
Let's be there - Sharing Immersive Live Telepresence Experiences based on 

Efficient Real-time 3D Reconstruction and Streaming 

Michael Weinmann 

Institute of Computer Science II, University of Bonn, Germany 
mw@cs.uni-bonn.de 

 

Figure 1. Overview of the framework, its components and the challenges to be solved for sharing 

immersive live telepresence experiences for arbitrary-sized environments with groups of remote users. 
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Sharing immersive live telepresence experiences has received increasing attention in recent years 

with applications in entertainment, teleconferencing, remote collaboration, site exploration, 

education, robotics, cultural heritage and medical rehabilitation. The impression of telepresence - 

defined as the subjective experience of being in an environment that may differ from the user’s 

actual local physical surrounding - heavily relies on the ability of users to interactively explore the 

respective scene while avoiding any kind of discomfort such as motion sickness. This requires 

accurate scene visualization at high framerates and low latencies. 

Purely video-based solutions, i.e. in terms of 360 degree videos, strongly restrict the scene 

exploration to views in the vicinity of the camera poses during scene capture and do not meet the 

strong real-time constraints required for live scenarios. Therefore, sharing live-captured scenes as 

needed for teleconferencing or remote collaboration typically involves data capture, 3D 

reconstruction, data streaming and visualization. All these steps have to be achieved within strong 

real-time constraints while preserving the visual quality of the scene, considering typically available 

network bandwidth and client-side hardware scenarios. Whereas capturing a small fixed-sized region 

of interest as typical for teleconferencing and small-scale remote collaboration, i.e. within a few 

square meters in single rooms, allows the exploitation of expensive well-calibrated setups with 

statically placed cameras, the efficient capturing, data representation and streaming become 

significantly more challenging when capturing scenes of arbitrary size with a moving camera. 

This presentation addresses the task of sharing immersive live telepresence experiences for 

arbitrary-sized environments with groups of remote users based on efficient large-scale real-time 3D 

reconstruction, data streaming and visualization (see Figure 1). By design, the proposed system shifts 

the hardware requirements from the involved users towards the cloud. In addition, the system runs 

at low/modest bandwidth requirements with low latency and can handle network interruptions. As a 



result, this approach allows a re-thinking of well-established exploration processes towards (1) VR-

based remote consulting/collaboration, where experts may save the travel time and costs, (2) VR-

based remote exploration of contaminated scenes and thereby avoiding the exposure of people to 

danger, or (3) VR-based education scenarios, where expensive excursions may be replaced with 

immersive group-scale telepresence in the respective environments. 

As illustrated in Figure 1, the presented framework for immersive group-scale telepresence in live-

captured scenes involves 

 a local user (or robot) capturing the local environment based on RGB-D sensors as present 

in mobile phones or the Kinect, 

 a cloud-based real-time reconstruction framework for on-the-fly/online scene capture and 

camera localization based on volumetric fusion that reconstructs a dense 3D model in real-

time and streams both the camera poses and the reconstructed scene parts to the server 

component, 

 a cloud server to manage the global scene model and to control the data transmission 

according to the requests by remotely connected users, which requires reliable, efficient 

data representation and communication/management under concurrent memory 

operations while also handling possibly occurring network instabilities (for robot 

teleoperation, a further management of the coupling between user interactions and 

respective robot actions has to be taken into account), 

 the visualization component that updates the locally generated meshes for the individual 

remote users according to the already transmitted data and provides the functionalities of 

interactive scene exploration with features such as measuring distances, marking objects 

and the collaboration with other connected experts (e.g. via VoIP), and 

 remote users that may independently and immersively explore and interact with the live-

captured scene while communicating with the person (or robot) capturing the scene. 

Example applications shown in this presentation include remote collaboration for safety and 

maintenance as well as robot teleoperation. 
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