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Introductions

The modem development of robotics and automation 15 leading to the active
introduction of robotic systems into various areas of human activity, including
service, marketing, and promotion [1-3]. Robot promoters (RP) are becoming
increasingly popular in shopping centers, exhibitions, presentations, and other public
events, where they perform the functions of mforming, advising, and attracting the
attention of visitors.

A key component of any mobile robot s its mobile platform, which ensures
movement i space, mancuverability, and stability of the system. For RP, the
following characteristics of the mobile platform are particularly important: reliability
of movement in crowded places, ability to position accurately, safety of mteraction
with people, and aesthetic appearance [4-6].

Designing a mobile platform for a promotional robot requires a comprehensive
approach that takes into account specific requirements for operation in public places,
the need to ensure autonomous operation, and integration with navigation systems,
sensor equipment, and communication modules. Particular attention should be paid to
safety, ergonomics, and adaptability to different operating conditions [ 7-9].

The analysis of existing designs of mobile platforms for promotional robots is

9



relevant for determining optimal technical solutions that ensure effective functioning
in public spaces, taking mio account modern requirements for  safety,
maneuverability, and interaction with people.

Aim

Analyze existing designs of mobile platforms for promotional robots in order
to identify ther advantages and disadvantages and determme the optimal technical
solutions for further design,

Materials and methods

The research methodology includes a systematic analysis of existing mobile
platform designs, a comparative analysis of the technical characteristics of different
types of drives and control systems, as well as mathematical modeling methods for
calculating the motion and stability parameters of the platform. To select the optimal
materials and components, a mult-criteria analysis method was used, taking into
account factors such as weight, strength, cost, and performance characteristics.

The choice of drive type significantly affects the reliability, energy efficiency,
and overall operating cost of a promotional robot, so it 15 advisable to systematize the
main charactenistics of the most common types of motors in a comparative table to
determine the optimal solution (Table 1).

Table 1
Comparative table of drive types for RP mobile platforms

Parameter

DC motors

Brushless motors (BLDC)

Effectiveness

Up to 80 %

85-95 %

How it works

Use of commutation brushes

Brushless electronic
commutaton

Service hife

Limited by brush wear

Greater due to the absence of
brushes

Complexity of
control

Smmple (linear dependence of
speed on voltage)

More complex (requires an
electronic controller)

Cost Low Higher
Starting pomt Good Excellent
Speed range Wide Wide
MNoise level Average Low
Maintenance Requires replacement of Minimum

brushes
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To determine the optimal drive parameters, it 18 necessary to establish technical
requirements for the designed mobile platform. This work considers a robot promoter
with a load capacity of approximately 30 kg, which includes the weight of electronic
equipment, control systems, additional modules, and payload. Therefore, the
recommended characteristics for a platform with a load capacity of 30 kg are
determined ( Table 2).

Therefore, BLDC motors are the optimal choice for a promotional robot with a
load capacity of 30 kg due to their balance between reliability and efficiency,
increased battery life, minimal maintenance requirements, eic,

Table 2

Recommended specifications for a platform with a load capacity of 30 kg

Parameter DC motors Brushless motors (BLDC)
Torque 0,5-2 Nm 1-3 Nm

Power 100-300 W 150-400 W

Rotation speed 15003000 rpm 1000-4000 rpm

Battery life Smaller Greater

The sudy included a comparative analysis of control systems used in the

design of mobile platforms for mobile robots, in particular promotional robots.
The main focus was on the following types of control systems:

— proportional-integral-derivative (P1D) control,

— microcontroller-based systems (e.g., Arduino, STM32);

— systems using FPGA or single-board computers ( Raspberry Pi, Jetson Nano),

— intelligent control systems using ariificial intelligence elements (newral
networks, fuzzy logic),

The comparison was based on the following criteria: accuracy and stability of
motion control, complexity of implementation; flexibility of adaptation to changes in
the environment, energy consumption; cost and scalability,

The resulis of the analysis showed that for a promotional robot, the optimal
solution is o use a microconiroller-based control system with PID regulation, which
provides sufficient accuracy at a relatively low cost and ease of implementation. In

cases where the platform must autonomously navigate a dynamic environment (e.g.,
321

58



in a shopping mall), it is advisable to use intelligent control systems with compuier
vision and decision-making algorithms,

To calculate the motion parameters and ensure platform stability, mathematical
modeling methods based on classical mechanics and automatic control theory were
used. The motion model is based on kinematic and dynamic modeling of the platform
as a wheeled system.

Results and discussion

Based on the deseribed methodology, a comprehensive analysis and caleulation
of the mobile platform parameters was performed, the results of which are presented
below,

The caleulations of the drve parameters showed that to ensure reliable
operation of the mobile platform robot-promoter with a load capacity of 30 kg, the
minimum motor power required 1s 24 57 W per wheel. The calculation was based on
the following parameters:

— total weight of the system — 50 kg (30 kg load + 20 kg own weight),

— maximum speed: 1.2 m/s (safe for indoor use),

— calculated acceleration: 0,5 mfs* {comfortable movement),

— transmission efficiency — 0,83,

The traction force required to overcome resistance (0 movement 5 34 81 N,
which includes rolling resistance (9,81 N) and acceleration inertia (25 N). To ensure
reliable operation in various operating conditions, it is recommended to increase the
calculated power by 3-5 times, which gives an optimal power of 100-125 W per
wheel,

The energy analysis of the system included energy consumption calculations:

— peak consumption: ~720 W (30 A at 24 V),

— average consumption in operating mode: ~200=300 W,

— autonomy with a LiFeP0O4d 24% 20Ah battery: 1,5-2 hours;

— the selected type of LiFePO4 batteries provides over 2000 charge-discharge
cyeles, which significantly reduces operating costs compared to traditional lead-acid

batteries.
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The results obtained are of practical importance for the development of
commercial promotional robots:

— the methodology for calculating parameters can be applied to platforms with
different load capacities,

— the proposed architecture is scalable for different applications,

—the standardized Modbus interface simplifies integration with existing
syslems.

The research results show that the proposed mobile platform design provides
an optimal balance between performance, reliability, and cost-effectiveness for use in
promotional robots.

Coneclusions

As a result of a comprehensive analysis of the designs of mobile platforms for
promotional robots, the most effective technical solutions were identified. A
comparative analysis of drive types confirmed the advantages of BLDC motors for
platforms with a load capacity of 30 kg due to their high efficiency (85-95 %), long
service life, and minimal maintenance requirements. Caleulations showed the need
for 24,57 W of power per wheel with a recommended reserve of 100-123 W o ensure
reliable operation in various operating conditions,

Analysis of control systems revealed the optimality of a combined architecture
using Raspberry Pi for high-level computing tasks and 8TM32 for real-time control,
This structure provides the necessary performance for implementing SLAM
algorithms while maintaining the reliability of crtical safety functions, Mathematical
modeling confirmed the effectiveness of the proposed motion parameters and energy
characteristics of the system.

Encrgy analysis showed that the use of LiFePOd batteries provides 1,5-2 hours
of autonomous operation with an average consumption of 200-300 W and over 2000
charge-discharge cycles. The developed Modbus interface allows for standardized
integration with other robot modules and provides reliable communication at
distances of up o 1200 m,

The resulis obtained are of practical importance for the development of
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commercial promotional robots and can be adapted for platforms with different load
capacitics, The proposed methodology for calculating parameters and selecting
components provides an optimal balance between performance, reliability, and
cost-clTectiveness, which is critical for the successful implementation of robotic

systems in the service and marketing sectors,
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JTOJATOK B

[Tporpamuumii KO OCHOBHOTO KOHTpOJsiepa Webots

import math

import heapq

from typing import Optional, Tuple, List, Dict, Set
from controller import Robot

class PathPlannerAStar:

PeanizauiAa anroputmy A* ans nowyky mapwpyTy no ciTkoBin kapTi

class Node:
""“BHYTpiwHiN KNac gna npeacTaB/ieHHA By3J/a B rpadi nmowyky A*. """
def _init_ (self, position: Tuple[int, int], parent=None):
self.position = position
self.parent = parent
self.g = 0
self.h (%]
self.f = 0@

def __eq_ (self, other):
return self.position == other.position

def 1t (self, other):
return self.f < other.f

def __hash__ (self):
return hash(self.position)

def init (self, controller):
self.controller = controller
self.grid cell size = 0.2
self.obstacle threshold = 0.6

def plan_path(self, start world: Tuple[float, float], goal world: Tuple[float,
float]) -> Optional[List[Tuple[float, float]]]:
start _grid = (int(start _world[@] / self.grid cell size), int(start _world[1l] /
self.grid cell size))
goal grid = (int(goal world[@] / self.grid cell size), int(goal world[1l] /
self.grid cell size))

print(f"A* Planner: 3anuT Ha nnaHyBaHHsa Bip {start grid} pmo {goal grid}")

if self. is cell blocked(goal grid):
print("A* Planner: Linb 3HaxoguTbCcsA BcepeaunHi nepewkogun™)
return None

start_node = self.Node(start_grid)
goal node = self.Node(goal grid)

open_list: List[self.Node] = []
closed set: Set[Tuple[int, int]] = set()
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heapq.heappush(open_list, start node)

max_iterations = 2000

iterations = @

while open_list and iterations < max_iterations:
iterations += 1
current_node = heapq.heappop(open_list)
closed_set.add(current node.position)

if current_node == goal node:
print(f"A* Planner: MapwpyT 3HaigeHo 3a {iterations} iTtepauin!")
return self. reconstruct path(current node)

for dX, dy in [(@, 1)1 (@, _1)1 (11 9): (_1) 9): (1) 1): (1: '1)) ('1:
1)) ('1) '1)]:
neighbor_pos = (current_node.position[@] + dx,
current_node.position[1] + dy)

if self. is cell blocked(neighbor pos):
continue

if neighbor _pos in closed set:
continue

neighbor_node self.Node(neighbor pos, current_node)
neighbor_node.g = current_node.g + (1.414 if abs(dx) == 1 and abs(dy)

