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Research Directions for Efficient Query Processing over
Sensor Data Streams
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Abstract

The sensor network is a wireless network of the sensor nodes which sensing, computation
and communication ability. Each sensor nodes create the data items by sensor nodes above one.
Like this feature, the sensor network is similar to distributed data base system. The sensor
node of the sensor network is restricted from the power and the memory resources is the biggest
weak point and is becoming the important research object. In this paper, We try to see efficient
sensor data stream management method and efficient query processing method under the
restricted sensor network environment.
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A EHRZE E7EAA EER2R](topology) & 71
HESZ Fe2A F2 272 HYE @38 AM ==
E2 olfojA] glon, ZZY MM x==EE YW(light),
2% (temperature), JF(vibration) 59 EAF g3
Q@S Wdshe 4ES FPAT 1 o2 ArE Uy
23, A%8 8N 2d a9a e g 5SS EF
AcH5.8,9].

A ES TN AM = dht o] =
B3 diojel olojdlE At 1EE AN MEHI=
£ SA0A HolH F3(tuple)d] 2EYE Aste ¥
4t dlolejdlo] 2 Al2El} o]F fA}sICE

o] ATFAAME AA doleulo]~(4)eis 8018 B
o] AMgglm glen HEFAQ wofgwlolxaet FAIHA A
A HESZAME ZAAE FF violEle] $3(gather)/A
2](process)ell tigt A7} HPdct. SQLE AHeshe A
£29] dlo]elulo] 2] Aol Ho|Eulo) 2o ol B¢
dubEel Folw, MFHQ AA HESZAA A=l &
dlojee o] YAUA Br] el HEAQ] SQL el
TFHL ofF F&3ITH2),

AX JES|ZAM AN =g 7t mAR] A4S F
3] 7 Be AYE 2=E Fo(11). g A ol
Ef|FoA SQL Fele] ¥4 78L& BAv| &8 Has) &
el 8 Foof FH2).
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. MA 2HA(Sensor Environments)

2.1 MA Hl E2|3(Sensor Network)

A YES) AN Fg ATFRE F shie ulz
AN =9 Aotk AXxtE HZ Be ATE B 2
E2(Linux)Y 9552(Windows CE) 2& 337
A AHo] 7Fed gl o2ttt a3l e = vEy
tetmel s Ee HEe MICA ZE(Berkely MICA
Mote) °lt}10]. dHdd o ol o] 71ad ©AlY] AlFel
o} e old AN YEAD 8AdM AMHE 4Y
o] FAEL olefg 2 AGAS 73 k. FA, B
4l(communication) A<o|tt. F4 UESF 929 4l

A xoe ditdo® AgE ddZ(bandwidth), delg
o &H(drop) 283 7PAAQ #AF7] (latency) o &
A& QoS(quality of service) S AZITHT).

Ex, AYL 2 (power consumption) A<ko|th AlA
w=o MY FFe F2 viE (battery) & o] &317] W&
o Alzg] MANA HEared g Y25 HHos a9
glof gt} dlE B, MICA mote® 2000mAhE | Z3]
£ AA HiER 2708 AMBeled|(10], olRE =k F 13
dole AgS a2 A4 oF 197 " Fgol 7hesict.

Az, A% computation) ALoltk AN =g AT
 dibsEs AgE 793R 438 /2 gl o
& Aok AxxzedA vloly A guelEe Adtn,
AN = el F7 ARe] AFE AdRch

YA, Al 719l B4 (uncertainty) Alofeldt. &
242¢ AN AZ(signal)d ZRe Y EEEAE
7R e olRE FE(noise)sS ¥F & + Qo
T3 AAe] 3 2= oFgtez R dolHE A4
& = 9lut

