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Abstract: Objectives: In the large—scale of virtual reality scene, it is difficult to add all graphics data into
the video memory for rendering. Removing the occluded objects in advance by visible query technology can
reduce the amount of data loaded on the display end to improve the rendering efficiency. Therefore, the re-
search of visible query method for regional objects has important application value for real-time rendering of
large—scale urban scene. Methods: We put forward a distributed visible query method based on Map—Re-
duce. In the map phase, we apply a hierarchical axis—aligned bounding box as viewpoint space partition.
When the number of 3D objects in viewpoint space partition exceeds the threshold, the axis—aligned
bounding box continues to be divided into sub— boxes. After the above process, the map tasks produce Geo-
Tuples with the VSPID as key and visible query candidate set as value. In the reduce phase, a viewpoint is
created for each leaf axis—aligned bounding box where the binary space partitioning trees are build and the
visible set is calculated using real-time occlusion algorithm. Results: The experiment results with a building
compound, containing more than 200 000 geometric solids, in Shenzhen, China show that: (1) There is no
simple linear relationship between the running time of distributed visible query and the number of viewpoint

space partitions. (2) Running time and parallelism are not simply inversely proportional. The computational
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efficiency of each process first increases and then decreases with the increase of parallelism. About 48 paral-

lelism, the process has the highest efficiency. (3) Whether the distributed approach is better than the tradi-

tional approach depends on the number of 3D objects. After the amount of 3D objects reaches about

40 000, the distributed algorithm begins to be better than the traditional algorithm. Conclusions: The com-

putational experiments reveal the proposed algorithms outperform competitors in terms of the processing ef-

ficiency and feasibility, which can meet the requirement of visible query in large—scale scenarios.

Key words: visible query; map-reduce; distributed spatial query; three-dimensional geographic informa-

tion system; smart city

R 00 R 5 2 IR S S R BB A e G
A Bl T 5 5RO B S BB AR S A, R R
T B R R SR v 4 R T A R
Pl 24 F 0 0 T B N 2T A R 0L 3 3 S h A
$R T UL b FR S AR — R = 4 A3 ) AR AR AT A
TR AR, B LA A A T a5 WL 1 A0 A A
ATRE DX 8, 25 B X3l AN AT D X G2 O 3R HRCRT LA
WS . R R R 5N, = 4825 5 &
PR, 4 Bt 4 BB I A i A7 2 AT IR T g X L S
B I AT R A 9 P R AR S R L TR
Yoo AR o 2 S B9 AT AR AT L
. i 0 AKHR R DR R E AR . R, TR =
Y 3 (8] H5 A1 AT AR A 38 B 58 0 T S B R AR I T
T 5 1 S E e AR E A A

F T, = 2k 2 ) B4l i T o0 ) 5 35 AT LA 43
Sk A K G2 R A A RN X SR G AT A A R
FOM R WA W AR AR S B R 51 R i
HAHLEDE b = B e il . XK 42
AT A 9] R K 3 s )R A A T B OO A
(] 0] 73 X, DA A — 0 1) 4] 4 DX JL AR o A
RS R AT R RN G e A ) . 7R
I TIT R UL B B b BT B K37 R £ O XN 42 n)
PRAT ), T 5300 A v 5 R 9% O 1Y I [R] A A (]
PR (SCHRL 5 | R BIAEAE n A28 (B AT 2 1) = 4k 3 5t
SRR A G < /N v I N T =R S -
O(n%logn)),%l‘lﬂﬁ%’%‘fﬁﬂﬂ()(729))0 F—Jr i,
BE A I 22 TR B BOHE SR AR BE ) 4 0R Il =
Y 3 [A) Z50H0 R A0 B RO B TR B0, S A 3
SR URME LA 7R 32 T A0 A 3 v ) A R

T R 1A S 2 (] 50 A0 3 B8 A v o s ) B s
X 53 W 2 A U5 g BOR T B 2 A A )
FBUBE  IR AT RR —AN RU fR PeaR AR
o3 A0 A TSR M T RATE 55 00 R BN TE
RO A R BE I AT A . SR, S [ ECHE o A
AT H (B AR PERE ) A5 B T 1 I K%
PV, 38 i B A ()RR R 43 S5 AT 55

