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3.6 Deep Q-learning
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O 7: Deep Q-network(DQN)
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Ly = E[E(Ttﬂ + ymax Qo(st41,a) — Qolse, ar))’] (4)
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gbo.gobbooogbbbuooobobbboooob1bboooobbooog.2
ggobbobbuoooogobbbbbouooogoboobbosooooobon
oooObQNOOOOOOOooooo,bo00boob,00bobogo,0boo0obo,00on
O, 000000000000. 0000 10000000000 oobooo,bENOODO
gbbooggbbuogobbuoobobboooboboo.oogbooil1obbooonon

googoooo.
goddoo 1. gooogd
def main ():
agent = Agent(num_actions=>5)
while (1):

if mode = TRAIN:
stage_draw (carlist ,carpoint , wallpointl ,wallpoint2 , wallpoint3 ,
wallpoint4 , wallpoint5 ,routepoint ,linepoint ,mode)
for i in range(0,len(carlist)):
reward = 0
inside = 0
agent.get_q_values(state[i])
state_draw (i, carlist ,state ,agent.adas_values2[0],
agent.adas_max_action)
before_state = np.array(state[i])
action = agent.get_action (i,state[i])
inside ,reward , terminal =
move(i,action ,reward,car,wallpointl ,wallpoint2 ,wallpoint3 ,
wallpoint6 ,route ,routepoint ,carlist ,carpoint ,linepoint ,
state ,agent.episode0 ,agent.t0,agent.epsilon
agent.adas_values2 [0] ,agent.adas_max_action)
sensor (i,action ,reward,car,carlist ,wallpointl ,wallpoint2 ,
wallpoint3 , wallpoint6 ,carpoint ,routepoint ,state ,inside ,TRAIN)

agent.run (i, before_state ,action ,reward ,np.array(state[i]),terminal)

stage . draw()00,00,0000000 statedraw() D 00000000 DQNODOO
OO000O0O0O0O0.00000U0ddbpeforestate D ODOOOO.DONOODDODODOO
0 agent.get_action() 000 0e -greedy 0000000 00.00000000 move()
O00000000000O0O0sensor() 0000000000 ADASOOOOOOO
D0000000000000 (Q(s,a)),00 (2),00 (1),0000 (Q(siy1,a)) 000
000 agent.run() 00000000 D0.00000CCO0O000.00000000O
agent.get_action() D00 OO0 move()J 0000000 sensor() J00O00O000O00O
goodoooooobn

0000000000000 D00 stagedraw() O state_draw(),move(),sensor() 0 O O
O00000000000000000000.00 stagedraw()DO00O0O0O,000
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gogggoobbobbbbbbobbbobobobo,ggoobbbbbbbobobobn.
00 statedraw() 00 80 12300 000000000. 000000000000
ODQNOOOOCOCOCOODODOOO0OO0.O0move() 00000, 0000000.00
gobooboooobooooooobo,booo,bQNODO0bO00oobooogon
gbbogoboboo.gogbbuogbobogbooobbuoobbooobboonbo
gobbo.0obuooobbbooooobbbuooonn.

gogooodg 2.0000bbbuoooobobboooan

move () :
(w,h) = (35,15)
(dx,dy,deg, flg ,cs ,speed ,handle) = carlist [num]

if action — 0:
if speed < 5:
speed 4= 1
if action = 1:
if handle < 5:
handle += 1
if action = 2:
if handle > —5:
handle —= 1
if action — 3:
if speed > 1:
speed —= 2
if speed < —1:
speed += 2
if —1 <= speed <= 1:
speed = 0
if action — 4.
if speed > —5:
speed —= 1

if speed >= 0:
deg += handle
elif speed < 0:
deg —= handle

if deg >= 360:
deg —= 360

elif deg < 0:
deg += 360

rad = math.radians(deg)
dx += math.cos(rad)=*speed
dy += —lsxmath.sin (rad)=*speed

gbobooob20b0b0bobooboboobobDooboobOob.0bOdwd b
O000booboooboobb.calist 0 ODOOOOOOODOODOODOOOOOODO
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gbbouogobobodabboo.ggbb,bob,obboobbooobboabn
gbobobooglobobuooob.obbobuogbbobuoogbbbou 20000
gbo.ggbbobuodoboboooobobobooooboboog.

gobobog 3:000b

move () :

carpoint . pop (num)

carpoint.insert (num,[])

for i in range(0,4):

if i = 0:

w2 = float (w)/2
h2 = float (h)/2
hyp = math.sqrt (w2xw2 4+ h2xh2)
hyptheta = math.atan2(h,w) % 180 / math.pi
rad = math.radians (degt+hyptheta)
dx = math.cos(rad)+hyp + dx

dy = —Ilsmath.sin (rad)xhyp + dy
(tx,ty) = (dx,dy)
if i = 1:

rad = math.radians (deg+180)

tx = math.cos(rad)xw + dx
ty = —lsmath.sin (rad)*w + dy
if i = 2:

rad = math.radians (deg+270)

tx = math.cos(rad)xh 4+ tx

ty = —lxmath.sin (rad)*h + ty
if i = 3:

rad = math.radians (deg+270)

tx = math.cos(rad)xh + dx

ty = —lsmath.sin (rad)xh + dy
pointlist .pop(1i)
pointlist.insert (i,(tx,ty))
carpoint [num]. append (int (tx))
carpoint [num]. append (int (ty))

if flg = 0:
color = white
elif flg = 1:
color = red
elif flg =— 2:
color = blue
car_main = pygame.draw.lines (screen ,color ,True, pointlist ,2)
(tx,ty) = car_main.center

(tx2,ty2) = crosspoint (cxl,cyl, cx2,cy2)
pygame.draw. line (screen , color ,(tx,ty),(tx2,ty2),2)

gbogbodb3gboboobooboboob.ooboboob40b0obod
gogobbbbuoogogobboobbbdooouobob4bbooooooboo
U0 pygame DO UOOOOOOOOO.00000OO0OO0OO0OOOO0OOOO0OO.
gobboog,buoobobbboogob,gbbboooobobogd.
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move () :
for i in range(0,len(wallpointl)—1):
(x1,y1) = wallpointl [i]
(x2,y2) = wallpointl [i+1]
k=0
for j in range(0,4):
(x3,y3) = (carpoint [num][k],carpoint [num][k+1])

if j = 3:
(x4,y4) = (carpoint [num][0] , carpoint [num][1])
else:
k4+=2
(x4,y4) = (carpoint [num][k],carpoint [num][k+1])
if mete(x1,yl,x2,y2,x3,y3,x4,y4) != (0,0):
flg =1
coll = 100 + i
reward —= WALL PUNISH
reward —= 3x(abs(speed)+2)
inside += 0x20
break
if flg = 1:
break

gobbooob4b00d0bbooobbuooobb.booobboobobboooon
O00.00000 wallpointl,23,60 0000000, 00000000000000
O3000040000000000.00,wallpointl DODOODO 200000,00
0oobobooooob4bbboooobbbbooou.ooobboboa
O000000000000.00002000000 200 mete()DO0D0O0OOODODOO
g.ggbboggbbb200bbooogbb2000b0bobuooobboogon
000000000 0,0000000 (0,0)000000DO000ODOOD00OODO.O
00,0000 (0,0 0000,0000000000000000O000O0OO00OOO.
gbgboobobobooboboob4bb00boboo.boobobobod
ggobboobobbododogoooboboobboooo.ooooooobooboobooboooa,o
Osensor()0 DQNODODOOOODODODODOOOOOOD.0000O0O0O0O0OOOOOO
goboo,bbbuoobobobooogd.
goooog s o00doooog
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for i in range(0,32):
(x1,yl) = car[num]. center
(x2,y2) = (x14(int ) (math. cos (math.radians(—1%r))*250),
yl+(int ) (math. sin (math.radians(—1*r))*250))

(walldis ,x,y) = wallmete(x1,yl,x2,y2,wallpointl ,wallpoint2
wallpoint3 , wallpoint6)
if num = 0: pygame.draw. circle (screen ,red2,(int(x),int(y)),1)
if walldis < 250:
w.append (walldis)
else:
walldis = 250
w.append (0)

(linedis ,x,y) = linemete (num,x1,yl,x2,y2,linepoint)
if num = 0: pygame.draw. circle (screen ,red2,(int(x),int(y)),1)
if linedis < walldis:
1.append(linedis)
else:
1.append (0)

(cardis ,x,y) = carmete (num,x1,yl,x2,y2,carpoint)
if num = 0: pygame.draw. circle (screen ,red2,(int(x),int(y)),1)
if cardis < walldis:
c.append(cardis)
else:
c.append (0)

(x,y) = mete(x1,yl,x2,y2,rx1,ryl rx2,ry2)
if num = 0: pygame.draw. circle (screen ,red2,(int(x),int(y)),1)
if x !I= 0 and y != 0:
dis = distance(x,y,x1,yl)
rl.append(dis)
else:
rl.append(0)

(x,y) = mete(x1,yl,x2,y2,rx3,ry3,rx4,ry4)
if num = 0: pygame.draw.circle(screen ,red2,(int(x),int(y)),1)
if x |I= 0 and y != 0:
dis = distance(x,y,x1,yl)
r2.append(dis)
else:
r2.append(0)

gbobogdgbsbugdbboogbbuoobboobboooo.obbooonboo
gbobogoboodbbo,ggobogobbuoobbooobbooobbogo
gobbuodgbobbuoogbbbuoodobb.bbboooboobooob,obo,
go,0g,gbooosgbboboboobudgbooboobboo.boob 320
O0bO00bOO00 for000 3200000.000000000000DOO00ODOODO
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goboogoboobo.ogil1gbboooobooobooobooobobooonon
g.00b0o0bobog20t00bobooboo2sotbobooboobobobod
gbob.0og,ggboooobbuogoboo,ooobbuoobobooobboann
gbobogobooobobo.ggo,obbodbbuoobobooob.bboooo
gboobbooboobbooboobboobo2ogbboobooobod
gooo.

oo, ggdgbbobboodggooobobobob,obbbbboboooooooboo
gogbobbboo.bbbbuooooobbbbboooooobbobooo,bbo
goggoobobbbbboobbobobobbb.oooooobobbbbobooboobn,
gogobbobbodogogoobooboog,bbbbouoouobboob.ooboo
gbbuogbbuooobboodobbuodobbuoobbooobboobboob.boo
gobbooooooboobod.

