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Research on Detail Level Index Technology of Massive 3D Point Cloud Data in Virtual Tourism

ZHAOQO Er-ping DANG Hong-en LIU Wei
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Abstract 3D point cloud data in virtual tourism are particularly huge and the batch index has become a research hots-
pot. There are some problems in many index trees, such as spatial overlap of sibling node, not achieving level of detail
index and low indexing efficiency. Therefore, point data reflection intensity and level of detail technology were intro-
duced into R-tree,and LODR-tree was presented based on improved R-tree, Before establishing this tree, point cloud da-
ta needs to be pre-processed, such as sorting, grouping, removing spatial overlap and so on. The index records which
meet the thre-shold conditions in the leaf nodes are inserted into the homologous non-leaf nodes along the parent-grand-
father-great grandfather family relationship, and LOD index tree is created by this method. Data redundancy is con-

trolled by reflected intensity, and query optimization is achieved by pyramid cutting technology. Finally, experiments

show that LODR-tree has obvious advantages in LOD index and query efficiency.

Keywords Virtual tourism, 3D point cloud data,Level of detail, Index structure

1 5]

“HIR VHR IR AR WM 2R R AR F Rl AT .
B R B Sl U I B SA IAR I Ah JR e d E UR X A A% R AL
R, MASEENINRET M. BT, EEEB =43t aH
ASUoRe SR B B 5 DXCRHE » S 1 AH AR HE R AR 1) 3D B 8K
P R HURWERE AL, — i i X ) s o A 2 Y T o 3
— AT AT R S, TR SCERC L] BTk, — IR KYE a2
i T AR, R R Z AR R ZHBATENL T
FEREE R, HILBERYE 3D M= BB E At E RS
— H R P S R A e ) [ R

EFRBFENNEEEIEEARZTRRGI R, %=
FRGERVEBANFESRKBRERTIFEE, MHFEE
FAERE ARG 454, k-d(k-dimensional) ##f , bsp (binary
space partitioning) # ., octree #f R # . R* # . R* REL =% FH

il

FFHE.2016-12-29 RMEHEH:2017-04-13

HZSRIRG 1G5, k-d BEE B 4R A 4k iR A LB
I 25 S50 R T B 1 8 o, 5 2R B I A L A e
BSP 4 (5 SE BT R E A 2, A B A R MU S50HE 4 28 B A
ZSRIREIRES . BIBE K 15 ABLNAT , octree A% 1918 R
AEIRML AE 2D (B e B MR 2 B R . R AR,
BN B R G| MR F oy R Hag™ AR RT
AN R W A4 A S BRERAE A 24 B AR, B R AHE AL
R T YA RV EE LA AR R B 451, B B/ AT
MBR (Minimal Bounding Rectangle) 3 #7752 5| %%, MBR
LAY BB S 4eas |, RSP SLa04h S0 b 2 (8] X I B & 18
REBEWRHRTIEERRIN FERE., RS R B
AT AR 25 B AT AL B, R 4 2 i A5 I 36k ) ALl BB A5 3
H ARG, TEWSCERL5 R E] R4 R W B AR SGHE T R Rk
A8, 1840 S %ot B0 WU AT A B, R AR VR A 25 0 st 1) ) G
T4 S, MH RFMSIASER L R A R B R G &8,

AZER HRBAE4 (41361044, FHIK B 6 X HARBH#E 4 (12KJZRYMYOD ¥ B .

BARFEA9I76—), B, Wi+, BB, FEWH M WEIEEH AR, E-mail; xdzep@163. com; B 4T B (1978 —), B, Wi+, P, TEM R F MR
SRR X HA976—), B W+, BB, TEMR T M NS ERE.



172 it &AL B A

2017 4¢

AR 2E R T R EIRS MM T KEHRIIE.
2 WRIR

S TP RO o S 55 45 55 4% 8] X 3 i) 3 & (5] B, CSR-
tree™ K s AT R L T HE B AR SR RSN R AR
s R, JERRET RS R A R 3D B — 4Epg
MM A T I R B R WA 43 1] X 3 B & . R-Forest™
FEEAAZZ I R A8 3 AR PROR B 3 23 [8] IX 3R B B 4
PR (ERR XA R RIS TE & 3D i HIEEA
Bk,

VoR-Tree!™ 25| 4544 R 8 1) 145 55 72 it 23 1o B2 1
41 E (Voronoi diagrams) K H 148 /584l ; Dinko Osman-
kovic 5500 45 = 4L A AR 43 FIHE I IE 5 A {ESREE M NINS 5
BE. SCERLS-9 PRI 4B RA LTI RWLIR R RGP 6E.
Zhang R H T R TIMEEH, 55— R ER-tree KT
ARz A X 3, 55 M R RS T 25 (8] 56 RARAE 10 &5
PHR-Treel™ (Perfect Hash Base R-tree) ¥4 P M8 7 R E B
B R, IR R AT RS A RT] . SCRL10-11 ] R
S EE5Mg S 2%, I TR] A2 [R] S 20 BE AR AN IS B E K I R = B8

