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ABSTRACT 

This study proposes a generic approach for photogrammetric survey using unmanned aerial vehicle (UAV). UAV is 

one of the powerful equipment that can be used to obtain the earth surface images from certain altitude. UAV can 

provide a high quality data for GIS analysis. In this study, two persons are needed; UAV operator and ground crew 

station. A complete set of fixed wing UAV with autonomous flight was used to capture image from certain altitude 

at the study area.UAV operator is responsible to operate UAV during flight mission especially during launching and 

landing while ground crew station is responsible to monitor UAV attitude during flight mission. All acquired images 

were processed using photogrammetric software which applied all photogrammetric stages. Two primary results 

were produced such as digital elevation model and digital orthophoto. Digital elevation model and digital orthophoto 

was generated after the aerial triangulation process based on tie point measurement and ground control points. In 

this study, we have generated three dimensional model based on the UAV images. It was found that, UAV images 

were able to provide an accurate three dimensional model for GIS presentation. This study has successfully 

represented the result for GIS data using UAV images. UAV can be used as one of GIS data source in the future. 
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1.    INTRODUCTION 

A past few years ago, Various techniques has existed to supply data for geographic information system (GIS) for 

example global positioning system (GPS), land surveying using total station, Light detection and ranging, terrestrial 

laser scanner, photogrammetry and remote sensing (Kent and Klosterman, 2007; Johnson and Wilson, 2003). 

Terrestrial laser scanning (TLS) is a ground-based technique for collecting high-density 3D geospatial data. It is an 

active imaging system whereby laser pulses are emitted by the scanner and observables include the range and 

intensity of pulse returns reflected by the surface or object being scanned. ALS operates by using a pulsed laser 

beam which is scanned from side to side as the aircraft/helicopter flies over the survey area, measuring between 

20,000 to 100,000 points per second to build an accurate, high resolution 3D-model of the ground and the features 

upon it. The ALS scanning device is mounted at the bottom or sides of an aircraft flying along selected parallel 

flight paths. Previously, manned aerial photogrammetry uses film as the raw images of the earth surface but now it 

has been converted into digital images. Film images used analytical stereoplotter in order to determine the correct 

image position same as flight mission. Digital aerial images went the same processed except it has been applied 

using digital photogrammetric software. Manned aerial photogrammetry is widely used to classify land use at study 

area. Data acquisition is the most expensive stage in most project and research. Many equipments and techniques 

have been explored to acquire fast, accurate and low cost data. This study introduces a new technique in data 

acquisition for geographical information system data. A new technique of data acquisition has been discovered using 

unmanned aerial vehicle (UAV). UAV promises a low cost data acquisition and high accuracy data. UAV also is 

one of the fast platforms to acquire data at the area of interest. However, most of these techniques require high cost 

for data collection in GIS. Geographic information database can be represented by tabular data or spatial data. 

Spatial data can be obtained from the existing map or images. Spatial data can be divided into two categories such as 

raster and vector data. Raster data can be produced from the scanned map or digital images from specific sensor 

while vector data can be produced by digitizing work or vectorization processing. Tabular data is the attributes of 

the spatial data. Tabular data is also represented in a table form with digit and words. Recently, the spatial data and 

attributes are available through website (Guo et al., 2005). However, most of GIS data has its own price and usually 

it cannot be made public due to security reason. Internet sources need to be verified before it can be used for GIS 

analysis. It is because internet sources will be available in digital format and it is very important to find the main 

source of data creation. This is very important in order to determine the level of data quality and also metadata 

before it will be used for GIS analysis (Chen et al, 2011). Existing map sheet is also one of the GIS data sources and 

each existing map has its own content, scale and creator. The best quality of map can be used for direct 

measurement of some applications. 

GPS is one of GIS data sources and it can collect the coordinates on the earth surface. GPS can provide the precise 

coordinate of x, y and z depending on the GPS specification. GPS coordinates is usually used to carry out direct 
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georeferencing of spatial data in GIS analysis. GPS can give accurate measurement from 100 meter to 1 millimeter 

(Hale et al, 2007). Remote sensing data can be obtained from the satellite images which uses different types of 

sensor to capture image on the earth surface. Each satellite images has its own spatial resolution based on types of 

sensor at the satellite platform. Satellite images are captured thousand kilometers from the space and it orbits at the 

specific altitude. Previous photogrammetry technique obtained aerial photo of the earth surface by using manned 

aircraft which involved a professional pilot to navigate the proposed flight line (Eisenbeiss, 2004; Tahar et al., 

2011). Manned aircraft involves huge cost and it is normally suitable for projects with large budget which involves 

large area, therefore, manned aircraft is not practical for small project with low budget.  