Y B4R 2 A, )z T B Al = ] g
)3 R PG A BT A A AR A e 2
oo BRI, bR T — AR BT X T 4
i B AR B BEAT 20 A ST B X T = 4 A AR
P, J0H = 4 5E 0 T F AT A i S H AR T
Bff 5 T A AR X e > o BT AU P /Y 02 Hladky
AU Y Y SR FH YR G A T R TR S AR S A
AT RN, RIS E FEE TR 1 CPU
(central processing unit) ¥ GPU (graphics pro-
cessing unit) LM &R, TR TIHE R, E
B S BRI 28 8] BN 45 40 7 N A T 2 3
R, e BAT — 5 Ry BR 1

A SCAE S WS - 2 R R T AN R GE
F Hadoop ) MapReduce fEZE SZ 81, % I H SC R
T S I 2y R R k) JEVAELKS A W s [ 4] 73 X
F T A A 3R R A A R R P IR AT L
117 5 B R 37 5% 23 A1 X Do R RT A A i) D 4
R N & Sy R S VA F IS RS | N iR iy
DX PR A A AR T S, 45 R R W e T ik BE A R Kb
IRWTTE RN R, A B SE R AN (E

1 HEXARIE

UL SR AT R o xRS P Q TR
BYES O, RAFEME o€ O H ofE PQIEL F I
[P, Q]N o€, MIFK M QX sk P AT WLy

L2 = HEAS BB AT . X TR A
P =S VHRERYWES O fFEV EMEg
A g XS P JE AT WL, X T Yoe O, {15
[P.gnoe@, W Bk = 4 Xt 4V X ¥ 5 PRl
VR

L3 WTE AT LAE o R T UERA A AT UL AR
SIFE SRR A R — AT L 5
T /N ARG 2R 1 S PR A TR R R 1 S 5 L R
Bl R Y = 4 s a) A R B R AR D 98 R T
A

S A A S AR DX A s T R ) X



1 RO ¥ R R BB D

2023 59 H

(viewpoint space partition, VSP) 3% /8 78 45 X I,
WAL AL R ML = HEXT R, BT AT 9 = 4E X G40
FI R FRARFFAAZ Ly T R 2 4k R AH TR A9 9 $h
KA, A X P AR Y Al A R S
A5 RIS AR O3 IR e A PR AT T A
K 2z B, T A5 R BT A3 W AR T AR O A
LA

S5 Bl R ST AL & AR A
Kl1(a) B 7, = 4k XF /9 Bl %) 5% 4 Bl & (axis-
aligned bounding box, AABB) % /K~ it 28 4N 1% = 4
X4 H VAT T A bR Al A SR b S TR . T
AABB 5 A ARl A7, 78 0T R = ZE XS Gt B
ARz A WE 1) iR A w AL &R RTE
YA E b, BE S AN = 4E X R I /) £
& SR SR &R TR A 1) G R A
SE A AT TS ARGl . DL, A 1) AL ] & RE
U o B e = X 2 0 23 1) R O, Tz T
PRI A3 AR S 5 b o — BT b s A AR AT 34
7 1) F9 24 Bl 28 1 A 1) 0 BT

(a) fx Q&
BT PR & s
Fig. 1 Tllustration of Two Kinds of Bounding Boxes

(b) A A

2/ OiE

DXl G2 1w R A 30 7 s R 4R ]
SR 3 22 A P A TR ) A X g — R R s ) )
3 DX N7 FH 8 4 1] B3k B30 vk S B R A DX B 1 AT A A
W Y =ity p s R G850 oA o B 2
BF, B ) 43 B A0 S () ) 43 XKL BE A e 2, &
B0 I [a] R0 S B B AR JEARAR K . &4 VSPZ
() 7 R PR A 3R] 2 AH Bk 7 L TG A B T L R
Fr DL SR A BT R AT IR AT . T LR,
AR SC R H — o I T R -0 2 B = G S TR A
Sy AT Al AR ) . R SRR IR 2 s .

HEEAFELIT PR

D& — 1 = 4e Ak gt o 0 2 0 = 24 5
(B 45 K 20 A5 7Y AR 485 A = s ) 2E A7 b B
I G — kA B X T 21 (S SCORF I (R % A5
BIFRAE A GeoTuple) . GeoTuple fL 5 JLA[ {5 & .

