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Mobile Augmented Reality (AR) demands realistic rendering of virtual content that seamlessly blends into the physical

environment. For this reason, AR headsets and recent smartphones are increasingly equipped with Time-of-Flight (ToF)

cameras to acquire depth maps of a scene in real-time. ToF cameras are cheap and fast, however, they suffer from several

issues that affect the quality of depth data, ultimately hampering their use for mobile AR. Among them, scale errors of virtual

objects – appearing much bigger or smaller than what they should be – are particularly noticeable and unpleasant. This article

specifically addresses these challenges by proposing InDepth, a real-time depth inpainting system based on edge computing.

InDepth employs a novel deep neural network (DNN) architecture to improve the accuracy of depth maps obtained from ToF

cameras. The DNN fills holes and corrects artifacts in the depth maps with high accuracy and four times lower inference time

than the state of the art. An extensive performance evaluation in real settings shows that InDepth reduces the mean absolute

error by a factor of four with respect to ARCore DepthLab. Finally, a user study reveals that InDepth is effective in rendering

correctly-scaled virtual objects, outperforming DepthLab.

CCS Concepts: • Human-centered computing→Mixed / augmented reality; Mobile devices.

Additional Key Words and Phrases: Augmented reality, depth sensing, depth inpainting, edge computing, user experience

ACM Reference Format:
Yunfan Zhang, Tim Scargill, Ashutosh Vaishnav, Gopika Premsankar, Mario Di Francesco, and Maria Gorlatova. 2022. InDepth:

Real-time Depth Inpainting for Mobile Augmented Reality. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 0, 0,
Article 111 (January 2022), 24 pages. https://doi.org/10.1145/1122445.1122456

1 INTRODUCTION
Mobile augmented reality (AR) has recently gained immense popularity with the release of several smartphone

applications that blend virtual content and the real environment. For instance, e-commerce apps – including

IKEA Place [36], Amazon AR View [2], and Wayfair [88] – enable prospective customers to see how products fit

their home in terms of both dimensions and aesthetic properties. Moreover, educational apps allow students to

visualize and interact with tri-dimensional content such as life-size animals [23] or human anatomical parts [3, 17]

in the comfort of their own learning environment, be it at home or in a classroom.
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