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Abstract: As technologies related to sensor network are currently emerging and the use of GeoSensor is
mcreasing along with the development of loT technology, spatial query processing systems to efficiently
process spatial sensor data are being actively studied. However, existing spatial query processing systems do
not support a spatial-temporal data type and a spatial-temporal operator for processing spatial-temporal sensor
data. Therefore, they are inadequate for processing spatial-temporal sensor data like GeoSensor. Accordingly,
this study developed a spatial-temporal query processing operator for efficient spatial-temporal query
processing of spatial-temporal sensor data in a sensor network.
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INTRODUCTION

In addition to the development of ToT (Internet of
Things) technology which can connect a sensor to all of
the recent circum-stances and manage various information
by comnecting it to an intemet it 13 also possible to
use a sensor, RFID, CCTV, Wireless communication
technologies such as wireless LAN (WiF1), Bluetooth
(Bluetooth) and Zigbee have been developed rapidly and
are being used for military, medical, weather, various
researches have been carried out to utilize sensor
network related technology in some fields of application
such as wireless sensor networks (D'Ulizia et al,
2012; Ale, 2012).

The sensor network consists of a number of sensor
nodes. Sensor nodes consist of sensing, processing,
storage and telecom modules and each sensor node is
highly limited to hardware and software. Above all,
energy capacity 1s small and data transfer 1s critical due to
data transfer. Thus, in the sensor network, there 15 a study
of the characteristics of the sensor nodes and a study to
better address various queries with low compute
capacities and small power capacity (Kim et al., 2009).

Therefore, this study has developed a space
operator to efficiently provide query processing for
multi-dimensional data in these In this
thesis, the operator implements the “Simple Features
Recommendation for SQL” standards set forth in
the International Space Information Standardization

SCNSOTS.

Organization for interoperability (Anonymous, 201 1a, b).
The operators of this study consist of space tune relation
operators, time operators, relation operators and tracking
operators.

Literature review
STT (working with Spatio-Temporal data Type): In order
to deal with spatial-temporal mquiry in relational
database systems, STT operators presented new concept
operators. This improves time to distinguish between the
hours by dividing it into the right (left) and later (right).
Table 1 shows a typical example, divided by and after the
time operator in STT (Kim ez al, 2013).

As shown in Table 1, STT is divided into STT and
STT and STT and STT are divided mto the same format.
Also, the space between the left and right side of the

Table 1: STT operator
Operators
STT_overlaps (time A,
B): Boolean

Explain (A = - B= Ty

STT_left_overlaps (time A,
B): Boolean

8TT right overlaps (time A,
B): Boolean

STT _covers (time A,
B): Boolean

S8TT left covers (time A,
B): Boolean

STT _right_covers (time A,
B): Boolean

8TT covered (time A,
B): Boolean

STT_left_covered (time A,
B): Boolean

8TT right covered (time A,
B): Boolean
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Fig. 1: Example of spatio-temporal operator of GeoPQL: a) Geo growing; b) Geo shrinking; ¢} Geo merging; d)
Geo_splitting; e) Geo_appearing and f) Geo disappearing

space operator was reflected mn the left and right. The
prefixes such as left and right, depend on whether the
second parameter (T2) falls in the range of the second
parameter (T1) or the right range, depending on the first
parameter (T1).

In STT, the STT and STT operators can extract the
same results from the two parameter sequences, so, one
operator i3 not required. However, it is necessary to
divide the fimetion by dividing it into the right (left) and
later (right).

MATERIALS AND METHODS

Moving GeoPQL (a pictorial language towards spatio-
temporal queries): In order to handle spatial and spatial
inquiry in the mobile trace database system, the moving
arrow presented a new concept operator. By Kim et al.
(2015) moving forward, moving new space operators into
a variety of spatial and spatial questions has resulted in
moving forward. Figure 1 shows examples of the spatial
operator space provided by the moving segments.
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As shown in Fig. 1, growing operator returns whether
certain zones are extended over certain zones at tk time
and the shrinking operator retums whether certain areas
are smaller than certain zones at off-peak times. The
merging operator returns two specific zones at the same
time 1in the same time zone and the splitting operator
returns to a specific area divided by the segmented area
if a particular area is split. The appearing operator returns
whether certain zones are present at ti time and
disappearing operator returns, the Geo operator has
certain zones in the ti time and the tk operator returns
whether certain areas have disappeared at tk time.

