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Researches on Storage and Access Technologies of

Spatio-Temporal Data based on ORDBMS

YUAN Yihong, GAO Yong
(Institute of RS and GIS, Peking University, Beijing, China, 100871, Email:yyhmary@163.com)

Abstract: Researches on Spatio-Temporal database gain more and more attentions in domain of
geographical information science and database technologies, where Storage and Access
Technologies of Spatio-Temporal models play a significant part. Based on time-sliced date model,
this paper defines relative data objects and operations, which are implanted into ORDBMS to
improve the Storage and Access capacity. Spatio-Temporal indexing techniques are also used to
optimize the query processing. All these techniques cited above are implemented in the world's
most popular open-source ORDBMS-PostgreSQL. The experimental results come out to indicate
that technologies in this paper are efficient and expedient in Spatio-Temporal data research fields.

Key words: Spatial-Temporal data model, ORDBMS, Storage and Access of Spatial-Temporal data
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BN AAE B BB RS2, — AN AR GISER I 25 5l 22 R i e W T (o I 2 Bt
T, AR MEA 28 SR B IR ) AR A PR A3 L 2 S AT 24T

SRR TAL G800 FR B AT 1 I o Kt A, AR I ) J PR AS [F Ak T 2,
AR IR O WRAER B YER NI s oA, M E SRS, 2) I e
B YERE . B AR SRR L RSB IE RS . AN, R T XSO R B E R S
(ORDBMS) ffif & B (B 4t H 2 i W W 9T () - 24, T ORDBMS HAT 5 KK i
Ihit, SCRPE RN S, AT AR SIS A S AR TR, S T A g
PRHEAT R SURSZBL S 2 A 4 R/ . Dk, 5T ORDBMS, Ll S5 $idia 2
B (ADT) 177 258 BOnS i 25 $cts i) e A2 H Tt i 34 s )

H2,  H TS50 TR R AR SEIATI R8> o R, A SO TR IR 5 0%
FER I PostgreSQL, A FH LI FIFRAE () v 40 ek, KR TIELL P RIAY e SCH I3 4 ik
SRR, PRI P HEE A S VT R D RE, SRR A OCR A AN AT R
2 I FHAEBAE X
2.1 MR mE

ARSI SN 23 B B SE A BRI ATk o N2 5 6 S B8 #E OpenGIS i S JL A S5 78
Bl B T IASRAY, BT S I R AR AL I i 2R B Dy Geometry Hh 7 [ £

i Geometry il A K H Temporal 41 2 MM, - Herh 24 1] 8 e 5 OpenG IS M 1
Geometry25% 5 X, HLK4) JyPoint. Line. PolygonZs -27Bl,

Geometry DyGeometry @ Temporal
| | Instant
Point Line Polygon ?
Interval

Bl 1 FETXRCREIE RN Z RN SR
2.2 ZEHIERAE X
(1) ZmER
FEARSCE SCHIIN S 2880, 23 [ 2RAER 73 HARIEH] T OGC R bt FEA ()25 ) R 1Y
fF5 5 (Point). £k (Line). £i4JE (Polygon), OGC Miius i T HIE FEA RN
5E o
(2) WfaER
h T E SO AR, BT SRS IN () AN LA S
eIl 4 4E T Ron o —4ESeROk FC 23 A IRY s, (T <N — AN apds, W
6T EF—ANZ) Instant & A
Instantl(T)={tt ERU { &}}
T LB Interval 52 XK :
Interval(T)={(s,e,Ic,rc)|s,e €T, Ic,rc €bool, s<e, (s=e) = (Ic=rc=true)}
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RI—NI B E e P 1 A s AT e DL BRI I B2 A5 4 P IX TR A bR i 3Rk o — M
T, BRI N AXTE, B le=rc=true, NI Interval=[t,t'].

(3) mf=aERAY

BT LR MR, IS8 DyGeometry S IR THIAE S T 24X % O AWy, Bl

DyGeometry: T — O
21— I 200 Gt T LA DAy R IS BORITAS (8] JUART R S (R (R0 A B PR B, BRI
B O IR A 3 ) J LA ) RE OB AR 75, WIS 28 7Y DyGeometry & XA«
DyGeometry={(i,0)|i €T, 0 €0}.

