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ABSTRACT 

The fast development in Remote Sensing technology with various sources of 

data especially LiDAR (Light Detection And Ranging) images promote the 

ability of using  data , but the accuracy of produce Maps issue always need to be 

evaluate.  

So the main aim of this research is to evaluate the accuracy of using elevation 

data for various techniques, such as Photogrammetry and remote sensing 

techniques then comparison with traditional filed surveying using DGPS total 

station and level instrument. 

LiDAR data gives accurate elevation therefore; 3D model can be obtained from 

LiDAR data which can be used in many applications such as civil engineering and 

surveying engineering, etc.  

In this research University of Technology has been chosen as case study area, 

and many Geomatic approaches executed such as extracted height of features from 

field surveys using Total Station and comparison with the heights extracted from 

LiDAR data. According to the results analysis it can be stated that the elevations 

from the LiDAR data within accuracy of (3-10) cm can be obtained.  
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 تقيم الدقة لبيانات الليدر باستخدام الطرق الجيوماتيكية

 

 الخلاصة
و خصوصاا  منااا   مصاادر البياناا  تعدد مع تكنولوجيا الاستشعار عن بعد في التطور السريع  

 دقاة مساالةتظا   ، ولكنانتاج الخرائط في  متاحةال استخدام هذه البيانا  قدرة زاد من  رمخيلة الليد
 دقاةال هاو تقيايم البحا  هاذا الادف الرئيسي من وبالتالي فإن .تقيم  إلى تحتاج دائما ةالمنتج خرائطال

تقنيا  الاستشعار عان التصويري والمسح  مث مختلفة،  لتقنيا  ارتفاع باستخدام بيانا  للارتفاعا 
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 Totalو المحطاة الكاملاة   DGPS منظوماةباساتخدام  مساحلل التقليدياةالطار   مع تاامقارن ثمبعد 
Station  و جااااز التسااوية )Leveling instrument). يــــــــــــــــــــااـعطت درـــااـبيانااا  اللي 

بياناا   مان  3D ثلاثاي الابعااد  نماوذج علاى  الحصاو  باذل  يمكان، والارتفااع لاذل  دقيقاة بيانا 

 في هندسة المساحة، الخ.الاندسة المدنية و مث  العديد من التطبيقا في  يمكن استخداماا التي الليدر
مان الطاار   عديادال  اساتخدامو، كحالاة دراساية التكنولوجياة الجامعاة موقاع تام اختياار ا البحا  هاذ

 Totalالعوارض من المسح الحقلي باساتخدام المحطاة الكاملاة   ارتفاعالجيوماتيكية مناا استخراج 
Stationتباين ان و طبقاا  لنتاائا التحليا  بيانا  الليدر . المستخرجة منا مع الارتفاعا  ( و مقارنتا

   ( سم. 10-3ارتفاعا  المستخرجة من بيانا  الليدر ذا  دقة تتراوح ما بين  
 

INTRODUCTION 

hree measurement components make up the LiDAR system: GPS for 

horizontal and vertical position, Inertial Measurement Unit for angular 

attitude, and laser scanner for ranging to points on the ground. The raw 

LiDAR data are combined with GPS positional data to georeference the data sets. 

Once the flight data is recorded, appropriate software processes the data that can be 

displayed on the computer monitor. This data can then be edited and processed to 

generate surface models, elevation models and contours.  

 Consequently, in this research the LiDAR data image for the area of study 

UOT camp Bounded by the coordinates (from 448219.7 to 448673.4) easting and 

(from 3685708.9 to 3686036.7) northing in zone 38N according to UTM –

WGS1984 coordinate system used for observed elevations of twenty check points 

by using Quick terrain reader V.6.1.2 program and then analysis the results that 

obtained from Geomatic approaches for accuracy assessment of LiDAR data and 

compatible the results with the accuracy of LiDAR data. 

 

THE LiDAR RETURN SIGNAL AND LiDAR EQUATION 

If the speed of light is denoted by c, then the delay t between the transmitted 

and backscattered pulses from an object at distance x is given by [16]: 

 

 
 

If only the direct path is considered, that is, multiple scattering is excluded for 

the time being. Equation (1) relates the return time with the distance of the 

scatterer. Time and distance can thus be, and used synonymously in this research. 

Differentiated, Equation (1) also shows that the smallest discernable depth interval 

 

 
 

And, thus, depth resolution is limited by the laser pulse length, detection system 

time constant, or digitizer or photon- counting time-bin width, whichever is the 

longest. 

