9:
10:

11:
12:

-

13:
14:

15:

16:
17:
18:
19:
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JTOJATOK A

[IceBmokoau anropuTMiB

A.1 IlceBnokon anroputmy DOQN

: Input Replay memory size M, batch size d, number of

episodes E, and number of time steps 7'
Inititalize Main network weights 6
Inititalize Target network weights 6~
Inititalize Replay memory
fore=1,..., E do
Inititalize state sy, and action a,
ot =1,...,F 00

Take action a; = argmax, Q™(s;,a;0) with prob-
ability 1 — € or a random action with probability €

Get reward r; and observe next state s,
if Replay capacity M is full then
Delete the oldest tuple in memory
end if
Store the tuple (s¢, at,7¢, S¢4+1) to replay memory
Sample random d tuples from replay memory

e, ift=T.
Yy = )
- re +ymax, Q7 (s¢+1,a¢4+1:6;), otherwise.

Perform policy gradient using y; for updating ¢
Update target network every N step, =6
end for
end for
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A.2 IlceBnokon anroputmy «Random Forest»

Precondition: A training set § := (x1,y1),-.., (%, ¥a), features F, and number

1
2
3
4
5
6
7
8
9

10
1L
12
13
14
15

of trees in forest B.
function RANDOMFOREST(S, F)

H <0

foriel,...,Bdo
S « A bootstrap sample from §
h; «— RANDOMIZEDTREELEARN(S ), F)
H «— HU{h;}

end for

return H

end function
function RANDOMIZEDTREELEARN(S, F)
At each node:
f & very small subset of F
Split on best feature in f
return The learned tree
end function

A.3 IlceBnokon anroputmy SVR

Data : Dataset with p* variables and binary outcome.

Output: Ranked list of variables according to their relevance.

Find the optimal values for the tuning parameters of the SVM model;
Train the SVM model;

pR=1;

while p > 2 do

SV M, « SVM with the optimized tuning parameters for the p variables and
observations in Data;

wy, + calculate weight vector of the SV M, (wp1, ..., wpp);

rank.criteria < (w3, ..., wh,);

min.rank.criteria < variable with lowest value in rank.criteria vector;
Remove min.rank.criteria from Data;

Ranky, < min.rank.criteria;

P<p-1;

end
Rank, « variable in Data ¢ (Rank,, ..., Rankp);

return (Rank,..., Rank,.)
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A.4 Ilcesnokon anroputmy SAEs

Load database: zOT (train partition);

Define network architecture: N5AF = NSAE — D NSAE N3AE 5 SAE,

mn out

Define hyperparameters: [SAF, ASAE;

Initialize wiS_’?E, b?AE;
for each epoch do
Initialize loss function: C = 0;

for each train snapshot do

Encoder: x54E = ¢, (zST);
Decoder: z5AE = py(xSAE);

Loss function: C < C + £ + ASAEL
end for
MSE loss function: £34F « £
Backward propagation; -
Optimizer step;
end for

J

reg,
n »

78



JIOJIATOK B

Konx mporpamu

b.1 Peanizauis DQN anroputmy

mport random

import torch

import torch.nn as nn

import nnarch

from collections import namedtuple
import copy

import math

device = "cuda" if torch.cuda.is_available() else "cpu"
Transition = namedtuple(‘Transition’,

(‘state’, 'action’, 'next_state’, 'reward’))

class DgnAgent:

def init (
self,
mode: str,
replay,
target_update: int,
gamma: float,
use_sgd: bool,
eps_start: float,
eps_end: float,
eps_decay: int,

input_dim: int,
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output_dim: int,
batch_size: int,

network_file: str ="

self.mode = mode

self.replay = replay
self.target_update = target_update
self.gamma = gamma
self.use_sgd = use_sgd
self.eps_start = eps_start
self.eps_end = eps_end
self.eps_decay = eps_decay
self.n_actions = output_dim

self.batch_size = batch_size

self.network_file = network_file

self.policy_net = nnarch.DgnNetwork(input_dim,
output_dim).to(device)

self.target_net = nnarch.DgnNetwork(input_dim, output_dim).to(device)

self.policy net_copy = nnarch.DgnNetwork(input_dim,
output_dim).to(device)

if network_file:

self.policy net.load_state dict(torch.load(network_file,

map_location=torch.device(device)))
self.target_net.load_state dict(self.policy net.state_dict())
self.target_net.eval()

self.learn_steps =0
self.z = None

self.fixed_gamma = copy.deepcopy(gamma)
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self.update_gamma = False