== 1 else 1.0)
neighbor_node. math.sqgrt((neighbor node.position[@] -
goal node.position[@])**2 +
(neighbor_node.position[1] -
goal node.position[1])**2)
neighbor node. neighbor node.g + neighbor node.h

if any(n for n in open_list if n == neighbor_node and n.g <=
neighbor _node.g):
continue

heapq.heappush(open_list, neighbor_node)

if iterations >= max_iterations:

print("A* Planner: MNepeBuweHo NimMiT iTepauin ans nowyky mapupyTty.")
else:

print("A* Planner: MapwpyT He 3HaigeHo.")
return None

def _is cell blocked(self, grid pos: Tuple[int, int]) -> bool:
if self.controller.obstacle_map.get(grid_pos, 0.0) > self.obstacle threshold:
return True

buffer radius = 1
for dx in range(-buffer_radius, buffer_radius + 1):
for dy in range(-buffer_radius, buffer_radius + 1):
if dx == 0 and dy == O:
continue
check_pos = (grid_pos[@] + dx, grid_pos[1l] + dy)
if self.controller.obstacle_map.get(check pos, 0.0) >
self.obstacle_threshold:
return True
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def _reconstruct_path(self, current_node: Node) -> List[Tuple[float, float]]:
path_grid = []
current = current_node
while current is not None:
path_grid.append(current.position)
current = current.parent
path grid.reverse()

path_world = [(x * self.grid cell size + self.grid _cell size / 2,
y * self.grid cell size + self.grid _cell size / 2) for x, y in
path_grid]

if len(path_world) > 2:
smoothed_path = [path_world[0]]
for i in range(1l, len(path_world) - 1):
pl = smoothed path[-1]
p2 = path_world[i+1]
p_mid = path_world[i]
try:
angle = math.atan2(p2[1]-p_mid[1], p2[@]-p_mid[@]) -
math.atan2(p_mid[1]-p1[1], p_mid[@]-pl[@])
except (ValueError, ZeroDivisionError):
angle = 0
if abs(angle) > @.1:
smoothed_path.append(p_mid)
smoothed_path.append(path_world[-1])
print(f"Wnax 3rnapkeHo 3 {len(path_world)} mo {len(smoothed path)}
ToYyok.")
return smoothed path

return path world

class SimplePathFollower:
"""KoHTponep AnA cnipyBaHHA MapwpyToM, 3reHepoBaHum A*"""

def _init__ (self, robot_controller):
self.controller = robot_controller
self.current path: List[Tuple[float, float]] = []
self.current_target index: int = ©
self.goal tolerance: float = 0.15

set_path(self, path: List[Tuple[float, float]]):
self.current_path = path if path else []
self.current_target_index = ©
if self.current_path:
print(f"BcTaHoBneHo HoBuit mapupyT 3 {len(self.current_path)} To4ok")

update(self) -> str:
if not self.current_path:
return 'no_path’

if self.current_target_index >= len(self.current_path):
print("MapwpyT npoigeHo!™)
self.current_path = []
return 'completed'




target_x, target_y = self.current_path[self.current_target_index]
current_x, current_y, current_theta = self.controller.x, self.controller.y,
self.controller.theta

distance = math.sqrt((target_x - current_x)**2 + (target_y - current_y)**2)

if distance < self.goal_ tolerance:
print(f"Touyka {self.current_target index} ({target x:.2f},
{target_y:.2f}) mocAarnyTta.")
self.current_target_index += 1
return self.update()

target angle = math.atan2(target y - current_ y, target x - current_x)
angle diff = math.atan2(math.sin(target angle - current_theta),
math.cos(target_angle - current_theta))

base_speed 4.0
turn_speed 2.5

orientation_threshold = math.radians(15)

if abs(angle diff) > orientation_threshold:
left speed = -math.copysign(turn_speed, angle diff)
right speed = math.copysign(turn_speed, angle diff)
else:
turn_correction = angle_diff * 2.0
left _speed = base_speed - turn_correction
right speed = base speed + turn correction

self.controller.set_motor_speeds(left_speed, right_speed)
return 'following'

class EnhancedSLAMController:
def init (self):
self.robot = Robot()
self.timestep = int(self.robot.getBasicTimeStep())

self.obstacle map: Dict[Tuple[int, int], float] = {}

self.free map: Dict[Tuple[int, int], float] = {}

self.grid cell size = 0.2

self.x, self.y, self.theta = 0.0, 0.0, 0.0

self.position history: List[Tuple[float, float]] = []

self.angle history: List[float] = []

self.path planner = PathPlannerAStar(self)

self.goal position: Optional[Tuple[float, float]] = None

self.path_follower = SimplePathFollower(self)

self.state: str = "exploring"

self.state timer: int = ©

self.stuck _counter: int = ©

self.navigation_stats = { 'total _navigations': @, 'successful navigations':
9, 'failed navigations': @, 'obstacles_encountered': @, 'stuck events': @ }

self.current_sensor_readings: Dict[str, float] = {}

self. avoidance_active = False
self. avoidance_turn_direction

if not self.init_devices():
raise RuntimeError("Mpobnema nip 4ac iHiuianisauyii™)

print("Cuctemy 6yno iHiyianisoBaHo")

def init_devices(self):




motor_names [ 'motor_left_front', 'motor_left rear', 'motor_right front',
‘motor_right _rear']
self.motors {}
for name in motor_names:
motor = self.robot.getDevice(name)
if motor:
motor.setPosition(float('inf"))
motor.setVelocity(9)
self.motors[name] = motor
if not self.motors:
return False

self.left _encoder = self.robot.getDevice('encoder_left front')
self.right _encoder = self.robot.getDevice('encoder_right front')
if not self.left_encoder or not self.right_encoder:
print("EHKkoaepu He 3HalpeHo.")
self.encoders_available = False
else:
self.left_encoder.enable(self.timestep)
self.right_encoder.enable(self.timestep)
self.encoders_available = True
self. encoder initialized = False

sensor_names_angles map = {
'ds_front_left': 0.5,
'ds_front': 0.0,
'ds_front_right': -0.5,
‘ds_left': 1.57,
'ds_right': -1.57,
'ds_back_left': 2.62,
'ds_back_right': -2.62,
'ds_back': 3.14159

}

self.sensors = {}
self.sensor_angles = {}
initialized sensors = 0

for name, angle in sensor_names_angles map.items():
sensor = self.robot.getDevice(name)
if sensor:

sensor.enable(self.timestep)

self.sensors[name] = sensor

self.sensor_angles[name] = angle

initialized_sensors += 1

print(f"Jatuuk {name:15} | Kyt: {angle:6.2f}")
else:

print(f"LaTunk {name:15} | HE 3HAMAEHO !")

print(f"IHiyianizoBaHo pgaTymkiB: {initialized sensors}/8")

self.imu = self.robot.getDevice( " 'imu')
if self.imu:
self.imu.enable(self.timestep)
self. imu_initialized = False
else:
print("IMU He 3HaigeHo")

self.wheel radius 0.085
self.track_width = 0.50

self. odometry initialized = False




self. initialization_steps

return True

navigate to goal(self, x: float, y: float) -> bool:

MeTog Ansa 3anycky HaBirauyil Jo ToOuYKM

print(f"\nBcTaHoBNeHHs HOBOI rnobanbHol uini: ({x:.2f}, {y:.2f})")
self.goal position = (x, y)
self.navigation_stats['total navigations'] += 1

planned_path = self.path _planner.plan_path((self.x, self.y),
self.goal position)

if planned_path:
self.path_follower.set path(planned_path)
self.state = "navigating"
self.state timer = ©
print("MapwpyT cnnaHoBaHo. Pexum HaBirauii yBimkHeHO")
return True
else:
self.navigation stats['failed navigations'] += 1
print("He Bmanocs nobyayBaTu mapupyT")
self.goal _position = None
self.state = "exploring"
return False

run(self):

step_counter = 0

while self.robot.step(self.timestep) != -1:
self.update_odometry()
self.update_map()

self.run_state machine()

if step_counter % 50 == @:
self.print_status()

step counter += 1

run_state _machine(self):
self.state timer += 1
sensors_data = self. get sensors data()

if self.detect stuck():

if self.state != "stuck":
print (f"BUABJIEHO 3ACTPATCAHHA! Mepexin y pexum nopATYHKY.™)
self.navigation_stats['stuck _events'] += 1
self.state = "stuck"
self.state_timer = ©

self. handle stuck_state()

return

obstacle threshold = 0.8
front_sensors = ['ds_front_left', 'ds_front', 'ds_front_right', 'ds_left’,
'ds_right']
obstacle detected = any(
sensors_data.get(sensor name, 4.0) < obstacle threshold




for sensor_name in front_sensors

)

if obstacle detected and self.state != "avoiding obstacle":
print(f"Mepewkona nonepeny! AkTuBauis pexumy o06'isgy.")
self.navigation_stats['obstacles_encountered'] += 1
self.state = "avoiding_obstacle"
self.state_timer = ©
self. avoidance active = False

if self.state == "avoiding_obstacle":

self. handle avoidance_state(sensors_data)
elif self.state == "navigating":

self. handle navigation_state(sensors_data)
elif self.state == "stuck":

self. handle_stuck_state()
else:

self. handle_exploration_state(sensors_data)