4.4 ADASO0O Deep Q-network 1 00 O [

Deep Q-network 000000000000 [1] 00 DQN O TensorFlow O OpenAl
GymOO0000000000O0O0ODOOOOOOOOODOOOOOO0O0Ooooooo
O000D00.DQNODOODOO pythondOOOODOODOODO tensorflow O keras 0 0 0O O
0.0000000000 Agent0 00000000 ,Agent 00000 def __init__(self,
num_actions) 0000000000000 0. 00000000000 100000
O000.00,0000000000000000000000deque()00000OO0O
0000000000000 0000000.00000000 (Q(s¢,a),a,8,Q(st+1,a))
Oo00OO0ooooooooooooobobD.00,00000000000b0D . AgentO O
0 00 def build_network(self) 00 Q Network(D O O O O network) O Target Network(O
O00000000Onnetwork) 000000, OO00OD0OO0OOOOOOO286000
00050000 60 (286-400-200-100-50-5) 000000000 0. 0000000
OO0 ReLUO DO DO OO . Target Network OO DO OOODO Q NetworkDOOO OO OO
O00000.0000000000000 Agentd 000 0O def build_training_op(self,
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gnetwork_weights) 0 0 0 0. 0000000000 100000000 O00OO. OO
00000000000 oO0ooOo,000-10010000000D00.000000
O0000o00oo0ooooooo.0ooooo0oooooooooooooon
0000000000000 000 AdamO0OO0O000OD0O0ODODOODOODO.AdamOd0O
00000 a=0.001,8 =0.9,6=0999,=10°0000000.00,Agent 0O
0 O O def get_action(self, num, state) D0 0 00000000. 0000 [1)00 40
01000000000000,00000000.00000¢ -greedyOQOOODO.
000,00 0000000000,00000QOO0ODOOOODOOODOO.O0O
0000000000000 00DO00bO0ODDO0oDOOoO0.0ObeDOSOO00O0
0,00000200 1000000000000 0OO00O00.1000000O0 020000
O000.00000000,0000000000 Agentd 000 0O def run(self, num,
before_state, action, reward, state, termina) D 0000000000,

OO0O00oog 6: bQNOODO

class Agent ():
def run(self, num, before_state, action, reward, state, terminal):

self .replay_memory.append (( before_state , action, reward, state, terminal))

if len(self.replay_-memory) > NUMREPLAY MEMORY:
self .replay_memory. popleft ()

if self.t >= INITIAL_.REPLAY_SIZE:
if self.t % TRAININTERVAL =— 0:
self.train_network ()

if self.t % TARGET_.UPDATEINTERVAL = O0:
self .sess.run(self.update_target_network)

if self.t % SAVEINTERVAL — 0:
save_path = self.saver.save

(self.sess, SAVENETWORKPATH + '/’ + ENVNAME, global_step=(self.t))

)

print (’Successfully saved:
self .t +=1

+ save_path)

00000060 DONOOOOOOOOOOOOODO.OO0OONjODODODOO10A1
oo0oooooo,000000o000oOo00o0ooOo00oDOboO0o0oOb0O0D.00,o00
O000000000.00000 (Q(s4,a),a,8Q(si41,0) 0000000 0,000
000000000000 000.QNetworkkOOOOODOOODOODOODODOOOOO
0000005000000 Agentd 00O 00O def train_network(self)0 O O O . Target
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network 0 5000000000 0O0O.00,0000000000000000O00O0O
goooo.

goooobg r-0o00booo

class Agent ():

def train_network (self):
before_state_batch = []
action_batch = []
reward_batch = []
state_batch = []
terminal_batch = []
y-batch = []

minibatch = random.sample(self.replay_memory, BATCHSIZE)
for data in minibatch:
before_state_batch .append(data[0])
action_batch.append(data[1l])
reward_batch .append(data[2])
state_batch .append(data[3])
terminal_batch.append(data[4])

terminal_batch = np.array(terminal_batch) + 0

a = np.argmax(self.q_values.eval(
feed_dict={self.s: np.float32 (up.array(state_batch)/250.0)}), axis=1)
target_q-values_batch = self.target_q_values.eval(
feed _dict={self.st: np.float32 (np.array(state_-batch)/250.0)})
targets = np.zeros ((BATCHSIZE)). astype (np. float32)
for i in range(0,BATCH.SIZE):
targets[i] = target_q_values_batch[i][a[i]]
y-batch = reward_batch + (1 — terminal_batch) % GAMMA x targets

loss, - = self.sess.run([self.loss, self.grad_update], feed_dict={
self.s: np.float32 (np.array (before_state_batch)/250.0),
self.a: action_batch ,
self.y: y_batch

1)

self.total_loss += loss

00000070 DQNOOOOOOOOCOOOOOD.O000000000O0000
00 (Q(s,a),as,Q(si1,0) 0000000000 3200000000,000000
000000000000.00000000 [1]000000 DoubleDeepQLearnig O
0000.0000000000000000000000000000000000
00000000000,00000000000000.
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chain_keras.py

# coding:utf—8

import os

import sys

import time

import math

import random

import pygame

from pygame.locals import *

import numpy as np

import tensorflow as tf

# from skimage.color import rgb2gray
# from skimage.transform import resize

from collections import deque

# from keras.utils import plot-model
from keras.models import Sequential
from keras.layers import InputLayer

from keras.layers.core import Dense,Dropout,
Flatten
from draw import init ,reset ,stage_draw ,hcar_set ,

section_act ,move, sensor ,state_draw ,get_move_act
from mete import wallmete ,carmete ,mete, distance ,
distance_l ,angular ,crosspoint

KERAS BACKEND = ’tensorflow’

ENVINAME = ’AutoDrive’ # Environment name

EXPLORATION_STEPS = 1000000 # Number of steps
over which the initial wvalue of epsilon is
linearly annealed to its final wvalue

GAMMA = 0.95 # Discount factor

INITIAL_EPSILON = 0.5 # Initial value of
epsilon in epsilon—greedy

FINAL_EPSILON = 0.1 # Final value of epsilon in
epsilon—greedy

INITIAL_REPLAY_SIZE = 1000 # Number of steps to
populate the replay memory before training
starts

NUMREPLAY MEMORY = 200000 # Number of replay
memory the agent uses for training

BATCHSSIZE = 32 # Mini batch size

TARGET_UPDATEINTERVAL = 5000 # The frequency
with which the target network is wupdated

ACTIONINTERVAL = 1 # The agent sees only every
4th input

TRAININTERVAL = 5 # The agent selects 4
actions between successive updates

SAVE_INTERVAL = 300000 # The frequency with
which the mnetwork is saved

NO_OP_.STEPS = 30 # Mazimum number of 7do
nothing” actions to be performed by the agent
at the start of an episode

LOADNETWORK = False

TRAIN = True

TEST = False

SAVENETWORK PATH = ’saved-networks/’ + ENV.NAME

ADAS_ SAVE NETWORK PATH =
+ ENV.NAME

SAVE.SUMMARY PATH =

CARNUM = 19

’saved_networks_adas/’

’summary/’ + ENV.NAME

class Agent ():

def __init__(self,
self.num_actions
self.epsilon = 0
self.epsilon_step (INITIAL_EPSILON —
FINAL_EPSILON) / EXPLORATION_STEPS

num-_actions):
num-_actions

self.adas_epsilon = O0#INITIAL_EPSILON
self.t = 0

self.t0 = 0

self.t1 = 0

self.adas_-t = 0

self.adas_t0 = 0

self.repeated_action = 0
self.adas_episode = 0

# Parameters used for summary

self.total_reward = 0
self.total_g-max = 0
self.total_loss = 0
self.duration = 0
self.episode = 0
self.episoded = 0
self.success = 0
self.max_action = 0
self.adas_max_action = 0

29

self.q-values2 = np.zeros ((1,5)).astype(np.
float32)

self.adas_values2 = np.zeros ((1,5)).astype(np.
float32)

# Create replay memory
self .replay_memory = deque ()
self.adas_replay_memory deque ()

# Create q network
self.s, self.q-values,
build_network ()
g-network_weights
trainable_weights
self.adas_.s, self.adas_values, self.
adas_network self.adas_build_network ()
adas_network_weights self.adas_network.
trainable_weights

self.g-network self.

self.qg-network.

# Create target network

self.st, self.target_q-values , self.
target-network self.build_-network ()
target_network_weights self.target_network.
trainable_weights

self.adas_st, self.target_adas_values , self.
adas_target_network self.adas_build_network
O

adas_target_network_weights self .
adas_target_network.trainable_weights

# Define target network wupdate
self . update_target_network
target_network_weights[i]. assign (
g-network_weights[i]) for i in xrange(len
target_network_weights))]
self.adas_update_target_network = [
adas_target_network_weights[i]. assign (
adas_network_weights[i]) for i in xrange(len/(
adas_target_-network_weights))]
#self.update_adas_network = [
adas_network_weights [i]. assign (
g-network_weights [i]) for i in zrange(len(
adas_network_weights ))]

operation

# Define loss and gradient update operation
self.a, self.y, self.loss, self.grad_update =
self.build_training_op (g-network_weights)
self.adas_a, self.adas_y, self.adas_loss,
.adas_grad_update = self.
adas_build_training_op (adas_network_weights)

self

# plot-model (self.q-network, to_file="model.

png ’)
self .sess = tf.InteractiveSession ()
self .saver = tf.train.Saver(g-network_-weights)
self.summary_placeholders, self.update_ops,
self .summary op = self.setup_summary ()
self.summary_writer = tf.summary.FileWriter (
SAVE_SUMMARY PATH, self.sess.graph)

self.adas_saver tf.train.Saver (
adas_network_weights)

if not os.path.exists (SAVENETWORKPATH) :
os . makedirs (SAVENETWORK PATH)

if not os.path.exists (ADASSAVENETWORKPATH):
os . makedirs (ADAS SAVE NETWORK_PATH)

self .sess.run(tf.global_variables_initializer

)

# Load metwork

if LOADNETWORK:
self .load-network ()

if LOADNETWORK:
self.adas_load_network ()

self .update_adas_network = |
adas_network_weights [i]. assign (
g-network_weights[i]) for i in xrange(len/(
adas_network_weights))]

self .sess.run(self.update_adas_network)

# Initialize target mnetwork
self.sess.run(self.update_target_network)

self .sess.run(self.adas_update_target_network)

def adas_build_network (self):




model = Sequential ()

model.add (InputLayer (input-shape=(None,286)))
model.add (Dense (400, activation=’relu’))
#model.add (Dense (300, activation="relu ’))

model.add (Dense (200, activation=’relu’))

model.add (Dense (100, activation=’relu’))

model.add (Dense (50, activation=’relu’))

model.add (Dense(self.num_actions))

s = tf.placeholder (tf.float32, [None, 286])
g-values = model(s)

return s, g-values, model

def adas_build-training_op (self,
gq-network_weights):

a = tf.placeholder (tf.int64, [None])

y = tf.placeholder (tf.float32, [None])

# Convert action to omne hot wvector
a_one_hot = tf.one_hot(a, self.num_actions,
1.0, 0.0)

qg-value = tf.reduce_sum (tf.multiply (self.

adas_values, a_-one_hot), reduction_indices=1)

# Clip the error, the loss is quadratic when
the error is in (—1, 1), and linear outside
of that region
error = tf.abs(y — g-value)
quadratic_part = tf.clip_by_-value(error, 0.0,
1.0)
linear_part = error — quadratic_part
loss = tf.reduce_mean (0.5 * tf.square(
quadratic_part) + linear_part)

#optimizer = tf.train. RMSPropOptimizer(
LEARNING-RATE, momentum=MOMENTUM, epsilon=
MIN_.GRAD)
optimizer = tf.train.AdamOptimizer(

learning_rate=0.001,betal=0.9,beta2=0.999,
epsilon=1le—08,use_locking=False ,name=’Adam’)
grad_update optimizer.minimize (loss ,
var_list=q_-network_weights)

return a, y, loss, grad_update

def adas_get_action(self, num, state):

#self.sess.run(self.update_adas_network)

if self.adas_-t % 1 == 0:
if self.adas_epsilon >= random.random ():
action = random.randrange(0,self.num_actions
)
else:
action = np.argmax(self.adas_values.eval(
feed_dict={self.adas_s: [np.float32(state
/250.0)1}))
if num == O:
self.adas_max_action = np.argmax(self.
adas_values.eval(feed_dict={self.adas_.s: [np
.float32 (state /250.0)]}))
self.adas_values2 = self.adas_values.eval(
feed_dict={self.adas_s: [np.float32(state
/250.0)]})
# # Anneal epsilon linearly over time
if self.adas_epsilon > FINAL_EPSILON:
self.adas_epsilon —= self.epsilon_step
return action
def adas_run(self, num, before_state , action,
reward, state, terminal):
self.adas_replay_memory .append (( before_state ,
action, reward, state, terminal))
if len(self.adas_replay_memory) >
NUM_REPLAY MEMORY :
self.adas_replay_memory . popleft ()
if terminal == 1:
self.adas_episode 4= 1
if self.adas_-t >= INITIAL_.REPLAY_SIZE:
# Train network
if self.adas_-t % TRAINJINTERVAL == O0:
self.adas_train_network ()
# Update target network
if self.adas_-t % TARGET_.UPDATEINTERVAL == 0:
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self.sess.run(self.
adas_update_target_network)

# Save network
if self.adas_t % SAVEINTERVAL == O0:
save_path self.adas_saver.save(self.sess,
ADAS SAVENETWORK_PATH + ’/’ + ENV.NAME,
global_step=(self.adas_t))
print (> Successfully saved:

’ 4+ save_path)

if num == 0:
self.adas_t0 += 1

self.adas_t += 1

def adas_train_network(self):
before_state_-batch
action_batch [
reward_batch [
state_batch []
terminal_batch =
y-batch [

# Sample random minibatch
replay memory
minibatch = random.sample(self.
adas_replay_memory , BATCH_SIZE)
for data in minibatch:
before_state_batch .append(data [0])
action_batch.append(data[1l])
reward_batch.append(data[2])
state_batch .append(data[3])
terminal_batch.append(data[4])

]

of transition from

# Convert True to 1, False to 0
terminal_batch = np.array(terminal_batch) + 0

#double deep @Q-learning

a = np.argmax(self.adas_values.eval(feed_dict
={self.adas_s: np.float32 (np.array (
state_batch)/250.0)}), axis=1)
target_adas_values_batch self.
target_adas_values.eval(feed_dict={self.

adas_st: np.float32(np.array(state_batch
)/250.0)})

targets = np.zeros ((BATCHSIZE)). astype (np.
float32)

for i in range(0,BATCHSIZE):

targets [i] = target_adas_values_batch[i][a[i
1]

y-batch = reward_batch + (1 — terminal_batch)

* GAMMA * targets

#deep Q—learning

# target_-q-values_batch
.eval (feed_dict={self.st:
(state_batch))})

self.target_q-values
np. float32 (np.array

# y_-batch = reward_batch + (1 — terminal_batch
) * GAMMA * np.maz(target_-q-values_batch ,
azis=1)

#print np.maz(target_q_-values_batch , azis=1)

loss , grad_update = self.sess.run([self.

