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Figure 1: 3D Repo Infinite Geometry StreamingTM on the 40 Leadenhall Street project in the City of London. This particular
federation consists of 1.8m objects, 700m polygons and 2 bn indices across over 100GB of raw geometry. Blue bounding boxes
denote geometry that did not fit the available GPU memory at any given frame. 3D models courtesy of Mace and AccuCities.
Video: https://youtu.be/ZSWfAo1d9_4

ABSTRACT
3D models in the architecture, engineering and construction (AEC)
sector are becoming bigger by the day, yet AEC professionals still
need to be able to federate and collaborate on such massive 3D
scenes over the Internet. In this case study, we present the 3D Repo
Infinite Geometry Streaming solution on the 40 Leadenhall Street
project, the largest construction to ever receive a planning permis-
sion in the City of London. Over 100GB of raw geometry has been
processed and stored in the cloud while all the visibility calculations
were performed client-side for seamless real-time exploration of
the continuous 3D space.
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CCS CONCEPTS
• Computing methodologies → Graphics file formats.
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1 INTRODUCTION
With the gradual shift from 2D drawing to 3D modelling thanks to
in no small part the UK Government mandate for collaborative 3D
Building Information Modeling (BIM), the AEC sector witnessed a
polygon count explosion not seen since the times of the original
Boeing 777 model1. There is now the desire to include more and

1https://www.x3dom.org/binary-mesh-representations-for-large-3d-models/
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Figure 2: The 40 Leadenhall Street project contains an unprecedented level of detail including full architectural, structural,
mechanical, electrical and plumbing (MEP) and even temporary works submodels.

more detail what is further aggravated by the proliferation of online
BIM object libraries which encode often manufacturing-level detail
making it relatively easy to include bloated elements in the overall
3D designs. This is compounded by the recent interest in digital
twins2 andmetaverses serving vast openworld simulations over the
Internet that make the Web3D polycount problem more prevalent.

For this case study we selected the 40 Leadenhall Street project
in London which comprises 34 stories and 910, 000 sqf of combined
office and retail space with the intent to house 10, 000 people once
finished. As shown in Fig. 1, this is one of the biggest engineering
3D federations we have ever loaded to 3D Repo.

2 GEOMETRY STREAMING
Even when dynamically loading assets from the cloud into a game
engine [Friston et al. 2017] such a rendering is still limited by the
amount of available GPU memory. Therefore, what is needed is a
solution that can interactively load and offload assets within the
GPU memory over the Internet, c.f. [Behr et al. 2015; Scully et al.
2016] but in a game engine. An alternative solution is to rely on
pixel streaming whereby the rendering happens server-side and a
stream of pixels is sent to the client. However, even that solution
will eventually run out of the GPU memory on the server not to
mention scalability issues in terms of concurrent users.

2.1 Unreal Engine
In order to federate and visualize the entire 3D scene as a single
continuous rendering with all its detail, see Fig. 2, we developed
a novel streaming and memory management solution in 3D Repo
and Unreal engine. Since we have to preserve the full fidelity of the
uploaded 3D models due to legal liability reasons, only the closest
proximity geometry to the camera is loaded while the remaining
parts of the model are shown as blue bounding boxes to give the
user visual feedback that there is more to be had once they zoom
in3. As the user navigates, objects are swapped in and out of local
cache with the 3D Repo server providing the pre-optimized assets
as well as a scene hierarchy for the client to calculate the visibility

2https://www.bentley.com/software/digital-twins/
3Contextual model of the surrounding city is fixed due to it’s small size.

locally. This ensures both high scalability and availability with the
only limiting factor being the storage space in the cloud.

2.2 Unity 3D
Unlike desktop applications, Unity in WebGL is restricted to 2GB
of memory per browser tab due to the underlying Emscripten lim-
itations which makes the web-browser based implementation of
this technology that much more compelling. Caching is enabled
via IndexedDB and the client once again pre-loads the scene com-
position before dynamically requesting individual assets from the
server depending on camera position. However, it shall be noted
that depending on the model size, such scene composition metadata
can take up a sizeable chunk of the available memory just to be
able to perform the visibility calculations locally.

3 CONCLUSIONS
The AEC sector is now witnessing an unprecedented amount of
detail being added to their 3D models. To be able to support online
collaboration on suchmassive scenes, we have developed and tested
a novel geometry streaming solution which helps the engineers
working on the 40 Leadenhall Street project make better informed
decisions and deliver construction faster and cheaper than before.
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