Software technical white paper:

Building the system architecture for your autonomous tower crane software is a crucial step. The architecture will define how
different components of the crane and the software interact with each other. Let's break it down into the key software layers,

sensors, and interfaces needed for smooth integration into the crane system.

System Architecture Overview
The system architecture for an autonomous tower crane can be divided into four main layers:

Hardware Layer (Crane Control Systems and Sensors)
Sensor Fusion and Data Layer

Autonomous Control Layer

User Interface and Remote Monitoring Layer
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1. Hardware Layer: Crane Control Systems & Sensors

The hardware layer consists of the physical crane, sensors, and actuators that allow for automation. The hardware will have

the following components:

Key Components:

e Crane Control System (CCS):
o The existing control system of the crane, which includes hydraulic/electrical actuators that move the crane's boom,
hoist, rotation, and trolley.
O The software needs to interface with the crane’s control system to interpret commands from the autonomous
system and ensure safe movement.
e Sensors for Autonomy: To enable autonomous navigation, you'll need the following sensors:
o LIDAR (Light Detection and Ranging):
= Used for 3D mapping and obstacle detection in the crane’s environment. LIDAR will help the system to
understand the spatial layout of the construction site and avoid obstacles (e.g., structures, workers, other
machinery).
m [t provides detailed distance measurements to objects around the crane in real-time.
o0 RTK GPS (Real-Time Kinematic GPS):
m Provides high-precision positioning (within a few centimeters), enabling the crane to know its exact position
on the construction site and navigate accurately.
m  This is crucial for positioning the crane in the correct spot for tasks like hoisting materials or assembling
elements.
o Cameras & Computer Vision:
m High-definition cameras paired with machine vision algorithms will allow the crane to recognize obstacles,
people, or other machinery. This is used for fine-grained visual detection beyond what LIDAR can do.
O IMU (Inertial Measurement Unit):
m  Used for measuring the motion and orientation of the crane. It ensures that the system knows its current
state (i.e., whether the crane is tilting or rotating in a non-expected direction).
o Ultrasonic or Radar Sensors:
m  These sensors can help for close-range collision avoidance—especially in areas where LIDAR or vision
sensors might have difficulty (e.g., under low-light conditions or in dusty environments).

2. Sensor Fusion & Data Layer



This layer is responsible for collecting, processing, and interpreting the data from various sensors to create a cohesive,
accurate understanding of the crane’s environment.

Key Components:

e Sensor Fusion:

o The data from multiple sensors (LIDAR, GPS, IMU, cameras) will need to be combined and synchronized. This
process is known as sensor fusion.

O The goal is to merge information from each sensor to create a more reliable and accurate model of the
environment. For example, GPS data might be fused with LIDAR to correct for any potential drift in positioning.

o This layer will also filter out noise and deal with data inconsistencies, ensuring that the software makes real-time,
safe decisions.

e Data Processing:

o Edge Computing: Given the large amounts of data generated by LIDAR, GPS, and cameras, processing must
often happen at the edge (i.e., directly on the crane). This reduces latency and avoids the need to send large
volumes of data back to a central server.

o This layer will be responsible for real-time data processing, filtering out irrelevant information, and combining it
into a unified view of the environment.

3. Autonomous Control Layer

This is the brain of the system—the layer where the software makes decisions, plans movements, and controls the crane’s

operations. It will include various key submodules and algorithms:
Key Components:

e Motion Planning & Control:
O This is the part of the system that makes decisions about the movement of the crane. It receives sensor data and
processes it to determine the best path or action to take.
o Path Planning Algorithms (e.g., A*, RRT, Dijkstra's algorithm) will allow the crane to move efficiently through its
environment while avoiding obstacles.
o This includes:
= Trajectory generation for smooth crane arm movements.
m  Load balancing during hoisting to ensure the crane doesn't tip over or drop its load.
e Decision-Making Algorithms (Al/ML):
o The system will need machine learning algorithms to improve performance over time, learn from different
environments, and adapt to unexpected situations.
O The algorithms will make decisions based on:
m  Site conditions (weather, obstructions).
m Proximity to workers and other machines.
m Task complexity and load handling.
e Safety Management System:
O This system ensures that the crane doesn’t perform unsafe actions. For example:
m If workers enter a danger zone, the crane should stop or take evasive action.
m It should also monitor the crane’s own health and flag any malfunctions (e.g., sensor errors, load imbalance).
e Communication Layer:
o 5G or Wi-Fi communication will be necessary to send and receive commands from remote operators, monitor the
system’s health, and push software updates.
O The communication system will also help in multi-crane coordination if the system needs to scale up to a fleet of
cranes working together.

4. User Interface & Remote Monitoring Layer



This layer involves providing interfaces for operators and project managers to monitor and control the crane remotely.
Key Components:

® Operator Interface:
o A mobile or desktop interface that allows human operators to monitor the status of the crane, intervene if
necessary, and check diagnostics.
o The interface could also be used for:
m  Task initiation: Operators can assign jobs or set goals for the crane to achieve (e.g., move materials to a
specific location).
= Manual Override: In case of system failure or emergency, the operator should be able to take over control
manually.
e Fleet Management Dashboard:
o For companies using multiple cranes, you will need a centralized dashboard to monitor all cranes in real-time.
O This dashboard can display key metrics like crane health, job progress, safety alerts, and site coordination for
multiple cranes working together.
e Remote Diagnhostics and Software Updates:
o The system should allow for remote diagnostics, where issues can be diagnosed and addressed from a distance.
o Software updates will need to be pushed remotely to keep the system running at its best.

Additional Considerations:

e Redundancy & Fail-Safe Mechanisms: Given the critical nature of crane operations, the system must have built-in
redundancy. For example, if one sensor fails, the system should fall back to another (e.g., switching from LIDAR to
camera-based detection).

e Security: Autonomous systems are vulnerable to cyber threats. Ensure your system includes strong encryption,
authentication protocols for remote access, and intrusion detection systems to protect sensitive data and prevent
unauthorized control.

e Compliance with Standards: The system must comply with safety standards such as ISO 12100 (general safety of
machinery), ISO 13849 (safety-related parts of control systems), and regional standards like CE or OSHA.

Example of High-Level Architecture

Here’s how the high-level architecture could look like:

1. Sensors (LIDAR, GPS, Cameras, IMU) - Sensor Fusion - Data Processing (Edge Computing) -~ Autonomous
Control Layer — Crane Actuators (Boom, Trolley, Hoist)

2. Communication Network (Wi-Fi/5G) -~ Remote Monitoring Interface (Operator Control Panel) / Fleet Management
Dashboard

3. Safety System - Failure Detection —. Redundant Systems (Backup sensors, manual override)

Next Steps

1. Prototype and Testing: Create a prototype of the software and test with one or a few cranes to validate the
architecture and safety protocols.

2. Partner with Sensor Providers: You'll need to engage with companies that provide the required sensors (e.g., LIDAR,
GPS) and integrate them into your software.

3. Develop Control Algorithms: Build and test the Al and control algorithms in a simulated environment before
deployment on actual cranes.




Creating_foundational code for an autonomous tower crane system is a highly complex and multidisciplinary task,

involving various technologies including real-time control, robotics, sensor fusion, and machine learning. While | can't
provide the entire code in one go, | can help you with a basic structure that lays out the foundation of your software, and we

can build on it iteratively. Below is a breakdown of key components and how to approach coding each one.

Software Components for Tower Crane Autonomy:

Sensor Data Collection & Fusion

Motion Control Algorithms

Autonomous Decision-Making

Communication Interfaces (e.g., for remote control or fleet management)
Safety & Error Handling
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Technologies & Frameworks You Might Use:

Python: For high-level control, integration with APIs, sensor data processing, etc.
ROS (Robot Operating System): If you plan to use robotics frameworks.

OpenCV: For image processing (if using cameras).

TensorFlow | PyTorch: If you need machine learning.

LIDAR SDKs: Most LIDAR sensors provide APIs for data collection and processing.
RTK GPS SDKs: Use existing libraries for precision GPS control.

Basic Architecture of the Code

Let's assume you're working with Python for simplicity, but real-time control loops and motion control might involve other

languages like C++ for performance-critical tasks.

1. Sensor Data Collection & Fusion

First, you'll need to collect data from various sensors like LIDAR, GPS, and cameras.
LIDAR Sensor Example (Python)

import lidar_sdk # Hypothetical LIDAR SDK

import numpy as np

class LidarSensor:
def __init__ (self, lidar_port):

self.lidar = lidar_sdk.connect(lidar_port) # Connect to the LIDAR sensor

def get_point_cloud(self):
# Get a 3D point cloud (list of coordinates)

point_cloud = self.lidar.get_point_cloud()



return np.array(point_cloud) # Convert to NumPy array for easier processing

def get_obstacle_data(self):

point_cloud = self.get_point_cloud()

# Use algorithms to detect obstacles in the point cloud data
obstacles = self.detect_obstacles(point_cloud)

return obstacles

def detect_obstacles(self, point_cloud):

# Simple obstacle detection (filtering out points above a certain height)
obstacles = point_cloud[point_cloud[:, 2] < 2.0] # Points with z < 2m
return obstacles

GPS Sensor Example (Python)

import gps_sdk # Hypothetical GPS SDK

class GPSSensor:
def __init__ (self, gps_port):

self.gps = gps_sdk.connect(gps_port) # Connect to GPS receiver

def get_position(self):

# Returns GPS coordinates (latitude, longitude, altitude)
position = self.gps.get_position()

return position

Sensor Fusion (Combining LIDAR and GPS)

You need to merge the data from different sensors (LIDAR and GPS) to create a spatial understanding of the environment.

This is called sensor fusion.
class SensorFusion:
def __init__(self, lidar, gps):

self.lidar = lidar



self.gps = gps

def get_fused_data(self):
lidar_data = self.lidar.get_obstacle_data()

gps_position = self.gps.get_position()

# Combine LIDAR and GPS data into a single dictionary for easier processing
fused_data = {

'gps': gps_position,

'‘obstacles’: lidar_data

}

return fused_data

2. Motion Control Algorithms

Once the sensors provide data, the next task is to plan the movement of the crane. You can use motion planning algorithms

like A (A-star)* or Dijkstra’s algorithm for path planning. For simplicity, I'll show a very basic PID controller for crane
movement.

