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Cl C2 C3 C4 G5 C6

JE K 83.58 103 102.12 101.73 83.58 115.2

BRLAITRM | 56 67 79 77 56 78
10 UG B K B K ELKT 0]

5.3.2 fipah o

HE—s, ORI TR TR, RHE O BT 5,
B IR, X TR, A R B U P B B P
S B ¢RI, ST

t+At

b= Z p(T) (7)

T=t

Horr p(r) W2 © M AEAEN O . PR P AT A AR A

]

1 &
P==>)"P (8)
t=1

5 P A BT L, AR SCE T BMEAIWTRIE : ARSI B A Y R
PG IMERY ZER X T 28T 1, Bl

P, —P|>1 9)

VP2 I B0 o 00 5 IR B o

5.3.3 GEV il 5 RN

N TR BLEATIRA AT, $RH 5 R oK AEL, ASC ] T DBSCAN
RIS IR, BB E AL S i R BE AT o SR, A [ I R BE 2 Al
BEXT LS A8 S SRS P00 A AN Tl A S 0 o AR SCRE T ) GEV A2 737 53 5 Fh By
(ESEREFINE B

HE, AL GEV AR & R LLAT S R8s . U A AR ) DA
0 TR AR, CHOR B (E A 0 1. GEV BRI A X AN 10 R :

< T —u —1/¢
GEV (x;u,0,£) = exp —ll—{—f( > )] , forl+4+&(x—p)/o>0 (10)

Hrp, w2fEBSH, o BRIESH, RIS C3 i NG & 9ofs.
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A GEVIR A = i725% F HART <

0 251 Bk ERE
— HAMGEVSTR

0.204

0.154

0.107
0.054

0.00

B

& 70 72 74 76 8 80
FEERRHE ()

K19 1 C3GEV AR

HR, ASCR 95% BEAGIKIE LR X LTI AR K T BE(EL, A SRR 2
Wdlmry B, THILME GEV Ay ERARMITXAS LR BARH, A GEV 7l
7 LR R A LIS 95% ELAR X [A]_EFR:

ﬂm=u+§«4@u—mrﬁ4 (11)

IRJE, A SCHBE 95% BLAR X IA] B KRANE WL 2 A RZDAT I AR EFRORTE
WL 2 e KA, WA R X P2 2 18] A 2280 p e ol BEAE LI 5 KA L 75 B I A A ik
K, PAMEE RO E SRR RLATIC . B E BN RRAE p 92~ N1 2fR

p = max(0, ¢(0.95) — Tmax) (12)

FUR, ASCHEABN p MBI BRI b, 35— MEE R
P
G LB, SRR R,

211 HE AR R ZLE TSR TG

iz gl Cl C2 C3 C4 C5 Co6

JEIA 1 LATEHE (FB) | 56 63 8145 8233 52 77.44
FE L ETRTR (BB) | 32 25 2355 2267 36 27.56

JEIH 3 ) Z1 835 3083 945 1847 2068 2239
JE 2 40T (RP) | 46 66 81.45 74 43 70
JEA 2 TG (RP) | 42 220 2555 31 45 35
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F11-#t

I

iz qm! Cl C2 (3 c4 C5 C6
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JEHIA 3 LT (BP) | 52 8145 70 55  68.03
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JEII 4 2LATHHG (D) | 46 72 76 49 67
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JE S ) 2] 4001
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JEIA 7 TR (BD) 28
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I 8 ZRATHHC (FF) 31
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FEMGERE E, ASCE LT MR, AT, WER12FTR.
FFor T8 1T K-MEANS S04, B A R T B 20K ok« 35
S EtEmLE Hal bR
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%13 5 SRR ) K

oL WA AR AREAT  mAUAER mdbeE mduEsT

ST (s) | 123.22 97 102 120 93 94
S (s) 142 142 142 142 142 142

TH oL MR AR EEAT VAR PR WP EAT

LILT R (s) 126 91 97 122 97 103.33
SR (s) 142 142 142 142 142 142

AN BRI I
6. 1 BERURFHY
6.1.1 B

XTI, ARSCEFTIRIRE B T T MR 2, AE) 2 & B 50k
Jo, WHE T IEE AR B, R T M R I DA T RIS 2 5 SON LIRSS . AR
PE— 05 T IX eI 2] S AR B A B IR, TR T AT R . XA R L
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AR IR BE A, HFETH N GEV AR 7 M S i B LA (e 54T TR 300

