self.speaker database[name] = embedding
self.save database()

return True, f'FI)7EM: {name}"
except Exception as e:
return False, f'yEM M {e)”

def normalize audio(self, audio data):
mE SR TAL BT — 4 C5 O RS0
# FEHONTE AL
audio_data = audio_data.astype(np.float32) / 32768.0

# ORFRIERE 2B (SRR —20
frame length =400 # 25ms
hop_length = 160 # 10ms

energy = np.array([
np.sum(audio_data[i:i+frame_length]**2)



for i in range(0, len(audio_data)-frame_length, hop_length)
D

if len(energy) > 0:
# MR EEBME (2%, ARFRST)
energy_threshold = np.mean(energy) * 0.02
voiced frames = energy > energy threshold

# AR I OR B EL (10%)
if np.sum(voiced frames) > len(voiced frames) * 0.1:
voiced_indices = np.where(voiced frames)[0]
if len(voiced_indices) > 0:
start_idx = voiced_indices[0] * hop_length
end idx = min(voiced indices[-1] * hop length + frame length,
len(audio_data))

audio_data = audio_data[start_idx:end_idx]

# A E I C5iRBN—FD
max_amp = np.max(np.abs(audio_data))
if max_amp>0.1: # HAETLE®RAH—1b

audio_data = audio_data / max_amp * 0.8

# ORI NS
min_length = 16000 # 1
if len(audio_data) < min_length:
audio_data = np.pad(audio_data, (0, min_length - len(audio_data)))

return audio_data

def save to dual databases(self, name, audio_tensor, audio_data=None):
(R4 SRR B FE (ECAPA + ResNet) - FLBA7 i iHHic ™
try:
if not self.db_manager:
print(f'[ Vil AEM] A Bl B2 R AR, Bt BB R A7)

return False

# INFL B

from speechbrain.pretrained import EncoderClassifier

# PRAF B P
models = [
(‘ecapa’, "pretrained_models/spkrec-ecapa’,
'speechbrain/spkrec-ecapa-voxceleb'),

(‘resnet’, 'pretrained _models/spkrec-resnet’,



'speechbrain/spkrec-resnet-voxceleb')

]

for model name, local dir, remote source in models:
# PRHURFIE
if os.path.exists(os.path.join(local_dir, "hyperparams.yaml")):
classifier = EncoderClassifier.from hparams(
source=local_dir,
savedir=local dir,
run_opts={"device": self.device}
)
with torch.no_grad():
embedding = classifier.encode batch(
audio_tensor.to(self.device)

).squeeze().cpu().numpy()

#L2 11k
embedding = embedding / (np.linalg.norm(embedding) + 1e-8)

# PP P CE B )
self.db_manager.save speaker embedding(
name, model name, embedding,
audio_data=audio_data,
sample rate=self.sample_rate

print(f' [V NiEM] v EfR7FE] ECAPA Fil ResNet %i#fE/E")
return True

except Exception as e:
print(f' [V G NVEM] A BB LRAE R {el™)

return False

defregister_speaker from_audio(self, name, audio_data, save audio=True):

mNE SRR E M IR (DUABhR - B R A D

Args:
name: Uil N4
audio_data: HHEHE (numpy array, int16)
save_audio: & 73 PRAF B SO 2 A< M
try:
print(f"\n[ B 1E AVEM] TFAREM: {name}")
print(f" - JRUEHF K {len(audio data)} FEA ({len(audio_data)/16000:.2f}
")



f— FH R —
#1. KRR
if len(audio_data) < 16000:
return False, "X HHUKKL ! 2/AFRE 18, @i 3-5 8"

if len(audio_data) > 16000 * 30:
return False, "X #AUKK ! 5K 30 #, @i 3-5 #b

#2. geEAE (RRALBRIESEES)
audio_float = audio_data.astype(np.float32)
rms = np.sqrt(np.mean(audio_float ** 2))
print(f* - FH RMS BEE: {rms:.1f}")

if rms < 100:
return False, f'X {55 K55 (RMS={rms:.1f}) ! \n iH5EIL & o0 KR

g
m

#3. I E LG A

frame size = 400

voice frame count =0

total frames =0

energy threshold =rms * 0.5 # ZABHE

for i in range(0, len(audio_float) - frame_size, frame_size):
frame = audio_float[i:i+frame_size]
frame rms = np.sqrt(np.mean(frame ** 2))
if frame_rms > energy_threshold:
voice frame count += 1

total frames +=1

voice ratio = voice_frame count / max(total frames, 1)
print(f" - WEFEMILLH]: {voice ratio:.1%}")

if voice ratio <0.3:
return False, "X E&E WA KD ({voice ratio:.1%})! \n G WIEE R,
LT

print(f" v EAU EAL L")

#=== TULFLEI (SR RIF—BD =

audio_data = self. normalize audio(audio_data)

print(f" - FALFEJE K JE: {len(audio_data)} FEAS ({len(audio data)/16000:.2f}
"M



audio_tensor = torch.from_numpy(audio_data).unsqueeze(0)

# ANEORAFEWCSCIERIAM, Ha AL B8
print(f' - FHAEEE R B EARBIEARE CRRFAHSCHE) )

# MRAE AR R A
if self.model_type == self MODEL FUSION:
# AR S ConER mARA
print(f" - #2HL ECAPA-TDNN 4F1E..")
ecapa_embedding = self.extract_embedding_ ecapa(audio_tensor)

print(f" - $2HL ResNet34 4FfE...")
resnet_embedding = self.extract embedding_resnet(audio_tensor)

#L2 H—1k

ecapa_embedding = ecapa_embedding / (np.linalg.norm(ecapa_embedding) +
le-8)

resnet_embedding = resnet_embedding / (np.linalg.norm(resnet_embedding) +
le-8)

# AP EBR B (E A )
if not self.db_manager:

raise RuntimeError("#04 & FRES AWML, TIE R EIE"

self.db_manager.save speaker embedding(
name, 'ecapa’, ecapa_embedding,
audio_data=audio_data,
sample_rate=self.sample_rate

)

self.db_manager.save speaker embedding(
name, 'resnet’, resnet_embedding,
audio_data=audio_data,
sample rate=self.sample_rate

# EHINE RN AT
self. load fusion databases()

print(f" v CRIF{#FS] ECAPA Fl ResNet ¥#i/E")

print(f" « ECAPA: % & ={len(ecapa_embedding)}, L2 o %%
={np.linalg.norm(ecapa_embedding):.3f}")

print(f" + ResNet: 4 J& ={len(resnet embedding)}, L2 i %%
={np.linalg.norm(resnet_embedding):.3f}")



return True, f'v' JEM TN ! \n B K {len(audio_data)/16000:.1f} #}\nRMS:
{rms:.0f}\n 15 E M {voice ratio:.0%}"

else:
# PR AR . ORAE B2 AR AL AR
print(f" - $2HU {selfmodel type.upper()} ##iE...")
embedding = self.extract embedding(audio_tensor)

#L2 H—1k
embedding = embedding / (np.linalg.norm(embedding) + 1e-8)

# AP EBR B (E A )
if not self.db_manager:

raise RuntimeError("#0 4 5 PRES R WIUEML, TCIERAFEIE"

self.db_manager.save speaker embedding(
name, self.model_type, embedding,
audio_data=audio_data,
sample rate=self.sample_rate

# FFINE B N AERAT
self.load_database()

print(f" v CEFRAFE] {self. model type.upper()} i ZE")
print(f" « 4 J¥ ={len(embedding)}, L2 & #k
={np.linalg.norm(embedding):.3f}")

# SR DR AT B AR A . CU SRR AT DD

self. save to dual databases(name, audio_tensor, audio_data)

return True, f'v' JEM TN ! \n B K {len(audio_data)/16000:.1f} #}\nRMS:
{rms:.0f}\n 1EEMI: {voice ratio:.0%}"

except Exception as e:
print(f" X JFEMRM: {e}")
import traceback
traceback.print_exc()
return False, "7/ R {e}"

defrecognize speaker(self, audio_data, threshold=None):
"N GRS RO - AR
# B



if self.model type == selt MODEL_FUSION:
if len(self.ecapa_database) == 0 and len(self.resnet_database) == 0:
return "AZ1", 0.0, False
else:
if len(self.speaker database) == 0:
return "AZ1", 0.0, False

# HR AT A B BRI
# TR RAUE PR S BME, S PR LA B e g AH AL EE
if threshold is None:
if self.model type == selft MODEL FUSION:
threshold = 0.35  # FHUEREME (FEAHD
elif self.model type == self MODEL RESNET:
threshold = 0.60 # FEEHIA — 75 ZAHME >40% (ResNet 5D
else: # ECAPA
threshold =0.50 # BREBIH — FEALUE >50% (ECAPA B™ %)

try:
# R EEMICE (218D
if len(audio_data) < 16000:
return "AF1", 0.0, False

# 11k
audio_data = audio_data.astype(np.float32) / 32768.0

# AL E AL B EORSFIALEE, (REEZIEHEE
#1. BEREEEE (A EREREIVZEHE)
frame length =400 # 25ms
hop_length = 160 # 10ms
energy = np.array([
np.sum(audio_data[i:i+frame length]**2)
for 1 in range(0, len(audio_data)-frame length, hop length)
D

# AFHETERNEEEY (RERERZA)

if len(energy) > 0:
# A I SEAR A BIAR, R 2 Bt 22 i (1 T 70
energy threshold = np.mean(energy) * 0.02 # FF{KF] 2% (FELRSF)
voiced frames = energy > energy threshold

# HEA 10%LL LR A iR CZRT2 20%)
if np.sum(voiced frames) > len(voiced frames) * 0.1:
# RPE— DR Ja— A AW, RE IR A A

voiced_indices = np.where(voiced frames)[0]



if len(voiced_indices) > 0:
start_idx = voiced _indices[0] * hop_length

end idx = min(voiced indices[-1] * hop length + frame length,

len(audio_data))

1e-8)

+ 1e-8)

audio_data = audio_data[start_idx:end_idx]

#2. A S EIR— i GBE bt BB &
max_amp = np.max(np.abs(audio_data))
ifmax_amp>0.1: # RAFETEE®RAH—1b
audio_data = audio_data/ max_amp * 0.8 # PFF(KF] 0.8 CZHF 0.95 X&)

#3. PRI/ (ARG )
min_length = 16000 # 1 #»
if len(audio_data) < min_length:
# HAE R DKL
audio_data = np.pad(audio_data, (0, min_length - len(audio_data)))

# 4N torch tensor
audio_tensor = torch.from_numpy(audio_data).unsqueeze(0)

if self.model type == selft MODEL FUSION:

# AR A P AT TR

return self. recognize fusion(audio tensor, threshold)
else:

# BRI 2

# SEHURFAE

query_embedding = self.extract embedding(audio_tensor)

#L2 A—1b GREmEHR
query_embedding = query_embedding / (np.linalg.norm(query_embedding) +

# HUEL

best match = None
best_similarity = 0.0 # SCH AHALLRE T AS 2 E
all_similarities = {} # H Tk

for name, db_embedding in self.speaker database.items():
# L2 U — A i RAAE
db_embedding norm = db_embedding / (np.linalg.norm(db_embedding)

# ATHRZMHLE (CH—, TEESBD
similarity = np.dot(query_embedding, db_embedding norm)



all similarities[name] = similarity

if similarity > best_similarity:
best_similarity = similarity

best_match = name

# FTENFTAAHLEE GREHD
if len(all_similarities) > 0:
sorted sims = sorted(all similarities.items(), key=lambda x: x[1],
reverse=True)
debug_print(f" [{self.model type.upper()}] #H L FE 7 % : {,
"join([f'{n}={s:.3f}' for n, s in sorted _sims])}")
debug_print(f" [{selfmodel type.upper()}] 4§ fif 4 &
{len(query_embedding)}")
else:
debug print(f" [{self.model type.upper()}] i & =)

# ML & T (1 - threshold) 74 H LA

# threshold /ZEE RS IME (1 0.60), MIAHMIEEFRZ >0.40

similarity threshold =1 - threshold

debug print(f"  [{self.model type.upper()}] R {H & 3K : # fl &
{similarity_threshold:.3f} (¥E & [ {f={threshold:.3f})")

debug_print(f"  [{selfmodel type.upper()}] #: fF UL it : {best match}
{best_similarity:.3f}")

