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Abstract

As the recent development of the ubiquitous computing environment, u-GIS is being highlighted as the core
technology of the ubiquitous computing environment, and thereby, studies on spatio-temporal data are being actively
conducted. In this u-GIS environment, it is still difficult for existing mobile devices to efficiently manage the
massive spatio-temporal data of u-GIS that are increasing day by day. Therefore, this paper develops a
spatio-temporal query processing system for mobile devices in order to solve the problem. The system provides
various spatio-temporal operators to insert/delete/update/search spatio-temporal data and supports a query
optimization function that uses a spatio-temporal index for the flash memory and a spatio-temporal histogram for
guaranteeing query execution speed. Lastly, by applying the spatio-temporal query processing system developed in
this paper to the virtual scenario, this paper has proved that the system can be utilized in various application fields
necessary to process spatio-temporal data in the mobile environment.
Keywords : Spatio-temporal Data, Query Processing, Query Optimizing, Histogram, Mobile Device
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Figure 2. A hierarchy structure of standard spatial data
types
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NOT(BuildingTime < 1000) ->  BuildingTime >= 1000 ‘
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— ezl
ot

Buildingname IN ('New Millennium Hall, ‘Library)
-> Buildingname = ‘New Millennium Hall' OR Buildingname = ‘Library"
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‘ BuildingTime != ALL(1000, 2000) ->  BuildingTime != 1000 AND BuildingTime != 2000 ‘

Figure 5. Query transformation rules
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SELECT *

FROM building

Where ST_CONTAINS(building_frame,
ST_POLYGON('2010/08/20/12:00:00,25,25,125,25,125,125,25,125,25,25));

oldl A A4 22 A=

o= =

MEHS0| 109 b ol » o SELECT STATEMENT Optimizer = CHOOSE
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Elo|2 AzH FEEE

MEHD 9 A QI ’ o SELECT STATEMENT Optimizer = CHOOSE

bl ﬁgol 11% Ol e = H 1 TABLE SCAN OF ‘building’

Figure 6. An example of query execution plan
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off tish Atk

3.4.1 AF7F SQL 25

A 27 SQL HEL muld A8 A7 Ao A
2 0] Aglshs A3 Aol 9T AR SOL
& Algskedl, Alett SQL &2 Alet glolg g2
oot At Hlole] Eatolz TR Table 62 A
57t SQL EEofA Adsk= AlF3t wlolE Ao

A2 wojzr}
Table 604] i uje} o] Blo] g AAIEL] ]
3] CREATE TABLE &3} g]o]E-2 AH4al7] $JalA]
DROP TABLE #& Ag3lc} r;s_} QldlAs AAB}
7] 9%k CREATE 3} Qlg|~5 4}AJ5}7] $15+ DROP
2o Aggi
Table 72 Al37F SQL HEo|A A Ydl= Al37t

tlog] 2&}o] dlE WojErt
Table 70]41€} Zo] AlF%t Hlojg Zzto] ooflA|
AL A)7F 2011/05/08/12:00:00'0]] ST Polygon('2011/
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Table 6. An example of spatio-temporal data definition
language
T Al
CREATE TABLE
o)z building (building_id INTEGER,
A = |building_ name CHAR(25) NOT NULL,
°° building_frame ST Polygon, CONSTRAINTS
c_pk_building_id PRIMARY KEY/(building_id));
HlolE DROP TABLE building;
A
QldlA  |CREATE STtree Building idx ON Building
A (building_frame);
olel A
/:—' DROP STtree Building idx;
A

Table 7. An example of spatio-temporal data
manipulation language
T A
SELECT building_id, building_frame
FROM building
Y= | WHERE ST Touches(

A ST_Polygon('2011/05/07/15:30", 10, 10, 20, 10,
20, 20, 10, 20, 10, 10), building_frame,
2011/05/08/12:00:00");

INSERT INTO building(building_id,
building_name, building_frame)

N]_f;E VALUES(9001201, 'Ajzdd,

il ST_Polygon('2011/05/07/15:30', 10, 10, 20, 10,
20, 20, 10, 20, 10, 10));
DELETE FROM building

s WHERE ST_Contains(

Al—zﬂﬂ ST_Polygon('2011/05/07/15:30', 10, 10, 20, 10,

B 20, 20, 10, 20, 10, 10), building_frame,
'2011/09/09/12:00");
UPDATE building

e SET building_frame =

72)‘;# ST_Polygon('2011/05/07/15:50', 10, 10, 20, 10,

20, 20, 10, 20, 10, 10) WHERE building_name =
A A

05/07/15:30", 10, 10, 20, 10, 20, 20, 10, 20, 10, 10)
I} AA7L = AE9] building_id, building_frame
< HAsk= dolw, 42 building id, building
name, building frame©] Z}Z} '9001201', '"AAA,
ST Polygon('2011/05/07/15: 30',10,10,20,10,20,20,
10,20,10,10)%1 dlofElE 4tQleh= oflolo}. 2]l 4f
A= AJZF '2011/09/09/12:00'0 ST Polygon(2011/
05/07/15:30',10,10,20,10,20,20,10,20,10,10)¢]] 33}

A20@ A2z 20129 6Y

Al .

2

qyE - e
L AL AR5k o], 7§A1-E building nameo] '
Al AEQ] building frameS ST Polygon

(2011/ 05/07/15:50', 10, 10, 20, 10, 20, 20, 10, 20,
10, 10)02 7YA4leh= oot

3.4.2 A7} SQL 2E

AlZt SQL B2 WHFY A28 AleAE Aol A2
Alaglo] zsk= Azt AolE 913t A7 SQLE A
F3c} AJZF SQL 2 AJZF HlolE A Ljojet A7t b
ol xAtoj2 FLEEE=H|, AlKE HlolE Aooj= AlF
Zr lolg Aejolel FUskA AME-EHrt Table 8- A
7 SQL mEo|A Afake Al Hlole] 22to] o
ol

Table 8041 3= ul} Zo] A7k dlo]e] 2] of
oA AML Q™ '2001/01/01/00:00:00')| 4] 2011/
05/08/12:00:00" Afo]of building frame A]7to] 3E3}HE
= AE2] building name, building_frame2 7AM3}I=
oo, 41912 building_frame©] ST Polygon ('2011/
05/08/12:00:00',10,10,20,10,20,20,10,20,10,10)©] 11,
building_nameo] 'H3FQl HloJE|E AYsh= oot
a3l A= AIZE '2011/05/08/12:00:00'7} building_
frame] AJ7ko] AX|FH= ABS AABH= oolu, 73
AlS olE|’ '2008/01/01/00:00:00'x}F 2008/ 12/31/
24:00:00" Afolo]| building_frame2] A|7to| EZ3IE|=
or= 71%0] building frameS ST Polygon('2009/05/
07/15:50:08',10,10,20,10,20,20,10,20,10,10) .2  7§Al
3R i,

Table 8. An example of temporal data manipulation

language

AA
SELECT building_name, building_frame
FROM building
WHERE T_Contains(building_frame,
'2001/01/01/00:00:00', 2011/05/08/12:00:00');

INSERT INTO building(building_frame,
building_name)
VALUES(ST_Polygon('2011/05/08/12:00:00',10,10
,20,10,20,20,10,20,10,10), '=3);

DELETE FROM building

WHERE
T_Equals(building_frame,2011/05/08/12:00:00");

UPDATE building

SET building_frame =
ST_Polygon('2009/05/07/15:50:08',10,10,20,10,20,
20,10,20,10,10)

WHERE T_Disjoint(building_frame,
'2008/01/01/00:00:00',2008/12/31/24:00:00);
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