PID Control (Basic)
class PIDController:

def _init_ (self, kp, ki, kd):

self.kp = kp
self.ki = ki
self.kd = kd

self.prev_error =0

self.integral = 0

def compute(self, setpoint, current_value):
# Compute the PID control output

error = setpoint - current_value



self.integral += error

derivative = error - self.prev_error

# Control signal (output) based on PID formula

control_signal = (self.kp * error) + (self.ki * self.integral) + (self.kd * derivative)

# Save the current error for the next iteration

self.prev_error = error

return control_signal

# Example usage for controlling crane's rotation
pid = PIDController(kp=1.0, ki=0.1, kd=0.05)
target_angle = 90 # Target rotation in degrees

current_angle = 45 # Current crane rotation

# Compute control signal to reach target angle
control_signal = pid.compute(target_angle, current_angle)

This is just an example of a PID controller, which is a common method for controlling the crane’s arm, movement, or load

hoist. Depending on the complexity of the crane’s movements, we may need more advanced motion planners.

3. Autonomous Decision-Making

The autonomous system must decide when to move, when to stop, and how to avoid obstacles. Let's use a simple decision-
making process that checks sensor data.

class CraneAutonomy:
def __init__ (self, lidar, gps, pid_controller):
self.sensor_fusion = SensorFusion(lidar, gps)

self.pid_controller = pid_controller

def move_crane(self, target_position):

# Get fused data from sensors



fused_data = self.sensor_fusion.get_fused_data()

# Check for obstacles

obstacles = fused_data['obstacles’]

if len(obstacles) > 0:

print("Obstacle detected! Avoiding collision...")
# Stop or take action to avoid the obstacle

return "Obstacle Detected"

# Use PID controller to calculate control signal for movement
current_position = fused_data['gps’]

control_signal = self.pid_controller.compute(target_position, current_position)

# Send control signal to the crane's actuators (this would be a hardware interface in real life)

self.send_control_signal(control_signal)

def send_control_signal(self, control_signal):
# Interface with the actual crane actuator (e.g., motor or hydraulic control)
print(f"Sending control signal: {control_signal}")

In a real-world scenario, the send_control_signal() method would interact with the crane’s control hardware (motors,

hydraulic systems, etc.) to move the crane based on the computed control signal.

4, Communication Interface

This is essential for remote monitoring or fleet management. You can use WebSockets or MQTT to handle communication
between the crane and the central server.

import websocket # WebSocket for real-time communication

class CraneCommunicator:
def __init__ (self, server_url):

self.server_url = server_url



self.ws = websocket.WebSocketApp(self.server_url, on_message=self.on_message)

def on_message(self, ws, message):
print(f"Message received: {message}")

# Handle incoming commands (e.g., stop crane, adjust movement)

def send_message(self, message):

self.ws.send(message)

def start(self):
# Start the WebSocket connection

self.ws.run_forever()

# Example usage
crane_comm = CraneCommunicator("ws:/Iserver-url.com")
crane_comm.start()

This is a basic WebSocket interface for communication, which can be used for both remote monitoring and sending real-

time commands to the crane.

5. Safety & Error Handling

Safety mechanisms are essential. For example, if an obstacle is detected, the system should stop. You could also include
redundant checks to ensure the system is functioning properly.

class SafetySystem:
def __init__ (self, sensor_fusion):

self.sensor_fusion = sensor_fusion

def check_safety(self):
# Continuously check for obstacles and other safety violations
fused_data = self.sensor_fusion.get_fused_data()

if len(fused_data['obstacles’]) > 0:



print("Safety Alert! Obstacle detected.")
# Stop or initiate emergency stop
return False

return True

Summary of the Foundation Code

Sensor Data Collection & Fusion: Collect data from LIDAR, GPS, and other sensors.

Motion Control: Use basic algorithms like PID control to move the crane.

Autonomous Decision Making: Combine sensor data to make decisions and avoid obstacles.
Communication Interface: Implement WebSocket or MQTT to communicate with remote operators.
Safety: Integrate safety checks to prevent accidents.
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Next Steps
This is just a foundation to get started. As you develop the software further, we will need to:
1. Test & Iterate: Continuously test the algorithms with a physical crane or simulator.

2. Expand Functionality: Implement more complex motion planners (e.g., A* for path planning).
3. Add MLI/AI: Incorporate machine learning to improve decision-making over time.

Laser GPS Technical:

Current Technologies Used in Automation

1. LIDAR (Laser Imaging Detection and Ranging):
o How it works: LIDAR uses laser pulses to measure distances by calculating the time taken for a pulse to reflect
back. It creates detailed 3D maps of the surrounding environment.
o Application in heavy machinery:
m  Detects obstacles and ensures safe operation in complex environments.
m  Facilitates real-time spatial awareness, critical for precision in crane operations.
O Precision: LIDAR systems commonly achieve centimeter-level accuracy, with high-end units capable of sub-
centimeter accuracy, making them highly suitable for construction tasks requiring fine control.
o Challenges:
m Dust, fog, and extreme weather can impact performance.
m  High cost for industrial-grade systems.
2. RTK GPS (Real-Time Kinematic Global Positioning System):
o How it works: RTK GPS enhances standard GPS accuracy by using ground-based reference stations to correct
satellite signals.
o Application in heavy machinery:
m  Ensures precision in positioning, particularly for autonomous navigation and crane arm movements.
m Integrates with onboard systems for real-time updates on location and orientation.



o Precision: RTK GPS can achieve accuracy levels of 1-2 cm, which is sufficient for most crane operations,
particularly when combined with other sensors like LIDAR.

o Challenges:
m  Requires a clear line of sight to satellites and reference stations.
m  Susceptible to signal interference in urban or heavily forested areas.

Accuracy Threshold for Autonomous Vehicle Navigation

e Typical standards: Autonomous vehicles, such as self-driving cars, rely on sub-10 cm accuracy to navigate roads and
avoid collisions. This precision level can be directly adapted for crane automation.
® Scaling for cranes:
O Cranes operate in more confined spaces, requiring higher precision for tasks such as lifting heavy loads to specific
coordinates.
o Combining LIDAR and RTK GPS ensures redundancy, improving overall system reliability and precision.
o Integration of Inertial Measurement Units (IMUs) can further enhance precision by tracking subtle movements
during operation.

Challenges and Solutions for Crane Automation

1. Challenge: Managing dynamic loads (e.g., wind sway, load swing).
o Solution: Implement sensors like gyroscopes and accelerometers to detect and counteract load movement in real
time.
2. Challenge: Complex environments with obstructions and varying terrain.
o Solution: Use advanced LIDAR systems to map the environment in 3D and create safe operation paths.
3. Challenge: Communication and system latency.
o Solution: Utilize 5G or dedicated wireless networks to ensure low-latency communication between sensors and
control systems.

Future Enhancements

e Al Integration: Machine learning models can improve decision-making, allowing cranes to adapt to new environments
without reprogramming.

e Fusion of Sensors: Combining LIDAR, RTK GPS, and cameras ensures a robust system capable of handling any
operational challenges.

e Energy Efficiency: Using renewable energy-powered components and optimizing the system to consume less power
will increase sustainability.

These technologies provide a strong foundation for transforming crane operations, ensuring unmatched safety and efficiency.

Let’s break this down into simple steps, like a recipe, so you know exactly the process.

Step 1: Get Your Ingredients (Tools)

Before we can build anything, we need the tools and pieces:

1. A Computer: This will be our main tool for writing the software.
A LIDAR Sensor: This is the "laser eye" that helps the crane see its surroundings. Example: Velodyne or cheaper
options like RPLIDAR.

3. A GPS Module: This is the "navigator"” that tells the crane its exact location. Example: a GPS unit with RTK support
(like the u-blox ZED-F9P).



4. A Development Board (Optional): Something like a Raspberry Pi or NVIDIA Jetson Nano to connect the sensors
and run the software.

5. Software:
O Python (easy for beginners).
O Tools like ROS (Robot Operating System) to help your sensors and software talk to each other.

Step 2: Make the Sensors Talk to Your Computer

Let's connect the LIDAR and GPS to your computer.

1. LIDAR Sensor:

o Plug itinto your computer or Raspberry Pi using a USB cable.

o Install the LIDAR software (it usually comes with drivers or a library).

O Write a small program to "ask" the LIDAR for data.

m  Example: Open a LIDAR library, like PyLidar3, and run a script to see the distances it's measuring.

2. GPS Module:

o Plug in the GPS module (usually through USB or pins on a Raspberry Pi).

o Install software like RTKLib (for very accurate GPS).

O Write a program to grab the GPS location and display it.

Step 3: Combine LIDAR and GPS in One Program

This is like putting two puzzle pieces together so they can work as a team.
e Start a Python program that:
1. Gets data from the GPS (e.g., coordinates like latitude and longitude).
2. Gets data from the LIDAR (e.g., distances to objects).
3. Prints them together so you can see both pieces of information.

Example Idea:

e Ifthe LIDAR sees something close and the GPS says the crane is in the wrong spot, you can program the crane to stop
moving.
Step 4: Test in a Simple Environment
You don’t need a real crane yet! Use small objects to test:

1. Place the LIDAR on a desk, and move your hand in front of it to see if it detects the distance.
2. Walk around with the GPS module to see if it tracks your movement correctly.

Step 5: Add the Crane Control

Now it's time to control the crane! This means sending commands to make the crane:
1. Lift something up.
2. Move to a certain position.
3. Stop when the laser sees an obstacle.

You'll need to:

e Write a program that tells the crane what to do (like “Go left” or “Lift up”).



e Connect the crane to your software (via a controller or motor driver).

Step 6: Keep Improving
Once you've got the basics working, you can:
e Make the system smarter (like adding safety rules).

® Show the data on a screen (so you can monitor the crane in real time).
® Test it on a small crane before using it on a big one.

Here'’s a simple example to help you get started with both LIDAR and GPS. We'll write separate small programs for each and

then combine them.