XTI, AR SCR PR DU SR (LA 2 A B R A T 1 — 4En] Ak . A SCE
T A EREA TR, RIS T K-MEANS R84, R RAT R A 42X 2y
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Fifs A Alpark.py

ES

import pandas as pd

'y'1]1.diff () .pow(2) .sum(axis=1) .pow(0.5)

# A0 A& G ik
df['at_11_4'] = (df['x'] == 11.4)
# , PR BT ]I

df = df.sort_values(by=['vehicle_id', 'time'l])

= e

# {# Jl groupbyftransform#k 2| F W & & g — K A 11.4 8 B JA]

df['last_time_at_11_4'] = df[df['at_11_4']].groupby('vehicle_id')['time'].transform('max"')

# AELRFHER 7 3E &
last_times_at_11_4 = df[df['time'] == df['last_time_at_11_4"']]
# wEFENI A

last_moving_times = last_times_at_11_4[last_times_at_11_4['at_11_4']J][['vehicle_id', 'time',

y', 'speed']]

TE11.4 0 B g

= 3
print("Last times at x=11.4 with vehicle details:")

print (last_moving_times)

# BE R EEME, FRHEEFHIDXK
last_moving_times['time_diff'] = last_moving_times['time'].diff ()

B #y 2 4 ID A B 7]

i Al

time_diff_mode =

# 4T HI B A 2

print("Most common time difference at x=11.4:")

print (time_diff_mode)

o

~

w

kit B DBSACN.py

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt
from sklearn.cluster import DBSCAN
from scipy.stats import genextreme
import matplotlib.pyplot as plt
import matplotlib
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43

44

45

46

47

48

49

XA W F R

matplotlib.rcParams['font.family'] = 'SimHei' # 'SimHei'

matplotlib #

matplotlib.rcParams['font.size']l = 14

ru
N

“al
=

matplotlib.rcParams['axes.unicode_minus'] = False # | T T~

# FRMATRENZ
X = datal['start_time', 'end_time']]

# T B DBSCAN % #
dbscan = DBSCAN(eps=50, min_samples=1)
clusters = dbscan.fit_predict (X)

R

r{!

A~ B R 4

datal['cluster'] = clusters

# AT H % R
print ("R A ZE R 4t ")
print(datal'cluster'].value_counts())

## FHEANRENE M A KK HE K |\ start_time

cycle_durations = {}
# B ARkt FHE MR B K H & |\ start_time

for cluster in sorted(set(clusters)):

if cluster != -1: # [ I 7
cluster_data = datal[datal['cluster'] == cluster]

# HIRENFE LT Hend_timef £ R

max_end_time_diff = cluster_datal['end_time'].max() - cluster_datal['end_time'].min()
if max_end_time_diff <= 10:

min_start = cluster_datal['start_time'].min()

max_end = cluster_data['end_time'].max()
cycle_duration = max_end - min_start
cycle_durations[cluster] = (cycle_duration, min_start)

print (f"\nCluster {cluster}: ")
print (cluster_data)

print (f"Cycle Duration = {cycle_duration} seconds, Start Time = {min_start}")

, FE R R Y & /INstart_time

# REHAHHE K, HFuw K

sorted_cycle_durations = sorted(cycle_durations.items(), key=lambda x: x[1][0], reverse=True)

# R EE Bk KB N B AT 25%
top_25_percent_index = int(len(sorted_cycle_durations) * 0.3)

top_25_percent_cycles = sorted_cycle_durations[:top_25_percent_index]

# 1% start_time M /N F| K1
top_25_percent_cycles_sorted_by_start = sorted(top_25_percent_cycles, key=lambda x: x[1][1])

# FTHETFHRES KRB E4ERHE % start_time, # start_time#f 7

print ("\nTop 25% Cycle Durations sorted by Start Time:")

for cluster, (duration, start_time) in top_25_percent_cycles_sorted_by_start:

25




69

90

98

99

100

101

102

103

104

105

o

~

print (f"Cluster {cluster}: Cycle Duration = {duration} seconds, Start Time = {start_timel}")

