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JlictuHr nporpaMHoro 3a0e3nedyeHHs! KOHTposiepa podoTa B cepenoBuili Webots

from controller import Robot, DistanceSensor, Motor
import math
import time

class EPuckMultiCurveNavigation:
def __init_ (self):
self.robot = Robot()
self.timestep = int(self.robot.getBasicTimeStep())

self.ps_names = ['ps0’, 'psl’, 'ps2', 'ps3’, 'ps4’, 'ps5’, 'ps6’, 'ps7’]

self.distance_sensors =[]

for name in self.ps_names:
sensor = self.robot.getDevice(name)
sensor.enable(self.timestep)
self.distance_sensors.append(sensor)

self.left_motor = self.robot.getDevice('left wheel motor’)
self.right_motor = self.robot.getDevice('right wheel motor’)
self.left_motor.setPosition(float('inf"))
self.right_motor.setPosition(float('inf"))

self.wheel_radius = 0.0205
self.axle_length = 0.052
self.max_speed = 6.28

self.path_points =[]
self.current_path_index =0
self.current_curve_index =0
self.estimated_pos = [0.0, 0.0]
self.estimated_angle = 0.0
self.last_time = self.robot.getTime()

self.safety distance = 400
self.critical_distance = 200

self.curve_sequence = self.define_curve_sequence()
self.enforce_c1_continuity()

self.goal_point = self.curve_sequence[-1]['control_points][-1]
self.has_replanned = False

print("Multi-Curve Navigation initialized™)



def define_curve_sequence(self):

return [
{

'name'": 'Kpuna 1',

‘control_points': [
[0.0, 0.0],
[0.0,0.2],
[0.1, 0.4],
[0.2,0.5]

1

‘points_count': 40

g
{

name": 'Kpusa 2/,

‘control_points': [
[0.2, 0.5],
[0.3,0.8],
[0.3,0.9],
[0.25, 1.2]

1

‘points_count": 50

2
{

'name'": 'Kpuna 3',
‘control_points': [
[0.25, 1.2],

[0.3, 1.5],

[-0.5, 1.8],

[-0.4, 2.0]
1

‘points_count’: 45

jg
{

'name": 'Kpuna 4",

‘control_points': [
[-0.4, 2.0],
[-0.4, 2.6],
[0.0, 2.6],
[0.0, 2.8]

1

‘points_count': 45

2
{

'‘name": 'Kpuga 5',

‘control_points": [
[0.0, 2.8],
[-0.3, 2.5],
[0.0, 3.4],
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[-0.5, 3.4]
1
‘points_count’: 45
}
]

def enforce_c1_continuity(self):

for i in range(1, len(self.curve_sequence)):
prev_cp = self.curve_sequence[i - 1]['control_points']
cp = self.curve_sequence[i]['control_points']

cp[0] = prev_cp[3][]

p0 = cp[0]
p2_prev = prev_cp[2]
cp[i] =1
pO[0] + (pO[O] - p2_prev[Q]),
| pO[1] + (pO[1] - p2_prev[1])

self.curve_sequencel[i]['control_points] = cp
def cubic_bezier(self, p0, p1, p2, p3, t):

X=([1-t)**3*p0[0] +3*(L-t)*™ 2*t*pl[0]+3*(Q1-t)*t*>2*p2[0] +t**3*
p3[0]

y=@2-t)**3*pO[1]+3*(A-t)*™2*t*pl[l] +3*(L-t) *t**2*p2[1l] +t**3 *
p3[1]

return [x, y]

def generate_bezier_path(self, control_points, num_points=50):

path =]
for i in range(num_points):
t=1i/(num_points - 1)
point = self.cubic_bezier(
control_points[0], control_points[1],
control_points[2], control_points[3], t
)
path.append(point)
return path

def load_next_curve(self):
if self.current_curve_index < len(self.curve_sequence):

curve = self.curve_sequence[self.current_curve_index]
print(f"\n {curve['name]}")



print(f"Toukm: {curve['control points']}")

self.path_points = self.generate_bezier_path(
curve['control_pointsT],
curve['points_count']

)

self.current_path_index =0

self.current_curve_index +=1

return True

else:
print("OcTanHs KprBa B MacuBi 3aBepiicHal")
return False

def get_sensor_data(self):
sensor_values = [sensor.getValue() for sensor in self.distance_sensors]
return {
‘front_right": sensor_values[0],
'right_front": sensor_values[1],
right”: sensor_values[2],
'right_back": sensor_values|[3],
'back_left: sensor_values[4],
'left_back": sensor_values[5],
left": sensor_values[6],
left_front": sensor_values[7],
‘front": max(sensor_values[0], sensor_values[7]),
‘all_sensors': sensor_values

}

def check_obstacles(self, sensor_data):

if (sensor_data['front_right'] > self.critical_distance or
sensor_data['left_front'] > self.critical_distance):
return "EMERGENCY _STOP"

if (sensor_data['front’] > self.safety_distance or
sensor_data['front_right'] > self.safety_distance or
sensor_data['left_front'] > self.safety distance):

left_side = min(sensor_data['left’], sensor_data['left_front'])
right_side = min(sensor_data['right’], sensor_data['front_right'])

if left_side < right_side:
return "AVOID_RIGHT"
else:
return "AVOID_LEFT"

return "CLEAR"
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def calculate_steering(self, target_point, dt):

dx = target_point[0] - self.estimated_pos[0]
dy = target_point[1] - self.estimated_pos[1]
target_angle = math.atan2(dy, dx)

angle_error = target_angle - self.estimated_angle
while angle_error > math.pi:

angle_error -= 2 * math.pi
while angle_error < -math.pi:

angle_error += 2 * math.pi

distance = math.sqrt(dx * dx + dy * dy)

