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main_map.py(¥—-N—, vy Iy F V)

# main.py (& EXIGHR)

import sqlite3

from fastapi import FastAPI
from pydantic import BaseModel
from datetime import datetime

from predictor import predict_next_location # ( Z LI X D
ATy 7 TEIEL £9)

#--V2y Ty F VUV -

import osmnx as ox

import networkx as nx

from shapely.geometry import Point, LineString
from shapely.ops import nearest_points

H-- ATV Ty TV A

o T S R D
DB_NAME = 'locations.db’

def setup_database():
conn = sqlite3.connect(DB_NAME)
cursor = conn.cursor()

# detections 7 — 7V IC sound_intensity 77 7 2 %380

i

cursor.execute(’
CREATE TABLE IF NOT EXISTS detections (
id INTEGER PRIMARY KEY AUTOINCREMENT,
latitude REAL NOT NULL,
longitude REAL NOT NULL,
sound_intensity REAL NOT NULL,
timestamp TEXT NOT NULL

)
")

# predictions 7 — 7V (A HE & L)
cursorexecute(""
CREATE TABLE IF NOT EXISTS predictions (
id INTEGER PRIMARY KEY AUTOINCREMENT,
latitude REAL,
longitude REAL,
timestamp TEXT NOT NULL

)
")

conn.commit()

conn.close()

print(f" 7 — & ~— % '(DB_NAME} DHE(#A5E T L & L
720 M)

# --- FastAPl 7 7" U @ HEfj ---

# AR5 5RITES T — X1 sound_intensity % JB I
class LocationData(BaseModel):

latitude: float

longitude: float

sound_intensity: float

app = FastAPI()

#-- W — N —BHIFFIC 1 B2 TR EZ e — F V-
print("EAATH O T — X A w - FLTwE .. (FH
~HABrr0Ed) "

place_name = "Takamatsu, Kagawa, Japan”

try:
#GEZu— A E LTr—F L, & cfz
595193

G = ox.graph_from_place(place_name,
network_type='drive")

print("MIX T - Da - FET, ")
except Exception as e:

print(f" T 7 — HXF— 2 D&Y7 v — Fic kL %
L7z, {e}")

G=None# T 7 —D¥{5(3 G % None i L TH{
#---AZZETA-—-

@app.get("/")
def read_root():
return {"message": "% 2 BEBEAISCHE > X T L APL 3

— N

@app.post("/location")
def receive_location(data: LocationData):
now =
datetime.now().strftime('%Y-%m-%d %H:%M:%S")
try:
conn = sqlite3.connect(DB_NAME)
cursor = conn.cursor()
#RIET 27— 2 ICHEEEM
cursor.execute(
"INSERT INTO detections (latitude, longitude,
sound_intensity, timestamp) VALUES (?,?,?2,7)",
(data.latitude, data.longitude, data.sound_intensity,
now)

conn.commit()
conn.close()
except Exception as e:

print(f" X [(RAFERIB] = 7 —: {e}")

return {"status": "ok"}

@app.get("/predict™)
def get_prediction():

#1LACKEY O MEoFH] %5HE

# (predictor.py 1325 D& {"lat": None, "lon": None} %
BT LHIcmoTnEd)

predicted_location = predict_next_location()

if predicted_location:
try:
# - JOBINZTE: 7 — 2 2378 (NULL) 2 &5 22 % F
V7 -
#2257 — X (None) DB, v~y I~y F Vv r%
AF¥ v T LTCZDEFRIE~ED

if predicted_location['lat'] is None:
final_pred_lat = None
final_pred_lon = None
mm_status = "SKIPPED (No Data)"

else:



#--VW2 vy TeyFvrick aRENE (5
— RN H LW TET) W

#GHE—FPRBRLTWwALT T —
if G is None:

return {"status”: "error”, "message": "Map data
(G) is not loaded."}

# 2a. (R D T HIALE &2 B
raw_lat = predicted_location|['lat']
raw_lon = predicted_location['lon']

#2b RO TVHINIER [5H] A 7Y 27 b icki
(REEE, F&RE o JIE)

raw_point_geom = Point(raw_lon, raw_lat)

#2c. HIK(G) A5 [F DI VER ] % @ aaR
(R, 78 D JIE)

edge_id = ox.nearest_edges(G, X=raw_lon,
Y=raw_lat)

#2d. B DO IR 7 — X (LineString) % IS
edge_data = G.edges[edge_id]
if 'geometry’ in edge_data:
road_geom = edge_data['geometry']
else:
u_node = G.nodes[edge_id[0]]
v_node = G.nodes[edge_id[1]]
road_geom = LineString([(u_node['x"],
u_node['y']), (v_node['x"], v_node['y'])])

#2e [EOTFHlL] % NEK] okiczxry 7

BIERL)

snapped_point_on_road, _ =
nearest_points(road_geom, raw_point_geom)

#20 fIE S N7 TR THIGIE ) % B
final_pred_lon = snapped_point_on_road.x
final_pred_lat = snapped_point_on_road.y
mm_status = "DONE"

H---A~Vy Ty F VTN ETA---
#--- 3R PSS (£721L NULL) % DB i<
TRAEE -
now =
datetime.now().strftime('%Y-%m-%d %H:%M:%S")

conn = sqlite3.connect(DB_NAME)
cursor = conn.cursor()

# final_pred_lat 2% None 7z &, DB iCIZ NULL & L
TRFFEN D

cursor.execute(
"INSERT INTO predictions (latitude, longitude,
timestamp) VALUES (2,7, ?)",
(final_pred_lat, final_pred_lon, now)

conn.commit()
conn.close()

#u 7

if final_pred_lat is not None:

print(f"#i £ O FRINL E: fE
={final_pred_lat:.6f}, #£/%={final_pred_lon:.6f}

({mm_status})")
else:

print(f" FH#l: 7 — X2 KR D7D 3T — 2 ik
L % L 7z ({mm_status})")

#IZVEDHIERDO D DICT 2

final_output = {"lat": final_pred_lat, "lon":
final_pred_lon}

return {"status": "success", "predicted_location":
final_output}

except Exception as e:
print(f" Pl L 7z ik~ I~y F v rice 7 —:
{e}")
return {"status": "error", "message": f"Prediction
failed: {e}"}

else:
return {"status”: "error”, "message": "Not enough data
to predict."}

@app.get("/latest_prediction™)
def get_latest_prediction():

g g A b RO TR 1 AR L
e

print("DEBUG: /latest_prediction 25FE UM 2 v & L
Too ") #KUEUNH LR m &

# - THFHE O AT ---

predicted_location = predict_next_location()

# - MR D DB IRTF -
if predicted_location:
try:
now = datetime.now().strftime('%Y-
m-%d %H:%M:%S")
conn_save = sqlite3.connect(DB_NAME) # {£77-F =
F7vav
cursor_save = conn_save.cursor()
print(f"DEBUG: predictions 7 — 7L~ DIRTFALT:
lat={predicted_location['lat']},
lon={predicted_location['lon']}, time={now}") # * &k
ffuzs
cursor_save.execute(
"INSERT INTO predictions (latitude, longitude,
timestamp) VALUES (2,2,7)"
(predicted_location['lat'], predicted_location['lon'],
now)

)

conn_save.commit()
conn_save.close()

print("DEBUG: predictions 7 — 7 4~ D{R{FK
Yo ") # *RIFKI v 7

except Exception as e:

#kokkkk 7 —FAERIC, BAANEZL 7 —NE
% HJT Jedokdox



print(f" X ERROR: T-Hlf#R D DB fRfFHICT T —
BFEELE L7 {e}")

print(f" = 7 — ¥ AERO T — X
{predicted_location}")

#

2. 2.2.8.0.0.0.0.6.6.0.0.6.0.0.000008.8.0.8.8.8.0.8.8.8.1
0. 8.8.8.8.8 ¢
#IRTFICRIL T B0 IS ILE A 5
pass# L7 =%V ORI, v FHLTRK
ittt