This paper represents a new generic method in GIS data collection using unmanned aerial vehicle (UAV). UAV has 

become more popular among research in order to solve their problem especially in decision making. This study 

proposes a generic approach for photogrammetric survey using unmanned aerial vehicle (UAV). UAV is one of the 

powerful equipment that can be used to obtain the earth surface images from certain altitude. UAV was developed 

by military a few decades ago for surveillance and security purposes. Now UAV has been designed by civilian and 

researcher to improve the UAV capability for their specific application. Civilian used UAV for their hobby and 

many UAV has been designed using different material (Tahar et al., 2011). Most researchers have developed and 

designed UAV for their research and investigate the capabilities of UAV in solving their problem. UAV can be used 

in many applications such as archeology documentation, documentary video, national security, rescue and mapping 

(Eisenbeiss, 2004). This study focuses on mapping field especially using photogrammetric method. UAV has been 

used as a platform for image acquisition from certain altitude. UAV can be manually or autonomously controlled 

(Chao et al, 2010). The selection of autonomous mode or manual mode depends on the objective of the project or 

studies. Manual control requires an operator to operate UAV during flight mission while autonomous requires 

ground crew station and operator to launch and land the UAV. All acquired images were obtained by using 

consumer digital camera with the resolution of 4000 x 3000 pixels. Image acquisition is solely obtained from the 

UAV platform with the digital camera attached at the bottom of UAV. 
 

2.    MATERIALS AND METHODS 

2.1 Flight Preparation 

In this study, UAV flight line is designed using Lentsika software. Lentsika software requires information such as 

estimated coordinates at the study area, pixel size of digital image, image resolution and estimated ground resolution 

(Tahar and Ahmad, 2011). The estimated coordinates at the study area are obtained from Google Earth coordinates. 

However the interval distance between each images is calculated based on user requirement. In this study, we have 

calculated that each pair of images overlapped about 60 percent and side lap about 30 percent. Ground coverage area 

for each image is calculated based on pixel size, image resolution and scale of aerial photograph. After that, flight 

line file is sent to the horizon software for final inspection. Horizon software finalized the flight line of the study 

area and this software is also used to monitor UAV during flight mission. Figure 1 shows the flight line at the study 

area. 

 

Figure 1. Flight line at the study area 
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2.2 Image Acquisition 

Before flight mission, an operator needs to test all UAV electronic part to see if every part is functioning. This test is 

very important in order to avoid any problem on UAV during flight mission. An operator needs to test the electronic 

speed control, UAV body such as rudder, elevator and main frame, GPS onboard, camera mount, digital camera and 

propeller. After all tests have been done, an operator needs to find a suitable location for launching operation. In this 

study, we have applied autonomous flight mission to capture image at the study area. Basically, autonomous UAV 

needs two persons e.g operator and ground crew station. In this study, an operator is responsible to control UAV 

during launching and landing operation to avoid any damages on UAV. Ground crew station is responsible to design 

the flight line at the study area and monitor UAV attitude, battery status, number of satellite, and data link between 

UAV and computer at the ground station.102 images were captured to cover the whole study area. The flight 

mission took about 15 minutes to finish. Figure 2 shows UAV and digital camera that were used in image 

acquisition.  

 

 
Figure 2. UAV and digital camera 

2.3 Image Processing  

Some of the images might have some quality problem such as blurring image and color balancing error which was 

caused during flight mission. These problems usually arise from the attitude of the UAV during flight. If the quality 

of all images were very bad, another flight mission might need to be done.  However, in this study, all acquired 

images were in good quality and they were being preceded for the photogrammetric processing. As usual, 

photogrammeric technique involves many processes such as interior orientation, relative orientation, aerial 

triangulation and bundle adjustment. Interior orientation requires the information of camera parameters including 

pixel size, focal length and principal points coordinates. All of these parameters were being defined before the 

processing stage.  Relative orientation involved image correlation algorithm in order to transfer the tie points 

between images. Tie points were responsible to align all acquired images in the same condition in which the images 

were taken during flight mission. Ground control points were established during image processing in order to project 

the result into local coordinate system. Ground control points were collected by using Real Time Kinematic Global 

Positioning System (RTK-GPS). There are two main photogrammetric results produced in this study, such as digital 

terrain model and digital orthophoto. 