1. Basic LIDAR Example (Using PyLidar3 Library)
Step 1: Install PyLidar3

Run this command in your terminal to install the library:

bash

CopyEdit

pip install PyLidar3

Step 2: LIDAR Script

This script collects distance data from the LIDAR and prints it.
python

CopyEdit

import PyLidar3

import time

# Replace with the COM port your LIDAR is connected to (e.g., "COM3" for Windows or "/dev/ttyUSBO0" for Linux)
lidar_port = "/dev/ttyUSBO"

lidar = PyLidar3.YdLidarX4(lidar_port)

if lidar.Connect():

print("LIDAR Connected!")



lidar.StartScanning()

start_time = time.time()

try:
while time.time() - start_time < 10: # Run for 10 seconds
data = lidar.GetDistances() # Distance data in degrees
for angle, distance in data.items():
print(f"Angle: {angle}°, Distance: {distance} mm")
time.sleep(0.1)
except Keyboardinterrupt:
print("Stopped by user")
finally:
lidar.StopScanning()
lidar.Disconnect()
else:
print("Error: LIDAR not connected.")
What It Does:
e Connects to the LIDAR and starts scanning.
® Prints distance values for different angles (e.g., "Angle: 90°, Distance: 1500 mm").
2. Basic GPS Example (Using pynmea2 Library)
Step 1: Install pynmea2
Run this command in your terminal to install the library:
bash
CopyEdit
pip install pynmea2
Step 2: GPS Script

This script reads GPS data and shows your location.



python

CopyEdit

import serial

import pynmea2

# Replace with the COM port your GPS is connected to (e.g., "COM4" for Windows or "/dev/ttyUSB1" for Linux)

gps_port = "/dev/ttyUSB1"

baud_rate = 9600

gps = serial.Serial(gps_port, baud_rate, timeout=1)

try:

while True:

data = gps.readline().decode(‘ascii', errors="replace') # Read raw GPS data

if data.startswith("$GNGGA"): # Look for GGA sentences (standard GPS data)

msg = pynmeaz2.parse(data)

print(f"Latitude: {msg.latitude}, Longitude: {msg.longitude}")

except KeyboardInterrupt:

print("Stopped by user")

finally:

gps.close()

What It Does:

® Connects to the GPS and reads location data.
e Prints latitude and longitude (e.g., "Latitude: 37.7749, Longitude: -122.4194").

3. Combine LIDAR and GPS

Here’s how you can combine both into one program:

python

CopyEdit



import PyLidar3
import serial
import pynmea2

import time

# LIDAR Setup
lidar_port = "/dev/ttyUSBO"

lidar = PyLidar3.YdLidarX4(lidar_port)

# GPS Setup
gps_port = "/dev/ttyUSB1"
baud_rate = 9600

gps = serial.Serial(gps_port, baud_rate, timeout=1)

if lidar.Connect():

print("LIDAR Connected!")

lidar.StartScanning()

try:

start_time = time.time()

while time.time() - start_time < 10: # Run for 10 seconds

# Get LIDAR Data

lidar_data = lidar.GetDistances()

for angle, distance in lidar_data.items():

if distance < 1000: # Example: If something is closer than 1 meter

print(f'Obstacle detected at {angle}°: {distance} mm")

# Get GPS Data

gps_data = gps.readline().decode(‘ascii’, errors="replace")



if gps_data.startswith("SGNGGA"):

gps_msg = pynmea2.parse(gps_data)

print(f"GPS Location - Latitude: {gps_msg.latitude}, Longitude: {gps_msg.longitude}")

time.sleep(0.1)

except Keyboardinterrupt:

print("Stopped by user")

finally:

lidar.StopScanning()

lidar.Disconnect()

gps.close()

else:

print("Error: LIDAR not connected.")

What It Does:

e Continuously reads distance data from the LIDAR.
® Monitors GPS for real-time location.
e Alerts if the LIDAR detects something closer than 1 meter.

Adding_crane control to this:

Let’s build on the previous example and add crane control to the program. The goal is to make the crane respond to inputs
from the LIDAR and GPS, like stopping for obstacles or moving to a specific location.

What You’ll Need for Crane Control

1. Crane Actuator or Motor:
O Motors for crane movement (e.g., rotation, lifting, lowering).
O A motor controller to send commands (e.g., Arduino, motor driver like L298N).
2. Connection to Your Software:
o Use a development board like Raspberry Pi or Arduino to connect the motors to your computer.
o The computer will send control signals based on LIDAR and GPS data.



1. Set Up the Crane Motors
e Motors for Crane Movement:
o Horizontal movement: Motor to rotate the crane arm.
o Vertical movement: Motor to lift/lower the load.
o Trolley movement (optional): Motor to move the load horizontally along the arm.
® Wiring Example:
O Connect the motors to the motor driver.
O Use GPIO pins on the Raspberry Pi or Arduino to send signals to the motor driver.

2. Write the Control Logic

The control system will use the LIDAR and GPS data to decide:

e When to stop the crane if an obstacle is detected.
e How to move the crane to a GPS target location.
Example Code for Crane Control
Adding Motor Control

We'll use a Raspberry Pi for motor control. This example assumes:

e Two motors:
o Motor 1: Moves the crane horizontally.
O Motor 2: Lifts or lowers the load.

® GPIO pins control the motors.

Install the RPi.GPIO library:
bash

CopyEdit

pip install RPi.GPIO
Complete Program with Crane Control
python

CopyEdit

import PyLidar3

import serial

import pynmea2

import RPi.GPIO as GPIO

import time



# GPIO Setup for Motors

GPI10O.setmode(GPIO.BCM)

MOTOR_1_PIN = 18 # Pin for horizontal movement

MOTOR_2_PIN = 23 # Pin for vertical movement

GPI0.setup(MOTOR_1_PIN, GPIO.OUT)

GPIO.setup(MOTOR_2_PIN, GPIO.OUT)

# LIDAR Setup

lidar_port = "/dev/ttyUSBO"

lidar = PyLidar3.YdLidarX4(lidar_port)

# GPS Setup

gps_port = "/dev/ttyUSB1"

baud_rate = 9600

gps = serial.Serial(gps_port, baud_rate, timeout=1)

def move_motor(pin, duration):
""Turn a motor on for a specific duration.™"
GPIO.output(pin, GPIO.HIGH)

time.sleep(duration)

GPIO.output(pin, GPIO.LOW)

if lidar.Connect():

print("LIDAR Connected!")

lidar.StartScanning()

try:

start_time = time.time()

while time.time() - start_time < 30: # Run for 30 seconds



# Get LIDAR Data

lidar_data = lidar.GetDistances()

obstacle_detected = False

for angle, distance in lidar_data.items():

if distance < 1000: # If something is closer than 1 meter

print(f'Obstacle detected at {angle}°: {distance} mm")

obstacle_detected = True

# Stop the crane if an obstacle is detected

if obstacle_detected:

print("Stopping crane due to obstacle.")

GPIO.output(MOTOR_1_PIN, GPIO.LOW)

GPIO.output(MOTOR_2_PIN, GPIO.LOW)

else:

# Move the crane horizontally for demonstration

print("Moving crane horizontally...")

move_motor(MOTOR_1_PIN, 2) # Move for 2 seconds

# Get GPS Data

gps_data = gps.readline().decode(‘ascii', errors="replace")

if gps_data.startswith("SGNGGA"):

gps_msg = pynmea2.parse(gps_data)

print(f"GPS Location - Latitude: {gps_msg.latitude}, Longitude: {gps_msg.longitude}")

time.sleep(0.1)

except Keyboardinterrupt:

print("Stopped by user")

finally:



lidar.StopScanning()

lidar.Disconnect()

gps.close()

GPIO.cleanup()
else:

print("Error: LIDAR not connected.")

What This Program Does

1. LIDAR:

o Continuously checks for obstacles within 1 meter.

O Stops the motors if an obstacle is detected.
2. GPS:

O Monitors the crane’s position in real time.

o You can expand this logic to compare the current GPS position to a target position and guide the crane there.
3. Motor Control:

o Moves the crane horizontally unless an obstacle is detected.

O Stops all motion if there’s a problem.

Next Steps

1. Testing:
O Start with the motors disconnected to test the logic first.
o Add one component at a time (LIDAR, GPS, then motors).
2. Adding GPS-Based Movement:
o Define a "target GPS location."
O Add logic to calculate the difference between the current and target positions.
O Move the crane until the target position is reached.
3. Visualization:
o Add a user interface to show the crane’s position and status in real time.

GPS-based movement or obstacle avoidance tuning:

Let’s focus on GPS-based movement for your crane. This will involve guiding the crane to a specific target GPS location

while ensuring it stops or adjusts based on obstacle data from the LIDAR. I'll explain step by step how to implement this.

How GPS-Based Movement Works

1. Get Current Location:
o Use the GPS module to fetch the crane's latitude and longitude in real-time.
2. Set a Target Location:
o Define the GPS coordinates (latitude and longitude) where the crane should go.