# Wk 47H /Nstart_time #y
7| min_start_time = min(top_25_percent_cycles_sorted_by_start, key=lambda x: x[1]1[1]1) [1][1]
max_duration_at_min_start = max([dur for clus, (dur, start) in
top_25_percent_cycles_sorted_by_start if start == min_start_time])

print (£"\nCycle with the smallest Start Time: {min_start_timel}, Duration:

{max_duration_at_min_start} seconds")

# RIHA YK

cycle_lengths = np.array([dur for _, (dur, _) in top_25_percent_cycles_sorted_by_start])

# W & GEVH A

c, loc, scale = genextreme.fit(cycle_lengths)

EEE PR R

observed_max_duration = max(cycle_lengths)

# i 57 95%

i

= [X 8] By E FR

upper_bound_95 = genextreme.ppf(0.95, c, loc=loc, scale=scale)

#

P

# A Ep
final_estimated_duration = observed_max_duration + p

print (£" W £ 2| ¢y &% K & # i Kk : {observed_max_duration} #")
print (F" A AN EHF LT HKFEH B HK: {pr B

o print (£" & 4 3 69 22 )T B K © {final_estimated_duration} ")

S

e
x = np.linspace(min(cycle_lengths), max(cycle_lengths), 100)

y = genextreme.pdf(x, c, loc=loc, scale=scale)

plt.figure(figsize=(10, 6))

plt.hist(cycle_lengths, bins=20, density=True, alpha=0.5, label='JH H i K & % K ')
plt.plot(x, y, 'r-', label='#l & #GEVAH ')

plt.legend ()

plt.title (" A GEVH A % 37 25% F B K )

plt.xlabel (' A B m K (#) ")

plt.ylabel (' % £ ')

plt.grid(True)

plt.show()

Fffs% C  FindPark.py

import pandas as pd
import numpy as np
import matplotlib.pyplot as plt

from sklearn.neighbors import KDTree
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2| plt.scatter (best_center [0], best_center[1], color='red', s=100) # # |

data = pd.read_csv('Ad.csv')

plt.figure(figsize=(10, 6))
plt.scatter(datal'x'], datal'y']l, alpha=0.5)
plt.title("Vehicle Position Scatter Plot")
plt.xlabel ("X Coordinate")

plt.ylabel("Y Coordinate")

plt.grid(True)

plt.show()

# {# JHKDTreeff fh 1% %
tree = KDTree(datal['x', 'y']])

# TXH R
radius = 0.3

# A5 LR A

max_count = 0
best_center = None
# MEEANE S, HEH

for index, row in data.iterrows():

center_point = np.array([[row['x'], row['y'111)
# 34 2 A B
count = tree.query_radius(center_point, r=radius, count_on1y=True)

if count > max_count:

max_count = count
best_center = center_point [0]
# MH AR

print (£" 5 ® & W 7 % B L L 45 4 {best_center}, H W& & & % 7 % % : {max_count}")

# TN KRERE X
plt.figure(figsize=(10, 6))
plt.scatter(datal'x'], datal'y'l, alpha=0.5)

circle = plt.Circle((best_center[0], best_center[1]), radius, color='red',
plt.gca().add_patch(circle)

plt.title("Optimal Parking Spot Near Traffic Light")

plt.xlabel ("X Coordinate")

plt.ylabel("Y Coordinate")

plt.grid(True)

plt.show()

BB

fill=False, linewidth=2)

o

Ffs% D Error_ X.py

import pandas as pd

import numpy as np

df = pd.read_csv('B2.csv', delimiter=',"')

fn =5% 2| +5% 8 & L 1
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g§{df['x'] += df['x'] * np.random.uniform(-0.05, 0.05, df.shapel[0])

1| df['x'] = df['x'].round(2)

13| # 4T B 15 %

14| print (df)

RO

17| df . to_csv('Error_B2_X.csv', index=False)

Fff>% E  Kalman_1.py

I| import pandas as pd
2| import numpy as np
3| import matplotlib.pyplot as plt

4] import matplotlib

6| # % Ematplotlibf &, # i ¥ X

7| matplotlib.rcParams['font.sans-serif'] = ['SimHei']

8| matplotlib.rcParams['axes.unicode_minus'] = False #

11| def moving_average (data, window_size=5):

