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Abstract

Stream data, gathered from ubiquitous sensor networks, change continuously over time. Because they have quite
different characteristics from traditional databases, we need new techniques for storing and querying/analyzing these
stream data, which are research issues recently emerging . In this research, we implemented a storage manager gathering
stream data and storing them into databases, which are sampled continuously from sensor networks. The storage manager
cleans faulty data occurred in mobile sensors and it also reduces the size of stream data by merging repeatedly-sampled
values into one and by employing the tilted time frame which stores stream data with several different sampling rates. In
this research, furthermore, we measured the performance of the storage manager in the context of a sensor network
monitoring fires of a building. The experimental results reveal that the storage manager reduces significantly the size of
storage spaces and it is effective to manage the data stream for real applications monitoring buildings and their fires.
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Fig. 1. Stream data management system architecture.
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Fig. 2. Stream storage manager architecture.
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Table 1. Example for source stream data of sensors.
mote id | no value time

ml nl v t!
m2 nl v t
m3 nl v tl
md nl v t!
mb nl v t!
ml n8 v 8
m2 n8 v 8
m3 n8 v t8
ml n20 v t20
m2 n20 v 20
ml n3s v t38
m2 n3s v t38
ml nli0 v tio0
m2 nloo v too
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Table 2. Example of stream data in interval-based
storage.
mote id | no value time in | time out
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mb nl v t1 20
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frame mechanism.
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Table 3. Frame structure for sensor data. MoteManagerol| A SerialPort:= A A A4 AEH H|
type name describe
uint8 t | add[2] serial communication address
unt8 t | type packet type
uint®_t | group group id
uint8_t | length data length
uintl6_t | src sending mote address
uintl6_t | dstl last destination address
uintl6_t | dst2 multi-hop middle address 13 9. Sensor, Mote, MoteManager 222 |
uintl6_t | dst3 multi-hop middle address Fig. 9. Relationship of Sensor, Mote and MoteManager
wint32_t | seq packet no classes.
uintl6_t | Temp temporary value E 4 AMAM AEZ folg 7 AA ZE
uintl6_t | Humi humidity value Table 4. Source code for sensor stream data acquisition.
uintl6_t | Photo photo value while (rae)
uintl6_t | Ultrared ultrared value {
uint32_t | Totalduration | total duration time for (int i = 0 i < _DataStream.Length-1; i++)
uint32_t | TXduration TX duration time {
uint32_t | Sleepduration | sleep duration time _DataStreamfi] = (int)_MoteConnect.ReadByte();
uintl6_t | CRC check sum if (_DataStreamli] == 0x7e) i = 0;
)
2. M& &e|xt ®A Fx if (I_HashMote ContainsKey(_DataStream(8]))
AA #el T2age 188 54 4 24 919 (

mote = new Mote(_DataStream[8]);

. — _HashMote. Add(_DataStream(8], mote);
- N NN
. \USN 3 s . }
Commui nicsa:il::i)anl \ %-— ) else

mote = (Mote)_HashMotel_DataStream(8]];

MotelD = (_DataStream([9] << 8) 4 _DataStream(8];

Temperature =  (_DataStream{21] << 8 +
_DataStream(20];

Humidity = (_DataStream([23] << 8) + _DataStream[22];

Hlumination =  (DataStream[25] << 8 +
_DataStream[24];

I3 8 2EH Hole XMZE X 7£x
Fig. 8. Storage manager architecture for stream data. }

InfraredRays = _DataStream(26};
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Table 5. Query inserting tuples into higher level of tilted
time frame.

INSERT INTO frameTable

SELECT MID, MAX(DateTime), AVG(Data)
FROM sensorTable
GROUP BY MID

N saconds
Normal Y )
— M seconds

M = Mote receive interval

Mode == Normal

History - Normal

dhAlof 2|3t HiHUE
11. Mechanism for interval-based storage.

N = Time interval

History
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1. 0|8 ZA|(Data Cleaning)
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Table 6. Ratio of normal values and missing/faulty
values (Unit: one).

AN FFH AN # e+ H AA4A
Temperature | 96712 (99.42%) 565 (0.58%)
Humidity 9679% (99.43%) 553 (0.57%)
Tlumination 96932 (99.55%) 441 (0.45%)
InfraredRays 96844 (99.45%) 535 (0.55%)

2. HIO|B| &4 (Data Reduction)
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Comparison to reduction ratio over the location
of temperature sensors.
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Comparison to reduction ratio over the location

of humidity sensors.
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Comparison to reduction ratio over the location
of illumination sensors.
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Comparison to reduction ratio over the location
of infrared ray sensors.
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