Clearly, the delay between successive pulses must be longer than 2/c times the 

distance from which no return signal can be detected any more. This is usually 

T 
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quite a bit longer than the LiDAR range, or maximum distance out of which 

meaningful data can be collected. [16] 

In the in-flight direction, point spacing is determined by aircraft speed and 

altitude, whereas in the cross-flight direction (normal to the angle of flight 

direction), point spacing is defined by scan angle and altitude. In terms of what is 

actually emitted, each pulse has a diameter, or ‘footprint’ (typically between 0.5 

and 1 m) and a length defined by the time between the laser pulse being switched 

on and off. In essence therefore, each pulse is a cylinder of light. On their own, 

these reflected pulses are not enough to construct a terrain surface; accurate x-y-z 

position using differential GPS is needed relative to ground-based GPS base 

stations, the roll, pitch and yaw of the aircraft needs to be measured by an inertial 

measuring unit (IMU), which in turn allows the angular orientation of each laser 

pulse to be determined as shown in figure (1). Finally, the times taken for each 

laser pulse to reflect off the ground (or whatever surface) and return to the sensor is 

measured. This is termed the ‘return’. In essence then, laser scanning depends on 

knowing the speed of light, approximately 0.3 m/ns. Using that constant, how far a 

returning light photon has travelled to and from an object can be calculated [17]: 

 

(3) 

 

 

          
Figure (1) Typical operation of an airborne LiDAR survey [17]. 

 

The calculation of the detector output or LiDAR signal can be carried out 

rigorously, although hardly ever in closed form, if the spectral, temporal, and 

spatial properties of the laser light and the optical properties of the LiDAR receiver 

are to be taken into account in full detail. Unless chirped beams are used (which 

were hard to avoid in the early, ruby laser- dominated times of LiDAR), the 

spectral and spatial–temporal properties can be treated separately. The ways the 

atmosphere interacts with the spectral properties of the laser light differ very much 

for the different types [16]. 
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EXTRACTION FEATURES HEIGHT FROM LiDAR IMAGE  

       After compute final elevations of five GCP of the ellipsoid height relative to 

WGS 84 from data of different field surveys such as DGPS, Total Station and 

Laser level instruments .These five GCP become as a reference for other field 

works such as extraction features height and ground elevations that are located 

inside study area. Twenty check points (markers) are selected in different locations 

inside the study area; they can be easily recognized in the aerial photo and LiDAR 

Image for the purpose of evaluating the features height accuracy for the LiDAR 

data image. As shown in Figure (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (2) Twenty check points (markers) location . 

 

FEATURES HEIGHT / METHOD OF STATEMENT  

  The Quick Terrain Reader program which is one of the many programs that 

specialist in LiDAR data processing was used to extract the height of the selected 

twenty checkpoints from LiDAR date as shown in Figure (3). 
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Figure (3) 3D-Area of study shown twenty check points (markers) location in 

Quick Terrain Reader program . 

 

LiDAR data Image was loaded in Quick Terrain Reader program window ,and 

from the place marker pin button , marker ,were placed on locations of check 

points (markers) in the LiDAR data Image see Figure(3), then from markers Tab in 

menus bar Edit Marker was selected , Edit Marker window appeared that Contain 

information for this marker , including the (Altitude)ellipsoid height relative to 

WGS 84 Figure(4). 
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Figure (4) Placed check point (marker) location on LiDAR Image. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) Data of the marker, including the Altitude. 
 

The same approach was used for extracting the ellipsoid height relative to WGS 

84 for twenty check points (markers) from LiDAR elevation data as shown in 

Table(1).  

 

Table (1) Ellipse Height of the twenty check points (markers)  

extracted from LiDAR. 

 

Point’s Height Accuracy Assessment using Total Station 

For accuracy assessment of twenty check points height, these points observed 

by total station Leica type depending on values of the main GCP. Total Station 

installs at locations near GCP and the reflector was respectively installed on the 

locations of the twenty check points, then the height of check points were displayed 

on the digital screen of the Total Station after the height of the GCP is entered to 

the operation system in total Station instrument. Ten records are taken for each 

Check 

point 
(Marker) 

Height 

(m) 

Check 

point 

(Marker) 

Ellipse 

Height 

(m) 

Check 

point 

(Marker) 

Ellipse 

Height 

(m) 

Check 

point 

(Marker) 

Ellipse 

Height 

(m) 

1 50.191664 6 31.275412 11 31.302002 16 31.515332 

2 50.214478 7 31.403799 12 31.007837 17 31.356279 

3 43.798675 8 31.537108 13 31.412927 18 31.325596 

4 31.288500 9 39.943124 14 31.270608 19 52.476883 

5 31.181033 10 31.394545 15 31.134203 20 35.501537 
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check point then the average of these records were computed to obtain the final 

ellipsoid height relative to WGS 84 of check points. The final ellipsoid height 

relative to WGS 84 of the twenty checks points shown in Table (2). 