ST BRM BUE B . SCAE B R B S BAE
S UL — i il % SAF 6 T GeoTuple 5 JLA {5 B
AL =X GME— bR PUF D BT X N AR T
TR 55 JLAR AR B R0 AT 1) A & . BB X oo 4 2
=BT NoSQL B4 v s BEAS 1 77 fith 2H 27
J6 B LR L E B 5 AN AE B (43 45 803 A
) AN =4 i BT 4 (GeoTuple) o 7E 434
RAIFH RGP, GeoTuple 75 45 s 09 P R, i
b AT BT SRR AR R S
B A 0 28 A R ) A 4 A

T = YR
IR FEF$7
——| 2T
3OS

-

e
YER TS g

GeoTuple:

G =4k
Hd g
GeoTuple

B
— LT R oA,
PR B

SR VSPLI 4>

T
MEEE R
VSPEZE

T
B LAVSPE 211
# AT L L,
Vﬁﬂjﬂiﬁ
BRI e R
BE RIEE e —
2 AR

{ MEEHRAABB,
g

e SHT R K 45 SR
#:VSPHash
15 % 1% = 4 E F GeoTuple

BSPI 14

SHERREZ

PERAP A E ThiE P
£#:VSPHash

HiR A = E7T W= 4% 5 () Geo Tuple

K2 HkBwmik
Fig. 2 Flowchart of Algorithm

2) TSt -I0 290 AT A ) . -
T B = A X G 0 nT A A ) LR R R
o B bR R )2 R X S A &R
VSP ¥ 8 A~ = 423 [ ] 53 W4 A>3l L VSP L
AR s i) AP R — R B R T AR, T A
70 B B AT R A2 e 2R = 4 X 0k e VSP g Tl
WA e B o W SR oK BSOCHS B — VISP ] A fig R 4R 1Y
GeoTuple 8 E XT i th EH 2 R %, B2 pR B 1S
BB — W AT R S, S e IR SCk (24 ]
P g |5 R TR 7 7 2 R A1 BN



%48 H5 9 W

K HAEAE )T IR S5 -1 24 B4 53 A1 5 XSO0 5 AT R A i) i 1485

B = HEX R A A TR LA SR RS
1 i S AOR A R — SO W R

UNIUE S5 - JEPUN sbu s ATNIKEELE S{WSY
T A T T LA o

21 EfMxFaBEsaE

e 3 FrR A SR )2 G 574 B & 5
L VSP B K14, )29 AABB J&—Fh B A )2 IR 45 4
f) AABB., JZ %% AABB # & i 72, 24 R %%

AABB A fift B0 8 ik — 5 HORE I H 22 00 0
T 7% AABB.,
BEG
z Z e

SRR L

> Cc4 | CB
— D
cC | CD
x © X,
(a) =4EXt U0 43 A (b) VSPHash#w %

3 =g 5F 6 g m = 1A
Fig. 3 Illustration of Hierarchical Axis-Aligned
Bounding Box

JZ9% AABB R # 7 WL AR AR

D)l T =4t i S, e L2 K
AABB R 7 A5,

2) ¥ BRI AR 43 77 2L A9 AABB Il
IIEN KN L X WX HH T2 AABB.,

B % 2 g% AABB =5 [i] J@ H A kR K
[ X Xovwer Yo Yoor Zuior Zua ) - W B — F %
AABB Ew lﬁJ«a@Mﬁy

Xmin

AABB(r,c,h)=[ % X
Xmax 7 Xmin
min» L ><(7’+ 1)+Xm

max

Ymin
X e+ Y,

Ymaxi Ymin
Yoo = You 44y

2o st 2o,
o X (h+1)+ Zuw ]
(1)

X, rel0, L] cel0, W] he[0,H].
IAWIELTE2) , HEM F Al X THE

B g, i 29 AABB BT SRR

B % = 4 XF G2t 00 P (2, y.2), T AABB

M3 X F

X Xmin y 7 Ymin Z Zmin
r= ,C= s h —
L w H

(2)
Krp | R B
4) %t A58 3) iy T AABB, I FH 25 8] 3 7
i 28 1t 47 4 A 3 T MfE — VSPHash, B 545 &
Fih AABB A ez rp iy HAK L& . VS-
PHash (I F 7 R Z2 R KRB FAF R RSB R
T 9% AABB B F 19 o5 G 5% 35 02 LLAC 1 A VS-
PHash i ¥ 3k, f9 4n , & 4 o 4 5 B 19 A2 %
AABB 4240, A 19T % AABB ¥ DL BIF k.