self.g_value batch avg=0
def select_action(self, state, steps_done, invalid_action):
original_state = state
state = torch.from_numpy(state)
if self.mode == "train":
sample = random.random()
eps_threshold = self.eps_end + (self.eps_start - self.eps_end) *
math.exp(-1. * steps_done / self.eps_decay)
iIf sample > eps_threshold:
with torch.no_grad():
., sorted_indices = torch.sort(self.policy net(state),

descending=True)
if invalid_action:
return sorted_indices[1]
else:
return sorted_indices[0]
else:
decrease_state = [(original_state[0] + original_state[4]) / 2,
(original_state[1] + original_state[5]) / 2,
(original_state[2] + original state[6]) / 2,
(original_state[3] + original_state[7]) / 2]
congest_phase = [i for i, s in enumerate(decrease_state) if abs(s-1) <
le-2]
if len(congest_phase) > 0 and invalid_action is False:
return random.choice(congest_phase)
else:
return random.randrange(self.n_actions)
else:

with torch.no_grad():
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., sorted_indices = torch.sort(self.policy net(state),

descending=True)
if invalid_action:
return sorted_indices[1]
else:
return sorted_indices[0]
def learn(self):
if self.mode == "train’":
if self.replay.steps_done <= 10000:
return
loss_fn = nn.MSELo0ss()
if self.use_sgd:
optimizer = torch.optim.SGD(self.policy net.parameters(),
Ir=0.00025)
else:
optimizer = torch.optim.RMSprop(self.policy net.parameters(),
Ir=0.00025)
transitions = self.replay.sample(self.batch_size)
batch = Transition(*zip(*transitions))
state_batch = torch.cat(batch.state)
action_batch = torch.cat(batch.action).view(self.batch_size, 1)
next_state batch = torch.cat(batch.next_state)
reward_batch = torch.cat(batch.reward).view(self.batch_size,
1)
state_action_values = self.policy_net(state_batch).gather(1,
action_batch)
with torch.no_grad():
argmax_action =
self.policy_net(next_state_batch).max(1)[1].view(self.batch_siz
e, 1)
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g_max = self.target_net(next_state batch).gather(1,

argmax_action)
expected_state action_values = reward_batch + self.gamma *
q_max
# for plot
self.q_value batch_avg =

torch.mean(state_action_values).item()

loss = loss_fn(state action values, expected state action_values)

optimizer.zero_grad()

loss.backward()

self.cal_z(state_batch, action_batch, q_max)

for param in self.policy net.parameters():
param.grad.data.clamp_(-1, 1)
optimizer.step()

self.learn_steps +=1

self.update_gamma = False

def cal_z(self, state batch, action_batch, g_max):

self.policy net copy.load_state dict(self.policy net.state_dict())

z_optimizer = torch.optim.SGD(self.policy _net_copy.parameters(),
Ir=0.0001)

state_action_copy_values = self.policy _net_copy(state_batch).gather(1,

action_batch)

z_optimizer.zero_grad()

f gamma_grad = torch.mean(0.00025 * q_max * state_action_copy_values)

f_gamma_grad.backward()



84
self.z = {"l11.weight': self.policy_net_copy.l1.weight.grad,

'I1.bias": self.policy net copy.l1l.bias.grad,
'12.weight': self.policy _net_copy.l2.weight.grad,
'12.bias": self.policy net _copy.l2.bias.grad}

def learn_gamma(self):
loss_fn = nn.MSELo0ss()

optimizer = torch.optim.SGD(self.policy_net.parameters(),
Ir=0.00025)

transitions = self.replay.sample(self.batch_size)
batch = Transition(*zip(*transitions))
state_batch = torch.cat(batch.state)
action_batch = torch.cat(batch.action).view(self.batch_size, 1)
next_state batch = torch.cat(batch.next_state)
reward batch = torch.cat(batch.reward).view(self.batch_size, 1)
state_action_values = self.policy_net(state_batch).gather(1, action_batch)
with torch.no_grad():
argmax_action =
self.policy_net(next_state batch).max(1)[1].view(self.batch_size, 1)
g_max = self.target_net(next_state batch).gather(1, argmax_action)
expected_state action_values = reward batch + self.fixed gamma *

_max

loss = loss_fn(state_action_values, expected_state action_values)
optimizer.zero_grad()
loss.backward()

I1_weight = self.policy_net.I1.weight.grad * self.z['|1.weight']
I1_bias = self.policy_net.l1.bias.grad * self.z['l1.bias']
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I2_weight = self.policy_net.12.weight.grad * self.z['l2.weight']