41452k LOD(Level of Detail) & 51454 R # i i
HRS5 BAREUE BB, 5 B B2 TEUE, R4
2, A e E 2R B #%., HJ 3DRTree™ il V-Reac-
tive A REME, BRI A EE 5 RAAREZHIXR, A
45 R R B R X RARRE Y B AR, R H 22 48 R B2
B, LAAFRAERATERRT . B TR RE 4T
BERAFALE] F s T RRITTAREE . SDMR #4253
PRSI R, AR 45 U8 BRR A BRI B %
Jrik BRI RE G ES LOD B, AR R R BRI
. SCHRL15]4# Hadoop ¥ & EFIH R #IFTMBERTI,
SCHRL16 42 GPU B R WSEBAT 8 0 &AL B S5 AL
s, ENTEREA A R WL R BRI TR, %
I RGHEARNA 52K

RE RWEBRIIFE—EAE,BHF RMRESH
BARRE A HAESEBRN, I TP RR BT BR . TE AN SCRRL L7 IR aE
AR TR EEE A b, R Wi a8 507 3 #5
KRR, AT EE LHIEE E R WWBREE, B
WM ATFEL RS & EiRIERMA T A ABE
Mz BRG] R WVERRT | G5 2B E ik #E., BT EM
H 456 WOBEUE I B A R 4R 40795 2 K 51 R LODR-
Tree (Level of Detail R-Tree) , #5548 A % 00 I 558 (5
BAERB MRS FIA RW, ERBA R 2 5 R 5558
B BE, RFIEM4 A S5 BAREIEE B B HRBCA R
ISP BE 1) SRR 5 Ry T B S SR A s A X I A, AR AT X
BARAAT AR

3 LODR ®HES|I 4

HETFHTZREAR K LODR-Tree $&# 1 £ J2 X B A R
YT JE IR, AN I )2, 5 S 9 B R 1 A, A A SR
b TR R BRI 2 AR T2 R G5 B R
g R TR, R BT E
3.1 LODR#HISIHEEN

3D g IR v S S5 B (R R ) R S A T T, 4

A A I o7 T S 5 R B R B BB R A NIRRT
T 5 B A REARR WAL , )RR B AN 5] J2 8 B S U o BE A
AW R BEN T B EREH T ZREG] . £5 R Wyt
RSP TREAE , AR AW A R R RG], B X R R
T 3 KB DB SR BEAE RSB IO 4E 5] A R W, 0 4 %%
PRI RG] 52 RVFIE 45 G B, BI9E R A% i it
HREHNZRXBMEAEERIICR LB BTSSRt
TR DR TEN S 'Y, RFRZ VIR, Bt ER R
WFRYE LODR-Tree, [ 5 3 BEAE R 475 B2 IR R 5| A 544,
B2 WA R S5 9 BE B A » B AL 40 39 2 A8 — 28 Xof A (1 AR
Z5m, T LODR A H5E 3, fan R R REIERE
BREH B E s mGn= fan/2) AL MBI ER
BT B A R RE A2s R = 38ORL

EX 1 DERIRE S, B R RGIEREEN T m
M fan ZIRL2DMEREZPERNET BRIEERM 3
AN B N — TR, AR5 ST TR T4 RUAETE
SMIEETE (AT R s [a]) ; 4) 45 s XTI T A H B
HAMIRZMSMIETE , BALFE—Z ;5 g s R85
ORI HA -G A FE B ZAEM 4, RIFRE ViR
6) AT IR BEAE A R R R AR KM, A RFRTIDFHE
J2 BT 5 B AR P A R

Hi5E X 1 AT A1 LODR #4% 5 R MM = AR D
LODR #f VAR i 45 i B B2 5 ) 5008 A R J2 5 18 5 2) R 51 0
T S SR BEAE , 45 s R 5190 % A (Index, Obj_ID, In-
tensity) , JpH£5 5 R 518 % 24 (Index, Child_Pointer, Inten-
sity) » Index &4 J7 & MBR, Obj_ID £X} 5245 , Intensi-
ty SRR SREE, )2 Intensity F B € BE, H REERTIKTF
BEEE ;3D S 25 2 b R BB A R S S A
-BHARHFEXR L8, Il AR R #4558, LODR
WERAM T A58 R AR BB SE B4 19 J2 R R 51 A K R L o 45
23 [ DX A A T 3 2 B VI RS R , AR T SCBR[12-14 ]
P ERR TR EIRTTAR .
3.2 BEEFIETALIE