A

P4 =303 ] o3 H A A 2
Fig. 4 Tllustration of Construction of Binary Space

Partitioning Tree

5) H Wy AABB H (¥ LA '5/\%(%7“%

ik e KA 2R ek ) 4 2 5 PR AT AP BR 2
3) . 4) s, pR A
i 2 G AABB A LURE B AN 75 6] 4] 43 B Ay
TAF B —FEUAE = 4E 2 W8 VSP,
AR BA DU AR (D) ZS ma N, =4

X G 2 i Hozs AR 40 06 R L & 4 R I X [
PN BE 4 H5 AR [H) 30 40 56 R A9 VISP X ) B /N B

23 A1 R0 43 R B A /N 5 R 2, WA B, 3 T
SRR TR SR A AT . (2) )29 AABB %
FH Hash g f% 7 3, o7 LASE 3 57 75 53 U0 = 4k X 4
() 25 B B, — J7 M AR 8 VSPHash 1 J H Wi 25
] XoF G 1 % AR R B 5 o — Ty 1 i 82 20 i o ml 3
() = 4 23 [a] 45 3f) vh o] DR AH 28 32 B e R A
RN T P A =N =3

R VSP &4y 2T RLE = gk a8 R4y R
LA T4 VSP, 55—~ VSP R 2l 37 (1 AABB.

B S oA AR BR AR < (1) 3 [ A A~ F 3 VISP,
FREF 3% VSP ) Hash {5 AUJLAT 05 (2) A VSP
B JLART e S BRG , DL— 58 04 R A2 AR AT A0 3
BR (TG 8 2 75 90 14, 1% VSP R 5 4] B A7 ] 4R sk
BRIE BRI AM = HEXT R BRI L) 5 (3) i A 5
A AR ER B A S R = 4EXT R, IF L GeoTu-
ple & A& AL L) R EH o



1486 RO ¥ R R BB D

2023 59 H

22 VSPHH A ZE

e 55 pR BRI LA 4 F22 BV SP 19 Hash {8 R 5
1 GeoTuple MAH , /E M AEAM AT L. B
Y5k LU BT A R — VSP B 2 12 9 i = 4k
X} 4 GeoTuple LZYy 2 [/] — UE 2, SC L VSP N1
AL I

VSP Y AT A i) Jy 2 ial B AT s (1) % B8
SCHk[25] 4 T VSP W T A AR YIS L
(R 45 5% e S, DT AR 45 22 > U0 °F 11 0 — 4 - 1
SPIAHE ey ;(2)11Dl’§l4ﬁ)?/T 53 5%t g — 20 1K
] TR 4 4 it = s ] 43 IR, A2 R — 41 BSP
B, BSP*XJLE’JW@??T%H@I@[ZG]'(?)T*
ST S b, B T A W S T A G ) AT R
B TRl 3607 1 B — BE 5 ) ik 5 £k, R R AP
B2 BSP R IHE 52 E R A ML LR
1) 4E EE | 3R (8] B 5 00 35 3 19 48 BUIE e xf
L = 4 LA EDE 5 (4) 43 3 AE 45 AN U1 T3
B3 IF ¥ &5 RO G L E R B R
2 RT3 ST T A 1 AT DL AR 5 (5) RURR A 57 J7 4R 1
VSPHash 8, LG58 (4) Al WAE B GeoTuple
ME 17 A NoSQL # ¥ i H .
23 HiENSAHRAZH

AR SR 3 5k e S -0 24 A X S B A A K
B g -H AR E A TR R ARG T
TE WL S5 o B8 v i K BB 0T o0 4H T & M 26 A
29 bR, DR AIE T AR 5 A A ) B ) B (X e 2 i
N [F] — R 2 v B AR v

Map-Reduce 5 51 5 & 55 50 -1 24
A S BT B AE A AT v R K 1/0 #
YEREAR T 5 % % . Spark 7 £ X} Hadoop #E %2 1
(A JE R G L B Transform 58— (42 45 Bl 555 1R
YR A ) BTG AT AR, BRI AT Ac-
tion B4~ B A" 52 B ECHE 1) A0, DT a2 1 AR
b e A R Ya L BE 08 S LB M At = L L
A 1 8 S -I3 2 3 SR AN 1 5 R .

AR SC M 43 A B IR S E R B (1) e S
ORI UK A7 T HDFS b i) = 4B A GeoTuple JF
PP AR SCHr v, - A b v [i] 25 51 DL i %o
J% 41 ( VSPHash, GeoTuple ) i H 5 (2) 24 b 5 55
WA A, B R ) TAET R T,
i 15 54> VSPHash A [7] , B [/] — V'SP 73 X i §
(B XS i A TR] — R 24 o6 85 (3) R 2 ok B8 A 43 Ui 2
[i] — VSP 43 X = 4EXf 4 () GeoTuple J5 , 447 7]
R I, A e 4 85 R AF A NoSQL 46 v .

