
XXIV
-th   

INTERNATIONAL  SYMPOSIUM 
 

MODERN TECHNOLOGIES, EDUCATION AND PROFESSIONAL PRACTICE IN 

GEODESY AND RELATED FIELDS 

November 6 – 7, 2014, Sofia 

 

 

 

LiDAR Data in Geodetic Research and Applications 
 

Pınar BOZ, Bihter EROL (TR) 

 
 

 

INTRODUCTION 
 

The invention of Lidar (Light Detection and Ranging), as an active system in remote sensing, is 

considered as an essential development for many applications and analyses based on high-resolution 

spatial data that forest management, coastal engineering, urban planning, water resource 

management, atmospheric research, and detection of vegetation are to name a few. 

The surface of the Earth is a dynamic interface on which atmospheric, hydrologic, tectonic and 

human processes interact. The prediction of the Earth surface phenomena such as water cycle, 

natural hazard, tectonics etc. that control landscape form and function was previously limited by the 

coarse representation of the Earth surface because of limitations of the spatial data acquisition 

techniques.  High resolution topography allows the characterization of many features and 

perturbations, both natural and anthropogenic.  

The first uses of airborne mapping LiDAR were as profiling altimeters by the U.S. military in the 

mid-1960s, and included the recording transects of Arctic ice packs and detecting submarines. The 

interest of the military in detecting and mapping underwater targets led to the development of 

several airborne bathymetric LiDAR profilers during the 1970s. Funding partners for the 

development of those systems were the U.S. Naval Oceanographic Office, the National Aeronautics 

and Space Administration (NASA) and the National Oceanic and Atmospheric Administration 

(Diaz, 2011). 

In 1977, work began on the first airborne LiDAR system to incorporate a scanning mirror that 

enabled the laser beam to be steered perpendicular to the aircraft line of flight. The airborne 

oceanographic LiDAR, as it became known, was the first airborne LiDAR to perform mapping 

along swaths rather than simple profiles. The first results of topographic mapping with this system 

were reported in 1984. In the last two decades, development of key enabling technologies such as 

satellite navigation systems, inertial measurements units (IMU), lasers, and optical detectors, has 

made LiDAR the most accurate and highest resolution geodetic imaging and mapping method 

available today (Diaz, 2011). 

In this study, we aim to provide an overview on the contribution of high resolution topography data 

from airborne LiDAR to further understanding of Earth-surface processes, with specific examples 

from Geodetic and Hydrologic research and applications including shoreline determination and 

investigation of the fault lines. Not only advantages of the high-resolution point cloud data from 

LiDAR technology but also the weaknesses of the system as well as the accuracy limitations in 

topographic data generation from specific applications point of view in addition to the installation 

costs of the LiDAR in comparison to the similar data acquisition techniques are also clarified and 

discussed in the content of the study.  

 

 



LiDAR FROM A TECHNICAL PERSPECTIVE 
 

LiDAR is a sophisticated technique that combines many components such as laser scanner, high 

precision clock, GPS (Global Positioning System), IMU (Inertial navigation measurement unit), 

GPS ground station and aircraft. The basics of airborne mapping LiDAR are illustrated with Figure 

1. The core of a system is a laser source that emits pulses of laser energy with a typical duration of a 

few nanoseconds (10-9 s) and that repeats several thousands of times per second (kHz) in what is 

called pulse repetition frequency (PRF). The laser pulses are distributed in two dimensions over the 

area of interest. The first dimension is along the airplane flight direction and is achieved by the 

forward motion of the aircraft. The second dimension is obtained using a scanning mechanism, 

which is most often an oscillating mirror that steers the laser beam side-to-side perpendicular to the 

line of flight. The combination of the aircraft motion and the optical scanning distributes the laser 

pulses over the ground in a saw-tooth pattern (see in Figure 1). The selected scanning angle and 

flying height determine the swath width. The scanning frequency, in conjunction with the PRF, 

determines the across-track spacing of the laser pulses, or the cross-track resolution. The aircraft 

ground speed and scan frequency determines the down-track resolution (Diaz, 2011). 

 

 
Figure 1: The basic principals of LiDAR mapping and its operational technologies (Diaz, 2011). 