_get_sensors_data(self) -> Dict[str, float]:
sensors_data = {}
for name, sensor_obj in self.sensors.items():
val = sensor_obj.getValue()
if math.isnan(val) or val < 0.01:
sensors_data[name] = sensor_obj.getMaxValue()
else:
sensors_data[name] val

self.current_sensor_readings = sensors_data.copy()
return sensors_data

_handle_navigation_state(self, sensors data):

if not self.path_follower.current_path:

if self.goal position:
print("MepennaHyBaHHA MapupyTy")
self.navigate to _goal(*self.goal position)

else:
print("Mepexin B pexum gocnipkeHHsa™)
self.state = "exploring"

return

follow result = self.path follower.update()

if follow_result == 'completed':
print("rnobanbHa uinb gocarHyTa")
self.navigation stats['successful navigations'] += 1
self.stop()
self.goal position = None
self.state = "exploring"
elif follow result == 'no_path':
print ("MapwpyT BTpayeHO. YBiMKHEHHS pexumy [OCNipkxeHHA™)
self.state = "exploring"

_handle_avoidance_state(self, sensors_data):
if not self. avoidance_active:

self.stop()

self. avoidance_active = True




left_freedom = sensors_data.get('ds_left', 0.0) +
sensors_data.get('ds_front_left', 0.0)

right freedom = sensors data.get('ds_right', 0.0) +
sensors_data.get('ds_front_right', 0.0)

if left_freedom > right_ freedom:
self. avoidance_turn_direction
print("MoBopoT niBopy4")

else:
self. avoidance_turn_direction
print("MoBopoT npaBopy4")

turn_duration = 60
forward duration = 80

if self.state_timer <= turn_duration:
turn_speed JoE
left_speed

turn_speed * self. avoidance_turn_direction
right speed =

-turn_speed * self. avoidance_turn_direction

if self.state_timer % 25 ==

print(f"06"'ixgxaemo. Hanpsmok: {self. avoidance turn_direction}")
self.set motor speeds(left speed, right speed)

elif self.state_timer <= turn_duration + forward_duration:
if self.state_timer == turn_duration + 1:

print(f"06"'ixmxaemo. Pyx ynepen™)
self.set motor speeds(4.0, 4.0)

else:
print("Mepewkony 06'ixaHo")
self.stop()
self. avoidance active = False

if self.goal position:
print("MoTo4yHuit cTaH: HABIFALIA")
self.state = "navigating"

self.path follower.set path([])

else:

print("MoToyYyHui cTaH: AOCNIOKEHHA™)
self.state = "exploring"

self.state_timer
return

def _handle_stuck state(self):
backup_duration = 50
turn_duration =

if self.state_timer == 1:

left freedom = self.current_sensor_readings.get('ds_left', 4.0) +
self.current_sensor _readings.get('ds_front_left', 4.0)

right_freedom = self.current_sensor_readings.get('ds_right', 4.0) +
self.current_sensor_readings.get('ds_front_right', 4.0)

if left_freedom > right freedom:
self. avoidance_turn_direction = -1

print("noBopoT niBopy4, ANA BUBinbHEHHA poboTa i3 3acTpsAraHHa™)
else:

self. avoidance_turn_direction =

print("noBopoT npaBopyY, ANA BUBiNbHEHHA poboTa i3 3acTpsaAraHHs")




if self.state_timer <= backup_duration:
self.set motor speeds(-5.0, -5.0)

elif self.state timer <= backup_duration + turn_duration:
turn_dir = self. avoidance_turn_direction if

self. avoidance_turn_direction != 0 else 1

self.set_motor_speeds(5.0 * turn_dir, -5.0 * turn_dir)

else:
print("ArpecuBHe BUBiNnbHEeHHA i3 3acTpsAraHHs 3aBepuweHo")
self. exit _and _replan()

def _handle_exploration_state(self, sensors_data):
self.set motor speeds(3.5, 3.5)

_exit_and_replan(self):
self.stop()

self. avoidance_active = False
self.stuck_counter = ©

if self.goal position:
print("BigHoBneHHA HaBirauyii po uini 4vepes nepennaHyBaHHA...")
self.navigate to goal(*self.goal position)

else:
print("06'i3n 3aBepweHo. [OBEpPHEHHA L0 pexuMmy focaipxeHHs.")
self.state = "exploring"
self.state_timer = ©

update odometry(self):
if not self. odometry initialized:
self. initialization_steps +=

if self. initialization_steps

if self.encoders_available:
self.left_encoder.getValue()
self.right _encoder.getValue()
if self.imu:
try:
self.imu.getRollPitchYaw()
except:
pass
return

elif self. initialization_steps == 20:
print("IHiyianizauia ogomeTpii...")

if self.encoders_available:
try:
left_val = self.left_encoder.getValue()
right_val = self.right_encoder.getValue()

if not (math.isnan(left _val) or math.isnan(right_val)):
self.prev_left_encoder_val = left_val
self.prev_right_encoder_val = right_val
self. encoder_initialized = True
print(f"EHkomepn iHiuianisoBani: L={left val:.3f},

R={right_val:.3f}")
else:
print("EHkogepu nosepHynun NaN, noBTopHa cnpoba...")
return




except Exception as e:
print(f"Momunka iHiuianisauii eHkogepis: {e}")
return

if self.imu:
try:
roll pitch_yaw = self.imu.getRollPitchYaw()
if roll pitch_yaw and not any(math.isnan(v) for v in
roll pitch_yaw):
self.theta = roll_pitch_yaw[2]
self. imu_initialized = True
print(f"IMU iHiuianizoBaHo:
kyT={math.degrees(self.theta):.1f}°")
else:
print("IMU noBepHyB HeKOpeKTHi AaHi, BUKOpPUCTOBYI
KiHemMaTu4Hy ogomeTpik")
self.theta = 0.0
except Exception as e:
print(f"MNommunka iHiuyianiszayii IMU: {e}")
self.theta = 0.0
else:
self.theta = 0.0

self.x, self.y = 0.0, 0.0
=

self.position_history (0.0, 0.0)]

self. odometry initialized = True
print("OpomeTpit noBHicTw iHiyianizoBaHo")
return

= self.timestep / 1000.0

if self.imu and self. imu initialized:
try:
roll pitch_yaw = self.imu.getRollPitchYaw()
if roll pitch_yaw and not any(math.isnan(v) for v in roll pitch _yaw):
self.theta = roll pitch yaw[2]
except Exception:
pass

if self.encoders_available and self. encoder_initialized:
try:
left _val = self.left_encoder.getValue()
right val = self.right_encoder.getValue()

if math.isnan(left_val) or math.isnan(right_val):
print("EHkonepn nosepHynn NaN, nponyckaEeMo OHOBJIEHHS")
return

dist left = (left_val - self.prev_left encoder val) *
self.wheel radius

dist_right = (right_val - self.prev_right_encoder_val) *
self.wheel radius




max_reasonable dist

if abs(dist_left) > max_reasonable dist or abs(dist right) >
max_reasonable dist:
print (f"AHoManbHO Benuke nepemiweHHs BusBneHo: L={dist left:.3f},
R={dist_right:.3f}, nponyckaemo")
self.prev_left_encoder_val = left_val
self.prev_right encoder_val = right_val
return

self.prev_left encoder_val = left val
self.prev_right _encoder_val = right _val

delta dist = (dist_left + dist_right) / 2.0
delta theta = (dist right - dist left) / self.track width

self.x += delta_dist * math.cos(self.theta + delta theta / 2.0)
self.y += delta_dist * math.sin(self.theta + delta_theta / 2.0)

if not (self.imu and self. imu initialized):
self.theta += delta_theta

except Exception as e:
print(f"Momunka B oHOBNeHHi ogomeTpii: {e}")
return

self.theta = math.atan2(math.sin(self.theta), math.cos(self.theta))

self.position_history.append((self.x, self.y))
if len(self.position_history) > 30:
self.position history.pop(0)

self.angle _history.append(self.theta)
if len(self.angle history) > 30:
self.angle history.pop(9)

update _map(self):
for name, sensor in self.sensors.items():
distance = sensor.getValue()
if math.isnan(distance) or distance >= sensor.getMaxValue() * 0.99:
continue

sensor_global angle = self.theta + self.sensor_angles[name]
obs_x = self.x + distance * math.cos(sensor_global angle)
obs y = self.y + distance * math.sin(sensor_global angle)
key = (int(obs_x / self.grid cell size), int(obs_y /
self.grid_cell size))
self.obstacle map[key] = min(1.0, self.obstacle map.get(key, 0.0) + 0.25)

for step in range(int(distance / self.grid cell size) - 1):
dist _along ray = (step + ©.5) * self.grid cell size
free x = self.x + dist _along ray * math.cos(sensor_global angle)
free y = self.y + dist _along ray * math.sin(sensor global angle)




free_key = (int(free_x / self.grid cell size), int(free_.y /
self.grid_cell size))
if self.obstacle map.get(free key, 0.0) < 0.5:
self.free _map[free key] = min(1.0, self.free _map.get(free key,
0.0) + 0.1)

def detect_stuck(self) -> bool:
history len = 30
if len(self.position_history) < history len: return False

path_length = ©

for i in range(1l, len(self.position_history)):
dx = self.position_history[i][@] - self.position_history[i-1][0]
dy = self.position_history[i][1] - self.position_history[i-1][1]
path_length += math.sqrt(dx*dx + dy*dy)

total rotation = ©
for i in range(1l, len(self.angle_history)):

diff = self.angle_history[i] - self.angle_history[i-1]
total rotation += abs(math.atan2(math.sin(diff), math.cos(diff)))

dist_threshold = 0.1
rot_threshold = math.radians(10)

if path_length < dist threshold and total rotation < rot_threshold:
self.stuck_counter += 1

return self.stuck counter > 70
else:

self.stuck counter

return False

def set _motor_speeds(self, left speed: float, right speed: float):

