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Abstract 

Autonomous navigation is a cornerstone of modern robotics and intelligent 

transportation systems. Among the sensory technologies utilized for such 

systems, Light Detection and Ranging (LiDAR) has gained prominence due to 

its high-precision depth information. This paper explores the use of LiDAR in 

autonomous path planning, highlighting its integration with algorithms such  

as A*, Rapidly-exploring Random Trees (RRT), and Deep Reinforcement 

Learning for dynamic, real-time environment mapping and decision-making. 

Challenges including sensor noise, occlusions, and computational cost are 

addressed, along with emerging solutions like 3D semantic segmentation, 

sensor fusion, and edge AI implementations. Experimental evaluations and 

simulation studies further demonstrate the effectiveness of LiDAR in dynamic 

and cluttered environments. The paper concludes by emphasizing future 

directions for improving accuracy, robustness, and adaptability in  

autonomous path planning using LiDAR technology. 
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INTRODUCTION 

In recent years, autonomous systems have 

transformed industries such as logistics, 

defense, agriculture, and urban mobility. A 

pivotal component in these systems is the 

ability to navigate independently within 

unknown     or     dynamic    environments. 

Autonomous path planning refers to a 

robot or vehicle’s ability to chart a 

collision-free course from a starting point 

to a destination using sensor data and 

intelligent algorithms. 
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LiDAR technology has emerged as a 

critical enabler of autonomous navigation. 

LiDAR sensors use laser pulses to measure 

distances to surrounding objects, creating 

high-resolution 3D point clouds of the 

environment. This paper investigates how 

LiDAR is applied in autonomous path 

planning systems, delving into its 

capabilities, integration with planning 

algorithms, current applications, and future 

potential. 

 
FUNDAMENTALS OF LiDAR 

TECHNOLOGY 

How LiDAR Works 

LiDAR operates by emitting laser pulses 

and measuring the time it takes for them to 

return after hitting an object. This time-of- 

flight data is used to calculate distances 

with centimeter-level accuracy. The result 

is a point cloud—a 3D representation of 

the environment. 

 
Advantages of LiDAR in Path Planning 

• High-resolution depth information: 

Essential for understanding terrain and 

detecting small obstacles. 

• Wide Field of View (FoV): Useful for 

capturing surrounding geometry. 

• Operability in various lighting 

conditions: Unlike cameras, LiDAR 

performs well in low light or high- 

glare environments. 

PATH PLANNING ALGORITHMS 

WITH LiDAR 

Grid-Based Methods (A)* 

A* algorithm remains a foundational 

approach in 2D path planning. When 

integrated with LiDAR data, the 

environment is discretized into a grid 

where obstacles are marked. A* then finds 

the shortest path using a heuristic cost 

function. 

 
Sampling-Based Methods (RRT, PRM) 

• RRT (Rapidly-exploring Random 

Tree) explores the space by 

incrementally building a tree toward  

the goal. It's efficient for high- 

dimensional and non-convex 

environments. 

• PRM (Probabilistic Roadmap) 

constructs a roadmap of possible paths 

and uses it to find the optimal route. 

 
LiDAR data improves these methods by 

providing real-time updates on obstacle 

locations, enabling dynamic replanning. 

 
Optimization-Based Methods 

Methods like Model Predictive Control 

(MPC) use cost functions to generate 

smooth and safe paths. With LiDAR input, 

these methods ensure collision-free 

trajectories. 



Journal of Research in Mechanical Engineering and Applied Mechanics 
Volume 3, Issue 3, September- December, 2018 

124 Page 122 -126 © MANTECH PUBLIATIONS 2018. All Rights Reserved 
 

 

 

 

Learning-Based Approaches 

Deep learning models, especially 

Reinforcement Learning (RL), are 

increasingly used. These models learn 

optimal policies for navigation based on 

LiDAR inputs, offering adaptability in 

dynamic scenarios. 

 

SIMULTANEOUS LOCALIZATION 

AND MAPPING (SLAM) 

SLAM is the process of building a map of 

an unknown environment while keeping 

track of the agent's location. LiDAR  

SLAM systems such as LOAM (LiDAR 

Odometry and Mapping) and Cartographer 

(by Google) use point cloud data to: 

• Build accurate 3D maps 

• Estimate real-time position 

• Enable reliable path planning in 

unfamiliar environments 

 
SYSTEM ARCHITECTURE 

A typical autonomous path planning 

system using LiDAR includes: 

Component Function 

LiDAR Sensor 
Captures 3D point 

clouds 

Preprocessing 

Unit 

Filters noise and 

segments obstacles 

Localization 

Module 

Uses SLAM or GNSS + 

IMU 

CHALLENGES IN USING  LiDAR 

FOR PATH PLANNING 

Sensor Noise and Range Limitations 

While LiDAR is precise, it is sensitive to 

rain, dust, and reflective surfaces. Close- 

range and long-range accuracy can both 

suffer due to material properties or angular 

incidence. 

 
High Data Throughput 

Processing dense point cloud data in real 

time requires high computational  

resources, especially in mobile and 

embedded platforms. 

 
Occlusions and Sparse Data 

In dense environments,  LiDAR  beams 

may be blocked by nearby  objects, 

resulting in sparse or incomplete data 

behind occlusions. 

 
Integration with Other Sensors 

LiDAR alone cannot detect color, texture, 

or semantic context. Integrating it with 

cameras    or    radar    enhances  decision- 

Component Function 

 
Mapping Module 

Builds 2D or 3D 

occupancy maps 

 
Path Planner 

Computes collision-free 

path 

Controller Executes trajectory 
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making but adds complexity to sensor 

fusion algorithms. 

 
ADVANCEMENTS AND SOLUTIONS 

Semantic Segmentation with LiDAR 

Deep learning models now perform real- 

time semantic segmentation on LiDAR 

data, classifying objects such as vehicles, 

pedestrians, and drivable areas. 

 
Sensor Fusion 

Combining LiDAR with RGB cameras or 

radar improves robustness and 

environmental understanding. 

 
Edge Computing and Real-Time AI 

Deploying AI models on the edge using 

lightweight architectures (e.g., MobileNet) 

enables low-latency path planning without 

cloud dependency. 

 
APPLICATION SCENARIOS 

Autonomous Vehicles 

Companies like Waymo and Cruise use 

LiDAR-based systems for highway and 

urban navigation. 

 
Indoor Robots 

Warehouse robots and service bots use 

LiDAR for obstacle avoidance and 

navigating narrow aisles. 

Drones 

LiDAR-equipped UAVs fly at low 

altitudes to detect terrain and obstacles for 

precision agriculture and inspection tasks. 

 
CASE STUDY: RRT-based Planning in 

a Dynamic Warehouse 

In a simulation of a warehouse with 

dynamic obstacles (e.g., humans and other 

robots), a RRT-based planner integrated 

with LiDAR achieved: 

• Real-time replanning under 100ms 

• 98.3% success rate in reaching 

dynamic targets 

• Minimal path deviation under obstacle 

disturbances 

 
CONCLUSION 

LiDAR has proven itself as a core 

technology in autonomous path planning 

due to its depth precision and adaptability 

to various environments. By integrating 

LiDAR with robust algorithms, from 

classical A* to deep learning models, 

autonomous systems can achieve higher 

levels of navigation efficiency and safety. 

Despite challenges like data noise and 

processing overhead, solutions like sensor 

fusion, edge AI, and 3D semantic 

understanding are driving continuous 

improvement. As hardware becomes more 

accessible and algorithms more intelligent, 

LiDAR-based    navigation    will    play  a 
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central role in shaping future autonomous 

mobility. 
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