
AIP Conference Proceedings 2097, 030106 (2019); https://doi.org/10.1063/1.5098281 2097, 030106

© 2019 Author(s).

UAV photogrammetry for generating 3D
campus model
Cite as: AIP Conference Proceedings 2097, 030106 (2019); https://doi.org/10.1063/1.5098281
Published Online: 23 April 2019

 Muliady, Erwani Merry Sartika, Cindrawaty Lesmana, and  Elizabeth

ARTICLES YOU MAY BE INTERESTED IN

Drowsiness detection system design based on individual driver
AIP Conference Proceedings 2097, 030104 (2019); https://doi.org/10.1063/1.5098279

Conference Photo: The 4th International Conference on Industrial, Mechanical, Electrical, and
Chemical Engineering
AIP Conference Proceedings 2097, 010002 (2019); https://doi.org/10.1063/1.5098171

Production of orthophoto map using UAV photogrammetry: A case study in UTHM Pagoh
campus
AIP Conference Proceedings 2016, 020112 (2018); https://doi.org/10.1063/1.5055514

https://images.scitation.org/redirect.spark?MID=176720&plid=1401533&setID=379066&channelID=0&CID=496955&banID=520310232&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=f64bef4ce8450099ddefdcc26d23a5121cb5eda2&location=
https://doi.org/10.1063/1.5098281
https://doi.org/10.1063/1.5098281
https://aip.scitation.org/author/Muliady
https://aip.scitation.org/author/Sartika%2C+Erwani+Merry
https://aip.scitation.org/author/Lesmana%2C+Cindrawaty
https://aip.scitation.org/author/Elizabeth
https://doi.org/10.1063/1.5098281
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.5098281
https://aip.scitation.org/doi/10.1063/1.5098279
https://doi.org/10.1063/1.5098279
https://aip.scitation.org/doi/10.1063/1.5098171
https://aip.scitation.org/doi/10.1063/1.5098171
https://doi.org/10.1063/1.5098171
https://aip.scitation.org/doi/10.1063/1.5055514
https://aip.scitation.org/doi/10.1063/1.5055514
https://doi.org/10.1063/1.5055514


UAV Photogrammetry for Generating 3D Campus Model   

Muliady1,b), and Erwani Merry Sartika1,c), Cindrawaty Lesmana2,a) and Elizabeth3,d) 

 

1Department of Electrical Engineering, Universitas Kristen Maranatha, Bandung, Indonesia  
2Department of Civil Engineering, Universitas Kristen Maranatha, Bandung, Indonesia 

3Department of Visual Communication Design, Universitas Kristen Maranatha, Bandung, Indonesia 
 

a)Corresponding author: cindra@eng.maranatha.edu 
b)muliady@eng.maranatha.edu 

c)erwani.merry@eng.maranatha.edu 
d)elizabeth.wianto@art.maranatha.edu 

 
 

Abstract. Unmanned Aerial Vehicle (UAV) is increasingly popular as platforms for inspection, professional mapping, 
and modeling issues. UAV as a low-cost alternative to the classical manned aerial photogrammetry can survey buildings 
of various heights to take the necessary angle for a favorable photo. This paper presents results of using 3D 
reconstruction technique based on 2D pictures of a building taken by UAV. Automation and feasible image orientation 
create images to be processed in the latest developments of UAV image processing methods for photogrammetric 
applications, mapping, and 3D modeling issues. Images from a campus building construction in Bandung was taken for a 
case study using UAV with an attached camera. The images were processed to generate a 3D model of campus building 
using several integrated software. The integrated software was used to create image processing, mapping, orthophoto, 
and meshing.  By using the proposed setting of altitude, overlapping percentage, direction of flight, the results show good 
quality of regenerated images which contain information of altitude and position of the building.  
Keywords: UAV, 3D Modeling, Mapping, Photogrammetry 

INTRODUCTION 
 

Recently mapping technology not only requires to the recording position, size, and shape but also need to 
generate accurate and realistic 3D models. A number of surveys have concerning methods to create 3D models of 
buildings based on image processing1, 2. However, some researchers argued that the users of commercial aircraft 
were unreasonable to generate a model of a single building3.  Thanks to effective and methodological development 
of technology, the role of documentation to generate 3D models can be conducted, although there is some limited 
ability of ground photography. UAV as a generic aircraft design to operate with no human pilot onboard is a low-
cost alternative to the classical manned aerial photogrammetry4.  

