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Abstract People in uerban city are likely to perform a real-world search; they search things related to their daily
lives in the real world ranging from straight-forward queries to complex ones. However, a single sensor network
cannot respond to a variety of queries by using its own sensing data. Currently, each organization deploys sensor
networks for their own uses. Each sensor network has many different characteristics such as sensor types, network
size, sensing resolution, etc. In order to realize the real-world searches in urban cities, a collaboration of such
heterogeneous sensor networks is a promising solution. This paper proposes a TomuDB architecture for performing
distributed queries in heterogeneous sensor networks. In order to cope with the real-world searches, heterogeneous
sensor networks work collaboratively by forwarding queries to other networks that are likely to answer the queries.
A prototype implementation is presented and the experiments are performed to study the performance of TomuDB

architecture in the real-world environment.
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1. FAHE

LY/ — FONEHE « BRE, Ry P T— S EIiTOR
Bk, BLABAROEV YRy PI—IHAREENDDH
b, BHRSEEE YT, B2V ITEIDOEVY
v bI—ZC@TAIad Ly FRWEEHSED S DD
5 [1)~[3]. WERI%, Kk, B, AKERTE BHILHEH
DEBEDPENE YT —X [4]~([7] LAFIRTEED oM,
EETR, #fLAV0, XHEBOEE CEHIRFMMEOEY
YUY TS ERETEZREFIRODHS. ThbE, K
WHOKBEORWE Y 3w FT—ZIChX T, X ¥ FpE
DOREDHMNE YRy FT—-oh b, EHROEHRZR
BEBTLicko T, BHBEOSHPET_X) VI IEFTR
{, HELEORARZTRICHEVIUTIT LN TER XS K
5LEILNS.

TV EHHROL I BIR TR B CVFICRE S hl
BOT7 U —a VIREL KT, BL OGN ©F—
ARERINTVWBONERKTHS. Ry FT—J FALUH
BRBO—YHBHCT I AT B LETAEETH - 1.

AFWRTE, RELUZHEE, 7F—20fEN, REEFEORL
BLUYRxy PO BEBRET 3 ((REL YRy
O SBE) BIEETS. RELUY Ry TS REIC
BNTE, ROV YRy V- IHhLREORL ML
TF—E2ZELT, ThEOHSURORRE L—-VPICIRRT
BRENDB.

HiEE#HS A7 L (Geographic Information Systems : GIS)
DOHHTIR, EMHNCHTIRLEFENHESNTSEY,
B 2WEOEMTF— 2254 - BT AAELELT, -
N—LAFE (18] BB 3. GIS OF—1—LAFETHE, B
AEFOF—HIHLT, A—DRAy 2 i@ErERTc L
T, WETERAY L aDF—2E2BLEDYBTI LT, BRI
gLz, HBEDRIEDTELINEETHS. FMET
&, TAVr—vavikBnT, GIS KBIFBA—1N—LAF
ERAVCTEEY Y Xy P T2 5 OBEA F— 22 I
THTLREELT, SO DB 2ERT 3.

SHENZFEE LTI, IIRESIERTS DB ZHRIC
2HRTHEZ: DBMS BT 54 /— R LTRENIT 5. 4
& DBSN(Data Base management system as a Sesor Node)
L XK. % DBSN peer (&, EBTY 7 (7Y AHATHERED
EHLTED, &b, B6R2IEFTS XD LN1D DBSN peer &
HEEBRITO SRy P 7 — I RHET 5. DBSN peer
i3, BR B3R DR Y Y a2 F— R BEKT 3 - b DML ET
W, DL T, & DBSN peer DFMEREZANT, TV
HEAORMMNEETY, 7T VRESEOA Yy Va2 BERT
3. FFHER, THOBESCEHEIYTORKDI /YRy