3. Calculate Distance and Direction:
o Use a formula (like the Haversine formula) to compute the distance between the current location and the target
location.
4. Move the Crane:
O Use motors to move the crane in small steps, updating its position after each step.
5. Stop or Adjust:
o Stop the crane if it gets close to the target location or if LIDAR detects an obstacle.
Step 1: Define Target GPS Location
Let’'s assume your target location is:
python
CopyEdit

TARGET_LATITUDE = 37.7749 # Target latitude

TARGET_LONGITUDE = -122.4194 # Target longitude

Step 2: Calculate Distance to Target

We'll use the Haversine formula to compute the distance between the current GPS position and the target position.
Haversine Formula in Python

python
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import math

def haversine(latl, lon1, lat2, lon2):

Calculate the distance between two points on the Earth (in meters).
R = 6371000 # Radius of Earth in meters

phil = math.radians(latl)

phi2 = math.radians(lat2)

delta_phi = math.radians(lat2 - lat1)

delta_lambda = math.radians(lon2 - lon1)



a = math.sin(delta_phi/ 2) ** 2 + math.cos(phil) * math.cos(phi2) * math.sin(delta_lambda / 2) ** 2
¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1 - a))

return R * ¢

Step 3: Crane Movement Logic

Here’s the logic:

1. Continuously Calculate the Distance:
O If the distance is greater than a threshold (e.g., 2 meters), move the crane.
o If the distance is less than the threshold, stop the crane.
2. Handle Obstacles:
o Use LIDAR to check for nearby obstacles.
o Stop the crane if an obstacle is detected.
Complete Code for GPS-Based Movement with Obstacle Avoidance
Here’s how it all comes together:
python
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import PyLidar3
import serial
import pynmea2
import RPi.GPIO as GPIO

import math

import time

# GPIO Setup for Motors
GPIO.setmode(GPIO.BCM)
MOTOR_1_PIN = 18 # Pin for horizontal movement

GPIO.setup(MOTOR_1_PIN, GPIO.OUT)

# LIDAR Setup

lidar_port = "/dev/ttyUSBO"



lidar = PyLidar3.YdLidarX4(lidar_port)

# GPS Setup
gps_port = "/dev/ttyUSB1"
baud_rate = 9600

gps = serial.Serial(gps_port, baud_rate, timeout=1)

# Target GPS Location
TARGET_LATITUDE = 37.7749
TARGET_LONGITUDE =-122.4194

THRESHOLD_DISTANCE = 2 # Stop within 2 meters of target

# Haversine Formula

def haversine(latl, lonl, lat2, lon2):

R = 6371000 # Radius of Earth in meters
phil = math.radians(latl)

phi2 = math.radians(lat2)

delta_phi = math.radians(lat2 - lat1)

delta_lambda = math.radians(lon2 - lon1)

a = math.sin(delta_phi / 2) ** 2 + math.cos(phil) * math.cos(phi2) * math.sin(delta_lambda / 2) ** 2
¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1 - a))

return R * c

if lidar.Connect():
print("LIDAR Connected!")

lidar.StartScanning()

try:



while True:

# Get LIDAR Data

lidar_data = lidar.GetDistances()

obstacle_detected = False

for angle, distance in lidar_data.items():

if distance < 1000: # If something is closer than 1 meter
print(f"Obstacle detected at {angle}°: {distance} mm")

obstacle_detected = True

# Get GPS Data

gps_data = gps.readline().decode(‘ascii', errors="replace")
if gps_data.startswith("$GNGGA"):

gps_msg = pynmea2.parse(gps_data)

current_lat = gps_msg.latitude

current_lon = gps_msg.longitude

# Calculate Distance to Target

distance_to_target = haversine(current_lat, current_lon, TARGET_LATITUDE, TARGET_LONGITUDE)

print(f"Distance to Target: {distance_to_target:.2f} meters")

# Movement Logic

if distance_to_target > THRESHOLD_DISTANCE and not obstacle_detected:
print("Moving crane towards target...")

GPIO.output(MOTOR_1_PIN, GPIO.HIGH) # Start motor

time.sleep(0.5) # Move for 0.5 seconds

GPIO.output(MOTOR_1_PIN, GPIO.LOW) # Stop motor

elif obstacle_detected:

print("Stopping due to obstacle.")



GPI0.output(MOTOR_1_PIN, GPIO.LOW)
else:

print("Reached target!")
GPIO.output(MOTOR_1_PIN, GPIO.LOW)

break # Stop the loop once the target is reached

time.sleep(0.1)

except Keyboardinterrupt:
print("Stopped by user")
finally:
lidar.StopScanning()
lidar.Disconnect()
gps.close()
GPIO.cleanup()

else:

print("Error: LIDAR not connected.")

What This Code Does

1. Real-Time GPS Distance Tracking:

o Constantly calculates the distance between the crane's position and the target.
2. LIDAR Obstacle Detection:

O Stops the crane if an obstacle is detected within 1 meter.
3. Motor Control:

o Moves the crane in small steps toward the target location.

o Stops when it's within 2 meters of the target.

Next Steps

1. Test this code with:
o A dummy motor setup (e.g., an LED light instead of an actual motor).
o Asmaller LIDAR and GPS setup to simulate the crane's environment.
2. Improve the code by:
O Adding a GUI to show the crane's position and progress in real timFine-tuning motor speeds and movement steps
for smoother operation.e.



Building the foundational software for a crane automation system requires designing a robust, modular, and scalable
architecture that integrates hardware components (e.g., motors, sensors, GPS, LIDAR) with a centralized control system.

Here, I'll outline the key aspects to focus on and how you can structure the foundation for your software:

Foundation Overview

The software foundation for an automated crane includes:

1. Core Functional Modules:
o Hardware Control Layer: Controls motors, actuators, and sensors.
o Navigation and Positioning Layer: Processes GPS, LIDAR, and accelerometer data for precise crane movement.
o Safety and Obstacle Avoidance: Ensures the crane operates safely, avoiding collisions and dangerous
maneuvers.
O User Interface (UIl): Allows operators to input commands, monitor the crane, and set target positions.
2. System Design:
o Use a layered architecture: Hardware -> Control Logic -> Ul/Monitoring.
o Ensure modularity, so each component can be developed and tested independently.
3. Programming Language and Tools:
O Use Python for flexibility and rapid prototyping or C++ for real-time performance.
o Use a real-time operating system (RTOS) if strict timing is required.

Key Software Components
1. Hardware Control Layer
This layer interfaces directly with the crane's hardware components, including motors, sensors, and actuators.

Functions:

e Motor Control:

o Use PWM (Pulse Width Modulation) to control motor speed and direction.
e Sensor Integration:

O Fetch real-time data from GPS, LIDAR, and accelerometers.
® Actuator Control:

o Operate brakes, clamps, or other mechanical components.

Technologies:
e Communication Protocols:
O Use I12C, SPI, or UART to communicate with sensors and actuators.

e Hardware Interface:
o Use Raspberry Pi (GPIO pins) or an industrial controller like PLC (Programmable Logic Controller).

2. Navigation and Positioning Layer

This layer handles the crane's movement and ensures precision.



Functions:

e GPS Positioning:

O Calculate the crane's real-time position and compare it to the target.
® Obstacle Detection (LIDAR):

o ldentify objects in the crane's path and determine if movement should stop or adjust.
e Path Planning:

o Define and follow a safe, optimal path to reach the target position.

Technologies:

e Algorithms for Movement:
o Use PID (Proportional-Integral-Derivative) controllers for smooth and precise movement.
o Apply pathfinding algorithms like A* (A-star) for efficient navigation.

e Data Fusion:
O Combine GPS and LIDAR data to improve accuracy.

3. Safety and Obstacle Avoidance
This layer ensures the system prioritizes safety.

Functions:

e Collision Avoidance:

O Stop movement if an obstacle is detected.
e Load Monitoring:

o Prevent overloading or unsafe load movements by integrating weight sensors.
e Emergency Stops:

o Implement fail-safes to stop all operations during a malfunction or emergency.

Technologies:

® Sensor Redundancy:
o Use multiple sensors for fail-safe operations.
e Real-Time Alerts:
o Notify operators of potential hazards using alarms or Ul indicators.

4. User Interface (Ul)
The Ul provides a way for operators to interact with the crane system.

Functions:

e Input Commands:
o Set target GPS coordinates or adjust movement manually.
® Real-Time Monitoring:
o Display current position, obstacles, and system status.
e Safety Alerts:
o Show warnings when obstacles or malfunctions are detected.

Technologies:

o Desktop Ul Frameworks:
o Use PyQt or Tkinter for Python-based GUI development.



e Web-Based Interface:
o Create a web interface using HTMLICSS/JavaScript with a backend in Python (Flask or Django).

5. Software Architecture
Use a modular design to separate functionality into layers and ensure scalability.

Architecture Layers:
1. Hardware Abstraction Layer (HAL):
o Interfaces with motors, sensors, and actuators.
2. Control Logic Layer:
O Processes input data (e.g., GPS, LIDAR) and calculates movement commands.
3. Application Layer:
O Provides a Ul for users to interact with the system.
Data Flow:
e Input: Sensors provide data (e.g., GPS position, obstacle distances).

® Processing: The control logic determines the crane's next action.
e Output: Commands are sent to motors and actuators.

6. Communication and Networking
If the crane system needs remote monitoring or multiple cranes need to work together, you'll need a networking solution.
Functions:
® Remote Monitoring:
O Send real-time data to a central server or operator’s device.
e Multi-Crane Coordination:
o Prevent collisions by sharing position data between cranes.
Technologies:
e Communication Protocols:
o Use MQTT or WebSockets for real-time data exchange.

e Cloud Integration:
o Store crane data in the cloud for analysis and long-term monitoring.

Example Foundation Structure
Here’s how you can structure your project directory:
graphql
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crane_automation/



— hardware_control/
| — motor_control.py # Code for motor operation
| — sensor_interface.py # Code for LIDAR, GPS, etc.

| L— actuator_control.py # Code for brakes, clamps, etc.

|
— navigation/

| — gps_navigation.py # Code for GPS positioning
| —lidar_processing.py # Code for obstacle detection

| L— path_planning.py # Code for movement logic

|
|— safetyl

| |— collision_avoidance.py # Code for stopping on obstacles

| L— load_monitoring.py # Code for weight sensors

|
— uil
| — dashboard.py # Main GUI application

| L— alerts.py # Safety alert system

|
— tests/

| |— test_motors.py # Test cases for motor control
| |— test_navigation.py # Test cases for GPS navigation
| L— test_safety.py # Test cases for safety features

L— main.py # Main entry point

Development Roadmap

1. Start Small:
o Begin with basic motor control and test it with simple inputs.
O Add one sensor (e.g., LIDAR) to test obstacle detection.



2. Integrate Layers:
o Combine motor control with navigation (GPS-based movement).
o Add safety features (e.g., emergency stop).
3. Build the UI:
O Create a simple interface to monitor the crane and send commands.
4. Test and Iterate:
o Test the system in a controlled environment.
o Gradually increase complexity (e.g., multiple sensors, more accurate positioning).