UAV photogrammetry indeed opens various, new applications in the close-range aerial domain and introduces 
also a low-cost alternative to the classical manned aerial photogrammetry5.  Many types of research indicate that 
UAV is affordable, reliable, and easy to use for geospatial information6, 7. The UAV photogrammetry and processing 
techniques provide a set of new tools for experts to capture, store, process, share, visualize and annotate 3D models 
in the field8. In this paper, UAV images of a campus construction are used to create a 3D model. The research is to 
develop procedures for the UAV data acquisition and processing that can lead to automated workflow and complete 
results. 
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CASE STUDY 

The case study is a campus building which is the building under construction that located in Bandung, Indonesia. 
Drone DJI Phantom 4 Pro Obsidian was used to conduct an aerial survey of the campus building. The UAV was 
completed with camera sensor 20 megapixels with 1-inch depth to take photos above and around the campus. High 
precision 3 axis camera stabilization platform was added to allow smooth aerial photography. Furthermore, the 
drone specification can be seen in Table 1 and the camera parameters can be observed in Table 2. The integrated 
GPS system, such as position holding, altitude lock, and stable hovering was included to provide constant stability in 
flight. The project's parameters were projected planning, setting of altitude, overlapping percentage, and direction of 
flight to create orthophoto and 3D Models. The whole process of data acquisition and processing can be seen in 
Figure 1. 

 

TABLE 1. Specification of the drone 

Drone Specification  

Weight 1388 g 

Diagonal size 350 mm 

Max. flight speed 72 km/h 
Max. flight time 30 mins 
Max. height 6000 m 
Operating temperature 0o-40oC 
Range 6.4 km 
Max. vertical speed 6 m/s up 

4 m/s down 
 

TABLE 2. Parameters of the camera 

Camera Parameter  
Sensor size 1-inch CMOS (16 mm diagonal) 
Focal 8.8 mm 
Width 13.2 mm 
Focal length 20 mm 
Effective pixels 20 Megapixel 

 

Flight Planning  

The mission planning was done within three steps of setting, which were the area of interest, the required ground 
sample distance, and the parameters of the mounted digital camera. The take-off and landing operations were 
controlled from the ground by a pilot using a remote controller. However, the flight and data acquisition was set to 
be autonomous. During the flight, the UAV was observed with a control station using a mobile phone which shows 
real-time flight data such as position, speed, attitude and distances, Global Navigation Satellite System (GNSS) 
observations, battery or fuel status, rotor speed, etc. Most of the systems allow then image data acquisition following 
the computed ‘waypoints’ as can be seen in Figure 2, while low-cost systems acquire images according to a 
scheduled interval. The flying altitude was 105 meters in order to produce acceptable resolution images. The side lap 
and front lap were set to be 85%. Flight direction was 120 with 15m/s speed. The total number of images were 139 
pictures. The sample of data acquisition from the UAV can be seen in Figure 3.  

 

030106-2



 
FIGURE 1. Workflow for processing of the UAV data 

 

 
FIGURE 2. The input of the waypoints  

 

 
FIGURE 3. Data acquisition sample from the UAV 
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Image Processing 

Once a set of images has been oriented, OpenDroneMap the command line toolkit open source was used for 
mapping. In this stage, the images were resized, and the camera was calibrated, also the focal point and width were 
set for the correction of the images. The number of minimum fixtures was set to define how many points will be 
used from each image, and the images were a group using hybrid bundle adjustment. For the output preparation, 
there were several parameters should be set. The orthophoto can be set by using 2.5 mesh and the used of Patch-
based Multi-view Stereo (PMVS) or Clustering View for Multi-view Stereo (CMVS). The number of vertexes can 
be defined in the mesh size and the color can be balanced in gauss-damping, global seam leveling, and gamma tone 
mapping. The results for orthophoto, a point could, and a 3D model was illustrated in Figure 4.  

 

 
a. orthophoto 

 

 
b. point cloud 

 

 
c. 3D model 

FIGURE 4. Image processing results 
 

 
FIGURE 5. Some errors of analysis data 

 

RESULTS 

Using the acquired images, a building construction and area mapping were generated. In general, image 
processing can plot the whole area precisely. However, the visual comparison between UAV-images and 
OpenDroneMap-orthophoto (Figure 5) shows there are some unexpected errors from the detail of the analysis. For 
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examples, a deep-set in the rooftop and some holes in the canopy can be diverse with the real image data from a 
drone. The neighboring points of the flight plan which defined to close to each other generate a miss-interpretation 
in the flight control software. During the flight acquisition, if one predefined data acquisition point was skipped or 
given higher the deviation standard in the processing image produce better mapping. Reducing the minimum feature 
in-depth map computation into 12000, 8000, and 5000 points were not processed significant mapping.  The higher 
the minimum features affected lesser of the cloud points for the processing images not to the general mapping 
results. The higher minimum features and resize images can improve the output quality but those setting will higher 
the computer requirements and create a more extended calculation since the number of the minimum features will 
affect the quality and the accuracy of the image matching process.  

   

CONCLUSION AND FUTURE WORK 

UAV is becoming a cost-effective tool for building to the documentation and mapping with high-resolution data. 
The study shows that high-resolution aerial pictures can be acquired with the simple technique and texturing 
process. The integrated software was used to create image processing, mapping, orthophoto, and meshing.  The 
insufficient number of images and misinterpret processing to affect the deviations of the result models. By using the 
proposed set of altitude, overlapping percentage, direction of flight, the results show good quality of regenerated 
images which contain information of altitude and position of the building. Further work will be devoted to the 
creation of full 3D models of buildings with more detail textures and complicated structures. A validation between 
UAV’s mapping to the manual survey is also in the scope of the author's interest.  
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