P OREBRETIRBICBOTYE, BELEEVYTF—4%
ERL, 77V —va ciBEET 3T L AEBEICR B,

FRXOBRE, UTOEHTHS. 28T, HERLEE
WRICDVTENRS. 38T, TomuDB D7 —F 77 FvicD
WTERBARITY. 4 BT, KBERICEDVT TomuDB D

HERERLAZ TS, 5 ET, KBRS,
2. MEEELEERR

2.1 MEEM

BE, Y OMENEMIc D BARNIEL T + AT
YUY ERBAT R ENARECE ST, ThDDE IS E
CHERMRBEATUNZSD,  DTDLS &Y+ VA 0OFEH
TETWRV. (1) BRESREOBMIRICZ3BhDSH B -
DICTEBRITRUWEBRA CHAME CITE V. BEOR
BRBHTERV. (2) BOREZBT TEEXHABZVER
BNTHELI. BNRTELS, AOKROZVEEST S
W=+ 2FRTS. TOKRVFILIHHoBRERTIR
B2 DL Y F— AR ABEHEENTOEWEHT TV 7 —
VarveBRETAZLIRBTHS.

o, B OBEET HHEACBOTR, LY OEHEIE4L
OHEBPTERT 3 Y E—RAFICRS VT4 T L LTHR
HITBZTLEBHILTINBTLEEELTVS. H53F—%
R—ARTF—LZ O, |5 TV T7REFOME (Resolition)
LR -oTL S, FBLDEIYRRS VT4 TICk->TH#
HBEINBHxy bI—7 L THEFIAREEL EES Ry, %
D XS ERERECHS T E L hEE S,

Hic, EUHREBIcoBUTRBLAGHEESS, T
TOE I F—2E—BICNETS BRI S T4 28
WRTBMEIRET .

2.2 BAEHR

BEOSRT—ER—AY AT LEBWOT, ZZUYRHADT—
2EAT, F— ARSI, EHRREORERT TR
1 DD DB ¥E7HHNE, FOETIKIT) REEEL, F—&
WIEREETH S, Eie, T—XEEEBHIERD DB U7 i
BoTVWTh, TOREEZERETHARZL2EE L TVIUSHEE
DO DB ETHDTF—2EHRAL T/ LV Eglic b3 7—42%
BT ZCLMTES. LHL, LEOEOBIEHHOL
Y OHERBICENTI 0L 572 DB BEEHNSY

LY F—RAR-RCHET BTG, KEL 2DIEHITBT
ERTES. —Di, v MI7—FHMEENE (in-network
query processing), H9—D2I&, A M) —LF—RIFE (stream
data processing) Tdp3. *v b 7—IHESHNETE, Ny
7V DEMPBEFEHE L LOWENZHAOFT, LdRy
F 7 =S N TOF—RUIUEPT— 2B (aggregation) DIz
DR EZYPENINET B/ HOBLEFEMRRIhTY
%[9],[10. A bY—LABICETBWETE, F—&2Y—X
D EORELYA LBIET B F—RICH LT, MEHLE, BAEE,
A=Y TORDORIUOFEEMEREINT VS [15]~[17).
2w b WM 2%, HEREPEMT
B|ANE (B/ME, BKIE THRE) ZHHLLELD(14]
M6, HE, STt Y T— 20D S ERROMGHZE
STEHETIRY, KOBERNEENRYL LIERREAL
HBATYVS [11). Nittel 5OBFFE(11] T, HEHFRS X7 L
(GIS: Geographic Information System) DZEHIHhiELE% ¥
YRV I ATRITTEIEHDDFEERRLTWBH,
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HPMEHS AT L ey Ry FT— 2 « F— 2 X— ADFEH
WIS E U T, #BE YRy b Y—% (Geo-sensor
network) [18] LB B3HRLITON TS, CThEDRIRT
i, E2Y/— FRATLAEMTOATWBDICHL, HsD
BRFETE, LY/ - FhoF— 2R LI TF—5_—
ABHYATLBCE>T My M- RMSENE) T
LNBANRLKS. HELHE, RELVY Ry FU—SBiEE
BELIEVYTF—2ORE - HAFERBERLIE12) D, &
BRLR LD, 7TV —va v EETE2SA 7V MUT
DTF—2FERENRL L TWS.

AU LB BT BAR T, BIE LI T— 2 2B KW
KBTS, B30, JDTF—ERXR—ADF—RLHETS
EVOTEABRMNRLNE Y, EETR, LY HEDF—4%
BAZRET—hATL LTERT 32 AL RENS [16). &
EDTF—RLOHBEBEATIRR, €T 20EMIEE
TH%. Kraft Tid, BELVUT7IL &A1 LERERLT, F—&
ZEATBIHDOFEERRLTED, BRYIOECEITE
EREAELELY R— LT3 [19]. MauveDB B&
U Kraft T, T35 LIEELNBAAEETH B, 7 —
FTIF Y LAS>TVEVRT, BAOBRFHLRLS.