BcTaHOBMWE WBMAKICTb MOTOpPiB.
max_vel = self.motors['motor left front'].getMaxVelocity()
safe_left = max(-max_vel, min(max_vel, left speed))
safe_right = max(-max_vel, min(max_vel, right_speed))

for name, motor in self.motors.items():
if 'left' in name: motor.setVelocity(safe left)
if 'right' in name: motor.setVelocity(safe right)

def stop(self):
self.set_motor speeds(@, 0)

def print_status(self):
"""BuBogMTb MOTOYHMI cTaTyc poboTa."""
print(f"\n{'="*60}")
print(f"CTATYC: {self.state.upper()} | Yac: {self.robot.getTime():.1f}c |
Tanmep cTaHny: {self.state_timer}")
print(f"Mo3nuia: X={self.x:.2f}m, Y={self.y:.2f}m,
Kyt={math.degrees(self.theta):.1f}°")
if self.goal position:
dist_to_goal = math.sqrt((self.x-self.goal position[@])**2 + (self.y-
self.goal position[1])**2)
print(f"Uinb: ({self.goal position[@]:.2f}, {self.goal position[1]:.2f})
| BinctaHb: {dist to goal:.2f}m")




else:
print("Uinb: He BcTaHoBneHa"
stats = self.navigation_stats
print(f"HaBirayii:
{stats['successful navigations']}/{stats['total navigations']} |
f"Mepewkon: {stats['obstacles encountered']} | 3acTparaHb:
{stats['stuck_events']}")

if self.current_sensor_readings:
print(f"faTtunkm ({len(self.current_sensor_readings)}/8):")
s_data = []
for name, distance in sorted(self.current_sensor_readings.items()):
s_data.append(f"{name:<14}: {distance:5.2f}m")
for i in range(len(s_data) // 2):
print(f" {s_data[i]:<30} | {s_data[i + len(s_data)//2]}")

print('="'*60)

def is robot stable(self) -> bool:
"""MepeBipAae, 4u cTabinisysanuca Bci cuctemmn poboTa.
if not self. odometry initialized:
return False

if self.imu:
try:
rpy = self.imu.getRollPitchYaw()
if not rpy or any(math.isnan(v) for v in rpy):
return False
except:
return False

if self.encoders_available:

try:
left val = self.left _encoder.getValue()
right val = self.right encoder.getValue()
if math.isnan(left_val) or math.isnan(right val):

return False

except:

return False

for sensor in self.sensors.values():
try:
val = sensor.getValue()
if math.isnan(val):
return False
except:
return False

return True

def run_smart_navigation():
controller = EnhancedSLAMController()
print("IHiuianizsauia Tta cTtabinisauyia cucrtem..."

initialization steps = ©




if

__hame___

max_init_steps = 100

while initialization_steps < max_init_steps:
if controller.robot.step(controller.timestep) == -1:
break

controller.update _odometry()

if initialization steps > 30 and controller.is robot_stable():
print(f"Cuctemn ctabinizoBaHi 3a {initialization_steps} kpokiB")
break

initialization steps += 1

if initialization_steps % 20 ==
print(f" IHiuianizauis... {initialization_steps}/{max_init_steps}")

if initialization_steps >= max_init_steps:
print("MepeBuweHo 4ac iHiyianisauyii, ane npopoBXyeMo poboTy")

print("OogaTkoBa cTabinizauia...")
for step in range(20):
if controller.robot.step(controller.timestep) == -1:
break
controller.update_odometry()
controller.update_map()

print(f"\nPOGOT FOTOBMA [0 POBOTU")

print(f" MoyaTkoBa no3uuis: X={controller.x:.3f}m, Y={controller.y:.3f}m")
print(f" MoyaTkoBuin KyT: {math.degrees(controller.theta):.1f}°")

print(f" EHkogepu: {'Tak' if controller. encoder_initialized else 'Hi'}")
print(f" IMU: {'Tak' if controller. imu_initialized else 'Hi'}")

print(f"  HOaTtuymku: {len(controller.sensors)}/8")

print("\n" + "="*40)
print("3ANYCK HABITALUIMHOI MICII")
print("="*40)

success = controller.navigate to_goal(4.0, @)

if not success:
print("He Bganocs mo4aTu HaBirauikw, nepexipg y pexum pgocnimxeHHAa")

controller.run()

__main__ ":
run_smart_navigation()
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JIOJIATOK B

[Torpamuuii ko koHTposuiepy 3 APl miis po6otu 13 KOMaHAHUHN IIEHTPOM

import json

import threading

import time

import math

from http.server import HTTPServer, BaseHTTPRequestHandler
import socketserver

from typing import Tuple, List

from queue import Queue, Empty

from best variant import EnhancedSLAMController

class NonBlockingHTTPHandler (BaseHTTPRequestHandler):
def do_POST(self):
if self.path == '/api/set_goal':
try:
content_length = int(self.headers['Content-Length'])
post data = self.rfile.read(content_length)
data = json.loads(post data.decode('utf-8'))

self.server.command_queue.put({
"type': 'set goal',
'x': float(data['x']),
'y': float(data['y']),
"timestamp': time.time()

})

self. send response(200, {'status':
fofaHo fo Yepru'})

'success', 'message': 'Uinb

except Exception as e:
self. send response(400, {'status': 'error', 'message': str(e)})

elif self.path == '/api/set_mode':
try:
content_length = int(self.headers['Content-Length'])
post_data = self.rfile.read(content_length)
data = json.loads(post data.decode('utf-8'))

self.server.command _queue.put({
"type': 'set_mode',
'mode': data[ 'mode'],
"timestamp': time.time()

})

self. send_response(200, {'status': 'success', 'message': f'Pexum
{data["mode" ]} momaHo po 4epru'})

except Exception as e:
self. send_response(400, {'status': 'error', 'message': str(e)})
else:
self. send_response(404, {'status': 'error', 'message': 'Endpoint He

3HaugeHo'})



def do_GET(self):
if self.path == '/api/status':

try:

with open('robot_status.json', 'r') as f:
status = json.load(f)

self. send_response(200, status)

except (FileNotFoundError, PermissionError, json.JSONDecodeError):
self. send response(503, {'status': ‘'error', 'message': '®ain crTaTycy

TUMYACOBO HepOCTYMHWUW, cnpobyiTe nisHiwe.'})

elif self.path == '/api/sensors':

try:

with open('robot_sensors.json', 'r') as f:
sensors = json.load(f)

self. send_response(200, sensors)

except (FileNotFoundError, PermissionError, Jjson.JSONDecodeError):
self. send response(503, {'status': ‘'error', 'message': '[aHi

OATYMKIB TMMYACOBO HepoCTYMHi, cnpobyiTe nisHiwe.'})

elif self.path == '/api/obstacles':

try:

with open('robot obstacles.json', 'r') as f:
obstacles = json.load(f)

self. send response(200, obstacles)

except (FileNotFoundError, PermissionError, json.JSONDecodeError):
self. send_response(503, {'status': 'error', 'message': '[aHi npo

nepewkoay TUMYAcCOBO HEAOCTYMHi, cnpobyinte nmisHiwe.'})

else:
self. send_response(404, {'status': 'error', 'message': 'Endpoint He
3HangeHo ' })

def _send response(self, code, data):
self.send_response(code)
self.send_header('Content-type', 'application/json')
self.send_header('Access-Control-Allow-Origin', '*')
self.send_header('Access-Control-Allow-Methods', 'GET, POST")
self.send header('Access-Control-Allow-Headers', 'Content-Type')
self.end_headers()
self.wfile.write(json.dumps(data).encode())

def do_OPTIONS(self):

self.send _response(200)
self.send_header('Access-Control-Allow-Origin', '*')
self.send_header('Access-Control-Allow-Methods', 'GET, POST")
self.send_header('Access-Control-Allow-Headers', 'Content-Type')
self.end headers()

def log message(self, format, *args):
PERS

class ThreadedHTTPServer (socketserver.ThreadingMixIn, HTTPServer):
"""BUMPABJIEHO: CepBep Tenep 36epira€ npsaAMe MNOCWJIAHHA Ha KOHTponep
def __init__ (self, server_address, RequestHandlerClass, controller_instance):
self.command_queue = Queue()
self.controller = controller_instance
super()._ init_(server_ address, RequestHandlerClass)

class EnhancedSLAMControllerWithAPI (EnhancedSLAMController):




KOHTposiep 3 Hebnokywyum API Ta eKCMoOpTOM AaHMX [aT4YMKiB
def _init_ (self, api_port=8080):
super(). init ()

.api_port = api_port
.command_queue = Queue()
.api_server = None
.api_thread = None

.scanning _mode = False
.scanning grid size = 1.0
.scanning_path = []
.scanning current_index

self.detailed map = {

‘obstacles': {},

'free_space': {},

'scan_points': [],

‘robot_path': [],

‘sensor_data': {
'current_readings': {},
‘danger_zones': [],
‘safe_zones': [],
'last _update': ©

¥

'obstacle_detections': [],

'metadata’: {
'grid size': self.grid cell size,
"last_update': 0,
'scan_coverage': 9,
"total sensors': len(self.sensors),
"sensor_names': list(self.sensors.keys()) if hasattr(self, 'sensors')

}

self. start_api_server()
print(f"API cepBep 3anyuweHo Ha nopty {api_port}")

def start_api_server(self):

3anyckae API cepBep B OkpemMoMy noToui

try:
def handler(*args, **kwargs):
NonBlockingHTTPHandler (*args, **kwargs)

self.api_server = ThreadedHTTPServer(
('localhost', self.api port),
NonBlockingHTTPHandler,
self