Y

if best_similarity >= similarity threshold:
debug print(f" [{self.model type.upper()}] v/ iR A HII")
return best_match, best similarity, True
else:
debug_print(f" [{self.model type.upper()}] X #H 1L E & &
({best_similarity:.3f} < {similarity_threshold:.3f})")
return "R K", best_similarity, False

except Exception as e:
print(f"[ VL iH AR A] 451%: {e}™)

return "&51%", 0.0, False

def recognize fusion(self, audio_tensor, threshold):
"ERE IR 454 ECAPA-TDNN A1 ResNet34-SE 45"
try:
# FEECPT R (AL
ecapa_embedding = self.extract embedding ecapa(audio_tensor)
resnet_embedding = self.extract embedding_resnet(audio_tensor)



# L2 H—A OF—A0)a T B A R AR T B AR SZ AR LB

ecapa_embedding = ecapa _embedding / (np.linalg.norm(ecapa_embedding) -+
le-8)

resnet_embedding = resnet embedding / (np.linalg.norm(resnet embedding) +
le-8)

# 73l TSR LR
ecapa_scores = {}
for name, db_embedding in self.ecapa_database.items():
# A — A B A
db_embedding norm = db_embedding / (np.linalg.norm(db_embedding) +
le-8)
# THERSZAHEUE (DA—, BEIESFD
similarity = np.dot(ecapa_embedding, db_embedding norm)

ecapa_scores[name] = similarity

resnet_scores = {}
for name, db_embedding in self.resnet_database.items():
# A — A B A
db_embedding norm = db_embedding / (np.linalg.norm(db_embedding) +
le-8)
# THE R LA E
similarity = np.dot(resnet_embedding, db_embedding norm)

resnet_scores[name] = similarity

# RS EC OMBCTEED
fusion_scores = {}
all names = set(ecapa_scores.keys()) | set(resnet_scores.keys())

for name in all names:
ecapa_sim = ecapa_scores.get(name, 0)
resnet_sim = resnet_scores.get(name, 0)
# LR &
fusion_scores[name] = self.ecapa_weight * ecapa sim + self.resnet_weight *

resnet sim

if not fusion_scores:
return "AF1", 0.0, False

# ATENVEAE 0 40 G

debug print(f" [FUSION] ECAPA 73 % : {, 'join([f'{n}={s:.3f}' for n, s in
sorted(ecapa_scores.items(), key=lambda x: x[1], reverse=True)])}")

debug print(f" [FUSION] ResNet 7 %4 : {, 'join([f'{n}={s:.3f}' for n, s in
sorted(resnet_scores.items(), key=lambda x: x[1], reverse=True)])}")



debug print(f"  [FUSION] @&t & 7 % : {, 'join([f'{n}={s:3f}' for n, s in
sorted(fusion_scores.items(), key=lambda x: x[1], reverse=True)])}")

# RPN R AL
best _match = max(fusion_scores, key=fusion scores.get)
best score = fusion_scores[best_match]

debug print(f" [F{E: {threshold:.3f}, fxf¥: {best match}={best score:.3f}")

# threshold fEMLIEEBIME (410.35), HAEEHLE
if best_score >= threshold:

return best_match, best score, True
else:

return " %", best_score, False

except Exception as e:
print(f" [P UE NBLA AN 5157 {e)")

return "451%", 0.0, False

def cosine distance(self, vecl, vec2):
mnl_i/_f‘ﬁ//%gz‘z\ﬁﬁ%mm
similarity = np.dot(vecl, vec2) / (np.linalg.norm(vecl) * np.linalg.norm(vec2) + 1e-8)
return 1 - similarity

def get registered speakers(self):
SR EE A A SR
if self.model type == selt MODEL_FUSION:
# BERi: SRR AN
return list(set(self.ecapa_database.keys()) | set(self.resnet_database.keys()))
else:

return list(self.speaker database.keys())

def delete _speaker(self, name):
mnlﬂﬁ”l}%iﬁiﬁ}\unn
if not self.db_manager:

raise RuntimeError("## & BLAY KA UG1L,  ToiEMIBREdE")

if self.model type == selt MODEL_FUSION:
deleted = False
# KSR 2 B
if self.db_manager.delete_speaker embedding(name, 'ecapa’):
deleted = True
if self.db_manager.delete_speaker embedding(name, 'resnet'):
deleted = True



# [Fl 2 A e
if deleted:
self. load fusion databases()

return deleted
else:
# NECHE 2 B
deleted = self.db_manager.delete _speaker embedding(name, self.model_type)

# EHT N LL[E P N A
if deleted:
self.load_database()

return deleted

class FaceRecognitionSystem:

" NIERB ARG (RIAERR - REREELE AR )

MODEL MOBILEFACENET = "mobilefacenet"
MODEL ARCFACE = "arcface"
MODEL FUSION = "fusion"

def init (self, model type=MODEL MOBILEFACENET, db_manager=None):
self.model type = model type
print(f"LAKE ] BIGEH - BEAL: {model type}")

# Ao AR

self.db_manager = db_manager
self._init_detector()

if model type == selft MODEL_FUSION:
self._init_fusion_models()
else:
self.model path = "w600k mbf.onnx" if model_type ==
self MODEL MOBILEFACENET else "ms1lmv2 r50.onnx"
self.face_database = {}
self._init_recognition_model()
self.load database()
print("AJE ] v E 0% {len(self.face database)} M A"



def init_detector(self):
TR YuNet Kol 2
yunet_path ="
if not os.path.exists(yunet_path):
raise FileNotFoundError(f"YuNet #& A AN f77E: {yunet path}")

yunet_face detection 640x480.onnx"

self.detector = cv2.FaceDetectorYN.create(
yunet_path, "", (320, 320), 0.6, 0.3, 5000

)
print("[ Az iH5] v YuNet Fall 25 mE i Ih")

def init_fusion_models(self):
A AL AR
self. mbf model path ="w600k mbf.onnx"
self.mbf database = {}

—_n

self.arc_model path ="mslmv2_r50.onnx"

self.arc_database = {}

# A CPU AT FRMERER (fRfEhRO

providers = ['CPUExecutionProvider']

sess_options = ort.SessionOptions()
sess_options.inter op_num_threads = 2
sess_options.intra_op _num_threads = 2
sess_options.graph_optimization level
ort.GraphOptimizationLeve. ORT ENABLE ALL

# fn# MobileFaceNet
print(F'LAMIHAI] IEEII#K MobileFaceNet #:71...")
self.mbf session = ort.InferenceSession(

self.mbf model path,

sess_options=sess_options,

providers=providers
)
print(f"  {EHIIRHLREF: CPU)
self.mbf input name = self. mbf session.get inputs()[0].name
self.mbf output_name = self. mbf session.get outputs()[0].name
self.mbf input size = (112, 112)

# Jn#k ArcFace
print(P"[ A IH] IEFENNZK ArcFace #54Y..")
self.arc_session = ort.InferenceSession(

self.arc_model path,



sess_options=sess_options,

providers=providers
)
print(f"  fEAHIRAEREF: CPU")
self.arc_input name = self.arc_session.get_inputs()[0].name
self.arc_output_name = self.arc_session.get _outputs()[0].name
self.arc_input size = (112, 112)

self. load fusion databases()

self.mbf weight = 0.4
self.arc_weight = 0.6

print("[AJG A v RS EIHZE")

def load fusion databases(self):
mnljju:zé‘zﬁﬂé\iﬁﬁﬁ nn

if not self.db_manager:

raise RuntimeError("#04 5 PR S RV URAL, ik n# gz "

# INECHE N 2
self.mbf database = self.db_manager.load face embeddings('mobilefacenet’)
self.arc_database = self.db_manager.load face embeddings(‘arcface’)

def init_recognition_model(self):
YL RAIBE CEHLIR - CPU HUT) "
# /] CPU ST SRR /7

providers = ['CPUExecutionProvider']

sess_options = ort.SessionOptions()
sess_options.inter op_num_threads = 2
sess_options.intra_op _num_threads = 2
sess_options.graph_optimization level
ort.GraphOptimizationLeve. ORT ENABLE ALL

print(P"LA K] IEAEINEASAY: {self. model path}")
self.session = ort.InferenceSession(

self.model path,

sess_options=sess_options,

providers=providers

print(f"  fEAHIREEREF: CPU")



self.input_name = self.session.get_inputs()[0].name
self.output_name = self.session.get_outputs()[0].name
self.input_size = (112, 112)

print("LA K] v BEALINE R T

def detect faces(self, frame):
R A
height, width = frame.shape[:2]
self.detector.setInputSize((width, height))
_, faces = self.detector.detect(frame)

if faces is None:

return []

results =[]

for face in faces:
X, y, W, h = face[:4].astype(int)
results.append((x, y, w, h))

return results

def preprocess_face(self, face_image, target size):
LA
face resized = cv2.resize(face image, target size)
face rgb = cv2.cvtColor(face resized, cv2.COLOR_BGR2RGB)
face_normalized = (face_rgb.astype(np.float32) - 127.5) / 128.0
face tensor = np.transpose(face_normalized, (2, 0, 1))
face tensor = np.expand_dims(face_tensor, axis=0).astype(np.float32)

return face tensor

def log inference time(self, time ms, attr name, label):
"ESRAHERLN R GEA KD
if not hasattr(self, attr name):
setattr(self, attr_name, [])

times = getattr(self, attr_name)
times.append(time_ms)

if len(times) >= 100:
avg_time = np.mean(times)
print(f"[ 1 E] {label} - “F3Y: {avg time:2f}ms")
setattr(self, attr name, [])

def extract_embedding(self, face image):



A (AR
start_time = time.perf _counter()

face tensor = self.preprocess_face(face image, self.input_size)

embedding = self.session.run([self.output_name], {self.input name: face tensor})[0]

self. log inference time((time.perf counter() - start_time) * 1000,
'inference_times', ' A iR 71"
return embedding[0]

def extract_embedding_mbf{(self, face image):
"R EY MobileFaceNet FFAiE""
start_time = time.perf _counter()
face tensor = self.preprocess_face(face image, self.mbf input_size)
embedding = self.mbf session.run([self.mbf output name], {self.mbf input name:

face tensor})[0]

self. log inference time((time.perf counter() - start_time) * 1000,
'mbf inference times', 'MobileFaceNet')
return embedding[0]

def extract_embedding_arc(self, face_image):
" EEEY ArcFace FRAE"™"
start_time = time.perf _counter()
face tensor = self.preprocess_face(face image, self.arc_input_size)
embedding = self.arc_session.run([self.arc_output name], {self.arc_input name:
face tensor})[0]

self. log inference time((time.perf counter() - start_time) * 1000,
'arc_inference_times', 'ArcFace')
return embedding[0]

deflog face recognition(self, person_name, confidence):
AN BRI SRS
if self.db_manager:
self.db_manager.log face recognition(person name, confidence)

defrecognize face(self, face image):
IHHI-LE%IJ}\E{TZHNN
if self.model type == selt MODEL_FUSION:
return self. recognize fusion(face image)

embedding = self.extract embedding(face _image)

if len(self.face database) == 0:



return "AH1", 0.0

best match = None
best_similarity = 0

for name, db_embedding in self.face database.items():
similarity = np.dot(embedding, db_embedding) / (
np.linalg.norm(embedding) * np.linalg.norm(db_embedding)

if similarity > best_similarity:
best_similarity = similarity

best_match = name

if best_similarity > 0.4:
# 0 BIHE
self.log_face recognition(best_match, best similarity)
return best_match, best_similarity

return "AK1", best_similarity

def recognize fusion(self, face image):
nuu%@é*ﬁﬁiﬂ%”mm
mbf embedding = self.extract embedding mbf(face image)
arc_embedding = self.extract embedding arc(face image)

if len(self.mbf database) == 0 and len(self.arc_database) == 0:
return "AR%1", 0.0

mbf scores = {}

arc_scores = {}

# MobileFaceNet LH#5
for name, db_embedding in self. mbf database.items():
similarity = np.dot(mbf embedding, db_embedding) / (
np.linalg.norm(mbf embedding) * np.linalg.norm(db_embedding)
)

mbf scores[name] = similarity

# ArcFace [L#
for name, db_embedding in self.arc_database.items():
similarity = np.dot(arc_embedding, db_embedding) / (
np.linalg.norm(arc_embedding) * np.linalg.norm(db_embedding)
)

arc_scores[name] = similarity



# R
fusion_scores = {}

all names = set(mbf scores.keys()) | set(arc_scores.keys())

for name in all names:
mbf sim = mbf scores.get(name, 0)
arc_sim = arc_scores.get(name, 0)

fusion_scores[name] = self. mbf weight * mbf sim + self.arc_weight * arc_sim

if not fusion_scores:
return "AH1", 0.0

best_match = max(fusion_scores, key=fusion_scores.get)
best_score = fusion_scores[best_match]

if best_score > 0.4:
# A0 B
self.log_face recognition(best_match, best score)
return best_match, best _score

return "ARH1", best_score

defregister face(self, name, face_image, save image=True):

mnli—:‘Eﬂﬂj\E‘/j\

Args:

name: A RZEH

face image: AJ &4

save image: & 70 BUG B AL 218 (IRE S 504 L)
# ANFRAT R AR L, B bAL BER
print(f'AEN] FEE IR B bR EEE P (AR A SO ™)

if self.model type = self. MODEL FUSION:
mbf emb = self.extract embedding mbf(face image)
arc_emb = self.extract_embedding_arc(face image)

if not self.db_manager:

raise RuntimeError("#4 & FL 28 RV UGk, ToiRRAAEdE ™)

