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(57) Abstract: Disclosed is an operator for a spatial query and an energy efficient query processing technique in a wireless sensor
network database system. A query processing method in a wireless sensor network comprises the steps of: transmitting, by a base
station belonging to the wireless sensor network, a query on the wireless sensor network; and collecting, by a sensor node having re -
ceived the query, sensor data according to the performance of the query, wherein the query is a requirement for data collection ex -
pressed in a sensor network query language (SNQL), and a spatial operator for identifying a geometric target space for performing
the query is defined.
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8 Al A
Aol A FA AN U E S d ol B o] & A=) oA

T ’\4 A 7\1 Y| E 9] =1 (Wireless Sensor Network: WSN)i= = 2] 4] A A& U EH
&t7] flafl vl AN mEs 2 A E . T A HE S A(WSN)=
ks o] AAE A mEEREE HolHE sy sko] AR vkl T,
Military applications, Environmental applications, Health care applications, Home
applications, Other applications ).
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[33] Aol A T3 i}l SNQL B Fo] AT o0& e gt o= 1709 4lA
EER S 2(step1)°ﬂ SAIE vkel o] S P Y= 2LE o] dth
T EE, B2 SNQL S w3 A e ddAkE A% H A 54 (closure
property)= A F 3t7] 93¢k SNQL ¥ 5o =2 A H T}

[34] B 4= A8z SNQL M of 54l 7] Z5te] 788 &4k kA2

AAT 4 A
[35] =7+ 218 A4 2H(space Identification Operators)

[36] - Envelope(Condition(s))

[37] MF A Fold £2& WSA7IHA 7|6k et4 kS sk
AXES 15 o= AiE Y Zlo|th o & £, "2 57F 3058 238 A4
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A L(stepD Ol A, =218 =2=8714] 879 ==7F SNQL I & el F-H
AN E e87HA & FASHHA Hg] 274 WHFA ) o] T @A 2(step2) ol A,
SNQL QI el, €2, e3+= ed, 5, e63 FH W, Fof 2 o =2 A F 1 v AX
SNQL s e4, €5, e65 A g}, o] A -2 G A 3(step3) 7 -2 Al 2L ¢
7171 SNQL <l 5 e70] F A2 wj7hA] RS o) dbd o, A F ed= 1] o]
FAEEA] iz, o] = w97 ol 2 S THESHA] 9] Wl ol o) wERI,
% ed, e77} e8-2 Envelope(temp>30)2] A 3&Z A Hjo] 22 AEo]Ho =
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Function Operatorg,, ;o

Input: cond // condition(s)

Output: S, = {e,,} wheree,, = {space-ID, (x;, x;, ¥, ¥,)}
Begin

(1) If N satisty cond then

(2) create ey = (timestamp, (xy, Xx Vo V)

(3) If any envelopes created from N, exist then

(4) merge envelopes created from N, into ey, End If
(5) addey to S, EndIf

(6) return S
End

result

N2 Q499 AA ==& on]stt) N9 A2 e=E = Ny = A 2 5 a1, N9
=24 A= (v ywolTh o] A4S 43S cond(ll & E0], 239k &2
Iz ]

2]
A EE Flskar 71814 F1ke] A 3E e_m={space-ID, (x;, Xj, Vi, ¥)} *! Sresur={€m

yol el = 2R ghrt. o1 714 space-ID= 716} 54| 3k A AL AL, (x,, X5, ¥in ¥
)= Fol 2E AT = AN = OFE A Ee,d HAR S
ejm] g}, -4, jbef :== No| 235 w53t SNQL 255 e

)
<timestamp, (Xx, X, Yx, yo)> S Bl 2 A F T} 8RS 22 ¥ 32 (Timestamp)
AWFo] AFA S FHE] 98] AR AL (Xns XN> YN }’N)% (Xns }’N)oﬂ SR kls
EENO o g M E 7] o]t vEeF TFE Qo] Ny = H A E T4, o]
AU E L T ey T L AT, 00 Sl F7HEIT,

- NearBy(x,, x;, yi, ¥;)

NearByQ2He 548 58 929 74 74718 el lahers 9122 ije)
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[54]
[55]

[56]

{space-ID, (x;, x;, yi, y)} & @HE A5t gJR gt} Fol= v 2s5S 714 B
AX7HA AE e o, Ao B = m2e A E 53

L3S At o] 9A g YA el 7H S e w B2 AEFE = 3
HolgEth ol & 50, "A % (x=10, y=20)% 7 7p7hE AlA mEE o] Fo1x
7F-g zho g} o & F ¥ i= 7 ] = NearBy(10, 10, 20, 20) 0. & ¥ & H

