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MR
Pide 1. SCIFTECREF|R

Mk 2: AWM
fits® 1 IEHR IR

TR E
g E data processing. py
fe] 8- AR, xlsx

] B — S P - P ER A WO H3E. xlsx

o] B —fE A5 . x1sx

p_l.py
] J — p_2. py
= &M YT csv

p_3. py
7] Y p_4. py

Fiig—. X5

SHE A LA

impaort pandas as pd

# {EF GBK #T5N4R csv 3Lk, AbFEch e

file_path = "Ff{f§ 2.csv'

data = pd.read_csv{file_path, encoding="gbk’')

# B ) e O B e e R A

data['f [6]'] = pd.to_datetime({data['H [&]'].str[:19])

# O IR, S RS R B R e i .
direction_map = {1: 'north-south’, 2: 'south-north’, 3: 'east-west’, 4: ‘west-east'}
datal' 77 0]'] = data[ 7 [6]'l.map(direction_map)

# ELEHHR, B, AP

data[' H ¥8'] = data['B [€]'].dt.date

data[ /»H'] = data['B [E]'].dt.hour

data[ 48] = data['# [6]'].dt.minute

data.to_csv("#EE 5 1M 2.csv', index=False)

# {EROr, Hmr, BT a ., RS (BIER D
hourly_flow = data.groupby([' % . 10", 'J7 ), 'H M, B ").size().reset_index{name="%{ii
')

hourly_flow.to_excel(' % & £k B 574 xlsx’, index=False)

18



fi) R {45 5

Import nUmpy as np

from pyswarm import pso

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.cluster import KMeans

from sklearn.preprocessing import StandardScaler

# ¥ ¥ matplotlib EASCFFep 3 SR
plt.rcParams| font.sans-serif'] = ['SimHei’]
plt.reParams| axes.unicode minus'] = False

# ERUR S M S B 3R
file_path = "% & 4b 38 S4E xisx'
df = pd.read_excel(file_path)

# i E A X ORI SE (R ig-aaheg)

intersection_data = df[df['2Z 2 [1'] == 43 rp PFE-E5h 23]

# (7GR 28 30 BB FUST Y Excel L fF
intersection_data.to_excel(' o] B — 45 1 B -#5 op BE A2 W 0 204E xlsx')

# AN B R
hourly_traffic_flow = intersection_data.groupby(" /[ ' )[' % i 1 ].sum().reset_index()

# EEHEAE XD 24 A R EELBSE

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

pit.plot(hourly traffic_flow['/[»B4'], hourly_traffic_flow[ £ '), marker="0", linestyle='-")
plt.title("45 = B 45 28 22 X 11 24 /B 22 B (L3, fontsize=14)

pit.xlabel{'/~I ", fontsize=12)

plt.ylabel(* % ifi B, fontsize=12)

plt.xticks(range(0, 24, 1))

plt.grid({True}

plt.savefig{'../picture /&3 th B -5 ch B 22 LI 24 /)i A4 B (L 3. png!, dpi=300)

# BOCGEREE ik b RS A L O EHE
file_path = "% & 4b 72 8E xisx'

data = pd.read_excel(file_path)

data = data[data[' & W11") == £ P BE-EH P R

# S T

flow_data_sum = data.groupby(['/]*IF}']).sum(numeric_only=True).reset_index()

# ST O B SR AT bR
X = flow_data_sum[["%E #il ")) values

14



scaler = StandardScaler()
X_scaled = scalerfit_transform(X)

# (€ RIRS S0 e At W 2K 4k, K ETEM Y9 1 3 10

wess =[]

k_values = range(1, 11)

for kin k_values:
kmeans = KMeans{n_clusters=k, random_state=42)
kmeans.fit{X_scaled)
wess.append(kmeans.inertia_)

# edlEIEE, BE RERER

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

plt.plot{k_values, wess, marker="0'")

plt.title (" i R AF AL HE 23 K, fontsize=14)
pit.xlabel{"# 8 52 (k {£)", fontsize=12)

plt.xticks{ticks=range(0, 11), fontsize=12)

pltylabel("WCss (&N T/ °, fontsize=12)

plt.grid(True)

plt.savefig("../picture/fi i 5% 3 A% 1ok £ % 2 50 k.png’, dpi=300)

# IRAER IR E k=3 J R A8
optimal_k =3

# X ST T M A A, IR TR

flow_data = data.groupby([' I, 7 [a] )[4 i 55).sum().unstack().filina(0)
scaled_flow_data = scalerfit_transform{flow_data)

kmeans = KMeans(n_clusters=optimal_k, random_state=42)