Efi 1 vswsvssesu yﬂjﬁﬁ:sh s I s Iy s‘"st ﬁﬂjﬁ
A T B SUBE P BN S S R B (1< < fan) , AT B s
v HR SR EE B/ IMES I L L (L> 1) i s Ny 7~
Q.0 v Un =10, v g0 RS 5R BE 1 B/ ME Intensity=1; ,

it @& U N vet1 ZDs vt ﬂu»+z7é®,"-,E¢ L>
L1 > Ly > A<a<fan) , W vy Uiy Uns U=V, V 51
J5 1 2S5 5 BB w0 BOMEL, BV Tmzemsity= itz o

A LODR WRIFE M= H BT T/E:. DR T #5%
SUBREE RS A R B, AR AR SR A R EEM R LS
NSRS 92 (8] 1) 53 R SR IR R I SR J1 3% i AR B kAT
F 3, ARH 3 PR S5 R N SURE I 45 BB KT
LODR # i85 s B OB B RETHE AR -

SiZeus
= ik ,
byt mon UM g (@)

e, sizesq REFE—PHERTUE B KD numyg, FRFTHE R TH
B byte i RE—N R EIRH KN, 2) S 3 BE 15
E R TI 28 40 B BN E A4 B IR R 5 1 8E L
B 3 ANEFEILF Y. iE 1 Bis, LODR B [ 5 R 4, 40
TR N 4 G, HSBAT 2 RE I B R R A2 1/4, Bl



5 10 4

RS, 4 BRI R 3D M BRI AT R IR T BRI 173

AT )2 (low) REIKR A 1/4 B8 = $de, ' A 4075 )2 (mid-
dle) &5 2/4 MR = EE, FATE (high) R3] 3/4 A=
¥ e R 4 2 (superhigh) R 5| &M R Z 80 . PO 558
BEBMES A Ly Ln» I I FoR, B L>1,>1,> 1, % LO-
DR A4 U5 2R 51 . 3)7H58 LODR AR B i B T
ARSI B fan RN AEBRG T
=3 (GO RE N Ra /N W R

_ Sizeug
Jfan byte weora @

HH s bytenoa T — 2RI FR I T BOBHMK 3D
ey s &R M E DN A VT I AN S N R
BERIISIIRRAED o R RSP U\ SUR 25 3 i
Bk #5E LODR A%, DAGRIERCHE A R Tl Ah B 384

LODR-Tree floor level

4 low

3 middle

C 1T 1
1 1 177
L1 1] [T JC T ] 2 high
SRSl -
point data
B 1 LODR M4ty

3.3 fI# LODR #}

BATN\SUR 45 SEUE , 4% Intensity KT HEF
[ R AT 5 R T4 S LR AR R S HBCR K F 36
fan, THEEHLIE J7 KT E MBR, , MBR; , -+, MBR; ,
MBR S A ZE R A Ko Yonin Zonin) AT (X Vo Zonan )
AR, BH S BB RN RER Ly Ly Ly,
I %ﬂ?»ﬁ?ﬁﬁ L>L>1>>1 ﬁ‘Zjo %UJ%%EE 1 {ﬁp/%
B2 EES, BER 1 T AEIRE ST LODR R #—14~
MR RAE-FRINER, B FEREHEHHEUNT
fan/2 B} XS H A BT —A S5 S ERTAL I, DRIES
ANEE R SRS P AR B s ] o SRS T RS TR B B A3 2L 1
7 LODR R M-25 g S S 7 A, B 4 R 5190 3% (Index, Obj _
ID, Intensity) W) 5 553 58 BE BUZ 4 B/ MA., 25 43 A Be /) In-
tensity=1, , WRF|ILF Intensity=1,; &5y B ) B/ Intensi-
ty=L, JWRGHEF Intensity=1,,, LA HE, A TR BEA
PRI RGN TG G Intensity=1, BRT1IL %
EBHEHERRIIER - BHERALL A WA, ZL

S AL A IR ERAEOR R L1, fan+ 1], BT T —

AHEE G AEMRS RO BN AR AL
RO A2 ()R R A A A S 1 R R AL 56 i e
3 RIEIEA S Y RIN AL b . SRILIREERAT , 5 L5
FBTEESE AL, WA 25 R 51 & (Intensity= 1) FI'E &
B BT 25 R Ttensity= 1, )R 5 1T RA B AR A ACEE