12 ek g F Y, i o

13 return data.rolling(window=window_size, center=True) .mean ()
14

15

16| # T CSV X

17| df = pd.read_csv("Error_B2_X.csv")

FID R 4 3

20| for vehicle_id, group in df.groupby('vehicle_id'):

21 group['x_smoothed'] = moving_average(group['x'])

2 group['y_smoothed'] = moving_average(group['y']l)

24 plt.figure(figsize=(10, 6))

25 plt.plot(group['x'], group['y'l, 'o-', label='Jf # # 4 ')
26 plt.plot(group['x_smoothed']l, groupl['y_smoothed'l, 'x--', label='-T ¥ & #y % 4 ')
27 plt.title(f"% #ID: {vehicle_id} & (#Hz FH F ) ™
28 plt.xlabel ('X & 47')

29 plt.ylabel ('Y 4 4')

30 plt.legend ()

31 plt.grid(True)

32 plt.show ()

Fif>% F  LackOfSample.py

1| # 4 FERT10%, 30%, 50%, 70%% # i
2| percentages = [0.1, 0.3, 0.5, 0.7]

3l for p in percentages:
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4 num_rows = int(len(data) * p)

5 data_sample = data.head(num_rows)

'end_time']]

10 # [t E DBSCAN
11 dbscan_sample = DBSCAN(eps=50, min_samples=1)

13 # HATR K
14 clusters_sample = dbscan_sample.fit_predict(X_sample)

16 # W R KL S

17 data_sample['cluster'] = clusters_sample

18

19 # ATH %R

20 print (£"\n % % 4 B 4 i+ - {p*100}), sample:")
21 print (data_sample['cluster'].value_counts())

23 # %K K

24 cycle_durations_sample = {}

26 # WHENREWR] o kA

27 for cluster in sorted(set(clusters_sample)):

28 if cluster != -1: # 1 2 5% 5 &

29 cluster_data = data_sample[data_sample['cluster'] == cluster]

30 min_start = cluster_datal['start_time'].min()

31 max_end = cluster_data['end_time'].max()

32 cycle_duration = max_end - min_start

33 cycle_durations_sample[cluster] = cycle_duration

34 print (f"\nCluster {clusterl}: ")

35 print (cluster_data)

36 print (f"Cycle Duration = {cycle_duration} seconds")

8 * REAHE K, FH7F

39 sorted_cycle_durations_sample = sorted(cycle_durations_sample.values(), reverse=True)
40

41 # XA Rk A fil 25%

42 top_25_percent_index_sample = int(len(sorted_cycle_durations_sample) * 0.25)

43 top_25_percent_cycles_sample = sorted_cycle_durations_sample[:top_25_percent_index_samplel]
44

45 # AT E TP A KW A MK E

46 print ("\nTop 25% Cycle Durations:")

47 for duration in top_25_percent_cycles_sample:

48 print (f"Cycle Duration = {duration} seconds")

49

50 # 4T B K B B H K

51 max_duration_sample = max(top_25_percent_cycles_sample) if top_25_percent_cycles_sample else 0
52 print (f"\nMaximum Cycle Duration: {max_duration_sample} seconds")

Kt G FLY.py

I| import pandas as pd
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import numpy as np
import matplotlib.pyplot as plt
from scipy.fftpack import fft, fftfreq

from collections import defaultdict

i CSV X 1
df = pd.read_csv('Cl.csv')

def calculate_speed(group):
group.sort_values(by='time', inplace=True)
time_diff = group['time'].diff().fillna(0)
x_diff = group['x'].diff().fillna(0)
y_diff = group['y']l.diff().fillna(0)
speed = np.sqrt(x_diff**2 + y_diff**2) / time_diff
speed.replace([np.inf, -np.inf], np.nan, inplace=True)
group['speed'] = speed.fillna(0)

return group

df ['timestamp'] = pd.to_datetime(df['time'], unit='s')
df _speed = df.groupby('vehicle_id').apply(calculate_speed)

average_speed = df_speed.groupby('timestamp')['speed'].mean()