base_speed = min(self.max_speed * 0.5, distance * 2.0)
steering_gain = 2.0

left_speed = base_speed - steering_gain * angle_error
right_speed = base_speed + steering_gain * angle_error

left_speed = max(min(left_speed, self.max_speed), -self.max_speed)
right_speed = max(min(right_speed, self.max_speed), -self.max_speed)

v_left = left_speed * self.wheel _radius

v_right = right_speed * self.wheel_radius
linear_velocity = (v_left + v_right) / 2.0
angular_velocity = (v_right - v_left) / self.axle_length

self.estimated_angle += angular_velocity * dt
self.estimated_pos[0] += linear_velocity * math.cos(self.estimated_angle) * dt
self.estimated_pos[1] += linear_velocity * math.sin(self.estimated_angle) * dt

return left_speed, right_speed, distance

def get_lookahead_point(self):
if not self.path_points or self.current_path_index >= len(self.path_points):
return None

for i in range(self.current_path_index,
min(self.current_path_index + 8, len(self.path_points))):
point = self.path_points][i]
dx = point[0] - self.estimated pos[0]
dy = point[1] - self.estimated pos[1]
distance = math.sqrt(dx * dx + dy * dy)

if distance >=0.15;
return point



return self.path_points[min(self.current_path_index, len(self.path_points) - 1)]
def emergency_backoff(self, turn_direction, duration=0.7, speed_ratio=0.3):
print(f"EMERGENCY _STOP: Bin'i3n Hazan 3 HanpssMkoM pyxy {turn_direction}...")

base = self.max_speed * speed_ratio
start_time = self.robot.getTime()

while self.robot.step(self.timestep) !=-1:
current_time = self.robot.getTime()
dt = current_time - self.last_time
self.last_time = current_time

if turn_direction == "LEFT":
left_speed = -base * 0.4
right_speed = -base

elif turn_direction == "RIGHT™:
left_speed = -base
right_speed = -base * 0.4

else:
left_speed = -base
right_speed = -base

self.left_motor.setVelocity(left_speed)
self.right_motor.setVelocity(right_speed)

v_left = left_speed * self.wheel_radius

v_right = right_speed * self.wheel_radius
linear_velocity = (v_left + v_right) / 2.0
angular_velocity = (v_right - v_left) / self.axle_length

self.estimated_angle += angular_velocity * dt
self.estimated_pos[0] += linear_velocity * math.cos(self.estimated_angle) * dt
self.estimated_pos[1] += linear_velocity * math.sin(self.estimated_angle) * dt

if current_time - start_time >= duration:
break

self.left_motor.setVelocity(0.0)
self.right_motor.setVelocity(0.0)
print("Bin'i3g Ha3an 3aBepieHo")

def replan_bezier_to_goal(self, avoidance_direction):

p0 = self.estimated_pos[:]
p3 = self.goal_point[:]
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heading = [math.cos(self.estimated_angle),
math.sin(self.estimated_angle)]

if avoidance_direction == "AVOID_RIGHT":
side = [-heading[1], heading[0]]

else:
side = [heading[1], -heading[0]]

k1l forward =0.25
k1l side =0.20
k2_side = 0.30

pl=[
pO[0] + heading[0] * k1_forward + side[0] * k1_side,
pO[1] + heading[1] * k1_forward + side[1] * k1_side
]

mid = [(pO[0] + p3[0]) / 2.0,
(PO[1] + p3[1]) / 2.0]

p2=[
mid[0] + side[0] * k2_side,
mid[1] + side[1] * k2_side
]

control_points = [p0, p1, p2, p3]

for i, p in enumerate(control_points):

print(f* P{i}: {p}")

self.path_points = self.generate_bezier_path(control_points, num_points=80)
self.current_path_index =0

self.current_curve_index = len(self.curve_sequence)

self.has_replanned = True

def run_navigation(self):

if not self.load_next_curve():
return

step_count=0

while self.robot.step(self.timestep) !=-1:
current_time = self.robot.getTime()
dt = current_time - self.last_time
self.last_time = current_time
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sensor_data = self.get_sensor_data()
obstacle_status = self.check_obstacles(sensor_data)

if obstacle_status == "EMERGENCY _STOP™:
print(f"Excrpenna 3ynunka: frontR={sensor data['front right']:.0f}, "
f"frontL={sensor_data['left_front]:.0f}")

if sensor_data['front_right'] > sensor_data['left_front]:
turn_dir = "LEFT"

else:
turn_dir = "RIGHT"

self.emergency_backoff(turn_dir, duration=5.0, speed_ratio=0.4)
continue

if obstacle_status in ["AVOID_LEFT", "AVOID_RIGHT"] and not self.has_replanned:
print(f'Ilepemkoza ({obstacle status})")
self.replan_bezier_to_goal(obstacle_status)

target_point = self.get_lookahead point()
if target_point is None:
print(f'Kpusa {self.current curve index - 1} 3aBepiena!")
if self.has_replanned or not self.load_next_curve():
print("Kinerp HaBirarii")
self.left_motor.setVelocity(0)
self.right_motor.setVelocity(0)
break
continue
left_speed, right_speed, distance = self.calculate_steering(target_point, dt)
if distance < 0.08:
self.current_path_index +=1
self.left_motor.setVelocity(left_speed)
self.right_motor.setVelocity(right_speed)
step_count +=1
if step_count % 150 == 0 and self.path_points:
curve_progress = (self.current_path_index / len(self.path_points)) * 100
print(f"TIporpecc kpuBoi: {curve progress:.1{}% | ")
if _name  =="_ main__ "
controller = EPuckMultiCurveNavigation()
controller.run_navigation()



JOAATOK b
JemMoHCcTpaniiHuii MaTepia
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