In moving GeoPQL and shrinking operators,

operators are not required to assume that a particular area
has been extended or shrink compared to before, since,
the sensor nodes are not expanded or shrinking, since, the
sensor nodes are not expanded or shrinking. Whereas the
operators of appearing and disappearing operators are
required to identify that a particular area exists and
appears to disappear while the sensor node appears to be
missing or added, these operators are required to
disappear or disappear while the sensor node appears to
disappear or disappear.
Operator design: This section details temporal
relationship operators, time analysis operators, temporal
space operators, temporal space analysis operators,
temporal space analysis operators and temporal space
tracking operators who configure temporal space
operators.

Time relation operator: The time relationship operators
processing module provides a time relationship operator
to support the processing of time operations on the
sensor node. The operator is divided into the time stamp
(timestamp) operator and interval operator and returns
true or false returns for the operation. Table 2 shows the
types of time stamp/interval time relationships.

As shown in Table 2, the time stamp/interval time
relation operator receives spatio-temporal object A and
time B as mput values, performs time calculation and
returns true or false. For example, tDisjoint operators,
tLeftDisjoint operators and operators of tRightDisjoint
operators provide tLeftDisjoint and tRightDisjoint
operators in order to distinguish between time and time in
order to distinguish between hours and hours.

Time analysis operator: The time analytics operator
processing module provides a time analysis operator to
support the processing of time operations on the sensor
node. This operator 1s divided into time stamp operators

and interval operators and returns time data types for the
operation. Table 3 shows the type of time stamp/mterval
time analysis operator.

As shown in Table 3, the time stamp time analyzer
takes two times A and B inputs and performs a time
operation to return the time data type. For example,
tUnmion, a tume analysis operator, accepts two times
interval (stTime, edTume) and returns the time span to the
time data type.

Space time operator: Space tine relationship operator
processing modules extend OGC’s “Simple Features
Specification for SQL™ standard specifications to support
processing of space and spatial processing in the sensor
node, thereby providing temporal and spatial operators.
The operator is divided into time stamp operators and
interval operators and returns true or false returns for the
operation. Table 4 shows the types of time stamp/interval
space-time relationships.

As shown in Table 4, the time stamp/interval
spatio-temporal operator
spatio-temporal objects A and B as mput values, performs
spatio-temporal operations and returns true or false. For
example, among stContains operators, stlLeftContains
operators, stContains operators and stRightContains
operators provide stLeftContains and stRightContains
operators to classify and interact with specific space
objects in order to distinguish between time and space
objects.

relational recelves two

Space time analysis operator processing module: The
space time analytic operator processing module provides
space time analysis operators by expanding the OGC’s
“Simple Features Specification for SQL” standard to
support processing of space and spatial processing on
the sensor nodes. This operator is divided into time stamp
operators and interval operators and returns space time
data types for the operation. Table 5 shows the types of
time stamp/interval space-time analysis operators.

As shown in Table 5, the time stamp and time
interval analysis operators enter two spatial space time
data types by typing two times interval objects A and B
space data type. For example,
stntersection of spatio-temporal analysis operators takes
two spatio-temporal objects and returns spatio-temporal
objects that are intersection of them with spatio-temporal
data type.

and then retun

Space and spatial locus operator: Space cycle operator
processing modules provide temporal space tracking
operators to support spatial and spatial processing in the
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Table 2: Time stamp/interval time relation operator

Operators

Explain A time = [ ] ,Btime=.)

tContains (stGeometry A, temporal B): Boolean

tDigjoint (stGeometry A, temporal B): Boolean

tLeftDigjoint (stGeometry A, temporal B): Boolean

tRightDigjoint (stGeometry A, temporal B): Boolean

tTouches (stGeometry A, temporal B): Boolean

tLeftTouches (stGeometry A, temporal B): Boolean

tRightTouches (stGeometry A, temporal B): Boolean

LN

tEquals (stGeometry A, temporal B): Boolean

tContains (stGeometry A, temporal B): Boolean

tLeftContains (stGeometry A, temporal B): Boolean

tRightContains (stGeometry A, temporal B): Boolean

tDigjoint (stGeometry A, temporal B): Boolean

tLeftDigjoint (stGeometry A, temporal B): Boolean

tRightDigjoint (stGeometry A, temporal B): Boolean

tTouches (stGeometry A, temporal B): Boolean

tLeftTouches (stGeometry A, temporal B): Boolean

Return specific time section A to include specific time section A

Returns whether certain time interval A is not met at specific time B

Returns whether certain time B is not met before certain time interval A

Returns whether certain time B is not met after a certain time interval A

Returns whether certain time interval A contacts a certain time B

Return whether certain time zones are reached at the start time of a particular time section A