#--- DB 7> & BT O T SR % S -
try:
conn_fetch = sqlite3.connect(DB_NAME) # H{f5f = *
Jvav
cursor_fetch = conn_fetch.cursor()
cursor_fetch.execute("SELECT latitude, longitude
FROM predictions ORDER BY id DESC LIMIT 1")

result = cursor_fetch.fetchone()
conn_fetch.close()

if result:
print(f"DEBUG: 587 13l 0 BX45 2
lat={result[0]}, lon={result[1]}") # * SR n 7

return {"status": "success", "latitude": result[0],
"longitude": result[1]}
else:
print("DEBUG: predictions 7 — 7 /VICH &7 7 —

ARBY EtA, VEXT—ZLu S

return {"status": "nodata",
BEEDY EEA, "}

message": "Fifll 7 — %

except Exception as e:
print(f" X ERROR: &4 7illl® DB HifFHic = 7 — 3
FELE L {e}")
return {"status": "error", "message": "l D UfFIC
WLELA,

# Y= N—REFHC T — 2 N — 20 HEHi 2§ 5
setup_database()

predictor.py (FHE 7 1)
# predictorpy (IEFHE 7 1)

import sqlite3
import pandas as pd

# - RE -

DB_NAME = 'locations.db’
TIME_WINDOW_NOW =2 # [BifE] & H7o3IFE&
()
TIME_WINDOW PAST =5# [i@%| & KT 2 720 D
M (F)

def predict_next_location():

o

T—RR—ADT =X Hb, HOMIILED L L7
BT,
BRI D R D7 % Tl 2 B

try:
conn = sqlite3.connect(DB_NAME)

#---STEP L RTEM E 0 [H#EE ] (NE ¥ %) -

#T—ERN=2Ap b, TRT—ZDIEDTRTOT

—ZHEIET S

query_now = f"SELECT latitude, longitude,
sound_intensity FROM detections WHERE timestamp >=
datetime('now’, -{TIME_WINDOW_NOW} seconds',
'localtime")"”

df now = pd.read_sql_query(query_now, conn)

bl

A A A SR =R Vi A A 4
print(f"DEBUG: JHYE 7 — & Hif5#& 4: {len(df_now)}
7"

#7 ARy, ERRERAE R OBEIE
T HIA AT RE
#—IRFIIC 5 128
#if len(df_now) < 5: #or
df now['sound_intensity'].sum() ==
#print("FHIE TV BIET — 2 AR E L IEIERY
DDA Fy T # O SAEHE
#conn.close()
#return None

# %5 1 None Tld7e <. BARINIC [2E7 —
2] kBT

#treturn {"lat": None, "lon": None}

#1M8F =y 7
if len(df_now) < 1:
print("FHIE T BIET — X AR DD RET — &
ZIRLET
conn.close() # * % FEAL %
return {"lat": None, "lon": None} # %% 7 — X %X 3

#2. G5RAT OB OF 2y 2 xZIHEE
sound_sum_now = df now['sound_intensity'].sum()
if sound_sum_now ==

print("FHlE T RET -2 OEEARB 0 D72
DRET -2 EELET"

conn.close() # * % FEAL %

return {"lat": None, "lon": None} # %% 7 — # %X 3

#HUG L7227 — 2 F k0 [EFE] 258 L, THE
DL &35
#(BE*ERE)OAF 2, HEOAFTHS



#current_center_lat = (df_now['latitude'] *
df now['sound_intensity']).sum() /
df_now['sound_intensity'].sum()
#current_center_lon = (df_now['longitude’] *
df now['sound_intensity']).sum() /
df now['sound_intensity'].sum()
current_center_lat = (df_now['latitude’] *
df now['sound_intensity']).sum() / sound_sum_now
current_center_lon = (df_now['longitude'] *
df now['sound_intensity']).sum() / sound_sum_now
current_center = {
"lat": current_center_lat,
"lon": current_center_lon

}

#--- STEP 2: KRfiiEo [FHll| -

# HEHR L 725, D ULHIOF — 2B STRT — 4
bEDTHET 2

query_past = f"SELECT latitude, longitude,
sound_intensity FROM detections WHERE timestamp
BETWEEN datetime('now’, '-{TIME_ZWINDOW_NOW +
TIME_WINDOW_PAST} seconds’, 'localtime”) AND
datetime('now’, -{TIME_WINDOW_PAST} seconds’,
'localtime")"

df_past = pd.read_sql_query(query_past, conn)

#YVV 73y 7a 580 VYV
print(f"DEBUG: i 7 — & EUf5#& 4L: {len(df past)}
7

#HEDT —2 b5k, £E3EES YO
a3 T HIA AT RE
#—IRFIIC 5 ICATH
#if len(df_past) < 5: #or
df_past['sound_intensity'].sum() == 0:
#print("FHIE TV BET - AL R T IEEY
UDEHAFy I # 0 SEHE
#conn.close()
#return None

# *ZH 15 None Tlid7e . BI/RIIC 285 —
2| BRF

#treturn {"lat": None, "lon": None}

#3.BET - X OHHTF = v
if len(df_past) < 1:
print("FHlE TV BET - X KR DLDRET — &
ZIRLET
conn.close() # x4 $EAL %
return {"lat": None, "lon": None} # *%&7 — % % X3

#4BET -2 OERAFF = v 7 kT ZHEE
sound_sum_past = df_past['sound_intensity'].sum()
if sound_sum_past == 0:
print("FHllE T BETFT -2 DFEAF 0 D2
DRET—ZERELET"
conn.close() # x4 $EAL %
return {"lat": None, "lon": None} # % %&£ 7 — % % X3

# ARk DEFEohLE] bIMEVHCEE
#past_center_lat = (df_past['latitude'] *
df_past['sound_intensity']).sum() /
df_past['sound_intensity'].sum()
#past_center_lon = (df_past['longitude'] *
df past['sound_intensity']).sum() /
df past['sound_intensity'].sum()
past_center_lat = (df _past['latitude’] *
df past['sound_intensity']).sum() / sound_sum_past
past_center_lon = (df_past['longitude'] *
df past['sound_intensity']).sum() / sound_sum_past

past_center = {
"lat": past_center_lat,
"lon": past_center_lon

}

#2 O0MLELL, BE (7 M) ZEEEH
L)
velocity_vector = {
"lat": current_center|["lat"] - past_center["lat"],
"lon": current_center["lon"] - past_center["lon"]

}

#ARRDONEZ FH (EERL)

predicted_location = {
"lat": current_center|["lat"] + velocity_vector["lat"],
"lon": current_center["lon"] + velocity_vector["lon"]

}

# 7%y ZICEHRRERZ 2 — I F ViR

print("\n--- THIFIHREST (INETFT) ---")

print(f"3REEH L {current_center['lat']:.4f},
{current_center['lon']:.4f} ({len(df_now)} 52> & #EE)™)

print(f"# 75 H.0: {past_center['lat']:.4f},
{past_center|['lon']:.4f} ({len(df_past)} s 2> & HEE)")

print(f" T I &: {predicted_location['lat']:.4f},
{predicted_location['lon']:.4f}")

print("------m----mnomeeee- ")

conn.close()
return predicted_location

except Exception as e:
print(f" FHlE T AL TE 7 —=BFAL T L7 {e})
return None

evaluate.py(FHiz 7 J 7' 1)

import sqlite3

import pandas as pd

import math

import numpy as np

from shapely.geometry import Point, LineString
import argparse

import os

# - BIBGRE -

parser = argparse.ArgumentParser()
parseradd_argument('--speed’, type=int, required=True,
help="%5#&# &% (km/h)")



parser.add_argument('--phones’, type=int, required=True,
help=' 2= & HE")

parser.add_argument('--mode’, type=str, required=True,
help="£8€— N 4"
parser.add_argument('--output_detail’, type=str,
required=True, help="3fll 7 — % D{RFEIE CSV")
parser.add_argument('--append_summary’, type=str,
required=True, help="% & »#E R % EFL T 2 CSV)
parser.add_argument('--exp_id', type=str, default="00",
help="E5#%5")

parser.add_argument('--sigma_info', type=str, default="",
help="FR7E5%E")

args = parser.parse_args()