=39 ﬁll(stepl)ow o4 g Uzl Folxl HRE EetE A HEZ
& F ¥ = == 3= NearBy(10, 10, 20, 20)2] # 8] S A8 2L S53v), 1o
A2z R EIRE 2 E67HA S el S 3ok B, BT E 2R 10

=589k w60 15 ABE Vo AR E XA 2] ool
A5 AFetA Faol wet FelE FAIsHA] &=t @A 2(step2) ol A,
=247} SNQL QI F e32 A5t =59 =60l 2l 34 ¥ SNQL
A F el e2F FAIET 18] 2 =543 SNQL A F elS Fo) % EHA
AXNZRE 74 77k A0 & el wo]| & AE o] Hol] A543l
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Function Operatory,, g,

Input: coord = (x;, x;, y;, ¥;) //the specified coordinates of target location
Output: S = {e,,} wheree, = {space-ID, (x;, x;, ¥, ¥;)}

Begin

(1) create ey, = (timestamp, (X, Xy, V> Vo))

(2) If any envelopes created from N, exits then

(3) find the nearest envelope to coord among e, and envelopes created from N4

(4) set the nearest envelope to S, End If
(5) return S,
End
NearBy 14 coord(e & £01, B} 914 9] A 3)E dH o= F4lstate,
:{Space_ID, (Xi, Xj, yi, yj)}o] Sresuh:{em}‘/] 63 EHF':- 7] 0}6.]— :(;DLZ_]:‘CL] 2]:} ;:1]_%

] &g}, WA, SNQL ' 5 ey <timestamp, (Xy, X, yN, yN)>/] JH =2
A E T vhef, thE AR E o] Naweoll 2l 8l A4 = o) dvbd, coord o} 7HE:
T A s H7] Al eyt Bl 1ean, 7H 7P77} AMFo] g Ert.
- Distance(Envelope, Range Value)
Distance 121 A 431 713151 g4 2] o 3 A S| WAk
AV BT o9 o], AN G R SNQL Ao 2 HATHE A
oh;} oﬂ_al:_ ,vvgcﬂ_?’oc o] ]
o2 AN w2 o) Fo) 7 B e ﬂo}a} o e
Distance(Envelope(temp>30), 10m)Z 3= 4~ At}
549 D}ﬁll(stepl)oﬂ A ek g 9l%o] LCA =E 2 A »E51= A0 &1
Z718 W8 7 SNQL Al 5 el 7} e2E 21 g} wH A 2(step2)ll A1,
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TS5 ol 7l e ghell wheth 2 SNQL <M el 7t e25 A4 shaL 2
SNQL ol elJJr e2°) HHE A

[61]

[62]
[63]

[64]

[65]
[66]

ot
Distance $14Fe] I A& 7 39 daeElSa &

<3t 3>

Function Operator ;.o

Input: (1) S;, = {e;, e,,..., ¢} where e, = {space-1D, (x;, x;, ¥, ¥;)}
(2) ra// arange value (

Output: S, =1e,, e, ..., '} where e, is expanded envelope of ¢,

Begin

(1) Foreache, in S,

(2) Set envelope of ¢, with (x; —ra, x; +ra, ¥, —ra, y; + ra)

(3) EndFor ' *

(4) Seesult *= Sin

(5) return S,

End

162, ek}ﬂ’tﬂ‘(’q fS deo=w JEZ1E e A E A g
MEFRA Seu={er'er...e' V5 o 9 gl whE A2 i ES 3]
A8l 7 2 envelope> —':r A = A3 +/-2] H S gholl ol el
1AL, S/t H R E T

- Direction(Envelope, Direction Value)

Direction 942 2| A4 1k Hke] 7884 3 1h& %, e, e
Wkt ol 5] T g FARH o & 50, "7 305 o] 44l o
A&l ARG A mER o] Fol Xl F3ke Fole}, "E‘rb Hel=
Direction(Envelope(temp>30), WEST) = 3% & ¥l T},

5= 5% Direction 14F-S A g gt} @A I(stepl)oll A, LCA = E2 A wE5%
TAYbo] 27 E& W5 SNQL A F el 25 2MH sl
A 2(step2) 0l A, =5 JH‘]E 25 Ml F = 7HE A Ee = dEFU &
1A]8kaL SNQL M5 €3 JJr;cz 2iska=5