Return whether certain time zones are reached at the end of certain time interval A
I

A and certain tm\ial B are equal

DecrpebnfTonsol A= Tow B2

Return whether certam tim¢®

[]I

Returns whether certain time mterval A containg certain time interval B

HI

Return whether a specific time interval is included in the start time of a particular time interval A

ul

Return whether certain time mterval A contains the end time of a particular time interval B

HI

Returns whether certain time interval A and certain time interval B are not met

UI

Returns whether certain time interval B is not met before certain time interval A

1

Returns whether certain time interval B is not met after a certain time interval A

|

Returns whether the boundary between certain time interval A and certain time interval B is met

{

Return to the start time of a particular time interval and whether the end time of a particular time
zone B is reached
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Tabk 3: Cordine

Operaters Erplain d tire = I _E tim: = )
tFight Tonaches (stCeothetry L temporal B Boolean Fetimrto the exd tine of certain tine terenl & andwhetber the start tive of & particabr tive sone
E icreached
I—
trer laps (st Creoanetry O, temrporal B Boolean Tire irtervalbebareen certad tine frderval £ and ©ertain time dderwal B owrerlaps
]
tLeftChrexlaps (o G oavetry & tervporal B Boolean Eetims whether the ctart tine of & partioalar tive derval £ owrerlape 4 certam tive fteral B
T
tFight Chrer bops (st Creotmetry & temmporal B Boolean Time irterval of the gecified tine frderval & torebmm to o partioilas tive dderval B
EE—

jc e Labig

Dperdors Eeplain ¢ Atime = N Etive = Lo0omn
tTdor (terrparal & ard BY: Bebms a spec i tihe biterwral of 4 specific tive or certain titne dderval & and certaintire Tohes B
terrporal T
R
]
tDriffererc e [ Temporal & and B Bt 4 set of teas for certairn homs or certaih tivve frderwal & sl certaintive Tohes B o Certain time Tones
N .+ m
]
thiter ce ctior ( Terrporal & sl B Febmis 4 set of certad tine or speciflc TEue Do0hes A a0 sDe CIIC Thae fderveal A and certain time motes B
L e
I [ -
Tabk 4: Tine stanpfrteros] spatio-tevporaloe hfion opecator
COperators Exphin
stEquale (st Creothetry £ ot Grecetetry B): Boolean Tive tervralwhether the carre tine ddaral & equal to or equalto a certaim tivve Tderwval & ard
certain titve mderval & or certadh tine itersal B
stlrogses (st Ceotnetny O ot Greortetny B): Boolean “Whethier 4 tivve Fderteal object @osse s a certaih tivve frderval e certad tite oF 4 certain tive
segherit & and certaih tivve Fderval B
ctdppesrs (stieornetny &, st Ceomnetry B Boolean Eetam tie or titre mbervalfor certain tithe sores & o certair tine el & for certain tive Sones

BEor certaintive mores

stDiesppesrs (st Omortetny &, st ety B Book an Fetmrowhetler o tirme Tderwal of 4 ¢ ertadh tive o 4 ceTtadn tite Tderval of 4 partionlsr tine irderval
¥ lost for certain tivve momes & or certain tive dereeal £

stlortaiie (stirecrnetny &, stileohetry B Boolean Specifi tine or certain tive iterval & to refmnowhether 4 tine dderwl cadade o gpatial or
terporal space object of 4 pattioalar tive terural

stLeft Capdaine (st O otretry £, ot Gectnetry B Boolear, Eetmrowhether o tirve derval of a certain tivee or 4 certaittitre terval & & chided or whether
4 tihe Ttervral obiect of a partionlsr tive rdervral B o 4 ceTtain tivne dferveal ic fw hded aFigd

Cortaiwe (stlrecmretny &, st ieometry E): Boolean Fetmyowhether o time o tie one object is ichaded o certain tine ortime diteroeal &
for certaintitme Torwes & hondr of certaintitre terval B
stTrigjoit (5t Creotretry & | o G anetryr B Boole o A ceTtain tine o Certaih tine rdervs ] of & parimbirtine dferval ¥ rot et whether o tine el

ortithe dderval of a particubr tine zone B iz encomders d.