)

self.api_server.command queue = self.command_queue
self.api_thread = threading.Thread(target=self.api_server.serve_forever,
daemon=True)

self.api thread.start()

print (f"API cepBep rotoBuin: http://localhost:{self.api port}")




except Exception as e:
print(f"Momunka 3anycky API cepBepa: {e}")

def process_api commands(self):
try:
while True:
command = self.command_queue.get nowait()
self. execute_ command(command)
except Empty:
pass

def _execute_command(self, command):
cmd_type = command.get('type')

if cmd_type == 'set_goal':
X, y = command['x"'], command['y']
print(f"API komaHpa: BcTaHoBneHHs uini ({x:.2f}, {y:.2f})")
success = self.navigate to goal(x, y)
if not success:
print("He Bpanoca BCTaHOBUTU Uinb")

elif cmd_type == 'set_mode':
mode = command[ 'mode’ ]
print(f"API komaHAa: BcTaHoBneHHA pexumy '{mode}'")

if mode == 'scanning':
self.start_scanning mode()
elif mode == 'navigation':
self.stop_scanning mode()
elif mode == 'exploring':
self.state = 'exploring’
self.goal position = None
elif mode == 'stop':
self.stop()
self.state = 'exploring'

else:
print(f"HeBigoma komaHga: {cmd type}")

def start _scanning mode(self):
print("3AMNYCK PEXWMY CUCTEMATWUYHOIO CKAHYBAHHA")

self.scanning mode = True
self.state = "scanning"

self.scanning path = self. generate_scanning_path()
self.scanning current_index = ©

if self.scanning_ path:
print(f"CTBOpeHo MapwpyT ckaHyBaHHs 3 {len(self.scanning path)} To4ok")

self. go to_next_scan_point()

else:
print("He Bmanoca cTBOPUTU MapwpyT CKaHyBaHHS")
self.scanning mode = False

def stop_scanning mode(self):
print("3YMNNUHKA PEXUMY CKAHYBAHHA")
self.scanning_mode = False
self.state = "exploring"
self.scanning path = []




def _generate_scanning path(self) -> List[Tuple[float, float]]:
FeHepy€ cnipanbHuUi WAAX ANA CACTEMATUYHOrO CKaHyBaHHA"""
scan_points = []

start_x, start_y = self.x, self.y

max_radius 5c
angle_step Q.

0
5

radius = self.scanning grid size
angle = 0

while radius <= max_radius:
scan_x = start_x + radius * math.cos(angle)
scan_y = start y + radius * math.sin(angle)

scan_points.append((scan_x, scan_y))

angle += angle_ step
if angle >= 2 * math.pi:
angle =
radius += self.scanning_grid_size

return scan points

def go to next _scan point(self):
if self.scanning_current_index >= len(self.scanning path):
print ("CKAHYBAHHA 3ABEPIIEHO!™)
self.stop_scanning mode()
return

target_x, target_y = self.scanning_path[self.scanning_current_index]
print(f"CkaHyBaHHA Touyku {self.scanning current_index +
1}/{len(self.scanning path)}: ({target x:.2f}, {target y:.2f})")

success = self.navigate to goal(target x, target_y)

if not success:
print(f"He Bpanoca poixaTu A0 TOYKM CKAHYyBaHHS, MpoOnyckaemo")
self.scanning current_index += 1
self. go to next scan point()

run_state _machine(self):

self.process _api_commands()

if self.state == "scanning":
self. handle scanning state()
else:
super().run_state machine()

def handle_scanning state(self):
if not self.scanning_mode:
self.state = "exploring"
return

sensors_data = self. get sensors_data()




critical_threshold = 0.8
if self.detect_stuck() or any(v < critical threshold for v in
sensors_data.values()):

super().run_state_machine()
return

if self.goal position:
dist_to_goal = math.sqrt((self.x - self.goal position[@])**2 +
(self.y - self.goal position[1])**2)
if dist _to goal < 0.3:
print(f"Toyka ckaHyBaHHA {self.scanning current_index + 1}
pocsarHyrta")

self. perform_360 scan()

self.scanning_current_index +=
self. go to_next_scan_point()

follow_result = self.path_follower.update()
if follow_result == 'completed':
self.scanning current_index +=
self. go to next scan point()

_perform_360_scan(self):
print("BUKOHYETbLCA 360° CKAHYBaHHS. ..

start_angle = self.theta
total rotation = ©

while total rotation < 2 * math.pi:
self.set _motor speeds(1.0, -1.0)

if self.robot.step(self.timestep) == -1:
break

self.update_odometry()
self.update_map()

angle diff = abs(self.theta - start_angle)
if angle_diff > math.pi:

angle diff 2 * math.pi - angle diff
total rotation angle diff

self.stop()
print("360° ckaHyBaHHA 3aBepleHo")

update_map(self):
super().update_map()

self.detailed map['robot path'].append([self.x, self.y, self.theta,
time.time()])




if len(self.detailed_map['robot_path']) > 1000:
self.detailed _map['robot_path'] = self.detailed_map[ 'robot_path'][-1000: ]

current_time = time.time()

self.detailed map['sensor_data']['current_readings'] =
self.current_sensor_readings.copy()

self.detailed map[ 'sensor_data']['last _update'] = current_time

danger_zones = []

safe_zones = []

for sensor_name, distance in self.current_sensor readings.items():
sensor_angle = self.sensor_angles.get(sensor_name, @)
global_angle self.theta + sensor_angle

detection_x self.x + distance * math.cos(global_angle)
detection_y = self.y + distance * math.sin(global_angle)

zone_info =
'sensor': sensor_name,
'distance': distance,
'angle': math.degrees(global angle),
'world x': detection_x,
'world y': detection_ y,
"timestamp': current_time

}

if distance < 1.0:
danger_zones.append(zone_info)

elif distance > 3.0:
safe_zones.append(zone_info)

self.detailed map[ 'sensor _data']['danger_zones'] = danger_zones

self.detailed map[ 'sensor_data']['safe_zones'] safe_zones
if any(d < 0.8 for d in self.current_sensor_readings.values()):
obstacle detection = {
"timestamp': current_time,
'robot_position': [self.x, self.y, self.theta],
'state': self.state,
‘closest_obstacles': [
{"'sensor': name, ‘'distance': dist}
for name, dist in self.current_sensor readings.items()
if dist < 1.5
1,
'action_taken': 'obstacle_avoidance' if self.state ==
'avoiding_obstacle' else 'normal_navigation'

}

self.detailed map['obstacle detections'].append(obstacle detection)

if len(self.detailed map['obstacle_detections']) > 100:
self.detailed map[ 'obstacle_detections'] =
self.detailed map[ 'obstacle_detections'][-100:]

self.detailed_map[ 'obstacles’'] = {f"{k[@]},{k[1]}": v for k, v in
self.obstacle map.items()}




self.detailed _map['free_space'] = {f"{k[©]},{k[1]}": v for k, v in
self.free_map.items()}

self.detailed map[ 'metadata’].update({

'last_update': current_time,

'scan_coverage': len(self.obstacle map) + len(self.free_map),

‘current_position': [self.x, self.y, self.theta],

‘current_state': self.state,

'scanning_progress':
f"{self.scanning_current_index}/{len(self.scanning_path)}" if self.scanning_mode else
"N/A",

‘total sensors': len(self.sensors),

‘active_sensors': len([s for s in self.current_sensor_readings.values()
if not math.isnan(s)])

def export detailed map(self):
try:

if self.scanning_mode:
self.detailed map['scan_points'] = [
{'x"': point[@], 'y': point[1],
self.scanning current_index}
for i, point in enumerate(self.scanning path)

completed': i <

]
self. atomic_write_json('robot map.json', self.detailed map)

except Exception as e:
print(f"Momunka ekcnopty Kaptu: {e}")

def export_sensor_data(self):
try:
sensor_export = {

"timestamp': time.time(),

'robot_position': [self.x, self.y, self.theta],

‘sensors': {},

"analysis': {
‘closest_obstacle': None,
"furthest_detection': None,
‘danger_level': 'safe',
'recommended_action': ‘'continue’

min_distance = float('inf"')
max_distance 0
closest_sensor = None

for sensor_name, distance in self.current_sensor_readings.items():
if sensor_name in self.sensor_angles:
sensor_angle = self.sensor_angles[sensor_name]
global angle = self.theta + sensor_angle

world x self.x + distance * math.cos(global_angle)
world y self.y + distance * math.sin(global_angle)

sensor_export[ 'sensors'][sensor_name] = {
"distance': distance,




'angle local': math.degrees(sensor_angle),

‘angle_global': math.degrees(global_angle),

'world position': [world x, world y],

'status': 'danger' if distance < 1.0 else 'warning' if
distance < 2.0 else 'safe’

}

if distance < min_distance:
min_distance = distance
closest_sensor = sensor_name

max_distance = max(max_distance, distance)

if min_distance < 0.5:
sensor_export['analysis'][ 'danger _level'] = 'critical’
sensor_export['analysis'][ 'recommended_action'] = 'emergency stop'
elif min_distance < 1.0:
sensor_export['analysis'][ ‘danger_level'] = 'high'
sensor_export['analysis']['recommended_action'] = 'avoid_obstacle'
elif min_distance < 2.0:
sensor_export['analysis'][ 'danger _level'] = 'medium'’
sensor_export['analysis'][ 'recommended_action'] = 'slow_down'

sensor_export['analysis']['closest obstacle'] = {
'sensor': closest_sensor,
‘distance’': min_distance

}

sensor_export['analysis']['furthest_detection'] = max_distance

self. atomic_write json('robot_sensors.json', sensor_export)

except Exception as e:
print(f"Momunka ekcnopTy AaHux patymkie: {e}")

def export obstacle data(self):
"""HOBWA METOJ: EKCMopTy€ KapTy Mepewkos B OKpeMmui daitn
try:
obstacle export =
"timestamp': time.time(),
'robot_position': [self.x, self.y, self.theta],
'grid_size': self.grid _cell size,
'obstacles': {},
‘free_cells': {},
"statistics': {
"total obstacles': len(self.obstacle map),
"total free cells': len(self.free map),
'map_coverage': len(self.obstacle map) + len(self.free_map),
'obstacle_density': len(self.obstacle map) / max(1,
len(self.obstacle map) + len(self.free map))