# GRS, RPN R B SEE S
flow_data['Cluster’] = kmeans.fit_predict{scaled_flow_data)
flow_data['Hour'] = flow_data.index

flow_data_sorted = flow_data.sort_values({'Cluster')

# ATERERMER

print{flow_data_sorted[[*Hour', 'Cluster']])

# fenlERE R aE
plt.figure(figsize=(10, 6))
foriin rangeloptimal_k):
cluster_data = flow_data_sorted|[flow_data_sorted['Cluster'] ==
plt.scatter{cluster_data.index, cluster_data.sum{axis=1), label=f'Cluster {i}'}
plt.title(* ¥ 3255 il 1 B, fontsize=14)
plt.dabel('\[ ", fontsize=12)



plt.xticks(ticks=range(0, 24), fontsize=12)

plt.ylabel(" % {ii ", fontsize=12)

plt.legend(title="%", fontsize=12)

plt.grid{True)

plt.savefig("../picture/ % 3 &5 QL &3 ].png’, dpi=300)

# I o) jE 9 78 301 S
file_path = '[a] i — &3 5o B8 -2 e Bg A W 1 804 xlsx’
data = pd.read_excel(file_path)

# RGBT A 0 (8] B
def classify_time_period{hour):
if hourin [23,0,1, 2,3, 4,5]:
return " IEE I B
elif hour in [6, 21, 22]:
return "HPIEE I B
else:

return "5 I B

# NSRRGSR Ay R, i Bl e B
data['Time Period'] = data['/I>i'].apply(classify_time period)

U AR A R o
period_flow = data.groupby(['Time Period', ' 77 [a]"])[ % i B'].sum().reset_index()
actual_flows = period_flow[' % it '].values

# EX PO M EFRES, RITIHET. H. G
def pso_objective(params, actual_flow):
straight_proportion, left_turn_proportion, right_turn_proportion = params
# AR EF A1, BEES K
if straight_proportion + left_turn_proportion + right_turn_proportion != 1:
return np.inf

GRS A D HE SR

estimated_straight_flow = actual_flow * straight_proportion
estimated_left_turn_flow = actual_flow * left_turn_proportion
estimated right_turn_flow = actual_flow * right_turn_proportion

# R ] 5 e i B S ok B B i)
return np.abs{estimated straight flow + estimated left turn_flow
estimated_right_turn_flow - actual_flow)

# ¥ HE SO LR
Ib=[0.4,0.1,0.1]

21



ub = [0.8, 0.3, 0.3]

# X GRS RN A psO (RAL T

optimized_results_pso = []

for flow in actual_flows:
xopt, fopt = pso(pso_objective, |b, ub, args=(flow,), swarmsize=10, maxiter=50)
# R RBE—k
normalized_xopt = xopt / np.sum(xopt)
optimized_results_pso.append(normalized_xopt)

# JG I B(RAF 4 DataFrame,  FF¥RANAT 5 B E) BEF0 i &
optimized_params_pso_df = pd.DataFrame(optimized_results_pso, columns=['EL{TELH),
R L), EHEEF)

optimized_params_pso_df[" % #il 5] = actual_flows / (36 * 24)
optimized_params_pso_df|'Time Period'] = period_flow['Time Period")
optimized_params_pso_df(' 75 [0]'] = period_flow[' /7 1a]"]

# BB O R
optimized_params_pso_df[' T {7 % it it ]
optimized_params_pso_df['FL{T H2 ")
optimized_params_pso_df[' %= ¥ % {ii Bt '] = optimized_params_pso_df[' & {fi & '] *
optimized_params_pso_df[' = ¥ H 7]
optimized_params_pso_df(' 41 ¥ % i &
optimized params_pso_df{"4 # (7))

optimized_params_pso_df[' % it &1 *

optimized_params_pso_df[" % i &' *

# En B m i, RS E T A 5 R b
grouped by period _and direction = optimized_params_pso_df.groupby(['Time Period', 'J7
a']).agel

"ZE i B 'sum’,

"HATEF)": ‘mean’,

" HP)': 'mean’,

R ‘mean’,

BT ZE WAL ‘sum!,

ERE YR 'sum!,

R E ‘sum®

}.reset_index()

#4505 B AL (R B Excel L1
grouped by period_and_direction.to_excel("ffi 5 £% 4% xlsx')

fi] G .

