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Abstract  

We created a support system for inspecting the 

exterior appearance by loading a three-dimensional 

photogrammetric model into a virtual space. This 

system shows a photograph of what the observer sees 

in virtual space. 

To realize this system, we devised a method to 

represent buildings as voxels, check whether the 

voxels are reflected from shooting points in virtual 

space, and register shooting points as voxels. The 

system allows the viewer to scan the voxel in front of 

their line of sight in virtual space and then displays a 

photo of the shooting point registered to the voxel. 

We created software that implements this 

mechanism and confirmed that the necessary photos 

can be obtained promptly. 
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1 Introduction 

The technology for creating three-dimensional (3D) 

models based on photographs is used in various situations 

in Japan. Many people use 3D maps, such as Google 

Maps daily. Three-dimensional models created using 

photogrammetry are essential for building inspections 

and patrols. Research is also being conducted on the 

technology to perform inspections in a virtual space. 

Inspection using photographs confirms the disaster 

situation. Research has been conducted to predict 

earthquake damage using images and photometry [1]. In 

addition, to reduce the environmental impact, there are 

methods for checking the status of heat loss using 

photographs and thermography [2][3]. We considered the 

digitalization of buildings by combining UAV, 

photogrammetry, and BIM [4]. Photogrammetry and 

deep learning have been used to detect cracks and 

perform exterior inspections of buildings [5]. Similarly, 

this method has been applied to the external inspection of 

bridge piers [6]. Photogrammetry has been used to survey 

the occupancy status of buildings [7]. Furthermore, some 

studies have been conducted on visual inspection of 

tunnels [8] and remote inspection of wind power 

generators [9]. Photogrammetry has also been used for 

inspecting dam bodies [10].  

However, as the surface texture of 3D models created 

using photogrammetry is rough, referring to an original 

photograph is often desirable. Because photogrammetry 

uses various photographs, it is often difficult to identify 

a desired photograph. Therefore, we aimed to develop a 

technology that would allow us to smoothly obtain 

detailed photographs of parts of 3D models. 

2 Methods for finding photos of parts of 

buildings in virtual space 

2.1 Procedure to search for photos that depict 

parts of buildings in virtual space 

We plan to create a system to search for photographs 

of 3D models of buildings prepared in virtual spaces. 

Because this 3D model was created using 

photogrammetry, an original photograph exists. We 

devised a method to search for photos of a specific part 

of a building's surface while observing the exterior of the 

building in a virtual space. A conceptual diagram of this 

concept is shown in Figure 1. 

 

 
Fig 1 Conceptual diagram for finding a photo of a 

specific part of a building's surface in virtual space 
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The following procedure shows how to search for 

photographs depicting parts of buildings in a virtual 

space. 

(1) Load the 3D model created using photogrammetry 

and photographic points. 

(2) Replace the 3D model with voxels using 

photogrammetry 

(3) Set up a camera at a shooting point in the virtual 

space and find all voxels within the range of the 

camera view. 

(4) Record all shooting points on the voxel side. 

 

2.2 Registration of shooting points to voxels 

indicating buildings 

As described in Section 2.1, the buildings were 

made into voxels, and photographic points were 

registered for these voxels. When observing a structure 

in a virtual space and looking for a photograph of a part 

of a building, one can search based on the shooting points 

registered in the voxels. 

Subsequently, we explain how to register shooting 

points for each voxel of this building. 

This voxel registration method is straightforward: it 

reproduces the camera's shooting point and direction in 

the virtual space, captures a photo from the camera in the 

virtual space, and searches for voxels that can be 

observed from the camera. This approach is currently 

being implemented.  

Figure 2 shows a photograph of the registered 

camera shooting points on the voxels of the building. 

 

 
Fig 2 Image of registering camera shooting points to 

building voxels. 

 

To register shooting points to voxels, the system 

reproduces the actual angle of view of each camera in the 

virtual space. We implemented a ray-casting approach 

where rays are emitted from the camera position with a 

sampling interval of 50 pixels in both horizontal and 

vertical directions across the image plane. This process 

identifies all visible voxels for each photograph and 

records the relationship in a pre-computed lookup table. 

