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1. INTRODUCTION:  
          LiDAR is a remote sensing technology that uses a narrow beam of coherent light energy to measure distances. It 

provides pulses of high peak intensity that enable it to penetrate clear to moderately turbid coastal waters for bathymetric 

measurements and to probe gaps in forest canopies for topographic data. LiDAR systems employ an accurate clock to 

record the round-trip travel time between the transmission and reception of a reflected laser pulse. The development of 

LiDAR technology started in the 1970s and was implemented aboard aircraft in the late 1980s for the accurate 

determination of terrain models. Early systems were limited by complexity, cost effectiveness, and poor georeferencing, 

but these limitations were gradually overcome with the availability of more reliable electronics, advanced lasers, and 

increased geo-accuracy afforded by GPS. Current systems use commercial lasers that can pulse at rates as high as 200 

kHz and inertial measurement units (IMUs) that provide pointing precision that enables georeferencing accuracy to the 

sub-meter level. LiDAR sensors can be categorized into three types: profiling, discrete return, and waveform. The mode 

of delivery of the laser light can also be used to characterize the technology, with pulsed and continuous wave LiDAR 

being the most common. It is important to note that while advanced scanning LiDAR can yield data which, if processed, 

can be viewed as an image; more simple profilers only deliver widely spaced range postings along a narrow corridor, 

and the user should be fully informed about the specifics of the instrument used to acquire the soundings and the 

associated caveats with the dataset. 

 

2. LITERATURE REVIEW:  

 "Light Detection and Ranging (LiDAR): An Emerging Tool for Archaeological Research" by William E. Banks 

and Christopher B. Rodning. This paper discusses the use of LiDAR technology in archaeological research, 

specifically in the discovery and mapping of archaeological sites.  

 "Terrestrial LiDAR for 3D Vegetation Mapping: A Review" by C. Béland, J.-F. Pouliot, and M. A. Lefebvre. 

This review paper explores the use of terrestrial LiDAR technology for mapping and monitoring vegetation. 

 "Review of LiDAR Remote Sensing Technologies for Urban Planning and Management" by Zhaoqing Yang 

and Yuhong Zhou. This paper provides a comprehensive review of LiDAR remote sensing technologies for 

urban planning and management, including urban land-use classification and building information modeling. 

 

Abstract:    : LIDAR (Light Detection and Ranging) is a remote sensing technology that uses laser pulses to 

measure distances between the sensor and objects or surfaces. It emits laser light and measures the time it takes 

for the light to bounce back to the sensor after hitting a surface, allowing for accurate distance calculations. 

LIDAR has applications in mapping, geology, archaeology, forestry, and autonomous vehicles. It can create 

high-resolution maps, detect geological features, create digital models of historical sites, measure forest canopy 

height and density, and help autonomous vehicles create 3D maps of their surroundings and detect obstacles in 

real-time. LIDAR has the potential to revolutionize various fields and has become an increasingly important tool 

for remote sensing. 
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 "LiDAR Data Processing: A Review of Recent Developments" by Jinlan Zhang, Jianhua Gong, and Kaixu Bai. 

This paper reviews recent developments in LiDAR data processing techniques, including data filtering, feature 

extraction, and data classification. 

 "Applications of LiDAR Remote Sensing in Forest Ecology: A Review" by Qinghua Guo, Donghai Wu, and 

Zhihong Xu. This paper provides an overview of LiDAR technology applications in forest ecology, including 

forest structure measurement, forest biomass estimation, and forest species classification 

 

3. METHODOLOGY : 

LiDAR technology utilizes the principle of light reflection to create a digital representation of a target area. By 

emitting laser beams towards the target, LiDAR measures the reflected light's wavelength and arrival time to calculate 

the distance of the object. Since light travels at a high speed, LiDAR can calculate the object's exact distance quickly 

using the formula D = c (∆T /2), where D is the object's distance, c is the speed of light, and ∆T is the time required for 

light to travel. The LiDAR system repeatedly fires laser beams on the target area and measures the reflected light's time 

of arrival to construct a complex map of the surface. 

 

 

 

 

Figure 1: Illustration of the effects of terrain slope on observable elevation error 

 

 

Figure 2: Pulse width image produced by a LiDAR. 

 

  

  

 

 

                                                                          

 

 

 

       Figure 3: Intensity image as perceived by the LiDAR system. 
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4. TYPES OF LIDAR : 

There are two main types of LiDAR, videlicet airborne and terrestrial. Airborne LiDARs are designed in such a 

way that they point down and generally reviews 180 degrees of solid angle. On the other hand, Terrestrial LiDARs 

substantially perform the vertical checkup and generally cover 360 degrees in 1- D or in 2-D. Airborne LiDAR systems 

are generally installed in an aircraft or a copter. The ray light from the LiDAR on the aircraft is emitted towards the 

ground which gets reflected and returns to the moving airborne LiDAR detector. The airborne LiDARs are of two types, 

which are topographic and bathymetric. Topographic LiDARs are used to examine the face, which can be used in 

forestry, civic planning, geography ecology, etc. Bathymetric LiDARs are used for water penetration operations. They're 

generally used for examining elevation and water depth contemporaneously. It's used for water piercing but it's also 

used for examining elevation and water depth contemporaneously. It's substantially used near plages, props, and banks. 