BRI LA 4 5 A B 0 R 5 S O L1, & fam 10,

12, 3 AT R R AL A AL 45 m R AR 25 [ 75 W R At B A A 5%
P BN R e R A AR A . FIBE, AR SRR R 45
ALK R FIH AL 45 5 SRR AR BB AL 25 R B IR O Tnten-
sity (BB R 1) FE A B BT 5085 mi BT 45 58 In-
tensity=1; IRTCFRAMEHA G HLLE S . R ILGkEEpIE
%4~ LODR #,

4 LODR BT B ESI L

4.1 LODR#&R3|Hi%

R RS PLHLE MRS S B4 g 2R A 57
B A3 W BT G 0, RIS W45 i AN ST IR A X B
ETHAE, A E 2 R AR ST ZRET MR
AJEKE . LODR # it 45 i 2 58— Bl B s
W EHEA R, LA 1 %5 H % LODR # 4 4i,
MM AR RINER AURHA-EHIFKE LR
BEMPIENE ARG HALRTUER 1/4 WA H
L, A2 2/4 MR B, R EH 3/4 MR BBUE,
25 R BB R = BE , AT SE 3 LODR #2475 E IR
RIIHLH . T8 DB R A s AL BN AR AL R SR
SRR AV, AN EREG R HE, AREOEYS
HXEHRSEXEEAS X, BERENZXBaE g
R R BIR (TIntensizy>=1, 1) 1/4 SBHR , AT LU
YRS 2 ARG R, SRS AT BRG] HK EHE
WEOHAMRLE, NERENSZXBESGHIARIIC
BTN 2/4 1S EE T DIgRSE T IR )2 HoA 45 A5, SRR
HEMTERELT ARG, X R B R ER AN ZREL,
BWTEAS X 3/4 19 R8s Bm 45 B LIS R4
BRG] EWES XBEH A, LODR KA ERE
SIHLHIBEAS LI 3D M =AML & P vk B 1SR R & A )
SrPRRMEEE . FZ U5 R ALEIRE A R e A A O A
Hi BTGB SRS ST B AR LS N L E R 5
R R HR 5 5, T2 ELHE 15 (0] [F) )2 45 45, Bl T LODR ¥ v —
ANGE R — ARG TUE , [J R Vi) L AR 25 0 FF 46 15 5] 98
AT /O W EASCE19 B R & B R AR R BT
/ORHr. BT LODR #TF—R& 808 T L2/ R4 A
B B EE, L F RS S BRI ASER L —41
TRWEHE . B LODR #4752 R K51 £ 304 LOD Midkf%
SieaA LOD, H BB TR ARG T K 8 = JURE f
S AR ) R 2T B LS )
4.2 HEUKRIEH

R THEREVIR AR R LR SRR, L2
P AR tg S RO X 2T A X R B T 24 M
. RNEFEE B BEEA T —ZE A=A TUR
5, A LODR # 12 EE FRFEAT —E X,
)2t B B K BOIB ITA, B AHEAT AL . RS
R, Ry R, s Ry 4y SR 45 5 AL 85 5 AL S i B AL S
MAEFHRIEFEX N MRS, WEAXR RDR.D
R.DOR, R BAREMAFAEBIETOA . FIAZ H X BAE X R
VRS 1) 45 2 S S i B R0 1 P9 S I S 42 ol R 440 49 IR R R 5 | L
EBABIEITUA . Bk W, AR SRR T B2 R X
B, L AZEREE;W, RERTFT B MXE,. [ hix)ZE
RETREE ;W RE W, ET—EHEE. HF W, NW,=w, 1l
wREN LZHAT Z 0B ITTAR X B, 7 w XKW, F
i L> Intensity>I; V£ R 25 )20 V45 - F AT SRHE TTARFE 1
BIEBIE W, =W, , BIFEBE W, W, =0, MRS
Wik, AR EEEHANSE SRRSO BERE—CR
BE B3 T R 3T B AR IR IE B TRR TR AL B,



174 it &AL B A

2017 4¢

HEXMEZIFAZAR, EREM LODR MEERE & HRERTI
BEFR)RERT| A BB IR AR R LR B VR A2 AR
R ke 12 (AL B MU R WA AR SS T IR R
11 B i
4.3 BRERHHERMRL