I2_bias = self.policy_net.I12.bias.grad * self.z['12.bias']

gamma_grad = -0.99 * torch.mean(torch.cat((I11_weight.view(-1),
I1_bias.view(-

1), 12_weight.view(-1), 12_bias.view(-1))))

self.gamma += gamma_grad

self.update_gamma = True

b.2 Apxitektypa mepexi DQN

import torch
import torch.nn as nn
import torch.nn.functional as F

import numpy as np

device = "cuda" if torch.cuda.is_available() else "cpu"

def normalize_output(outputs):
with torch.no_grad():
for m, output in enumerate(outputs):

max_t = torch.max(torch.abs(output))

if abs(max_t-0) < le-2:
continue

for n, t in enumerate(output):
outputs[m][n] /= max_t

return outputs

class DgnNetwork(nn.Module):

def __init__(self, inputs, outputs):
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super(DgnNetwork, self).__init_ ()
self.11 = nn.Linear(inputs, 512)
self.12 = nn.Linear(512, outputs)
¢ = np.sqrt(1 / inputs)
nn.init.uniform_(self.11.weight, -c, )
nn.init.uniform_(self.11.bias, -c, c)
nn.init.uniform_(self.12.weight, -c, )
nn.init.uniform_(self.12.bias, -c, c)
def forward(self, x):

X = X.to(device)

return x

b.3 IIporHo3yBaHHs TPaHCIIOPTHOTO MOTOKY 3a AOMOMOror mepex LSTM,

SAE ta GRU

import math

import warnings

import numpy as np

import pandas as pd

import tensorflow as tf

from data.data import process_data
from keras.models import load_model
from keras.utils.vis_utils import plot_model
import sklearn.metrics as metrics
import matplotlib as mpl

import matplotlib.pyplot as plt

warnings.filterwarnings(“ignore™)

tf.compat.v1l.disable_v2_behavior()



def MAPE(y_true, y_pred):
y =[x for xiny_true if x > 0]
y_pred = [y_pred[i] for i in range(len(y_true)) if y_true[i] > 0]
num = len(y_pred)
sums =0
for i in range(num):
tmp = abs(y[i] - y_pred[i]) / y[i]
sums +=tmp
mape = sums * (100 / num)

return mape

def eva_regress(y_true, y_pred):
mape = MAPE(y _true, y_pred)
vs = metrics.explained_variance_score(y_true, y_pred)
mae = metrics.mean_absolute error(y_true, y_pred)
mse = metrics.mean_squared_error(y_true, y_pred)
r2 = metrics.r2_score(y_true, y_pred)
print('explained variance_score:%f" % vs)
print(MAPE:%f%%' % mape)
print(MAE:%f' % mae)
print(MSE:%f" % mse)
print(RMSE:%f' % math.sqrt(mse))
print('R2:%f"' % r2)

def plot_results(y_true, y_preds, names):
d ='2022-3-4 00:00'
X = pd.date_range(d, periods=288, freq="5min’)

fig = plt.figure()
ax = fig.add_subplot(111)
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ax.plot(x, y_true, label='/lani 3 nopir')
for name, y_pred in zip(names, y_preds):

ax.plot(x, y_pred, label=name)
plt.legend()
plt.grid(True)
plt.xlabel('Hac gus')
plt.ylabel('TIoTik")

date_format = mpl.dates.DateFormatter(*'%H:%M")
ax.xaxis.set_major_formatter(date_format)

fig.autofmt_xdate()

plt.show()

def main():
Istm = load_model('model/Istm.h5")
gru = load_model(‘'model/gru.h5")
saes = load_model('model/saes.h5")
models = [Istm, gru, saes]
names = ['LSTM', 'GRU', 'SAEs']

lag =12

filel = 'data/train.csv'

file2 = 'data/test.csv'

_, _, X_test, y_test, scaler = process_data(filel, file2, lag)

y_test = scaler.inverse_transform(y_test.reshape(-1, 1)).reshape(l, -
DIO]

y_preds =[]

for name, model in zip(names, models):

if name =='SAEs":
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X _test = np.reshape(X_test, (X _test.shape[0],
X_test.shape[1]))

else:
X _test = np.reshape(X_test, (X_test.shape[0], X _test.shape[1],
1))
file = 'images/' + name + '.png’
plot_model(model, to_file=file, show_shapes=True)
predicted = model.predict(X_test)
predicted = scaler.inverse_transform(predicted.reshape(-1,
1)).reshape(1, -1)[0]
y_preds.append(predicted[:288])
print(name)

eva_regress(y_test, predicted)

plot_results(y_test[: 288], y_preds, names)

if _name_ ==' main__"

main()