#ome B -
DB_NAME = "locations.db’
GROUND_TRUTH_FILE = 'ground_truth.csv'

#o FRELN T X — & e
PREDICT_LEAD_TIME =4  #4 %% Tl
IGNORE_INITIAL_STEPS =7 #i.b 230 0~6 B IR

# MEST M DFFRRAAE GREE D & HEIFHRD
ATE_THRESHOLD_METERS = (args.speed / 3.6) * 4.0

# - PEFRAE R R -
LAT_TO_M = 110946.0
LON_TO_M = 91165.0

def to_xy(lat, lon):
y =lat* LAT_TO_M
x=lon* LON_TO_M
returnx, y

def calculate_haversine_distance(lat1, lon1, lat2, lon2):
R =6371e3
phil = math.radians(lat1); phi2 = math.radians(lat2)
delta_phi = math.radians(lat2 - lat1)
delta_lambda = math.radians(lon2 - lon1)
a = math.sin(delta_phi / 2)**2 + math.cos(phil) *
math.cos(phi2) * math.sin(delta_lambda / 2)**2
¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1 - a))
returnR * ¢

def evaluate_model():
print(f"--- i 21T [ID:{args.exp_id}] ---")

#1. 7 — REiHhilH
try:
if not os.path.exists(DB_NAME):
print(f" T 7 —: 7 — X _— 2 {DB_NAME} 28 &2 2>
DEEAL, M

return

df truth = pd.read_csv(GROUND_TRUTH_FILE)
conn = sqlite3.connect(DB_NAME)
df pred = pd.read_sql_query("SELECT latitude,
longitude, timestamp FROM predictions ORDER BY id",
conn)
conn.close()
except Exception as e:

print(f"T 7 —: 7 — X DFiARIARICRKBL T L 72
{e}"
return
iflen(df_pred) == 0:
print("T 7 —: FHIT— 2B 0FTE, ")
return

#2. IEfE — M RRERK

truth_points_xy = [to_xy(r['correct_lat'], r['correct_lon'])
for _, rin df_truth.iterrows()]

truth_line = LineString(truth_points_xy)

results = []
list_xte =[]
list_ate =]

list_euclid = []

# 3. FHii v — 7

for t in range(len(df_pred)):
if t <IGNORE_INITIAL_STEPS: continue
pred_row = df pred.iloc[t]
if pred_row['latitude'] is None: continue

target_time =t + PREDICT_LEAD_TIME
if target_time >= len(df_truth): break

truth_row = df_truth.iloc[target_time]

# 3

pred_x, pred_y = to_xy(pred_row['latitude'],
pred_row]['longitude'])

pred_point = Point(pred_x, pred_y)

truth_x, truth_y = to_xy(truth_row['correct_lat'],
truth_row['correct_lon'])
truth_point = Point(truth_x, truth_y)

xte = truth_line.distance(pred_point)

dist_pred = truth_line.project(pred_point)
dist_truth = truth_line.project(truth_point)
ate = dist_truth - dist_pred

euclid =
calculate_haversine_distance(truth_row['correct_lat],
truth_row['correct_lon'], pred_row/['latitude’],
pred_row['longitude'])

list_xte.append(xte)
list_ate.append(ate)
list_euclid.append (euclid)

results.append ({

"Sim_Step": t, "Truth_Time": target_time,

"Pred_Lat": pred_row[ latitude'], "Pred_Lon":
pred_row['longitude'],

"Truth_Lat": truth_row['correct_lat'], "Truth_Lon":
truth_row['correct_lon'],

"Error_Euclid_m": euclid, "Error_XTE_m": xte,
"Error_ATE_m": ate

D

if len(results) ==
print("BEN T — 2 BB Y FEATL, ")

return



# 45

mae = np.mean(list_euclid)

rmse = np.sqrt(np.mean(np.array(list_euclid)**2))

avg_xte = np.mean(list_xte)

avg_ate = np.mean(np.abs(list_ate))

xte_hit = (np.sum(np.abs(list_xte) <=5.0) /
len(list_xte)) * 100

ate_hit = (np.sum(np.abs(list_ate) <=
ATE_THRESHOLD_METERS) / len(list_ate)) * 100

# XA T — ZB DO (R~ FEB < HR TR

detection_count = args.phones * len(results)

print(f" -> #&5 [ID:{args.exp_id}]: MAE={mae:.2f}m, #&
HI¥={detection_count}")

# [A] il 7 — % OfRTF
pd.DataFrame(results).to_csv(args.output_detail,
index=False)

#xkok T 2 TEENRZ B ko
if args.sigma_info:
with open(args.output_detail, 'a") as f:
#CSV OGRS X 5, a AV MTEHE L
T, E2zEFLWITE LTEM
fwrite(f"\n# Error_Settings,{args.sigma_info}")

print(f" -> FEMI{RTF: {args.output_detail} (X EMHER
FHH)")

#[B]E L7 74 L~DIBF
summary_data = {
"Exp_ID": args.exp_id,
"Mode": args.mode,
"Speed_kmh": args.speed,
"Phones": args.phones,
"MAE_m": round(mae, 2),
"RMSE_m": round(rmse, 2),
"XTE_Avg m": round(avg_xte, 2),
"ATE_Avg_m": round(avg_ate, 2),
"XTE_Hit_pct": round(xte_hit, 2),
"ATE_Hit_pct": round(ate_hit, 2),
"ATE_Threshold_m":
round(ATE_THRESHOLD_METERS, 2),
"Valid_Count": len(results),
"Detection_Count": detection_count,

"Error_Settings": args.sigma_info # * % £ % CSV iC d
}

df summary = pd.DataFrame([summary_data])

if not os.path.isfile(args.append_summary):
df_ summary.to_csv(args.append_summary,
index=False, encoding="utf-8-sig")
else:
df summary.to_csv(args.append_summary, mode="a’,
header=False, index=False, encoding="utf-8-sig")

print(f" -> ¥ & ®EFT T

if _name__ =="_main_":
evaluate_model()

simulatorpy(¥ I 2 L — % —)
# simulator.py (INEF#))

import requests
import time

import random
import osmnx as ox
import networkx as nx
import math

import csv

import argparse # 3B/

#-- VYV EIEERE (CC2EEHRAE) VWV -
parser = argparse.ArgumentParser()
parser.add_argument('--phones’, type=int, default=20,
help='2 <= = EE)

parser.add_argument('--speed’, type=int, default=40,
help="#J% (km/h)")

args = parser.parse_args()

#-- EHH -

SERVER_URL = "http://127.0.0.1:8003 /location”
NUMBER_OF_PHONES = args.phones # 5 [#{% {# 5
VEHICLE_SPEED_KMPH = args.speed # %5 | 5% fifi 5
GROUND_TRUTH_FILE = "ground_truth.csv'

#--- VYV IERE (WA 2 2 B OLAS) WYV .