, feed_dict

adas_loss , self.adas_grad_update]

self.adas_s: np.float32(np.array (

before_state_batch)/250.0),
self.adas_a: action_batch ,
self.adas_y: y-batch

b

def adas_-load_-network(self):
checkpoint tf.train.get_checkpoint_state (
ADAS_ SAVENETWORK PATH)
if checkpoint and checkpoint.
model_checkpoint_path:
self.adas_saver.restore(self.sess,
.model_checkpoint_path)
print(’Successfully loaded: ~’
model_checkpoint_path)
else:
print (’Training new network...’)

checkpoint

+ checkpoint .

def build_network (self):

model Sequential ()

model.add (InputLayer (input_shape=(None,286)))
model.add (Dense (400, activation=’relu’))
#model.add (Dense (8300, activation="relu ’))

model.add (Dense (200, activation=’relu’))
model.add (Dense (100, activation=’relu’))
model.add (Dense (50, activation=’relu’))
model.add (Dense(self.num_actions))




s = tf.placeholder (tf.float32 ,
q-values = model(s)

[None, 286])

return s, g-values, model
qg-network_weights ):
[None])

[None])

def build_training_op (self,
a tf.placeholder (tf.int64 ,
y tf.placeholder (tf.float32 ,

# Convert
a_one_hot
1.0, 0.0)
q-value
q-values ,

action to omne holt wector
tf.one_hot(a, self.num_actions,

tf.reduce_sum (tf. multiply (self.
a_one_hot), reduction_indices=1)

# Clip the

is
and

quadratic when
linear outside

error, the loss
the error is in (—1, 1),
of that region
error = tf.abs(y — g-value)
quadratic_part tf.clip_by_value(error, 0.0,
1.0)
linear_part error quadratic_part
loss = tf.reduce_mean (0.5 = tf.square(
quadratic_part) + linear_part)

#optimizer = tf.train.RMSPropOptimizer(
LEARNING_RATE, momentum=MOMENTUM, epsilon=
MIN_GRAD)
optimizer tf.train.AdamOptimizer (
learning_rate=0.001,betal=0.9,beta2=0.999,
epsilon=1le—08,use_locking=False ,name=’Adam’)
grad_update optimizer.minimize (loss ,
var_list=g_-network_weights)
return a, y, loss, grad-update

def get_q-values(self, state):

self . max_action = np.argmax(self.qg-values.eval
(feed_dict={self.s: [np.float32(state
/250.0)]}))

self.q_-values2 self.qg_-values.eval(feed_dict
={self.s: [np.float32(state/250.0)]})
self.adas_values2 self.adas_values.eval(
feed_dict={self.adas_s: [np.float32(state

/250.0)]})

def get_action(self, num, state):

action = self.repeated_action

if self.t % ACTIONINTERVAL == 0:

if self.epsilon >= random.random () or self.t
< INITIAL_.REPLAY_SIZE:
action = random.randrange(0,self.num_actions
)

else:
action = np.argmax(self.q_values.eval(

feed_dict={self.s:
/250.0)]}))

[np.float32 (state

self .repeated_action = action

if num == O0:

self . max_action = np.argmax(self.qg_-values.
eval(feed_dict={self.s: [np.float32(state
/250.0)]}))

self.g-values2 self.qg-values.eval/(
feed_dict={self.adas_s: [np.float32(state
/250.0)]})

# Anneal epsilon linearly over time

if self.epsilon > FINAL_EPSILON and self.t >=
INITIAL_.REPLAY_SIZE:

self.epsilon —= self.epsilon_step

return action

def run(self, num, before_state , action, reward

, state, terminal):

if terminal != 2:
self .replay_memory .append (( before_state ,
action , reward, state, terminal))

if len(self.replay_memory) > NUMREPLAY MEMORY
self .replay_memory . popleft ()

if self.t >= INITIAL_LREPLAY_SIZE:

# Train network

if self.t % TRAININTERVAL == 0:
self.train_network ()

# Update

target network
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if self.t % TARGET_-UPDATEINTERVAL == O0:
self.sess.run(self.update_target_network)

# Save network

if self.t % SAVEINTERVAL == 0:

save_path self.saver.save(self.sess,
SAVENETWORK PATH + '/’ + ENV.NAME,
global_step=(self.t))

print (> Successfully saved:

’ 4+ save_path)

self.total_reward 4= reward

self .total_g-max 4= np.max(self.q_values.eval(
feed_dict={self.s: [np.float32(state
/250.0)]1}))

self.duration += 1

if terminal = 1:
# Write summary
if self.t >= INITIAL_.REPLAY_SIZE:
stats = [self.total_-reward, self.total_g-max
/ float(self.duration),
self .duration, self.total_loss / (float (
self.duration) / float (TRAINJINTERVAL))]
for i in xrange(len(stats)):

self.sess.run(self.update_ops[i], feed_dict

.summary_placeholders[i]: float(stats]|

self.sess.run(self.summary_op)
add_summary (summary_str ,

summary._str
self.summary_writer.
self.episode + 1)

# Debug
if self.t < INITIAL.REPLAY_SIZE:
mode = ’random’

elif INITIAL_REPLAY_SIZE <= self.t <
INITIAL_.REPLAY_SIZE + EXPLORATION_STEPS:

mode = ’explore’
else:
mode = ’exploit’

print ( "EPISODE: {0:6d} / TIMESTEP: {1:8d} /

DURATION: {2:5d} / EPSILON: {3:.5f}
TOTALREWARD: {4:3.0f} / AVGMAX.Q: {5:2.4f}
/ AVG_LOSS: {6:.5f} / MODE: {7}’ .format (

self.episode + 1, self.duration ,
self.epsilon ,
self.total_reward ,
self .duration),

self.total_loss

self.t,
self.total_g-max / float (

/ (float(self.duration) /

float (TRAINJINTERVAL)) , mode))
self .total_-reward = 0
self.total_g-max = 0
self . total_loss = 0
self.duration = 0
self.episode += 1

if num == O0:
self.episode0 4= 1

if num == O0:
self . t0 4= 1

self.t 4= 1
#return mnext_-state

def train_network(self):
before_state_batch []
action_batch = []
reward_batch = []
state_batch = []
terminal_batch
y-batch = []

# Sample random minibatch
replay memory

minibatch = random.sample(self.replay_memory,
BATCH_SIZE)

for data in minibatch:

before_state_batch .append(data [0])
action_batch.append(data[1l])
reward_batch.append (data[2])

state_batch .append(data[3])
terminal_batch.append(data[4])

]

of transition from

# Convert True to 1, False to 0
terminal_batch = np.array(terminal_batch) + 0

#double deep @Q-learning
a = np.argmax(self.qg_values.eval(feed_dict={




self.s: np.float32 (np.array (state_batch
)/250.0)}), axis=1)

target-q-values_batch self.target_-q-values.
eval(feed_dict={self.st: np.float32(np.array (
state_batch)/250.0)})

targets = np.zeros ((BATCH.SIZE)). astype (np.
float32)

for i in range(0,BATCH.SIZE):

targets[i] = target_q-values_batch[i][a[i]]
y-batch = reward_batch + (1 — terminal_batch)
* GAMMA x* targets

#deep Q—learning

# target_q-values_batch =
.eval (feed_dict={self.st:
(state_batch))})

# y-batch = reward_-batch + (1 — terminal_batch
) * GAMMA % np.maz(target_-q-values_batch ,
azis=1)

#print np.maz(target_-g-values_batch ,

self.target_q-values
np. float32 (np.array

azis=1)

loss , grad_update self.sess.run ([self.loss ,
self.grad_update], feed_dict={

self.s: np.float32(np.array (
before_state_batch)/250.0),

self.a: action_batch,
self.y: y_batch
9]

self.total_loss += loss

def setup_summary (self):

episode_total_reward tf. Variable (0.)
tf.summary.scalar (ENV.NAME + ’/Total Reward/
Episode’, episode_total_reward)
episode_avg_max_q = tf.Variable (0.)
tf.summary.scalar (ENV.NAME + ’/Average Max Q/
Episode’, episode_avg_-max-q)
episode_duration tf.Variable (0.)
tf.summary.scalar (ENV.NAME + °’/Duration/
Episode’, episode_duration)

episode_avg_loss tf.Variable (0.)
tf.summary.scalar (ENV.NAME + ’/Average Loss/
Episode’, episode_avg_loss)

summary_vars = [episode_total_reward ,
episode_avg_max_-q, episode_duration ,
episode_avg_loss]|
summary_placeholders
float32) for in xrange(len (summary_vars))]
update_ops = [summary_vars[i]. assign (
summary_placeholders[i]) for i in xrange(len/(
summary.-vars ) )]

summary-op = tf.summary.merge_all ()

return summary_placeholders, update_ops,
summary-op

[tf.placeholder (tf.

def load_network(self):
checkpoint tf.train.get_checkpoint_state (
SAVENETWORK_PATH)
if checkpoint and checkpoint.
model_checkpoint_path:
self .saver.restore(self.sess,
model_checkpoint_path)
print(’Successfully loaded: °’
model_checkpoint_path)

checkpoint .