# O AEREE
import numpy as np
import pandas as pd
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import tensorflow as tf

import matplotlib.pyplot as plt

from tensorflow. keras.models import Sequential

from tensorflow. keras.layers import Dense, Conv2D, Flatten

from sklearn.preprocessing import LabelEncoder

from collections import deque

import random

plt.rcParams['font.family'] = 'SimSun’

# AR R

data = pd.read_csv('Fii ¥ 2.csv',encoding="gbk') # & foslERn) S4B

# TR EE
def preprocess_data(data):
# REHTIS (R, SRELE BHE R
data['Ff [i]'] = pd.to_datetime{data['F{ [E'])
data['/J» i) = data['H [E]'].dthour  # SRELNBE FdEE

# W52 0B
intersection_encoder = LabelEncoder()
data['%Z ¥ 14 5'] = intersection_encoderfit_transform{data['"Z % 11'])

# RS TE M B0 22 L 7 1] A R D 2 S R
state_matrix = np.zeros((data[' % ¥ 1855 .nunique(), 24, 4))

# Hoe AR
for index, row in data.iterrows():
intersection = row[' 7z 3 [ #55']
hour = row['?)s1"]
direction = int{row[ /7 1']) - 1
state_matrix[intersection, hour, direction] +=1 # 5

# W AEBHEEF HESS NS AR (batch_size, height, width, channels)
state_inputs = state_matrix.reshape(-1, 4, 6, 1)
return state_inputs

# R FH A B R B

state_inputs = preprocess_dataldata)

# DON BRI B3

state_shape =(4,6,1) # REH KK

action_size=4 # zh{Fiihk, ®lun. SpATECES @) JLF0 SR
gamma =0.95 # IFNHET

epsilon =1.0 # #FFEH

epsilon_min = 0.01



epsilon_decay = 0,995
learning_rate = 0.001
batch_size = 64

memory = deque({maxlen=2000)

# F1ik poN SR

def build_maodel():
model = Sequential()
model.add{Conv2D(32, (2, 2), activation="relu’, input_shape=state_shape))
model.add{Flatten(})
model.add{Dense{24, activation="relu’})
model.add{Dense(action_size, activation="linear'))
model.compile(optimizer=tfkeras.optimizers.Adam(learning_rate), loss="mse’)
return model

maodel = build_model()
target_model = build_model() # HizM&E, W FRE g

# Ik FEED T i e
def choose_action(state):
if np.random.rand() <= epsilon:
return random.randrange(action_size)
q_values = model.predict(state)
return np.argmax(q_values[0])

# Rl
def store_experience(state, action, reward, next_state, done):
memory.append((state, action, reward, next_state, done))

# iR
def train_model():
if len{memory) < batch_size:
return
minibatch = random.sample{memory, batch_size)
for state, action, reward, next_state, done in minibatch:
target = reward
if not done:
target = (reward + gamma * np.amax(target_model.predictinext_state)[0]))
target_f = model.predict(state)
target f[0][action] = target
model.fit{state, target_f, epochs=1, verbose=0)
gloabal epsilon
if epsilon = epsilon_min:
epsilon *= epsilon_decay



# 32 T

def calculate_reward(state):

ELLLEL

TR, DT s R, R
:param state: A E G

creturn:  SEHTE

# SRR, R R R AR S [R)
reward = 10 - np.sum(state) # 5[ Ak o oL BE T 9 8 A
return max(reward, -10) # [R5/ 7

# ERHEE R R

def environment_step(state, action}:

dPRLIT

T BT BE AL R 4
# XBEa LIS AERMEMREETER, BREREELENITLERS
next_state = state * 0.9 + np.random.normal(0, 0.05, state.shape) # BT E HT

reward = calculate_reward(state) # {F A2 5 Fhed 51
done = np.random.rand() > 0.99 # i A2 R AFRO R E
next_state = np.clip(next_state, 0, 10) # TH{ZIGEESEREN

return next_state, reward, done

# VT R R Y 2R B
def calculate_average speed(state):

e

g TR ol VR S e S D

:param state: 4 G A

creturn: FLUERE (R A ETE SR W E R
total_traffic = np.sum(state)

average_speed = max(10 - total_traffic, 0) # PR G
return average_speed

# [l PLACe Sl 2B 5
def simplify_timings(timings, step=10):

AR

FETERTRT 80, FERE step S50 H—1A0RY .
:param timings: ¢ BEHIEIEFAY

:param step: (I8 L8

creturn: 1L HTRCET Y

LU

k]