# AR REEE CEEAA ARG
self.db_manager.save face embedding(
name, 'mobilefacenet’, mbf emb,

image data=face image if save_image else None



)

self.db_manager.save face embedding(
name, 'arcface’, arc_emb,

image data=face image if save_image else None

# HFTINEE N A7 A7
self. load fusion_databases()
else:

embedding = self.extract_embedding(face _image)

if not self.db_manager:

raise RuntimeError(" 4 & FL 28 RV UG, ToIEIRAAEHE ™)

# RAFEIERE P (E B IEE A
self.db_manager.save face embedding(
name, self.model type, embedding,

image data=face image if save_image else None

# FHINE B A A7 AT
self.load database()

return True

defload_database(self):
lnnljju:j—é‘zﬁj:)gﬁmm

if not self.db_manager:

raise RuntimeError("#04 5 PR S RV URAL, ik nai gz

# ECHRE N 2
self.face_database = self.db_manager.load face embeddings(self.model type)

def get database count(self):

IR A
if self.model type == selt MODEL_FUSION:

return max(len(self. mbf database), len(self.arc_database))
return len(self.face database)

class MultimodalBiometricSystem:

AT R S U

def init_ (self, host='0.0.0.0', video_ port=9999, audio_port=9998,



db_host="192.168.240.6', db_port='7654", db_name='record’,
db_user="xlevon', db_password="xlevon!2025"):
self.root = tk.Tk()
selfroot.title("Z LS EVIRMN ARG - Al + WG A"
self.root.geometry("1600x900")

# I EE A R s (2B
self.db_manager = BiometricDatabaseManager(
host=db_host,
port=db_port,
database=db_name,
user=db_user,

password=db_password

)
print("[R5t] v Hd A B AIIR LT ")

# MM S

self.host = host

self.video_port = video_port
self.audio_port = audio_port
self.video_server = None
self.audio_server = None
self.video_client = None
self.audio_client = None
self.video_send_thread = None
self.audio_send thread = None

# RGNS

self.camera running = False

self.server running = False
self.recognition enabled = False
self.speaker recognition_enabled = False

# FHALANE S
self.cap = None
self.audio = None

self.current_frame = None

# W RG
self.face_recognition = None
self.speaker recognition = None

# Ul &8 (1F setup_ui Z BIRIUEIL)
self.model var = None



self.recognition var = None

self.speaker recognition_var = None

self.speaker model var=None # Hrif: Uik N A% FE
self.multimodal fusion var=None # Hril¥: ZHEREITK
self.multimodal_fusion _enabled = False # ZHi&AIRES

# ISR E
cpu_count = os.cpu_count() or 4
print(F'[ RSG5 2] KM E] {cpu_count} 4~ CPU #%.L»")

# BRI O Z AR R/
if cpu_count <=4:

worker count = max(2, cpu_count - 1)
else:

worker count = cpu_count - 2

print(f"[ZkF2] BLE {worker count} N LIEZLFE")
self.thread pool = ThreadPoolExecutor(
max_workers=worker count,

thread name prefix="Biometric Worker"

# BABAIIRNELE
# MRYE N AE KNS A A S
# (BRI 640x480x3 = IMB
ifcpu_count <=4: # fRANXK &
frame queue size=3 # M 2 $9InE| 3,980 i
audio queue size =20 # M 10 302 20, & L Se 2 =
else: # fmltERE &
frame queue size =5

audio_queue_size = 30

print(f"[AFIBCE ] MARBAZY: {frame queue size}, HMiPA%I: {audio queue size!")
self.frame queue = Queue(maxsize=frame queue size)

self.audio_queue = Queue(maxsize=audio queue_size)

# RS b (HT 3R ED

self.thread priorities = {
'camera': 'high', # MPRE - EEiheg
'audio’: 'high', # HHCRE - BEited
'recognition”: 'medium’, # RHIHE - PEHLK
network': 'medium', # MZAER - AR
ui'; low' # UL - AR



# LR

self.camera_thread = None

self.recognition_thread = None

self.speaker thread = None

self.audio_capture_thread = None

self.video encoder thread =None # #rif: WAL IDLLHE

# R IR (AR RO
self.stop_event = threading.Event()

# MRS (RREBET)

# GRS BAS: SRR — gufidLRs

self.encode queue = Queue(maxsize=frame queue_size)
# JOERAF: it JmdE — Mg LERE

self.send queue = Queue(maxsize=frame queue_size)
print(f"[MANEE] AZBAS: {frame queue size}, &KIEP\FI: {frame queue size}")

# EHHCRE OMEZM X Bt

# fi FIA RS20k X A 51 2R+t

audio_buffer seconds =10 # 10 #P&z

audio_buffer capacity = 16000 * audio_buffer seconds
self.speaker audio ring_ buffer = LockFreeRingBuffer(audio buffer capacity)

print(f'[ & # & & ] M B & ' X : {audio_buffer capacity} # A
({audio_buffer seconds}F})")

self.speaker recognition interval =3.0 # & 3 FPiRA]—IX
self.last_speaker result = ("A%1", 0.0)

# AR ik

self.frame counter = 0

self.recognition_frame skip=3 # 4 3 MiiHHI—IK
self.last_face results = {}
self.face_result_timeout=1.0

# AR A
self.recognition_queue =[]
self.recognition_results = {}
self.recognition_lock = threading.Lock()

# SRE AR

self.is recording = False



self.recorded audio =[]

# R RGES L U — 20
self._init platform info()

def init platform info(self):
AT G B T %O
import platform
self.system name = platform.system()

# Windows ZefE LS M %
if self.system name == "Windows":
try:
import ctypes
self.kernel32 = ctypes.windll.kernel32
self.has windows_priority = True
except:
self.has windows_priority = False
else:
self.has windows_priority = False

defset thread priority(self, priority level):
R RARRRSES RILIR: BB A "
if not hasattr(self, 'system_name'):
return  # “FE1E B ARV

try:
if self.system name == 'Linux":
nice values = {'high': -10, 'medium": 0, 'low": 10}
nice_value = nice_values.get(priority level, 0)
try:
os.nice(nice_value)
except (PermissionError, AttributeError):

pass

elif self.system_name == 'Windows' and self.has windows_priority:
priorities = {'high": 2, 'medium": 0, 'low": -1}
priority = priorities.get(priority level, 0)

try:
handle = self.kernel32.GetCurrentThread()
self.kernel32.SetThreadPriority(handle, priority)
except:

pass

except:



pass

def setup _camera(self):
AL
try:
self.cap = cv2.VideoCapture(0)
if not self.cap.isOpened():
messagebox.showerror("fiz", "L HHAZ L")
return False

self.cap.set(cv2.CAP_PROP_FRAME WIDTH, 640)
self.cap.set(cv2.CAP_PROP_FRAME HEIGHT, 480)
self.cap.set(cv2.CAP_PROP_FPS, 30)

print("v TAG KA KT
return True
except Exception as e:
messagebox.showerror("H# =", "5 F LTI U {e}™)

return False

def setup_audio(self):
"R E S (Ot T & IR /openEuler SER AU &)
try:
self.audio = pyaudio.PyAudio()

# BB A B E R
default_input = self.audio.get default input_device info()
device_index = default_input['index']

device_name = default_input['name']

print("="* 60)

print("  EHHEAAELE")

print("="* 60)

print(f" &% 51 {device index}")

print(f" % % % #K: {device name}")

print(f"4i A F 18 {default_input['maxInputChannels']}")
print(f"ERIAKRFE R {int(default_input['defaultSampleRate'])} Hz")
print("=" * 60)

# B BT AT S A A\ s

print("\n 7] A ()5 A4 A\ BEE)

print("-" * 60)

device count = self.audio.get device count()

for i in range(device count):



info = self.audio.get device info by index(i)
if info['maxInputChannels'] > 0: # HE/REIAK &
is_default =" [BRi\]" if i == device index else ""
print(f" [{i}] {info['name']} {is_default}")
print(f" FRIH: {info['maxInputChannels']}, "
" RFEZ: {int(info['defaultSampleRate'])} Hz")
print("-" * 60)
print()

# R AR K S (FHIR/openEuler) HIPLALHLE
# BN IX KN, 98> ALSA Wi & JIMCI AT Rt
frames_per buffer =2048 # M 1024 HEhn#| 2048

self.audio_stream = self.audio.open(
format=pyaudio.palnt16,
channels=1,
rate=16000,
input=True,
input_device index=device index,
frames per buffer=frames per buffer,
# R ASIRACE LABT I ALSA Wi 5 KW
stream_callback=None, # AN B, {58 FH A EfR e

# TR — LTI (T A 7 )
time.sleep(0.2)

print(f"v' HHRIIGALET) (/3% {device_name})")
print(f" - ZZ#P X K/N: {frames_per buffer} ")
print(f" - ZZ#PESK: {frames per buffer/16000*1000:.1f} ms")
# DRAF IR AR, A 1E UL R
self.audio_device name = device name
return True
except Exception as e:
messagebox.showerror("H#5 =", & MGG LRI {e}™)

return False

definit face recognition(self):
TN AU
try:
model type = self.model var.get() if self.model var else "fusion"
self.face_recognition = FaceRecognitionSystem(model_type,
db_manager=self.db_manager)

print("v" AR RGN



return True

except Exception as e:
messagebox.showerror("f#5 =", " AW AL R {el™)
return False

definit_speaker recognition(self, model type=None):
AL AR
try:
if EncoderClassifier is None:
raise RuntimeError(" ¥ i A R AR A 1] ™)

# FREE R AR R R Y
if model type is None:
model type = self.speaker model var.get() if self.speaker model var else

Necapa"

self.speaker recognition = SpeakerRecognitionSystem(
model type=model _type,
db_manager=self.db_manager

)
print(f"v YEiE NRA RGEWILE D) - Y {model_type.upper()}")
return True

except Exception as e:
messagebox.showwarning(" % 2", £ Ui 15 N R A WIG I {ed\n BE1E N5
DIReARTH™

return False

def switch_speaker model(self):
A

new_model = self.speaker model var.get()

if self.speaker recognition and self.speaker recognition.model type == new_model:
self.log_info(f"CAFEM A {new_model.upper()} #H!")

return
self.log_info(f"IEFEVI#: 2] {new model.upper()} HiAl..")

