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Executive Summary
3D indoor scene reconstruction is crucial for applications such as historical site preservation, vir-
tual asset creation, and digital twin development. In recent years, drones have been utilized in an
indoor setting for scene reconstruction due to their highly mobile nature. They are versatile, easy
to control, and can explore areas that are hard to reach for humans and other mobile robots. Thus,
this report focuses on the area of 3D indoor scene reconstruction utilizing drones.

In terms of the reconstruction algorithm, many approaches exist such as Structure-from-Motion
(SfM) and Simultaneous-Localization-and-Mapping (SLAM). Recently, radiance field methods
such as Neural Radiance Fields (NeRFs) have been gaining popularity due to their photo-realistic
results and ability to demonstrate view-dependent effects. However, most methods are suited for
room-scale scenes and have difficulties scaling to larger scenes such as multi-story buildings. We
address this challenge by proposing a scalable pipeline for large-scale 3D indoor scene reconstruc-
tion. Our strategy involves a divide-and-conquer approach, separating the entire scene into smaller
manageable blocks. With this approach, we can massively speed up the processing speed since
each sub-block can be reconstructed individually in parallel. Moreover, when rendering the large
scene post-reconstruction, each sub-block can be loaded only when it is needed, removing memory
constraints of loading a large scene.

We utilize 3D Gaussian Splatting as our main reconstruction method as it offers photo-realistic
reconstruction in an efficient manner. To remedy the data-hungry nature of radiance field methods,
we mount a 360 camera on the drone to capture wider set of camera viewpoints. Our pipeline’s
efficacy is demonstrated by testing it on multi-story, large-scale indoor scenes, such as the Cory
Hall and Hearst Memorial Mining Building at the University of California, Berkeley. Videos
showing the reconstruction of both scenes can be viewed here: https://drive.google.com/

drive/folders/1TpsX1VkI4F4oIOOZzEYOeoYD_Nswvxqd?usp=sharing.
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1 Introduction

1.1 Background of 3D Indoor Scene Reconstruction

3D indoor scene reconstruction is the task of virtually reconstructing a physical indoor scene from
data, usually from a set of images of the physical scene. This is highly useful and applicable to
areas such as the preservation of historic buildings or the generation of 3D assets for augmented
and virtual reality, gaming, and cinematic purposes. It is also used in the process of developing
digital twins of factories or indoor facilities where movement and changes need to be monitored.

The overall process of 3D scene reconstruction involves capturing a series of images of the
target scene along with their corresponding pose informationi.e. the camera's location and orien-
tation for each captured image. Subsequently, a reconstruction algorithm is applied to generate
the 3D scene, usually in the form of a point cloud or 3D mesh. While there are many factors to
consider in the entire process, this paper focuses on two key aspects: the method of data capture
and the reconstruction algorithm.

Conventional data capture methods for mobile 3D indoor reconstruction utilize either a wheeled
robot or a human operator [1]. The former is constrained in capturing detailed images comprehen-
sively, especially in areas near the ceiling. The latter faces limitations in Simultaneous Localization
and Mapping (SLAM) reconstruction due to inevitable human body movements, such as pitch and
roll. Consequently, many high-�delity systems resort to a stop-and-go capture process using a
tripod, which is both labor-intensive and time-consuming. Drones, however, can enable rapid and
versatile capture from various perspectives, including con�ned spaces. Moreover, they also yield
stable camera trajectories unattainable with robots or humans. Hence, in this report we adopt a
drone-based approach for 3D indoor scene reconstruction.

As for reconstruction algorithms, radiance �eld methods [2] have recently been gaining popu-
larity for their ability to produce photo-realistic results and demonstrate view-dependent lighting
effects. This is particularly advantageous when capturing the re�ectances of shiny surfaces in real-
life, such as windows, mirrors and other smooth surfaces. Given these bene�ts, this report employs
radiance �eld methods as the main approach for reconstruction.

1.2 A Scalable Pipeline for Large-Scale 3D Indoor Scene Reconstruction

Currently, most radiance �eld-based methods work well for reconstructing room-scale scenes.
However, for scenes extending beyond the room-scale, existing methods usually face the problem
of slow reconstruction speed or expensive computation. Recent work by Liet al. [1, 3] propose
a pipeline for large scale indoor 3D scene reconstruction from drone images. They reconstruct an
explicit 3D representation of the scene from neural implicit surfaces under the Manhattan-world
assumption before synthesizing novel-views. In addition, they make their pipeline scalable by uti-
lizing a divide-and-conquer method to split up a large scene into smaller sub-blocks. However,
since their method performs view synthesis after generating explicit 3D geometry, it does not pre-
serve suf�cient details, nor does it handle view-dependent effects. Furthermore, utilizing neural
implicit surfaces for scene reconstruction is a time consuming process, taking about 5 hrs to recon-
struct a single sub-block. Thus, the goal of this project is to develop a pipeline that can ef�ciently
reconstruct a large-scale indoor scene such as a multi-story building in a photo-realistic manner.

We utilize a divide-and-conquer based strategy to pre-process and split the captured data into
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