#1382 A AT [P ] 8BS 1Y (o_physical)
PHYSICAL_SIGMA_METERS = 7.5 # %¥ALEN (2 Offix
1RE)

#2372 B: A~+ D [GPS HIE | 7 (o_gps)
GPS_SIGMA_METERS = 15 # % Z 7% 7.5m

#3. @I ORKE (v Iar—vavofud)
TAKAMATSU_LATITUDE = 34.34

#4. A — bk [E] SRR 300 ERZHE
METERS_PER_DEGREE_LAT = 111000.0
METERS_PER_DEGREE_LON =111000.0 *
math.cos(math.radians(TAKAMATSU_LATITUDE))

#5. [FE] BT OFEHER 72 (sigma) % FHEA

# PIBRIN 7805 1E Y F (0=15m)
PHYSICAL_SIGMA_LAT_DEG = PHYSICAL_SIGMA_METERS
/ METERS_PER_DEGREE_LAT
PHYSICAL_SIGMA_LON_DEG = PHYSICAL_SIGMA_METERS
/ METERS_PER_DEGREE_LON

# GPS MIE A (0=7.5m)

GPS_SIGMA_LAT_DEG = GPS_SIGMA_METERS /
METERS_PER_DEGREE_LAT

GPS_SIGMA_LON_DEG = GPS_SIGMA_METERS /
METERS_PER_DEGREE_LON

print(f"WA ¥ I 2 L — & (&7 L) &2H")
print(f" PIBETELS XD
o={PHYSICAL_SIGMA_METERS}m")

print(f" GPS HIE 7 : 6={GPS_SIGMA_METERS}m")



print(f" (SA filiZ o={math.sqrt(7.5**2 + 15**2):.2fjm T
FITLTL T W)
#--AAA ZZETHHLVEE AAA -

#--2—7 4 VT 4 BB
# ... (calculate_haversine_distance (3ZF % 7z L) ...

def calculate_haversine_distance(lat1, lon1, lat2, lon2):
R=6371e3
phil = math.radians(lat1); phi2 = math.radians(lat2)
delta_phi = math.radians(lat2 - lat1)
delta_lambda = math.radians(lon2 - lon1)
a = math.sin(delta_phi / 2)**2 + math.cos(phil) *
math.cos(phi2) * math.sin(delta_lambda / 2)**2
¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1 - a))
returnR * ¢

#-LHHF— 20Xy v —Fer— b EE -
#.(EHRL) ..

print("ERTT OB T — 2k Xy ve—FLTwE
ERY)

place_name = "Takamatsu, Kagawa, Japan"
G = ox.graph_from_place(place_name,
network_type='drive")

start_latlon = (34.335016,134.051001) # & 2 }h i A
end_latlon = (34.341181,134.043657) # 7+
#start_latlon = (34.347641,134.059944) # [ 2 % — b
#end_latlon = (34.347044,134.069018) # [Eift = — v
#start_latlon = (34.339827,134.041924) # —J5ilifT
#end_latlon = (34.339466,134.044353) # — /5817

start_node = ox.nearest_nodes(G, start_latlon[1],
start_latlon[0])

end_node = ox.nearest_nodes(G, end_latlon[1],
end_latlon[0])

print("EBAERER Z R LT E T

route_nodes = nx.shortest_path(G, start_node, end_node,
weight="length")

route_length_meters = nx.shortest_path_length(G,
start_node, end_node, weight="length")

speed_mps = VEHICLE_SPEED_KMPH * 1000 / 3600
edge_lengths = ox.routing.route_to_gdf(G,
route_nodes)['length'].tolist()

print(f" /L — b OFREEHE: {route_length_meters:.0f} m")

print(f"fFH 3~ % 22 1 D% {len(route_nodes)} 7 ")

#2032l —va VR -
print(f"\n ¥ I =L —> 3 VERAL T F. (BT — %
% {GROUND_TRUTH_FILE} IZ#£77)")

with open(GROUND_TRUTH_FILE, 'w', newline="") as f:
#..(CSV 74 2 — D, ~v X —FHEZiAD) .
writer = csv.writer(f)
writerwriterow(['time_step', 'correct_lat’,

‘correct_lon'])

foriin range(len(route_nodes) - 1):

#.. (27X MR IEf#E (correct_lat/lon) D
FHED) ..
u, v = route_nodes[i], route_nodes[i+1]
segment_length = edge_lengthsi]
travel_time_for_segment = segment_length /
speed_mps if speed_mps > 0 else 1
num_steps_in_segment =
round(travel_time_for_segment) if travel_time_for_segment
>0elsel
start_point = G.nodes[u]
end_point = G.nodes[v]
for t_segment in range(num_steps_in_segment):
progress = t_segment / travel_time_for_segment if
travel_time_for_segment > 0 else 1.0
correct_lat = start_point['y'] + (end_point['y'] -
start_point['y']) * progress
correct_lon = start_point['x'] + (end_point['x'] -
start_point['x']) * progress
total_time_step = sum([round(l / speed_mps) if
speed_mps > 0 else 1 for |l in edge_lengths[:i]]) +
t_segment

print(f"\n--- K %l: {total_time_step}f ---")
print(f" IEFHOLIE: 5 ={correct_lat:.4f}, %
={correct_lon:.4f}")

writer.writerow([total_time_step, correct _lat,
correct_lon])

# R~ F 2 DT — 2%
for _in range(NUMBER_OF_PHONES):

#---VVVWA i RIEET LB Y Y 7 VWV .

#1385 A AT [Ho | (iE %2k
(0=15m)

true_pos_error_lat = random.normalvariate (0,
PHYSICAL_SIGMA_LAT_DEG)

true_pos_error_lon = random.normalvariate(0,
PHYSICAL_SIGMA_LON_DEG)

phone_true_lat = correct_lat +
true_pos_error_lat

phone_true_lon = correct_lon +
true_pos_error_lon

#2. [HO) &7 — 2 2 (Fomsg [
L)

true_distance =
calculate_haversine_distance(correct_lat, correct_lon,
phone_true_lat, phone_true_lon)

sound_intensity = 1.0 / (true_distance + 1.0) #
*x [BEo| &

#3. 3475 B: [GPS #II5E ] 3472 % 4K (0=7.5m)

gps_error_lat = random.normalvariate(0,
GPS_SIGMA_LAT_DEG)

gps_error_lon = random.normalvariate (0,
GPS_SIGMA_LON_DEG)

#4. [R5 (i %55 = (L ON7E + GPS 3%
7)

phone_reported_lat = phone_true_lat +
gps_error_lat

phone_reported_lon = phone_true_lon +
gps_error_lon



#5553 27— 2 ([#HEH Y OLE] &
EoE])
simulated_data = {
"latitude": phone_reported_lat, # % ;27=d b
DALIE
"longitude": phone_reported_lon, # % ii7 &
Y DAL
"sound_intensity": sound_intensity # % ELO
GekEZx) &

}
#--—-AAA OV Y IEHIZET AAA -

try:
requests.post(SERVER_URL,
json=simulated_data, timeout=0.5)
except requests.exceptions.RequestException:
pass

try:
# Y — N —DIEE IR R
requests.get(SERVER_URL.replace("/location”,
"/predict"), timeout=0.1)
except requests.exceptions.ReadTimeout: pass
except requests.exceptions.RequestException: pass

time.sleep(1) # X ZE D79 1 B IR T

print("\n B EEL L7z, )

print(f"IEf# 7 — % % {GROUND_TRUTH_FILE} IZf£7E L &
L7z ™)

print("> I 2L —vavAETLELE, ")

visualize.py(AI#/LZX 7 U 7 1)
# visualize.py (GE&M : Effr— F L BRI F5F - =
VAT E)

import folium

import pandas as pd

import sqlite3

import osmnx as ox # {i[X| 7 — & & v — MO 72 D FH
AV E—F

import networkx as nx

import matplotlib.cmascm # A 7' 77— a v D ®
A vFR—F

import matplotlib.colors as mcolors # 8D 7' 7 7 — > =
VDDA VER— L

import argparse # 3B/

#--- VYV G HEE VYV -

parser = argparse.ArgumentParser()
parser.add_argument('--output’, type=str,
default="visualization.html', help="tH 71 7 7 4 14"
args = parser.parse_args()

print("7T — X R—=ZA0 b T — X kG HRIAALTHE T
DB_NAME = 'locations.db’

MAP_FILE_NAME = args.output # %544 5 % J i - 7z
FHi & S

try:

conn = sqlite3.connect(DB_NAME)

# sound_intensity b & ¥ Tt AiA L

df_detections = pd.read_sql_query("SELECT latitude,
longitude, sound_intensity FROM detections"”, conn)

df predictions = pd.read_sql_query("SELECT latitude,
longitude FROM predictions"”, conn)

conn.close()