# RrE SRS
audio_stream_was_active = False
if self.audio_stream:
try:
audio_stream_was_active = self.audio_stream.is_active()
except:

audio_stream_was_active = False



# Il 2 R
was_enabled = self.speaker _recognition_enabled
self.speaker recognition_enabled = False

# R, WRORR R AN EAE Y T
time.sleep(0.2)

# EFT YR

if self.init_speaker recognition(model type=new_ model):
self.log_info(f'v" C.UJ#t3] {new model.upper()} FEAI")
self.update speaker_list()

# KA RIRES
if was_enabled:
self.speaker recognition_enabled = True
else:
self.log_info(f" X VIHRML, CREFIEAAL")
# KA RIRES
self.speaker recognition_enabled = was_enabled

# PR E R IRAT T CInSRZ BT 2T IFHD
if audio_stream_was_active and (not self.audio_stream or not
self.audio_stream.is_active()):
self.log_info("A HHR AR, EAEEFHTIF.."
self.setup_audio()

def camera_loop(self):

nnn

TN LAE (FE55 2 RALRO

5T RS AR B, AT b 2
gk HIGH CEUEIEM)

# B E AR

self.set thread priority(‘high")

print("[AHHLREE] LFECE B (PLSeS: HIGH)")
print(" HRTT: CKREE, Agmbd/ &5

frame count=0
last fps_time = time.time()
dropped_frames =0

while self.camera_running and not self.stop_event.is_set():
try:



ret, frame = self.cap.read()

if not ret:
print("[AHHLREE] A BLHUmTR )
time.sleep(0.01)

continue

frame count += 1
# 73 R EIAF A

#1. UL BonH: BHEIIH R copy)

self.current_frame = frame

#2. MZARR: TN GiAS RS
if self.server_running:
try:
# WRGMAS IS, FERRIEMT CORFFSEIS 1)
if self.encode queue.full():
try:
self.encode queue.get nowait()
dropped frames += 1
except:
pass
# OB (S22 2 copy)
self.encode_queue.put_nowait(frame)
except:
pass

#3. R REFEEEE (AEHRE
try:
if self.frame_queue.full():
try:
self.frame queue.get nowait()
except:
pass
self.frame_queue.put_nowait(frame)
except:
pass

# FPS 4uit

if frame count % 30 == 0:
elapsed = time.time() - last_fps_time
fps = 30/ elapsed if elapsed > 0 else 0



if frame_count % 300 ==0: # & 10 Fb%iH—&X
print(f"[AHHL K] FPS: {fps:.1f},"
f I g BA 2l
{self.encode_queue.gsize()}/{self.encode queue.maxsize}, "
" FEMi: {dropped frames}")
dropped_frames =0

last fps time = time.time()

# JE ¥ sleep (1ms)
time.sleep(0.001)

except Exception as e:
print(f"[FHHLREE] HHiR: {e}")
time.sleep(0.1)

print(f"[FHIHLREE] 2518 Cait: {frame count} M) ")

def video_encoder loop(self):

WAL LR (fE55 2 Bl

W55 WML EUM — JPEG 4 — TN KIEBAS
A g: MEDIUM

# WE LN

self.set_thread priority('medium")

print("[#AGRES] Z6FE DR Bh (fLJe4: MEDIUM)")
print(" N 57: JPEG ZWfig")

# i S8 (A i)
cpu_count = os.cpu_count() or 4
jpeg_quality = 65 if cpu_count <= 4 else 75

encode param = [int(cv2.IMWRITE JPEG QUALITY), jpeg_quality]
print(f" JPEG i {jpeg quality}")

encode count =0
total encode time =0

while self.camera_running and not self.stop_event.is_set():
try:
# I\ g A 27 5 H i s ot
try:
frame = self.encode _queue.get(timeout=0.1)



except Empty:

continue

# JPEG #ifi
start_time = time.time()
result, encoded_frame = cv2.imencode('.jpg', frame, encode param)

encode time = (time.time() - start_time) * 1000

if not result:
print("[FEAIGRAD] A GuhD M)

continue

# PPyl

data = pickle.dumps(encoded frame)

# TN KIE NS
try:
# WIRBGEI, FERRIH AR
if self.send _queue.full():
try:
self.send_queue.get nowait()
except:
pass
self.send_queue.put_nowait(data)
except:
pass

# geit
encode count += 1
total encode time += encode_time

# € Wl ke
if encode_count % 300 == 0:
avg_time = total encode_time / encode count
print(f"[#A A ALS] “F¥J: {avg time:.1f}ms, PAFI): "
" % AN {selfencode queue.gsize()} — a
{self.send queue.qgsize()}")

except Exception as e:
print(f"[MA4iS] Hi%: {e}")
time.sleep(0.1)

if encode_count > 0:

avg_time = total encode_time / encode count



print(f"[#AH%i%] S5k (&

else:

print("[#LAIGID] S5 1E")

def async recognition_worker(self):
F P TARLRE (AR
R5T: ABAFIECH AR EE IR0
5% : MEDIUM
# WELREIEH
self.set_thread priority('medium’)
print("[ AR

recognition count =0

total_inference time = 0

11} {encode count} i, “F3: {avg time:.1f}ms)

SR RRARE RS (k% MEDIUM)")

while self.camera_running and not self.stop_event.is_set():

try:
# SREURFR I 1N

with self.recognition lock:

if len(self.recognition_

queue) ==

queue_empty = True

else:

queue_empty = False

face data = self.recognition_queue.pop(0)

if queue_empty:
time.sleep(0.02)

continue

# PAT

face img, bbox, frame id=

start_time = time.time()

name, similarity = self.face

Wl (fEJR B4R, ABHZE UD

face data

recognition.recognize face(face img)

inference time = (time.time() - start_time) * 1000 # % =)

# grit iR ERe

recognition_count += 1

total inference time += inference time



# fPEEE R
with self.recognition lock:

self.recognition_results[bbox] = (name, similarity, time.time(),

inference_time)

# 5 W5 RO AE B 2 1 RE
if recognition_count % 30 == 0:
avg_time = total inference time / recognition_count
print(f"[HA]] “F14: {avg time:.1fims | 247(: {inference time:.1f}ms |

{name} ({similarity:.1%})")

except Exception as e:
print(f"[ 52 ] 5 iR: {el")
import traceback
traceback.print_exc()
time.sleep(0.1)

# Hth A g
if recognition count > 0:

avg_time = total inference time / recognition_count
print(f'[ A A& iR 5 ] & iF 1 H  {recognition _count} X, “F ¥ it iR :

{avg_time:.1f}ms")
print("[ ARG PR 2R C A k)

def setup_network server(self):

"""iﬁﬁlﬁjégﬂ&l%%g"""

try:

# PLAR 55 %%

self.video_server = socket.socket(socket. AF_INET, socket. SOCK_STREAM)
self.video_server.setsockopt(socket. SOL_SOCKET, socket.SO_REUSEADDR, 1)
self.video_server.setsockopt(socket. SOL_SOCKET, socket.SO_SNDBUF, 65536)
self.video_server.bind((self.host, self.video_port))

self.video_server.listen(5)

self.log_info(f"v' FUAIRSS 7% {self.host}: {self.video_port}")

# E ARG

self.audio_server = socket.socket(socket. AF _INET, socket. SOCK_STREAM)
self.audio_server.setsockopt(socket. SOL_SOCKET, socket.SO_REUSEADDR, 1)
self.audio_server.bind((self.host, self.audio_port))

self.audio_server.listen(5)

selflog_info(f'v' H k5 #%: {selfhost}:{self.audio port}")

return True

except Exception as e:



self.log_info(f" X P& 25 2% )8 B R IK: {e}™)

return False

defaccept_clients(self):
" ERER P R (FEMSL AR hisdT)
try:
self.log_info("554% % ' i iE#2...")

# PRSI
self.video_client, video_addr = self.video_server.accept()
self.log_info(f"v % s CL%EF%: {video addr}")

# PR E IR
self.audio_client, audio_addr = self.audio_server.accept()
self.log_info(f"v' B /7 i CLIEH%: {audio_addr}")

self.server running = True

# A B ZAE

# JAS RS ZRE CHrag)

self.video_encoder thread = threading.Thread(target=self.video encoder loop,
daemon=True)

self.video_encoder_thread.start()
self.log_info("v' A AGLAE CE 3h")

# R IR L e
self.video_send_thread = threading. Thread(target=self.send_video_ loop,

daemon=True)
self.video_send_thread.start()

# HANH send_audio_loop #i—Ab3, AF% audio_capture_thread

self.audio_send_thread = threading. Thread(target=self.send_audio_loop,
daemon=True)

self.audio_send_thread.start()

except Exception as e:
self.log info(f" X 77 b d2 I {e}™)

defsend video_loop(self):

nnn

PR 28 J ik 268 (fE45 2 ARAL AR
BT MWREFISRE IG5 EE — &L
4 4%%: MEDIUM

nnn



# WELRENEH

self.set_thread priority('medium')
self.log_info("[MA KR 1%] LFEC)A3N (£5EZ: MEDIUM)")
self.log_info(" Aot A 254 4a)

send count=0
total send time =0
bytes_sent=10

while self.camera_running and self.server_running and not self.stop _event.is_set():
try:
# AL BB R i 5 ) P Kt
try:
data = self.send_queue.get(timeout=0.5)
except Empty:

continue

# P4 RIE

start_time = time.time()

message_size = struct.pack("<L", len(data))
self.video_client.sendall(message size + data)
send_time = (time.time() - start_time) * 1000

# geit

send count +=1

total send time += send time
bytes_sent += len(data)

# 5 W ke
if send_count % 300 == 0:
avg_time = total send time /send count
bandwidth = (bytes sent/ 1024 /1024) /10 # MB/s (& 10 )
self.log_info(f"[#A 4 & i%] “F3: {avg time:1f}ms,"
f* A % :  {bandwidth:2f} MB/s, FA %
{self.send queue.qgsize()}")
bytes sent=0

except Exception as e:
if self.camera_running:
self.log_info(f"[MAKIE] HiixR: {e}")
break

if send count > 0:

avg_time = total send time /send count



self.log info(f'[ ML 41 & 1% ] © 1% 1 C & 11 : {send count} Mi, -F 33 :
{avg time:.1f}ms) ")
else:
self.log_info("[#AMKIX] L5 1E")

defsend audio_loop(self):

nnn

BIURIEIER (155 3 AL

Tt REEM — HBEMX — W% RIE
esegi: HIGH

# WELREMNER

self.set thread priority(‘high")

self.log_info("[FHKIE] LT B (HREJ: HIGH)")
self.log_info(" 5 FH BB G2 b X )

# ffH 25 1 audio_stream 1M A& B L HT 1
chunk size =2048
sample count =0

try:
while self.camera_running and self.server running and not self.stop_event.is_set():
try:
# BEHCE
audio_data = self.audio_stream.read(chunk _size,

exception_on_overflow=False)

audio_array = np.frombuffer(audio_data, dtype=np.int16)

# A X (PO
# HANMBLEMIX CEBERIE)

self.speaker audio_ring_buffer.write(audio_array)

# RIL B 2%
size = struct.pack("<L", len(audio_data))
self.audio_client.sendall(size + audio_data)

# Gt 5
sample count += len(audio_array)
if sample_count >=32000: # % 2 FPéi—Ik
available = self.speaker audio ring_ buffer.available samples()
print(f"[ & # K % ] W ¥ & pp X : {available} Ff A&
({available/16000:.1f} #5)")
sample count =0



except IOError as e:
if e.errno in [-9981, -9980]:
time.sleep(0.05)
continue
break
except Exception as e:
if self.camera_running:
selflog_info(f"[EMAKIE] FiR: {e}")
break

except Exception as e:
self.log_info(f"[EMKIX] s 1R {e}")

self.log_info("[F A AKIL] e CiF L")

deftoggle network server(self):
I TR 55 F e
if not self.server_running:
# JA RS
if self.setup_network server():
# LESSL E AR P AR i
threading. Thread(target=self.accept_clients, daemon=True).start()
self. network button.config(text="15 I R 55 #&", bg="#F44336")
else:
messagebox.showerror("F iz ", "JoiZ A Bl 25 il 55 25"
else:
# 15 1L RS 4

self.server running = False

# IEZIRBIG] (B IERR D
with self.recognition lock:
self.recognition_queue.clear()

try:
if self.video_client:
self.video_client.close()
if self.audio_client:
self.audio_client.close()
if self.video_server:
self.video_server.close()
if self.audio_server:
self.audio_server.close()
except:
pass



selflog info("v' PIZ% AR 55 #% CLA5 1k™)
self.network_button.config(text="J1 & ¥ 4% Al 55 #5", bg="#4CAF50")

def check audio_stream_status(self):
R HLRE REUSHLER SO
if not self.audio_stream:
return False, " & W0 S ATEAE"

try:
if not self.audio_stream.is_active():
return False, " & 00 A G "
except:
return False, "JCiAAG 2 & AL IR A"

return True, "1F 5"

def restart audio_stream(self):

S A CHRECA MR B

try:
self.audio_stream.stop_stream()
time.sleep(0.1)
self.audio_stream.start_stream()
time.sleep(0.1)
return True

except:

return False

def audio_capture loop(self):

nnn

FPCRAENEI (AR fRifLE R b FED

WADT: il & ez X

564 HIGH

self.set thread priority(‘high")

print("[F KL LFECES) (HLSe: HIGH)")

chunk size =2048
sample count =0
error_count =0

max_errors = 10

while self.camera_running and not self.stop_event.is_set():