J&1. HE2| MICA 2&
Fig1. Berkely MICA Mote

AM HESLZE A o] AAM =9 B2
227 #Fe golZEld(life time)E ST ALY
378 Al (monitor) #& FH3} A7 Z2AENM A7|7H
AdEE g A AY FF 5ol 8% oleltt. »
u)go] AolHz] rlge F2 A3 AT FFEE YA
FIZgE Age o go] ARt uEhA o3t Egeo|n
23 (trade-off) & & o]8-3fo]ok 3},

2.2 MM t|o[Ed(Sensor Data)

AA = Eed Al 4Z€ shit ol AME
2 olRofAgitl. dF EW AMe 2= ZH AA
(temperature sensor), ¥ ZFA] AlA(light sensor), At
B 9L AXEE AA Folot ol Ar9 dHolH
A2 Bl n, EFIAEZ(time stamp), Al €

A

4. A4 g 5oz 0%zl AN oleld(d)st A%
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(location) & E¥she 2 79l =(field)2 14€ @
FA=(record) & 72 gitt. G x=oM #AxE ZE
AA ERQle] da3es 28 AF|ul(schema)E 7K I
B, 24t glo]& P2 o] FolA Urt. ol2fg HellA A
HEAIZE g AA Elgle] o (multiple) HolE2
ojfo|7 Y EAF HlolEHlo|x AAFHleR Rolw F)
& Zlo|}.

A dolHe B Fd(noise)s Ttz Ue=wl
A%l weEtde o8 ANEZ Eole dHolHe ¥
(fusion) 22 I3l o % FEt ZFAE dr|z ArH12).
J3uz JEEA @(raw) AM dlolee g9k
(summary) 2} A7 (aggregation) & 7712 AME A8}
= ARk A4 oEgAolddA o #88 & = ot
(3). A& E9 3efRloz A AN 2UEYE &
g g o, JFedt Foe 1 A9 BE AAMY @
o g 7t Sl HEG ot eE SHHIEA
9] dRE dele 7ol

2.3 A 2|(Query)

A HESINME ditdoez HAdH (declarative)
AolE AMgdith o2 9 e diedk dele] AeE 1
23] 22H6).

SELECT AlsAZ’---,An
FROM #,79,...,7,
WHERE P

GROUP BY A ,,

HAVING P,
DURATION time interval

EVERY time span

T82. ¢kt Hefel Fo|
Fig2. Simple Query

SELECT d& AA dlolele] £4(attribute) 3 FA
(aggregate) 3 ¥33h FROM A2 A Elgle] B4
Hlol 88 ¥3tt. WHERE e Z# U (predicate)l
g% 4M HE= F el (filtering) 71%5-& TEIL
GROUP BY &< 4AM HFA=E ol 54 4422 BHI
HAVING H& =Z#dzld) 9% 259 AAg FROM &
o] 22 glo]&¢] 2 (oin) Y= 7Fesic}. dukAgl A
oo} A HIEHZ Aol zo|He A7|H AP, F

7NHdez A7t ddgsle Zolth. webd, DURATION
e Aol go)Zell(life time)E 7143l31, EVERY
&Aool g $HES 2FTAT(3).

A HEYNZ 87N AM9 9EE BN A9
Well A3k B85 A4A BUHY Al&"S A7)
B2ap AA ESZ el & AF R} SellAl FESS] ©]
2 F B4 die] E At F AG9] 7 glo|Eg
3} SE stz 2 £4L (nodeLocation, timeStamp,
noiseValue)2 Aeoldlx, Z& Fo F2EA 98 1Ay
= &elgtnoise value)& 5% MY ol €vh AJ2E
g8 B 193 9 2 291 A A + o

SELECT R.nodeLocation, R.timeStamp, S.noiseValue
FROMR, S
WHERE 0.95"R.noisValue ¢ S.noiseValue

AND S.noiseValue ¢ 1.05"R.noiseValue

D23, =9l Eef
Fig3. Join Query

2%3.9 Adolish 2e A% WA YEADY of]
(ol wE)old 29 AVE HY & AW e RS
Alel Y5 BN Fa3 BAZL ek,

