224 el Vol.22, No.6

o] = B=H ! =
2020 6H Im H ':l_ = m = Jun., 2020

Journal of Geo-information Science

51 A% 3 3 B 4, R PR Ik 58 T3 25 W ) 1 AR 25 ) 43 - SME S 0] M BR A5 RV 274441, 2020,22(6): 1383-1393. [ Bie Y P, Guan Q F, Yao Y.
A framework for AR spatial analysis based on edge-cloud integration[J]. Journal of Geo-information Science, 2020,22(6):1383-1393. |
DOI:10.12082/dgxxkx.2020.190472

ETia=thEH AR ZE 5 it EHES

AEE I8

Hh L R (D) B 55 15 B TR B, I 430078

A Framework for AR Spatial Analysis based on Edge-Cloud Integration

BIE Yongpan, GUAN Qingfeng’, YAO Yao
School of Geography and Information Engineering, China University of Geosciences (Wuhan), Wuhan 430078, China

Abstract: Augmented Reality (AR) for geographic data is an important development direction of geographic
information visualization. In recent years, some geographic studies have begun to use head-wear AR devices to
visualize geographic data, making geographic spatial information more fully expressed. However, due to the
limited computing power of head-wear AR devices, most of existing geographic information AR studies focus on
the visualization of geographic information, yet do not provide complex spatial analysis and computation
functions. This paper presents a framework for spatial analysis on AR devices by edge-cloud integration. In order
to achieve efficient and end- to- end collaborative computation, the AR device is responsible for spatial data
visualization, human- computer interaction, and data preprocessing; while the cloud server is responsible for
complex spatial analysis tasks and persistent storage of spatial data. The binary storage method of edge-cloud
and the coordinate conversion module between the 3D visualization model and the 3D geographic model provide
efficient links between AR end and cloud end. Specifically, the framework divides three-dimensional geospatial
data into three- dimensional AR visualization model data and three- dimensional geographic model data with
attribute information, which are stored in AR and the server, respectively. The coordinates of the three-
dimensional AR visualization model and geospatial coordinates are mapped using Bursa-wolf seven-parameter
coordinate transformation method. Finally, HTTP protocol is used to transmit data to achieve high efficiency and
end-to-end collaborative computing. Based on this framework, this paper used Hololens, a head-mounted AR
device, and based on three-dimensional building data in Wuhan and a sky visibility factor algorithm, to realize
complex spatial computation in the meantime of AR visualization. The findings suggest that our framework can
provide smooth and stable 3D visualization (FPS was about 35) while guaranteeing the efficiency and accuracy
of the complex sky-view factor computation. In conclusion, the edge-cloud integration technology can enable

AR devices to perform complex spatial analysis and computation.
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Fig. 1 Framework for AR spatial analysis based on edge-cloud integration
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Fig. 2 Logical connection of cooperative computing between AR and the cloud server
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Tab. 4 Accuracy of SVF calculation based on the

edge-cloud integration framework

R MSE MAE
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