# WIR RIS AR S5 a5 ILAE AT, B A GRES b5



if self.server_running:
print("[FHREE] W5 ARIZITH, AT
while self.server running and self.camera running:
time.sleep(0.5)
print("[FHCRE] WERE...")
continue

try:
# R E SRS
status_ok, status_msg = self. check audio_stream_status()
if not status_ok:
error_count += 1
if error count > max_errors:
print(f"[HWUKLE] {status msg}, BHZLFE")
break
time.sleep(0.5)

continue
error count=0 # EEEIRITEL

# SR S
audio data = self.audio_stream.read(chunk size,
exception_on_overflow=False)

audio_array = np.frombuffer(audio_data, dtype=np.int16)

# ININBIA LR X

self.speaker audio ring buffer.write(audio_array)

# E W gt E R
sample count += len(audio_array)
if sample_count >= 16000: # FEFMIH—Ik
available = self.speaker _audio ring buffer.available samples()
debug print(f'[ & M K &£ 1 % M X : {available} Ff &
({available/16000:.1f} #5)")
sample count =0

except IOError as e:
# ALSA Z2h XA R
error_count += 1
if error _count > max_errors:
print(f'[F # K] 10Error id %, 2 J5 H 4.
if self._restart_audio_stream():
error_count =0
print("[EHCREE] v EHURCEHE")



else:
print("[EMCREE] X FEJF R, B HZTE"
break
time.sleep(0.05)

except OSError as e:
# EL R AR R

if "Stream closed" in str(e) or (hasattr(e, 'errno') and e.errno == -9988):
print("[ E MR HMR R, LFRIRH")
break

error_count += 1

if error _count > max_errors:
print("[ &K AE] OSError I 2, ZEFEIRH™)
break

time.sleep(0.1)

except Exception as e:
print(f"[FCRE] RAHTR: {e}")
error_count += 1
if error _count > max_errors:
print("[ EACRE] Hirid L, LERHE")
break
time.sleep(0.1)

print("[EHCRAE] LIECIBH")

def speaker recognition_loop(self):

PR NPEIS (A - R D
HRTT: s I E Az i DX PRl B3 A

5 2%: MEDIUM

# WELREIEH

self.set_thread priority('medium')

# OKEEE . WIS X E] 3-5 8, HRA U HE S RE
buffer size = int(16000 * 4.0) #4 #» (BInZEr)
min_buffer size = int(16000 * 2.5) # #x/N 2.5

print(f"[PE1E AR IR 2R3 (Lg% MEDIUM)")

print(f" X {buffer size} FEA (4.0 #), &/ {min_buffer size}

FEAS (2.5 F0)™)

last_recognition_time =0



recognition_cooldown=1.0 # A K [A]: 1.0 F»

recognition count =0

total_inference time = 0

# M L2 H I N
noise baseline = None

noise_update counter = ()

while self.camera_running and not self.stop_event.is_set():

if not self.speaker recognition_enabled or self.speaker recognition is None:

try:

time.sleep(0.1)

continue

current_time = time.time()

# LA AN ]
if current_time - last recognition time < recognition_cooldown:
time.sleep(0.1)

continue

# MWL XEEEL (CTE)
# f Al ALK

available = self.speaker audio ring_ buffer.available samples()

# RS 5E BE N 4 B A (B R 2.6 Fh1A)ED
if available >= buffer_size:
# PR HEZE R X R/ (4 F)
audio_chunk = self.speaker _audio ring buffer.read(buffer_ size)
elif available >= min_buffer_size:
# HIANGG 4 FMEE 2.5 F
# ARG 4 (3.5 BLLERAD
if available >= int(16000 * 3.5):
audio_chunk = self.speaker audio ring_ buffer.read(available)
else:
#OIEANG, GRERSELF
time.sleep(0.2)
continue
else:
# A S 2 I
time.sleep(0.1)

continue

if audio_chunk is None:



time.sleep(0.1)

continue

=== {{ /] Silero VAD HMPEAT NP ==
is_speech, vad_confidence =
self.speaker recognition.detect speech(audio_chunk)

if not is_speech:
print(f'[ %6 & AN R ] X VAD £ B H W A HE AN B (B EE
={vad_confidence:2%}), Bkil")
time.sleep(0.1)

continue

# BOMOALA IS & (ReRE R E B

rms = np.sqrt(np.mean(audio_chunk.astype(np.float32) ** 2))

if rms < 30.0:
print(f"[BeiE AN RA] X HEIIMK RMS={rms:.1f}), Bkid")
time.sleep(0.1)

continue

# AT IR
print(f"[ %35 AR 5]] v VAD it ({len(audio chunk)/16000:.1f} F» % 47,
1Y E {5 ¥ ={vad_confidence:.2%}, RMS={rms:.1f})")

start_time = time.time()

name, similarity, success =

self.speaker recognition.recognize speaker(audio_chunk)

inference_time = (time.time() - start_time) * 1000
recognition_count += 1

total_inference time += inference time

print(f"[ P66 N IR ] 45 R {name}, AH LS : {similarity:.2%}, 3.
{success}, ¥EN: {inference time:.0f}ms")

# 5 W T 1k e
if recognition_count % 10 ==0:
avg_time = total inference time / recognition_count

print(f"[ Vi iE NIR 5] PRI HEFERE]: {avg time:.1f}ms")

# LR

self.last speaker result = (name, similarity)

self.root.after(0, lambda n=name, s=similarity, su=success:
self.update _speaker result(n, s, su))



# BB EUGR A]

last_recognition_time = current_time

# FLETIRHR, &4 CPU & Hd &
time.sleep(0.1)

except Exception as e:
print(F'[VEiE N IR £51R: {e}™)
import traceback
traceback.print_exc()
time.sleep(1.0)

# Hth A g
if recognition count > 0:

avg_time = total inference time / recognition_count

print(f"[ ¥& & AN iR ] & 3F iR Bl {recognition count} X, P # %L iR :

{avg_time:.1f}ms")
print("[BIEAR] P LA 5 1R

defupdate speaker result(self, name, similarity, success):
RN VARY N A S
if success:
# ECAPA-TDNN B 5 % PP 2%
if similarity >= 0.70:
confidence level = "} /="
color ='dark green'
elif similarity >= 0.55:
confidence level = "f="
color = 'green'
elif similarity >= 0.45:
confidence level = "H155"
color = 'orange'
else:
confidence level = "# K"
color = 'dark orange'

# RAEBAL A R A FR2E (2K Fusion f7i [

if self.speaker recognition.model type == "resnet":
model label = "RESNET"
elif self.speaker recognition.model type == "fusion":

model label = "FUSION"
else:



model label ="ECAPA"

result text = f'v [{model label}] {name} ( A L & :{similarity:.1%},
{confidence level} E{5)"
self.speaker result label.config(text=result_text, fg=color)
else:
result_text=f" X ARiRH (e AHLLE: {similarity:.1%})"
self.speaker result label.config(text=result_text, fg="red’)

def start_recording(self):
"R R (RS E SR, kG ALSA W R R)
if self.is_recording:
messagebox.showwarning("%25 ", " IE7Es% & H")

return

self.is_recording = True

self.recorded audio =[]
self.record_button.config(state=tk. DISABLED)
self.stop_record button.config(state=tk. NORMAL)
self.log_info(" JFFEAZH...")

defrecord thread():
SRR - I R S S SR

record_stream = None

try:
#=== QUMK FR CRBRBE) =—
print("[F & 1IELEGIEMST A"
record_stream = self.audio.open(
format=pyaudio.palnt16,
channels=1,
rate=16000,
input=True,
frames per buffer=2048,
stream_callback=None # i HPHZEM A, FAE
)
print("[F & v ML EH AR AR

start_time = time.time()
error_count =0
max_errors =5
consecutive success = 0
chunk size =2048



while self.is_recording:
try:

# RAEsRE K

elapsed = time.time() - start_time

if elapsed > 30: # 1 30 #
print("[FK & ] B ERAFEN KGO ), HIEL")
self.root.after(0, self.stop recording)
break

# MR ECE A (A2 5 SR o)
audio_data = record_stream.read(

chunk size,

exception_on_overflow=False
)
audio_array = np.frombuffer(audio_data, dtype=np.int16)
self.recorded audio.extend(audio_array)

# EERIRITH
error_count =0

consecutive_success += 1

# R EI K
self.root.after(0, lambda e=elapsed:
self.recording_time_label.config(
text="RK&Z K {e 1} 75"
)

# G HIRIR, K CPU S
time.sleep(0.005)

except (IOError, OSError) as e:
#ALSA Zeph X R AL HE
error_count += 1
error_msg = str(e)

print(f'[ K& ] HAAE % #{error_count}: {error_msg}")

if error _count >= max_errors:
print("[ZK ] X ESERL L, FiERE"
self.is recording = False

self.root.after(0, lambda:
self.record_button.config(state=tk. NORMAL))
self.root.after(0, lambda:

self.stop_record button.config(state=tk. DISABLED))
self.root.after(0, lambda: messagebox.showerror(



"I AR,
"RE R R A S RA R, OfF k. \n\n"
"AIRESR A \n"
"e ALSA BKZE)ZE X [F] 20 i) @ \n"
"o ZLMVIHMR (BBED \n"
"o RGTTUEA E\n\n"
" O MO E AR, BRI
)
break

# PR E
time.sleep(0.05)

except Exception as e:
error_count += 1
print(f'[ 3% % ] K #1445 1% #{error_count}: {type(e). name }:
{e}")

if error _count >= max_errors:
print("[ZR &) X EiRILL, (FibsEE"
self.is recording = False
self.root.after(0, self.stop recording)
break

time.sleep(0.1)
print(f'[3R&] &FEIBH (IhEEL: {consecutive success} X)")

except Exception as e:
print(f'[ZF] X QUEFIGRRI: {e}")
self.is recording = False
self.root.after(0, lambda: self.record button.config(state=tk. NORMAL))
self.root.after(0, lambda:
self.stop_record button.config(state=tk. DISABLED))
self.root.after(0, lambda: messagebox.showerror(
"R RIR
VR BN R {e) \n\n TF G 7Y 2 70 R BE & 2 7 1E
)

finally:
# BRORICAIIRAL (R 33 Ui
if record_stream is not None:
try:
record_stream.stop_stream()



record_stream.close()

print("[3K ] v ML E AR COC ")
except:

pass

threading. Thread(target=record _thread, daemon=True).start()

def stop_recording(self):
nuu,f%i%%ﬁunn
if not self.is_recording:

return

self.is_recording = False
self.record_button.config(state=tk. NORMAL)
self.stop_record button.config(state=tk. DISABLED)

if len(self.recorded audio) < 16000: # /b 1 f»
messagebox.showwarning(" & 5", "SR ENKKE, £OFE1H
self.recorded audio =[]
self.recording_time label.config(text="3& i +: 0.0 #b")

return

duration = len(self.recorded audio) / 16000
self.log_info(f'v X 5E/%: {duration:.1f}F)")

# 0] k44 TR
name = simpledialog.askstring("yF M i iE A", "TERI A BIE N4
if name and name.strip():
audio_array = np.array(self.recorded audio)
success, message = self.speaker _recognition.register speaker from audio(
name.strip(), audio_array

if success:
self.log_info(f"v' {message}")
self.update speaker list()
messagebox.showinfo(" il 2", message)
else:
self.log info(f' X {message}")
messagebox.showerror(" 2", message)

self.recorded audio =[]
self.recording_time label.config(text=">¢ i £:: 0.0 F5")



defregister_speaker from_file(self):
SRRV A
file_path = filedialog.askopenfilename(
title="5 £ F S,
filetypes=[(" & MW SCAF", "*.wav *.mp3 *.flac *.m4a"), ("FTH CLF", "*.x")]

if not file_path:

return

name = simpledialog.askstring("yF M i iE A", "ERI A BIIE N4
if not name or not name.strip():

return

success, message = self.speaker recognition.register speaker from_file(
name.strip(), file_path

if success:
self.log_info(f"v' {message}")
self.update speaker _list()
messagebox.showinfo(" i Z/J", message)
else:
self.log_info(f" X {message}")
messagebox.showerror(" 2", message)

defupdate speaker_list(self):
R B (B (R T

pass

def show_registered people(self):
"ER CEM A B AR SR
# AT
registered window = tk.Toplevel(self.root)
registered_window.title(" 2.y A 5 E")
registered_window.geometry("900x650")
registered_window.resizable(True, True)

# BIEEILA (FRZTD
notebook = ttk.Notebook(registered window)

notebook.pack(fill=tk. BOTH, expand=True, padx=10, pady=10)