3. TomuDB D#E

TomuDB 7—#F7 7 F+ O ##X%. Tomu DB &, #
BOL Y TF—2E2FEDTF—2~—X (DBSN peer) &, 75
A7+ & DBSN peer DIBEZER, Ha, B, #wixy,
EETELNIE LD E DY — 72 (DBSN requester) I
£oT, /Y F—E MR HEE, RET 3282
HYF—HZRX—RXTH%. Tomu DB I, DBSN requester &3
D DBSN peer THIEE N 3. DBSN requester i¥, Tomu
DBIZEIFBZI547 /L OEFHITHY, DBSN peer iE
Y T2 0B, FW, RKHITHS. DBSN requester
& 7547 oD ORBICHLT, BYAET
DBSN peer & D{EZ1TV, DBSN peer hOZELIF—
BEYVFAT Y FOBRTZEANEHL, 7547 b
f89%. DBSN peer iz 4 F— 22 &M, HM|L, DBSN
requester 75 {100 DBSN peer Z88eH L TREE N TR Y
IVIENLT, BEOEHER, oY TF— X LOBERT,
BETHONET—ADRFBL I T OEX®ITS.  DBSN
peer (d A—73—_/— ¥ DBSN peer & F{il DBSN peer %D
KEED Xy bT—r Lix>TED, @4D DBSN peer IR
BEZRET 28 TH5. % DBSN peer NP D LS SEF
BifRERFOMIE, TIHRFICRESL LTS A 5N 3.

TomuDB i3S TOMEL 5723 (59 1).

¢ Web API Server: Web API server i, DBSN ic#f
LTHoTUZHELERITS. 1—41d Web API server 24%
HUTTF—2&@EEITS C LAAMRICR S (K 2). Web API
DRBIE LT, BEF—S2BMVAEbEETLICE? TS
BHC B BIRLWVEORE TV r—va v EMEEE h
%. XML query Ofi% 3R

e DBSN Requester: The DBSN requester iZ, XML

i Web API Query Users

———
‘Web API Response

\
RV
PR

N N
-, Ny o Sensing Dalg o Y
i AA A}A A - A A€ SeAnsom%)jI

~ (
N Sensomet A ) . nsomet
s o "-».Sglsomtt_g, . §Em0mtl C 7

/\ DBSN Source

B 1 TomuDB 7—FF7F%

2 TomuDB web API

query M5 SQL query Z#BHNCERT B, %7z SQL query
25 XML query DRZEHEITS. SQL query i3 dQuery L PE
ATHEH, DBSN peer NisEEh 5,

¢ DBSN Peer: DBSN peer DB LYY oy 57—
SZIBRL DB TEETAC L TH5. MREHKL LT, DBSN
E7HEH, L—F 15—, DBSN V—Ah5i#hit
YV Y T RERENT BT —2R—AHHB. 52 DBSN
peer &, i DBSN Peer ¥ DBSN Requester & OiE{EL T
IHEEERT 3.

* DBSN Source: €Y TE#HIL, DBSN ¥7ilct
YTF—RRRETE LY/ — FOEHTHS. Particle Com-
puter #BWER L > E 2 — LD uPart [8] L BEHD USB
bridge ZHET 3. HED uPart iIHRE LB REE
, USB bridge ic k> TRV F—2%BEL, PCIcF—
B%%%5. PC TRBRE LT —42% USB H— FH 5 HRE
Y, DBSN K77 — X 2R LIEFTS. uPart ICI3IREE -
IR - RH)© Y AHMAENTE D, EHNICEREY 2—
WML >TREVHTF—2MNEEEIND. EET— 2HEILF
REVREFETHS. (272U, EEMMIE 144[msec] DB
BOMBTRENETHS) REEFHROLY YV TRITHCL
MUHETH D, MREEICH L THID uPart #RBT B &
THREDHREOHENTHEL 5.