return timings[::step][:10]  # 3R step HHL 20 {E, REI 10 i

# (R MR
best speed =0
best_timings = []

# il ERF R
episodes = 1000 # H§millE5Eik L
for e in range(episodes):

# MACE R BELE R — kRS

initial_index = np.random.randint{0, lenistate_inputs) - 1)

state = state_inputs[initial_index).reshape((1, 4, 6, 1)) # W ¥ERR
total_speed =0

actions_taken =[]

for time in range(500):
action = choose_action(state)
actions_taken.append(action)
next_state, reward, done = environment_step(state, action)
next_state = next_state.reshape((1, 4, 6, 1))
store_experience(state, action, reward, next_state, done)
state = next_state

avg_speed = calculate_average speed(state)
total_speed += avg_speed

if done:
break

avg_speed = total_speed / (time + 1)

if avg_speed > best_speed:
best_speed = avg_speed
best_timings = actions_taken

train_model()

ife% 10==0:
target_model.set_weights(model.get_weights())

# )43 S A L AR AT AC R

simplified_timings = simplify_timings{best_timings, step=10)
print{F" #8471 EE - {best_speed)”)

print(ffi] {4 /5 B i EEALER AT AERS : {simplified _timings}")
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g BiHESITME A 120 &
T=120 # LR

# e FEREEIE, AE—RAs RopiR
traffic_by_period = pd.DataFrame({
' EE*: [0, 1, 2, 3),
“F 1A 1': [513596, 70986, 150375, 24811],
"Ji ] 2': [459457, 63882, 138767, 25324],
‘Fi ] 3% [457669, 68521, 137664, 24826],
A [A] 4% (523862, 74049, 154422, 30102)

)

# IRIEE-T B, VBRG]

def calculate_phase_times(traffic, T):
total_traffic = traffic.sum(axis=1) # -0 B S 400 &
phase_times = traffic.div(total_traffic, axis=0).multiply(T) # 4% b ) 43000 4 6 i ()
return phase_times

# AN B A RS S AT M A
phase_times = calculate_phase times(traffic_by period[[' 77 R 1','77 [ 2°, "7 [ 3°, "F7 ] 4],
T

# S BT B B AR e ) A AT
print("SFA~AF BN & A W IS AT Rt ) (B): )

print{phase_times)

# A[AL BRI B (S ST Ml 4
phase_times.plot{kind="bar', stacked=True, figsize=(10, 6))
plt.xlabel('ff E")

pltylabel("# i (8] (£3)')

plt.title("4~ [E] I B 27 1] A9 45 54T 40 formd ] 5 AY)
plt.show()

# SR T 1A AT SR (R

def calculate_wait_time(phase_times, T}):
wait_times = (T - phase_times) / 2 # ‘P55 E
return wait_times

# i+ ST R

wait_times = calculate_wait_time(phase_times, T)

# 5 B0 B T R T3 S R ()
print{"8F~ 0 BLA &1 00 R TSR ] (7))
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print{wait_times)

i) R = {55
import pandas as pd

file_path = "# ¥ 5 A9 FHF 2.csv'
data = pd.read_csv({file_path)

data['fHf [€]'] = pd.to_datetime({data['® [€]'])

start_date = pd.to_datetime{'2024-05-01)

end_date = pd.to_datetime('2024-05-06')

df = data[{data['®] [f]'] >= start_date) & (data['l [i]'] < end_date]]
df = df.drop{columns=["/| [} '])

df = df.drop{columns=[" 4 #'])

dfto_csv(' Tt — ¥ 4 /5 8048 .csv', index=False)

impaort pandas as pd
import numpy as np
from scipy.stats import poisson

data = pd.read_csv{' T1 — ¥ & 8 50IE csv')
data['M [€]'] = pd.to_datetime(data['B [6]'])
data = data.sort_values{by=["ZE B85, "I [6]"])

location_distances = {
(‘Hbfg-f2 B, 2 h Bg -5 —B%'): 0.52,
(‘ZErh Bg-45— B8, TR ALRg-4E b B8 0.52,
(‘E5h BE-£F — B8, R P BR- LR BEY): 0.51,
(‘b fg-fhch B, e b -5 — 86 0.51,
(‘b fg-Lhrh 8, ‘i g2 P 28 0.71,
("Hh P-4 T B, e - P 28 ) 0.7,
(Hf i - o B, 14— B4R BE): 0.46,
(‘4 —Bp-Shrh B8, H PR - E5 R BRY): 0.46,
(‘% —Pg-fhh g, 4 T BE-Srh 22 0.34,
(‘4% —Bg-Ehirh 8, e —iR-Lh P 28 0.34,
(‘45 = Bg-#hh B, 45 = BR-4H P BEY): 0.44,
(‘4F = PE-EETh B, ‘42 —RE-Seh B8 0.44,
(‘4% =Rg-4h b B, e T RS b B ) 0.42,
(‘b Bg-Ehh B8, 42 = BR-ShrH BE): 0.42,
(‘i Bg-Eh B, R T BR- X tH A 11Y): 0.53,
(‘&b Ba- S X A 1, 4 P R4 P B ) 0.53,
(‘i B (X HH N 10, 1 O B B ) 0.56,
(el gg-shpEg, ‘e Bg- B X A O'): 0.56,