 
Table (2) Final results of Twenty Check Points using Total station survey 

 

 

ANALYSIS FEATURES HEIGHT USING CHECK POINTS APPROACH: 

The methodology of feature's height analysis was as shown in the Figure (6). 

After five GCP surveyed by Differential GPS (Topcon GR3) give credit for 

accuracy assessment of LiDAR data, twenty check points are selected inside study 

area, the height of these points calculated through two methods field survey using 

Total Station (Leica TPS400) and from LiDAR data. 

Table (3) shows the comparison between the final results of heights .In this 

table the ∆H values are arranged from (0.049664 m to 0.080675 m). This range is 

located within accuracy of LiDAR data (3cm-10cm) in height depending on the 

selected features markers. Accordingly the accuracy of LiDAR data is inevitable in 

this approach. 

 

 

Check 

point 

Ellipse 

Height 
(m) 

Check 

point 

Ellipse  

Height 
(m) 

Check 

point 

Ellipse 

Height 
(m) 

Check 

point 

Ellipse 

Height 
(m) 

1 50.142 6 31.217 11 31.238 16 31.449 

2 50.153 7 31.335 12 30.953 17 31.302 

3 43.716 8 31.461 13 31.360 18 31.273 

4 31.221 9 39.890 14 31.229 19 52.427 

5 31.105 10 31.329 15 31.062 20 35.458 

Check Points 

Total 

Station 

DGPS LiDAR 

Data 

Geomatic 

approach  
Field surveying Airborne & Satellite 

Accuracy 

Assessment of 

LiDAR data  
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Figure (6) Methodology of Accuracy Assessment of LiDAR Data. 

 

 

Also the comparison between the final results of twenty checkpoints (markers) 

are obtained from LiDAR elevation data using Quick Terrain Reader program 

method and  traditional field survey using Total station method represented in the 

charts below  (Figures 7.a and 7.b ). These charts show LiDAR elevation data 

accuracy convergence with traditional field survey accuracy. 

Therefore these charts and Table (3) give us un indication for accuracy 

assessment of LiDAR data for extraction features height. 

 

Table (3) ∆H between LiDAR and Total station results. 

 

Check point 
LiDAR 

Ellipse_ Height(m) 

Total Station 

Ellipse_ Height (m) 

∆H 

(m) 

1 50.191664 50.142 0.049664 

2 50.214478 50.153 0.061478 

3 43.798675 43.716 0.080675 

4 31.288500 31.221 0.0675 

5 31.181033 31.105 0.076033 

6 31.275412 31.217 0.058412 

7 31.403799 31.335 0.068799 

8 31.537108 31.461 0.076108 

9 39.943124 39.890 0.053124 

10 31.394545 31.329 0.065545 

11 31.302002 31.238 0.064002 

12 31.007837 30.953 0.054837 

13 31.412927 31.360 0.052927 

14 31.270608 31.229 0.041608 

15 31.134203 31.062 0.072203 
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Figure (7.a) Comparison of check points height between LiDAR 

 and Total Station. 

 
 

Figure (7.b): Accuracy of check points height. 

 

16 31.515332 31.449 0.066332 

17 31.356279 31.302 0.054279 

18 31.325596 31.273 0.05596 

19 52.476883 52.427 0.049883 

20 35.501537 35.458 0.043537 
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CONCLUSIONS 

The accuracy assessment by comparing the elevations obtained from LiDAR 

data with that obtained from the land survey work is considered as the absolute 

vertical accuracy of the LiDAR data. 

This study indicates that selection of a suitable method for obtaining the 

corresponding elevations from the LiDAR data at the locations of the checkpoints 

might be effect on the accuracy assessment. 

The elevation differences between the LiDAR data and the checkpoints must be 

tested to check if they are compatible in accuracy, so the appropriate measures can 

be used for the vertical accuracy assessment of the LiDAR data for different 

applications. 