R AU AR U R R S I U I R T B T A AR R R, — B
FAPMELARSZ , A AR — 0 Ik AT et . 38 0 10k
SRR E RSN EAR A AUE FE S AT LA A
R R . (EX AP DU A TR R BEI R GETT 4, R
B PP LA 90 4% T R RRL 25 [ AR o o o< B AR Sk DR A BB HE A 5
o SRASERERBTBORIEAT A A6 T LUK A R AR T
ARV I BEHIRTT 4 . T/ R R BV 1 0 5t
EHE A T LR BB R, A REER B R —3
ZrX 3. LODR A RZ AMUCER 2 [ R AR Z
I AT LA 7 B AT T B 8 B b JR X B B A, » 7T AL )
AN G 1R 5 TR BT FT A X R R
ERDC IR B R . T AR AR BT A EOR SR AR
JZF LODR A% 20 —— X oz » W At pi1 28 2 0T 3% 8y e 7T 4 X 3k
LI AN B4/, BRAS BEIS B SE 45 /1N AT UL X 3 SR #
PR BOR  (HR SHA MRFE S RTZ HEA T — 20, X R
WA LODR M) HRTZHEA T — )2, g BT AR/ T
T—RERARXER. &2 50 TE 1R IR # 8T
s, LA xoy T ELELR A BT # Y IX 38k CHLAh T L8
R , BRI SRIE IR H SO h TR HEPIZ Z 1]
WEEE o LAK 4RTZIL 7K MBR 2 A (Xoin Vi Zoin) TS
E A X Yo Zoa ) S5 - BB BRI 8952 T 1R R /INTE SR
SETTIREERN b XK ST GE AN w0y SRR N XTE T m R
RN

_hd
H

e Xoia)* T Ve Vo)’ {2
2 2

€))

m=(1 )X

= ARARGE/NEXHE T n Fom , R AN -

_hd —7.
A=F) X Znax = Zin)

n= 5 (€Y

FRUATT 48 xoy I H X ¥ J5 WS 5 & MBR, T 1445
(Xain + mYuin +mZin + 1) T4 £ A LIR Xax — 1 Yoax —
ML =) ¥ FARTR EH 7 1) 5, e 7 1) R
V%, MR B YR E AT — 2, BRI ARERITER
5 | X3 e L0 O S 4 /N AV L R R B > T A
W AL TE G B B A ROEOE B IR T A A P
MR BT B AR Bl A BARZ B, BB R 2R BIE
P A S B T RS B 45 /) 1 e 8 B K, IR BT SE A 25, R G HF
HR/RES , AMBCRIRERER K.

femeee? S

B2 T _gR

5 XREREHFIE

SERBIRE R Trimble VX BORHAHHACRER 3D S B3
#&,18 37 Trimble RealWorks =484 4b P45 3] 3D &H =4
AL, MRt A v LODR 8 BT A 45 55000 5 — A7 & 00 , Kb
S AkB, HLEE N FE N 4GB, # LODR #5 R #.3DRTree #4
H1 V-Reactive B (1) 4 BB 317X LU 23477 » B 24 3DRTree #, V-
Reactivef# F1 LODR ##R2HE T R RESGHEM AT 2R R 5145
¥, B AT otk , 3 AR I 41 2R AR I Bl 4 4L
5.1 BIBERSIEEELLE

BIEERG | R—I AR5 B2 1Y M AB 8 45, LODR #2 8 B
& 3D BRI AL B B B R 51 454, Bl S5 E RGBT
EIARFELERRA BR324 R A4, BN AR R A, B
E—R#EASRSIM, RIS B AIMA., £ 15H T4
RGN BSR4, SO reh . BIR 1 SR A E R
PR 544 B 1] 520>, #9385 2 40715 )2 K V-Reactive B [ B
5%, LODR R 5| 4544 i B ] £ 358 = R L 3Ah 3 Fh
T B 1) R R FE B8 R A B AR TRZEXT 3D 5 = B Wik
HCHET R0 53 DL E A SRS s R AR » B B TR A B 1 I
P AEAIERESI45# . M LODR-Tree 1 3DRTree iy T #E4R
RS X IBRES, KA BN S RETRAG S AR
5B AT/ SUAR Xof 5 0 255 i) 3647 31 435 LR, LODR-Tree 4%
RGBS ATHE Y o R AL, IR A 4 2 kb
FHEERT , B AT ] 76 255 k. 3DRTree 7746 405 J22 YR b 38
FERT BRI, (B R B 2 it 5 f B ik BB, A ¢ LODR 4845
JERA IR, PRI 1t B[] FF 85 71 . V-Reactive BARIEA 3L
P TAL T4 (B H AL B HEAT 409 2 U A 34 B AN Bl A T
Gh R VAR ST, R AR B PR A R R, R 1 R
TRIEE 4 FrRB 45 iR B FF 85 10 B A A S R R R >
T EIXFH AR AL SR AR R Y ] N 58 — H BB AR I K/ L
FRE—HM—F (8 4 FRE IR G gL At B ER AR — 25 58
SR QI R 5| 54 i B IR TR 4 th RS B EE B 1 3
I Bk BRI K, SCISERT 4 FhR T S5 M7 SE PR FE AR 2
AT,