# A e 4t
window_size = int(0.05 * len(average_speed))
overlap = window_size // 2

windowed_fft_results = []

for start in range (0, len(average_speed), overlap):
end = start + window_size
if end > len(average_speed):

break

window_data = average_speed[start:end].values
fft_result = fft(window_data)
freqs = fftfreq(len(window_data), d=1)
positive_freqs = freqs > 0
fft_magnitude = np.abs(fft_result[positive_freqs])
freq_positive = freqs[positive_freqgs]

windowed_fft_results.append((start, end, freq_positive, fft_magnitude))

LN

significant_freq_windows = defaultdict (list)
for start, end, freqs, magnitudes in windowed_fft_results:

threshold = 0.9 * np.max(magnitudes)

significant_indices = np.where(magnitudes > threshold) [0]
significant_freqs = freqs[significant_indices]
significant_periods = 1 / significant_freqgs

for freq, period in zip(significant_freqs, significant_periods):

significant_freq_windows [freq].append((period, start, end))

# AT AR T
sorted_freq_time_summary = sorted(significant_freq_windows.items(), key=lambda x: x[0])
for freq, data in sorted_freq_time_summary:

print (f"Frequency: {freq:.6f} Hz")

for period, start, end in data:

print (f" Period: {period:.2f} s, Start: {start}, End: {end}")
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58

59| #

60| colors = plt.cm.viridis(np.linspace(0, 1, len(sorted_freq_time_summary)))
61| plt.figure(figsize=(12, 6))

62| plt.title('Time vs. Period for Different Frequencies')

63| plt.xlabel('Time Index')

64| plt.ylabel('Period (s)')

65| plt.grid(True)

67| for (freq, data), color in zip(sorted_freq_time_summary, colors):

68 for period, start, end in data:

69 plt.hlines(period, start, end, colors=color, linewidth=6, label=f"Freq: {freq:.6f} Hz" if
start == min([d[1] for d in datal]) else "")

71| plt.legend(loc="upper right', fontsize='small')
72| plt.show ()

kit H GEV.py

import numpy as np

o

import matplotlib.pyplot as plt

from scipy.stats import genextreme

6| def estimate_cycle_duration(cycle_lengths):
7 # W A GEVH A

8 c, loc, scale = genextreme.fit(cycle_lengths)

PR

1 observed_max_duration = max(cycle_lengths)

13 # 5 X By B R

14 upper_bound_95 = genextreme.ppf(0.95, c, loc=loc, scale=scale)

15

16 # b KE p

17 p = upper_bound_95 - observed_max_duration if upper_bound_95 > observed_max_duration else 0
18

19 # # X 1k p

20 final_estimated_duration = observed_max_duration + p

21

2 # Wl 4R

23 print (f"Observed maximum cycle duration: {observed_max_duration} seconds")

24 print (f"Additional time to approximate actual red light duration: {p} seconds")
25 print (f"Final estimated red light duration: {final_estimated_duration} seconds")
26

27 # 2 L& &

28 x = np.linspace(min(cycle_lengths), max(cycle_lengths), 100)

29 y = genextreme.pdf(x, c, loc=loc, scale=scale)

30 plt.figure(figsize=(10, 6))
31 plt.hist(cycle_lengths, bins=20, density=True, alpha=0.5, label='Cycle Lengths Histogram')

32 plt.plot(x, y, 'r-', label='Fitted GEV distribution')
33 plt.legend ()
34 plt.title('Fit of GEV Model to Cycle Durations')
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39

40

41

# R 3

plt.xlabel('Cycle Duration (seconds)')
plt.ylabel('Density"')

plt.grid(True)

plt.show()

cycle_lengths,

AR A

cycle_lengths = np.array([72,71,69,75,86]1)

estimate_cycle_duration(cycle_lengths)

Fifs¢ I MoveWindows.py

import pandas as pd

import numpy as np

import matplotlib.pyplot as plt

def

def

def

def

def

load_data(filepath):

data = pd.read_csv(filepath)