JE 485047 (HDFS)

GeoTuplel (GeoTuple2| GeoTuple3 GeoTuple4 GeoTupleS

%1 KVSPHashl,GeoTuplel ;

&) 'VSPHash4,GeoTuple4:
#&  KVSPHash2,GeoTuple2

i 'VSPHash5,GeoTuple5

'VSPHash3,GeoTuple3
L RTTEA

“<VSPHash3,GeoTuple3>!

?& <VSPHashl,GeoTuple4>/ \<VSPHash2 GeoTuple2>/ \<VSPHash3,GeoTuples>) f
———————————————— L il
<VSPHashl, <VSPHash2, <VSPHash3,
HiR1> 4iRo> HiR3>
mé’g?Lﬁ“E(NoSQL)

BI5 Bl i - 23 A X

Fig. 5 Map-Reduce Computing Paradigm for
Visible Query

3 ER5SitEe

3.1 EIGIREANLIGHE

AR SC S B i RE AR PR B AL ST AL
A S A A 24 # Intel Xeon (R) 2.3 GHz
CPU Dk} 64 GB N7 . 280 43 T B A 1H AT 55
HEA 2 GBNAEBYAZAT 55, B, AL i &
AHA 80 MBI L. LRI E T 64 fi
Linux $#4E & 48 CentOS 71, Horp 23 4 03 5 5

& H Hadoop 3.1.2 Fll Spark 2.4.3, ff fi 51 % %
FFJ HBase 2.2.0 5 NoSQL ##14i# JZ£ , Redis 5.0 1
R o3 A IR AT 51 HE Y SUZ B840, SE 5 B vk H Java
1.85:9 .

WE 6 BT 7, S 56 X 3k 2k 650 1 7R 48 BRI
X 0 R X, G b P 2 22.51°N~
22.58°N, 113.98°E~ 114.10°E, tt IX 3k Ky ¥ Il 1
HC X, B B AR B kT R . Sk
iP5 2 SDMAX A6 Y (R > 51 B 91 i mT
AL ST = BB BRI R G H ), 4245 (8
K 8 542 m X i 4 877 m X & 440 m YK I
A, el & 209 850 A4S = 47 [A) K 42
32 LWRERSH

R T B UEA T R BB BAOR T 3 SR
AR FE A 6] R 22 nT A 90 (38 17 s ]

TESS 12 S50 i, AR SCHT 0 A 52 95 78 o (52
B AT N 80) : (1) Z G AABB it 775 s 37 )5
P ) 43R B 5 (2) AT LI ER I AR L R Y el AR
ARSI AR AR, AT A A IR T AT R BT A
R, Ho 5 1A SR AR JER T VSP T i



%48 H5 9 W

K HAEAE )T IR S5 -1 24 B4 53 A1 5 XSO0 5 AT R A i) i 1487

AR S 2 = 4 Xk 00 A K, DL T G R e
VSP #23 [a] % 70 B B

e

: AT ET R

6 S X I U [
Fig. 6 Overview of the Study Area

K7 29 VSP B 2 31 1 R AT A0 Js ek 42 %)
CR I ESINFA T E S

B fH F45/km
10 - |
=)
.8 3
5 =
=6
=
74
s
N 2
0

10 12 15 20 30
“FHIVSPiILK/m

7 VSP AT 2430 KR AT ALk 2 A7 0 312 AR A 5 T
Fig. 7 Influence of Average VSP Size and Threshold

Radius on Runtime

RIS b, AT A o T A B R 2 2% B Dk 4 2 ()
0 B A A BRI = 57 7 A B AR B B AR, ST
J7 PR B - 35 30 K D B R B 1/a, o
R [R] 52 2% B0 16 0 28 5O 1, P VSP il K
BB 10 m I 2E iR 249 1 833 J7 ot ¥ 7 W] A 4R
SR 5T & B, B 25 VSP il & #k 2D | iz 17 B ]
JEAS S ] B Ml 5 =k O G R o LR RO A AR
Yy, R )2 9% AABB 13 #2 b % & VSP 4
XGOS BUS S A SR Y VSP ] A
Ji 1 T AL SR S TG 3 R IE TR SR BR P 1 = 4 X
SeOn YA o T S A T A AT R S Bk Y = 4 X
SRR T AR R R 55 R A AN B A R
I A — B 24 B A T B T AN —