stLeft Tricjoird (st Creoptetry & ctire orve 'ty B Boole an Bt whether atine dderval of 4 certadh tine or tine Iberval of 4 ceTtaintiive or 4 Certain time
Fiterval is vot et before 4 certain tive dterteal & or certadn tine derral &

stFight Dk joit (storeotnetry & ot Geoenetny B): Booleary,  Febmre whether ative dderval object o a certair tive ora certaittine fderval of 4 particabr time
Fiterval is ruok pret after 4 certamtire or 4 certain time dkerval &

st Tonches (st orretry b, st Ceonetry B Boolean Dy ceTtad tine of 4 ceTtaihtive derval of 4 celtain tivre Idervalfor 4 ¢ ertain tine Tderval ora
certafh tive terral of 4 partioalar time Zove B of a patioalar tive zone B

stLeft Tonaches (stCreotretry &, ot Gecrnetry Bl Boolean “Whether g tivve fderwealof 4 certaihtitne or 4 Certaih tirme Tterwal O oared 3 certain titne dfertal
of a partioalar tive Iderval o 4 tithe bervral of 4 particnlar tine zone B is net

stFighit Tonaches (ot Ge anetry & st Geormetne B Boolean, Whether @ thre iterva] of & certaditine o 4 certai tive iterval & ard 4 tire iteroea] of 4 spe cific
tirme frberval or a tivve frderval of & specific tine dterval Bhour are exc opdered

stlrerlaps (stlFecrietny &, ot CGeommetry B Boolean Specific time or Hrve dderwal of 4 particubr tine or tine ddertal of & particubr time sone 4 or
4 ceTtain tivre dderval of 4 partioalar tine zone B

ctLoeft Cher Bope (5t Creottetrys £ | o Gre anetry B Boolean Tine irtervm lahen atire dderval of 4 certain e of 4 specific e kterwval & owrer bpe the tine
titereral of 4 patticubT time Fderwal ora Certadh tine frderval B

ctFight Crerlape (stlm orretry &, st Ceonetry B): Boolean,  Tine ivtervral of whether 4 time fderwal of 4 pecific tine or tine iterral of 4 patticubr time

Fterveal of 4 certain tine kderveal of 3 particubr thve diterval & i owerlpped
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Table 5: Time Stamp/interval spatio-temporal analysis operator

Operators

Expalin

stlUnion (stGeometry A, stGeometry B): stGeometry
stDifference (stGeometry A, stGeometry B): stGeometry
stIntersection (stGeometry A, stGeometry B): stGeormetry
stBuffer (stGeometry A, Double L): stGeometry

stDistance (stGeometry A, stGeometry B): Double

Retums the union of a time interval object in a certain time or certain time interval A and certain
time zones B and certain time zones B

Retum a set of teas of a time interval object to a specific time interval or certain time interval A
and specific time interval B

Return a set of gyo objects in a specific time or time interval A and specific time interval A and
specific time interval B

Returns a spatioternporal object that changes at a specific time or at a specific time interval A
with a Length L of the space-time object bounds

Retumn the distance of the space object to a certain time interval or certain time interval A and
certain time zones B and certain time zones

Table &: Spatio-temporal trajectory operator

Operators

Explain

stEnters (stGeometry A, stGeometry B): Boolean
stInsides (stGeometry A, stGeometry B): Boolean
stLeaves (stGeometry A, stGeometry B): Boolean
stMeets (stGeometry A, stGeometry B): Boolean

stPasses (stGeomery A, stGeometry B): Boolean

Return whether a time interval object in a certain time or a certain time interval of a certain hour
or a certain time interval in a certain time or a certain time interval is switched inward

Return whether a time interval exists within a certain time interval or a certain time interval for

a particular time interval B or certain time interval B

Returmn whether a time or time interval object in a certain time or certain time zone B of a particular
hour or a certain time interval is outside the internal time zone

A certain time or time interval of a certain time or a certain time interval, whether only certain time
zones of a particular time zone B or a certain time interval of a particular time interval are reached
Return whether the temporal or temporal space objects in a certain time or certain time zone B
or certain temporal zone B are inside and outside of a certain time interval

sensor nodes.

Retums true or false values for this

operator. Table 6 shows the types of space and spatial
trajectories.

As shown in Table 6, the spatio-temporal trajectory
operator receives two spatio-temporal objects A and B as
input values, performs spatio-temporal operations and
returng true or false. For example, stEnter, the Space and
time of space-time, accepts two spatial and spatial objects
and returns whether or not a specific space object enters
a certain time zone area.