3.    RESULTS AND DISCUSSION 

In this study, two primary results are produced such as digital elevation model and digital orthophoto. Digital 

elevation model is generated after the aerial triangulation process based on tie point measurement and ground 

control points. Digital orthophoto is generated from an individual orthoimages for each model in the 

photogrammetric block. Figure 3 shows the example of DEM and digital orthophoto that was produced from UAV 

images after photogrammetric processing. 
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Figure 3. Primary Data : DEM and Digital Orthophoto 

In GIS, primary data can provide many layers for secondary data. As a result, secondary data can be produced based 

on DEM at the study area. Secondary data that can be produced based on DEM are slope map, elevation map, 

contour map, hillshading map and aspect map. Figure 4 shows an example of slope map, contour map and triangular 

irregular network (TIN) as a secondary data. 

 
Figure 4. Secondary data : contour map, slope map and TIN 

In this study, we evaluated the suitability of UAV for slope mapping. We have generated three dimensional model 

based on UAV images. It is found that, UAV images are able to provide an accurate three dimensional model for 

GIS presentation. Our results are improvement in slope mapping technique using UAV compared to previous 

techniques using Light Detection and Ranging (LiDAR) (Kovalev, 2006; Su and Bork, 2006; McCoy et al., 2011; 

Hug, et al., 2004), Terrestrial Laser Scanner (TLS) (Schurch et al., 2011; Lim et al., 2005; Schaefer and Inkpen, 

2010) and manned aircraft (Ryu et al., 2005; Wu et al., 2005) for slope mapping. Previous techniques required an 
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expensive cost in data acquisition at slope area especially for repetitive work for monitoring purposes. Therefore, 

this study give a solution to researcher, consultant, and worker to acquire slope data with low cost, less time and less 

labour needed. In this study, we have select one slope (red circle in Figure 5a) to demonstrate the three dimensional 

model using UAV images. The three dimensional model was developed based on digital orthophoto and digital 

elevatiol model consist of x, y and z coodinates. Figure 5 shows an example of three dimensional model at the study 

area.  

 
Figure 5. Superimposition of digital orthophoto, DEM and contour 

Figure 5a represents the superimposition between digital orthophoto and digital elevation model of the whole study 

area. Figure 5b shows one selected slope was identified to determine the quality of the generated slope from UAV 

images. Figure 5c shows the selected slope was draped with the contour line. In graphical view, it was found that, 

the contour line showed the proper pattern at the slope area and at the flat area. Therefore, UAV images were 

capable to provide a high quality data for GIS uses. Integration between digital camera and UAV can be used to 

solve many problems and cases in real world such as real time mapping system (Kurz, et al., 2012), large scale 

mapping (Zhang et al., 2011), terrain mapping (Mitasova et al., 2009) and city modeling (Barber, et al., 2008). 

Previous study by Tahar and Ahmad (2011) proved that consumer digital camera able to provide high resolution 

data and it is support the results of this study. On the other hand, UAV has been proved as a rapid response 

equipment for data acquisition compared with field survey. Based on these results, there are many potential 

applications can be explored using UAV for example slope monitoring at landslide risk area, man-made slope 

assessment along roadside in highway, and determination of soil volume. 

4.    CONCLUSION 

This study successfully represents the result for GIS data using UAV images. UAV can be use as one of GIS data 

source in the future because UAV images can provide high quality data for GIS analysis. More research must be 

done to establish UAV as a new platform in data collection especially in GIS and mapping field. In this study, we 

have only used fixed wing UAV in image acquisition. In the future we will investigate the capabilities of rotary 

UAV or known as multi rotor UAV in data collection for GIS. The comparison between fixed wing UAV and multi 

rotor UAV can be done in order to determine the platform in GIS data collection.  
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