MRS E IS 2]t (CET) BRI RPN 203020 18] J LA 5 0 — Te e (i, 00)
Hig<t<'ie, 1M og W2 RAE I ZIFI PRI . 2 —I0 00 AT AR — AN AR R PR R Y
E XA o

3RXT DyGeometry RS HUE AE SO0 b B RN 25 A28 (NI SE I 2 AR A A [ RE 2]
X TIELSEAA, ATLUE SC i Sy PN AH R I 20 B Ay BRI N B o e SR BRI 2 F) 443k
TN MT={ty, to,... o} WL tp<tq H 0<p<q<n, W4 i E{[t,, tpu]}, WL t, EMT H 0<p<n. 7
XM HL R, SRS 12 B0 G UL I I 7] (5] B 0 A SRR 25K, BB S R B IR IS 20 R
I EE 1% S RS B0 5 () I 22 AR AL A

(4) W RRIBRAE

S SEPUN IR E SIS SRR A, 8 SO R R pR B, L AR A A R AR L
Bivs, ORGSR @ IEERAE GFRXTZORN . SRR IR 5.

F1 NZERERE
clone(dygeom : DyGeometry) : DyGeometry I 2 S AT 2
size (dygeom : DyGeometry): DyGeometry B0 G RN
lifecycle(dygeom : DyGeometry): Interval P 2 5% 5 1) A= iy 39
snapshot(dygeom : DyGeometry, inst : Instant): Geometry AN 25 0 SR AR I 220 P e R
exists(dygeom : DyGeometry, inst : Instant): bool I 2% 0 AT 52 I R T ATAE

Ty RE LRI DR RN SRR P . N RRE T PN RAE I [ 4E)E |
MR KGR R AR, AT B A S R AW AL . 250 RANIBI I 2558 R ] LI R
A R THG I Z AN Z LIS ZIfE KD PUCH P e, Bitas te 20 A 0 ESHRAL BIYIT A
%1, teas teaZP AN IR RAL BV IEINZ], WG 2550 3 B0 B 58 LR 2PT7R

X2 HERREH

Before(A : DyGeometry, B : DyGeometry) : bool A T B2 06 G AT 45 RN %1 2 5 7E B I I 4R
I Z) 20 (tea<teg)

After(A : DyGeometry, B : DyGeometry) : bool FIWT 2 T tsa>ten

During(A : DyGeometry, B : DyGeometry) : bool W T ta>tss A\ tea>te

Contains(A : DyGeometry, B : DyGeometry) : bool W ta<tsg N\ tea>ten

Overlaps(A : DyGeometry, B : DyGeometry) : bool FIWT A ta<tsp A\ tea<ten

Overlapped-by(A : DyGeometry, B : DyGeometry) : bool W T ta>tsg N\ tea>ten

Meets(A : DyGeometry, B : DyGeometry) : bool FIWr 2 Bta=tsg
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Met-by(A : DyGeometry, B : DyGeometry) : bool ST ta=teg

Equals(A : DyGeometry, B : DyGeometry) : bool W ta=tsg /\ tea=ten
Starts(A : DyGeometry, B : DyGeometry) : bool W T ta=tss N\ tea<tes
Started-by (A : DyGeometry, B : DyGeometry) : bool W T ta=tsg /\ tea>ten
Finishes (A : DyGeometry, B : DyGeometry) : bool T B tsa>tsn A\ tea=ten
Finished-by (A : DyGeometry, B : DyGeometry) : bool W T ta<tsg /\tea=ten

Intersection (A : DyGeometry, B : DyGeometry) : Interval PR A B 285000 G 110 A= i J B T B
FEALM, AT RLE SSRGS I Z L I Bz T 25 9% 28 ) 01 ek 4

3 I A R A 1 B SE I

TE LR I B AR A R BE L, A SCR I TR 1Y) PostgreSQL 4 5 06 R £l FEXT [k i 7%
A AAAE RIS ) i FEHEAT T 5L S 7E ORDBMS Ry JERIR I M i (1) 52 SCEHE
FM: (2D 8 CHEAR AN G ERAE R A (3D R T8 i 8 1Y SR SR # vT LI
i SQL HEAT U Il .