}

}

for grid_pos, probability in self.obstacle map.items():
world x grid_pos[@] * self.grid cell size + self.grid cell size / 2
world y = grid pos[1] * self.grid cell size + self.grid cell size / 2

obstacle_export['obstacles'J[f"{grid_pos[@]},{grid pos[1]}"] = {
‘probability': probability,




'world position': [world x, world y],
'grid_position': [grid_pos[@], grid_pos[1]]
}

for grid _pos, probability in self.free_map.items():
world_ x grid pos[@] * self.grid cell size + self.grid cell size / 2
world y = grid pos[1] * self.grid cell size + self.grid cell size / 2

obstacle export['free cells'][f"{grid pos[@]},{grid pos[1]}"] = {
"probability’': probability,
'world_position': [world_x, world y],
‘grid_position': [grid_pos[@], grid pos[1]]

self. atomic_write json('robot_obstacles.json', obstacle export)

except Exception as e:
print(f"Momunka ekcnopty nepewkos: {e}")

def export_status(self):
"""OHOB/IEHO: EKCMOpPTYE MOTOYHMI CTaTyC poboTa 3 AAHMMU AATYMKIiB
status = {
'position': [self.x, self.y, self.theta],
'state': self.state,
"timestamp': time.time(),
'goal': list(self.goal position) if self.goal position else None,
'scanning mode': self.scanning_mode,
'scanning_progress': {
‘current': self.scanning_current_index,
"total': len(self.scanning_path),
‘percentage’: round((self.scanning current_index /
len(self.scanning path)) * 100, 1) if self.scanning path else ©
¥
'map_stats': {
‘obstacles': len(self.obstacle map),
"free_cells': len(self.free_map),
‘total_coverage': len(self.obstacle map) + len(self.free_map)

}s

'sensor_stats': {
"total sensors': len(self.sensors),
'active_sensors': len([s for s in
self.current_sensor_readings.values() if not math.isnan(s)]),
"current_readings': self.current_sensor_readings,
‘danger_sensors': [
name for name, dist in self.current_sensor readings.items()
if dist < 1.0
1,
‘warning_sensors': [
name for name, dist in self.current_sensor_readings.items()
if 1.0 <= dist < 2.0
1,
'closest_obstacle': {
‘distance': min(self.current _sensor_readings.values()) if
self.current_sensor_readings else float('inf'),
‘sensor': min(self.current_sensor readings.items(), key=lambda x:
x[1])[@] if self.current_sensor_readings else None

}
}s

'navigation_stats': self.navigation_stats




try:

self. atomic_write json('robot status.json', status)
except Exception as e:

print(f"Momunka ekcnopty ctatycy: {e}")

_atomic_write_json(self, final_filename: str, data: dict):
temp_filename = f"{final filename}.tmp"

import os

try:

with open(temp_filename, 'w') as f:
json.dump(data, f, indent=2)

os.replace(temp filename, final filename)

except PermissionError:

print (f"BbnokyBaHHa ¢ainy {final filename}. MoBTOpHa cnpoba...")
try:
os.remove(final filename)
os.rename(temp_filename, final_ filename)
except Exception as e_retry:
print(f"Momunka npu noBTopHil cnpobi 3amucy B {final filename}:
{e_retry}")

except Exception as e:
print (f"KpuTuyHa nomunka 3anucy B {final filename}: {e}")
if os.path.exists(temp_filename):
os.remove(temp filename)

def run(self):

OCHOBHMMN LMKJI 3 eKCMNOpTOM AaHUX
step_counter = 0
export_interval

print("Po3wupeHuii KOHTponep 3anyuweHuin 3 nigTpumkow API™)

print(f"API pocTynHui 3a agpecow: http://localhost:{self.api_ port}")

print("OocTynHi komaHam:")

print(" POST /api/set goal {'x": 1.0, 'y': 2.0}")

print(" POST /api/set_mode {"'mode" :
'scanning'|'navigation'|'exploring'|'stop'}")

print(" GET /api/status - 3aranbHuin ctatyc")

print(" GET /api/sensors - paHi paTtymkis™)

print(" GET /api/obstacles - KapTa nepewkoa")

while self.robot.step(self.timestep) != -1:
self.update_odometry()
self.update _map()
self.run_state_machine()

if step_counter % export_interval == 0:
self.export_detailed_map()
self.export_status()
self.export_sensor_data()
self.export_obstacle data()

if step counter % 50




self.print_status()
step_counter += 1

def print_status(self):
"""PO3WWPEHUNA BuBiA cTaTycy 3 iHpopMaLi€w Mpo AaTHYMKK
super().print_status()
if self.scanning mode:
print (f"PEXMM CKAHYBAHHA:
{self.scanning_current_index}/{len(self.scanning_path)} To4ok")
print(f"MokpuTtTa KapTu: {len(self.obstacle map) + len(self.free map)}

Komipok")

def run_robot with api():
"""3anyck poboTa 3 niaTpumkow API Ta eKCnopTOM AaHUX AaTyMKiBs
controller = EnhancedSLAMControllerWithAPI(api port=8080)

print("IHiyianizauia 3 niaTpumkow API...")

initialization_steps =
max_init steps = 100

while initialization_steps < max_init_steps:
if controller.robot.step(controller.timestep) == -1:
break

controller.update_odometry()

if initialization_steps > 30 and controller.is_robot_stable():
print(f"Cuctemn ctabinizoBaHi 3a {initialization steps} kpokiB")
break

initialization_steps += 1

step in range(20):

if controller.robot.step(controller.timestep) == -1:
break

controller.update_odometry()

controller.update_map()

print (f"\nPOEOT 3 API TFOTOBWA")

print(f"API: http://localhost:{controller.api port}")
print(f"MNo3uuyis: ({controller.x:.3f}, {controller.y:.3f})")
print(f"OatuyukiB: {len(controller.sensors)}/8")

controller.export_detailed map()
controller.export status()
controller.export sensor _data()
controller.export_obstacle data()

controller.run()

if name_ == "_ main__ ":
run_robot with api()
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<IDOCTYPE html>
<html lang="uk">
<head>
<meta charset="UTF-8">
<meta name="viewport" content="width=device-width, initial-scale=1.0">
<title>Nepernagay pobota Phoenix 3 8 patumkamu</title>
<style>
body {
font-family: Arial, sans-serif;
margin: 0;
padding: 20px;
background: linear-gradient(135deg, #667eea 0%, #764ba2 100%);
color: #333;
min-height: 100vh;
}

.container {
max-width: 1400px;
margin: @ auto;
background: rgba(255, 255, 255, ©.95);
padding: 20px;
border-radius: 15px;
box-shadow: © 8px 32px rgba(0,0,0,0.1);
backdrop-filter: blur(10px);

text-align: center;

margin-bottom: 30px;

color: #2c3e50;

text-shadow: 2px 2px 4px rgba(0,0,0,0.1);

.dashboard {
display: grid;
grid-template-columns: 1fr 1fr;
gap: 20px;
margin-bottom: 20px;

}

@media (max-width: 1200px) {
.dashboard {
grid-template-columns: 1fr;
}
}

.connection-status {
display: inline-flex;
align-items: center;
padding: 8px 15px;
border-radius: 25px;
font-size: 0.9em;
margin-bottom: 20px;
font-weight: 500;




.connection-status.connected {
background: linear-gradient(135deg, #4ade80, #22c55e);
color: white;
box-shadow: © 4px 12px rgba(34, 197, 94, 0.3);

}

.connection-status.disconnected {
background: linear-gradient(135deg, #f87171, #ef4444);
color: white;
box-shadow: @ 4px 12px rgba(239, 68, 68, 0.3);

}

.status-dot {
width: 10px;
height: 1@px;
border-radius: 50%;
margin-right: 8px;
animation: pulse 2s infinite;

}

@keyframes pulse {
0%, 100% { opacity: 1; }
50% { opacity: 0.7; }

}

.panel {
background: white;
border-radius: 12px;
padding: 20px;
box-shadow: @ 4px 20px rgba(9,0,0,0.08);
border: 1px solid rgba(0,0,0,0.05);
}

.panel h3 {
margin: © @ 15px O;
color: #2c3e50;
font-size: 1.2em;
display: flex;
align-items: center;
gap: 10px;

}

.status-grid {
display: grid;
grid-template-columns: repeat(auto-fit, minmax(250px, 1fr));
gap: 15px;

}

.status-card {
background: linear-gradient(135deg, #667eea, #764ba2);
color: white;
padding: 20px;
border-radius: 10px;
text-align: center;
box-shadow: @ 4px 15px rgba(102, 126, 234, 0.3);

}

.status-card h4 {
margin: © © 10px O;
font-size: 0.9em;
opacity: 0.9;




.status-value {
font-size: 1.8em;
font-weight: bold;
margin-bottom: 5px;

}

.sensor-grid {
display: grid;
grid-template-columns: repeat(auto-fit, minmax(200px, 1fr));
gap: 10px;

}

.sensor-card {
background: #f8fafc;
border: 2px solid #e2e8f0;
border-radius: 8px;
padding: 15px;
text-align: center;
transition: all ©0.3s ease;

}

.sensor-card.danger {
border-color: #ef4444;
background: #fef2f2;
animation: glow-red 2s infinite;

}

.sensor-card.warning {
border-color: #f59e0b;
background: #fffbeb;

}

.sensor-card.safe {
border-color: #10b981;
background: #fofdf4;

}

@keyframes glow-red {
0%, 100% { box-shadow: © @ 5px rgba(239, 68, 68, 0.5); }
50% { box-shadow: © © 20px rgba(239, 68, 68, 0.8); }

}

.sensor-name {
font-weight: bold;
font-size: 0.9em;
margin-bottom: 8px;
color: #374151;

}

.sensor-distance {
font-size: 1.4em;
font-weight: bold;
margin-bottom: 5px;