+ checkpoint .

else:
print(’Training new network...’)

def get_action_at_-test(self, num, state, act ,
eps):

action = self.repeated-action

action = np.argmax(self.qg-values.eval(
feed_dict={self.s: [np.float32(state /
250.0)]}1))

self.repeated_action = action

if num == O0:
self.tl 4= 1

self.max_action = np.argmax(self.qg-values.eval

(feed_dict={self.s:

/250.0)1}))
self.qg-values2

={self.s:

[np.float32 (state
= self.qg-values.eval(feed_dict
[np.float32(state /250.0)]})

if eps = 1:
act action

#
#

if self.epsilon >= random.random ():
action = random.randrange (0, self.
num_actions)
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def main ():
pointlist
routepoint

linepoint

wallpointl

wallpoint2 = np.array

wallpoint3

wallpoint4

wallpointh

# else:

# action = np.argmaz(self.qg-values.eval(
feed_dict={self.s: [np.float32 (state
/250.0)]}))

# self.repeated_action =

return action

action

[(0,0),(0,0),(0,0),(0,0)]

[(70,70),(240,70),(240,410),(110,410),(110,540)
(200,540),(200,370),(200,110),(110,110),(110,370
(240,370),(480,370),(480,580),(70,580),(70,430)
(70,70),(240,70),(240,410),(240,540),(440,540) ,

(440,410),(200,410),(70,410),(70,70)]

[(50,50,260,50),(260,50,260,340),(260,340,270,35
(270,350,500,350),(500,350,500,600),(500,600,50 |
(50,600,50,50),(270,430,410,430),(410,430,420,44
(420,440,420,510),(420,510,410,520),(410,520,270
(270,520,260,510),(260,510,260,440),(260,440,270
(140,430,170,430),(170,430,180,440),(180,440,180
(180,510,170,520),(170,520,140,520),(140,520,13
(130,510,130,440),(130,440,140,430),(140,130,170
(170,130,180,140),(180,140,180,340),(180,340,170
(170,350,140,350),(140,350,130,340),(130,340,130
(130,140,140,130),(130,90,180,90),(130,390,180,3
(130,560,180,560),(260,390,420,390),(260,560,42
(250,390,250,390),(250,560,250,560),(90,130,90,3
(90,430,90,520),(220,130,220,350),(220,430,220,5
(460,430 ,460,520)]

= np.array
([(140,140),(170,140),(170,340),(140,340),(140,
([(140,440),(170,440),(170,510),(140,510) ,(140,4

= np.array
([(270,440),(410,440),(410,510),(270,510),(270 ,4

= np.array
([(0,0),(40,40),(270,40),(270,340),(270,340),(51

(510,610),(550,650),(550,300),(300,300),(300,0)]

= np.array
([(0,0),(40,40),(40,610),(510,610),(550,650),(0

wallpoint6 = np.r_-[wallpoint4[1: —4], wallpointh
[—4:0: —1]]

car = []

carpoint = []

carlist = []

wall = []

route = []

for i in range(0,CARNUM): #len (routepoint)—>5
if i '= 1 and i != 2 and i != 3 and i != 10
and i != 11 and i != 13 and i != 14 and i !=
15 and i != 16 and i != 21 and i != 22 and i
1= 23:

(x1,y1) routepoint [i]

(x2,y2) = routepoint [i+1]

deg = math.degrees(math.atan2(y2 — yl,x2 — x1
))

deg = —1xdeg

rad = math.radians (deg+45)

# z,y,deg, flg ,cs,speed, handle

carlist .append ((x1,yl,deg,0,i,0,0))

state = np.zeros ((len(carlist),286)).astype(np.
float32)
(w,h) = (35,15)

0),
600) ,
0),

,520)
,430)
,510),
,510),
,130),
,350)
,140)
90)

,560)
50),

20),

40)])

40)])

40)])

0,340),

)

650)])




Il
o

speed
deg = 0
action = 0
terminal =
cnt = 0

init (car,wall ,route, carlist ,carpoint , wallpointl
,wallpoint2 , wallpoint3 ,wallpoint6 ,routepoint)

for i in range(0,len(carlist)):

deg = carlist [1][2]

r = sensor (i,0,deg,car,carlist ,wallpointl ,
wallpoint2 , wallpoint3 ,wallpoint6 ,linepoint ,
carpoint ,routepoint ,state ,inside=0,mode=1)

#reset (car, carlist ,wallpointl ,wallpoints ,
carpoint ,routepoint , state)

agent = Agent(num-_actions=5)
agent.adas_load_network ()
agent.load_network ()
collO_wall=0

collO_car=0

colll_wall=0

colll_car=0

total_reward0=0
total_reward1=0

train_mode = 0

train_cnt = 0

eps = 1

step = 0

theta = 0

adas_flg = [0]*CARNUM
adas_mode = 0

flg-mg = [[0]*x10]*xlen(carlist)
coll =0

total_-reward = 0

adas_cnt = 0

mode = 0

while (1):
#reset (car, carlist ,wallpointl ,wallpointy ,
carpoint ,routepoint , state)
if mode == TRAIN:
#time . sleep (0.1)
if terminal 0 or terminal == 2:
stage_draw (carlist ,carpoint , wallpointl ,
wallpoint2 ,wallpoint3 , wallpoint4 , wallpointh
,routepoint ,linepoint)

for i in range(0,len(carlist)):
reward = 0
inside = 0

(flg ,cs ,speed ,handle) = (carlist[i][3],
carlist [1][4],carlist [i][5],carlist[i][6])

before_state = np.array(state[i])
agent.get_gq_-values(state[i])
adas_.mode = state_draw (i, carlist ,state ,

agent.adas_values2 [0],agent.
adas_max_action) #adas_-mode/[i]

action = agent.adas_get_action (i,state[i])

inside ,reward ,terminal ,theta = move(i,
action ,reward ,car ,wallpointl ,wallpoint2 ,
wallpoint3 , wallpoint6 ,route ,routepoint ,
carlist ,carpoint ,linepoint ,state ,agent.
adas_episode ,agent.adas_t0 ,agent .
adas_epsilon)

reward = sensor (i, action ,reward,car,carlist
,wallpointl ,wallpoint2 ,wallpoint3 ,
wallpoint6 ,linepoint ,carpoint ,routepoint ,
state ,inside ,TRAIN)

agent.adas_run (i, before_state , action,
reward, np.array(state[i]), terminal)

total_rewardO += reward

if 1 <= inside <= 4:

collO_wall 4= 1

if inside == 5:

collO_car 4= 1

if agent.adas_t0%(1000xCARNUM) == O0:

total_-reward0 = total_reward0/CARNUM

coll0_wall = coll0_wall /CARNUM

collO_car = collO_car /CARNUM

with open(” coll_cnt.txt”, ”a”) as file:
file . write(str(agent.t0) + 7 7 + str(
collO_-wall) + 7 ” 4+ str(collO_-car) + 7 7

+ str(total_-reward0) + ”\n”)

print ” file write”

if agent.adas_t0%(2000xCARNUM)

== (CARNUM-1):

collO_wall=0

0 and i
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collO_car=0

total_reward0=0

car = []

carpoint = []

carlist = []

wall = []

route = []

reset (car,wall ,route ,carlist ,wallpointl ,
wallpoint2 ,wallpoint3 , wallpoint4 ,
wallpoint5 , wallpoint6 ,carpoint ,routepoint
,linepoint ,state ,CARNUM)

# 0 0D0DO0O0O
for event in pygame.event.get ():
if event.type == KEYDO :
if event.key == K.LCTRL:
# save_path = agent.saver.save(agent.sess
, SAVE_NETWORK_PATH + '/’ + ENV_NAME,
global_step=(agent.t))
# print(’Successfully saved:
save_path)
save_path = agent.adas_saver.save(agent.
sess , ADASSAVENETWORKPATH + °/° +

T

ENV.INAME, global_step=(agent.adas_t))
print (’Successfully saved: ' + save_path)
if event.key == KSPACE:
if eps == 0:

eps = 1

colll_wall=0

colll_car=0

total_reward1=0

car = []

carpoint = []

reset (car ,wall ,route,carlist ,wallpointl ,
wallpoint2 ,wallpoint3 , wallpoint4 ,
wallpoint5 ,wallpoint6 ,carpoint ,
routepoint ,linepoint ,state ,CARNUM)

else: eps = 0

if event.key == K_RSHIFT:
#mode = 0

car = []

carpoint = []

carlist = []

wall = []

route = []

reset (car ,wall ,route , carlist , wallpointl ,
wallpoint2 ,wallpoint3 , wallpoint4 ,
wallpoint5 , wallpoint6 ,carpoint ,
routepoint ,linepoint ,state ,CARNUM)

if event.type QUIT: # 0 0D0DO0ODO0OO
0Oo0oooDoooao
pygame. quit ()

Ooooooao)

sys.exit ()
elif terminal == 1:
#reset (car, carlist ,wallpointl , wallpoints ,
carpoint ,routepoint , state )

# PygameO 00O (O

terminal = 0
cnt = 0
# else :
# terminal = 0
# cnt = 0
elif mode == TEST:

if terminal 0 or terminal == 2:

stage_draw (carlist ,carpoint , wallpointl ,
wallpoint2 ,wallpoint3 , wallpoint4 , wallpointh
,routepoint ,linepoint)

for i in range(0,len(carlist)):
reward = 0
inside = 0

(flg ,cs ,speed ,handle) = (carlist[i][3],
carlist [1][4],carlist[i][5],carlist[i][6])

before_state = np.array(state[i])
agent.get_gq_-values(state[i])
adas_mode = state_draw (i, carlist ,state,

agent.adas_values2 [0] ,agent.
adas_max_action) #adas_-mode/[1i]
if adas_mode == 1:
if adas_flg[i]
adas_flg[i] =1
action = agent.adas_get_action(i,state[i])
else:
adas_flg[i] = 0
action = get_move_act(i,car,carlist ,
carpoint ,routepoint ,state)
action = agent.get_action_at_test(i,state[i
1,0,0)
#action = get_-mowve_act(i,car,carlist
carpoint ,routepoint , state)
#action = agent.adas_get_action (i,state[i])
inside ,reward ,terminal ,theta = move(i,

== 0: adas_cnt 4= 1




action ,reward ,car ,wallpointl ,wallpoint2 ,
wallpoint3 , wallpoint6 ,route ,routepoint ,
carlist ,carpoint ,linepoint ,state ,agent.
adas_episode ,agent.adas_t0 ,agent.
adas_epsilon)

reward sensor (i, action ,reward,car, carlist
,wallpointl ,wallpoint2 , wallpoint3 ,
wallpoint6 ,linepoint ,carpoint ,routepoint ,
state ,inside ,TRAIN)

total_rewardO0 += reward

if inside != 0:
adas_flg[i] = 0
if 1 <= inside <= 4:
collO_-wall 4= 1
if inside == 5:
collO_car += 1

if i == (len(carlist)—1):
agent .t += 1
if agent.t%1000 0:
adas_cnt = float (adas_cnt)/CARNUM
total_rewardO float (total_reward0)/
CARNUM
collO_wall = float (coll0_wall)/CARNUM
collO_car float (collO_car )/CARNUM
with open(” coll_cnt.txt”, ”a”) as file:
file.write(str(agent.t) + 7 7 + str(
adas_cnt) + 7 7 + str(collO_wall) 4 ”
+ str(collO_car) + 7 7 4+ str(
total_-reward0) + ”\n”)
print 7 file write”
total_rewardO 0
collO_wall
collO_car
car [
carpoint
carlist
wall []
route []
reset (car ,wall ,route ,carlist ,wallpointl ,
wallpoint2 ,wallpoint3 , wallpoint4 ,
wallpoint5 ,wallpoint6 ,carpoint ,
routepoint ,linepoint ,state ,CARNUM)

»

0
0

[
[

for event in pygame.event.get ():

# if event.type == MOUSEBUTTONDOWN and event
.button == 1:

# (x, y) = event.pos

# car_set(z,y,carlist ,carpoint ,car)

# stage_draw (carlist ,carpoint , wallpointl ,

wallpoint2 , wallpointd , wallpoint4 ,wallpointd

,routepoint ,linepoint ,mode)
# (speed,handle) = (0,0)
# move(0,action ,speed, handle ,reward, car,
wallpointl , wallpoint2 , wallpoint3 , wallpoint6
,route ,routepoint , carlist ,carpoint,
linepoint , state ,agent.episodel , agent.t0,
agent.epsilon ,agent. g_-values2 [0], agent.
maz_action )

sensor (0, action ,reward, car, carlist ,
wallpointl , wallpoint2 , wallpoint3 , wallpoint6
,linepoint , carpoint ,routepoint , state ,inside
, TEST)

#

== KEYDOWN:
K_RSHIFT :

if event.type

if event.key
car = []
carpoint
carlist
wall
route []
reset (car ,wall ,route, carlist ,wallpointl ,
wallpoint2 , wallpoint3 , wallpoint4 ,
wallpoint5 , wallpoint6 ,carpoint ,routepoint
,linepoint ,state ,CARNUM)

if event.type == QUIT:

oooooooao

pygame. quit ()
ooooao)

sys.exit ()