 

The error budget for an airborne-LiDAR system primarily includes the errors from the core 

subsystems: the laser rangefinder, the GPS positioning equipment, and also the IMU orientation 

system. Contributions to the error budget include such diverse factors as, 

 the inherent pointing error of the laser,  

 inaccuracies in the response time (called as latency) of the receiver electronics, view angle 

mismatch between the transmitter and receiver, sensor mounting biases (as small angular 

misalignments between the laser reference frame and the IMU reference frame), 

 inaccuracies in measuring the antenna offset between the GPS antenna phase center and the 

reference point of the laser output- usually taken to be the center of the output mirror- and the 

error inherent in recording the scanner angle at the moment of each pulse.  

Hence it is concluded that the final accuracy of the collected data is limited by the convolution of all 

contributors to the error budget. Baltsavias (1999) provides a discussions with detailed examples on 

the contribution of each system parameters to the overall LiDAR system accuracy.  

Beside the system parameters, the air vehicle and its altitude has role in accuracy. For example if 

the project involves a transportation corridor — such as road surveys, rail line surveys, transmission 

surveys, and pipeline surveys —more likely the measurements require to make use of a low-altitude 

airborne LiDAR system. Not only are the altitudes much lower than other airborne LiDAR sensors, 

these devices are typically mounted in helicopters rather than fixed-wing aircraft. These sensors can 

be flown at altitudes as low as 50 meters above the target and as high as 800 meters, depending on 

the application. They tend to operate at much higher repetition rates, and the point sample spacing is 

much higher than the high-altitude LiDAR projects. The typical point density is between 20 and 100 



points per meter, depending on application. Because of all of these differences, the accuracy is 

higher than the typical high-altitude project. For corridor mapping projects, several base stations 

might be set up along the project corridor. Depending on the accuracy requirement, these base 

stations are often located much closer together than those used for high-altitude surveys. 

The GPS base station points used for these operations are the same as with the high-altitude 

systems. More often than not, extensive ground surveys are facilitate the LiDAR collection, to 

increase and verify accuracies. 

The IMUs used in these systems are very similar to the ones used in the high-altitude systems. 

Typically, these LiDAR systems are coupled with additional sensors to provide more data for the 

applications. 

 

Sensor Calibration 

 

The LiDAR systems are initially calibrated by the manufacturer in a laboratory conditions and 

during field trials. Whenever a hardware component is repaired or replaced on a LiDAR sensor 

head, the system should be re-calibrated.  

In airborne systems, there’s not a big difference between the calibration processes for fixed-wing 

and helicopter-mounted systems. Terrestrial LiDAR scanners, however, have self calibrations that 

take place before every session of the data collection. 

 

LiDAR Data Processing 

 

After collecting the data with the airborne LiDAR flown in a project, the data is processed using 

certain techniques, which may vary depending on the provider of the data processing tool. However 

the steps for processing are quite much the same and roughly include the following steps: 

 Extracting and manipulating raw data, 

 Creating your initial LAS unclassified data, 

 Turning unclassified data into intelligent data, 

 Finishing the process. 

 

When the pre-processed LiDAR raw data is served up the LAS data, another series of operations to 

move the data into a format usable by engineering and mapping solutions are carried out. The exact 

approach vary, depending on the applications and intended uses. In general, the process is known as 

data extraction and follows typically steps. 

 

LiDAR IN GEOMATICS APPLICATIONS 
 

The LiDAR mapping contributes to many areas in Geomatics Engineering Applications. Under this 

title, the applications where the LiDAR technology has recently started to be used are exemplified: 

 

 Pipeline Mapping; airborne LiDAR has great potential in assisting pipeline risk management 

and mitigating the hazards. Industrial and scientific advances in LiDAR systems and data 

processing techniques are opening new technological opportunities to develop an increased 

capability to accomplish the pipeline mapping and safety applications. (Tao and Hu, 2002). 

 Urban Planning; cities are complex and dynamic systems that constitute a significant challenge 

to urban planning. (Santos et al., 2013). In the current years, LiDAR is widely applied in urban 

3D data analysis. A variety of different methods have been proposed for this purpose, some of 

which can be found from Tao and Hu (2001) (see also Guoqing Zhou et al., 2004). 

Urban, city, or town planning is the discipline of land use planning which explores several 

aspects of the built and social environments of municipalities and communities.  