# NS VR FR 25 T
face tab = ttk.Frame(notebook)



notebook.add(face tab, text=" EVEM AK")

# UL IE NIRRT
speaker_tab = ttk.Frame(notebook)
notebook.add(speaker_tab, text="" EJFEMBEIEAN")

face info frame = tk.Frame(face tab)
face info_frame.pack(fill=tk.X, padx=10, pady=5)

# SR HdE
face count=0
face list=1]
if self.face recognition:
if self.face recognition.model type == "fusion":
face count = len(self.face_recognition.mbf database)
face list = list(self.face_recognition.mbf database.keys())
else:
face count = len(self.face_recognition.face database)
face list = list(self.face_recognition.face database.keys())

tk.Label(face_info frame, text="C.yF M AJf: {face count} A",
font=(Arial', 14, 'bold"), fe="#2196F3").pack(pady=>5)

# NI 5IRHESE
face list frame = tk.Frame(face tab)
face list frame.pack(fill=tk. BOTH, expand=True, padx=10, pady=5)

# FEMANER
left face frame = tk.Frame(face list frame)
left face frame.pack(side=tk.LEFT, fill=tk. BOTH, expand=True)

tk.Label(left face frame, text="A 1 %1|58:", font=(Arial', 11, 'bold")).pack(anchor="w")

face listbox frame = tk.Frame(left face frame)
face listbox frame.pack(fill=tk. BOTH, expand=True, pady=5)

face scrollbar = tk.Scrollbar(face listbox frame)
face scrollbar.pack(side=tk.RIGHT, fill=tk.Y)

face listbox = tk.Listbox(face listbox frame, font=("'Arial’, 11),
yscrollcommand=face_scrollbar.set,
selectmode=tk.SINGLE)
face listbox.pack(side=tk.LEFT, fill=tk. BOTH, expand=True)



face scrollbar.config(command=face listbox.yview)

for name in sorted(face_list):
face_listbox.insert(tk. END, name)

# A BT AR

right face frame = tk.Frame(face list frame, width=300)

right face frame.pack(side=tk.RIGHT, fill=tk. BOTH, padx=(10, 0))
right face frame.pack propagate(False)

tk.Label(right_face frame, text="1£41{5 &.:", font=('Arial', 11, 'bold")).pack(anchor="w")

face detail text = tk.Text(right face frame, font=('Courier', 10), wrap=tk. WORD)
face detail text.pack(fill=tk. BOTH, expand=True, pady=5)

defon_face select(event):
i PN R A
selection = face_listbox.curselection()
if not selection:

return

name = face_listbox.get(selection[0])

face detail text.delete(1.0, tk. END)

face_detail text.insert(tk. END, f"#4: 44 : {name}\n")
face detail text.insert(tk. END, "=" * 40 + "\n\n")

# EHEEE AR AR B
if self.db_manager:
conn = None
try:
conn = self.db_manager.db_pool.getconn()

cur = conn.cursor()

if self.face recognition.model type == "fusion":
# RE R IR
cur.execute("""

SELECT model_type, registered_at,
CASE WHEN image data IS NOT NULL THEN ',
A& EE A ELSE 'JG' END as image_status
FROM face_embeddings
WHERE name = %s AND model type IN (‘mobilefacenet’,
'arcface')
ORDER BY model type

, (name,))

nnn



else:

cur.execute(

SELECT model_type, registered_at,
CASE WHEN image data IS NOT NULL THEN 'C.

mnnn

A& B E A ELSE 'JG' END as image_status
FROM face_embeddings
WHERE name = %s AND model_type = %s
, (name, self.face_recognition.model type))

nnn

results = cur.fetchall()

cur.close()

if results:
for model_type, registered_at, image status in results:

face detail text.insert(tk. END, "#%4: {model type}\n")
face detail text.insert(tk. END, ' & St W [d]

% B

{registered_at}\n")
face detail text.insert(tk. END, ' [

{image_status}\n")
face detail text.insert(tk. END, "\n")

else:
face detail text.insert(tk. END, "R+ 25 12 F\n")

except Exception as e:
face detail text.insert(tk. END, " if] M {e}\n")

finally:

if conn:
self.db_manager.db_pool.putconn(conn)

face listbox.bind('<<ListboxSelect>>', on_face select)

# PBRAFH

face btn frame = tk.Frame(face tab)
face btn_frame.pack(fill=tk.X, padx=10, pady=10)

def delete face():
SR A IR PR C A )

selection = face_listbox.curselection()

n

A i R OM B A B

if not selection:
messagebox.showwarning(" % 5

parent=registered window)
return

name = face_listbox.get(selection[0])



if messagebox.askyesno("#fi\", "€ E MR {name} HIAKASEMS? \n\n ¥
A H5cH P A e S A MR B8, parent=registered window):
deleted files =[]
failed files =]

try:

# EEMNEE FEMBRIC S (o S s B A S

if self.face_recognition.model type == "fusion":
self.db_manager.delete face _embedding(name, 'mobilefacenet’)
self.db_manager.delete face embedding(name, 'arcface’)
self.face_recognition. load fusion_ databases()

else:
self.db_manager.delete face embedding(name,

self.face_recognition.model type)

self.face_recognition.load database()

# RoREER
result msg=1"v CMIEE {name}\n\n"
result_msg += MEHE L CMIBR (R EEE B e R BR)

messagebox.showinfo(" M  Bx 5 A ",  result msg,
parent=registered window)

registered_window.destroy()

self.show registered people() # EEH T &

except Exception as e:
messagebox.showerror(" 5w ", " M B K M . {e}",

parent=registered window)

tk.Button(face_btn_frame, text=" MIFRi%+H A", command=delete face,
font=('Arial', 11), bg="#F44336', fg='white').pack(side=tk.LEFT, padx=5)

speaker info_frame = tk.Frame(speaker_tab)
speaker_info_frame.pack(fill=tk.X, padx=10, pady=5)

# FRECU T AN HE

speaker count=0

speaker list =[]

if self.speaker recognition:
speaker list = self.speaker _recognition.get registered speakers()
speaker count = len(speaker_list)

tk.Label(speaker_info_frame, text="CLyEMHE1E A : {speaker _count} A",



font=('Arial', 14, 'bold'), fg="#FF5722").pack(pady=5)

# Yk NG RAHESE
speaker list frame = tk.Frame(speaker tab)
speaker list frame.pack(fill=tk. BOTH, expand=True, padx=10, pady=5)

# LB
left_speaker frame = tk.Frame(speaker list frame)
left speaker frame.pack(side=tk.LEFT, fill=tk. BOTH, expand=True)

tk.Label(left speaker frame, text=" ¥ 15§ A 4l £ ", font=('Arial, 11,
'bold")).pack(anchor="w")

speaker listbox_frame = tk.Frame(left_speaker frame)
speaker listbox_frame.pack(fill=tk. BOTH, expand=True, pady=5)

speaker_scrollbar = tk.Scrollbar(speaker listbox frame)
speaker_scrollbar.pack(side=tk.RIGHT, fill=tk.Y)

speaker_listbox = tk.Listbox(speaker_listbox frame, font=("Arial’, 11),
yscrollcommand=speaker_scrollbar.set,
selectmode=tk.SINGLE)
speaker_listbox.pack(side=tk.LEFT, fill=tk. BOTH, expand=True)
speaker_scrollbar.config(command=speaker_listbox.yview)

for name in sorted(speaker_list):
speaker_listbox.insert(tk. END, name)

# A 2T AR

right speaker frame = tk.Frame(speaker list frame, width=300)

right speaker frame.pack(side=tk.RIGHT, fill=tk. BOTH, padx=(10, 0))
right_speaker frame.pack propagate(False)

tk.Label(right_speaker frame, text=" # 4 {5 & :", font=(Arial, 11,
'bold")).pack(anchor="w")

speaker detail text = tk. Text(right _speaker frame, font=('Courier’, 10),
wrap=tk. WORD)
speaker detail text.pack(fill=tk. BOTH, expand=True, pady=5)

defon_speaker_ select(event):
i A L R
selection = speaker_listbox.curselection()
if not selection:



return

name = speaker_listbox.get(selection[0])
speaker detail text.delete(1.0, tk. END)

speaker detail text.insert(tk. END, f'#:44: {name}\n")
speaker detail text.insert(tk. END, "=" * 40 + "\n\n")

# EHECE PR AR B
if self.db_manager:
conn = None
try:
conn = self.db_manager.db_pool.getconn()

cur = conn.cursor()

if self.speaker recognition.model type == "fusion":
# RE R IR
cur.execute("""

SELECT model_type, registered_at,
CASE WHEN audio data IS NOT NULL THEN '
A ZE A ELSE 'JC' END as audio_status
FROM speaker _embeddings
WHERE name = %s AND model_type IN (‘ecapa’, 'resnet’)
ORDER BY model type
, (name,))

nmn

else:
cur.execute("""
SELECT model_type, registered_at,
CASE WHEN audio data IS NOT NULL THEN '
A ZE A ELSE 'JC' END as audio_status
FROM speaker _embeddings
WHERE name = %s AND model_type = %s
""" (name, self.speaker recognition.model type))

results = cur.fetchall()
cur.close()

if results:
for model type, registered at, audio_status in results:

speaker detail text.insert(tk. END, f"#i%!: {model type}\n")

speaker detail text.insert(tk. END, f' & Mt K [d]
{registered_at}\n")

speaker detail text.insert(tk. END, f' & 4l % ¥
{audio_status}\n")

speaker detail text.insert(tk. END, "\n")



else:
speaker detail text.insert(tk. END, "R $& B %4 & ic 5 \n")

except Exception as e:
speaker detail text.insert(tk. END, " 1] KU {e}\n")
finally:
if conn:
self.db_manager.db_pool.putconn(conn)

speaker_listbox.bind('<<ListboxSelect>>', on_speaker_select)

# PBRAFH

speaker btn_frame = tk.Frame(speaker_tab)
speaker btn_frame.pack(fill=tk.X, padx=10, pady=10)

def delete speaker():
" ERE T AR N CRAEREEE D SR AAR )
selection = speaker_listbox.curselection()
if not selection:
messagebox.showwarning(" 2 &5 ", " 1§ S ik £ 2 M B Ul oE AN,
parent=registered window)

return

name = speaker_listbox.get(selection[0])
if messagebox.askyesno("#IA", £ € MR {name} FUETEAEES? \n\n
M B b 2 v D SN S U, parent=registered_window):
deleted files =[]
failed files =]

try:
# ELENEOE FEMBRIC S (To/ T s B A S
if self.speaker _recognition.delete speaker(name):
# LR EE R
result msg=f"v CMIFE {name}\n\n"
result msg += &R ik OMIBR CGEREEE O NEERE E b #
Bro "
messagebox.showinfo(" il Fr 5 A ",  result msg,
parent=registered_window)
registered_window.destroy()
self.show registered people() # ZFEHrFI &
else:

messagebox.showerror(" £ % ", " W & FE M B &K Moo,

parent=registered window)



except Exception as e:
messagebox.showerror(" £ % ", " M B Kk W o {el",
parent=registered window)

tk.Button(speaker_btn_frame, text=" MFxi% - %1% N", command=delete speaker,
font=('Arial', 11), bg="#F44336', fg="white').pack(side=tk.LEFT, padx=5)

# RMTEEL

close btn frame = tk.Frame(registered window)
close_btn_frame.pack(fill=tk.X, padx=10, pady=10)

tk.Button(close_btn_frame, text="X /4", command=registered window.destroy,
font=('Arial', 11), bg="#9E9E9E', fg='white'").pack(side=tk.RIGHT)

def delete _selected speaker(self):
BRI (BT, RE T

pass

deftoggle speaker recognition(self):
AR
self.speaker recognition_enabled = self.speaker recognition_var.get()
status = "\ )i " if self.speaker_recognition_enabled else " .24 F"
self.log_info(f"¥i1d AR 7l: {status}")

deftoggle multimodal fusion(self):
SR B

self.multimodal fusion enabled = self. multimodal fusion_var.get()

if self.multimodal_fusion_enabled:
# R AR AT
if self.face recognition is None:
messagebox.showwarning("% 2", " AR A R ATUEIL")
self.multimodal fusion_ var.set(False)
self.multimodal fusion enabled = False

return

if self.speaker recognition is None:
messagebox.showwarning("%25 ", "1 N IR B R ATUE4L")
self.multimodal fusion_var.set(False)
self.multimodal fusion enabled = False

return

# H 3 R R A 1E R 5



self.recognition_var.set(True)
self.recognition_enabled = True

self.speaker recognition var.set(True)
self.speaker recognition_enabled = True

self.log_info("=" * 40)

self.log_info("v" DUREAS L& IAIEC 5 ")
selflog_info(" - AJKi: MobileFaceNet + ArcFace")
self.log info(" - 7 #%:ECAPA-TDNN + ResNet34-SE")
self.log_info("=" * 40)

self.multimodal_result_label.config(text="@t&IAUEH...", fg="blue")
else:

self.log_info("v' PYBLASFl&IAIECEEH")

self.multimodal result_label.config(text=" i ", fg="gray")

def perform_multimodal fusion(self, face result, speaker result):