Direction $14Fe] 7} A& 3 4/] a5 g

Direction 14Fe] 3H= 713} 8H 4 379 1 & ew={space-1D, (x;,x;,yi,y;) } &
={e,es.. .6} S WS JH O R 48T e, ={space-ID, (x;, Xi, ¥i ¥} ! Sresurc
={en} 2 FER 7I5tot4 ko] Hhe Anr - S, o= o) 3] WEke
P EdlEs e s D= Axte] 7]ste4 Al F eyol

Fog FoH S ., ST 7HE B Aol
) 31, FF I (Kpins Xinao €Yj Ymu) B 25
yiE e daate2 A A o171, Xt X
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[69]
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[71]

2 o o] xahare] H ol gk iz A 29 VI B, Vb Y, A1)
) Hgh iz H &gk vl @,

<:LL 4>

Function Operatory,.. ion

Input: (1) §;, = {ey, €;,.. ., ¢} where ¢ = {space-ID, (x;, x;, y;, ¥}
(2) D // a direction value

Output: S, = {e,,t wheree,, = {space-ID, (x;, x;, y;, ¥;)}

Begin

(1) Switch(D)) // find geometric space of direction operation

(2) Case (D) =90)or () =EAST):

(3) ¢:=easternmost e, from S,

(4) createey = <ti;’n€rsmmp, (& - xjp X Ymm,}‘}m)>

(5) Case (D =270)or (D = WEST): |

(6) & :=westernmost g, from S,

(7) createey = {tzmexmmp (X € %5 Yoo

(8) Case(D=0)or(I)=360)or (D= NC)RTH)

(9) & :=northernmost e, from S,

(10) create ey <tm’xm’f&mp (Xmin> Xmaxr € © Yo }f’ﬁ&m)>

(11) Case (D = 180) or (D = SOUTH):

(12) & :=southernmost ¢, from S,

(13) create ey = (timestamp, (X 0, X oo Yonine € V1))

(14) End Switch

(}m Wr&m = €N

(16) return S

End

3t A 4R} (Set Operators)
A3 AAA = F 79 3] A4 operand) 3 7S AFE- g0 2 4] B o o o] Al A
=5 ApEs] 8 AAE Alolvk i A E AEE

SE&IZTEIYYE Sto] 7 U] Juldt e Jo & 5l
305 oo iz 10% Rt whar/shA] ko

NE/UA B T3 G om A HE = A9 ==IDE Oéf’—a]r."a]rk‘ 01]7\]
A7t At o] Aol MR 374 AA =28 2185} 7] 93] Intersection,
Union, Difference 14H-& AF-8-3Ht},

Union©d42F3} Difference A4 A 70 Mo Y855 9 & & 63 ol
ool FelE IS A E T AS dar Yok Fol 3 IR o ol
e Fto R FEET @A lstepl) ol A, Si={easent, S_b={ep.en} T B T
Qo] A Aat F7ko] o) Xtk A 2(step2) ol A, S, 2} S0l ZF @ A7k 9 A&

71 A, intersect envelope e;; e, 7} 212 A T} WA 3(step3) ol A, S, Sv B T SH= &4

}?I'fl%ﬂ( } >

result

H]:Ll:t

o

A

N

-

>

lo

Ed
S
olf

2

9

[‘

-
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[72]
[73]

[74]

[75]
[76]

[77]

[78]
[79]

J—@:gi Ci1 elZE

[e] =) -

envelope 52 71 F7ko] T, 218]al 71 2§ 8
=] - 7

i 7]52—]'0] S.={€411,€512:€513:€523,€524,€

AL EA =] BlalE o), 12 Al EA)S
251> Si={€415,€416:€517:€21,€27,€ s28} = G g

- Intersection((s1, s2)IEnvelope, Envelope)

Intersection 1 AH2 8 &5} 7] space-IDE 5 AY F 7| 9] &1 4ke]
Ao R FHH 02 EAF(E £, SNQL M F) F A4k F7H&
ARG o AT, "2 52 7F 3052 o) ol Al 5 5= 10%0] &)l el MF T
Sz wAF Al H 9] I IDE dofehehis oA el E o] &dt o] A=
FoIxl 21 & whSetE S Y= L E ke v 29ke S A
7bestal 1o B2 e ko] k(e E 501, SNQL <l 5)o] A2
ol Aol

5= 79] Intersection AAF2] Al &S H o] = ?_}74] I(step)ol A, LCA == A
wmEL0] 2571305 o] SNQL '8 3F el& A8kl 571 10%0] 613
SNQL <85 25 G4l &heh. WA 2(step2) ol A, m=10] B F el 3} e29
LA o 2 AV 2] 5L, SNQL B E 32 A4 ek e30] A A ) 2