55 2 21 SRR S H 2 42 18 5 km, SF 34 VSP
AR 30 m, ¥R 5K 38 17 I [E] A0 O AT B 22 fE] G
ALV ERNE 8 s .

i & 8 W] LR B, Bl A5 JF 47 BE 35 n , BB 23t
BRI S5 A I, DR T AR B ) A S o D
R, B AT B[RRI IEAT RE JF AN 2 S R B R L G

LRI AT B 0 T A R B R R AT B e B i S
WD KA 48 AT A A, B B AR Y
MR . HIERWT (D) EMLY g, 317
BE B > T A SRR B . R BSP K
RIS §6) - 35 1 ) 2 44 o O (N ) (I PR st i) 52
Z B O (log N )™ {H 2 H g it 5 0 4 5 BUR
JEE B0, DT B8R ALK 38 51 22 50 R A o, B v T B A
5 (2) IFAT BE 0 15 25 5 30T A5 18] Y B A%
MR AR =, T AT A ROR . 25 1 AT E
I A7 I (0] 4 96 2R de 4 0 485 SR i e T b 3R A
JEUPE R R R

2.4 pailveydad
L 22

20 30 40 50 60 70 80

8 Jf47 B Hlia 47 N ] A 5 &

Fig. 8 Relationship Between Parallelism and Runtime

FE5E 3 AL S v, A3 i) A I i A v e 43 1]
Ay A A MAE 2 J7 507 1005 (1505 1 20 5 A =
Y25 [ %k 52,8 B AE 2 4235 R 5 km, 3 VSP i
KBk 30 m, AT BE B 48, BRI A IR B s 1
o3 A R UL G kB AT X S R R
TR S R SR A RE B AT RCR B e
AR B AR AT RACR ) .

M9 R] LAAS B o 2 T e A
] X G AR e SR T B ROR T L. Bl B
e 1 o T W= RN R = B X e T
B A B, 7 B0 AR B K2 4 5 A = Y ) x4
BF, o0 A AR e T s k. XEm T
oA TR AT S5 1R o B E Ay K O B R
F18 S5 it 0 e B o P B R I A e SRk Y e TR
SRR O(N'), FERR AR K, 14 48 00
PEFRSE A O 4 08 M pe o 5 ) R, N 43 A 20
0 (11 B e 1Y SN PR ) 35 S O B € |
Ik —ERREE IS A0 A0 2 e A BRI

4 & iF
AR SCHR HH — b B T I S - 24 01 = A s ] X

Gy o3 A AT LA 5 3 K AN [R] VISP ] i Al R
AT 55 IR & B AR W TH SR AL AR AR v, DA



1488

DR 2 R (R

ISR Y

2023 59 H

BT STACR.

A Sk
(LS

0
2.0 6.5 11.0 155
=YX R EU100 A

PO [ B i o A U E AR SRR ka2 47 I [R)

Fig. 9 Runtime of Our Approach and Traditional Ap-

proach Under Different Data Volumes

SR AR R 077 vk A R R (Y 5 TR A

23 () 85 R S ml 7 Ak A T AL R LA 27 5t Y Al
MR OR . TR 2y BRBCR A SR CF T D) 23
J5 B 5k THIAL VSP AR R S B 158 46
BOMRE o A5 T — 2058 TAR R 51 A R 5
(5 5 BR 0k, i — PR R A R A

[1]

(5]

(6]

& £ x #

Guo Renzhong, Chen Yebin, Ying Shen, et al.
Geographic Visualization of Pan-Map with the Con-
text of Ternary Spaces[J]. Geomatics and Informa-
tion Science of Wuhan University, 2018, 43 (11) :
1603-1610. (AL, MRl B, B, 45 =Jnas[h
TRz s T AR R [T]. RS (E BB
), 2018, 43(11): 1603-1610. )

Guo Renzhong, Lin Haojia, He Biao, et al. GIS
Framework for Smart Cities[J]. Geomatics and In-
formation Science of Wuhan University, 2020, 45
(12): 1829-1835. (AL, Mz, BU%, 4F . 1
R BT GISHEZR[T]. s K244 (fF SR
S0, 2020, 45(12) - 1829-1835.)

Kong Dehan, Liu Yongshan. Visible Query Based
on Road Network in Three-Dimension Scene [J].
Chinese Jowrnal of Computers, 2016, 39 (10) :
2045-2060. (fLAEH, XUl . T H R = 2 1
LI 9237 Sl 4 T A AE SR [T]. TR PL AR
2016, 39(10): 2045-2060. )

Pantazopoulos 1, Tzafestas S. Occlusion Culling Al-
gorithms: A Comprehensive Survey [J]. Jowrnal of
Intelligent and Robotic Systems, 2002, 35 (2) :
123-156.