e



(‘T Bg-2n P B, 2 Tba-2nh 28"): 0.43,

(ZhE-s P Rg, e IURE-SHH BE'): 0.43,

(‘& T B-2 P B, B AR ER-Sa P BRY): 0.27,

(PR AR BE-Lh T g, 4T L EE-Eh R R 0.27
}

data['previous_location'] = data.groupby(' 4 H5)('42 3 [1'].shift(1)
data['previous_timestamp'] = data.groupby(' % F# 5)[ ' [E]'].shift(1)

def calculate_row_speed(row):
if pd.isna(row|'previous_location']) or pd.isna(row['previous_timestamp']):
return np.nan
location_pair = (row['previous_location'], row[' 32 ¥ [1'])
if location_pair in location_distances:
distance = location_distances|location_pair]
time_diff = (row['IFf [5]'] - row['previous_timestamp']).total_seconds() / 3600 #
P g A e
if time_diff > 0:
return distance [/ time_diff
return np.nan

data['speed'] = data.apply(calculate_row speed, axis=1)

cruising_vehicles_by _speed = data[data['speed'] < 15]
cruising_vehicle_ids_speed = cruising_vehicles_by_speed[' % % |.unique()

def identify_cruising_by_repeated_visits(data):
cruising_vehicle_ids =[]

half_hour = pd.Timedelta(minutes=30)

for vehicle_id, group in data.groupby{' % K-5):
group = group.sort_values{'It [E]')

for location, loc_group in group.groupby(' & ¥ [1'):
loc_group = loc_group.sort_values("i [§]")
loc_group('Hf €] 25"] = loc_groupl'Hf [€]'].diff{}

count =1
foriinrange(l, len{loc_group)):
if loc_group[' [E] % "Lilocli] <= half_hour:
count +=1
else:
count =1



if count >= 3:
cruising_vehicle_ids.append(vehicle_id)
break

return np.unique(cruising_vehicle_ids)
cruising_vehicle_ids_repeated_visits = identify_cruising_by_repeated_visits{data)

final_cruising_vehicle_ids = np.intersectld(cruising_vehicle_ids_speed,
cruising_vehicle_ids_repeated_visits)

print{f* RIEE S HER N (EEMET H ) , 85 Ay 0 5 &
{len{final_cruising_vehicle_ids)}")

final_cruising_vehicles = data[data[ £ 8 5 'Lisin(final_cruising_vehicle_ids)]
final_cruising_vehicles['date'] = final_cruising_vehicles['IF [i]'].dt.date
daily_cruising = final_cruising_vehicles.groupby('date')[' % F 5" ].nunique()

print{"&F F 24 i S8 S . )
print{daily_cruising)

lambda_parking = daily_cruising.mean() * 0.2
estimated_parking_needs = poisson.ppf{0.95, lambda_parking)
print{f T 5 W B A E A A B iR {estimated _parking_needs}")

import matplotlib.pyplot as plt

from scipy.stats import poisson

impaort seaborn as sns

plt.reParams| font.sans-serif'] = ['SimHei']

plt.rcParams| axes.unicode_minus'] = False

# Plot 1: Daily Number of Cruising Vehicles (Line Plot)
plt.figure(figsize=(10, 6))

daily_cruising.plot{kind="line', marker="c", title="1{5 F 14 {iff %= 5% &4y 28 4)")
pit.xlabel(' H #7')

plt.ylabel ("% i 76 5% 57"

plt.grid({True)

plt.xticks{rotation=45)

plt.savefig("../picture /45 [ 34§57 % 4% 54 £8 M.png', dpi=300)