#--VYVIEIER A v b 1 27— 2 OHIR VYV -
#NULL (None/NaN) 23& 1T\ 217 2 HlkR T 3
initial_len_pred = len(df_predictions)
df predictions =

df predictions.dropna(subset=['latitude’, 'longitude’])
dropped_count = initial_len_pred - len(df_predictions)

if dropped_count > 0:
print(f 8% P F -2 2 bE0TF—% (RF¥v 7
43) % {dropped_count} fFFRIFL F L7z, ™)
#---AAAEIEC 2T AAA

print(f" B %17 — £ {len(df_detections)}fF, F#l7 — %:
{len(df_predictions)}ff Z & il B E L7z, ")
except Exception as e:

print(f"L 7 —: F — XX — 2D FHARICKKL E L

720 {e}")
exit()

#--- M7 — & & IEff L — b OIS (simulatorpy & [A]
Laeyyz) -

print("IEfEL— P EFFRE LTV E T

place_name = "Takamatsu, Kagawa, Japan"

G = ox.graph_from_place(place_name,
network_type="drive")

start_latlon = (34.335016,134.051001) # & % s A
end_latlon = (34.341181,134.043657) # 7R+ FJR ¢

#start_latlon = (34.347641,134.059944) # TEifE 2 % — b
#end_latlon = (34.347044,134.069018) # TEifE = — L
#start_latlon = (34.339827,134.041924) # —J7 81T
#end_latlon = (34.339466,134.044353) # — /73817
#start_latlon = (34.343688, 134.041617) # s T.35
#start_latlon = (34.329261, 134.045442) # SEAK/NE 2 £
—F

#start_latlon = (34.342368,134.073443) # RO IRE R
#start_latlon = (34.348429,134.047003) # &%
#end_latlon = (34.348494,134.063067) # h ULl
#end_latlon = (34.340687,134.044412) # JR+Fbt
#end_latlon = (34.329261, 134.045442) # SEARANGE



start_node = ox.nearest_nodes(G, start_latlon[1],
start_latlon[0])

end_node = ox.nearest_nodes(G, end_latlon[1],
end_latlon[0])

route_nodes = nx.shortest_path(G, start_node, end_node,
weight="length")

#0SMnx D LV —F 4 v VB & #->T, EffL—
b DREEERRIE Y X b & B

# 5 ENE AL H 72 © T, resample_route_by_time &
i,

#GDF 225 ¥ A bV B3l L, MEREE Y X oAk
LET,

route_geom = ox.routing.route_to_gdf(G, route_nodes)
true_route_points = []
for geom in route_geom.geometry:
if geom.geom_type == 'Point"
true_route_points.append((geom.y, geom.x))
elif geom.geom_type == "LineString":
for coord in list(geom.coords):
true_route_points.append((coord[1], coord[0]))
# MultiLineString D& b EE (D74 v 235 2
e
elif geom.geom_type == 'MultiLineString":
for line in geom.geoms:
for coord in list(line.coords):
true_route_points.append((coord[1], coord[0]))
#EELHBRL, HHEEZRD
unique_true_route_points = []
seen = set()
for p in true_route_points:
if p not in seen:
unique_true_route_points.append(p)
seen.add(p)
print(f"IEf#FV— P DFFREAET LE Lz, )

# --- WX % AR K -
# 7T — 2 BHET 2 HE. ZohLEHIROFLIZT B
if not df_detections.empty:

map_center = [df _detections['latitude'].mean(),

df _detections|'longitude'].mean()]
else:

map_center = [34.3422, 134.0463] # 7 — X B W&
(AT AT

m = folium.Map(location=map_center, zoom_start=14)
print("HX EicF =4 % 7ry P LTWETL)

#---LIEfL—F (RREOKR) 27T v b -
if unique_true_route_points:
folium.PolyLine(unique_true_route_points,

color="darkgreen", weight=5, opacity=0.8, tooltip="1Ffi%#
N — bt "M.add_to(m)

#-- 2. BAT — 2 (HEO@BPIIGLAETIT—vay)
7Ry b -
if not df_detections.empty:

# 5 DT Oi/IME L RARMEZ T (0 BREZH 720
min/max I fHi1E)
min_intensity = df detections['sound_intensity'].min()
max_intensity = df detections['sound_intensity'].max()
if max_intensity == min_intensity: # 2 C[F U &R DY
/l_j\
norm = mcolors.NoNorm()
cmap = cm.get_cmap('viridis', 1) # H
else:
norm = mcolors.Normalize(vmin=min_intensity,
vmax=max_intensity)
cmap = cm.get_cmap('viridis') # H2 b ED 7T T

—vav

for _, row in df_detections.iterrows():
#HEOWBIICIE L ChEPE
rgba = cmap(norm(row['sound_intensity']))
hex_color = mcolors.to_hex(rgba) # #RRGGBB JZic

folium.CircleMarker(
location=[row(['latitude'], row['longitude']],
radius=2,
color=hex_color;
fill=True,
fill_color=hex_color,
fill_opacity=0.7,
tooltip=f"# &: {row['sound_intensity']:.4f}"
).add_to(m)

#--3. THIT — 2 (ROmeRoef) 27vy b -
if not df_predictions.empty:

# THIGCE 2R THR]) Cfb s

locations = df predictions[['latitude’,

'longitude']].values.tolist()
folium.PolyLine(locations, color="red", weight=2.5,

opacity=1, tooltip=""TF#l,* — + ").add_to(m)

# THINELZ R [H] ©7my 35
for _, row in df_predictions.iterrows():
folium.CircleMarker(
location=[row]['latitude'], row['longitude']],
radius=3,
color="red’,
fill=True,
fill_color="red’,
fill_opacity=0.8,
tooltip=""T-HI{7 &"
).add_to(m)

BB (79 —~—) BBl (RS T F— 3 V)
if not df_detections.empty and max_intensity >
min_intensity:
# 717 == HTML % 4%
colormap = cm.get_cmap('viridis")
html_legend = """
<div style="position: fixed;
bottom: 50px; left: 50px; width: 150px; height:
120px;
border:2px solid grey; z-index:9999; font-
size:14px;
background-color:white; opacity:0.9;">



<div style="padding: 5px;"><b> D i# X
</b></div>
<div style="background: linear-gradient(to top,

o

#0.0 25 1.0 T TOFEICHIGT 2% 20 B ¢4
X
colors = [mcolors.to_hex(colormap(norm(i / 19 *
(max_intensity - min_intensity) + min_intensity)))
foriin range(20)]
colors_str =", "join([f"{c} {i*5}%" for i, cin
enumerate(colors)])

html_legend +=f"""
{colors_str}

V\’/idth:ZOpx; height:80px; float:left; margin-
left:10px;"></div>
<div style="float:right; margin-right:10px; margin-
top:5px;">
<div>7 ({max_intensity:.2f})</div>
<div style="height:60px;"></div>
<div>fi ({min_intensity:.2f})</div>
</div>
</div>

m.get_root().html.add_child(folium.Element(html_legend))

m.save(MAP_FILE_NAME)
print(f"\n 58 7 ! '{MAP_FILE_NAME} 2MEK &1 L
2o )

run_auto.sh(BBHLZ 7 U 7 })
#!/bin/bash

o BELY T

SERVER_SCRIPT="main_map.py" # WA H—o3—
SIM_SCRIPT="simulator.py" #HWA Y IalL—2X
MODE_NAME="WA_MM" #E— 4

SIGMA_INFO="Physical=7.5m, GPS=15.0m"
# VYV (RIFRE DT VY

DIR_HTML="results_html"
DIR_CSV="results_csv"

SUMMARY_FILE="5EEi#% R WA.csv"

# RS
SPEEDS=(40)
PHONES=(10)

B — S — b B
PORT=8003
START_ID=43

# 7 4V ZVERK
if [!-d "$DIR_HTML" |; then mkdir -p "$DIR_HTML; fi
if [ ! -d "$DIR_CSV" ]; then mkdir -p "$DIR_CSV"; fi

echo" A~ — I AEFE (FRBMRERT %) BlG"
echo" £ — F:$MODE_NAME"

CURRENT_ID=$START_ID

for SPEED in "${SPEEDS[@]}"; do
for PHONE in "${PHONES[@]}"; do

ID_STR=$(printf "%02d" $CURRENT_ID)

BASE_NAME="${ID_STR}_${MODE_NAME}_${SPEED}km_$

{PHONE}&"
HTML_FILE="${DIR_HTML}/${BASE_NAME}.html"
CSV_DETAIL="${DIR_CSV}/${BASE_NAME}.csv"

echo

echo”

echo ">>> S [ID: $ID_STR] : 3% £ =${SPEED}km/h,
BE=${PHONE} "

echo"

#1.DB HIFR
echo"[1/5] T — & =AUty }"
if [ -f "locations.db" |; then rm "locations.db"; fi

#2. 9 — N —jiLH)

echo "[2/5] % — S — KB (R DL £ 5)..