 LiDAR data is a relatively new technology for also obtaining Digital Surface Models (DSMs) of 

the earth’s surface. This data, when combined with digital orthophotos, can be used to create 

highly detailed DSMs and eventually Digital City Models. Using special software, it is also 

possible to create estimated surface models of buildings from the original LiDAR data. This 

technology allows large area models to be create in a very short space of time. (URL1, 2014). 

 Forestry Management and Planning; LiDAR is effectively applied in precision forestry 

applications, as well, e.g. in forest height inventory assessment (Andersen et al., 2006), multiple 

resource inventory (Reutebuch et al., 2005), ecosystem studies (Lefsky et al., 2002) and stand 

value estimates (Murphy, 2008).  

 Transportation Applications; transportation corridor mapping to support engineering planning 

and change detection of the road network requires high spatial resolution and extremely high, 

engineering scale mapping accuracy. With the recent advances of LiDAR technology, the 

accuracy potential of LiDAR data has significantly improved (Csanyi, 2006). Al-Turk and 

Uddin (1999) examined the combination of a LiDAR derived DTM and digital imagery for 

digital mapping of transportation infrastructure projects. The authors state that such applications 

include asset management, right-of-way alignment, terrain modeling, and other transportation 

applications (see also Veneziano et al., 2002). 

 Coastal Zone Mapping; the LiDAR mapping technology also contributes to regional-scale 

mapping of the coastal zone. During the last decade, airborne LiDAR bathymetric and 

topographic sensors have become fully operational tools used by the terrain mapping 

community. Airborne LiDAR is an ideal tool for monitoring the coastal zone on regional scales 

(Wozencraft and Irish, 2000). 

 Oil and Gas Exploration; the oil and gas industry relies upon rapid delivery of time dependent 

data relating the terrain data for exploration programs. Although this critical positional data can 

be collected by alternate means, LiDAR surveys provide high-speed data acquisition and limit 

ground intervention. Typically, surveys for the oil and gas industry are conducted using either a 

fixed wing or helicopter mounted LiDAR system, based on the size, terrain and vegetation 

coverage of the project area. 

 Flood Plain Modelling; coastal flood risk is a major concern in many areas worldwide and 

planners increasingly need accurate methods to assess and map this kind of impacts associated 

to storm surges (Raji et al, 2011). 

Being able to accurately estimate extents of different magnitude floods is a critical application in 

water resources. This information is needed to assess risk for insurance, emergency management, 

and planning. LiDAR is quickly becoming the predominant source of topographic data for 

floodplain delineation. This is because it's both accurate and cost-effective adventages (URL2, 

2014). 

 Earthquake and Fault Line; LiDAR in the study of active tectonics has become an important 

tool for providing insights into geologic phenomena such as earthquake hazards, landslide 

monitoring, and even ice sheet dynamics (Carter et al., 2007; Krishnan et al., 2011). 

Numerous studies have used LiDAR topography for the study of faulting and earthquakes (e.g., 

Haugerud, 2003; Cunningham et al., 2006; Chan et al., 2007; Hilley and Arrowsmith, 2008; 

Arrowsmith and Zielke, 2009; Zielke et al., 2010). For this reason and the spectacular 

representation of the phenomena that the data provide, it is appropriate to integrate these data 

into Geodynamics research. 

 

CONCLUSIONS 
 

Mapping with LiDAR point cloud data is fast, accurate, and affordable for large projects. Beside 

these superiorities of the system, as the other surveying methods, it has also limitations and 

drawbacks such as it’s cost for small scale projects, the limitations for the applications require high 

accuracy such as many engineering and design applications require centimeter accuracies, etc. 



Some of its limitations can be overcome by using photogrammetry in conjunction with LiDAR. 

Here it’s purposed to introduce the LiDAR mapping technology with its applications in Geomatics 

Engineering discipline with special emphasis on Geodynamic and Hydrographic studies.  

There are many private companies, academic institutions, and government agencies that produce 

and provide LiDAR data in the worldwide. NOAA's State Projects Page, USGS Seamless Data 

Distribution Service, OpenTopography, LiDAR Data Portal, USDA Data Gateway, Puget Sound 

LIDAR Consortium, are few of these institutions that provide LiDAR data to public (URL3). 

There are a number of organizations that have LiDAR technology in Turkey, as well, and the 

LiDAR technology has already been started to be applied in various applications in national based 

(URL4). 
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