H224 el .7 4 Vol.22, No.6
mH B B ™ F%j/
20204F6 H Journal of Gc:info:;ation Science j/‘ Jun., 2020

1A 2 - 1 95 58 56 PR, Ik 58 T3 2 W TR 9 AR 28 1) 23 A7 v SEHE R[] M BR £ SR 422404, 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/dqxxkx.2020.190472

E T =hEH AR ZE S HiT EiELE
HER EEE B £

e ] b 5T 2 (L) b 5 15 8 TR 2% B, iR 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. I Framework for AR spatial analysis based on edge-cloud integration



1386 B> S = < W = N S

2020 4F

SO S B T S5 ;

(4)iB 179 BRBLER . Wi P kb R AR A R
EIBAT , WA RGN TERE L4 PERE (1O

P2 0 AR i 5 2 v b ) 15 00 28 8 4 1R
M AR Ui B S AN G (B ) A TR e 2 )
SIHTTEEL AT, AR 3ty ook A bR e S HORE H AR X 4
(B ) B = 2 ] AL A b 45 2 o B0 T v
(10 b B A A s AAILAE T AR Al 12225 11 50 A Fr 7 114
HAbSH, th $diE b PR OG5 B L 2 i APTRLYE
H: B URL, I 6] 2 9 & 2% HTTP 35 3K 5 2 9 17 FH IR
55 BSEHL AR BT IZ URL, 5125 18] 43 B 28 51, 18 FH 400
PR 23 () TS A T ORI T RS R
PLHTTP B A& 1% 45 AR Ui 5 AR S P 8005 T Ak
BEHORE TR LS R L = 4k 9y UR R A R P, SE L
23 [ S BT B B Rl 5

N LR REAR R AHE 4060 F = 2B Y
W75 ZICAF AR 25 v s ) AR BR G 4 2 AN RR Y
%o T HATHEREE S5 AR BE 22 10 B AR HEAR S
— P AR 2 R R 2l R AR B R R
H 3 25 ) = AR K /NG B I B = 4 AR
23 [ AT RAL A PR EG: , JIT AR SN b B 2 (1) = A AR R
Pr 53R = 2 ] WAL B 0 R G 1) = 4 b B s
[ , 3 BIEAE T AR SRl = . o, JiE R
£ 4 3R AR bR AR BRI AR B U F AR AT #E
b ez AT 5 A KA 28 [ TR, DU s i

B AR i ) =2k AT AL 5 2 i ) e 2 s ) 5040
BEHGER, BIE AR P S =4 r AL IR R 5 =
i R 225 () AR AR 2R 22 )RR ST AR C R

2.2 ZHEMIBREIMIA R Z TR

AT AR Vit It SR FH A B8 A v A B 2 PR IR Y
P FRAFEAE BT 0 — A 28 ()45 BT R LT ) 4%
JEUE B TSR IR PR B, T A = 4
PRI fE A KRR BT 4, P04 % B 22008
PEAG B, H AT 40 T 5 A 5 il AR S B8 b o &
ZRBYHAER . 74, BT AR 2 — 8 B9 b
PR, A BB AERE TR BRI . X b2 [i]
X RAFAE R 2% H K8 0 JE M A B S e 25 ks
AR

o fifpRe LA ) 1, AR SR F = 4 b SRS L 1) 3
= ICAHE  JE s = A BSR4 = 2 AR 1]
PR B H R i B = 24 B8 s () 55, 40 501 5 AV
AR Ui = i AT A o AR HEAET : O AR i R
AL = SRR R T Z AL B E MRS B e T
MO I 2 ] = AR R B g AR B B v R Y J M1 R
FZR I W0 T AR i BB &, B9 T #E AR
U UR P B AR B 1O, #E— 2532 T AR AT RAL
B

R SEIH HE = AR ()3 2 TR AR RESR
Wit T —E8IRAL 7. AR =4 5
BN 2 v B8R PR A B R I 1D 4

( AR ( =
RGPS (- ——————— " AT (O —— — — — — "
' |
AR IR i{;}igﬁ#{%ﬁ% : |
AlA T( ’_j‘éi » Iﬁ W I
Pt A : i DR o FH R S5 |
|
L {Jﬁm | s '
=R l AR |
MSCEBSR | ktinprmss| | URL 2SS |
| | s | |
WETBHL=| | I
g | | APLITERE it |
#, 4RURL : |
|
|
FEE R | AL HEsR. R [, |
TRy | | HEE. i [© iy | [TRFER
%%% | A T A S T N Y o
(v M e i | S e e ) s ~ ~
S 2/

2 AR S5 2 b [R] 10 ) 22 8 4

Fig. 2 Logical connection of cooperative computing between AR and the cloud server
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