FEARSCHIN FH T, 43 PostgreSQL FFh BRI, HAASE B LA R P 2%

(1) 76 Ci S MR RS e SUB I 23257 DyGeometry;
(2) SLHRSTY (¥ an N ) R BRI SUA R e ek K, LA5E 1% DyGeometry 287 R SCAR S AL )
AL, BT AR5 B AR T LI H
(3) SEILIN X R ERAE R EL,  LAEAT I3 A A 434
(4) ¥ RN Ak A PostgreSQL H & M ah AR EE, 1o e b g A7
3.1 I HIERE AR

AT K T'WKBGeometry i X DyGeometryt:PostgreSQL 1 ) ¥4l 45 # . WKBGeometry &
OpenGISHpex 572 I AR APt T %o e A8 J U] SR 1 AR JE G A Fsod: 852 1 — ko 5 4
W, RELL T HEH . Rawsl EIGE AL BA- M (ESQL A 7, I il SQLE 1] skODBC% )
R, RO 6 1 % 3 5 R P (1 A T AR

BT —m U, AL HeXTOGCH & X ) 28 7 Geometry 2 (1) — i il T 2
WKBGeometry 5 AH S5/ E 71PostgreSQLH HEAT T #i Ji&, TSI T AH OGR4 R 50 S 2 ) 4
Iy AT A A VB B (R L 5 D RE o TR S (R S AR e IR R b, JEAT IS 2 s I R 3R 1)
.

I} %6} % DyGeometry [IWKB R IA T X i F

typedef struct tagWKBSlice

{
Time t;
Geometry geom;
} WKBSilice;
typedef struct tagWWKBDyGeometry
{

uint32 numSlices;

WKBSlice  slices[numSlices];
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TWKBDyGeometry;
Hrh, WKBDyGeometryZ 7 4 I i) WK BSlice [RI% 21, i 44> I 1a] Fr & —AS dhr i 2t
235 a] JLAT 5 B2 geom A4 B 1) 70 4H . WKBDyGeometry [t i #7455 4 B 2T 7%

WKB DyGeometry

4 A

numSlices ty geom; | ... t, geom,

Slice; Slice,

B2 WKBDyGeometry ) ZEEEEE
B —akiFe ik, WKBDyGeometry AJ DUAR G i a2 2ot R4 Al My il w5k, 5
Rt A B A LA B R I T WANBE ERAESQULIE S TP AE T, PRI S i
R GIEAT SCATT A E X
OGCHIE H & ST A (A S SCARTEAAWKT, 423 ()5 B I SCAR R IA SR T bRk fb (145
Ko ARSCHEBLIERE b e SUR S5 1) U4, HIWKTDyGeometry
WKTDyGeometry[tJEBNF (Extended Backus Naur Form) #ik 21 K Froxs:
<WKT_DyGeometry>::= DyGeometry(<H [#] J>{; <[] Ji>3*)
<IN > =< (AR B> <4 ) 0] 52>
<HJ NS> =Time(<HF>-< H>-<H > <hif>:<3><fb>)
<% [B] %} % >::=<Point>|<Line>|<Polygon>|NULL
<Polygon>::=Polygon({<Linestring>})
<Line>::= Linestring(<Linestring>)
<Linestring>::= <ARFR LU >{ <A bR U > 3>
<Point>::= Point(<AAx 15 % >)
<ARBR X > 0= <x> <y>
<x> :=double precision literal
<y> :=double precision literal
o, AR A NULL IS BRURIZ S T, IR 5 1) B AR Ak : Time(YYYY-MM-DD
HH-mm-SS.SSS). N A — AN P AN [H] F (WK TDyGeometry [ 5 7% S 441«
DyGeometry(Time(2005-04-20 10:10:10.000) Point(10 10); Time(2005-04-20 15:10:10.000)
Point(20 10))
IEAh, M A PostgreSQLI H & SCRALA I, & AN IO ey Chn Narth s 30
X LG R P R AT AR 5 LI LR P B AR R gs T D) LR RSN A 474 o
AL A sqIE A 75 B o A AT I, PostgreSQL 2K ALy M il ik CEATE
TYPERECSEILT, G I i S0 S Ay A it o B0 R I 5 SRR SR AT 4 5
328 R H B
F FPostgreSQLIM Y e Thfig, K 2= 4 4E sk 2503 M 21| PostgreSQLH, i ixX 48k 55 ] LAYE
SQLifi 5 T E#EAE M, ¥ IS ¥ AE6E )y . fllnsnapshote& HHVE N VA T -
CREATE OR REPLACE FUNCTION snapshot (DyGeometry, Instant)
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RETURNS Geometry
AS ‘libDyGeometry’, ‘get_snapshot’
SERRAL L BB )G, E R EAT I S e PR A L I3 50 AR AT S 0T I 0 1 A
(S CITEINVAER
BHIRR:
a7 Kbuses, A TIEVA BTG N, Hrhy Brpos y I s Bl 284, Rll.
CREATE TABLE buses