[

# 000000

# PygameO 00 (0O O

if __name__ —-main__":

main ()

draw.pyx

# —x— coding :utf—8 —x—
import numpy as np
cimport numpy as np
cimport cython
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import pygame
from pygame.locals
import sys
import math
import time
import random
from fractions

import x*

import Fraction

from mete import wallmete ,linemete ,carmete , mete,
distance ,distance_l ,angul ,angular,crosspoint

black = [ 0, 0, 0]

white = [200,200,200]

white2 = [100,100,100]

blue = [ 0, 88,255]

blue2 = [ 0, 44,122]

green = [ 0, 88, 0]

green2 = [ 0, 44, 0]

red = [194, 0, 28]

red2 = [ 97, 0, 14]

yellow = [200,200, 0]

yellow2 = [100,100 0]

WALL_PUNISH = 5

CAR_PUNISH = 5

LINE_PUNISH = 3

(x,y) = (1000,650)

pygame. init ()

screen = pygame.display.set_mode((x,y),0,32)
clock = pygame.time.Clock ()

font = pygame.font.Font(None, 25)

cpdef init (car,wall ,route,carlist ,carpoint ,

wallpointl , wallpoint2 , wallpoint3 ,wallpoint6 ,
routepoint):

pointlist = [(0,0),(0,0),(0,0),(0,0)]
(w,h) = (35,15)

speed = 0

deg = 0

pygame. init ()

pygame. display .set_caption ("AUTOMATION DRIVE” )

for i in range(0,len(wallpointl)—1):
(x1,yl) = wallpointl [i]

(x2,y2) = wallpointl [i+1]

if x1 == x2 or yl == y2:

wall . append (pygame.draw.line (screen , green ,(x1
1), (x2,y2) 1))
else:
if x1 > x2:
(tmp_x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,yl) = (tmp-x,tmp.y)
slope Fraction (y2—yl,x2—x1)
for j in range(xl,x2,slope.denominator):
yl 4= slope.numerator
wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator,slope.
numerator)))

for i in range(0,len(wallpoint2)—1):
(x1,yl) = wallpointl [i]
(x2,y2) = wallpointl [i+1]

if x1 == x2 or yl y2:
wall . append (pygame.draw.line (screen , green ,(x1
1), (x2,y2) 1))
else:
if x1 > x2:
(tmp_x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,yl) = (tmp-x,tmp.y)
slope Fraction (y2—yl,x2—x1)
for j in range(xl,x2,slope.denominator):
yl 4= slope.numerator
wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator,slope.
numerator)))

for i in range(0,len(wallpoint3)—1):
(x1,yl) = wallpointl [i]
(x2,y2) = wallpointl [i+1]

if x1 == x2 or yl y2:
wall .append (pygame.draw.line (screen , green ,(x1
1), (x2,y2) 1))
else:
if x1 > x2:
(tmp-x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,yl) = (tmp-x,tmp.y)




slope = Fraction (y2—yl,x2—x1)

for j in range(xl,x2,slope.denominator):

vyl += slope.numerator

wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator,slope.
numerator)))

for i in range(0,len(wallpoint6)—1):
(x1,yl) = wallpoint6[i]

(x2,y2) = wallpoint6 [i+1]

if x1 == x2 or yl == y2:

wall.append (pygame.draw. line (screen ,green ,(x1
,y1l),(x2,y2),1))
else:
if x1 > x2:
(tmp-_x,tmp_-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,y1) = (tmpx,tmp-y)
slope = Fraction (y2—yl,x2—x1)
for j in range(xl,x2,slope.denominator):
yl 4= slope.numerator
wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator,slope.
numerator)))

for i in range(0,len(routepoint)—1):

(x1,yl) = routepoint[i]

(x2,y2) = routepoint [i+1]

route .append ([])

if x1 == x2 or yl == y2:

route [i].append(pygame.draw.line (screen ,white

»(x1,y1),(x2,y2),1))

else:

if x1 > x2:
(tmp-x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,y1) = (tmpx,tmp-y)
slope = Fraction (y2—yl,x2—x1)
for j in range(xl,x2,slope.denominator):
yl 4= slope.numerator
route [i].append(pygame.draw.rect (screen ,
white ,Rect(j,yl,slope.denominator,slope.
numerator)))
for i in range(0,len(carlist)): #len(carlist)
carpoint .append ([])
(dx,dy,tmp_deg, flg ,cs ,speed ,handle) = carlist |

i]
(tx,ty) = (dx,dy)
rad = math.radians (deg)
dx 4= math.cos(rad)*speed + math.cos(rad)=*20
dy 4= —1lsmath.sin(rad)*speed — math.sin (rad

)*10
k=0
for j in range(0,4):

if j == 1:
rad = math.radians (tmp-deg+180)
tx = math.cos(rad)*w + dx

ty = —1lxmath.sin (rad)*w 4+ dy

if j == 2:

rad = math.radians (tmp_-deg+270)
tx = math.cos(rad)*h + tx

ty = —1lsmath.sin(rad)*h + ty

if j == 3:

rad = math.radians (tmp_deg+270)
tx = math.cos(rad)*h + dx

ty = —1lsmath.sin(rad)*h 4+ dy

pointlist .pop(j)

pointlist.insert (j,(tx,ty))

carpoint [i].append(int(tx))

carpoint [i].append(int(ty))

if flg == 0:

car .append (pygame.draw. lines (screen , white2 ,
True, pointlist ,1))

elif flg == 1:

car .append (pygame.draw. lines (screen ,red2 , True
,pointlist ,1))

else:

car.append (pygame.draw. lines (screen ,blue2 ,
True, pointlist ,1))

rad = math.radians (deg)

dx —= math.cos(rad)=*20

dy 4= math.sin (rad)*10

. fill ((0,0,0))

screen

pygame. display .update ()

cpdef reset (car,wall ,route,carlist ,wallpointl ,
wallpoint2 , wallpoint3 ,wallpoint4 , wallpoint5 ,
wallpoint6 ,carpoint ,routepoint ,linepoint ,state

,num ) :

pointlist = [(0,0),(0,0),(0,0),(0,0)]
(w,h) = (35,15)
screen. fill ((0,0,0))
for i in range(0,1):
carlist .pop(0)
for i in range(0,num): #len (routepoint)—>5
if i '= 1 and i != 2 and i != 3 and i != 10
and i != 11 and i != 13 and i != 14 and i !=
15 and i != 16 and i != 21 and i != 22 and
i l= 23:
(x,y) = routepoint [i]
(x1,yl) = routepoint [i]
(x2,y2) = routepoint [i+1]
deg = math.degrees(math.atan2(y2 — yl,x2 — x1
deg = —1lxdeg
rad = math.radians (deg+45)
# z,y,deg, flg ,cs,speed, handle

carlist .append ((math.cos(rad)*30+x,—1xmath.
sin(rad)*10+y,deg+3.5,0,i,0,0))

range (0,len(wallpointl)—1):

for i in
(x1,yl) = wallpointl [i]
(x2,y2) = wallpointl [i+1]

if x1 == x2 or yl == y2:
wall . append (pygame.draw. line (screen , green ,(x1
1) (x2,¥2),1))
else:
if x1 > x2:
(tmp-x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,y1) = (tmp-x,tmp.y)
slope = Fraction(y2—yl,x2—x1)
for j in range(xl,x2,slope.denominator):
yl 4= slope.numerator
wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator ,slope.
numerator)))

for i in range(0,len(wallpoint2)—1):
(x1,yl) = wallpointl [i]
(x2,y2) = wallpointl [i+1]

if x1 == x2 or yl == y2:
wall .append (pygame.draw.line (screen , green ,(x1
1)L (x2,¥2),1))
else:
if x1 > x2:
(tmp-x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,y1) = (tmpx,tmp-y)
slope = Fraction (y2—yl,x2—x1)
for j in range(xl,x2,slope.denominator):
yl 4= slope.numerator
wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator ,slope.
numerator)))

for i in range(0,len(wallpoint3)—1):
(x1,yl) = wallpointl [i]
(x2,y2) = wallpointl [i+1]
if x1 == x2 or yl == y2:
wall . append (pygame.draw.line (screen , green ,(x1
1), (x2,y2) 1))
else:
if x1 > x2:

(tmp-x,tmp-y) = (x2,y2)

(x2,y2) = (x1,y1)

(x1,y1) = (tmp-x,tmp-y)

slope = Fraction(y2—yl,x2—x1)

for j in range(xl,x2,slope.denominator):

yl 4= slope.numerator

wall.append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator,slope.
numerator)))

for i in range(0,len(wallpoint6)—1):
(x1,yl) = wallpoint6 [i]

(x2,y2) = wallpoint6 [i+1]

if x1 == x2 or yl =— y2:

wall . append (pygame.draw.line (screen , green ,(x1
¥y1),(x2,y2) 1))
else:
if x1 > x2:
(tmp_x,tmp-y) = (x2,y2)
(x2,y2) = (x1,y1)
(x1,yl) = (tmp-x,tmp.y)

slope = Fraction(y2—yl,x2—x1)
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for j in range(xl,x2,slope.denominator):
vyl += slope.numerator
wall . append (pygame.draw.rect (screen , green,
Rect(j,yl,slope.denominator ,slope.
numerator)))

for i in range(0,len(routepoint)—1):

(x1,yl) = routepoint[i]

(x2,y2) = routepoint [i+1]

route.append ([])

if x1 == x2 or yl == y2:

route [i].append(pygame.draw.line (screen ,white

L(x1,y1) . (x2,¥2),1))

else:

if x1 > x2:

(tmp-_x,tmp_-y) = (x2,y2)

(x2,y2) = (x1,y1)

(x1,y1) = (tmpx,tmp-y)

slope = Fraction (y2—yl,x2—x1)

for j in range(xl,x2,slope.denominator):

yl 4= slope.numerator

route [i].append(pygame.draw.rect (screen ,
white ,Rect(j,yl,slope.denominator,slope.
numerator)))

stage_draw (carlist ,carpoint , wallpointl ,
wallpoint2 , wallpoint3 , wallpoint4 , wallpoint5 ,
routepoint ,linepoint)

for i in range(0,len(carlist)):

carpoint .append ([])

(dx,dy,tmp_deg, flg ,cs ,speed ,handle) = carlist |
i

rad = math.radians (deg)

#len (carlist)

dx 4= math.cos(rad)*speed + math.cos(rad)s*w
dy 4= —1lsmath.sin(rad)*speed — math.sin (rad)x*h
(tx,ty) = (dx,dy)
k=0
for j in range(0,4):

ifj =— 1:

rad = math.radians (tmp-deg+180)

tx = math.cos(rad)*w + dx

ty —1lsmath. sin (rad)*w + dy

if ) = 2:

rad = math.radians (tmp_-deg+270)

tx = math.cos(rad)*h + tx

ty = —1lsmath.sin(rad)*h + ty

if j = 3:

rad = math.radians (tmp_deg+270)
tx = math.cos(rad)*h + dx

ty = —lsmath.sin(rad)*h 4+ dy

pointlist .pop(j)
pointlist.insert (j,(tx,ty))
carpoint [i].append(int(tx))
carpoint [i].append(int(ty))
if flg = 0:
car .append (pygame.draw. lines (screen , white2 ,
True, pointlist ,1))
elif flg == 1:
car .append (pygame.draw. lines (screen ,red2 , True
,pointlist ,1))
else:
car .append (pygame.draw. lines (screen ,blue2 ,
True, pointlist ,1))
rad = math.radians (deg)
dx —= math.cos(rad)s*w
dy 4= math.sin (rad)x*h
pygame.draw. lines (screen , blue ,True, pointlist
2)

state = np.zeros ((len(carlist),286)).astype(np.
float32)

for i in range(0,len(carlist)):

deg = carlist [1][2]

r = sensor (i,0,deg,car,carlist ,wallpointl,
wallpoint2 , wallpoint3 , wallpoint6 ,linepoint ,
carpoint ,routepoint ,state ,inside=0,mode=1)

pygame. display .update ()

cpdef stage_draw (carlist ,carpoint,wallpointl ,
wallpoint2 , wallpoint3 , wallpoint4 , wallpointh ,
routepoint ,linepoint ):

cdef int i

pointlist [(0,0),(0,0),(0,0),(0,0)]
(w,h) = (35,15)

screen. fill ((0,0,0))