Zad

T

[-'>~
=

O

- Umon((sl s2)IEnvelope, Envelope)

Union®14h2 ™4 28} 7] space-IDE 54 H 7L 5 7)o g3kelrte] dabgro =
FH1 02 SHUEE 5ol SNQL A0 F) T 92l 31
"7} 308 o] o) i 31z 10%0]3ke Ahe] A% s alel Qi Fa e X elel

Emémqﬂﬂ:11ﬂaﬂ4 e}, o] o A= Fo 7 27
Zahiz S EE el $2e) el 232 S 2d Thsd
@4@33?@offa%%@4@%ﬂ@#i%%&ﬁﬂ(ﬂ%% ,

SNQL <1 55).

%= 89] Union$14t2] ol Al A 38-S vpeblt) WA I(stepl)oll A, LCA =T 2 4]
w0l 257F305% o)) SNQL ' els FASHAL 5 57} 10%°] 314
SNQL 25 25 G2l &hek. WA 2(step2) ol A, =12 B el 7 2
AR o] 7] Zhe] B FHo2M o Bl TR T A& AFh 1
w1 M E o3 E] 0714 2 A B 2 e3HE] 071X 9] A mE R
2 %3k}, Intersection 1 42F2F & ] Union 42 &= 83} o] 3HA A& o +
kel U Ade e duEel g A4TE Aoy,

- Difference((s1,s2)IEnvelope, Envelope)

Difference12H2 ™ 215} 7] space-IDZ 54 ¥ AU F 719] &-7FA4E2]
Avgrow 540w 5B S, SNQL dUF) F 99 FHS
ARSI "2 57E 305 o) 4ol Al F1naE 10%0]7d ] Aol M E Tl =
A9 e =EIDE dojeth ez oAl HE7F AR o] A= ol 21

T8k s HE = e E e v 23 e S A E rhe e dAlska
734%—1 o=, ?rL/H }L‘ L= ‘7/]11;_] -’élzl-g] 2161—0] 7ﬂJ/],J_E£L_ Eo]_i Jo]q_(oﬂ% l:éo-],

X

Lo
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[80]

[81]
[82]
[83]

[84]

SNQL <8 ).

%= 97} Difference 1 4H2] o] A] A& -& B.of Fr}, WA 1(stepl)oll A,
LCATE=RA =513 £ 571305 o)1 SNQL A8 & el & 4l 8hal 527}
10%°]8F31 SNQL 285 e25 A1 gk}, @A 2(step2)0ll A, =212 35 A S
WSO BM, el T e29] AFo) 7} L= A2 AAFg Y 1] 31, SNQL <l &
e3,ed,e55 A 3}3_’ H e E e3,ed,e5=0) HAF-3H} Uniond2H -4
Difference 142 & 99| YEFUS5= 1% 4 A Difference$d 2] A3} H-&] ¥
TS EA 3}L Aol e A g

718k Setd Aol B2 3% 59 ¢harg]F ) o

<3t 5>

-

Ot
b
X,

Function Operatorg,opeans
Input: (1) op.name
(2) S, = {e, ey 0. where e, = {space-ID, (x;, x5 vi, ¥}
(3) 8, = {e,, &y... ., .} where g, = {space-ID, (x;, 2 xp Yir ¥i)}
Output: S, = {e, 5., ¢,} where e, = {space-1D, (x;, x5, ¥, ¥}
Begin
{1} Foreache,in S,
{2} Fereache,ins§,
(33 If envelope of ¢, overlap that of ¢, then

(4) create intersect envelope ¢, = <timestamp, (xp %5 Vp }f;))

(5) create g, = {e,, €;,..., 8.} where ¢, is constituent envelope of ¢, by splitting e, surrounding ¢,
(6) create &, = {€,, €5, ..., ¢} where ¢, is constituent envelope of g, by splitting ¢, surrounding ¢
(7 If (op_name = “Intersection”} then add ¢; to 5, End If

(8) If {op_name = “Difference”) then add ¢, to 8, End If

(9 If (op_name = “Union”) then add ¢, &, €, to 5, End I

(10} Else

(11y M {opname = “Difference”) then add ¢, to bmuh End If
(12} If (opmame = “Union”) thenadd e, ¢ {0 Sesury End I
(13) Endlf