Including laser (LIDAR) and GPS for maximum accuracy involves integrating both technologies into the control
system, with LIDAR used for precise, close-range positioning and obstacle detection, while GPS provides broader,
location-based navigation. Below is a comprehensive plan to incorporate both into the software foundation:

Foundation Overview with Laser and GPS

1. Laser (LIDAR) for Precision and Safety:
O Detect obstacles and ensure safe operation.
O Measure distances for fine-tuned adjustments (e.qg., placing loads precisely).
o Work as a complementary system to GPS, especially in environments with reduced GPS accuracy (like urban
areas or indoors).
2. GPS for Global Positioning:
O Provide real-time location coordinates.
O Guide the crane to the target location within a few meters.
3. Integration Logic:
o Combine LIDAR’s high-precision data with GPS’s global navigation data.
o Use LIDAR for close-range precision movements when GPS indicates proximity to the target.
4. Control System Flow:
O GPS determines the crane’s broad movement direction.
O LIDAR fine-tunes positioning and prevents collisions.
o Acentralized fusion algorithm (e.g., Kalman Filter) processes both inputs for maximum accuracy.

Key Components
1. LIDAR Integration
LIDAR (Light Detection and Ranging) provides high-resolution distance measurements in real time.

Core Features:

e® Scans the crane’s environment to identify obstacles or structures.
e Provides precise distance measurements to guide fine movements.

Hardware and Libraries:

e Use LIDAR like YDLIDAR X4 or RPLIDAR A1/A2.
e Python library: PyLidar3.

Code for LIDAR Scanning:
python
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https://pypi.org/project/PyLidar3/

import PyLidar3

import time

# Connect to LIDAR
lidar_port = "/dev/ttyUSBO0" # Replace with your LIDAR's port

lidar = PyLidar3.YdLidarX4(lidar_port)

if lidar.Connect():
print("LIDAR connected!")

lidar.StartScanning()

try:

while True:

lidar_data = lidar.GetDistances()

for angle, distance in lidar_data.items():

if distance < 1000: # If obstacle is closer than 1 meter
print(f"Obstacle detected at {angle}°: {distance} mm")
time.sleep(0.1)

except Keyboardinterrupt:

print("Stopping LIDAR...")

finally:

lidar.StopScanning()

lidar.Disconnect()

else:

print("Failed to connect to LIDAR.")

2. GPS Integration

GPS provides the crane’s global position.



Core Features:

e Fetch real-time latitude and longitude.
@ Calculate distance to the target location using the Haversine formula.

Hardware and Libraries:

e GPS module: Neo-6M or similar.
e Python library: pynmea2.

Code for GPS Positioning:
python
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import serial

import pynmea2

# Connect to GPS
gps_port = "/dev/ttyUSB1" # Replace with your GPS module's port
baud_rate = 9600

gps = serial.Serial(gps_port, baud_rate, timeout=1)

def get_gps_data():

while True:

gps_data = gps.readline().decode(‘ascii', errors="replace")

if gps_data.startswith("$GNGGA"): # NMEA sentence for GPS fix data
gps_msg = pynmea2.parse(gps_data)

latitude = gps_msg.latitude

longitude = gps_msg.longitude

print(f"Latitude: {latitude}, Longitude: {longitude}")

return latitude, longitude

3. Control Logic: Combining LIDAR and GPS
To achieve maximum accuracy:

1. Use GPS for broad movement (e.g., navigating to within a few meters of the target).


https://github.com/Knio/pynmea2

2. Switch to LIDAR for precise adjustments once the crane is near the target.
Fusion Algorithm (Basic Example):
® Use the Haversine formula to calculate the distance to the target.
e |[f the distance is more than 3 meters, rely on GPS for movement.
e If the distance is less than 3 meters, rely on LIDAR for final positioning.
Complete Code for Laser + GPS Control
Here’s how to combine everything:
python
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import PyLidar3
import serial
import pynmea2

import math

import time

# Hardware Setup

lidar_port = "/dev/ttyUSBO"

gps_port = "/dev/ttyUSB1"

baud_rate = 9600

lidar = PyLidar3.YdLidarX4(lidar_port)

gps = serial.Serial(gps_port, baud_rate, timeout=1)

# Target GPS Coordinates
TARGET_LATITUDE = 37.7749
TARGET_LONGITUDE =-122.4194

THRESHOLD_DISTANCE = 3 # Switch to LIDAR control within 3 meters

# Haversine Formula

def haversine(latl, lonl, lat2, lon2):



R = 6371000 # Earth radius in meters

phil = math.radians(latl)

phi2 = math.radians(lat2)

delta_phi = math.radians(lat2 - latl)

delta_lambda = math.radians(lon2 - lon1)

a = math.sin(delta_phi / 2) ** 2 + math.cos(phil) * math.cos(phi2) * math.sin(delta_lambda / 2) ** 2

¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1 - a))

return R * c

# Get GPS Data

def get_gps_data():

gps_data = gps.readline().decode(‘ascii’, errors="replace")

if gps_data.startswith("SGNGGA"):

gps_msg = pynmea2.parse(gps_data)

return gps_msg.latitude, gps_msg.longitude

return None, None

# Main Control Loop

if lidar.Connect():

print("LIDAR connected!")

lidar.StartScanning()

try:

while True:

# Get GPS Data

current_lat, current_lon = get_gps_data()

if current_lat and current_lon:



distance_to_target = haversine(current_lat, current_lon, TARGET_LATITUDE, TARGET_LONGITUDE)

print(f"Distance to Target: {distance_to_target:.2f} meters")

if distance_to_target > THRESHOLD_DISTANCE:
print("Using GPS for navigation...")

# Move towards the target (motor control logic here)
else:

print("Switching to LIDAR for precise positioning...")
lidar_data = lidar.GetDistances()

for angle, distance in lidar_data.items():

if distance < 1000: # Obstacle within 1 meter
print(f‘Obstacle detected at {angle}°: {distance} mm")
# Stop or adjust movement (motor control logic here)
time.sleep(0.1)

except KeyboardInterrupt:

print("Stopping system...")

finally:

lidar.StopScanning()

lidar.Disconnect()

gps.close()

else:

print("Failed to connect to LIDAR.")

Key Features of the Code

1. GPS-Based Navigation:
O Calculates and updates the distance to the target in real time.
2. LIDAR for Close-Range Control:
o Switches to LIDAR once within the threshold distance.
o Avoids obstacles and fine-tunes positioning.
3. Modular Design:
O Each function (GPS, LIDAR, motor control) can be tested and updated independently.



Next Steps

1. Test Components Separately:
o Test GPS accuracy and LIDAR scanning independently.
2. Integrate Motors:
o Add motor control commands to move the crane based on GPS and LIDAR input.
3. Fine-Tune Thresholds:
O Adjust the distance threshold for switching between GPS and LIDAR based on real-world performance.
4. Optimize for Real-Time:
o Use threading or asynchronous programming to handle GPS, LIDAR, and motor control simultaneously.

Integrating GPS and laser (LIDAR) control into the foundation software for a crane involves designing software that
communicates with both sensors, processes their data, and uses it to control the crane's motors and actuators. Here'’s a
detailed step-by-step breakdown tailored to how this integration fits into the crane’s onboard software.

Integration Overview
The foundation software should:

Read data from GPS and LIDAR.

Process and combine the sensor data to determine the crane's current position and its surrounding obstacles.
Send control commands to the motors and actuators based on this processed data.

Monitor safety conditions in real time to avoid collisions and handle emergencies.

Be modular and flexible, so it can handle additional sensors or future updates.

SEENCINS

Steps to Integrate GPS and LIDAR Control
1. Hardware Layer Integration
This is where your software communicates with the GPS module, LIDAR sensor, and other hardware like motors.
Hardware Requirements:
1. GPS Module: Use hardware like Neo-6M GPS or similar for accurate positioning.
LIDAR Sensor: Use a 2D or 3D LIDAR sensor like RPLIDAR A1/A2 for obstacle detection.

3. Microcontroller/Controller Unit: Use a Raspberry Pi, NVIDIA Jetson, or PLC to run the software and interface with the
hardware.

n

Integration Code for Hardware:

Write drivers (or use existing libraries) to read data from GPS and LIDAR sensors. This will form the foundation of the

hardware abstraction layer.

Example Hardware Layer Code:

python
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import serial
import pynmea2

import PyLidar3

class HardwarelLayer:
def __init__(self, gps_port, lidar_port, lidar_baud=115200):
# Initialize GPS

self.gps = serial.Serial(gps_port, 9600, timeout=1)

# Initialize LIDAR

self.lidar = PyLidar3.YdLidarX4(lidar_port)
self.lidar_data = None

if self.lidar.Connect():
self.lidar.StartScanning()

else:

raise Exception("LIDAR connection failed!")

def read_gps(self):

""Fetch GPS coordinates (latitude, longitude)™"

try:

data = self.gps.readline().decode('ascii', errors="replace’)
if data.startswith("SGNGGA"):

gps_msg = pynmea2.parse(data)

return gps_msg.latitude, gps_msg.longitude

except Exception as e:

print(f"GPS error: {e}")

return None, None



def read_lidar(self):

""Fetch LIDAR distance data™"

try:

self.lidar_data = self.lidar.GetDistances()
return self.lidar_data

except Exception as e:

print(f'LIDAR error: {e}")

return None

def stop_lidar(self):

"""Stop LIDAR scanning
self.lidar.StopScanning()

self.lidar.Disconnect()

2. Sensor Fusion Layer
This layer combines data from GPS and LIDAR to calculate precise positioning and ensure safe crane operation.

Steps for Sensor Fusion:

1. Combine GPS and LIDAR Data:
o Use GPS for broad positioning and navigation.
o Use LIDAR for fine-tuned adjustments and obstacle detection.
2. Filter Sensor Data:
O Use techniques like Kalman Filtering or Sensor Fusion Algorithms to combine GPS (global position) and LIDAR
(local obstacle data).
3. Collision Avoidance Logic:
o Check the LIDAR’s scanned data for objects within a danger zone (e.g., <2m).
O Stop or adjust the crane’s movement based on detected obstacles.