The purpose of the vertical accuracy assessment, were only those LiDAR points 

that are around the checkpoints. There are needed to derive the elevation at the 

locations of the checkpoints others. 

Finally, according to the results analysis it can be stated that the elevations from 

the LiDAR data within accuracy of (3-10) cm can be obtained.   

 

REFERENCES 
[1].A Visual Learning System, 2005. "Automated Feature Extraction Software for 

Airborne LIDAR Datasets" .Inc. Box 8226 Missoula MT 59807. 

[2].BRIAN RABER, DOUG JACOBY, 2009. "Planning, Understanding, and 

Validating LiDAR. Accuracy Aerial Mapping Accuracy Professional". Surveyor 

Magazine 

[3].David Veneziano, 2001."Accuracy Evaluation of LIDAR-Derived Terrain Data 

for Highway Location". Center for Transportation Research and Education Iowa 

State University. 

[4].Demetrios Gatziolis and Hans-Erik Andersen, 2008. "A Guide to LIDAR Data 

Acquisition and Processing for the Forests of the Pacific Northwest" .United 

States Department of Agriculture Forest Service Pacific Northwest Research 

Station. General Technical Report.PNW-GTR-768. 

[5].Dewberry, LLC, 2004." Evaluation of LIDAR Data in Obtaining Structural 

Elevation Data". 8401 Arlington Blvd. Fairfax, VA 22031-4666. 

[6].Diana Martinez, 2010. "LiDAR Remote Sensing Data Collection", Wenas 

Valley. Puget Sound Regional Council. 

[7].Evan J Fedorko, 2005."An Accuracy Assessment of SAMB Elevation Data" 

.West Virginia GIS Technical Center. 

[8].Fernando J. Aguilar, 2008. "ACCURACY ASSESSMENT OF LIDAR 

DERIVED DIGITAL ELEVATION MODELS" .University of Almeria, Spain, 

(faguilar@ual.es). 

[9].Han Wenquan, 2007. " ACCURACY OF LIDAR DATA IN SURVEYING 

PROJECTS" , Nanjing Institute of Surveying Mapping & Geotechnical 

[10].Tristan Goulden, 2009."PREDICTION OF ERROR DUE TO TERRAIN 

SLOPE IN LIDAR OBSERVATIONS". Department of Geodesy and Geomatics 

Engineering, University of New Brunswick, P.O. Box 4400 Fredericton, N.B. 

Canada E3B 5A3. 

[11].John A. Ray, 2008. " NEW HORIZONTAL ACCURACY ASSESSMENT 

TOOLS AND TECHNIQUES FOR LIDAR DATA" .Ohio Department of 

Transportation, Columbus, Ohio 43223,john.ray@dot.state.oh.us 

[12].Kenneth D. Skinner, 2009. "Evaluation of LiDAR-Acquired Bathymetric and 

mailto:faguilar@ual.es


Eng. & Tech. Journal, Vol.31, No.4, 2013     Accuracy Assessment of Lidar Data Using Geomatic    

                                                                        Approaches 

 

702 

 

Topographic Data Accuracy in Various Hydrogeomorphic Settings in the Lower 

Boise River", Southwestern Idaho. U.S. Geological Survey, Reston, Virginia. 

http://www.usgs.gov 

[13].Kimber Moore-Cooks, 2008."Accuracy Assessment of LIDAR Data", South 

Carolina's Coast, Technical report. 

[14].Krista Amolins, 2008. "MAPPING OF GDOP ESTIMATES THROUGH 

THE USE OF LIDAR DATA". Department of Geodesy and Geomatics 

Engineering, University of New Brunswick ,P.O. Box 4400,Fredericton, N.B. 

Canada E3B 5A3. 

[15].Kurt Iverson and Jason Goldstein, 2003. "A Practical Look at Comparing 

Puget Sound LIDAR Consortium (PSLC) Data to Field Survey Points within a 

Photogrammetric Soft Copy Stereo Model" .WSDOT Geographic Services. 

[16].Takashi Fujii and Tetsuo Fukuchi, 2005. "Laser Remote Sensing". Central 

Research Institute of Electrical Power Industry, Tokyo, Japan.  

[17].George L. Heritage and Andrew R.G. Large, 2009. "Laser Scanning for the 

Environmental Sciences". Published   by John Wiley & Sons Ltd.  