{14) EndFor

{(15) EndFor

(16) remove redundant envelopes from §
(17} return S

End

Set1qtol gha== T Op_ name(l & W, A4} 0] ), Si={eqne,45,603.604.€05
Sb:{6515,6516,6517,6521,6527,6528} S YdHo= FAlskar en={space-ID, (x;, x;, yi, }’j)}oL] S
eat={en} & FEIE 7]8}o2] F3hel ks AR grdivh(dad 5o 1-42).
A, S, 2 IS e, B0l S epoF A A ], alaf A 7} <timestamp, (xy, X
N> ¥YN» }’N)>9] = A HY ol & 8%’60]:(57\11)”:] 18l 1 }_%“)J/]— H| L 5}o],
e/ 2 Wake] e Sloll AT W, ez WA A MUF o= v} 1L

ekl A M EES e={e, e €5, .0y e} B BAAST S e, 2

upal o 2 Uyoh o] 714, B o)) 9 K]0l o) AT}, ¥ go] Ao A,
ey WA AHE O 2 A AL AL e=(e;, ey, €5}, ey={c4, €5, €6} 7} ey T AL
A E] = HE o, 0] B oF A2 upEEo B = Ml E S o] AlA ] X
FEthdae 59 5-6%). 7 op_named©| "Intersection”©] ZHH, €57 S gl

result
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[85]
[86]
[87]

[88]

[89]

[90]

[91]
[92]

F7HA (L] 59 7). 7FeF op_name©| "Difference"#+H, .7} S eu©l

F7FA (L] 9] 8%). 7FeF op_name©| "Union"©] 2}, ¢, &, €7} Sresur®l
F7FACH g 59 9%). TheF H A = o]l EAlSHA] =, op_name©]
"Difference" ¥ ™ e,7} Siesur®l 7+ & $HH op_name©] "Union"¥ W= e, 2} e, 7}
Sresur®l F7HA TR a1 8] F 9] 10-125). vl W] S,9} S,9] Wl A of] o] & 2kAy st
EZ Q3 MUFLE S ZHE AAR KL LY F ] 169).

SNQLe A o] &7F Arz= % 63 Zot

<3t 6>
Divisin Operator Description
Space identification Envelope EBeturn the geomebric spaces that satisfy a given
operators condition
HearBy Beturn the geometric space that is the nearest to
the specified point of location
Di stance Beturn the seomelric spaces that satisfv within
the given distance from the ziven geometric
Spaces
Direction  |Return the geometric space that satisfies the
given direction from the given geometric smaces
set operators Intersection |Return the geometric spaces that lie in the
intersection area of the given geometric spaces
Union Eeturn the geomebric spaces that lie in the union
area of the given zeomelric spaces
Difference |Return the geometric spaces that lie in the
difference area of the given geometric spaces

A Y EA T Al AJSNQLYolA ] T4 S

T AMAE AL T IEE A HES A A A(SNQL)E
g5t 71 A JEY 2 8] 910(SNQL)= Select-From-Where -2 1]
Z5to] RhEolHa A3, AEE 1e]al oWl E 7Rk Fe & XYt
79 dagse 7]E A U ES A A Ao)(SNQL)Y] 7| Fx2E
Wl Aoy,

<
o
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[93]

[94]
[95]

[96]

[97]
[98]
[99]

EVENT ON event-type (paramlist)
SELECT selectlist
FROM fromlist
WHERE expression
SAMPLE PERIOD ftime [FOR time]
OUTPUT ACTION command
WITHIN percentage
CASE WHEN event | expression

THEN Action | Sample Period | Within
END;

EVENT ON &&-& o]l E7} A g5 wf, of 3 H 2] 7 A ¥ =5 ) g
A ¥ o]wl Eo|t}, SELECT &5 Z)
tlo Bl o] A-&3h= $4 S BAFSTH FROM &H2-& 7] Ad-S 93 =7] g7
o4 o & o|u] gt} WHERE 852 selection &= A}gktl, SAMPLE PERIOD
a2 oy S e theFe Al gkl ti gk 4] o]tk OUTPUT ACTION
o W’%% 141]}49] oﬂ}q 744,]6}14—
Aol F7hsh= AA w9 vl E
2 A vaA S XA,

S
u mlo
ko

>

WHITHIN 52 P& AlA =5 5
olu| &t} CASE WHEN 8128 %719

AA W ELI A F gl AoJ(SNQL)°ll &+
g7 WHEN &+ 1d-& 3 84+ &35l

<3t 8>

(Expression)=(SQLAAdExp) (“OR” {SQLAndExp))

(SQLAndExp):= (SQLRelationallxp) ("AND” (5QLRelationallixp))

{SQLRelationalExp) = {SQLSimpleExp} | (SQLExpressionList) | {SQLInClause} | {SQLBetweenClause)
{SQLExpressionList}u=(SQLSimpleExp) (% {SQLSimpleFap})