By shifting the computational burden to this pre-

processing stage, the system ensures high performance 

during real-time interaction. 

2.3 Method for an observer in virtual space to 

search for photos of parts of a building 

We explain how an observer can search for a photo 

that shows the observation point of a building in a virtual 

space using a 3D model in which photo points are 

registered in the voxels of the building. 

When an observer in a virtual space observes a part 

of a building, the ray is irradiated in the direction of the 

center of their line of sight. Next, a list of photograph 

shooting points associated with the voxel hit by the ray is 

obtained. This list of photo points shows the parts of the 

building being observed so that one can efficiently search 

for photos used during photogrammetry. 

Figure 3 shows how to search for the original photo 

when observing a building in a virtual space. 

 

 
Fig 3 Searching for the original photo when observing a 

building in a virtual space. 

 

3 Development of the finding system for 

photos of parts of buildings in virtual 

space 

3.1 Creating a 3D model using 

photogrammetry 

We create a system to search for photos in a virtual 

space, as described in Section 2. To achieve this, we 

created a 3D model using photogrammetry. The 

photograph used is shown in Figure 4. We cut the aerial 

videos captured using a drone into 960 still photographs. 

Figure 5 shows the 3D model created using this 

photograph. Bentley context-capture photogrammetry 

software was used. 

 

2571



 
Fig 4 Examples of photos used to create 3D models 

 

 
 

 
 

Fig 5 Three-dimensional model created using 

photogrammetry. 

3.2 Replace the 3D model by photogrammetry 

with voxels 

Subsequently, the 3D model created using 

photogrammetry was replaced with voxels. Using voxels 

with a side length of 1 m, the shape of the building and 

its surroundings was reproduced. We created a 3D model 

using voxels by the following steps: 

(1) Place a 1 m-sized cube (voxel) at the location where 

the 3D model created using photogrammetry exists. 

(2) If the 3D model and 1 m size voxel overlap, place 

the voxel. 

 

    Figure 6 illustrates the procedure used to replace the 

voxels. The system placed 1 m-sized cubes without gaps, 

as shown in Figure 6b, in a space containing the 3D 

model shown in Figure 6a. The yellow cubes represent 

space, and the red cubes represent voxels placed in the 

3D model. Figures 6c and d show the results of replacing 

the 3D model with voxels. 

 

 
a. Three-dimensional 

model created using 

photogrammetry 

 
b. Replacement by voxel 

 
c. Three-dimensional 

model using voxels 

 
d. Three-dimensional 

voxel model viewed from 

directly above 

Fig 6 Results of replacing a 3D model of a building 

created using photogrammetry with voxels 

 

3.3 Set up a camera at a shooting point in 

virtual space and find all voxels within the 

range that the camera can see 

Next, our system searches for voxels of buildings that 

are visible from the point where the photo was captured. 

The procedure is as follows: 

 

(1) Reproduce the photographing point and direction of 

a photograph in a virtual space 

(2) A camera that reproduces the actual angle of view in 

the virtual space is created and installed at the shooting 

point. 

(3) The shooting range is irradiated with rays to clarify 

the range seen from the camera in the virtual space. 

(4) The photo number in the voxel hit by the ray is 

recorded. 

 

We used the data estimated using photogrammetry 

software for the camera shooting point and direction. 

Figure 7 shows a situation in which the range 
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captured by the camera in the virtual space is confirmed. 

Figure 7b shows the range observed by the camera in the 

virtual space. Figure 7c shows a situation in which a ray 

is irradiated to investigate the range that the camera is 

viewing. 

 

 
a. Original 3D model 

 
b. Result after replacing the building with voxels 

 
c. Situation where Ray is emitted from the camera 

Fig 7: Range visible from a camera in virtual space is 

being investigated. 

 

    Figure 8 shows a situation in which the camera in the 

virtual space is moved to other shooting points, and the 

shooting range is investigated from each shooting point. 