#wall depiction
pygame.draw. polygon (screen , green , wallpointl)
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pygame.draw . polygon (screen ,green , wallpoint2)
pygame.draw . polygon (screen , green , wallpoint3)
pygame.draw . polygon (screen , green , wallpoint4)
pygame.draw. polygon (screen , green , wallpoint5)
#route depiction

for i in range(0,len(routepoint)—1):

pygame.draw. aaline (screen ,
i], routepoint[i+1])

white2, routepoint [

for i in range(0,len(linepoint)):
(x1,y1,x2,y2) = linepoint [i]
pygame.draw. aaline (screen , white, (x1,yl), (x2
,¥2))
cpdef section_act (int num,int action ,car,carlist

,carpoint ,routepoint ,q-values):

if min(g-values) < O0:
return action

return action

cpdef car_set(x,y,carlist ,carpoint ,car):
pointlist [(0,0),(0,0),(0,0),(0,0)]

(w,h) = (35,15)

rect = pygame.draw.circle (screen ,red,(x,y),1)
ind = rect.collidelist (car)

if ind = —1:

n = len(carlist)

carlist .append ((x,y—h/2,0,0,0,0,0))

carpoint .append ([])

(dx,dy,deg, flg ,cs ,speed ,handle) = carlist [n]
rad = math.radians (deg)

dx 4= math.cos(rad)*speed + math.cos(rad)*w
dy 4= —1lsmath.sin (rad)*speed — math.sin (rad)x*h
(tx,ty) = (dx,dy)
k=0
for j in range(0,4):

if j =— 1:

rad = math.radians (deg+180)

tx = math.cos(rad)xw + dx

ty = —1lsmath.sin (rad)*w + dy

if j =— 2:

rad = math.radians (deg+270)

tx = math.cos(rad)*h 4+ tx

ty = —1lsmath.sin(rad)*h + ty

if j 3:

rad = math.radians (deg+270)

tx = math.cos(rad)*h 4+ dx
ty —1+math.sin (rad)xh + dy
pointlist .pop(j)
pointlist.insert (j,(tx,ty))
carpoint [n].append(int(tx))
carpoint [n].append(int(ty))
if flg 0:
car .append (pygame.draw. lines (screen , white2 ,
True, pointlist ,1))
elif flg 1:
car .append (pygame.draw. lines (screen ,red2,True
,pointlist ,1))
else:
car .append (pygame.draw. lines (screen , blue2,
True, pointlist ,1))
rad math.radians (deg)
pygame.draw. lines (screen ,blue ,True, pointlist
2)
elif ind != 0:
carpoint .pop(ind)
carlist .pop(ind)
car .pop(ind)

pygame. display .update ()

cpdef state_draw (int num, carlist ,state ,
adas_values ,adas_max_action ):

if num == 0:

q=20

r =20

(flg ,cs ,speed ,handle) = (carlist [num][3],
carlist [num][4], carlist [num][5], carlist [num
1161)

(x,y) = (320,270)

for i in range(0,160):
if i % 32 = 0:
x+=5
if int(i/32) == 0: pygame.draw.aaline(screen,

(255%2/3,127%2/3,0),
num][i]*—2/3), 2)

(x,y), (x, ytstate]




if int(i/32) == 1: pygame.draw.aaline(screen,
(100,100,100), (x,y), (x, y+state [num][i
]x—2/3), 2)

if int(i/32) == 2: pygame.draw.aaline(screen,
(0,127%2/3,255%2/3), (x,y), (x, ytstate]

num][i]*—2/3), 2)

int (i/32) == 3: pygame.draw.aaline (screen,
(127%2/3,0,255%2/3), (x,y), (x, ytstate]
num|[i]*—2/3), 2)

if

if int(i/32) == 4: pygame.draw.aaline(screen,
(255%2/3,0,127%2/3), (x,y), (x, ytstate][
num][i]*—2/3), 2)
x+=2

(x,y) = (570,520)

x+=10

y—=170

pygame.draw.rect (screen ,white, Rect(x,y
125,170),1)

x+=5

y+=85

pygame.draw.rect (screen ,white, Rect(x,y,15,
speed*—10))

x+=25

y—=85

pygame.draw.rect (screen ,white, Rect(x,y
125,170) ,1)

x+=5

y+=85

pygame.draw.rect (screen ,white, Rect(x,y,15,

handlex—10))
x+=30

if adas_values[0] <= 45 or adas_values[1] <=
45 or adas-values[2] <= 45 or adas-values [3]
<= 45 or adas_values[4] <= 45:

for i in range(0,5):
if adas_max_action :
pygame.draw.rect (screen ,red, Rect(x+i=*30,y
,20,adas_values [i]x—1))
else:
pygame.draw.rect (screen , white ,
y,20,adas_values [i]*—1))

= i

Rect (x+i =30,

adas_values [0] <= 60 or
or adas_values[2] <= 60
60 or adas_values [4] <=
return 1

else:

return 0

adas_values [1] <= 60
or adas_values [3] <=
60:

cpdef get_-move_act(int num,car,carlist ,carpoint ,
routepoint ,state):

(dx,dy,deg, flg ,cs ,speed ,handle) = carlist [num]

rdeg = 0

cs2 = ¢cs + 1

if c¢cs2 >= len(routepoint)—1:

cs2 =0

(cx1,cyl,cx2,cy2) = (carpoint [num][0], carpoint [

num][1] , carpoint [num][6] , carpoint [num][7])

(tx,ty) = (dx,dy)

(tx2,ty2) = crosspoint (¢cxl,cyl,cx2,cy2)
(rx1,ryl) = routepoint[cs]
(rx2,ry2) = routepoint [cs+1]
(rx3,ry3) = routepoint[cs2]
(rx4 ,ry4) = routepoint [cs2+1]
if rxl1 == rx2:
if ryl > ry2:
rdeg = 90
if ryl > ry2:
rdeg = 270
if ryl == ry2:
if rx1 > rx2:
rdeg = 180
if rx1 > rx2:
rdeg = 0
sdeg = deg — rdeg
sdis2 = distance_l(tx,ty,rx1l,ryl,rx2,ry2)

thetag?2 angular (tx,ty ,tx2 ,ty2 ,rx3 ,ry3 ,rx4 ,ry4

)
thetas2 angular (tx,ty ,tx2,ty2 ,rx1,ryl ,rx2,ry2

if (state[num][64] > 220 or state [num][65] >
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220 or state[num][66]

> 220 or state [num][95]

20 and thetag2 < 40:
return 3

> 220 or state [num][94]
> 220) and sdis2 <

if sdis2 < 20:
if thetag2 > 30:
if speed < 1:
return 3
if (0 <= sdeg <= 180) or (—360 <= sdeg <=
—180):
return 2
elif (—180 < sdeg < 0) or
360):
return 1
else:
if handle > 2:
return 2
elif handle <
return 1
if speed < 5:
return 0
else:
if thetas2 > 50:
if speed 0:
return 3
return 1
else:
if handle > 2:
return 2
elif handle <
return 1
if speed < 5:
return 0

(180 < sdeg <

—2:

=

—2:

return random.randrange (0,5)

cpdef move(int num,int action ,int reward,car,
wallpointl ,wallpoint2 ,wallpoint3 , wallpointé6 ,
route ,routepoint ,carlist ,carpoint ,linepoint ,
state ,episode ,step ,epsilon):

cdef int i,tx,ty,cs,inside=0,cnt=0,terminal=0
pointlist = [(0,0),(0,0),(0,0),(0,0)]
(w,h) = (35,15)

(dx,dy,deg, flg ,cs ,speed ,handle) = carlist [num]
(tmp_x,tmp_-y) = (dx,dy)

rect car [num]

tmp_-deg = deg

tmp_speed speed

tmp-handle = handle

if action 0:
if speed < 5:
speed += 1

if action 1:
if handle < 5:
handle += 1

if action ==
if handle >
handle —= 1

if action 3:
if speed > 1:
speed —= 2

if speed < —1:
speed += 2

if —1 <= speed <=
speed 0

if action ==
if speed
speed —

1:

4:
—5:
1

>

if speed >= 0:
deg += handle
elif speed < 0:
deg —= handle

if deg >= 360:
deg —= 360
elif deg < O:
deg += 360

rad = math.radians (deg)

dx += math.cos(rad)*speed*1.5
dy += —1lsmath.sin(rad)*speedx*1.5
(mx,my) = (dx,dy)




cs2 = c¢cs + 1

if ¢cs2 >= len(routepoint)—1:

cs2 =0
# gdisl = distance_l(tz,ty,rz8,ry3,rz4 ,ry4)
# sdisl = distance_l(tz,ty,rzl , ryl ,rz2,ry2)
# thetagl = angular (tz,ty,tz2,ty2,rz2,1y2)
# thetasl = angular (tz,ty,tz2,ty2,rzl , ryl)
# b_sdis = distance (tzx ,ty,rzl,ryl)
#Depiction of the car

(tx,ty) = (dx,dy)

carpoint .pop (num)

carpoint.insert (num,[])

for i in range(0,4):

if i == 0:

w2 = float (w)/2

h2 = float (h)/2

hyp = math.sqrt (w2+*w2 + h2xh2)

hyptheta = math.atan2(h,w) * 180 / math. pi
rad = math.radians(deg+hyptheta)

dx = math.cos(rad)*xhyp + dx

dy = —lsmath.sin (rad)xhyp + dy

(tx,ty) = (dx,dy)

if i = 1:

rad = math.radians (deg+180)

tx = math.cos(rad)xw + dx

ty = —1lxmath.sin (rad)*sw 4+ dy
if i = 2:

rad = math.radians (deg+270)
tx = math.cos(rad)xh + tx

ty = —lsmath.sin(rad)*h 4+ ty
if i 3:

rad = math.radians (deg+270)
tx = math.cos(rad)*h 4+ dx

ty = —lsmath.sin(rad)*h 4+ dy
pointlist .pop (i)
pointlist.insert (i,(tx,ty))
carpoint [num]. append(int (tx))
carpoint [num]. append (int (ty))

rad = math.radians (deg)

(cx1l,cyl) = pointlist [0]

(cx2,cy2) = pointlist [3]

if flg == 0:

color = white

elif flg =— 1:

color = red

elif flg == 2:

color = blue

car_main = pygame.draw.lines (screen ,color ,True,
pointlist ,2)

(tx,ty) = car-main.center

(tx2,ty2) = crosspoint (cxl,cyl,cx2,cy2)

pygame.draw. line (screen ,color ,(tx,ty),(tx2,ty2
)»2)

for i in range(0,len(route[cs2])):

if car_main.colliderect (route[cs2][i])
if speed>=0 and speed < 4:
reward += 5

== 1:

(rx4,ry4) = routepoint [cs]
cs +=1
if ¢cs >= len(routepoint)—1:
cs =0
cs2 = c¢cs + 1
if c¢cs2 >= len(routepoint)—1:
cs2 =0
#terminal = 1
(rx5,ry5) = routepoint[cs2]
(rx6 ,ry6) = routepoint [cs2+1]
if rx4 != rx6 or ry4 != ry6:
thetag3 = angular (tx,ty,tx2,ty2,rx5,ry5,rx6,
ry6)
if speed>=0 and speed < 4:
if thetag3 <= 70:
reward 4= 10
if thetag3 <= 70:

reward += 10
if thetag3 <=
reward += 10

50:

break
car . pop (num)
flg = 0
coll =0
for i in range(0,len(wallpointl)—1):
(x1,yl) = wallpointl [i]
(x2,y2) = wallpointl [i+1]

k=0

for j in range(0,4):
(x3,y3) = (carpoint [num][k], carpoint [num] [k
Y1)
if j =— 3:
(x4,y4) = (carpoint [num][0] , carpoint [num
1)
else:
k=2
(x4,y4) = (carpoint [num][k],carpoint [num][k
+1])
if mete(x1l,yl,x2,y2,x3,y3,x4,y4) != (0,0):
flg =1
coll = 100 + i
reward —= WALL_PUNISH
reward —= 3x*(abs(speed)+2)
inside += 0x20
break
if flg == 1:
break
if flg !'= 1:
for i in range(0,len(wallpoint2)—1):