IIl. &ejel & (Implementation of
Query)

3.1 ®A Z<2l(Aggregation Query)

GROUP BY T& HAVING Aol gle A AdE o
& FA B (simple aggregation query)@}stdh], Alx
HEHZNA 713 Akl Fejold}(3), v FA A9
e Zd#(query plan)2 B4 HIAE(communication
component)$ AAF AFVE (computation component)
2 ZFAFUHE). FHeE A Holgy AMERY
B] a3t do[e]E do] Ao} 57 Wi £ x=
dA 3¢ === HR2=g AT B4 Aol da
b, olelg Aol Fdg B4 AxWEsty vt £Y,
& eEol JAE glE2=Ee dibg gEshe A9 Zd
A Axdegs g
A HEH A Ae] ] e ug o 3 13

1
W F syt Ay EAlolth. SAIHRAES A Hx
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VEES A4s) z3 Aod, $9 ==z A EAE
27} w=T(intermediate node)old HE FA(partial
aggregate) & 8 AgHE dAAY &g EUI0R A
AREZ Y § 9g Rolh. B I AXVES T
gokd ohed 2e A XY g 1 B 5 U
Relct,

A, A4 A$(direct delivery)UHl, 71 4 W
ol g Bt 7z A& AN ke FY =22 |
B A< Rt dake RE Iyl 4En ¢F F
oA Agdrt.

=4, AR ¥ (packet merging)olth. T2 AN
P o] 2 g Afshe A Bt 2e H7E o i
We Aol B4 Ags w7 gojely Ay ¥ 2=
2 THIT O gL vlge] BgET AA HI=Se
1= gxE Fn, J2 7R G g2 AxE0|
Exoll Ags] dio] 2 Ao HZ=E B (merge)dl
A 2 Ha=R 9o Agste o] HA e WE 2
=g Zole dgo] @ Aotk BEg Tk FA 2
Azte] A W el A48 diojEe $£E Eole
FU4g dhgolriz dth{13).

MR, BEYA (partial aggregation)eltt. #Aze 3+
AN o 3E AYE QO 5 e FRY sHEe
2 B2 AE AR, olFde 39 =2 AT

T R W 22 A 199 A 2 239
A ATUE ARS e 43 AN =5 1] 8
7 B83S & F Utk 8 Ao v SUMR AVG

& A QA Ae o& T Ads oo} din,
MAXSH MINZE 34 Qikalel Z9= 35 A% Hox
2 2Ry} s et g2y, old oE A A
T 83| neisor & Aol

ok

e

N
2

32 =2l Zel(Join Query)

A WENZ Yo ox & =7t dioel g ARske
A3 (non-stream) HelEHle]laE AT didelA A9
u ~EY dlolEHlo| x| AT nesZ|= it 7
29| 29 AloME A4t ulge Haspt F TEAlo]
Aoty Shd, AN YEQZNME B HEel M F
3 8oty

AN VESINA F&7el 29 Qa9 HPL D
AT W pEsl BARH2). 2.3"844 AFHRD RFA S
o ZA(RXS)AIA 71 @& e AY SoA Ay
RZ 2, glo|& 39 W42 R Aoz Af §F 2Uske

uho] 714 vred Wbl I O Wye 1349 F
A2 (centroid approach)°|t}.