}

.sensor-status {
font-size: 0.8em;
padding: 4px 8px;
border-radius: 12px;
font-weight: 500;




.status-danger { background: #fecaca; color: #dc2626; }
.status-warning { background: #fef3c7; color: #d97706; }
.status-safe { background: #dlfae5; color: #059669; }

.controls {
background: #f8fafc;
padding: 20px;
border-radius: 10px;
margin-bottom: 20px;
border: 1px solid #e2e8f0;
}

.controls h3 {
margin: © © 15px 0O;
color: #374151;

}

.btn {
background: linear-gradient(135deg, #667eea, #764ba2);
color: white;
border: none;
padding: 12px 24px;
border-radius: 8px;
cursor: pointer;
margin-right: 10px;
margin-bottom: 10px;
font-weight: 500;
transition: all ©0.3s ease;
box-shadow: @ 4px 12px rgba(102, 126, 234, 0.3);

}

.btn:hover {
transform: translateY(-2px);
box-shadow: @ 6px 20px rgba(102, 126, 234, 0.4);

}

.btn.danger {
background: linear-gradient(135deg, #ef4444, #dc2626);
box-shadow: @ 4px 12px rgba(239, 68, 68, 0.3);

}

.btn.success {
background: linear-gradient(135deg, #10b981, #059669);
box-shadow: © 4px 12px rgba(1l6, 185, 129, 0.3);

}

.btn.warning {
background: linear-gradient(135deg, #f59e@b, #d97706);
box-shadow: @ 4px 12px rgba(245, 158, 11, 0.3);

}

input[type="number"] {
padding: 10px;
margin: O 8px;
width: 80px;
border: 2px solid #e2e8f0;
border-radius: 6px;
font-size: lem;

}

input[type="number"]:focus {




}

border-color: #667eea;
outline: none;
box-shadow: @ @ © 3px rgba(102, 126, 234, 0.1);

#map-container {

}

border: 2px solid #e2e8f0;
border-radius: 12px;
overflow: hidden;
margin-bottom: 20px;
background: white;
position: relative;

#tmap-canvas {

}

display: block;

width: 100%;

height: 500px;

background: linear-gradient(45deg, #f8fafc 25%, transparent 25%),
linear-gradient(-45deg, #f8fafc 25%, transparent 25%),
linear-gradient(45deg, transparent 75%, #f8fafc 75%),
linear-gradient(-45deg, transparent 75%, #f8fafc 75%);

background-size: 20px 20px;

background-position: © @, @ 10px, 10px -10px, -10px Opx;

cursor: crosshair;

.map-info {

}

position: absolute;
top: 10px;
left: 10px;

background: rgba(e, @0, 0, 0.8);

color: white;

padding: 8px 12px;

border-radius: 6px;

font-size: 0.9em;

font-family: 'Courier New', monospace;

.log {

}

background: #1f2937;

color: #f9fafb;

border-radius: 10px;

padding: 20px;

height: 200px;

overflow-y: auto;

font-family: 'Courier New', monospace;
font-size: 0.9em;

line-height: 1.4;

.log-entry {

}

margin-bottom: 5px;
padding: 2px 0;

.log-timestamp {

}

color: #9ca3af;
margin-right: 8px;

.emergency-alert {




background: linear-gradient(135deg, #ef4444, #dc2626);
color: white;

padding: 15px;

border-radius: 10px;

margin-bottom: 20px;

text-align: center;

font-weight: bold;

animation: emergency-blink 1s infinite;

box-shadow: @ 4px 20px rgba(239, 68, 68, 0.4);

}

@keyframes emergency-blink {
0%, 50% { opacity: 1; }
51%, 100% { opacity: ©.7; }

}

.click-mode-info {
background: #eff6ff;
border: 1px solid #bfdbfe;
border-radius: 8px;
padding: 12px;
margin-bottom: 15px;
color: #led0af;
font-size: 0.9em;
¥
</style>
</head>
<body>
<div class="container">
<h1>Po6oT Phoenix - CucTtema MOHiTOpMHry</hl>

<div class="connection-status disconnected" id="connectionStatus">
<div class="status-dot" id="statusDot"></div>
<span id="statusText">MNiaknwyeHHa po poboTa...</span>

</div>

<div id="emergencyAlert" class="emergency-alert" style="display: none;">
KPUTUYHA MEPEWKOAA BWABNEHA!
</div>

<div class="dashboard">

<div class="panel">
<h3>3aranbHun ctatyc</h3>
<div class="status-grid">
<div class="status-card">
<h4>Mo3nuyia pobota</h4>
<div class="status-value"
id="robotPosition">3aBaHTaxeHHSa...</div>
</div>
<div class="status-card">
<h4>MoTo4Hu cTaH</h4>
<div class="status-value"
id="robotState">3aBaHTaxeHHA...</div>
</div>
<div class="status-card">
<h4>Hanbnuxya nepewkoga</h4>
<div class="status-value" id="closestObstacle">--</div>
</div>
<div class="status-card">
<h4>AKTUBHUX paTyukiB</h4>




<div class="status-value" id="activeSensors">0/8</div>
</div>
</div>
</div>

<div class="panel">
<h3>[aT4yukun BiactaHi</h3>
<div class="sensor-grid" id="sensorGrid">
</div>
</div>
</div>

<div class="controls">
<h3>YnpaBniHHa pobotom</h3>

<div style="margin-bottom: 15px;">
<label>lUinb: X = </label>
<input type="number" id="goalX" value="3.0" step="0.1">
<label>Y = </label>
<input type="number" id="goalY" value="0.0" step="0.1">
<button class="btn" onclick="sendGoal()">BianpaButn uinb</button>
<button class="btn warning"
onclick="clearPreviewGoal()">04ncTutun</button>
</div>
<div>
<button class="btn success" onclick="setMode('scanning')">Pexum
CKaHyBaHHA< /button>
<button class="btn" onclick="setMode( 'navigation')" >Pexum
HaBirauyii</button>
<button class="btn" onclick="setMode('exploring")">Pexum
pocnipxeHHa</button>
<button class="btn danger"
onclick="setMode('stop')">3ynuHnTu</button>
</div>
</div>

<div id="map-container">
<canvas id="map-canvas" width="1000" height="500"></canvas>
<div class="map-info" id="mapInfo">
KoopauHaTtu: (0.0, ©.0) | Macwtab: 50px/m
</div>
</div>

<div class="panel">
<h3>Jlor nogin</h3>
<div class="log" id="eventLog">
<div class="log-entry">
<span class="log-timestamp">[CUCTEMA]</span>
O4yikyBaHHA MiAkJWYEHHA Ao poboTa...
</div>
</div>
</div>
</div>

<script>
let robotStatus = null;
let sensorData = null;
let obstacleData = null;




let isConnected = false;
let previewGoal = null;
const API URL = 'http://localhost:8080";

const sensorNames = {
'ds_front_left': 'MepepHii niBui',
'ds_front': 'lMepepgHin ueHTp',
'ds_front_right': 'MNepegHiv npasun',
'ds_left': 'NiBun 6okoBUA',
'ds_right': 'lpaBun 6okosuin',
'ds_back _left': '3agHin niBun',
'ds_back _right': '3agHii npaBuin',
'ds_back': '3apHin ueHTp'

};

function log(message, type = 'info') {
const logEl = document.getElementById('eventLog');
const timestamp = new Date().tolLocaleTimeString();
const icon = type === 'error' ? 'MOMWUJIKA' : type === 'warning' ?
"YBATA' : type === 'success' ? 'YCNIX' : "'IH®0';

const entry = document.createElement('div');

entry.className = 'log-entry’;

entry.innerHTML = “<span class="log-timestamp">[${timestamp}]</span>
${icon}: ${message} ;

logEl.appendChild(entry);
logEl.scrollTop = logEl.scrollHeight;

if (logEl.children.length > 50) {
logEl.removeChild(logEl.firstChild);
}
}

function updateConnectionStatus(connected) {
isConnected = connected;
const statustEl = document.getElementById('connectionStatus');
const dotEl = document.getElementById('statusDot');
const textEl = document.getElementById('statusText');

if (connected) {
statusEl.className 'connection-status connected’;
textEl.textContent 'Po60T NiAaxkawyeHun' ;

} else {
statusEl.className 'connection-status disconnected’;
textEl.textContent = 'PoboT Biaknw4YeHuin';

}

async function fetchRobotStatus() {

try {
const response = await fetch( " ${API _URL}/api/status’);

if (response.ok) {
robotStatus = await response.json();
updateConnectionStatus(true);
updateStatusDisplay();
return true;

} else {
updateConnectionStatus(false);




return false;
}
} catch (error) {
updateConnectionStatus(false);
return false;

}

async function fetchSensorData() {
try {
const response = await fetch( " ${API_URL}/api/sensors’);
if (response.ok) {
sensorData = await response.json();
updateSensorDisplay();

} catch (error) {
console.log('faHi maTyuMkiB HepocTynHi');
}
}

async function fetchObstacleData() {
try {
const response = await fetch( ${API URL}/api/obstacles’);
if (response.ok) {
obstacleData = await response.json();
}
} catch (error) {
console.log('aHi nepewkon HepoCcTynHi');
}
}

function updateStatusDisplay() {
if (!robotStatus) return;

const pos = robotStatus.position;
document.getElementById('robotPosition').textContent =
" (${pos[0].toFixed(2)}, ${pos[1l].toFixed(2)}) ;

document.getElementById('robotState').textContent = robotStatus.state;

if (robotStatus.sensor_stats) {
const stats = robotStatus.sensor_stats;
document.getElementById('activeSensors').textContent =
“${stats.active sensors}/${stats.total sensors} ;

if (stats.closest obstacle && stats.closest obstacle.distance < 10) {
document.getElementById('closestObstacle').textContent =
“${stats.closest_obstacle.distance.toFixed(2)}m ;
} else {
document.getElementById('closestObstacle').textContent = 'Hemae';