 

3.4 Record all the shooting points that you can 

see on the voxel 

The number of photographs captured for each voxel 

was recorded by repeatedly searching for voxels within 

the visible range of the camera. In this section, we present 

the results of recording the shooting points in the voxels 

of buildings using the proposed system. Figure 9 shows 

the number of photographs captured for each voxel. The 

blue voxels indicate images captured at 50 or more 

locations. Figure 10 shows the number of photographs 

recorded for each voxel. 

 

 
Fig 8 Situation where the shooting range is being 

investigated from each shooting point 

 

 
Fig 9 Number of times a voxel appeared in a photo. 
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Fig 10 Results of recording the number of photo shoots 

for each voxel 

 

    The proposed system was implemented as a Unity-

based WebGL application. During the inspection in 

virtual space, when an observer’s gaze hits a voxel, the 

system retrieves the associated photo list near-

instantaneously. Since the spatial relationship is already 

indexed in a pre-built data structure, the retrieval 

complexity is $O(1)$, allowing for a seamless transition 

from the 3D model to original high-resolution 

photographs without any noticeable latency. 

4 System for an observer in virtual space 

to search for photos of parts of a 

building 

4.1 Building a system to search for photos of 

building surfaces in virtual space 

Using the method described in Section 3, we 

registered the shooting points within the voxels. Next, we 

created a system that smoothly searched for photos 

captured at the observation points while observing a 3D 

model in a virtual space. 

First, a 3D model created using photogrammetry 

was loaded, and then the point at which the photo was 

captured was reproduced in the virtual space. Finally, the 

voxels described in Section 3 were placed. This voxel 

was placed in a transparent state—place voxel as shown 

in Figs. 11 and 12. 

 
Fig 11 Result of placing transparent voxels 

 
Fig 12 Close-up view of the result of placing transparent 

voxels 

 

4.2 Search results for all photos depicting 

observation points 

Based on the results obtained thus far, we created a 

system that shows all the photographs captured at the 

observation point when a building is observed in a virtual 

space. 

Figure 13 shows the results of running the created 

system. In Figure 13, the voxel where the observer is 

looking in the virtual space is displayed, all shooting 

points registered to this voxel are shown, and a line is 

drawn between the voxel and the shooting point. 

 

 
Fig 13 Result of the observation system execution 

 

Figure 14 shows the viewpoint of the observer in the 

virtual space. In particular, voxels viewed by the observer 

are shown. The purple line extends to the shooting point 

that captures the voxel ahead of the line of sight. 

 

2574



 
Fig 14 Observer's perspective 

 

Figure 15 shows an example of acquiring voxel 

numbers on a building surface as observed by an observer. 

By accepting this voxel number, a list of photographs 

showing the voxels can be obtained, as shown in Figure 

16. A photo number can be obtained by selecting any 

photo from the photo list. Next, as shown in Figure 17, 

the directory in which the photo was stored was obtained 

based on the photo number, and the photograph was 

displayed. The desired photograph is shown in Figure 18. 

 

 
Fig 15 Example of obtaining the number of the voxel 

ahead of the line of sight 

 

 
Fig 16 List of photo numbers that capture the voxel 

ahead of your line of sight 

 

 
Fig 17 Situation to obtain photo storage directory from 

photo number 

 

 

 
Fig 18 Example of displaying the desired photo 

 

     We selected a voxel size of 1 m for the building 

representation. This resolution is strategically 

determined based on the practical requirements of 

building exterior inspections, such as identifying cracks 

or concrete spalling. A 1 m grid provides a sufficient 

level of detail to localize defects on a building scale while 

ensuring that each voxel is covered by an adequate 

number of overlapping photographs from various drone 

shooting positions, which is essential for a reliable 

photogrammetric inspection. 

5 Conclusion 

We created a system that searches for all photographs 

captured from observation points when a 3D model 

created using photogrammetry is observed in the virtual 

space. Using the developed system, we obtained an 

original photograph of the location observed in virtual 

space. This results in more efficient inspections using 

building models in a virtual space. 
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