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Abstract

In this paper, we propose a deep learning based on-device augmented reality (AR) system in which multiple input images are
used to implement the correct occlusion in a real environment. The proposed system is composed of three technical steps; camera
pose estimation, depth estimation, and object augmentation. Each step employs various mobile frameworks to optimize the
processing on the on-device environment. Firstly, in the camera pose estimation stage, the massive computation involved in feature
extraction is parallelized using OpenCL which is the GPU parallelization framework. Next, in depth estimation, monocular and
multiple image-based depth image inference is accelerated using the mobile deep learning framework, i.e. TensorFlow Lite. Finally,
object augmentation and occlusion handling are performed on the OpenGL ES mobile graphics framework. The proposed
augmented reality system is implemented as an application in the Android environment. We evaluate the performance of the
proposed system in terms of augmentation accuracy and the processing time in the mobile as well as PC environments.
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Table 1. Comparison of processing time of SIFT (in seconds)

PC Intel i7-7700 NVIDIA GTX 1080 Ti Speed Improvement
Processing Time 1.21 0.113 10.7x
No. of Keypoints 908 1165 -
RK3399 Cortex-A72(2C) + Cortex-A53(4C) Mali-T860 MP4 Speed Improvement
Processing Time 2.29 1.759 1.30x
No. of Keypoints 908 1259 -
Galaxy NOTES8 2.3GHz Mongoose-M2(4C) + 1.7 GHz Cortex-A53(4C) Mali-G71 MP20 Speed Improvement
Processing Time 1.68 0.38 4.45x
No. of Keypoints 903 973 -
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Table 2. Depth estimation processing time (in seconds)

PC Intel i9-9900KF NVIDIA RTX 2080 Ti slpzed
Improvement
LeReS!"® 4.147 0.018 230.4x
Handcrafted-MVSNet!"! 21.615 0.009 2401.7x
Cost Volume Generation - 2.357 -
2.9 GHz Cortex-X1(1C) + Sresd
Galaxy S21 Ultra 2.8 GHz Cortex-A78(3C) + Mali-G78 MP14 - r(‘:vement
2.2 GHz Cortex-A55(4C) P
LeReS!™® 4.483 0.981 4.6x
Handcrafted-MVSNet!™ 166.389 3.723 44.7x

Cost Volume Generation

30.153
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Table 3. Number of parameters and input size of depth estimation net-
work

Algorithm Parameters Input Size
LeReS!™ 52,126,529 640 x 480 x 3
Handcrafted-MVSNet!'? 33,898,500 640 x 480 x 67
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