JIOJIATOK B

Ampo0arrist pe3ynbTaTiB HAyKOBUX JTOCIIKEHb

MATEPIANTN XXVII MIHICTEPCTBO
OCBITU I HAYKW
MDKHAPOAHOIO VKPATH

MOJIOADKHOIO ®OPYMY

PALIOENEKTPOHIKA
TA MOJTOADb Y XXI
CTONITTI

XAPKIBCHKMW HALIOHANBHWA
YHIBEPCWTET PALIOENEKTPOHIKW
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YK 681 .5:656

BHIHAYMEHHA 3ATAY JUTA PEATIALN ABRTOMATHIOBAHOI

CHCTEMH KOHTPOIK PYXY TPAHCIOPTY
Macnos O A
Hayroeml kepisang — &.7.4., o0, Jescnea H T
Xapriscukul HanjoHankEHA vHIBCpCHTET pagioenekTporikl, kad. KITAM,
M. Mapxie, ¥ kpaiHa
Ten. HIR09GTOI63TA, e-mail: oleksandr maslov | @ nune ua
This work deals with the development of an automated traffic control

system. The mportance of such systems for improving traffic efficiency and
reducing accidents i3 discussed. The structure and functions of the system,
including sensors, controllers, and software, are descnbed. The problems that
must be solved in order to create an effective iraffic management system are
given.

Tpascnopr 3abesnesye WBHOKE Ta 3pyHHE OepecyBaHHEs moacl Ta
BAHTAMIE, OJHAK, IPOCTARSE KUILKICTE TRAHCIOPTHHY 33CobiE NPpHIBOIETE 10
arecTpeHHd npolnes Oeanckl Ha Joporax Ta DOMPIOCHHA  CROIOMHOL
cuTyanl. PospolscHHA aETOMISTHEORAHO! CHETEME EOHTPOIR PyXY TRAHCOORTY
€ OHHM 3 BARIHENY EPOKIE ¥ POSE'RIAHHL IHX Npobaesd.

OcHOBHHMH — SABIAHHAMH CHCTEMH EOHTPONMY pPyXy TPpaHCIIOPTY €
JEOCINCCHHA GEINCKH PyXYy Ha J0podi (108 QROM0 BHEOPHCTORYMOTREA PisH
TEXHONOTL, TAKL 2K CHCTEMH BiJCOCTIOCTEPERCHHA, TATHHKH pyXy Ta iHmi ) Ta
NOKPAINEHAE SeE THEHOST] JOPOEHENTD PYXY.

PosBHTOR  IHTCNEKTYANBHHY TPAHCIOPTHHX CHCTEM €  OOHEE 3
OEPCICKTHRHHY  HANpAMEIE B POSRATEY  TpaHcOopTHO!  isdpacTpykETYpH.
IETenceTyankHl TPAHCTIOPTHI CHCTEME QOERONROTE Ra0CIMeTETH ABTOMATHEHE
KCPYRAHHA TPAHCOOPTOM T3 3a0eMICYHATH BHCOKY TOUHICTE KOHTPOIK Pyxy
TPaHCTIOPTY.

Jlna EHIHASMCHHA MICHCIHAXOMECHHA TPRHCIOPTHEX wacobiE  MoEHA
EHEOPHCTORYBATH rmobansry nosduifiay cucresy (GPS) OnHak, U8 cHcreMa
MaE HENOCTATHEY TOMHICTE B J0HAX 3 BHCOROH 330V I0BAHICTHY Ta olMeKEHA
OpGIYyCKHE ATHICTE B Mepei. Tosy, 08 GOl TOUMHOGNG BHIHASCHHA
MICHCIHANODECHHA  TPAHCOOPTHIEX  3AcoDiE  MOEHA  BHKOPHCTORYBITH
gosbiHosaHil maxyy, skl sxnsovae B ccbe BHxopacTands GPS 1a isomx
CYUACHHE TEXHOMOT.

OnHicky 3 Takux TexHonorii ¢ rexsonori Radio Frequency Identification
(RFIDY), axa gozgonse GeIkoHTAKTHO LeHTHRIKYBATH TpaHcnopTHi 3acebn. [laa
ULOrD Ha TPAHCHOPTHHA Zacid BCTAHORMOCTRCE CHCLlANBHEN npEcTpil, oo
sicTHTE RFID-miTey, #ka 39@TVETRCH 3 BHEOPHECTAHHAM pagioxsaine. Le

AOABOMAE TOSHO BHIHASHTH MICHCIHANOTKCHHS TPARHCIOPTHOO Zacoby Ta
IRGCINETHTH oMo KOHTRONE Ha BCIX STANax pyxy.
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Kpis Toro, Am aEToMarHIalil Opolecy KOHTHOIR pyXy TPaHCOopTy
MOGKHA BHEOPHCTOEYVBATH CHCTEMH BiJCoCnocTepe#eHHA. BoHR 303B0ngTh B
PN PEATBHONG S9aCY BUICTEEYEATH PyX TPRHCIOPTY, (MECYESTH MOPYIICHHA
TP ra smifcHp&aTH JHCTAHOIRHER KOHTPOIL 5 pyXoM TPaHCIopTY.