Example Sensor Fusion Code:
python
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class SensorFusion:

def __init__(self):



self.target_lat=0

self.target_lon =0

def set_target(self, lat, lon):

self.target_lat = lat

self.target_lon = lon

def haversine_distance(self, latl, lonl, lat2, lon2):
""Calculate distance between two GPS coordinates in meters.""

import math

R = 6371000 # Earth radius in meters

phil, phi2 = math.radians(latl), math.radians(lat2)

delta_phi = math.radians(lat2 - lat1)

delta_lambda = math.radians(lon2 - lon1)

a = math.sin(delta_phi / 2)**2 + math.cos(phil) * math.cos(phi2) * math.sin(delta_lambda / 2)**2

¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1 - a))

return R * ¢

def process_data(self, gps_data, lidar_data):
""Process GPS and LIDAR data for movement and safety.""
if not gps_data:

print("GPS data not available!")

return None

# Calculate distance to the target using GPS

current_lat, current_lon = gps_data

distance_to_target = self.haversine_distance(

current_lat, current_lon, self.target_lat, self.target_lon



print(f"Distance to target: {distance_to_target:.2f} meters")

# Check for nearby obstacles with LIDAR

if lidar_data:

for angle, distance in lidar_data.items():

if distance < 2000: # Obstacle closer than 2 meters
print(f"Obstacle detected at {angle}°: {distance} mm")

return "STOP" # Signal to stop crane movement

# Return movement decision

if distance_to_target > 3:

return "MOVE_TO_TARGET" # Broad GPS-based movement
else:

return "FINE_ADJUST" # Switch to LIDAR for precision

3. Control Logic Layer
This layer takes the sensor fusion output and controls the motors, brakes, and other crane components.
Steps to Implement Control Logic:
1. Write logic to:
O Move toward the target: Use GPS to guide the crane in the general direction.
O Adjust position precisely: Use LIDAR to make fine adjustments.

o Stop immediately: If an obstacle is detected or safety limits are violated.
2. Use PID (Proportional-Integral-Derivative) controllers for smooth movement of motors.

Control Loop Example:

python
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class ControlSystem:

def __init__(self, hardware_layer, sensor_fusion):

self.hardware = hardware_layer



self.sensors = sensor_fusion

def control_loop(self):

try:

while True:

# Fetch data from sensors

gps_data = self.hardware.read_gps()

lidar_data = self.hardware.read_lidar()

# Process sensor data

action = self.sensors.process_data(gps_data, lidar_data)

# Take action based on sensor fusion output
if action == "MOVE_TO_TARGET":
print("Moving toward target...")

# Motor control logic here

elif action == "FINE_ADJUST":
print("Making fine adjustments...")

# Fine-tuned movement here

elif action == "STOP":

print("Stopping movement due to obstacle!")

# Emergency stop logic here

time.sleep(0.1) # Control loop delay
except Keyboardinterrupt:
print("Control system stopping...")

self.hardware.stop_lidar()

4. User Interface (Ul)



Create a Ul to allow crane operators to:

e Set target coordinates.
® Monitor the crane’s position and status.
® Receive safety alerts (e.g., "Obstacle Detected!").

Simple Ul Frameworks:

e Desktop Ul: Use Tkinter or PyQt to create a control dashboard.
e Web-Based Ul: Use Flask/Django for backend and JavaScript for the frontend.

Next Steps for Crane Integration:

Test Hardware: Verify GPS and LIDAR data independently.

Simulate Fusion: Test GPS and LIDAR working together to navigate toward a target.
Motor Integration: Add motor and actuator control commands into the ControlSystem.
Safety Testing: Test in controlled environments with simulated obstacles.
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Testing_this in a real or simulated environment:

Here’s how you can test the integration of the GPS and LIDAR into your crane's software in both simulated and real

environments. Testing ensures that the system functions safely and accurately before deployment in the real world.

1. Simulation Testing

Simulation allows you to test the system without risking damage to real hardware. You can simulate the GPS coordinates,

LIDAR readings, and control actions.

Step 1: Simulating GPS Data
e Use a GPS simulator or mock data to represent the crane’s position and target coordinates.

Example Code for Simulated GPS Data:
python
CopyEdit

import random

class SimulatedGPS:
def __init__(self, start_lat, start_lon):
self.latitude = start_lat

self.longitude = start_lon



def move_toward_target(self, target_lat, target_lon, step=0.0001):
""Simulates movement towards the target.""

if abs(target_lat - self.latitude) > step:

self.latitude += step if target_lat > self.latitude else -step
if abs(target_lon - self.longitude) > step:

self.longitude += step if target_lon > self.longitude else -step

return self.latitude, self.longitude

# Example Usage

sim_gps = SimulatedGPS(37.7749, -122.4194) # Start near San Francisco
for _in range(100): # Simulate 100 steps

current_lat, current_lon = sim_gps.move_toward_target(37.7750, -122.4195)

print(f"Simulated GPS: {current_lat}, {current_lon}")

Step 2: Simulating LIDAR Data

e Mock LIDAR data can simulate obstacles at various distances and angles.

Example Code for Simulated LIDAR Data:
python

CopyEdit

class SimulatedLidar:

def __init__ (self):

self.obstacles = {30: 1500, 90: 2000, 270: 1000} # Example obstacles (angle: distance)

def scan(self):
"""Returns simulated obstacle data.""

return self.obstacles

# Example Usage



sim_lidar = SimulatedLidar()
lidar_data = sim_lidar.scan()
for angle, distance in lidar_data.items():

print(f"Obstacle at {angle}°: {distance} mm")

Step 3: Combining Simulated GPS and LIDAR
Integrate simulated data into your control system to test logic.

Example:
e GPS provides the current location and distance to the target.

e LIDAR identifies obstacles in the simulated environment.
® The control logic adjusts the crane's movement based on this input.

2. Real-World Testing
Step 1: Test in a Controlled Environment

Start testing the system in a controlled, open space to minimize risks:

e Set a test target: Place a marker at a specific GPS coordinate as the destination.
e Place obstacles: Add objects in the LIDAR'’s range to simulate real-world conditions.

Step 2: Test GPS Positioning

e Place the crane at a known location and verify its reported GPS coordinates.
® Use an app like Google Maps to confirm the accuracy of the GPS module.

Test Metrics:

e Accuracy: Compare the crane’s reported location to the actual GPS coordinates.
o Responsiveness: Measure how quickly the system updates the crane's location.

Step 3: Test LIDAR

e Power the LIDAR and let it scan the environment.
® Place objects at known distances and verify the LIDAR’s readings.

Test Metrics:
e Detection Range: Measure how far the LIDAR can accurately detect obstacles.

e Field of View (FOV): Test the angular range (e.g., 0°-360°).
e Obstacle Detection: Place objects at different angles/distances and verify the system’s response.

Step 4: Combine GPS and LIDAR



Run the full system:
1. Seta GPS target.

2. Test the system’s ability to move toward the target.
3. Place obstacles to test LIDAR-based collision avoidance.

Step 5: Test Motor Integration

e Control the crane’s motors based on sensor data. For example:
o Move forward if GPS shows the target is ahead.
o Stop if LIDAR detects an obstacle.

Example Pseudocode:

python

CopyEdit

if distance_to_target > 5: # GPS-guided movement
move_forward()

elif distance_to_target <= 5: # Fine adjustments

if lidar_obstacle_detected():

stop()

else:

adjust_position()

Step 6: Emergency Stops
Test emergency scenarios to ensure the crane stops immediately:

e Place an obstacle in the LIDAR'’s path.
e Verify that the system halts all movements.

3. Key Testing Tools

e GPS Simulator Tools: Simulate GPS signals to test functionality without relying on satellites.
o LIDAR Viewer Software: Use software like RPLIDAR A1/A2’s viewer to visualize LIDAR scans.
e Simulation Platforms:

o Use simulation frameworks like Gazebo or Unity for 3D environments.

o ROS (Robot Operating System) can simulate hardware and run your control algorithms.

4. Documentation and Iteration

e Document results of each test (e.g., GPS accuracy, LIDAR detection rates).
e Refine the system based on test feedback:



o Adjust thresholds (e.g., stopping distance).
o Fine-tune movement algorithms.

Here, for the investors, | describe the process in simple

Let’s break down the technical details of the software into simple ideas, so it's easy to follow. Imagine you're building a

super-smart robot brain for the crane that uses GPS and lasers (LIDAR) to see where it is and what's around it. This "brain"

has different parts, like blocks in a LEGO set, and each block does a specific job.

1. The Building Blocks of the Software
Block 1: Hardware Connection
This is the part of the brain that talks to the crane's "sensors" and "motors."

® Sensors: GPS and LIDAR are like the crane’s eyes and ears.
O GPS tells the crane, "You're here on the map."
o LIDAR says, "There’s a wall 2 meters in front of you."
e Motors: These move the crane based on what the brain decides.

Block 2: Data Processor

This part combines all the sensor data (GPS + LIDAR) and makes sense of it.

e It checks:
o Where am | now? (from GPS)
O What’s around me? (from LIDAR)
o Am I close to my goal? (by comparing your location to the target).

Block 3: Decision Maker
This part decides what to do next.

e |[f the crane is far from the goal, it moves toward it.
e |If there’s something in the way, it stops or moves around it.
e Ifit's close to the goal, it slows down for precise positioning.

Block 4: Safety Manager

This part is like the crane’s safety guard.

e It checks for dangerous situations, like:
o Obstacles too close.
o GPS signal errors.
e If something’s wrong, it stops the crane immediately.

Block 5: Operator Control



This part lets the crane operator (a human) give commands to the crane, like:

e Setting the target location (e.g., “Move to this GPS point”).
® Viewing a map of the crane’s position and obstacles.

2. How the Software Works Step by Step

Step 1: Starting the System
e The software powers on and connects to the GPS and LIDAR sensors.
e It checks:
o Is the GPS working?
O Is the LIDAR scanning correctly?
Step 2: Getting Sensor Data
e The GPS gives the crane’s current position: latitude and longitude (like an address on a map).

e The LIDAR scans the area and reports objects it detects, like:
“At 30 degrees, there’s an object 1.5 meters away.”