# 1 7% serverlog ICH X I3 (= 7 —ERHD)
uvicorn main_map:app --port $PORT --log-level info >

server_mm.log 2>&1 &
SERVER_PID=$!

# - ok x fE1E: Python % {ifi o 72 REFEALEHE Jod o ---
echo" Y —N—DEEEHFoTE T,

MAX_RETRIES=60
COUNT=0
SERVER_READY=0

while [ $COUNT -1t $MAX_RETRIES |; do
#Python V¥ 74 F—CHTTP A7 — X AF = v

# K1(200) 7 ST H - FTHT 2 — F 0. Kl
BbRTa—F1

python3 -c "import urllib.request; import sys;
sys.exit(0 if
urllib.request.urlopen(‘http://127.0.0.1:$PORT/").getcode(
) ==200else 1)" > /dev/null 2>&1

#IEHD 3~ FENBEIN0) 7 b — 7R RIT

if[$? -eq 0 ]; then
SERVER_READY=1
break

fi



sleep 2
COUNT=$((COUNT + 1))

nn

echo-n".
done

nm

echo

if [ $SERVER_READY -eq 1 ]; then
echo" -> ¥ — N—¥Ef5ET | (PID:
$SERVER_PID)"
else

echo" X T7— ¥—~"=EHLFHATL

echo" serverlog ZHfERA L T Z X "
kill $SERVER_PID
exit 1

fi

#--- AAABIEC 2E T AAA -

#3.v 32l —va VET

echo"[3/5] ¥ I = L — 3 VETH."

python "$SIM_SCRIPT" --speed "$SPEED" --phones
"$PHONE"

echo" ->5ET"

#4. 9 — N —f5k
kill $SERVER_PID
sleep 2

# 5. Visualize
echo "[4/5] HUKITERL.."

python visualize.py --output "$HTML_FILE"
echo" ->$HTML_FILE"

# 6. Evaluate

echo "[5/5] #Fffi + #E5]."

python evaluate.py \
--speed "$SPEED" \
--phones "$PHONE" \
--mode "$MODE_NAME" \
--output_detail "$CSV_DETAIL" \
--append_summary "$SUMMARY_FILE" \
--exp_id "$ID_STR™\
--sigma_info "$SIGMA_INFO"

echo” ->%&7 (ID: $ID_STR)"

CURRENT_ID=$((CURRENT_ID + 1))

done
done

echo

P27AT VYT SV r—vav
// MainActivity.kt (& B R REEEEST %)

package com.example.emergencyvehiclenotifier // % & 7z
2Dy r =Y HILHbE TR

// (75 import 31344 W%, Android Studio 75 HE) T8
fmLcnEd)

import android.Manifest

import android.annotation.SuppressLint // SuppressLint
EAH S 70 IC L EE

import android.content.Context

import android.content.pm.PackageManager

import android.graphics.Color

import android.location.Location

import android.media.*

import android.os.*

import android.util.Log

import android.widget.TextView

import android.widget.Toast

import
androidx.activity.result.contract.ActivityResultContracts
import androidx.appcompat.app.AppCompatActivity
import androidx.constraintlayout.widget.ConstraintLayout
import androidx.core.content.ContextCompat

import com.google.android.gms.location.*

import
com.google.android.gms.maps.CameraUpdateFactory
import com.google.android.gms.maps.GoogleMap
import com.google.android.gms.maps.MapView
import
com.google.android.gms.maps.OnMapReadyCallback
import
com.google.android.gms.maps.model.BitmapDescriptorFac
tory

import com.google.android.gms.maps.model.LatLng
import com.google.android.gms.maps.model.Marker
import
com.google.android.gms.maps.model.MarkerOptions
import kotlinx.coroutines.*

import org.jtransforms.fft. DoubleFFT_1D

import retrofit2.Response

import retrofit2.Retrofit

import retrofit2.converter.gson.GsonConverterFactory
import retrofit2.http.Body

import retrofit2.http.GET

import retrofit2.http.POST

import java.util.LinkedList

import kotlin.math.*

J] - F =S EBERDF =27 5 A
data class LocationData(

val latitude: Double,

val longitude: Double,

val sound_intensity: Double

)

data class PredictionResponse(
val status: String,
val latitude: Double?,
val longitude: Double?

)

// --- Retrofit APl f v X —7 = — & -

interface ApiService {
@POST ("location")



suspend fun sendLocation(@Body location:
LocationData): Response<Unit>

@GET ("latest_prediction™)

suspend fun getLatestPrediction():
Response<PredictionResponse>
// @GET("predict")
// suspend fun triggerAndGetPrediction():

Response<PredictionResponse> // BA%t# % 2550
}

class MainActivity : AppCompatActivity(),
OnMapReadyCallback {

/] - EE -~

private val TAG = "MainActivity"

private val POLLING_INTERVAL_MS = 5000L

private val ALERT_DISTANCE_METERS = 500.0

private val MAX_AMPLITUDE = 15000.0

private val DEFAULT_LOCATION = LatLng(34.34,
134.04)

private val DEFAULT_ZOOM = 14f

/[ - B LR -

private val sampleRate = 44100

private val bufferSizeInBytes =
AudioRecord.getMinBufferSize(sampleRate,
AudioFormat.CHANNEL_IN_MONO,
AudioFormat.ENCODING_PCM_16BIT)

private val bufferSizeInShorts = if (bufferSizeInBytes >
0) bufferSizeInBytes / 2 else 1024

private var audioRecord: AudioRecord? = null

private var isRecording = false

private var audioJob: Job? = null

private val sirenFreqMin = 700.0

private val sirenFreqMax = 1500.0

private val freqHistory = LinkedList<Double>()

private val historySize = 5

/] - Ul B -

private lateinit var statusTextView: TextView
private lateinit var distanceTextView: TextView
private lateinit var mainLayout: ConstraintLayout
private lateinit var mapView: MapView

private var googleMap: GoogleMap? = null

private var predictionMarker: Marker? = null
V7AAAZCY A AAY

private lateinit var currentAmplitudeTextView: TextView
private lateinit var sentIntensity TextView: TextView
// AAAES] AAA

// - PLE T & E1F -
private lateinit var fusedLocationClient:
FusedLocationProviderClient
private var currentLocation: Location? = null
private val apiService: ApiService by lazy {
Retrofit.Builder()

//
ek ek ek ok ek kA ok ok ok ek ok ok Ak ok ek ko

ke
//* %, BIDPCOIP T FL RICEX
AT T %
//
e ek ko ok ok ok ke ke ke sk ke ke ok ok ke ke ke ke ke sk ok ok ok
ok ke

.baseUrl("http://192.168.10.5:8000/™)
.addConverterFactory(GsonConverterFactory.create(

)
build()
.create(ApiService::class.java)

}

/] F=V v 7 GEMIELT) BHE -
private val handler = Handler(Looper.getMainLooper())
private var pollingJob: Job? = null

/] MERY 72 ATV F v — -
private val permissionLauncher =
registerForActivityResult(
ActivityResultContracts.RequestMultiplePermissions()
) { permissions ->
val granted = permissions.entries.all { it.value }
if (granted) {
Log.d(TAG, "HEMR A T 5 L 72"
initializeComponents()
}else {
Toast.makeText(this, "~ £ 2 & i [&EER D HER 2326