RESULTS AND DISCUSSION

We implemented time relation/analysis operator,
spatio-temporal relation/analysis/trajectory operator to
efficiently process the spatiotemporal query entered by
the user at the sensor node. Algorithm 1 shows an
example of a query to perform an operation on the
tRightDisjoint operators.

Algorithm 1; Example of time relation operator:
SELECT nodeid, time, termp

FROM sensors

WHERE RightDisjoint(tPeriod(2014/05/01
21:18:15), time)

SAMPLE PERIOD 1024

21:18:00,  2014/05/01

As shown in algorithm 1, tRightDisjoint returns a
sensor node TD (nodeid), time (time) and temperature
(temp) not later than 21:18:00 (tPeriod, 21:18:15). Algorithm
2 shows examples of questions for performing operations
on tUnion operators.

Algorithm 2; Example of time analysis operator:
SELECT nodeid, time, termp

FROM sensors

WHERE  tContains(tUnion(tPeriod(2014/05/01  22:24:50, 2014/05/01
22:25:00), tPeriod(2014/05/01 22:24:55, 2014/05/01 22:25:10)), time)
SAMPLE PERIOD 1024

As shown in algorithm 2, the tUnion query includes
a specific time mterval 1 (tPeriod (2014/05/01 22:24:50,
2014/05/01 22: 25: 00)) and a specific ime nterval 2 sensor
node TD (nodeid), time (time), temperature (temp (temp))
included in the combined time of tPeriod (2014/05/01 22:
24:55, 2014/05/01 22: 25:).

Algorithm 3 shows examples of questions to perform
in relation to the computation of the stContains
relationship operators.

Algorithm 3; Example of spatio-temporal relation

operator:

SELECT nodeid, temp, stl.oc

FROM sensors

WHERE stContains(stPoly gon(tPeriod(2014/05/01 13:47:20, 2014/05/01
13:48:00), 300 300, 300 700, 700 700, 700 300, 300 300), stLoc)
SAMPLE PERIOD 1024

As shown m algorithm 3, the stContains query
includes a specific space-time region (stPolygon (tPeriod
(2014/05/01 13: 47: 20,2014/ 05/01 13: 48: 007, 300 300, 300
700, 700700, 700, 300, 300, 300)), sensor node ID (nodeid),
temperature (temp), space-time mformation (stLoc).

Algonithm 4 illustrates an example of a query to
perform a computation of the operation of the space time
analysis operator.
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Algorithm 3 Example of spatio-temporal analysis

operator:

SELECT nodeid, temp, stLoc

FROM sensors

WHERE stContains(stIntersection(stPoly gon(tPeriod(2014/05/01 17:00:00,

As shown in algorithm 4, the stntersection query is
a specific space-time region 1 (stPolygon (tPeriod
(2014/05/01 17: 00: 00,2014/05/01 19: 00: 00), 0 0, 0, 400, 400
400, 400 0, 0 0)) and a specific space-time region 2
(stPolygon (tPeriod (2014/05/01 18: 00: 00, 2014/05/01 20:
00: 00) (Nodeid), temperature (temp), spatio-temporal
mformation (stLoc) included m the space-time region
where the mtersecting time-domam information 1s
intersected (100 100, 100 500, 500 500, 500 100, 100 100).
Algorithm 5 shows an example of a query to perform
operations on stPasses in the spatio-temporal trajectory
operator.

Algorithm 5; Example of spatio-temporal trajectory

operator:

SELECT nodeid, termp, stloc

FROM sensors

WHERE (stPolygon (tPeriod (2014/05/01 19: 00: 00,2014/05/01 19: 10:
00, 300 300, 300 600, 600 600, 600 300, 300 300), stLoc)

As shown in algorithm 3, the stPasses query includes
a specific space-time region (stPolygon (tPeriod
(2014/05/01 19: 00: 00,2014/ 05/01 15: 10: 00), 300 300, 300
600, 600 600, 600300, 300 300)) but returns sensor node TD
(nodeid), temperature (temp), space-time information
(stLoc) which go out again.

CONCLUSION

Several spatial query processing systems were
mvestigated  for query processing of
two-dimensional sensor data on sensor

efficient
spatial
networks. However, traditional spatial query systems were
msufficient to process multi-dimensional sensor data
because they did not support data types and operators
for multi-dimensional sensor data processing. Thus, in

order to address these issues, the study expanded the
“Simple Features Recommendation for SQL” in the
standard specification of OGC to research and develop
space operators.
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