Clarisse P. Smart Cities in Japan: An Assessment
on the Potential for EU-Japan Cooperation and Busi-
ness Development [M]. Tokyo, Japan: EU-Japan
Centre for Industrial Cooperation, 2014.

Zhou C, Chen Z J, LLi M C. A Parallel Method to

[9]

[11]

[14]

Accelerate Spatial Operations Involving Polygon In-
tersections [J]. International Journal of Geographi-
cal Information Science, 2018, 32(12): 2402-2426.
Fang Lei, Yao Shenjun, Bao Hangcheng, et al. An
Algorithm for Optimizing Routing of Remote
Sensing Image Parallel Processing Based on Data
Partitioning [J]. Acta Geodaetica et Cartographica
Sinica, 2019, 48(5): 572-582. (&, Wk# 7, 4
WU, 55 . TG AR I AT A A B d o b HL B AR
PALFE[T]. M4, 2019, 48(5): 572-582.)

Zuo Yao, Wang Shaohua, Zhong Ershun, et al. Re-
search Progress and Review of High-Performance
GIS[J]. Journal of Geo-Information Science, 2017,
19(4): 437-446. (A58, B0, BEIN, % . &
PERE GIS WFoT ik J M iPIR[T]. HusR {5 BB 54,
2017, 19(4): 437-446.)

Yu Lijun, Zhang Feng, Liu Renyi, et al. A Spatial
Indexing Method for Efficient Generation of Vector
Tiles[J]. Geomatics and Information Science of Wu-
han University, 2020, 45(10) : 1633-1641. (fy i
BBk, XS, A — R e R R R O
s RS D ET] DR M (F B R
fZ) ., 2020, 45(10): 1633-1641. )

Nie Pei, Chen Guangsheng, Jing Weipeng. Parallel
Construction and Distributed Storage for Vector Tile
[J]. Journal of Geo-Information Science, 2020, 22
(7): 1487-1496. (GEifi, PR HE, SAEMS . &I
WOFAT RS o A U AR R SE [T, ek 15 R
Rl 4, 2020, 22(7): 1487-1496.)

He Dengping, He Zonghao, Li Peiqiang. A Parallel-
high Utility Itemset Mining Algorithm Based on
Spark [J].
41(10): 1723-1730. (fI 22, fy sy, 2ol . o
T Spark #3474 m RUN TRz Fk (7], 5L
TR SR, 2019, 41(10): 1723-1730.)

Zhang F, Zheng Y, Xu D, et al. Real-Time Spatial
Queries for Moving Objects Using Storm Topology
[J]. ISPRS International Journal of Geo-Informa-
tion, 2016, 5(10): 178.

Wang Zhihua, Yang Xiaomei, Zhou Chenghu. Geo-
graphic Knowledge Graph for Remote Sensing Big

Computer Engineering & Science, 2019,

Datal[ J]. Journal of Geo-Information Science, 2021,
23(1): 16-28. (Ei&4E, ey, JA pUpE . il fi i
SRR B B9 M 2 R S A AR LT . R fE BB
FHl, 2021, 23(1): 16-28.)

Qing Jianfei, Yang Yaping, Li Deping. Research on
Mehtod of Massive Remote Sensing Image Retrieval
Based on Distribute ElasticSearch [J]. Geomatics &
Spatial Information Technology, 2019,42(6) : 64~
66. (W& AN, B % LT 20 i Elas-



5 A8 B 9 1) B

AR 255« 1) P RIS -0 243 59 A 3 IX 300k G T W A 360 7 v

1489

[15]

[18]

[19]

[20]

[21]

[22]

[23]

ticSearch 1 1 i i@ &SR R R OT BT L] 2
52 IR B, 2019, 42(6): 64-66.)

Wu Huayi, Cheng Hongquan, Zheng Jie, et al. RS-
ODMS: An Online Distributed Management and
Service Framework for Remote Sensing Data [J].
Geomatics and Information Science of Wuhan Uni-
versity, 2020, 45(12) : 1836-1846. (R4, it
B, BA, % . RS-ODMS: — Bl 43 i 2 i B A4
TELE SRS HERT]. RBUK 22 (5 B ARk
fZ), 2020, 45(12): 1836-1846. )

LiJY, Meng L K, Wang F Z, et al. A Map—Re-
duce-Enabled SOLAP Cube for Large-Scale Re-
motely Sensed Data Aggregation[J]. Computers &
Geosciences, 2014, 70: 110-119.