F1 A& 4 MR E

LODR- R-Tree/ 3DR- V-Rea-
#18/GB Tree/min min Tree/min ctive/min
37. 47 29.25 13.70 26. 40 33. 90
18. 60 21. 30 8. 64 20. 95 24,70
51. 29 38.70 17.05 33.65 43, 45
5.2 EHERMK

3 PRI R R B ARER R 4 L BRSO SE B AN
TR ESHORF , LODR-Tree 3R F [ 5% 58 B BUE V8 6l
3DRTree KBS LI EES , V-Reactive R F L RAUE
HEBAREAR G — , B A M BN E & e B i T s 3T
BB A FALE R B R F 0 2 R AT S A
B BRI A MR , F A i8R I RS R A 3
fi/R. LODR MBI B FHALBIF & 51454, W% LODR 4
FIZET R KR 43 L B 35 (4 R — N5 2 IR, KA 38
1/4 WD , B A8 B 3 AR 45 s A I 50, Tl L S 40



5 10 4

RS, 4 BRI R 3D M BRI AT R IR T BRI 175

BRETE—FE, B0 TEAR /0 714, BEIEITRER 3]
THBEER; F#E  LODR | R 4RI BAR AT A Mk ib
B, 2090 AR b B8 8 A5 1 R 45 P ne B2 P 4R 22 1) A I
SR B A AR . 3DRTree 34 4125 5 B
FEAEAAE 25 55, AR IRE BN S LB R A
ARTE X IR R 5 B R AR K, BB TUAR IS £, T 5 30 1)
AfEAE &, V-Reactive # & B Y AN F 2, B FE4%
LOD, HFEREBIEITAR . RWRTIEIRARES G162
TR IRIC A, BB 45 g A R i R
LR ViBERTE, Hk R RS ERE. hEBERS
W E VT ZE A3 O, LODR A A V5 R 2 P51, 2428 56
Bl R AR A D EH RS 516, R ERAE Y 2E
R.H 3.2 WIRRAT AL XA ER FEEIEE R BER
il 3 FiRE A0 AR S5 S FF IR 48 R, R e 3h 8 e 3h S rp

LODR # #F3¥2r  E RE AR
7 Query Time/s
6 9
5 4
3
2 I
1
LOPRTree ~ RTree  3DRTree  V-Reactive
K3 FHERRE

5.3 HETRKRILE

AT JEWER T B R KRR B s A R 5| 2R EUE,
HIEBBZEMZME Pt bR . BRHF 247 20RE5]
S50 i AR 2 PR AR ST, BARSEBL T 401 R R BE L 20
KT REBIRIUAR . RGN NZEES L. BEIT
ARJEAE A RCE P AR S5 5 4 R . A 4. 2 T &)
P REIIIR R FE Al b 38 2o G TR 55 it 5 ) 7 Rl
TURtERE. T RWAFERT 2R, ERH A4
BARTUA, SEW LA R 200 8O B A b e, AR 51 45
2T ) R B2 R LA Y RS0 B ) B DR T R A 2 5 4%
B TCREOR , Z YA 2 4 TUAR M REIIN A R AN 4
Bi/R. 3.2 37T %1 LODR A% (9 4875 2 R 2R 5 | DL A 80
il T A B EE AR, R E BRI R 2 LS R
AR FEE 4 spHARR HOE T 1 FA AL E, T SDRTree B
{0 25 20715 J2 R o T B0 42 ) T R R T R ) X = B8
PETUARBER » V-Reactive 3 [ 544715 /2 YR A R 20 R 1)
T S7 KO R B A R SRR L AWTTAR R,

18

LODR-Tree

3DRTree V-Reactive

B4 BARITARMERE

EWRIE L ERAURIEZEHGE , BERIFRE P ig R
3D M BB MR TR Y AT R FF A i R . SCh R E

T ARG EAR R R XA R IR B P REEAT T 2 M
B R W HLESE SR8 3D M a BB RTI 4. S ol
¥ BT SRR BE AR B R B HH 4015 2 % LODR 2R 5
50, B e 48 LODR WL FIALTERE S, B3R A BT 1Y
BARBALER, BIHEFY 34 JH B s (R T 4  FLUR TR0 B R 4
FRAT R RS | S5 B R SRS R R A T R RS | B TT
AR L RR R A RACEAR s B0 3 KLk,
MBI I [8] AR AL i i P B TOR i 3
ANFEHEAT e, EB] T LODR A% 25 308w SR T A &
DR, EARFIESE R 3D MmN RG
G5

JRUE S R LR N A — A 3D AL BLSE , A
ZA4 3D GREAL, EGEPRRISHEARRIES SR
RtERL, R — B 58 AR S R B8 0 A A
RGAELA BRI E AL A8 R A R B 45
A E L X BEREAR RIS B 7 R AR, JCREPRIE RGER A
Bt i, TR AR AL SR SRR R R, 12
DM IR T, K LODR R3] 445 Hadoop B
Spark 3F- 545 &, FI Fl HDFS 774 3D mi%d X %51, Spark
TENFE R BEAT BT, SCBOFAT B4 5 R R A KR
51 AR BT E A .