A terrestrial LiDAR collects points with high delicacy to enable precise identification of objects. generally terrestrial 

LiDARs are used to survey roadways and railroads, manage installations, produce 3D models for spaces, etc. Also, there 

are two types of terrestrial LiDAR mobile and static. In a mobile terrestrial LiDAR, the LiDAR system is mounted on 

a vehicle, train, or on the  boat. In mobile LiDARs the point shadows are collected from a moving platform. Multiple 

detectors can be installed on a single platform. It can be used to dissect road structure, detect incoming road signs, light 

poles,etc.In a static LiDAR, the  detector is generally mounted on a tripod mount. stationary LiDARs can collect LiDAR 

point shadows inside structures as well as surfaces. This type of LiDAR is generally used in engineering, archaeology, 

mining and surveying.  

LiDARs can also be classified on the base of the confines as 1D, 2D, and 3D LiDAR. The working principle of 

each of the LiDAR is the same, but the difference lies in the operation of point and shoots medium, a scanning mode 

system, and the number of ray shafts used. In a 1D LiDAR, a still ray ray is used that measures the distance between an 

handicap and the scanner on one axis of dimension. In a 2D LiDAR, only one ray ray is needed. The LiDAR will 

palpitate grounded on a spin movement and collect vertical distance to the targets for getting data on the X and Y axes. 

It rotates in 360 degrees or 180 degrees as per operation. The gyration is carried with the help of a DC motor connected 

to the pulley system. A 3D LiDAR is nearly the same as the other two LiDAR systems, but multitudinous ray shafts 

spread out in different directions to get data on X, Y, and Z axes data. Each ray ray has a predefined angle delta with 

other shafts.  

 LiDAR can also be classified into three types grounded on backscattering. These types are Rayleigh LiDAR, Mie 

LiDAR and Raman LiDAR. In some cases, LiDAR can be also be classified in one another way. In this bracket, LiDAR 

has two types which are Coherent and incoherent LiDARs. Coherent LiDARs are grounded on phase perceptivity and 

Incoherent LiDARs are grounded on breadth dimension. 

    

5. HISTORY OF LIDAR TECHNOLOGY: 

After the invention of the laser in 1960, Malcolm Stitch introduced the first LiDAR system in 1961 for tracking, 
using the imaging ability of laser and its ability to measure distance. Originally called Colidar, it was first used on land 
in 1963 for military purposes and later renamed LiDAR, a combination of "light" and "radar". NASA began laser-
based remote sensing in the 1970s, which helped to scan ice sheets and the forest canopy for topographic mapping. 
However, in the mid-1980s, there was a lack of reliable commercial GPS/IMU for sensor positioning in aerial 
photogrammetry. This led to research on finding the right backbone technology for imaging, which eventually led to 
the development of LiDAR as the best sensor to work with aerial photogrammetry. However, accurate LiDAR imaging 
data were not possible until the arrival of commercially available GPS equipment and IMUs in the late 1980s. 

 
6. LIMITATIONS : 

 

While lidar has numerous applications in fields such as geography, archaeology, robotics, and autonomous vehicles, 
it also has some limitations, including: 

 Limited range: Lidar systems are typically limited to a range of a few hundred meters to a few kilometers, 
depending on the power of the laser and the sensitivity of the detector. This makes it difficult to detect objects 
that are too far away or too small to reflect enough laser energy. 

 Weather dependence: Lidar works by emitting laser pulses that bounce off objects and return to the sensor, but 
it can be affected by weather conditions such as rain, fog, and snow. These conditions can scatter or absorb the 
laser energy, reducing the accuracy and range of the measurements. 

 Cost: Lidar systems can be expensive, especially those that are designed for high accuracy and precision. This 
can limit their accessibility to smaller organizations and individuals who may not have the budget to invest in 
the technology. 
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 Limited resolution: Lidar systems can have limitations in their ability to detect fine details of objects, especially 
when they are far away or have complex shapes. This can limit the accuracy of the 3D models generated by 
the system. 

 Limited penetration: Lidar systems can only detect the surface of objects and cannot penetrate through solid 
materials such as walls or dense vegetation. This can limit their usefulness in certain applications, such as 
detecting objects hidden behind obstacles. 

 

8. CONCLUSION:  
In conclusion, LiDAR technology is a remote sensing technology that uses lasers to measure distances and 

create highly accurate 3D maps of objects and environments. It was first introduced in 1961 for tracking, and since then, 

it has been widely used in a variety of fields such as forestry, archaeology, geology, and surveying. LiDAR has 

revolutionized aerial photogrammetry, allowing for the creation of highly detailed and precise elevation models. LiDAR 

technology has also been used for autonomous vehicles, enabling them to detect and avoid obstacles, and has been 

incorporated into the development of smart cities. Additionally, LiDAR technology has been used in medical 

applications, such as detecting changes in skin cancer and imaging organs. Overall, LiDAR technology has significantly 

advanced our ability to accurately map and understand our world, and its potential for future applications is vast. 
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