$1-¢ 9", Toast. LENGTH_LONG).show()
Log.e(TAG, "HERRDMER T L 72"
statusTextView.text = "HE[R 23 LT <"

3
3

/=T 7T AT ATAT7H A TN -

override fun onCreate(savedInstanceState: Bundle?) {
super.onCreate(savedInstanceState)
setContentView(R.layout.activity_main)
Log.d(TAG, "onCreate")

// Ul B35 % HUS:

statusTextView = findViewByld(R.id.statusTextView)

distanceTextView =
findViewByld(R.id.distanceTextView)

mainLayout = findViewByld(R.id.mainLayout)

mapView = findViewByld(R.id.mapView)

// YYVETvYY

currentAmplitudeTextView =
findViewByld(R.id.currentAmplitudeTextView)

sentIntensity TextView =
findViewByld(R.id.sentIntensity TextView)

// AAAES AAA

mapView.onCreate(savedInstanceState)
mapView.getMapAsync(this)

fusedLocationClient =
LocationServices.getFusedLocationProviderClient(this)

checkPermissionsAndStart()

}

override fun onMapReady(map: GoogleMap) {
googleMap = map
Log.d(TAG, "H#1] D HEfi5e 1)

googleMap?.moveCamera(CameraUpdateFactory.newLatLn
gZoom(DEFAULT_LOCATION, DEFAULT_ZOOM))
enableMyLocation()



}
/] - VUL EHERRF = » 7 -

private fun checkPermissionsAndStart() {

Log.d(TAG, "#EFR % ffEsE H..")

val permissionsNeeded = arrayOf(
Manifest.permission.RECORD_AUDIO,
Manifest.permission.ACCESS_FINE_LOCATION,
Manifest.permission.ACCESS_COARSE_LOCATION

).filter {
ContextCompat.checkSelfPermission(this, it) !=

PackageManager.PERMISSION_GRANTED

}

if (permissionsNeeded.isNotEmpty()) {
Log.d(TAG, "HEfR%Z ) 7 = Z b
$permissionsNeeded")

permissionLauncherlaunch(permissionsNeeded.toTypedA

rray())
}else {

Log.d(TAG, "B EAMERIZ TR TAHEINTHET
p)
initializeComponents()

}
}

private fun initializeComponents() {
Log.d(TAG, "2 ¥ & — % ¥ b ZFIHHLAH.")

statusTextView.text = "fRFHH.."
startLocationUpdates()
startAudioProcessing()
startPolling()
enableMyLocation()

}

@SuppressLint("MissingPermission") // #EfRF = v 7
IO LITTAT D
private fun enableMyLocation() {
if (hasLocationPermission()) {
try {
googleMap?.isMyLocationEnabled = true
Log.d(TAG, "Hi D BIfEHI L 4 ¥ —H#hL")
} catch (e: SecurityException) {
Log.e(TAG, "HulX| 0 BIfE#1F/R CHEFR = 7 —", e)
}
}else {
Log.w(TAG, "BR7EHI L A ¥ —HRMEAT]  MEfR 7 L

/[ - BCE IR D ML ---
@SuppressLint("MissingPermission™)
private fun startLocationUpdates() {

if (thasLocationPermission()) return

val locationRequest =
LocationRequest.Builder(Priority.PRIORITY_HIGH_ACCUR
ACY, 5000L)
.setMinUpdateIntervalMillis(2000L)
build()

val locationCallback = object : LocationCallback() {

override fun onLocationResult(locationResult:
LocationResult) {
locationResult.lastLocation?.let {
currentLocation = it
Log.v(TAG, "SifEHIBEHT: ${itlatitude},
${it.longitude}")
3

}
}
try {

fusedLocationClient.requestLocationUpdates(locationRequ
est, locationCallback, Looper.getMainLooper())

Log.d(TAG, "B EHR DO ERHZHHB L £ L7
} catch(e: SecurityException) {
Log.e(TAG, "M EHHEH ) 7 = X + KM, e)
} catch (e: Exception){
Log.e(TAG, "M EIEMFMGRF O T 7 —", e)

3
}

/] - BRI & B A4 L v RA] -
@SuppressLint("MissingPermission")
private fun startAudioProcessing() {
if ("hasRecordAudioPermission() || isRecording)
return

try {
audioRecord =
AudioRecord(MediaRecorder.AudioSource.MIC,
sampleRate, AudioFormat.CHANNEL_IN_MONO,
AudioFormat.ENCODING_PCM_16BIT, bufferSizeInBytes)
if (audioRecord?.state !=
AudioRecord.STATE_INITIALIZED) {

Log.e(TAG, "AudioRecord FJHA{LAEL™) ; return

audioRecord?.startRecording()
isRecording = true

Log.d(TAG, "& /i §% & BIA")
audioJob = CoroutineScope(Dispatchers.l0).launch {

Process.setThreadPriority(Process.THREAD_PRIORITY_UR
GENT_AUDIO)

val audioBuffer = ShortArray(bufferSizeInShorts)

val fft =
DoubleFFT_1D(bufferSizeInShorts.toLong())

val fftBuffer = DoubleArray(bufferSizelnShorts *
2)

while (isActive && isRecording) {
val readResult = audioRecord?.read (audioBulffer,
0, bufferSizelnShorts) ?:
AudioRecord. ERROR_INVALID_OPERATION
if (readResult > 0) {
val rmsAmplitude =
calculateRMS (audioBuffer, readResult)
val dominantFreq = performFFT(audioBuffer,
readResult, fft, fftBuffer)

IAAALEYIEAAY
// Ul AL v F CHIfED & & % FRR
withContext(Dispatchers.Main) {

currentAmplitudeTextView.text =
"%.1f".format(rmsAmplitude)



// AAAES] AAA

if (isSirenDetected(dominantFreq)) {
Log.i(TAG, "% 4 L V1Al | Freq: %.1f Hz,
RMS: %.1f".format(dominantFreq, rmsAmplitude))
withContext(Dispatchers.Main)
{ statusTextView.text = "3 4 L VIH | 7 — Xi%f5

L)
sendSirenDataToServer(rmsAmplitude)
delay(100)
freqHistory.clear()
withContext(Dispatchers.Main)

{ statusTextView.text = "t H.." }

} e}lse if (readResult < 0) {
Log.w(TAG, "AudioRecord #t#iAA T 7 —:
$readResult")
isRecording = false
}
}
Log.d(TAG, "B AL a L —F v #T™)
/] aAn—F VIETRIZ Y Y — R R
withContext(Dispatchers.Main) { // Ul AL v F
TY Y — RERUTEET 2 _RE 20, v T LT
audioRecord?.stop()
audioRecord?.release()
audioRecord = null
isRecording = false
Log.d(TAG, "AudioRecord Y V — R L")
}

} catch (e: SecurityException) {

Log.e(TAG, "AudioRecord HEfR = 7 —", e)
} catch (e: Exception) {

Log.e(TAG, "& 7 ULBRBHAR R I, €)

}
3

// RMS FH&
private fun calculateRMS(buffer: ShortArray, readSize:
Int): Double {
if (readSize <= 0) return 0.0
var sumSquare = 0.0
for (iin O until readSize) {
sumSquare += buffer[i] * buffer(i]
}
return sqrt(sumSquare / readSize)

}

// FFT 9247 & SRR R
private fun performFFT (audioBuffer: ShortArray,

readSize: Int, fft: DoubleFFT_1D, fftBuffer: DoubleArray):
Double {

for(i in 0 until readSize) fftBuffer[i] =
audioBuffer[i].toDouble()

for(i in readSize until bufferSizelnShorts) fftBuffer[i] =
0.0

fft.realForward(fftBuffer)

var maxMagnitude = -1.0
var dominantFreq = 0.0
for (i in 0 until bufferSizeInShorts / 2) {
val real = if (i == 0) fftBuffer[0] else fftBuffer[2 * i]

val imag = if (i == 0) 0.0 else fftBuffer[2 *i + 1]
val magnitude = sqrt(real * real + imag * imag)
if (magnitude > maxMagnitude) {
maxMagnitude = magnitude
dominantFreq =i * sampleRate.toDouble() /
bufferSizeInShorts