¢ dQuery: DBSN E7iCliV&bEEITSIdDOr T
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<query xmlns="http://osoite.jp/drops/datatype/
xml/query" xmlns:geo="http://osoite.jp/drops/
datatype/xml/geometry">
<requester>
<host>requester.test.osoite.jp</host>
<port>5555</port>
</requester>
<type>temperature</type>
<time>
<start>2008/4/28 10:00:00.0000</start>
<end>2008/4/28 15:00:00.0000</end>
</time>
<space type="2d">
<region type="polygon">
<point><x>0</x><y>0</y></point>
<point><x>0</x><y>10</y></point>
<point><x>10</x><y>10</y></point>
<point><x>10</x><y>0</y></point>
<point><x>0</x><y>0</y></point>
</region>

<resolution>1.0</resolution>

</space>
</query>
M3 XML ZLVOH¥Y T
1 FLYDIRTA—XK
Table 1 Parameters of a query
NS A—% | &HA
AQ) 1Y OREET B ERRER
DrQ |7—%0H%
TIQ) |%RIEERT BIHOREN
aw Awyati (IVOYAX)
R.(Q) ZERAMRIREE
SOLQ) [sQL AL—kXY b

) GH5. DBSN ET7HONL—F 4 > THBEZTINY H L,
DBSN B 7 DF—Z_X—ZANDHWEDE 2T SQL THAR
¥h3. #IHT2 SQL &, DBMS ICHAE U\ W iRmEtRRic B
T3, dQuery DNy XICFENBZBEREZR 1 1IRT.

4. R B

F4ld TomuDB BZEEL, TO/NAT7+—<AEHAEL
7-. LB TiE TomuDB DHT DBSN requester, DBSN peer,
DBSN source ZHW Mz, &£t Linux LT C FHTHREE
NTHH, DBSN peer DEWDH 3 BEEFH L/, The DBSN
source ¥, V—Ya OREMALMET—2EZMBTES
uPart [8] ZFIAI LT3, DBSN peer i PostgreSQL %53k
THRHTHEHLTWS. £z, V—Va OBREEEROTE
EFEG 2 PWET B ODIEAFOHEHNTITY. V—
TavuEid, BRETEL (zu, ), (@ pur)] EEBLTE

DBSN Peer A
DBSN Requester Region: [(0, 0), (10, 10)]
- Spatial resolution; 1.0

DBSN Peer B
Region: {(0, 0), (10, 10)]
Spatial resolution: 0.7

_ DBSN Peer C
Region: [(0, 0), (10, 10)]
Spatial resolution: 0.4

4 HBR1ICHITS DBSN peer DXy M7 — I MBE

4 T T T
35| E
= 3r / g
E 25 | -
> 2F -
3 15} i
a 1k i
05 | -

0 1 1 i
0 1 2 3 4

Number of hops

B 5 28R 136V} B BRI DHERS

%, EWMBETOFMEEZBELHLE, 71V EEL T OUNEE
fAEL, 2 TURERLS, W{DH»DDBSN /— K2z
L TEEZRITERD ¥ TORMICEE L.

4.1 B I: Resolution-based Queries

EHOBEE, E 4179, 1 B0 DBSN requester AT
DBSN peer(A, B, C) e LT/ Y ZH< 5. AB,C ZHEZ
ICHEENTHOEEEINB Y-V 3 i [(0,0),(10,10)]. D&
SETRTHELVEDOLT S, —F, ¥ JTYV-VarsD
MM E (Resolution) &, HXHIC 1.0,0.7,04 Lo THED
CHb o> LEMM. ZDBD X DML Resolution ZFHE
TEHIVIEH LTI A B-C LR NVT 1 ky TEN CHIEE
2175,

DBSN requester (& event (E = all measured temperature),
region (L = [(0,0), (10, 10)]), the period of time (T = [18:50,
18:55)) £ LT, Resolution KFHEE—Lix>TW 3.

% 1.1) @ Resolution #5371 1.0, 0.7,0.4 & LTzies, B/
1) i3 R87 DBSN peer \LERXET B EHNEDLD 123Ky
FE BT kicixB. XL Resolution % 0.4 & LIFER, ¥
7 AT1.0,04 LYHEEHh, €7 BlcEkXEhsd. b6kt
7 BIiCHNT0.7,04 LHENET C X TlXEEHh, €T
C THHTIHENS.