(SQLSimpleExp):={AggregateFunc) | (County | (NUMBER) | {STRING) | (BIND} | {SpatialFunc)
{Spatialfunc).=(Envelope) | (Nearby) | {Intersection) | (Union) | (Difference) | (Distance; | (Direction)
{Envelope):="ENVELOPE (“(attribute) {operator) {constant}”)”

{NearBy):="NEARBY (“(envelope)”)”

{imersecti(m):::“iN’E‘H{SH(;'I‘I()N (*{SpatiaiFunc) < (SpatialFunc} )"

{Union}:="UNION ("(SpatialFunc) 7 {8p: stxalhmc) ¥

(Difference):="DIFFERENCE (*{ ‘>pat1alF11m> (prtﬂlFum) V

{Distance):="DISTNACE { (Spﬂ:mIPum) /mmmm; bl

{Direction):="DIREC %li)N( *(Spat mlkum} (u)miml} ¥

{envelope)="{"(integer} " {integer} ™ (mtwu) " {integer) )"

{attribute): .-@txmg,

{operatory:=">" | “<" | =" "7 | =" ="

(ccmstant}:::—-Qintetjer} fflc)at/ ! {string)
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[100]

[101]
[102]

[103]

[104]

[105]
[106]

[107]

U 7 A A o m =, ohA A sk 1 ALAEE AFE-s7] 9 @l A <SpatialFune>E
<Expression>2] <SQLSimpleExp>ll 5 7}35} %1 T}, <SpatialFunc>+= <Envelope>,
<NearBy>, <Distance>, <Direction>, <Intersection>, <Union>, <Difference>=
TAE o] A}, <Enve10pe>—°‘ EA (A S 5o] 25), A2 2K E Eof ">, <,
"="e} A7 3 JEl 2 £ ¥ <NearBy>+ x 9 yF R E B

A== Td ) <Distance>T <SpatialFunc>=Z - E A8l A4kz}e)

A& 7He) 7| = F2 Td 90} <Direction>< <SpatialFunc>= £ A 8l ¥
ALrbRL e} kS 7] 7] = A2 T8 P <Intersection> 1l x4 F -2 -8}V
8t <SpatialFunc>2] 2320 72 -4 = o] Q). <Union>< 1 EH 9 & 3171
91§+ <SpatialFunc>9] 232 & -4 ¥ o lt}. <Difference>= A F 3 9 &
T-3F71 91 3 <SpatialFunc>2] 230 2 -4 ¥ o] )t} <envelope>, <attribute>,
<operator>, <constant>+= 7| & £A &2 F7F4 Q) A -2 A ekt

LCA: In-Network Qurey Processing Algorithm

Al 7\1 HESY A A= dd Aol A b5 doly gd o] A5 dojdt,
EOJ "FE7F10%0) 81 Ake] A Eg Al Ao g dojdtretar
AA AL F AS Beld a8 Fank ()R 2
E1 FEE A2 E 2L QF L7 10%0]8R] mEL] £ E gloj o &
o]t} ?ﬂi‘O}b A~ Elo| A o] 2e)-& Wo] A2 H ol H ) X A=

ol = o] F3lehE Ao s A )
4‘1] Al dare]se v Fe] a7 LCAR e
=ol o8l He]E= Alo] 7hsdhA gk LCAR == B o 9 9
EE’_PF:,L*GLO}EE HAALS 191 HAxE AYE AE5= S
Ol gF Ed HaaE e - ES A e
%9] =R }7] Al AA == Aol
%ﬂ‘j/] A eharg) 5 Hlo| 2 2H o] H(d & 5o, FE =5)3
gk 4?4 A ej/d o] ¥ aighel] of aff WA s}= A Al A

n 2 rul
o
L o

s
>,\1

e ;@ KON 2
(o)
oEL_th ~
§>§

-
Flﬂl 11‘“

H

I
il

BN Hore
i o2 1

o2

m 2> Jo

Lo W

o
© ol &
2
)

Tl
pod
o
b ﬂﬁ fh“
?0 E

oy
2 |
=
A
o
=
il
kol
o
o
o
il
N
MN

Al A2 A= 4 22w F X BE T S #ANCeStor,,y eng, #Childe).
A 24 w27 A e = o5 ASe Ao A5 rlstar, 2=
HAel & Dk A2 wrol eaE ou gt} LCA X == #Child,.q #t°] 9 &
AR F A AAZ 120 AX s 2 AP