Jina pospobncHil AETOMATH0EAR0L CHCTEME KOHTPOIK PYXY TPAHCIOPTY
OOTPIGHD BHPILIHTH Kbk npodnes.

Mepima npobnesa — oe BAbip HEOOXIAROMO GOTANHAHAN 118 BCTAHOBICHHA
Ha TpascnopTHL 3ac00i. Jlia georo noTpibRo NpoBecTH A0CNUTECHHA PISHHX
THE o0naIHaHHA | oOpaTH HalOLhm abexTHEHNA BapiaHT.

Apyra npobsesa — o 3bip 1a obpobsa Aamis, WO HAOXOORETE B
obnagHania. JIm uhoro noTpidao pospobaTH nporpasMae sabesneseHns, ake 6
SOMPAT0 TA AHANTIVEARD IHEOPMALITID NPpo PYX TPAHCOOPTY.

Tpera npobinesia — 0¢ ERREMOMIA 3 IHIDHME CHCTEMAMHE KOHTPOIK PyXY
TpadcnopTy. Jlng rore, mobd cleTesa npagosana cfsETHEHO, BOHA NORHHHA
GYVTH IHTeTpOBAaHA 3 (HIDHMH CHCTEMAMHE KOHTPOIK pyxy, HanpHEEa. 3
CHCTEMOM MOHITOPHHTY JOPORHEST CHTYVALIL.

Yermepra npobacsa — ue abesneueHHA SaXHCTY JaHHN, AKI HATXOAATE B
olnagnasnna Ta sbepirasoTeca B cucTesi. Jlnd georo noTtpibEo pospobETH
CHCTeMY GeINEKN, AKA BXACTATE TaH1 BUY HOCAHEIMWHBORIHOI0 N0CTYIY.

OhcTaHEl  npoliesa —  13¢ BHIBASCHHA  BapTocTi  pospolbxl  Ta
ENpoBATRcHEA cHCTest. JIna Weoro noTpibae NposecTi eROHOMIMHN amanis i
BHIHAYHTH, 1 DYAC CHCTEMA PeHTA0CIRHON,

Yemunse BHpimesHEn UHy npobaes JOTROIHTE CTEOPHTHE eeKTHERY Ta
GeuneyHy CHCTeMY KOHTPOTH PyNY TPAHCOOPTY, AK8 IMOSe  MOKPanpETH
Gesnery IOPpORHLOND PYXY T4 IMCHITATH KUTEELWCTE apapifl B3 Qoporax.

Jag peamzami gasorn NpoekTy HeoDXIAHO BEpaxyBEsTH pad pakTopis,
TAakHX Ax BHOIp TexHivHEx wacobis, po3podEa OporpasHore 3adesnedeHHA,
HANAMOURCHEA  BIReMOOl MUK CHCTCMOK T4 TPASHCHOPTHHME  acobasim,
330EINEYCHHA TAXHCTY JaHHX TOWo.

Ore, poapobka ABETOMATHIOBAHO] CHCTEMHE ROHTPYIRY PyXY TRAHCOOPTY €
BARIHEHM KPOROM v IOMMDeHHD Ge3nekl Ha gopoad Ta sabemedesnl Giism

G eRTHEHOND YTIPABIIHHA TRAHCTHIOPTHHM IOTORKOM.

CHHcok EHEOPHCTAHHX [Eepen:

1. “Intelligent Transportation Systems.” Federal Highway Administration,
United States Department of Transportation, www.fhwa.dot.gov/ing,

2. Li, Qungguan, et al  "Intelligent Transportation Systems: A
Compechensive Review.™ [EEE Transzactions on Intelligent Transportation
Systems, vol. 14, no. 4, 2013, pp. 1784-179%.

3. "Smart Transport for Cities: The Future of Transportation.” European
Commission, 3018, ececwropa cw'jre’en'publication’'cur-scienti fic-and-technical-
rescarch-reporia/smart-transport -citbes - future-transportation.
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