" RAT 2SR A AIE

Args:
face result: (name, similarity) AR 25 R
speaker_result: (name, similarity, success) i if A 1R 7145 5B

Returns:

(name, score, success) RlA o )4k R
nnn
face_name, face sim = face result

speaker name, speaker sim, speaker success = speaker result

# SRELEL A AU
face_weight = self.face_weight scale.get()
speaker weight = self.speaker weight scale.get()

# H— L BLE
total weight = face weight + speaker weight
if total weight > 0:
face_weight = face_weight / total _weight
speaker weight = speaker weight / total weight
else:
face_weight = speaker weight = 0.5

# REIEH
if face_ name == "R A1" and speaker name == "ARH1":
return "A%1", 0.0, False



if face_name == "R F1":
# A UE AR

return speaker name, speaker sim * speaker weight, speaker success

if speaker name == "AKN":
# A NI R )
threshold = 0.4
return face_name, face sim * face_weight, face_sim > threshold

# PR R
if face_name == speaker name:
# B —8 - mEEE
fusion_score = face_weight * face sim + speaker weight * speaker sim
return face_name, fusion_score, True
else:
# SIA—B - FHEEENEE
fusion_score face = face_weight * face sim

fusion_score speaker = speaker weight * speaker sim

# PR B s HIRAS, ABESRIR m i EAE
if fusion_score face > fusion_score_speaker:

return face name, fusion_score face, fusion_score face > 0.6
else:

return speaker name, fusion_score speaker, fusion_score _speaker > 0.6

defupdate ui_frame(self):

"EEET UL s (Pifk: iR, PR
if self.current_frame is not None:

frame = self.current_frame.copy()

face_result = ("AH1", 0.0)
speaker result = self.last speaker result + (False,)

# N (ife: oD AbEE, APHZE U 28
if self.recognition_enabled and self.face recognition:
self.frame counter += 1

should detect = (self.frame_counter % self.recognition_frame skip == 0)

if should_detect:
# N
faces = self.face_recognition.detect faces(frame)

current_time = time.time()



# RN 2 A9 A I AR 5 B A7
for (x, y, w, h) in faces:
face roi = frame[y:y+h, x:x+w]
if face_roi.size > 0:
bbox = (x, y, w, h)

# KA d ORI 4s
with self.recognition_lock:
has recent result = False
for cached bbox, result in
list(self.recognition_results.items()):
name, similarity, timestamp, inf _time = result
# R A B AHIT HLA5 R
if (abs(cached bbox[0] - x) <50 and
abs(cached bbox[1] -y) <50 and
current_time - timestamp < 1.0):
has recent result = True
break

# R B I AR BB FIAG 4IRS
if not has_recent_result and len(self.recognition_queue) <
10:
self.recognition_queue.append((face roi.copy(),

bbox, self.frame counter))

# IR AR (AR 45 5
faces = self.face_recognition.detect faces(frame)

current_time = time.time()

with self.recognition_lock:
for (x, y, w, h) in faces:
# BRI ILEC S A7 45
best_match = None
best_distance = float('inf")

for cached bbox, result in self.recognition_results.items():
name, similarity, timestamp, inference time = result
# THEAL B
distance = abs(cached bbox[0] - x) + abs(cached bbox[1] -y)

# QR EE BT HLAS SRR
if distance < 100 and current_time - timestamp < 2.0:
if distance < best_distance:
best distance = distance



best _match = (name, similarity, inference _time)

# 21
if best_match:
name, similarity, inference time = best_match

face result = (name, similarity)

color = (0, 255, 0) if name !="AR%1" else (0, 0, 255)
cv2.rectangle(frame, (X, y), (x+w, y+h), color, 2)

label = f"{name} ({similarity:.2%})"
sublabel = " {inference time:.0f} ms"

# TARAE

label size = cv2.getTextSize(label,
c¢v2.FONT _HERSHEY_ SIMPLEX, 0.6, 2)[0]

cv2.rectangle(frame, (x, y-label size[1]-10), (x+label size[0],
y), color, -1)

cv2.putText(frame, label, (x, y-5),

cv2.FONT HERSHEY_ SIMPLEX, 0.6, (255, 255,

255), 2)

# I A FR2E
cv2.putText(frame, sublabel, (x, y+h+15),
c¢v2.FONT _HERSHEY SIMPLEX, 0.4, color, 1)
else:
# AREBIGER, SRR
color = (255, 255, 0)
cv2.rectangle(frame, (X, y), (x+w, y+h), color, 2)
cv2.putText(frame, "Detecting...", (X, y-5),
c¢v2.FONT _HERSHEY SIMPLEX, 0.6, color, 2)

# T H TR ) 4
with self.recognition_lock:
expired keys =
bbox for bbox, result in self.recognition_results.items()
if current_time - result[2] > 5.0
]
for key in expired_keys:

del self.recognition_results[key]

TV UALPNAVIERE S
if self.speaker recognition enabled:

speaker name, speaker sim = self.last speaker result



speaker_success = speaker _sim > 0.48

speaker result = (speaker name, speaker sim, speaker success)

# FRAE AL RS IR B
if speaker sim >= 0.55:

color=(0,255,0) # & - HEE
elif speaker sim >= 0.45:

color = (0, 165,255) # Mt - HEEEG
else:

color=(0,0,255) # £I{0 - (KEfS

text = f"Speaker: {speaker name} ({speaker sim:.1%})"
cv2.putText(frame, text, (10, 30),
cv2.FONT HERSHEY SIMPLEX, 0.7, color, 2)

# ZRSRE SRR
if self.multimodal_fusion_enabled:

fusion_name, fusion_score, fusion_success

self.perform_multimodal fusion(

else:

face result, speaker result

# (LS F SRRl G 4

if fusion_success:
color = (0, 255, 0) if fusion_score > 0.6 else (0, 165, 255)
result_text=f"v @& IAIE: {fusion name} ({fusion score:.1%})"
fg color = 'dark green' if fusion score > 0.6 else 'orange’'

else:
color =(0, 0, 255)
result text=f" X FEEIAERE ({fusion score:.1%})"
fg color = 'red'

# LEALAI L R
cv2.putText(frame, f"Fusion: {fusion name} ({fusion_score:.1%})",
(10, 60), cv2.FONT_HERSHEY_ SIMPLEX, 0.8, color, 2)

# T ULARRE
self.root.after(0, lambda: self.multimodal result label.config(
text=result_text, fg=fg color

)

# R PH Rl I I 2 R 4 R AR 2
self.root.after(0, lambda: self.multimodal result label.config(
text=" 7 F @l 5 IE", fg="gray'



)

# ¥4y Photolmage

frame_rgb = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
img = Image.fromarray(frame rgb)

img = img.resize((800, 600))

photo = ImageTk.PhotoIlmage(image=img)

self.video_label.configure(image=photo)

self.video_label.image = photo

if self.camera running:
self.root.after(33, self.update ui_ frame)

def log_info(self, message):
"SRG B
timestamp = datetime.now().strftime("%H:%M:%S")
self.info_text.insert(tk. END, f'[ {timestamp}] {message}\n")
self.info_text.see(tk.END)

defregister current face(self):
mnli—:‘Eﬂﬂ, %ﬁfj}\ﬂﬁmm
if self.current_frame is None:
messagebox.showwarning(" & 55", "B ML IHE] [H ")

return

frame = self.current_frame.copy()
faces = self.face_recognition.detect faces(frame)

if len(faces) == 0:
messagebox.showwarning(" 25", " A A 2 A ")

return

if len(faces) > 1:
messagebox.showwarning(" & 55", " 2 2 4N AN, A A — A"

return

name = simpledialog.askstring("JFE M A", "1 A L")
if name and name.strip():

X, y, W, h = faces[0]

face roi = frame[y:y+h, x:x+w]

if self.face recognition.register face(name.strip(), face roi):
self.log_info(f"v" AKEMHT): {name}")



messagebox.showinfo(" il 2", £ T M : {name}")
else:
messagebox.showerror("g5 17", "VEM K™

deftoggle recognition(self):
BN LT
self.recognition_enabled = self.recognition_var.get()
status = "\ Jid " if self.recognition_enabled else "L 2R F"
self.log_info(f" AR J: {status}")

defon_face model changed(self):
N SO PR IE
# WIRIEFE [ Fusion #30, ZEHIUITE NI (it G DURSE R R 5 i D
if self.model var.get() == "fusion":

selflog_info(" AJG iR A: Fusion #Ex0, @S H Al ™)

defon_speaker model changed(self):
R ARSI ]
# S PATIEA R D) g i

self.switch_speaker model()

# MR T Fusion B3, ZEMIAMRAEMT (G0 DU AL R & i 58
if self.speaker model var.get() == "fusion":

self.log_info("¥i1E A J: Fusion #55X, Z 1 HMEH™)

defupdate skip_ frames(self, value):
R
self.recognition frame skip = int(value)
fps estimate = 30 / self.recognition frame skip
self.log_info(f" AR 4 {value} WiIH A — K (£ {fps_estimate:.1f}fps)")

def setup_ui(self):
g E UL
# TATR
main_frame = tk.Frame(self.root)
main_frame.pack(fill=tk. BOTH, expand=True, padx=10, pady=10)

# el MR R
left frame = tk.Frame(main_frame)
left frame.pack(side=tk.LEFT, fill=tk. BOTH, expand=True, padx=5)

tk.Label(left_frame, text="SZH #L 4", font=('Arial', 14, 'bold")).pack()
self.video label = tk.Label(left frame, bg="black’)
self.video_label.pack(fill=tk. BOTH, expand=True, pady=>5)



# A AR AR

right frame = tk.Frame(main_frame, width=400)

right frame.pack(side=tk.RIGHT, fill=tk. BOTH, padx=5)
right_frame.pack propagate(False)

# IR ] CRTE)

network frame = tk.LabelFrame(right frame, text=" ™ 2% 1% %", font=Arial', 12,
'bold"), fg="#2196F3")

network frame.pack(fill=tk.X, pady=5)

tk.Label(network_frame, text=f" #{ #i %y 1 : {self.video port} =
{self.audio_port}",
font=('Arial’, 9)).pack(pady=3)

self.network_button = tk.Button(network _frame, text="J 2 X 2 JR 55 #% ",
command=self.toggle network server,
font=('Arial', 11, 'bold"), bg="#4CAF50,
fg='white")
self.network button.pack(pady=>5, fill=tk.X, padx=10)

# N R ) 42
face_frame = tk.LabelFrame(right_frame, text="A iR 7", font=('Arial’, 12, 'bold"))
face frame.pack(fill=tk.X, pady=5)

model frame = tk.Frame(face frame)
model_frame.pack(fill=tk.X, padx=10, pady=5)

tk.Label(model frame, text="4%%4:").pack(side=tk. LEFT)
# self.model var ©.7E run() "FHILEIL
# ORAF NGRS A 16 3 F L 1) 51
self.face_model radios =[]
self.face_model radios.append(tk.Radiobutton(model frame, text="MBF",
variable=self.model var,
value="mobilefacenet"))
self.face_model radios[-1].pack(side=tk.LEFT, padx=5)
self.face_model radios.append(tk.Radiobutton(model frame, text="ARC",
variable=self.model var,
value="arcface"))
self.face_model radios[-1].pack(side=tk.LEFT, padx=5)
self.face_model radios.append(tk.Radiobutton(model frame, text="Fusion",
variable=self.model var,
value="fusion", command=self.on_face model changed))
self.face_model radios[-1].pack(side=tk.LEFT, padx=5)



# selfrecognition_var CL7E run() HHI4GEL
self.face_recognition_checkbox = tk.Checkbutton(face frame, text="J5 F A & i 51",
variable=self.recognition var,
command=self.toggle recognition, font=("Arial', 11))
self.face_recognition checkbox.pack(pady=>5)