510 @T LCARETF 9] oA ] A B Gl AP =AE
HolgEn Hlo| 22 o] o2 A NO12 H 2 & 524 aﬂ H ] ZZA|A = EA
Gl Al mEQIN02E Bzt o 7] A, Nol2 248 =55 7HA| AL 914 7]
] 7o), #Ancestorm,y wnd/F 0°] TF. 28] 31, F 2] & NOZ?’-_“J H 7] w ol #Child
wa/F 10T} o]l gk whAl o & B bR o] 2] 2ol 91 NO3, N04, NOS,
NO6-Z (#Ancestory sena=1, #Child,me=1)S Zr=TF NO7S NO6 . 2 H-H 8 &
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[108]

[109]
[110]

[111]
[112]

[113
[114
[115
[116

—t e e

[117]

A T RS A wEE A S AL TR Lo A e
7 1R A F UHH#ANCEStOT nyy_sena=1, #Childepe=2). “L2] L2, NO7-2 ©]
Ao A G e s HLR A= HA Y T3 =24
LCA-Z=7} ®t}

L 10 (D)ol A, LCARE3= HE 5% o X (d & Eo] F X9 Bl & oA
FE7F10%013H] =) Hlol B 5= 3 # ¢ & thA] A gt o),
LCASE+= HE 5 =28 A Est= o] a3 933 sta o #Ag 4575
1w AHS ST E Eol 25 7).

LCA A4ke] 3 37 99 dare] 53 4

LCA A4F9] &&= #Ancestor,,y enis A
LCAS-E=Q1] ofd x| o]) t] gt Ao upe} 3
5H A= A =2 R F2lE AR F o= A A Hl ot qhek A A
2T OS] 2 S WA (1) = (HANCEStOT ey seni=1, #Child,i>1),
(2) Wl o] =22 H| 0] A& (#Ancestornuy send=0, #Child,n>1)(E L] 5 2] 1-25).
18] a1, A8 E 2 A A (Y= Disseminator)< AT H #H 2] E A A5 &8l
Xt cre) ol Fho)] gk vh(daie] 59 3-5%). whef, d A =Tt
LCAF=E7} of b, A3lo] RSt th( i e] &9 65).

<3t 9>

Function LCA

Input: (1) #Ancestor ., na

(2) #Child g

Output: a Boolean value // true or false

Begin

(1) I ((#Ancestor . .4

I| (FAncestor,y senq = 0 and #Child,4 > 1)) then

(2) reform the registered query with envelopes receive from child nodes

(3) If the current node is base-station then call the Planner of Query Processor

(4) Else call the Disseminator End If

(5) return true

(6) Flse return false End If

End

N
o
b
-y
>
P‘L
111
r.g_t
)
L
(r
N

Architecture
2 g o) & A W EL A dlo|E o] 2 Al ~Ele] 2 E A gl

T 118 FHRSE, B ol 2 AA Y E L A o] o] A A AELE
& shi= wlo] A2 H| o] A (110), B B G o ol | X & AlA

Hlol 22 E ol A(110) M A& e =, A ZEAAMID= A&

4353 A& Age 3 FH FE U ESR A vy A (Network
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[118]

[119]

[120]

[121]
[122]

[123]

Manager)(112)°) 7] A3t} o] = =29} == JF A (A & 5o EZZEA])9
ek v et ol B & -2l B8 =74 BRE | .
A %ol 7 Qo o] AN (120704 7158 ARl Sl wEE S A
HUE FE =Eo 2 =22 T3, =58

Arko]l Agd w M EL B =EE A ESH] 918 LCAR =9 93 hrh

EF7 4 o 9] =9l A ==(120)9] F 2] ZEZAA (121)F 4 3 AH(Executor),
o] ¥l E vl 1] %] (Event Manager), 9§ 1| 1] ] (Action Manager), 2
7 4-A}(Disseminator) & 333k}

A ==120)00 4 A= o E A PsL 2 =EF S8 SNQL A8 2
tlolE & AEstaL, o HlE U A= Bl o] 58 o HEH 25
gk e o, A vy A = FHel 2xlo] TEE LS w) A Eojof &
HAANE 5o AR 4 &) dysta, Asa= AT A& v
FEE AQYAE ok &S

Y ES A vy A (122)= 53 A9 9] 25704 +4 9 A2 & desta,
Hel AT SAH, AN 2w ARE @ e AT,

H o] 2= 2~ e o] A (110)-2 o Fe] Al o] M o & A3l r] 7 0% H el o 3]
24H I om % AA HolB E T2 gk}