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

cruising_vehicles by speed|'speed’].plot{kind="hist’, bins=20, color="skyblue’,
edgecolor="black’, title="14 jiF 7 58 L BE 43 5 EL 7 )

plt.xdabel('Z 4 (km/h)')

plt.ylabel ("1 i§ 4 59 51")

plt.grid(True)



plt.savefig('../picture/ i iiif % 56 338 B 4545 71 7 B.png’, dpi=300)

parking_needs_range = range(0, int{estimated_parking_needs)+5)
probabilities = [poisson.pmf(k, lambda_parking) for k in parking_needs_range]

plt.figure(figsize=(10, 6))
plt.bar{parking_needs_range, probabilities, color="coral’)
plt.title{"fE H & 4= o 7 R E 6 EY)

plt.dabel(* % fir 7 i)
pltylabel "1 %)
plt.grid({True)

plt.savefig("../picture/ & H % % {0 % B3 445 5 .png', dpi=300)

[ R L5
import pandas as pd
from datetime import timedelta

# IS

data = pd.read_csv('Fif ff 2.csv', encoding="gbk')

data['ff [E]'] = pd.to_datetime(data['B [6]'])

# O SO T A E) ) E R

golden_week_start = '2024-05-01'

golden_week_end ="2024-05-05

# FRCREE R — W& HME

datal'is_golden_week'] = (data['®f [f]'] >= golden_week_start) & (data[' i [A]'] <=
golden_week_end)

# RIUEEET (ER—MED AR (h—-ME)D PEE

data_before = data[data['I" [E]'] < golden_week_start]

data_after = data[data['is_golden_week']]

# ERERT

data['hour'] = data[' i [E]"].dt.hour

car_flow_before = data_before.groupby([' %2 2 11", 'hour'])["ZE B2 5" ).nuniquel).reset_index()
car_flow_after = data_after.groupby([' 2 3 [1', "hour'])['% 43" L.nunique().reset_index()

car_flow_before.columns = ['22 L1, VB, RS RE T IEET)

car_flow_after.columns = ['A£ 3 [0', b, "E L E_FIER"

car_flow_comparison = pd.merge(car_flow_before, car_flow_after, on=["2£ 3 [1°, "/]si 1))
car_flow_comparison[' % il B £ %) = (car_flow_comparison[ F {fii B _FEFE" -
car_flow comparison[' % B 545 H0']) / car_flow_comparison[ % 8 TF4EHT'] * 100

print(" 4Bk XF LS B )

print{car_flow comparison)

3l



# St e A

# RS R O H e e
data.sort_values(by=[" %", "2 31", "B [8]"), inplace=True)
data['time_diff'] = data.groupby([' % E5", "2 311 [E]'"). diff()

# EEETE T R
waiting_time_before = data_before[data_before['time_diff'] <= timedelta(hours=1)]
waiting_time_after = data_after[data_after['time_diff'] <= timedelta{hours=1}]

avg_waiting_time_before = waiting_time_before.groupby([' AL k4 0
N['time _diff'].mean(}.reset_index()
avg_waiting_time_after = waiting_time_after.groupby([' AL ¥ |

1)['time_diff'].mean().reset_index()

avg_waiting_time_before.columns = ['32 3L [0, P95 £ 0 (65400
avg_waiting_time_after.columns = ['%2 ¥ [0, P50 E]) B S

waiting_time_comparison = pd.merge(avg_waiting_time_before, avg_waiting_time_after,
on="A2 ¥.[1')

waiting_time_comparison['3 5 0 [E] L 5" = (waiting_time_comparison[' T ¥ 55 f 0 1] _
T2 5] - waiting_time_comparison["“F39 % 50 (8] §542H1']) / waiting_time_comparison['
FEg SRR 6 _EIEHT * 100

print(" ¥ f i )0 ELES HE . )
print{waiting_time_comparison)

# SRR R X O 2 ) e [E %
distances = |
(HFEsg, RO 107, (X0 1,0 2% 07, (%20 2, HEEYR0T,
(FRAbRe, A 0 1036, (X O 1, W0 2'): 036, (X O 2, Mo #k'): 0.36
}

data['previous_*Z ¥ [1'] = data.groupby(" % 8 5[ 28 311, shift(1)

def calculate_speed(row}:
key = (row['previous_*& ¥ [1'], row([' % 2 [1'])
if key in distances and pd.notnull{row['time_diff']}:
hours = row['time_diff'].total_seconds() / 3600
return distances[key] / hours if hours > 0 else None
return None

data[' % i%'] = data.apply{calculate_speed, axis=1)
print("FE i+ FHLER: )
print{data[[' 45, ‘A2 X 11, ‘previous_4E 1Y, time_diff, ' 4214]))

32