Step 3: Processing the Data
e The software combines the GPS and LIDAR data:
o GPS says: “You're here, and the goal is 10 meters north.”
o LIDAR says: “There’s a box 2 meters ahead.”
Step 4: Making a Decision
e The software decides what to do:
o If the path is clear: Move toward the target.
o If there’s an obstacle: Stop or find a way around.
O If the crane is near the target: Slow down and use the LIDAR for precise movement.
Step 5: Controlling the Motors
e The software sends commands to the crane’s motors:

o Move left, right, up, or down.
O Adjust speed for precision or stop completely.

3. Inside the Code: How Each Block Works

GPS Block (The Map Reader)

This part reads the crane’s position from GPS.

e Example: “You are at (37.7749, -122.4194). The target is (37.7750, -122.4195).”
e It calculates how far the crane is from the target.

LIDAR Block (The Obstacle Detector)

This part scans the area and maps obstacles.

e Example: “Obstacle detected at 30°, 1.5 meters away.”



Sensor Fusion Block (The Smart Combiner)
This part combines GPS and LIDAR data:

e Example:
o GPS says, “Go north 10 meters.”
o LIDAR says, “Watch out! There’s a wall 2 meters ahead.”

Decision Block (The Planner)

This part decides how to move:

e Clear path: Move toward the target.
e Obstacle ahead: Stop or adjust direction.

Motor Control Block (The Mover)

This part sends instructions to the crane’s motors:

e Example:
o Move forward at 50% speed.
O Stop immediately.

4. How GPS and LIDAR Work Together

Think of GPS and LIDAR as two tools:

1. GPS: A map that tells you where you are and where to go.
o But it doesn’t know if there’s something in the way.

2. LIDAR: A scanner that tells you what's around you.
O But it doesn’t know where you need to go.

The software uses both tools to:

e Know where the crane is.
o Detect obstacles and avoid them.
® Reach the target safely.

5. Example Scenario

Let’'s say you want the crane to pick something up at a specific location.

1. Set the Target:
o GPS target: (37.7750, -122.4195).
System Starts Moving:
o The crane checks its current location: (37.7749, -122.4194).
O It calculates the distance to the target: 10 meters north.
3. Obstacle Detected:
o LIDAR reports: “Obstacle 2 meters ahead at 30°.”
o The software stops the crane and adjusts its direction.
4. Fine-Tuning:
O When the crane is 1 meter from the target, it switches to LIDAR for precise positioning.
O The LIDAR helps align the crane exactly at the target.
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6. Safety Features

The software ensures safety by:

e Emergency Stops: If LIDAR detects an object too close, it stops immediately.
e Signal Monitoring: If the GPS signal is lost or inaccurate, it halts operations.
® Manual Override: The operator can take control at any time.

7. Tools You’ll Use

Here’s what you'll need to build the software:

Programming Language: Python or C++.

GPS Libraries: pynmea2 (Python) or similar for GPS data.
LIDAR Libraries: PyLidar3 (Python) or custom drivers for LIDAR.
Control Boards: Raspberry Pi, NVIDIA Jetson, or Arduino.
Simulation Software: Gazebo or Unity for testing.

Let's take a deeper dive into the specific parts of the software with code examples to help you build the foundation for
your crane control system. We’'ll break it into simple sections: GPS reading, LIDAR data processing, combining them
together, and controlling the crane’s movement.

1. Reading GPS Data

Goal:

Read GPS data from a sensor and use it to get the crane's current location.

Tools:

® GPS sensor (like a u-blox GPS module).
e Python library: pynmea2 for parsing NMEA GPS data.

Code Example:
python

CopyEdit

import pynmea2

import serial

# Setup serial connection to GPS module (adjust port as needed)

ser = serial.Serial('/dev/ttyUSB0', 9600)

def read_gps():



while True:

line = ser.readline().decode(‘ascii', errors="replace’)

if line.startswith(‘$GPGGA"): # $GPGGA is a NMEA sentence that contains GPS info
msg = pynmea2.parse(line)

latitude = msg.latitude

longitude = msg.longitude

print(f*"Current Location: Latitude: {latitude}, Longitude: {longitude}")

return latitude, longitude # Return as a tuple

# Test reading GPS
latitude, longitude = read_gps()
Explanation:

® This code listens to the GPS data from a connected GPS module.
® The pynmea2 library is used to parse the NMEA GPS sentence ($GPGGA).
e It prints the current location and returns the latitude and longitude for further use.
2. Reading LIDAR Data
Goal:
Read LIDAR data to detect obstacles in the crane’s environment.
Tools:

e LIDAR sensor (e.g., RPLIDAR A1/A2).
e Python library: rplidar for reading LIDAR data.

Code Example:
python
CopyEdit

from rplidar import RPLidar

# Connect to LIDAR sensor (adjust port as needed)

lidar = RPLidar('/dev/ttyUSBQ")



def scan_for_obstacles():

lidar.start_motor()

for scan in lidar.iter_scans():

for (_, angle, distance) in scan:

if distance < 1000: # If an object is within 1 meter
print(f"Obstacle detected at {angle}°: {distance} mm")
return angle, distance

lidar.stop_motor()

# Test LIDAR scanning
angle, distance = scan_for_obstacles()

Explanation:

e This code connects to an RPLIDAR and starts scanning the environment.
e It checks if there are any obstacles within 1 meter and prints the angle and distance to that obstacle.
e You can adjust the distance threshold based on your needs.

3. Combining GPS and LIDAR Data
Goal:

Use the GPS data to determine where the crane is, and use the LIDAR data to avoid obstacles. Then, combine this
information to decide on movement.

Code Example:

python

CopyEdit

# Combine GPS and LIDAR data

def move_towards_target(target_lat, target_lon):
# Step 1: Get current position using GPS

current_lat, current_lon = read_gps()

# Step 2: Check if we are near the target (e.g., within 5 meters)



distance_to_target = calculate_distance(current_lat, current_lon, target_lat, target_lon)

print(f"Distance to target: {distance_to_target} meters")

# Step 3: Get LIDAR data to detect obstacles

angle, distance = scan_for_obstacles()

# Step 4: Make a decision

if distance_to_target > 5 and distance > 1000: # If we're far from the target and no obstacles
print("Moving forward towards the target.")

# Send signal to crane's motor to move forward

else:

print("Obstacle detected or close to target. Stopping or adjusting.")

# Stop or adjust crane's movement

# Function to calculate distance between two GPS points (Haversine formula)
import math

def calculate_distance(latl, lonl, lat2, lon2):

R = 6371 # Radius of the Earth in kilometers

phil = math.radians(latl)

phi2 = math.radians(lat2)

delta_phi = math.radians(lat2 - lat1)

delta_lambda = math.radians(lon2 - lon1)

a = math.sin(delta_phi/2) * math.sin(delta_phi/2) + math.cos(phil) * math.cos(phi2) * math.sin(delta_lambda/2) *
math.sin(delta_lambda/2)

¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1-a))
distance = R * ¢ # Distance in kilometers

return distance * 1000 # Convert to meters



# Test moving towards a target
move_towards_target(37.7750, -122.4195)
Explanation:

e GPS Data: The crane's current location is compared with the target location using the calculate_distance function.
o LIDAR Data: The software checks if there are obstacles in the way by reading the LIDAR data.
e Decision Making: Based on the distance to the target and obstacle detection, the software decides whether to move
the crane forward or stop it.
4. Controlling the Crane’s Motors
Goal:
Control the crane's motors to move it based on the decisions made using GPS and LIDAR.

Tools:

e Motor controller: Can be a Raspberry Pi or any microcontroller connected to the crane’s motors.
e Python library: gpiozero (for Raspberry Pi) or a similar library for motor control.

Code Example:
python
CopyEdit

from gpiozero import Motor

# Setup motor control pins (adjust as needed)

motor = Motor(forward=17, backward=18)

def move_forward():
motor.forward()

print("Moving forward.")

def stop_moving():
motor.stop()

print("Stopped.")

# Test moving forward and stopping



move_forward()

# Simulate obstacle detection
stop_moving()
Explanation:

® This simple code uses GPIO pins to control a motor on a Raspberry Pi.
® You can expand this to control the crane’s motors, moving forward, backward, or stopping.

5. Safety Features

Goal:

Ensure the crane stops if there is a problem, like an obstacle being too close or a GPS signal failure.
Code Example:

python
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def safety _check():

# Check if GPS signal is valid (you can add checks for GPS fix quality)
if not is_gps_valid():

print("GPS signal is lost. Stopping crane!")

stop_moving()

return False

# Check if an obstacle is too close (less than 50 cm)
angle, distance = scan_for_obstacles()

if distance < 500: # Less than 50 cm

print("Obstacle too close! Stopping crane!")
stop_moving()

return False

return True



def is_gps_valid():
# Simple check for GPS signal quality (you can add more complex checks here)
latitude, longitude = read_gps()

return latitude != 0 and longitude !'= 0

# Test safety check
if safety_check():
print("All clear. Continuing operation.")
else:
print("Safety issue detected.")
Explanation:
® GPS Check: It checks if the GPS coordinates are valid.

® Obstacle Check: It ensures no obstacles are too close (e.g., less than 50 cm).
e |If any safety issue is detected, it stops the crane.

Putting It All Together
Now, you can combine all these parts into a complete system:

GPS gives the crane’s location.

LIDAR detects obstacles.

Software makes decisions based on this data.

Control signals are sent to the motors to move the crane.
Safety features ensure the crane stops in case of problems.
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Here examples on how to integrate everything into a single program:

Now let’s integrate all the parts into a single program that combines GPS reading, LIDAR scanning, and motor control
while also including safety checks and decision-making. We'll break down the steps clearly and build a complete solution

step by step.
1. Setting Up the Hardware
e GPS sensor: Reads the crane's location.
® LIDAR sensor: Detects obstacles in the environment.

e Motor controller: Moves the crane forward, backward, or stops it.

Let’'s assume you have:



A Raspberry Pi or microcontroller to run the software.

A GPS module connected to the Pi’s serial port.

An RPLIDAR connected to the Pi's USB port.

A motor controller like the Motor library in Python to control the crane’s movement.