SEERIERE M, B 5 OFRICK o, FEEERMOEM
BFEOLEDIC, VTN THEY Y TR EOA—
73\ Rz Wiz H 2 BEORME % T DBSN peer ZHIEKT
BT EHAETH 5.

4.2 RERII: Region-based Queries

¥ 6 i3, EBILICHT S DBSN peer DXy b 7— KT
»5. BRETF—213, BOXS3 BRIy —VayTEEEN
%. DBSN peer A, B, C DEEY — 3 i [(0,0),(10,10)],
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DBSN Requester

DBSN Peer B DBSN Peer C
6 BRI 5 DBSN peer DXy b T— 7 RME

-

- A:((0,0),(10,10)]
- B: ((6,7), (9,9)]
-+ C:[(2,2), (6,6)]

Y Coordinate
O=MNWHUODLI®OO

012345678910
X Coordinate

(2) DBSN peer ® Region .

-

10Me == ===~ -- -

9 Q ‘ —3 l:
28 A —8=B{(6,7),9.9)]
£, L G [22), (660
DA B L e QUL (5]
SIS ' T - A Q2 [(7.8)49.5,9.5)]
> 2~"‘ ’ : 0 e m .1

Tle----e V- meQ3:[(0,0), (10,10)]

om

0

123456782910
X Coordinate

(b) Region IO 2TV (Ql, Q2, and Q3) & DBSN peer THEM
3 Region L O

B 7 Regions of DBSN peers and queries.

all resp'onses ——
1-hop response ---»---

' L 1

Delay (ms)
o = N W s OO
L
L

o
-
N
w
a

Query Type
B8 S8 11 TOBERRTRIE

((6,7), (9,9)], [(2,2), (6,6)] &£1xoTWB.

B 7(a) IKREAICEIREZTRY. DBSN requester DT 7L
FE7(b)IcHBESIC3[QL, Q2, Q3 - THHENThD
Y= 7 & [(L,1), (5,5)], [(7,8), (9.5,9.5)], [(0.0), (10, 10)]
LEo>TWA.

IV, UTOLICNBEENS. £9 DBSN peer
Aand C i3 Q1 WERTZEET—&2ETS. 20D
DBSN peer A & DBSN requester iC X U TRET 3 L Ric,

DBSN peer C IZ Q1 2#55%9 5. DBSN peer C & the DBSN
requester OGRS EIET.

#T) Q21 DBSN peers A, BEFLLS%RLY 7HRER
LTW5%. DBSN peers A, Bid7 1TV EF%EFhFh DBSN
requester {ZIRERIRY .

Q3 I3F TP DBSN peer ML TAB LTV Db, &
DBSN peer i3 DBSN requester ICEEF T3 kiciks. K8
i lhop DIFEDBEFER L B 2 LE R ENTEBE
OEBERE Z TR L Tz

one-hop DBIERFEIE DBSN peer 55 DBSN requester ™
Oy LY EEEETHS. one-hop DEBIERM L LLEL T 3 M
&) RSB, B & L TIE DBSN peer (&
V—Ya vl 7 1Y OERNEETS L THS. RO
EZRDOTHTEDEIMERICKZ LNy FHRON B9,
T r—va bk 7T VERERIMA S LS540
VOERNREL TN B,

5 ¥ & &

Ly ERNHHIC B 3RIEFRET SV r—v a0
Z—XBHELDODOHBHN, —AHT, BELHEMETHVER
HMERIDITbNBY, —BOANFATE Z2BHEBINSE TR
Mofz. TomuDB I ZD &S HEHFICHITIZT S r—a
VEREETBH, RELIYERS DB 20klf, —BOA
O OREAEICT HPH THS. & DBEBHAL, Hlic
O—ANTEEENTVWERET— 22V Y TIVICERT 5.
% T #53%€D Reasion *® Resolution @Y TREIL L&KL
LTOF—2EEDAMZBERKL TS, Mz v
8D DBSN ET7 2 VTR R > X7 LOZHM R REE
L.

BEE AW, BOTITBOE AR RIIREEE g S
& ZFit JIST CREST OSOITE ¥z 7 hD—EFT
LTiTbhiebDTY.
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