(x1,yl) = wallpoint2[i]

(x2,y2) = wallpoint2 [i+1]
k=0
for j in range(0,4):
(x3,y3) = (carpoint [num][k],carpoint [num][k
+1])
if j = 3:
(x4,y4) = (carpoint [num][0] , carpoint [num
(11)
else:
k+=2
(x4,y4) = (carpoint [num][k],carpoint [num][k
£11)
if mete(x1l,yl,x2,y2,x3,y3,x4,y4) != (0,0):
if reward >= 100: reward =
flg =1
coll = 200 + i
reward —= WALL_PUNISH
reward —= 3x(abs(speed)+2)
inside += 0x20
break
if flg == 1:
break
if flg != 1:
for i in range(0,len(wallpoint3)—1):
(x1,yl) = wallpoint3[i]
(x2,y2) = wallpoint3 [i+1]
k=0
for j in range(0,4):
(x3,y3) = (carpoint [num][k],carpoint [num][k
¥11)
if j — 3:
(x4,y4) = (carpoint [num][0] , carpoint [num
1)
else:
k+=2
(x4,y4) = (carpoint [num][k],carpoint [num] [k
¥1))
if mete(x1l,yl,x2,y2,x3,y3,x4,y4) != (0,0):
if reward >= 100: reward = 0
flg =1
coll = 300 + i
reward —= WALL_PUNISH
reward —= 3% (abs(speed)+2)
inside += 0x20
break
if flg == 1:
break
if flg !'= 1:
for i in range(0,len(wallpoint6)—1):
(x1,yl) = wallpoint6 [i]
(x2,y2) = wallpoint6 [i+41]
k=0
for j in range(0,4):
(x3,y3) = (carpoint [num][k],carpoint [num][k
+1])
if j = 3:
(x4,y4) = (carpoint [num][0] , carpoint [num
1)
else:
k+=2
(x4,y4) = (carpoint [num][k],carpoint [num][k
£11)
if mete(x1l,yl,x2,y2,x3,y3,x4,y4) != (0,0):
if reward >= 100: reward = 0
flg =1
coll = 400 + i
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reward —= WALL_PUNISH
reward —= 3x*(abs(speed)+2)
inside += 0x20
break

if flg == 1:

break

if flg !'= 1:
for i in range(0,len(car)):
if car_main.colliderect (car[i]) == 1:
if i >= num:
=1
k=0
for j in range(0,4):
(x1,yl) = (carpoint [num][k],carpoint [num][k
+11)
if j = 3:
(x2,y2) = (carpoint [num][0] , carpoint [num
1711)
else:
k+4=2
(x2,y2)
KF17)
m=0
for 1 in range(0,4):
(x3,y3) = (carpoint[i][m],carpoint[i][m
1))
if 1 = 3:
(x4,y4) = (carpoint[i][0],carpoint[i][1])
else:
mb=2
(x4,y4) = (carpoint[i][m],carpoint[i][m
£1))
if mete(x1,yl,x2,y2,x3,y3,x4,y4)
if reward >= 100: reward =
flg =1
coll = 500 + i
reward —= CAR_PUNISH
reward —= 3x(abs(speed)+2)
inside += 0x40
break
if flg == 1:
break
if flg
break

= (carpoint [num][k],carpoint [num] |

(0,0):

== 1:

for i in range(0,len(routefcs])):

if car_main.colliderect (route[cs][i])
if flg = 0:
flg = 2

break

== 1:

flg2 = 0
for i in range(0,len(linepoint)):
(x1,yl,x2,y2) = linepoint [i]
k=0
for j in range(0,4):
(x3,y3) = (carpoint [num][k],carpoint [num] [k
1))
if 3:
(x4,y4) = (carpoint [num][0] , carpoint [num
111
else:
k+=2
(x4,y4) = (carpoint [num][k],carpoint [num][k
+11)
if mete(x1,yl,x2,y2,x3,y3,x4,y4)
flg2 =1
reward —=
break
if flg2
break

(0,0):
LINE_PUNISH

= 1:

car.insert (num, car_main)
routepoint

[es]
routepoint |
[
(

cs+1]
cs2]
cs2+1]

(rx1l,ryl)
(rx2,ry2)
(rx3,ry3)
(rx4 ,ry4d)

routepoint
routepoint

# gdis?2
sdis2
thetag?2

distance_l (tz ,ty,rz3,ry3,re4d ,ry4)
distance_l(tx,ty,rx1,ryl,rx2,ry2)
angular (tx,ty ,tx2 ,ty2,rx3 ,ry3 ,rx4 ,ry4

thetas2 = angular (tx,ty,tx2,ty2,rx1,ryl ,rx2,ry2
routedis = distance(rxl,ryl,rx2,ry2)

sdis = distance (tx,ty,rx1,ryl)

gdis distance (tx ,ty ,rx2,ry2)

# cnt_speed = 0
# cnt_speed += speed

39

# for i in range (256,277,3):

# cnt_speed += (state [num][i]/25)—5
# if cnt-speed 0:

# reward —= 20

if

> 220
>

state [num][64] > 220 or state [num][65]
or state [num][66] > 220 or state [num][94]
220 or state [num][95] > 220:

reward —= 5

if flg = 2:
if thetag2 <=
#reward += 1
if thetag2 <= 60:
#reward += 1
if thetag2 <= 30:
reward += 1
if speed >= 0:
reward += 1l*(speed)
if speed < —1:
reward —= abs(speed)
elif thetag2 > 90:
reward —= 1
if thetag2 > 110:
reward —= 1
if thetag2 > 130:
reward —= 1
reward —= abs(speed)
elif flg == 0 and (rxl<tx<rx2 or rx2<tx<rxl or
ryl<ty<ry2 or ry2<ty<ryl) and sdis2 < 20:
if thetag2 <= 60:
if speed > O0:
reward += speed
elif speed < —1:
reward —= abs(speed)
elif thetag2 > 90:
reward —= abs(speed)
else:
if thetas2 <=
reward += 1
if thetas2 <=
reward += 1
if thetas2 <=
reward += 2
if speed > O0:
reward += speed
else:
reward —= abs(speed)
reward —= 10

80:

80:
50:

40:

type=0

(dx,dy) =(msx,my)

if flg == 0:

if dx < 40 or dx > 510 or dy < 40 or dy > 610
or (dx > 270 and dy < 340) or (140 < dx <
170 and 140 < dy < 340) or (140 < dx < 170
and 440 < dy < 510) or (270 < dx < 410 and
440 < dy < 510):
(dx,dy) = routepoint [0]
cs =0

carlist .pop(num)

carlist.insert (num,(dx,dy,deg,0,cs,speed,
handle))

elif flg 1:

type = int(coll /100)

sub = coll —typex*100

if type == 1:

(x1,yl) = wallpointl [sub]

(x2,y2) = wallpointl [sub+1]

thetacoll = angular (tx,ty,tx2,ty2,x1,yl,x2,y2
)

elif type == 2:

(x1,yl) = wallpoint2 [sub]

(x2,y2) = wallpoint2 [sub+1]

thetacoll = angular(tx,ty,tx2,ty2,x1,yl,x2,y2
)

elif type == 3:

(x1,yl) = wallpoint3 [sub]

(x2,y2) = wallpoint3 [sub+1]

thetacoll = angular (tx,ty,tx2,ty2,x1,yl,x2,y2
)

elif type == 4:

(x1,yl) = wallpoint6 [sub]

(x2,y2) = wallpoint6 [sub+1]

thetacoll = angular (tx,ty,tx2,ty2,x1,yl,x2,y2

elif type == 5:

(x,y) = car[sub].center

thetacoll = angular (tx,ty,tx2,ty2 ,x,y,x,y)

if 0 <= thetacoll < 70:

tmp_x += math.cos(rad)*x—2




tmp_-y += —lxmath.sin(rad)*x—2
elif 180 >= thetacoll > 100:
tmp-x += math.cos(rad)=2
tmp_.y += —lxmath.sin (rad)=2
else:

tmp_deg += 10

carlist .pop(num)
carlist.insert (num,(tmp_-x,tmp_y,tmp_deg,1,cs,
speed , handle))
elif flg 2:
carlist .pop(num)
carlist .insert (num, (dx,dy,deg,2,cs,speed,

handle))
# else:
# carlist.pop (num)
# carlist.insert (num,(tmp_z,tmp_y,tmp_deg,3,cs
,speed , handle ))
if num == 0:
r = deg
(pos_x ,pos_y) = car_-main.center
pygame.draw. circle (screen , white ,( pos_x , pos_y
),50,2)
for i in range(0,32):
line = pygame.draw. aaline (screen, yellow , (
pos_x ,pos_.y ), (pos-x+math.cos(math.radians
(—1%r))*250, pos_y+math.sin (math.radians
(—1xr))*x250), 1)
r 4= 11.25
text = font.render ((”episode:%d step:%d

reward:%d action:%d epsilon:%0.5f” % (
episode ,step ,reward , action ,epsilon)),
(255,255,255))
screen . blit (text,
#reward reward/3
return type,reward,terminal ,thetag2

True,

[0,0])

cpdef sensor(int num,int action,int reward,car,
carlist ,wallpointl ,wallpoint2 ,wallpoint3,
wallpoint6 ,linepoint ,carpoint ,routepoint ,state
,inside ,mode):

#cdef int i,z,y,xzl,yl,z2,y2,dr,dy,tmp_deg, flg ,
cs,cs2,r
cdef int 1i=0,dis1=250,dis2=250,tmp_dis1=250,

tmp_-dis2=250,rcnt=0
font = pygame.font.Font(None, 25)
(dx,dy,deg, flg ,cs ,speed ,handle) = carlist [num]
w

1 =

c =[]

1=

r2 = ]

# for i in range (64 ,96):

# dis = state [num][i]

# if dis < tmp_disl:

# tmp_disl = dis

# for i in range (96,128):

# dis = state [num][i]

# if dis < tmp_dis2:

# tmp_dis2 = dis

cs2 = ¢cs + 1

if ¢cs2 >= len(routepoint)—1:

cs2 = 0

(rx1,ryl) = routepoint[cs]

(rx2,ry2) = routepoint [cs+1]

(rx3,ry3) = routepoint [cs2]

(rx4 ,ry4) = routepoint [cs2+1]

r = deg

#s = time.time ()

for i in range(0,32):

(x1,yl) = car[num].center

(x2,y2) = (x14(int)(math.cos (math.radians(—1x%r
))*250), yl+(int)(math.sin (math.radians(—1x*r
))*250))

(walldis ,x,y) = wallmete(x1,yl,x2,y2,

wallpointl , wallpoint2 ,wallpoint3 ,wallpoint6)
if num == 0: pygame.draw.circle (screen ,red2,(
int(x),int(y)),1)
if walldis <= 250:
w.append (walldis)
else:
walldis

250
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w.append (0)

(linedis ,x,y) = linemete (num,x1,yl,x2,y2,
linepoint)

if num == 0: pygame.draw.circle (screen ,red2,(
int (x),int(y)),1)

if linedis <= walldis:

l1.append(linedis)

else:

1.append (0)

(cardis ,x,y) = carmete(num,x1l,yl,x2,y2,
carpoint)

if num == 0: pygame.draw.circle (screen ,red2,(
int(x),int(y)),1)

if cardis <= walldis:

c.append(cardis)
else:
c.append (0)