#ATH A 4 A B

print(”Column names in the dataset:", data.columns)

return data

i # 'vehicle_id"' # 3 4
in_circle(x, y, center, radius):
return (x - center[0]) ** 2 + (y - center[1]) *x 2 <= radius ** 2

calculate_velocity(data):

data = data.sort_values(by=['vehicle_id', 'time'])
datal['x_diff'] = data.groupby('vehicle_id')['x'].diff ()
datal['y_diff'] = data.groupby('vehicle_id')['y']l.diff ()
datal['time_diff'] = data.groupby('vehicle_id')['time'].diff ()

datal['velocity'] = np.sqrt(datal'x_diff'] **x 2 + datal['y_diff'] ** 2) / datal'time_diff']

return data

filter_stopped_vehicles(data):
# AW EERFAKE AN LR

stopped_vehicles = dataldatal'velocity']l == 0]['vehicle_id'].unique()

return data[~data['vehicle_id'].isin(stopped_vehicles)]

count_vehicles_in_circle(data, center, radius):
mask = data.apply(lambda row: in_circle(row['x'], row['y'l, center, radius), axis=1)
filtered_data = data[mask]
if filtered_data.empty:
return 0, []

return len(filtered_datal['vehicle_id'].unique()), filtered_datal['vehicle_id'].unique()
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44| def sliding_window_analysis(data, centers, radius, total_cycle, max_red_duration):

45 data = calculate_velocity(data)

46 data = filter_stopped_vehicles(data)

4

48 step_size = total_cycle #

49 vehicle_counts = []

50 last_vehicle_times = []

51

52 for start in range(0O, datal'time'].max(), step_size):

53 end = start + max_red_duration # 7 AR A &K T K

54 window_data = datal[(data['time'] >= start) & (data['time'] < end)]
55 vehicle_count = 0

56 last_times = []

57 for center in centers:

58 count, vehicles = count_vehicles_in_circle(window_data, center, radius)
59 vehicle_count += count

60 last_times.extend(window_data[window_datal['vehicle_id'].isin(vehicles)]['time'].max()
for _ in vehicles if

61 not window_data.empty)

63 vehicle_counts.append((start, vehicle_count))

64 last_vehicle_times.append((start, max(last_times) if last_times else None))

66 return vehicle_counts, last_vehicle_times

60| def plot_vehicle_counts(vehicle_counts):

70 times, counts = zip(*vehicle_counts)

71 plt.figure(figsize=(10, 5))

72 plt.plot(times, counts, marker='o')

73 plt.title('Vehicle Counts Over Time')

74 plt.xlabel('Time (seconds)')

75 plt.ylabel('Unique Vehicles in Circles')
76 plt.grid(True)

77 plt.show()

80| filepath = 'Cl.csv'
81| centers = [(12.1, 3.61), (11.77, 0.43)] #

g2 radius = 0.3
83| total_cycle = 88

84| max_red_duration = 56

86| # Am

37| data = load_data(filepath)
88

89| # 4 HT

90| vehicle_counts, last_vehicle_times = sliding_window_analysis(data, centers, radius, total_cycle,

max_red_duration)

fil % &

93| plot_vehicle_counts(vehicle_counts)
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96| for start, count in vehicle_counts:

97 print (£"Start Time: {start} seconds, Vehicle Count: {count}")
98
9| for start, last_time in last_vehicle_times:

100 print (£"Start Time: {start} seconds, Last Vehicle Time: {last_time if last_time else 'No

Vehicles'}")

Fifs% J DivideIntol2.py

I| import pandas as pd

from sklearn.cluster import KMeans
3| from sklearn.preprocessing import StandardScaler

4] import numpy as np

6| # #H A

7| data = pd.read_csv('D_filtered.csv')

o # I B4R A

10| grouped = data.groupby('vehicle_id"')

11| features = grouped.agg(start_x=('x', 'first'), start_y=('y', 'first'),

12 end_x=('x', 'last'), end_y=('y', 'last')).reset_index()
13

4| # 3 H 7 A AR

15| features['direction'] = np.arctan2(features['end_y'] - features['start_y'],

16 features['end_x'] - features['start_x'])

17| features['distance'] = np.sqrt((features['end_x'] - features['start_x'])**2 +
18 (features['end_y'] - features['start_y'])**2)

21| scaler = StandardScaler ()
22| features_scaled = scaler.fit_transform(features[['start_x', 'start_y', 'end_x', 'end_y',
'direction', 'distance'l])

24| # [ J]K-means % %
25| kmeans = KMeans(n_clusters=12, random_state=42)
26| features['cluster'] = kmeans.fit_predict(features_scaled)

B[ # M RELER

29| features[['vehicle_id', 'cluster']].to_csv('clustering_output_pro_cleaned.csv', index=False)

34