Li Jiyuan, Gan Bin, Meng Lingkui, et al. Rapid
Imagery Tile Generation for Remotely Sensed Time-
Series Data in the Cloud Environment [J]. Geo-
matics and Information Science of Wuhan Universi-
ty, 2015, 40(2) . 243-248. (ZE4kb, Huat, &4
%, G5 mIET YRGS R PR A D) Oy
ELI] B2 M (F R MO L 2015, 40(2)
243-248.)

Hladky J, Seidel H P, Steinberger M. The Camera
Offset Space: Real-Time Potentially Visible Set
Computations for Streaming Rendering [J]. ACM
Transactions on Graphics, 2019, 38(6), DOI:org/
10. 1145/3355089. 3356530.

Nutanong S, Tanin E, Zhang R. Visible Nearest
Neighbor Queries [C]//Advances in Databases:
Concepts, Systems and Applications, Berlin, Ger-
many, 2007.

Sultana N, Hashem T, Kulik L. Group Nearest
Neighbor Queries in the Presence of Obstacles[C]//
Association  for Dallas,
Texas, 2014.

Luebke D, Georges C.
ple, Fast Evaluation of Potentially Visible Sets

Computing Machinery,

Portals and Mirrors: Sim-

[C]//Symposium on Interactive 3D Graphics, New
York, USA, 1995.

Chakravarty I, Freeman H. Characteristic Views as
a Basis for Three-Dimensional Object Recognition
[J]. Proceedings of SPIE : The International Society

for Optical Engineering,1982, 0336: 37-45.

O’Rourke J. Finding Minimal Enclosing Boxes[J].

International Journal of Computer & Information

[24]

[25]

[27]

[28]

Sciences, 1985, 14(3): 183-199.

Gu Weijie, Liu Yongshan. Research on Directional
Relation Combinational Reasoning of Double Projec-
tions Matrix Model [J].
Science and Technology, 2014, 31(5) : 538-542.
BB, X7k . OBUHR 5 B A5 AU 1) T 1) O 3R 20
BHEFATE ], MR HoR M, 2014, 31(5):
538-542.)

Cohen O D, Fibich G, Halperin D, et al. Conserva-

Journal of Geomatics

tive Visibility and Strong Occlusion for Viewspace
Partitioning of Densely Occluded Scenes[J]. Com-
puter Graphics Forum, 1998, 17(3): 243-253.
Naylor B, Amanatides J, Thibault W. Merging
BSP Trees Yields Polyhedral Set Operations [J].
ACM SIGGRAPH Computer Graphics, 1990, 24
(4): 115-124.

Huang Shan, Wang Botao, Wang Guoren, et al. A
Survey on MapReduce Optimization Technologies
[J]. Journal of Frontiers of Computer Science &
Technology, 2013, 7(10) : 885-905. (F i, T i
%, TEA, % MapReduce b H RZgR[T]. 3T
FHLRL: 5%, 2013, 7(10): 885-905. )

Wu Qunyong, Su Keyun, Zou Zhijie. A Map Reduce-
Based Method for Parallel Calculation of Bus Passen-
ger Origin and Destination from Massive Transit Da-
talJ]. Journal of Geo-Information Science, 2018, 20
(5): 647-655. (BRRED, R, 4R A . 2T
MapReduce [ 22 22 e % OD JEAT 5 7 k[ T].
o ERAS BRL 4, 2018, 20(5) : 647-655.)

Li Fan, He Honglin, Ren Xiaoli, et al. Research on
Spatial Sensitivity Analysis Using Parallel Algorithm
Based on MapReduce [J]. Jowrnal of Geo-Informa-
tion Science, 2014, 16(6) : 874-881. (ZEM, fuf it
Mo, AE/NEN, 25 . FE T MapReduce ) 28 (8] B5USE 7
ot AT R BT[], HERAE BBk, 2014, 16
(6): 874-881.)

Lin Yaping, Du Zhenhong, Zhang Feng, et al. Re-
search on the Analysis and Statistic of Geographical
Conditions Based on the Strategy of “Grid Index+
MapReduce” [J]. Jowrnal of Zhejiang University
(Science Edition) , 2017, 44(6) : 660-665. (k%
ML, ORREE, BT, S M M &K 5] +MapReduce”
BB R (R R A TR Ol A I R NG =
e (2R , 2017, 44(6) : 660-665. )



