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3D model development of towers in fire academy from drone aerial images 
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Abstract : Unmanned Aerial Vehicles (UAVs) are becoming more useful tools for investigating building damage or leakage of 
hazardous substances in natural and manmade disasters. In this study, we took aerial videos of towers located in Chiba City’s fire 
academy from UAV. The observation by GPS was also carried out by setting reference targets on the ground. Then a 3D 
computer model of the site including buildings was made by using SfM (Structure from Motion) technique. Mask processing 
removed the distortion of the image. By adding ground control points (GCPs) observed by the GPS measurement, distributed 
uniquely in the 3D model, the accuracy of the 3D model was evaluated comparing with the true length and height. 
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Fig.1 Location of the experiment site (a), training

buildings in Chiba City’s fire academy (b) 
selected in this study, and the preparation UAV
flight and GPS (c), (d). 
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Fig. 2 Captured image by video taken from UAV 
(a) and shape and layout of the GCP (b),(c),(d). 
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(a)Mask processing of the image. 

 
(b) All of the feature points was generated by the SfM. 

 
(c) Selecting feature points generated by two or less of 
the image.  

 
(d) Delete the selected feature points 
Fig. 3 Processing for building a 3D model.

(a) 

(b) 

(d) 

(c) 
Ground GCP:   6 
Height GCP:    2 

̶ 96 ̶



Fig. 4 3
SfM

3 UAV
4 2

320  
PhotoScan GPS

GCP
PhotoScan

Error 
(pixel) 1pixel

3

3
3

 
UAV 3

4) 3

3
 

5)  
 

3 8 GCP
P1-P8

GPS
3

Table 1 P4-P5 0.10m
0.1m  

6
2

Table 2
0.48m

6 0.1m
GCP

 
GCP

PhotoScan  GCP
GCP

GPS
 

PhotoScan GCP

2 (Fig. 
2(b))

(Fig. 5)  

Table 1. Comparison of horizontal distances (m) 

2D Distance Distance by GPS 3D Model Difference
P1 - P2 36.62 36.57 -0.05 
P2 - P3 25.86 25.86 0.00 
P3 - P4 40.34 40.44 0.10 
P4 - P5 25.88 25.82 -0.06 
P5 - P6 37.84 37.78 -0.06 
P6 - P1 34.41 34.4 -0.01 

Table 2. Accuracy assessment in the vertical direction 

 Drawing 3D Model Difference
6th floor of 

the main-tower 17.5 17.40 -0.10 

Rooftop of 
the main-tower 31.0 30.82 -0.18 

Rooftop of 
the sub-tower 21.5 21.02 -0.48  

Fig. 4 Estimated camera positions (a) and developed 
3D model by SfM (b). 
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(a) Target of black-and-white plate 

 

(b) Target of red-color cone 
Fig. 5 The photos of target objects, arial images from drone and enlargement of targets with reference points.  

Reference 
point

Reference 
point

(a) 

(b) 

RRRRRRReeeeeeeffffffffffereeeeenccce 
ppppooinnnnntttReference 
point

̶ 98 ̶