2 % X W

[1] MERRY B, GAIN, MARAIS P. Fast in-place binning of laser
range-scanned point sets[ J]. ACM Journal on Computing and
Cultural Heritage,2013,6(3):1-19.

[2] LINJ H,NOOSHABADI S, AHMADI M. Parallel Randomized
KD-tree Forest on GPU Cluster for Image Descriptor Matching
[C]// Proceedings of 2016 IEEE International Symposium on
Circuits and Systems. New York: IEEE Press, 2016 :582-585.

[3] RIZKI P N M,PARK J,OH S,et al. STR-Octree Indexing
Method for Processing LIDAR Data[ C]// Proceedings of IEEE
SENSORS 2015. New York:IEEE Press,2015:1-4.

[4] YANG H,QI W T,GAO X F. Efficient R-Tree Based Indexing
Scheme for Server-Centric Cloud Storage System [ ] ]. IEEE
Transactions on Knowledge and Data Engineering,2016,28(6) ;
1503-1571.

[5] HEZ W,WU C L,WANG C. Clustered Sorting R-tree: An In-
dex for Multi-Dimensional Spatial Objects[ C]// Proceedings of
2008 Fourth International Conference on Natural Computation.
New York:IEEE Press,2008:348-351.

[6] SUNW B,WANG Z P,LIU X L,et al. The Method for Inde-
xing Global-scale 3D Vector Data with R-tree Based on Approxi-
mate Prism[C]// Proceedings of The 18th International Confe-
rence on Geoinformatics; GI-Science in Change. New York:
IEEE Press,2010:1-4.

[7] SHARIFZADEH M,SHAHABI C. VoR-Tree;Rtrees with Vo-
ronoi Diagrams for Efficient Processing of Spatial Nearest
Neighbor Queries[]J]. VLDB Journal,2010,3(1):1231-1242.

[8] OSMANKOVIC D,SUPIC H,VELAGIC J. Performance and

quality assessment of R-tree based nearest neighbour search in



176

it AL B 2

2017 4¢

(9]

[10]

[11]

[12]

[13]

[14]

the scalar field mapping technique[ C] //Proceedings of the 2013
39th Annual Conference of the IEEE Industrial Electronics So-
ciety. New York: IEEE Press, 2013:2455-2459.

ACHAKEEV D, SEEGER B, WIDMAYER P. Sortbased Query-
adaptive Loading of R-trees[C]// Proceedings of 2012 the 21st
ACM International Conference on Information and Knowledge
Management. New York: ACM, 2012 :2080-2084.

ZHANG J,PAN H, YUAN Z M. A Novel Spatial Index for Case
based Geographic Retrieval[ C] // Proceedings of 2009 Interna-
tional Conference on Interaction Sciences. New York: ACM,
2009, 342-347.

PATEL P, GARG D. Perfect Hashing Base R-tree for Multiple
Queries[ C]// Proceedings of 2014 IEEE International Advance
Computing Conference. New York:IEEE Press, 2014 ;636-640.
GONG J,ZHANG H W. A Method for LOD Generation of 3D
City Model Based on Extended 3D RTree Index[C]// Procee-
dings of 2011 Eighth International Conference on Fuzzy Systems
and Knowledge Discovery. New York: IEEE Press, 2011; 2004-
2008.

LIJ,JING N,SUN M Y. A Mechanism of Implementing Visuali-
zation with Level of Detail at Multiscale[ J]. Journal of Soft-
ware,2002,13(10) ; 2037-2043. (in Chinese)
ZEL,FT L INRE. £ AR 4070 R T AR Ak B SE B AL
(7. #4247 , 2002, 13(10) : 2037-2043.

DENG H Y, WU F,ZHAIR J,et al. R-Tree Index Structure for
Multi-Scale Representation of Spatial Data[ ]J]. Chinese Journal
of Computers,2009,32(1):177-184. (in Chinese)

[15]

[16]

[17]

(18]

[19]

[20]

e, RO, B, 5 —MATZREEZRERBN R
WRFIGEMLT]. YR 2009,32(1) : 177-184.
ACHAKEEV D, SEIDEMANN M, SCHMIDT M, et al. Sort-
based Parallel Loading of R-trees[ C]// Proceedings of the 1st
ACM SIGSPATIAL International Workshop on Analytics for
Big Geospatial Data. New York: ACM, 2012:62-70.

