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ABSTRACT: As part of the ToHyVe research project an approach for move-

ment through virtual representations of real spaces using interactive 360° video re-

cordings was developed. Trading time axis for an additional space axis, the video 

playback rate is adjusted to the spectator’s speed of movement, thus achieving 

walkability in high-resolution video panoramas on predefined paths. Implementa-

tion in a game engine allows for any digital augmentation with digital assets or 

interaction possibilities. The successful realization of a demonstrator shows that 

this approach provides photorealistic walkable experiences as a highly authentic, 

cost-effective alternative to elaborate 3D modeling, while still offering no limita-

tions regarding interactivity or additional rendering. 

 

1. INTRODUCTION 

Numerous technologies and developments, 

such as virtual concerts, work meetings in the 

Metaverse and increasingly affordable and 

powerful VR glasses, show the growth of 

virtualized experiences and events. While many 

applications use rendered graphics to ensure 

maximum flexibility and interaction 

possibilities, camera-based approaches, such as 

the use of panoramic photos or videos, can 

achieve a photorealistic experience with 

manageable effort. Thus, they are particularly 

suitable for applications that place great value 

on authenticity, such as exhibitions, tours of 

historical sites or concerts. However, they  offer 

limited freedom of movement and are less 

flexible regarding interaction possibilities. 

Various approaches to solve these limitations 

demonstrate both the need and potential 

ofwalkability in photographed or filmed 

environments. For example, products such as 

Google Street View [1] create a panoramic 

photo tour through a rough spatial sampling 

combined with LIDAR depth measurement, 

which allows the viewer to jump from one 

viewpoint to another. Other approaches use a 

spherical camera array [2] or combine a video 

with an AI-based depth estimation, thus 

enabling movement in 6 degrees of freedom, 

though limited to a sphere of 70cm. The modern 

approach of Gaussian splatting uses a 

completely new method to create and render an 

environment. However, models for larger 

scenes become increasingly difficult to 

compute, and many aspects of Gaussian 

splatting, especially the ability to render 

dynamic scenes, are still the subject of ongoing 

research. As part of the ToHyVe research 

project, which is developing innovative 

technologies for virtual conferences and events, 

a new approach was taken to solve this problem. 

2. APPROACH 

2.1 CONCEPT 

The following is an outline of the basic 

technique used to allow the walkability of 

panoramic videos:   As a basis, full-spherical 

360° panoramic videos are recorded on 

predefined paths. By keeping track of the 

camera’s location, each frame can be attributed 
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to a position in the room. Thus, any speed of 

movement along the predefined paths can be 

translated into a corresponding video playback 

rate, effectively trading the time axis for an 

additional space axis. By implementing this 

approach in a game engine, the panoramic video 

can be combined with  3D assets. Adding a 

sufficient geometrical model of the filmed 

environment to the game engine allows for 

optical effects like occlusion. 

2.2 TECHNICAL REALIZATION 

To evaluate the potential as well as the 

feasibility and limitations of this technique, a 

technical proof of concept was performed by 

recording a panoramic video, implementing the 

required mechanics in a game engine and finally 

showing the result as a demonstrator. 

According to the context of ToHyVe, a large 

conference room was chosen as the location for 

the test production. To avoid any lighting 

changes or motion in the scene, the room was 

emptied and only unnatural light sources were 

used. To allow for the spacial location of the 

video frames, a robotic dolly was used to move 

the camera with a constant, slow speed during 

the recording. 

 

 
Figure 1: Robotic dolly which was used to move the 

camera 

The OmniCam-360, a high-resolution parallax-

free panoramic video camera was available for 

shooting. However, since it does not allow for 

full-sphere images, and, more importantly, 

exceeds the dolly’s weight limitation, an 

Insta360 Pro 2 was used. After the recording of 

the panoramic videos on predefined paths was 

finished, work continued in the Unity3D game 

engine. The video playback logic was 

implemented and optimized for smooth forward 

and backward movement.  3D assets are added. 

To simulate occlusion effects from objects in 

the video, e.g. pillars, the geometry of the video 

material needs to be adjusted to fit the virtual 

camera. Then, occluding elements can be 

virtually modeled and positioned as a masking 

layer in the game engine. During video 

playback, the virtual camera position in the 

game engine remains static. To keep the 

perceived position of the occluding elements 

and 3D assets consistent with the panoramic 

video, they were animated manually using 

keyframes. Realistic lighting of the assets is 

achieved using virtual light sources, replicating 

realistic angles, color temperatures and 

diffusion properties. 

 

 

Figure 2: The pillar as part of a panoramic video 

occludes a 3D-Asset, the red box 

2.3 EVALUATION 

A demonstrator implementing the presented 

technologies was built successfully. However, 

the production also revealed potential room for 

improvement. For example, the parallax of the 

camera required extensive manual work to 

place assets and occluding objects in 

accordance with the geometry of the video. 

Using a parallax-free camera such as the 

OmniCam-360 would solve this problem. 

However, part of the recording area would be 

lost, since it cannot record the whole sphere. 

The use of depth estimation algorithms could 

solve the problem without any reduction of the 

recording area. Their successful integration 

would significantly reduce the post-production 

workload. Thus, further evaluation of this 

approach seems promising. 
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3. CONCLUSION 

The successful realization of a demonstrator 

which achieves both walkability in and digital 

augmentation of a panoramic 360° video 

demonstrates the feasibility of the presented 

concept. With further development and 

technical improvements, the process might 

provide photorealistic spacial experiences as an 

alternative to elaborate 3D modeling of spaces, 

while being both more cost-effective and 

authentic, and offering no limitations regarding 

interactivity or additional rendering. Potential 

applications are numerous: The authenticity of 

the approach seems especially suitable for 

cultural applications like virtual exhibitions, 

digital museums or art events. Historically or 

culturally significant locations could be 

digitized, preserved and visualized for everyone 

to experience. Furthermore, the integration of 

this technology into existing platforms such as 

web browsers, stand-alone apps like Iventic and 

TriCAT spaces®, VR headsets, and immersive 

event spaces with multi-projection systems 

could expand the possibilities of the 

technology, benefiting  any hybrid or fully-

virtual event. 
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