# PERETY (BhMiisc ED

skip frame = tk.Frame(face frame)

skip_frame.pack(fill=tk.X, padx=10, pady=3)

tk.Label(skip_frame, text="1R} 5l #1 %", font=('Arial', 9)).pack(side=tk. LEFT)

self.skip_scale = tk.Scale(skip_frame, from_=1, to=10, orient=tk. HORIZONTAL,
length=150, command=self.update_skip frames)

self.skip_scale.set(3) # BRINEFE 3 Wik nl—ik

self.skip _scale.pack(side=tk.LEFT, padx=5)

tk.Label(skip_frame, text="11ii", font=('Arial’, 9)).pack(side=tk. LEFT)

tk.Button(face frame, text="yF M} 4 HI A", command=self.register current face,
font=('Arial’, 11), bg="#4CAF50', fg='white').pack(pady=5, fill=tk.X,
padx=10)

# Yitd AR

speaker frame = tk.LabelFrame(right frame, text=" 1}t i A 15 jl ", font=('Arial', 12,
bold)

speaker_frame.pack(fill=tk.X, pady=5)

if self.speaker recognition is not None:
# B
speaker model frame = tk.Frame(speaker frame)
speaker model frame.pack(fill=tk.X, padx=10, pady=5)

tk.Label(speaker model frame, text=" f A " font=(Arial, 10,
'bold")).pack(side=tk.LEFT)
# self.speaker_model var CU7E run() HHILGEL
# DR U TR NIRRT 6 B L A 5
self.speaker model radios =[]
self.speaker model radios.append(tk.Radiobutton(speaker model frame,
text="ECAPA",
variable=self.speaker model var,
value="ecapa",
command=self.switch_speaker model))
self.speaker model radios[-1].pack(side=tk.LEFT, padx=3)
self.speaker model radios.append(tk.Radiobutton(speaker model frame,
text="ResNet",



text="Fusion",

NG,

fg='white',

variable=self.speaker model var,

value="resnet",

command=self.switch_speaker model))
self.speaker model radios[-1].pack(side=tk.LEFT, padx=3)
self.speaker model radios.append(tk.Radiobutton(speaker model frame,

variable=self.speaker model var,

value="fusion",

command=self.on_speaker model changed))
self.speaker model radios[-1].pack(side=tk.LEFT, padx=3)

# self.speaker_recognition var C.{E run() "HHILHL
self.speaker recognition_checkbox = tk.Checkbutton(speaker frame, text="J3 F it

variable=self.speaker recognition var,
command=self.toggle speaker recognition,
font=('Arial', 11))

self.speaker recognition checkbox.pack(pady=>5)

# AR BoR

self.speaker result label = tk.Label(speaker frame, text="A& 27",
font=("Arial', 12, 'bold'"), fg='gray")

self.speaker result label.pack(pady=5)

# R E M
record_frame = tk.Frame(speaker frame)
record_frame.pack(fill=tk.X, padx=10, pady=5)

self.record button = tk.Button(record_frame, text="  FF IR %",
command=self.start recording,
font=('Arial', 10), bg="#FF5722', fg="white")

self.record_button.pack(side=tk. LEFT, padx=2, expand=True, fill=tk.X)

self.stop_record button = tk.Button(record frame, text="M 15 155",
command=self.stop_recording,
font=("Arial’, 10), bg="#9E9E9E',

state=tk. DISABLED)
self.stop_record button.pack(side=tk.LEFT, padx=2, expand=True, fill=tk.X)

self.recording_time label = tk.Label(speaker frame, text="3% % i £: 0.0 #b",
font=("Arial', 9))
self.recording_time label.pack()



else:
tk.Label(speaker_frame, text="1¢ 15 AR AA T H\n 15 % %% SpeechBrain",
font=("Arial', 10), fg="red").pack(pady=10)

# CIEMAEE L AL XE)

registered_frame = tk.LabelFrame(right frame, text="  2.yEMHE E", font=(Arial', 12,
'bold"), fg="#673AB7")

registered_frame.pack(fill=tk.X, pady=5)

tk.Button(registered_frame, text="  &F CiEMAR",
command=self.show registered people,
font=('Arial', 12, 'bold"), bg="#673AB7', fg='white',
height=2).pack(pady=10, fill=tk.X, padx=10)

# 0 BRI S 5]

multimodal frame = tk.LabelFrame(right_frame, text="  5¢¥ L ARG,
font=("Arial', 12, 'bold"), fe="#FF5722")

multimodal frame.pack(fill=tk. X, pady=5)

self.multimodal fusion var = tk.BooleanVar(value=False)

tk.Checkbutton(multimodal frame, text="7 F VU 25l A E",
variable=self.multimodal fusion var,
command=self.toggle multimodal fusion,
font=('Arial', 11, 'bold'"), fg="#FF5722").pack(pady=5)

tk.Label(multimodal frame, text=" fl & : A & (MBF+ARC) + & &
(ECAPA+ResNet)",
font=('Arial', 9), fg="gray").pack()

# e SRR

self multimodal result label = tk.Label(multimodal frame, text="> )i F",
font=('Arial', 11, 'bold'), fg="gray")

self.multimodal result_label.pack(pady=>5)

# e P EBE
weight frame = tk.Frame(multimodal frame)
weight frame.pack(fill=tk.X, padx=10, pady=3)

tk.Label(weight _frame, text=" A AL E ", font=("Arial', 9)).pack(side=tk. LEFT)

self.face_weight scale = tk.Scale(weight frame, from =0, to=1, resolution=0.1,
orient=tk. HORIZONTAL, length=100)

self.face_weight scale.set(0.5)

self.face_weight scale.pack(side=tk. LEFT, padx=5)



tk.Label(weight frame, text=" 7 & A H :", font=('Arial’, 9)).pack(side=tk.LEFT,
padx=(10,0))
self.speaker weight scale = tk.Scale(weight frame, from_ =0, to=1, resolution=0.1,
orient=tk. HORIZONTAL, length=100)
self.speaker weight scale.set(0.5)
self.speaker weight scale.pack(side=tk.LEFT, padx=5)

# {5 B BN
info_frame = tk.LabelFrame(right_frame, text="Z 4t H &", font=('Arial', 12, 'bold"))
info_frame.pack(fill=tk. BOTH, expand=True, pady=>5)

self.info_text = tk.Text(info_frame, height=15, font=("Courier', 9))
self.info_text.pack(fill=tk. BOTH, expand=True, padx=5, pady=5)

info_scrollbar = tk.Scrollbar(info_frame, command=self.info_text.yview)
info_scrollbar.pack(side=tk.RIGHT, fill=tk.Y)
self.info_text.config(yscrollcommand=info scrollbar.set)

self.log_info("=" * 40)
self.log_info("Z LA EMRI R A HEN")
self.log_info("=" * 40)

# R E AR
if hasattr(self, 'audio_device name'):
selflog_info(f" &AM & {self.audio device name}")

def run(self):
# SevIaate Ul 425
self.model var = tk.StringVar(value="fusion")
self.recognition var = tk.BooleanVar(value=False)
self.speaker recognition var = tk.BooleanVar(value=False)
self.speaker model var = tk.StringVar(value="ecapa") # #RiA{H ECAPA-TDNN

if not self.setup_camera():
return
if not self.setup_audio():
return
if not self.init_face recognition():

return

# 2l AIE AU AR (AT

self.init_speaker recognition()



# JRENHNLZRE
self.camera running = True
self.camera_thread = threading. Thread(target=self.camera_loop, daemon=True)

self.camera_thread.start()

# REhR R ERE ORMERE. #qlZE uD

self.recognition thread =  threading.Thread(target=self. async recognition worker,
daemon=True)

self.recognition_thread.start()

# RENEICRELRE (RREilcs &)

self.audio _capture_thread = threading. Thread(target=self.audio_capture loop,
daemon=True)

self.audio_capture thread.start()

# R BT AR RE
if self.speaker recognition is not None:
self.speaker thread =  threading.Thread(target=self.speaker recognition_loop,
daemon=True)
self.speaker_thread.start()

# WE Ul
self.setup_ui()

# SRR AFIER
if self.speaker recognition is not None:
self.update _speaker_list()

# Jazh Ul 55
self.root.after(100, self.update ui frame)

# 1oAT BRI
try:
self.root.mainloop()
except KeyboardInterrupt:
pass
finally:
self.cleanup()

def cleanup(self):

TRHEBHR (UALRO
DU IR P Pl A7 LR RE AT B2 Y

nnn



print(n\nn 4on=n % 60)
print(" IEFE R R SE...")
print(n:u * 60)

# LIR 10 WEFIERE

print("[1/6] WEF1EIRE..")

self.camera running = False

self.is recording = False

self.server running = False

self.stop event.set() # IHHIPTA LRSI

# BUR 20 KM R

print("[2/6] <AL IESE..")

network resources = [
(self.video_client, "#LANZ 7 ¥,
(self.audio_client, " & A% F ¥ "),
(self.video_server, "fA IR 55 #5"),
(self.audio_server, " AR 55 25")

for resource, name in network resources:
if resource:
try:

resource.close()
print(f" v {name} C.2C[H]")
except Exception as e:

print(f" X {name} M RI: {e}™)

# PUR 3. FRETH TAELIES R i)

print("[3/6] &4 TAELFEEER..")

threads_to_wait = |
(self.camera_thread, "FHHLRELIE", 2.0),
(self.video_encoder_thread, "MANgmtS ZF2", 2.0),
(self.recognition_thread, "1 ZEF£", 3.0),
(self.audio_capture_thread, "& 4K EELLFE", 2.0),
(self.speaker_thread, "#iif AR ZFE", 3.0),
(self.video_send_thread, "#iAI K% ZEF2", 2.0),
(self.audio_send_thread, "& A I L FE", 2.0)

for thread, name, timeout in threads_to_wait:
if thread and thread.is_alive():
print(f"  ZE£F {name}...")

thread.join(timeout=timeout)



if thread.is_alive():

print(f" A {name} N RUIN (CoRi|4KS) ")
else:

print(f" v {name} 5 1L")

# JPIR 4 CHZ R
print("[4/6] <P ZAE...")
if hasattr(self, 'thread_pool') and self.thread_pool:
try:
self.thread_pool.shutdown(wait=True, timeout=3.0)
print(" v ZRFEILEIEH")
except Exception as e:

print(f" A ZeFEih IS RIK: {e)")

# DUR 50 G E A BT
print("[5/6] J<HIFHMTEIE...")
if hasattr(self, 'audio_stream') and self.audio_stream:
try:
if self.audio_stream.is_active():
self.audio_stream.stop_stream()
self.audio_stream.close()
print(" v HEHIREIH")
except Exception as e:
print(f" X BRI AR {e}")

if hasattr(self, 'audio') and self.audio:
try:
self.audio.terminate()
print(" v PyAudio £ 1L")
except Exception as e:
print(f" X PyAudio & 1R {e}")

# JLIR 6: CHHAHBLAN B i
print("[6/6] < FIAHHLANEHE 2 ...")
if hasattr(self, 'cap') and self.cap:
try:
self.cap.release()
print(" v FHNLCREIL")
except Exception as e:

print(f" X FHHUREI RN {e}")

# O P B P A B
if hasattr(self, 'db_manager') and self.db_manager:
try:



self.db_manager.close()
print(" v FdE EIER 2 OCHTY)
except Exception as e:

print(f" X BdE PRI ORI {e)")

# V& Opencv & 11
cv2.destroyAllWindows()

print("="* 60)
print("v RACTEEKMA")
print("="* 60)

def main():
print("="* 70)
print("ZEEEYIRAM RS - AN+ BiE A"
print("="* 70)
print(" DI HE:")
print(" v AMIRFI: MobileFaceNet / ArcFace / Fusion")
print(" v Vii% AR5 ECAPA-TDNN / ResNet34-SE")
print(" v RUBLZSEEES L")
print(" v IRZ& ki KLH(9999) / #54i(9998)")
print()
print("PLAERE:")
print(" ¢ FAELRM + FEERAY")

print(" <« MBVEEMA CRE—~HS—KIX)")
print(" * TCBIFAIELZX (FH)")

print(" * WIAAEM (9> GC)")

print(" * CPU HI&MN (JPEG Fi&)")

print("="* 70)

system = MultimodalBiometricSystem()
system.run()

if _name__=="__main__":

main()