YOU S M,ZHANG ] T,GRUENWALD L. Parallel Spatial
Query Processing on GPUs Using R-Trees [C]// Proceedings of
the 2nd ACM Sigspatial International Workshop on Analytics
for Big Geospatial Data. New York: ACM,2013.23-31.

TAO Y F, YANG Y, HU X C, et al. Instance level worst-case
query bounds on R-trees[J]. The VLDB Journal, 2014, 23(4):
591-607.

YIN K X,HUANG H,ZHANG H,et al. Morfit: Interactive
Surface Reconstruction from Incomplete Point Clouds with
Curve-Driven Topology and Geometry Control[J]. ACM Transa-
ctions on Graphics,2014,33(6):1-12.

SONG J,LI T T,ZHU Z L. Research on I/O Cost of MapRe-
duce Join[J]. Journal of Software,2015,26(6);1438-1456. (in
Chinese)

KA ZETH EH, 2R R. MapReduce 3% # 2 15 1/O R BF 5T
(7. #pk24 5 2015, 26(6) : 1438-1456.

WANG C K,MENG X F. Relational Query Techniques for Dis-
tributed Data Stream:A Survey[]]. Chinese Journal of Compu-
ters,2016,39(1) :80-96. (in Chinese)

E&FL, T/ 7 RBE R EIEABELT]. AL
#2,2016,39(1) : 80-96.

(L#%F 146 T

[10]

[11]

[12]

[13]

[14]

protocol with backward privacy[ ] ]. Computer Science, 2016, 43
(8):128-130,158. (in Chinese)

XU, B 5, BT, —Fh i 5w 2 5 1 e FA ) REFID A IEHR
W] H BB, 2016,43(8) : 128-130, 158,

WEIS S A,SARMA S E,RIVEST R L, et al. Security and priva-
cy aspects of low-cost radio frequency identification systems[ M //
Security in Pervasive Computing. Springer Berlin Heidelberg,
2004,

OHKUBO M, SUZUKI K, KINOSHITA. K Hash-Chain based
forward secure privacy protection scheme for lowcCost RFID
[C] // Proceedings of the 2004 Symposium on Crypto-graphy
and Information Security (SCIS 2004). 2004 :719-724.

COHEN M, DAM M. A completeness result for BAN logic[ EB/
OL]. [2011-06-22 . http://www. access. ee. kth. se/reports/
2007/13. pdf.

MOLNAR D,WAGNER D. Privacy and security in library
RFID: issues, practices, and architectures[ C] // Proceedings of
the 11th ACM Conference on Computer and Communications
Security (CCS’ 04). Washington, DC, USA,2004:210-219.
RHEE K,KWAK J,KIM S,et al. Challenge-response based
RFID authentication protocol for distributed database environ-
ment[ C] // Proceedings of the 27 International Conference on

Security in Pervasive Computing (SPC 2005). Berlin: Springer-

[15]

[16]

[17]

(18]

[19]

Verlag, 2005 70-84.

SHEN J,TAN H,ZHENG Y,et al. An enhanced ID-updating
Hash-based RFID authentication protocol with strong privacy
protection[ J . Frontiers in Artificial Intelligence & Applica-
tions,2016,274:2070-2079.

YUAN J S,XU Y,QI Y C,et al. Mutual authentication protocol
for RFID based on asymmetric keys and hash function[]]. Jour-
nal of Cryptologic Reseatch,2014,1(5) :456-464. (in Chinese)
PRERTS, B, BRI, % B T HEX FR % 44 A0 Hash B0
RFID MU A ERFY T ] £ 2014,1(5) : 456-464.

DING Z H,LIJ T,FENG B. Research on Hash-based RFID se-
curity authentication protocol[J]. Journal of Computer Research
and Development, 2009,46(4) :583-592. (in Chinese)

TR, 2485, 8 . 2T Hash 3K RFID %4 WU 5
(1. HHEHUSE 5 K % » 2009, 46 (4) :583—592.

SAFKHANI M,PERIS-LOPEZ P,HERNANDEZ-CASTRO ]
C, et al. Protocol: a hash-based RFID tag mutual authentication
protocol[J7. Journal of Computational & Applied Mathematics,
2014,259(6) ;:571-577.

JINY M,WU Q Y,SHI Z Q, et al. RFID lightweight authenti-
cation protocol based on PRF[J]. Journal of Computer Research
and Development, 2014,51(7) :1506-1514. (in Chinese)

&k, RIEE, AER, % ET PRF ) RFID 28 AR
WS, 7RISR S5 K%, 2014,51(7) : 1506-1514.