(x,y) = mete(x1l,yl,x2,y2,rx1,ryl,rx2,ry2)

if num == 0: pygame.draw.circle (screen ,red2,(
int (x),int(y)),1)

if x !'= 0 and y != 0:

dis = distance(x,y,x1l,yl)

rl.append(dis)
else:
rl.append (0)

(x,y) = mete(x1l,yl,x2,y2,rx3,ry3,rx4 ,ry4)

if num == 0: pygame.draw.circle (screen ,red2,(
int (x) . int(y)).1)

if x != 0 and y !'= 0:

dis = distance(x,y,x1l,yl)

r2 .append(dis)

else:

r2 .append (0)

j=i+64
t1=1+160
£2=i4192
t3=i-4224

state [num][t3]
state [num][t2]
state [num][t1]

state [num][t2]
state [num][t1]
state [num][j]

j=i
if wli] == 0:
state [num][j] = 0
else:
state [num][j] = 250—w[1i]
j += 32
if wli] == 0:
state [num][j] = 0
else:
state [num][j] = 250—1[1i]
j += 32
if c[i] == O0:
state [num][j] = 0
else:
state [num][j] = 250—c[i]
j += 32
if r1[i] == 0:
state [num][j] = 0
else:
state [num][j] = 250—r1[i]
j += 32
if r2[i] == 0:
state [num][j] = 0
else:
state [num][j] = 250—r2[1i]
recnt 4= rl[i]
r += 11.25
if flg == 2 and rcnt == 0:
j=96
for i in range(0,32):
ri[i] =0
state [num][j] = 250
j+=1
j = 282
for i in range(0,9):
tmp = state [num][j]
j+=3
state [num][j] = tmp
j—=
tmp = state [num][j]
j+=3
state [num][j] = tmp
j—=4




tmp = state [num][j]

j+=3

state [num][j] = tmp

j—=4

j = 256

state [num][j] = (speed+5)%25
i+=1

state [num][j] = (handle+5)*25
i+=1

state [num][j] (action+1)%50

if num == len(carlist)—1 or mode == False:
pygame.display .update ()

return reward

mete.pyx

# —x— coding :utf—8 —x—
import numpy as np
from numpy imports*
cimport numpy as np
cimport cython
import sys
import math
import time
import random
from fractions import Fraction
DTYPE = np.int

ctypedef np.int_-t DTYPE_t

cpdef angul(int x1,int yl,int x2,int y2,int x3,
int y3):

x = np.array ([x2—x1,y2—yl])

y = np.array ([x3—x1,y3—yl])
dot_xy = np.dot(x, y)

norm._x np.linalg .norm(x)

norm.y np.linalg .norm(y)

cos dot_xy / (norm_xs*norm.y)
rad np.arccos (cos)

theta rad * 180 / np.pi

return theta

cpdef angular (int x1,int yl,int x2,int y2,int x3
,int y3,int x4,int y4):

if x3 x4 and (y3 < yl < y4 or y4 < yl < y3):
y3 =
if y3
x3 = x1

x = np.array ([x2—x1,y2—yl])

y = np.array ([x3—x1,y3—yl])
dot_-xy = np.dot(x, y)

norm-_x np.linalg .norm(x)
norm.y np.linalg .norm(y)

cos dot_xy / (norm_x*norm.y)
rad np.arccos (cos)

theta rad * 180 / np.pi
return theta

yl

y4 and (x3 < x1 < x4 or x4 < x1 < x3):

cpdef crosspoint(int x1,int yl,int x2,int y2):

if x1 > x2:

tmp = x1

x1l = x2

x2 = tmp

if yl > y2:

tmp = yl

yl = y2

y2 = tmp

dfx = x1 + (x2 — x1)/2
dfy = y1 4+ (y2 — yl1)/2

return dfx,dfy

cpdef distance_l(int x,int y,int rxl,int ryl,int
rx2,int ry2):
if rx1 > rx2:
tmp = rx1
rxl = rx2
rx2 = tmp
if ryl > ry2:
tmp = ryl
ryl = ry2
ry2 = tmp
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if (rxl<x<rx2) or (ryl<y<ry2):

u = np.array ([rx2—rx1,ry2—ryl])
v = np.array ([x—rxl,y—ryl])
L = abs(cross(u,v)/linalg .norm(u))

return L
else:

dis1 distance (x,y,rxl,ryl)
dis2 = distance(x,y,rx2,ry2)
if disl < dis2:

return disl

else:

return dis2

cpdef distance (int x1,int yl,int x2,int y2):

#s = time.time ()

a = np.array ([x1,yl])

b = np.array ([x2,y2])

u=>b— a

#print (7 distance %f [sec]” % (time.time() —
5))

return np.linalg.norm(u)

cpdef carmete(int num,int x1,int yl,int x2,int
y2, point ):

#s time . time ()

cdef int i,d,ps=250,xx=0,yy=0

(cx,cy) = (x1,y1)

if 2 < x1:

tmp x1

vl = z2

z2 tmp

if y2 < yi:

tmp yl

yl y2

y2 = tmp

or i in range(0,len(point)):

if i !=

(cx1,cyl,ecx2,cy2,cx3,cy3,cx4,cyd) = point[i]

#if (vl<=czl<=z2 and yl<=cyl<=y2) or (zl<=cz2
<=z2 and yl<=cy2<=y2) or (zl<=cz8<=z2 and
yl<=cy3<=y2) or (zl<=czf{<=z2 and yl<=cy4f<=

IR RN

[

num :

y2):
(x,y) = mete(x1l,yl,x2,y2,cx1l,cyl,cx2,cy2)
if x != 0 and y != 0:
d = distance(cx,cy,x,y)
if ps > d or ps == 0:
(xx,yy) = (x,y)
ps = d
(x,y) = mete(x1l,yl,x2,y2,cx2,cy2,cx3,cy3)
if x != 0 and y != 0:
d = distance(cx,cy,x,y)
if ps > d or ps == O:
(xx,yy) = (x,y)
ps = d
(x,y) = mete(x1l,yl,x2,y2,cx3,cy3,cx4,cyd)
if x != 0 and y != 0:
d = distance(cx,cy ,x,y)
if ps > d or ps == O0:
(xx,yy) = (x,y)
ps =
(x,y) = mete(x1l,yl,x2,y2,cx4,cy4d,cxl,cyl)
if x != 0 and y != 0:
d = distance(cx,cy,x,y)
if ps > d or ps == 0:
(xx,yy) = (x,y)
ps =
#print (”car-mete %f [sec]” % (time.time() —
s))

return ps,xx,yy

cpdef linemete (int num,int x1,int yl,int x2,int
y2, point):
cdef int i,d,ps=250,xx=0,yy=0

(ex,cy) = (x1,y1)
for i in range(0,len(point)):
(1x1,1lyl ,1x2 ,1y2) point [i]
(x,y) = mete(x1l,yl,x2,y2,1x1,1lyl,1x2,1y2)

if x != 0 and y != 0:
d = distance (cx,cy ,x,y)
if ps > d or ps == O:
(xx,yy) = (x,¥)
ps = d

return ps,xx,yy

cpdef wallmete(int x1,int yl,int x2,int y2,np.
ndarray pointl ,np.ndarray point2 ,np.ndarray
point3 ,np.ndarray point4):

cdef int i,x=0,y=0,wxl,wyl,wx2,wy2,dis=250,xx
=0,yy=0

for i in range(0,len(pointl)—1):

(wxl,wyl) = pointl[i]




(wx2,wy2) pointl [i+41]
(x,y) = mete(x1l,yl,x2,y2,wxl,wyl,wx2,wy2)
if x ! 0 and y != 0:
disl = distance(x1l,yl,x,y)
if disl <= dis:
(xx,yy) (x,y)
dis = disl

for i in range(0,len(point2)—1):
(wxl,wyl) point2[i]
(wx2,wy2) point2[i+41]
(x,y) = mete(x1l,yl,x2,y2,wxl,wyl,wx2,wy2)
if x != 0 and y != 0:
disl = distance(x1,yl,x,y)
if disl <= dis:
(xx,yy) (x,y)
dis = disl

for i in range(0,len(point3)—1):
(wx1l,wyl) point3[i]
(wx2,wy2) point3[i+1]
(x,y) = mete(x1l,yl,x2,y2,wxl,wyl,wx2,wy2)
if x != 0 and y != 0:
disl = distance(x1l,yl,x,y)
if disl <= dis:
(xx,yy) (x,y)
dis = disl
for i in range(0,len(point4)—1):
(wxl,wyl) point4 [i]
(wx2,wy2) point4 [i+41]
(x,y) = mete(x1l,yl,x2,y2,wxl,wyl,wx2,wy2)
if x ! 0 and y != 0:
disl distance (x1,yl,x,y)
if disl <= dis:
(xx,yy) (x,5)
dis = disl

return dis ,xx,yy

cpdef mete(int x1,int yl,int x2,int y2,int x3,
int y3,int x4,int y4):

cdef int dev,dl,d2
dev = (y2—yl)*(x4—x3)—(x2—x1)x(yd4—y3)
if dev == 0:

return (O 0)

dl = y3%x4—x3xy4
d2 = yl*x2—x1xy2
x = dlx*(x2—x1)—d2=(x4—x3)

x /= dev
y = dlx(y2—yl)—d2x(yd—y3)
y /= dev
if x1 > x2
tmp = x1
xl = x2
x2 = tmp

if yl > y2:

tmp = yl
yl = y2

y2 = tmp
if x3 > x4:
tmp = x3
x3 = x4

x4 = tmp
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if y3 > y4:

tmp = y3
y3 = y4
y4 = tmp

#print ("z:%d y:%d (%d,%d):(%d,%d),(%d,%d):(%d,%
d)” (z,y,21,yl,22,9y2,33,y8,24,y4))

if (x1 <= x <
< y2 and y3
return (x,y)

x2 and x3 <= x < x4) or (yl <=y
<=y < y4):

elif x1 == x2 and y3 == y4 and yl < y < y2 and
x3 < x < x4:

return (x,y)

elif yl == y2 and x3 == x4 and x1 < x < x2 and
y3 <y < y4:

return (x,y)

elif x3 == x4 and yl == y2 and y3 < y < y4 and
xl < x < x2:

return (x,y)

elif y3 == y4 and x1 == x2 and x3 < x < x4 and

yl <y < y2:
return (x,y)

return (0,0)

cpdef dot(a,b)
return a[O]*b[O]—a[l]*b[l]

cpdef dot(a,b)
return a[O]*b[0]+a[1]*b[1]

cpdef cross_l(a,b):
return a[0]xb[l1]—a[1]xb[0]

cpdef ccw(pl,p2,p3):

sw = 0

al2],b[2] EPS=1.0e—8

a[0] = p2[0] — p1[0]

af1] = p2[1] — pi[1]

b[0] = p3[0] — p1[0]

b[1] = p3[1] — pi[1]

if (cross_l(a, b) > EPS):
sw = 1

elif (cross_-l(a, b) < —EPS):
sw = —1

elif (dot(a b) < —EPS):
sw

elzf (n(;rm( a) < norm(b)):

return sw

cpdef islntersect(cl,c2,c8,c4,11,12):

int sw = 0

if (ccw(pl, p2, p5) * ccw(pl, p2, p6) <=0

and ccw(p5, p6, pl) x ccw(p5, p6, p2) <= 0 or
ccw(p2, p3, pd) % ccw(p2, p3, p6) <= 0 and

ccw(ps, p6, p2) * ccw(p5, p6, p3) <= 0 or
ccw(p3, p4, p5) * ccw(p3, p4, p6) <= 0 and

cew(ps, p6, p3) * ccw(p5, p6, p4i) <= 0 or
ccw(p4g, pl, p5) x ccw(p4, pl, p6) <= 0 and
ccw(p5, p6, p4g) * ccw(ps5, p6, pl) <= 0):
sw = 1

return sw
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