}
3

return dominantFreq

}

/] AV VHERY v 2
private fun isSirenDetected (dominantFreq: Double):
Boolean {
val inRange = dominantFreq in
sirenFreqMin..sirenFreqMax
if (!inRange) return false

freqHistory.add(dominantFreq)
if (freqHistory.size > historySize)
freqHistory.removeFirst()

val distinctFreqCount = freqHistory.distinctBy
{ round(it / 50.0) * 50.0 }.size
return distinctFreqCount > 1

}
/] - F =3 5 -

private fun sendSirenDataToServer(amplitude: Double) {
val loc = currentLocation ?: run {
Log.w(TAG, "7 — X X540 @ IRFEHIASHA™)
runOnUiThread { Toast.makeText(this, "B 7E 1 23 HY

BT & A", Toast LENGTH_SHORT).show() }
return

3

val normalizedIntensity = (amplitude /
MAX_AMPLITUDE).coerceln(0.0, 1.0)

Log.d(TAG, "4 E: %.1f, IERIL
#: %.3f" format(amplitude, normalizedIntensity))

VIAAALCY A AAY
// Ul AL v FTEE L 2R Z IR
runOnUiThread {

sentIntensity TextView.text =
"%.3f".format(normalizedIntensity)

}
// AAAEN AAA

val data = LocationData(
latitude = loc.latitude,
longitude = loc.longitude,
sound_intensity = normalizedIntensity

)

CoroutineScope(Dispatchers.10).launch {

try {
val response = apiService.sendLocation(data)
if (response.isSuccessful) {

Logi(TAG, "# — N —~D T — ZEZKIN™)
}else {
Logw(TAG, "¥ — X —x 7 —:
${response.code()}")



} catch (e: Exception) {
Log.e(TAG, "4 — X —~ D% 5EL", e)
}

}
}

/] - EI T RSLE OIS (K=Y v ) -
private fun startPolling() {
if (pollingJob?.isActive == true) return
Log.d(TAG, "+ — 1 v Z'FllEa")
pollingjob =
CoroutineScope(Dispatchers.Default).launch {
while(isActive) {
fetchLatestPrediction()
delay(POLLING_INTERVAL_MS)

Log.d(TAG,"F— 1V v Z#&T™

}
}

private suspend fun fetchLatestPrediction() {
try {
val response = apiService.getLatestPrediction()
//val response =
apiService.triggerAndGetPrediction()

if (response.isSuccessful && response.body() !=
null) {
val prediction = response.body()!!

// if (response.isSuccessful && response.body() !=
null) {
// val prediction = response.body()!!

if (prediction.status == "success" &&

prediction.latitude != null && prediction.longitude != null)

{
val predictionLatLng =
LatLng(prediction.latitude, prediction.longitude)
Log.d(TAG, "V HIfL & Z15:
${prediction.latitude}, ${prediction.longitude}")
withContext(Dispatchers.Main) {
updatePredictionMarker(predictionLatLng)
checkDistanceAndAlert(predictionLatLng)

} else if (prediction.status == "nodata") {
Log.d(TAG,"FHlll 7 — &7 L")
withContext(Dispatchers.Main) { clearAlert();

distanceTextView.text = "N/A" }

}else {

Logw(TAG, "THIIE Y — N — 2 T —:
${prediction.status}")

withContext(Dispatchers.Main) { clearAlert();
distanceTextView.text = "# — N—T 7 —"}

}
}else {
Log.w(TAG, "THIHLFFL L ${response.code()}")
withContext(Dispatchers.Main) { clearAlert();
distanceTextView.text = "l {Z K" }

} catch (e: Exception) {
Loge(TAG, " T MR35 = 7 —", ¢)

withContext(Dispatchers.Main) { clearAlert();
distanceTextView.text = "#f§ = 7 —"}

3
3

/] - HR = — 5 — & R
private fun updatePredictionMarker(latLng: LatLng) {
googleMap?.let { map ->
if (predictionMarker == null) {
predictionMarker = map.addMarker(
MarkerOptions()

.position(latLng)
title("FHIBLIE™)
.anchor(0.5f, 0.5f)

)
}else {
predictionMarker?.position = latLng

}
3
3

private fun checkDistanceAndAlert(predictionLatLng:
LatLng) {
val currentLoc = currentLocation ?: run {
distanceTextView.text = "N/A (RYEHIA )"
clearAlert()
return

}

val results = FloatArray(1)
Location.distanceBetween(
currentLoc.latitude, currentLoc.longitude,
predictionLatLng.latitude,
predictionLatLng.longitude,
results

val distance = results[0]
distanceTextView.text = "%.1f m".format(distance)

Log.d(TAG," T #llfizi& ¥ < D i $distance m")

if (distance <= ALERT_DISTANCE_METERS) {
showAlert()

}else {
clearAlert()

3

private fun showAlert() {
if (IstatusTextView.text.contains ("#2E ")) {
statusTextView.text = "!! B2 Hif] Hamp 1"

mainLayout.setBackgroundColor(Color.RED)
vibratePhone()

Log.w(TAG, "& &R
}
}

private fun clearAlert() {
if (statusTextView.text.contains("#1E H1™)) {
if (statusTextView.text.contains(" ¥ 4 L ¥ #H1")) {
// Keep siren detected status
}else {
statusTextView.text = "firp.."

}
mainLayout.setBackgroundColor(ColorWHITE)



Log.d(TAG, " &5 i7" override fun onLowMemory() { super.onLowMemory();
) mapView.onLowMemory() }
) override fun onSavelnstanceState(outState: Bundle) {
super.onSavelnstanceState(outState)

private fun vibratePhone() { mapView.onSavelnstanceState (outState)

val vibrator = } . . = 4
getSystemService(Context.VIBRATOR_SERVICE) as } // MainActivity 7 7 2 Db
Vibrator

if (Build. VERSION.SDK_INT >=
Build.VERSION_CODES.O) {
vibrator.vibrate (VibrationEffect.createOneShot(500,
VibrationEffect. DEFAULT_AMPLITUDE))
}else {
vibrator.vibrate(500)
}
}

/] - HERF = v 7~ o= e
private fun hasRecordAudioPermission() =
ContextCompat.checkSelfPermission(this,
Manifest.permission.RECORD_AUDIO) ==
PackageManager.PERMISSION_GRANTED

private fun hasLocationPermission() =
ContextCompat.checkSelfPermission(this,
Manifest.permission.ACCESS_FINE_LOCATION) ==
PackageManager. PERMISSION_GRANTED ||
ContextCompat.checkSelfPermission(this,
Manifest.permission.ACCESS_COARSE_LOCATION) ==
PackageManager.PERMISSION_GRANTED

/)T I7FAET 474794271 EH (MapView
ICAAZH) -
// (%7 L, onStart, onResume, onPause, onStop,

onDestroy, onLowMemory, onSavelnstanceState % & 1)

override fun onStart() { super.onStart();
mapView.onStart() }
override fun onResume() {
super.onResume()
mapView.onResume()
if (hasRecordAudioPermission() &&
hasLocationPermission()) {
startPolling()
if (!isRecording) startAudioProcessing()

}
Log.d(TAG, "onResume")
}
override fun onPause() {
super.onPause()
mapView.onPause()
pollingJob?.cancel() // *— 1 v 7{EIE
Log.d(TAG, "onPause, & — Y v Z'{&]E")
}
override fun onStop() { super.onStop();
mapView.onStop() }
override fun onDestroy() {
super.onDestroy()
mapView.onDestroy()
isRecording = false
audioJob?.cancel() // &R 2 v —F v {F 1k

pollingJob?.cancel() // F— 1 v 7'ar—F v{EIE
audioRecord?.release() // YV ¥ — Af#iK
Log.d(TAG, "onDestroy")



