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An Incremental Query Answering Mechanism
for Browsing Distributed Sensor Data

YoH SHIRAISHIt and YUICHIRO ANZAIt

Various kinds of sensor data such as weather and traffic information supplied by hetero-
geneous sensor networks are useful for location-oriented application. Each sensor network is
a data resource that can supply on-line and temporal sensor data. We propose a retrieval
mechanism with incremental data providing for browsing widely distributed sensor data. Our
retrieval system consists of a mediator agent and multiple server agents. Server agents man-
age time-series sensor data from sensor networks. This system decomposes a query from a
client into sub-queries based on spatial and temporal constraints. Each server agent transmits
incrementally the retrieval result for each decomposed region at each decomposed temporal
interval. The mediator agent controls the query execution and the transmission of these re-
sults from server agents. The browsing client can incrementally integrate the received sensor
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data based on location and temporal information.
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Fig.1 Heterogeneous sensor network environment.
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Fig.2 System overview.
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Table 1 Data table for time series from a sensor network.
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Fig.3 Spatial information of sensor networks.
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Fig.4 Query region decomposition and spatial

constraints (SC).

0 Temporal Constraintsd 0000000000 TIO
0000000000000000000000 SCO
00000000000000000000007TCO
000000000000000000000000
00000000 0ooooo7TcoO sCooon
00000000 QUOUOODODONOOOONOOO0
Q= {q1,1,q1,2, -, G2,1, ---) (3)
qi=<a,, DT, TS > (4)
;000000 ¢,00000000000007S,
U0¢:0000000000000000
000000000000000000000000
0000000000000000000*Y o000
a; OO0 (6) 0000000 2000000
0 0500000000000 (5)000
00000000 4000

a?;‘vper _
ar; = )T
i upper
Ay

lower
ap;

lower
g

upper

lower
C a; ;

) a’l,z

— gupper (6)

-1

00000000000000000000000
00000000000000D000000 2000
ooooYooooooooooooooooonon
00000000000 D0oon
e I00DODONODODODOODOOOODOODO
0000000000000000000000
0000000000000 000000000
ooo
e I00DONDONOODOIDOOOOODODOD
000000D0000000000 4000
00000 sSCO0000N00NOoNoooooon
000000000000000000000000
000000000000000D000000000
oooo
U000000000DOooog (70O (8) oo
000002000000 TSP 0Tsevero0nn
00000000 75, 0000000 5@



Vol. 44 No. SIG 12(TOD 19)

TS|

lower|

TS|

1
I
upper
TS | t base

05 O000D00OO0OO0OOOOO
Fig.5 Temporal interval decomposition based on
temporal constraints (TC).
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<!ELEMENT sensor-data (data-item)*>

<!ELEMENT data-item
(id,type,location,time-series)>

<!ELEMENT id (#PCDATA)>

<IELEMENT type (#PCDATA)>

<!ELEMENT location (x,y)>

<!ELEMNET x (#PCDATA)>

<!ELEMENT y (#PCDATA)>

<!ELEMENT time-series (temporal-item)+>

<!ELEMENT temporal-item (value,time)>

<!ELEMENT value (#PCDATA)>

<!ELEMENT time (#PCDATA)>
06 0000000 XMLOOOOOO DTD
Fig.6 XML expression for sensor data.
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Table 2 Host specifications.
CPU ooo oooooo
host 1 | 440 MHz 1,024 MB | CA
host 2 | 333 MHz 384 MB MA, SA
host 3 | 900 MHz (x2) | 2GB SA
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Fig.7 Multiple sensor networks for temperature data.
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Fig.8 The improvement of retrieval quality for

temperature sensor networks.
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Fig.9 An example of mesh integration (“buf” method).
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Fig.10 An example of mesh integration based on
intermediate results (“buf” method).
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Fig.11 A result of spatial data integration for

temperature data.
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Table 3 The number of sensor nodes.
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Fig.12 A distribution map of heterogeneous sensor nodes.
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(“buf” method).
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Fig. 14 A distribution map of heterogeneous sensor nodes
(“broker” method).
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Fig. 15 The total precipitation based on the intermediate
results (at T'S1).
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Fig. 16 The total precipitation based on the intermediate
results (at T'Ss).
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Fig.17 A distribution of the total precipitation (after
TSlo).
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Fig. 18 The total precipitation based on the intermediate
results (for T'Sg).
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Fig.19 The total precipitation based on the intermediate
results (for T'Sy).
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020 000 TS, 00o0ooooooooo
Fig.20 The total precipitation based on the intermediate
results (for T'S10).
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