}

const emergency = document.getElementById('emergencyAlert');
if (stats.closest obstacle & stats.closest obstacle.distance < 0.5)

emergency.style.display = 'block';
log (" KPUTUYHA TEPEWKOOA Ha BipcTaHi
${stats.closest obstacle.distance.toFixed(2)}m! ", 'error');




} else {
emergency.style.display = 'none’;
}
}

drawMap();
}

function updateSensorDisplay() {
if (!sensorData || !sensorData.sensors) return;

const grid = document.getElementById('sensorGrid');

grid.innerHTML = 5

for (const [sensorld, data] of Object.entries(sensorData.sensors)) {
const card = document.createElement('div');
card.className = “sensor-card ${data.status} ;

const statusClass = “status-${data.status} ;
const statusText = data.status === 'danger' ? "'HEBE3MEYHO'
data.status === 'warning' ? 'YBATA' : 'BE3[MEYHO';

card.innerHTML = °
<div class="sensor-name">${sensorNames[sensorId] ||

sensorId}</div>
<div class="sensor-distance">${data.distance.toFixed(2)}m</div>
<div class="sensor-status ${statusClass}">${statusText}</div>

grid.appendChild(card);

}

function getMapCoordinates() {
const canvas = document.getElementById( 'map-canvas');
const centerX = canvas.width / 2;
const centerY = canvas.height / 2;
const scale = 50;

return { centerX, centerY, scale };

}

function pixelsToWorldCoords(pixelX, pixelY) {
const { centerX, centerY, scale } = getMapCoordinates();
const worldX = (pixelX - centerX) / scale;
const worldY = -(pixelY - centerY) / scale;
return { x: worldX, y: worldY };

}

function worldCoordsToPixels(worldX, worldY) {
const { centerX, centerY, scale } = getMapCoordinates();
const pixelX = centerX + worldX * scale;
const pixelY = centerY - worldY * scale;
return { x: pixelX, y: pixelY };
}

function drawMap() {
const canvas = document.getElementById( 'map-canvas');
const ctx = canvas.getContext('2d"');

ctx.clearRect(®, ©, canvas.width, canvas.height);




const { centerX, centerY, scale } = getMapCoordinates();

if (obstacleData && obstacleData.obstacles) {
for (const [key, data] of Object.entries(obstacleData.obstacles)) {
if (data.probability > 0.5) {
const x = centerX + data.world position[@] * scale;
const y = centerY - data.world position[1l] * scale;

ctx.fillStyle = “rgba(239, 68, 68, ${data.probability})’;
ctx.fillRect(x - 5, y - 5, 10, 10);

if (robotStatus && robotStatus.position) {
const pos = robotStatus.position;
const x = centerX + pos[@] * scale;
const y = centerY - pos[1l] * scale;
const angle = pos[2];

.fillStyle = '#3b82f6';
.beginPath();

.arc(x, y, 15, @, 2 * Math.PI);
Fi11();

.strokeStyle = '#led@af’;

.lineWidth = 4;

.beginPath();

.moveTo(x, y);

.lineTo(x + Math.cos(angle) * 25, y - Math.sin(angle)
.stroke();

if (sensorData && sensorData.sensors) {

const sensorAngles = {
'ds_front_left': 28.6,
'ds_front': 0,
'ds_front_right': -28.6,
'ds_left': 90,
'ds_right': -90,
'ds_back left': 150,
'ds_back_right': -150,
"ds_back': 180

¥

for (const [sensorId, data] of

Object.entries(sensorData.sensors)) {

const sensorAngle = angle + (sensorAngles[sensorId] || @) *
Math.PI / 180;

const endX = x + Math.cos(sensorAngle) * data.distance *
scale;

const endY = y - Math.sin(sensorAngle) * data.distance
scale;

ctx.strokeStyle = data.status === ‘'danger' ? '#ef4444’
data.status === 'warning' ? '#f59e0b’
'#10b981 ' ;




lineWidth = 2;
setLineDash([5, 5]);
.beginPath();
moveTo(X, Y);
lineTo(endX, endY);
stroke();
setLineDash([]);

fillStyle = ctx.strokeStyle;
beginPath();

arc(endX, endY, 3, 0, 2 * Math.PI);
£i11();

.fillStyle = '#1f2937';

.font = '14px Arial';

.textAlign = 'center';
.fillText('Phoenix', x, y + 35);

if (robotStatus && robotStatus.goal) {
const goal = robotStatus.goal;
const x = centerX + goal[@] * scale;
const y = centerY - goal[l] * scale;

ctx.fillStyle = '#10b981"';
ctx.beginPath();

ctx.arc(x, y, 10, 9, 2 * Math.PI);
ctx.fill();

.strokeStyle = '#fff';
.lineWidth = 3;
.beginPath();
.moveTo(x - 6, Yy);
.lineTo(x + 6, y);
.moveTo(x, y - 6);
.lineTo(x, y + 6);
.stroke();

.fillStyle = '#1f2937';

.font = '12px Arial’;
.textAlign = 'center';
FillText('Uinb', x, y + 25);

if (previewGoal) {
const { x: pixelX, y: pixelY } = worldCoordsToPixels(previewGoal.x,

previewGoal.y);

.fillStyle = 'rgba(245, 158, 11, 0.6)"';
.strokeStyle = '#f59e0b’;

.lineWidth = 2;

.beginPath();

.arc(pixelX, pixelY, 12, @, 2 * Math.PI);
Fil11();

.stroke();




.strokeStyle = '#fff';
.lineWidth = 2;
.beginPath();

.moveTo(pixelX - 8, pixelY);
.lineTo(pixelX + 8, pixelY);
.moveTo(pixelX, pixelY - 8);
.lineTo(pixelX, pixelY + 8);
.stroke();

.fillStyle = '#1f2937';
.font = '11px Arial';
.textAlign = 'center';
.fillText('MpeB\'w', pixelX,

strokeStyle =
lineWidth = 1;

'#teS5e7eb’;

(let i = -10; i <= 10; i++) {
const x = centerX + 1 * scale;
ctx.beginPath();

ctx.moveTo(x, 0);
ctx.lineTo(x, canvas.height);
ctx.stroke();

(let i = -5; i <= 5; i++) {
const y = centerY + i * scale;
ctx.beginPath();

ctx.moveTo(0, y);
ctx.lineTo(canvas.width, y);
ctx.stroke();

.strokeStyle = '#6b7280"';
.lineWidth = 2;

.beginPath();

.moveTo(centerX, 0);
.lineTo(centerX, canvas.height);
.moveTo(@, centerY);
.lineTo(canvas.width, centerY);
.stroke();

function getCanvasMousePos(canvas, event) {
const rect = canvas.getBoundingClientRect();
const scaleX = canvas.width / rect.width;
const scaleY = canvas.height / rect.height;

return {
x: (event.clientX - rect.left) * scaleX,
y: (event.clientY - rect.top) * scaleY

};




function setupMapClickHandler() {
const canvas = document.getElementById( 'map-canvas');
const mapInfo = document.getElementById( 'mapInfo');

canvas.addEventListener('mousemove', (event) => {
const mousePos = getCanvasMousePos(canvas, event);
const worldCoords = pixelsToWorldCoords(mousePos.x, mousePos.y);

mapInfo.textContent = ~KoopauHaTtu: (${worldCoords.x.toFixed(2)},
${worldCoords.y.toFixed(2)}) | Macwta6: 50px/m ;

5

canvas.addEventListener('click', (event) => {
const mousePos = getCanvasMousePos(canvas, event);
const worldCoords = pixelsToWorldCoords(mousePos.x, mousePos.y);

previewGoal = { x: worldCoords.x, y: worldCoords.y };

document.getElementById('goalX').value = worldCoords.x.toFixed(2);
document.getElementById('goalY').value = worldCoords.y.toFixed(2);

drawMap();

log( BcTaHoBneHo npeB'to uini: (${worldCoords.x.toFixed(2)},
${worldCoords.y.toFixed(2)}) , 'info');
}s
}

function clearPreviewGoal() {
previewGoal = null;
drawMap();
log('MpeB\ 't uini ouumweHo', 'info');

}

async function sendGoal() {
const x = parseFloat(document.getElementById('goalX').value);
const y = parseFloat(document.getElementById('goalY').value);

if (isNaN(x) || isNaN(y)) {
log('Momunka: HempaBuNbHi kKoopauHaTu uini', ‘error');
return;

}

try {
const response = await fetch(  ${API_URL}/api/set_goal , {

method: 'POST',
headers: { 'Content-Type': 'application/json' },
body: JSON.stringify({ x, y })

1

const result = await response.json();

if (response.ok) {
log("Uinb (${x}, ${y}) BimnpaBneHa', 'success');
previewGoal = null;

} else {




log( Momunka BipgnpaBku uyini: ${result.message} , 'error');
}
} catch (error) {
log( Nomunka 3'egHaHHA: ${error.message} , 'error');

}
}

async function setMode(mode) {
try {
const response = await fetch( ${API_URL}/api/set_mode , {
method: 'POST',
headers: { 'Content-Type': 'application/json' },
body: JSON.stringify({ mode })
1

const result = await response.json();

if (response.ok) {
log( Pexum '${mode}' BCTaHoOBNEeHo , 'success');
} else {
log (" Momunka BcTaHoBNeHHA pexumy: ${result.message} , 'error');

}
} catch (error) {

log( MNomunka 3'enHaHHA: ${error.message} , 'error');

}

setInterval(async () => {
await fetchRobotStatus();
await fetchSensorData();
await fetchObstacleData();
}, 1000);

fetchRobotStatus();
fetchSensorData();
fetchObstacleData();

setupMapClickHandler();
drawMap();

log('CucTemMa MOHiTOpUHrYy 3anyweHa', 'success');
</script>
</body>
</html>
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