2. Full Integrated Code

Here’s the code that ties everything together into a single system:
python
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import time

import pynmea2

import serial

from rplidar import RPLidar

from gpiozero import Motor

import math

# Initialize motor pins

motor = Motor(forward=17, backward=18)

# Setup serial connection for GPS

ser = serial.Serial('/dev/ttyUSB0', 9600)

# Setup RPLIDAR

lidar = RPLidar('/dev/ttyUSB0Q")

# Function to read GPS data

def read_gps():

while True:

line = ser.readline().decode(‘ascii', errors="replace’)
if line.startswith($GPGGA"):

msg = pynmea2.parse(line)



latitude = msg.latitude
longitude = msg.longitude

return latitude, longitude

# Function to scan for obstacles using LIDAR
def scan_for_obstacles():

lidar.start_motor()

for scan in lidar.iter_scans():

for (_, angle, distance) in scan:

if distance < 1000: # Obstacle is within 1 meter
return angle, distance

lidar.stop_motor()

return None, None

# Calculate the distance between two GPS coordinates (Haversine formula)
def calculate_distance(latl, lonl, lat2, lon2):

R = 6371 # Radius of the Earth in km

phil = math.radians(latl)

phi2 = math.radians(lat2)

delta_phi = math.radians(lat2 - lat1)

delta_lambda = math.radians(lon2 - lon1)

a = math.sin(delta_phi/2) * math.sin(delta_phi/2) + math.cos(phil) * math.cos(phi2) * math.sin(delta_lambda/2) *
math.sin(delta_lambda/2)

¢ = 2 * math.atan2(math.sqrt(a), math.sqrt(1-a))
distance = R * ¢ # Distance in km

return distance * 1000 # Convert to meters



# Safety check to ensure no obstacle and GPS is valid

def safety_check():

# Check GPS signal validity

latitude, longitude = read_gps()

if latitude == 0 or longitude == 0:

print("GPS signal lost. Stopping crane!")

stop_moving()

return False

# Check for obstacles using LIDAR

angle, distance = scan_for_obstacles()

if distance < 500: # Obstacle too close (less than 50 cm)

print(f"Obstacle detected at {angle}°: {distance} mm. Stopping crane!")

stop_moving()

return False

return True

# Move the crane towards the target location

def move_towards_target(target_lat, target_lon):

# Step 1: Get current GPS position

current_lat, current_lon = read_gps()

# Step 2: Calculate distance to the target

distance_to_target = calculate_distance(current_lat, current_lon, target_lat, target_lon)

print(f'Distance to target: {distance_to_target:.2f} meters")



# Step 3: Perform safety check
if not safety_check():

return

# Step 4: If far from the target and no obstacles, move forward
if distance_to_target > 5:

print("Moving forward towards the target.")

motor.forward()

else:

print("Reached target! Stopping.")

stop_moving()

# Stop the crane
def stop_moving():
motor.stop()

print("Cranes stopped.")

# Main loop that runs the system
def main():
target_lat = 37.7750 # Example target latitude

target_lon =-122.4195 # Example target longitude

while True:
# Move towards the target

move_towards_target(target_lat, target_lon)

# Wait a bit before checking again (simulate real-time control)

time.sleep(1)



# Start the crane system

if _name__ =="_ main__"

main()

3. Explanation of the Integrated Code

Hardware Initialization:

1.

Motor Control:

The Motor class from gpiozero is used to control the crane’s motors, which move the crane forward or backward. The
pins 17 and 18 are set as the forward and backward control pins (you might need to change these depending on your
hardware setup).

GPS:

The GPS is connected via serial to /dev/ttyUSBO, and we read data from it continuously. We parse the NMEA sentence
to get the latitude and longitude.

LIDAR:

The RPLIDAR is used to scan for obstacles. If an object is detected within 1 meter, we return the angle and distance of
the obstacle.

Main Software Loop:

1. Getting GPS Position:
The crane's current GPS position is obtained through the read_gps() function. We compare the crane's position to the
target location and calculate the distance to the target using the Haversine formula (calculate_distance() function).
2. Obstacle Detection:
The scan_for_obstacles() function checks if anything is within 1 meter of the crane. If there is, the crane will stop.
3. Safety Check:
The safety_check() function makes sure:
O The GPS is working and valid.
o The LIDAR doesn't detect any obstacles too close.
4. If the GPS signal is lost or an obstacle is too close, it stops the crane.
5. Moving the Crane:
If the crane is far from the target and there are no obstacles in the way, it moves towards the target. If the crane is
close enough to the target (within 5 meters), it stops.
6. Control Loop:
The program continuously checks if the crane should move or stop based on the distance to the target and the
obstacle status.
Safety:

The safety_check() ensures the crane stops if:

e GPS data is invalid (signal loss).
® An obstacle is too close (less than 50 cm).

4. Final Adjustments

To make this system fully functional in a real crane:

1.

GPS Accuracy:
If the GPS is not precise enough for your needs, consider using a high-accuracy system like RTK GPS for centimeter-
level precision.



2. Motor Control:
Depending on your crane, you may need a more advanced motor controller or communication protocol.

3. LIDAR Scanning Range:
Fine-tune the LIDAR's scanning range and angle depending on the area where your crane operates. You might also
need to filter the LIDAR data to reduce noise.

4. Real-Time Data:
Add a real-time feedback system (e.g., web dashboard or app) so operators can monitor and control the crane from a
distance.

5. Running the System
To run the system:

1. Install necessary libraries:
o pynmea2 for GPS parsing: pip install pynmea2
o rplidar for LIDAR: pip install rplidar
o gpiozero for Raspberry Pi motor control: pip install gpiozero
2. Run the script on your Raspberry Pi or microcontroller that controls the crane.

Using raspberry pi for the laser controller:

Using a Raspberry Pi to control a laser-based system (like LIDAR) for your crane project, but there are a few important

considerations to ensure everything works smoothly. Let's go over them in detail:

Why a Raspberry Pi Can Work for LIDAR Control:

1. Low-Cost and Compact: The Raspberry Pi is an affordable, compact, and versatile computing platform, which is ideal
for small embedded systems like controlling sensors (GPS, LIDAR) and motors.

2. Multiple Ports:
O The Raspberry Pi has several USB ports, which you can use to connect LIDAR sensors (like RPLIDAR).
O You can also use GPIO pins for controlling motors and actuators.

3. Software and Libraries:
o Raspberry Pi supports Python and popular libraries for controlling sensors. For example, libraries like rplidar (for

LIDAR) and gpiozero (for motors) are readily available.

4. Real-time Processing: The Raspberry Pi can handle real-time processing tasks like reading sensor data, running
safety checks, and controlling movement based on LIDAR data.

5. Networking and Communication: The Pi can be connected to a local network, making it possible to send and receive
data remotely (for monitoring or controlling the crane).

Important Considerations

1. LIDAR Power Requirements:
o LIDAR sensors like RPLIDAR A1/A2 have a power requirement that may exceed the Raspberry Pi's power output
(especially the motor or scanning unit of the LIDAR).
O Solution: Use an external power supply for the LIDAR sensor and connect the control (data) lines to the Pi.
2. Real-Time Processing Needs:
o While the Raspberry Pi can process LIDAR and GPS data in real-time, keep in mind that for very precise or time-
sensitive control, the Pi might have limitations (such as processing delays or latency).



o Solution: Ensure your software design accounts for any delays, and test to make sure the Pi’s performance is
sufficient for controlling the crane.
3. Motor Control:
O Raspberry Pi's GPIO pins can control motors directly, but you'll need a motor driver or H-bridge to handle the
current requirements for the crane's motors.
o Solution: Use motor control modules that allow the Raspberry Pi to control larger motors (via relays, H-bridges, or
motor drivers like L298N or TB6612FNG).
4. Sensor Integration:
O The Piis capable of integrating multiple sensors (LIDAR, GPS, etc.), but managing multiple data streams at once
(especially for heavy-duty applications like cranes) may require efficient code.
O Solution: Organize the software using threads or multiprocessing to handle simultaneous data from LIDAR and
GPS and respond in real time.
5. Safety and Redundancy:
o For safety-critical systems (like cranes), you might need additional redundancy, real-time error handling, and fail-
safes.
O Solution: Consider using more robust industrial controllers for safety-critical control or have backup systems that
monitor the Raspberry Pi's health.

How to Connect and Control the LIDAR with Raspberry Pi
1. Wiring:

o Connect the LIDAR sensor to the Raspberry Pi's USB port.

o For motor control, connect motor drivers to the Raspberry Pi's GPIO pins.
2. Software Libraries:

O Install RPLIDAR Python libraries to interact with the sensor (rplidar).

O Use GPIO libraries (like gpiozero or RPi.GPIO) to control motor movement.
3. Code Example for LIDAR Integration:

python
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from rplidar import RPLidar

# Initialize the LIDAR

lidar = RPLidar('/dev/ttyUSB0’) # Adjust port as needed

# Scan for obstacles

def scan_for_obstacles():

lidar.start_motor()

for scan in lidar.iter_scans():

for (_, angle, distance) in scan:

if distance < 1000: # If an object is within 1 meter

print(f"Obstacle detected at {angle}°: {distance} mm")



return angle, distance

lidar.stop_motor()

# Test the LIDAR

angle, distance = scan_for_obstacles()

1. Control Motors:
o Example code to move the crane forward or backward using the Raspberry Pi's GPIO:

python
CopyEdit

from gpiozero import Motor

# Setup motor control pins (adjust as needed)

motor = Motor(forward=17, backward=18)

# Function to move forward
def move_forward():
motor.forward()

print("Moving forward")

# Function to stop moving
def stop_moving():
motor.stop()

print("Stopped")

# Test movement
move_forward()

stop_moving()

Alternative Considerations (for more complex systems)

If the project grows in complexity or scale, you might eventually need to look at industrial control systems for safety,
performance, and real-time processing. But for a starting point, the Raspberry Pi should be capable enough for an



autonomous crane system.
Summary:

We can use a Raspberry Pi to control the laser (LIDAR) system for your crane project. It is a powerful and cost-effective

solution for small to medium-scale projects. However, ensure that:

® You handle power supply requirements separately for LIDAR.
® You use efficient coding for real-time processing.
e You implement safety checks to ensure the system works reliably.
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