{
id integer
pos DyGeometry
}
MEPR R PIEA AR MBS, Bk, &, B
A

INSERT INTO buses (id, pos)

VALUES (‘001’, ‘DyGeometry(Time(2005-04-20 10:10:10.000) Point(10 10))")

B

UPDATE buses

SET pos = ‘DyGeometry(Time(2000-01-01 00:00:00.000) Point(0 0))’

WHERE id = ‘001’

NERREM:

A AR — BAAIN 22 Ji5 A @V

SELECT id FROM buses

WHERE After(pos, Time(2000-01-01 00:00:00.000))

IR REN:

WOV T region, A 7Bt id:integer. county:Geometry, 0% T ATEUX ¥IHE . ik
L4558 I ZIERS € BN 84T i KR4

SELECT buses.id FROM buses, region

WHERE Contains(county, snapshot(buses.pos, Time(2000-01-01 00:00:00.000)))

AND region.id=002

3.3 B &RTI

AR WRCR, WA A LR G N H AR 2N S B R G T
TR OB RILARRE Cln R, §RET RO AR S I YE AL SCRE I s Hdls A .
PostgreSQL Z 48 57 FFil JH 48X (GiST: Generalized Search Tree) $%A, w LA 13 (1K)
I G A R AR AAEFT I R 51 7k . GIST BHER 7, HFEHRERIIMAZE, JFHY RA
FHR ISR R ITE IERII3 B O TR N B4 i E JE R 3 ) . AW N B 4s v L
)43 S B F LA B A WA 7 L A ARV RI T, ASCAE GIST HEZE R, 40 R*
PR IHLHTE S IR R E, IR HA M 21 PostgreSQL H, 58RO I 2504 R 5 | 7 vk 0
WIS G RN, 2N 2R G | J7VE T DLW e i A e
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ARSI 2 il PR R S BT B, AT TR T Ab Ui Bk it as i Bcdls 3047 1778 BRI 73
Mo BRESRVIREARAE AT Point EALIIIN 0 B NMHIX —HOR, o DU ia #2476
HBARAT#, FRREATARRY (U 2= F 4D SRS AT, WA T SRR ARIG S (1] 3D Bk iR

ot (B 4) S SEBIRER] T A SCIN 23 Bt e S BLBOAR 1 S I S A Rtk

w ABST BN SR EeAE W0 WR

B 4 sYmE st

JET- ORDBMS K A5 BRIN 3 £ic4li s H i 7T (1) 3= B 3, AR H U5 254 122 PostgreSQL.,
X0 T IS T) () IS B S 2R PR A R D7 Wl B AR AT T S B, (s 2 b 9 e T BEAC TR 2 dls
RINAHRIS S AR, SLIOAE W ROCR R 4T

ARICEIRR T RO EARGETH A W8, H b1 TSR B BRI, B 803 il U T4
IRNIIEI, 5 2L T A L I 2 B A AT ek, AR S s 7 i
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