H| Ef el o] ¥ ¥He

A5, A AR, A4 == 2] MBR(minimum boundary rectangle) ¥} 72
SNQLE] Wl Ebe o] Bl = #)2] 2] 5 % A8 Hth 7 wri= A4 A As A4
o wEettlo)H & vt & F A o' e dho: {(x,, i), (NodelD,
{sensorType}} 2l 21, (x;, y)= A2 =29 A7 E 2|V 51al, (NodelD,
{sensorType )= nodelD®} AA F 75 o] ghr), =gk, A B E ] o] wgtu] o] B &=
o g2 Ao gAAC: {(x, X, yi yy), {sensorType} o] &}, (x;, x;,
¥i, ypi- MBRE] 31 A& 21| 3Ll {sensorType}i= A1 B E ] 9] AA E75
oju| ghr,

% 12:= vebdlolE] #He] Q] oAl & Kol FEr) 98 A wEE olu|Eal,
A2 2 A B Eg S MBRE 2] ghot, Ml o] x| o] A 2 "{(10, 60), (NOL,
{sensorType})}"= 214 A4 ¥ A4 wmx=of v et o] B & 2] 3}al "{(10, 50,
40, 100), {sensorType}}"= A H E ] o] wE}d|o|H &2 ] ghe}, T NOI ==
"((25,95),(N02,{sensorType})), ((22,58),(NO3,{sensorType}))"& # % 14 % z}-2]
o] yEeldlolH 2 #2]sFal "(((25, 45, 77,100),{sensorType}),
((22,50,40,58,{sensorType}))"= A B E 2] 2] v}t o] g 2 #e] gt} o] ] gt
WAl o2 N02E 7 MY A AdE A2 o] werd o] B & et
MBR& 33 5= 7l o] A B E g o] wgld o8| & ] gt} o] 7] A, M B E ] 9
MBR-E BHl o] MEEY S MBR¥ A& wf 242 =22 # 5 A4
ARANA AA 8= Holl A&ttt o] wWEtH o] B = AlAM W E A7F 77432 1)
AQHT, 5 =27 7R A Y AHAlE o], WEkel o B = 1 2 e 9}
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[124]

[125]

[126]

[127]

A meE Qo) e fe A A TA AT,

o)s} ol 2 whg o] A Aol w44 W E 912 do] €] W] o] 2+(SNDB)7F
t} 3 23k A4k 2| (spatial operator) S ] €] 3} o] B} o 9 (target space)<

JaurstA B 5 A% 71E A W EY A Fe o (SNQL)E -4l
e, el AT G YRS folaA ERD A A Ak A0
el He)e 4 2leh vl So], & o] AN ool B g %3k Al
ASHE 7| R B RS FASHE AT ALA T A i
A%61A] &3 == g LCA(lowest common ancestor) 5= =0f A 7 F/]/] s
AE o]gste] AdgterzA A Ad vgs =L o vk 1AL, =
kg o] A Al o of wp =, vl 2be] Bk 9] ¥ ZH(polygon shaped space) 2t %l?i
A E Golgto gy A U E] T ol e Oli(SNDB)Oﬂ A EA o
el A A Al HAEYE 9= thde® A A T3 3

B odlhg o] A A|oof] & vHHE L r}okst A FE }\]/\Eﬂ L E.5}o] _rsg_fd
A= 2 1% v & (instruction) & Bl 2 €l ¥ o] HFE w5 7)Ao

]

I E
e %Qfﬁ?a%%\*%q o=
o, Arel|Eoll A A g X 2D FA L, dE FY, ZEAA, ZEEY,
ALU(arithmetic logic unit), T] 2] & Al & 3 2 A X (digital signal processor),

njo] A 2 7 37§, FPGA(field programmable gate array), PLU(programmable logic
unit), PFO] A 23X 2 M| A, B = T8 ® (instruction) S A A 8lal §HE 4 A= U E
oy & 2] &} o], st} o] o] Mg FAFE s 5 BA AFHE
ol g&&te] ¥ E = vk A FA = G A Zﬂ(OS) 7] EF AA el A
T3 = st o] el AZE Yo of el Alo| S Fae 5= vk T3 A
x};‘q: AT EYo]e] Ao 2utate], ol & T, A4, 2 e ¢
Atk olaf o AL E f5to], A e FA = st AFE = AR
5 QAR a7 V] ofoll A B4k A4 TR A=, A

Mel A2 8 i(processmg clement) R/ B 139 Ay 245
RNaa & AL A= , A Y] G = B e ERAA E=
Shule] X 2 A A L 3] {’—E%Fﬂ% FEFHS 4 vt gk Y
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