Qe A9 &2 xzolth A WEHIM 21 A
o] o] He Ao} | & FE CE Feoh AH P

£ CE FHez & 71 AL A9e 49922 HY

Aot Y RA S A9 P 2 AHFHL P A
Q) @ake) AgEh 1 AFE A9 22 xE QA ¢

AE olgiz AN WEHAINN EA S Eole
ookt g e nEE B 4 3ok

?Q

i Result tuples

routed to Q
R-tuples S-tuples
distributed . broadcast
around C .- " around C
Table R Table S

%4, Seda
Figd. Centroid Approach

V). Zle| =& 3HQuery Optimization)

Ao HAX3e 13 ¥ o JA Ao} AL aAsol
o a2y ool Aoe) s Aol Ao EAE A4
e AL A I ohny HeEelM GROUP BY
o} HAVING A& nalgEat, o Sof A4 WEH =
A ojd 71F g olslel gk AdEtn YwA a2Fe] B
< Fahe 94 A 2¥95.3 o] 2dE BAl

SELECT S.gid, AVG(S.value)
FROM SensorData S

GROUP BY S.gid

HAVING AVG(S.value))Threshold

o026, &Zs Jle| ol
Figh. exam? for Query Optimization
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o] Age] WM ¥ 7iA tE Aol ZHdE A7E ¢
Adct. ke 4zt 15 deix E2F £ (flow block)
S e Foln, o shie s 25 o8 I
EE2F B5E ke Aolth2). 47 E2F BES
he Ae e 259 A4 Hzes AASke Aolx,
2 Zol(path length)& #°le AoPI= 3§t} I
HAVING oA Zgozs AHgske AL 4 2348
o] dg = gun Zy e A z(selectivity) 7t B
o o Be B HEE 2 £ Yok A A
A A Aol EIE Y3 el B 7] gl
& ARgsjof 3t & sl Alxe] E8lF X9 HY
(overlap)elct. wreF A7t Beldoz 33 9 1§
o &8 Ut 1 AMNEE Fol 479 E2¢ EEE Y
Aske o] felsich. vkl 9 AMEe A v&
2 vad AA 27] gEelth, 12 & 255 AN
7t €] HAgled EE OF9] FHE 58 9 EES
EES Ashs Ao] vl &}

oldle & Aelg nejsEAl F2S B3] QU
& A dateld zeid "Havt 9ok dvsid 71E A
9 "Ee Frlsles ol 7Hedly] WEelt). 29 2e
E AN HEAINA o A4 5o Ao 71 dubd
Ql ojZeHe|adele}. dlg ol T 29 RY SollM 2
He ZE A4S 2= FE a¥6. 1 o] A Ba

e o

A

oL

ot ox

SELECT oid

FROM SensorData S1, SensorData S2

WHERE Sl.loc IN R AND S2.loc IN S
AND 81.0id=82.0id

26, 2t Ze| o2
Figb. exam2 for Query Optimization

Z Aele dolE Aot 7hed BHEHY delHE
TETE mhebM 22 Aele] A9 x(selectivity)el s A
o 22 FPHE HelH 27} Rl & = A AF
= Sio} w29 Aoyt A HolHE Sy, F
£ Adshe ARG FUxe=dA sk Hlgel o §
ol &% € ¢ = ot £, AU slgRa delele 2
A Ao Memet A x==E AWk F8F 4EE
& Aot

V. 22 2 2% d7yel

A HEHZ 8749 ANES duzes A F7]9
HeFe] 54 2EY volHE LA A&A<L
dole] ~EZe] Ae)g A3 a2 Mg s F
sajrh, o2fg G AA Hole] 2EY A& A3
A A w=o] B4 o oA e 22 A A%
Z TN F dolH ddd me AH AS FRao}
k. 53], AA dolewelx Heojd tig A8 F¥
< A3 fHolof she F83 o)t

2 drdMe 4 B2 B304 s A4
tole] 2Ege] A Zejg 2 Aol tieje] AujHg)
o, e HAE A% 2 /K = ATEgn A9
2 Ao FHHat Wk AN dlolH 2EYL AE8FoR
theolol ket A3 AY AR Hislele EAIE 2
e Aol 23| RFo] AA B& ¢ F U+

FF TGS £EHY AYLE AN AA o
ol 2EZ9] AFA FFE AN nejs) HEHA 2
9 A7 2 Ao A=le HAZE A% 4TS AP
Ll=g
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