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Abstract. A number of sensor networks may produce a huge amount of data, 
and there has been a necessity the data are processed in a single system. 
However the data could early overwhelm the database of the system. This work 
introduces a condensing method to reduce the amount of data exploiting its 
semantics. The condensing reduces the amount of data to be transmitted and 
stored, by condensing the data according to semantics shared among servers. 
The briefed data could diminish the load of applications running on resource-
constrained devices in pervasive computing. 
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1   Introduction 

Many attributes of the physical phenomenon surrounding people such as air 
temperature, humidity, and dust density in public facilities are becoming online by 
sensor networks in pervasive computing paradigm. Since those sensors are 
geographically dispersed and produce data at predefined rates, the sensor networks 
would require a distributed data management in a regional or nationwide scale. In 
these sensor networks, the sensor data is stored near its source, and data processing 
and filtering are pushed to the edges. Similarly, on the supposition the sensor nodes 
are tiny hardware suffering energy shortage or etc., queries for the data captured by 
sensor nodes are preferably processed the sink nodes. Such architecture reduces 
bandwidth requirements and enables parallel processing of sensor feeds[1]. 

While many distributed systems are geared toward workloads that are read-
intensive, low volume, or not time critical, the distributed systems with these sensor 
networks will be write-intensive, high volume, and often time critical. Since the 
volume of sensor data becomes enormous if they are congregated nationwide, those 
data do not seem accommodated in a few database systems, in the form of raw data. 
In this work, a condensing method is proposed to reduce the amount of data 
exploiting its semantics. The condensing reduces the amount of data to be transmitted 
and stored, by condensing the data according to semantics shared among servers. The 
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building and updating processes are suggested for hierarchically distributed sensor 
databases, exploiting the merit of semantic condensing. The underlying database is a 
specific database including TinyDB, and COUGAR[2], which are the common 
database management systems for sensor networks. Distributed-stream-processing 
engines such as Aurora, Medusa, Borealis, Telegraph-CQ, and HiFi are the future 
candidates. 

An early system designed to provide a worldwide sensor database system is 
IrisNet[3]. It supports distributed XML processing over a worldwide collection of 
multimedia sensor nodes, and addresses a number of fault-tolerance and resource-
sharing issues[4]. However there has not been any related work based on a concept 
similar to a condensing method to brief the original data, introduced in this work, in 
our best knowledge. 

2   Condensing Ranges into Semantic Values from Linear Data 

The sensor captures the attribute states of a certain physical phenomenon by time, and 
nowadays, many applications use the sensors that produce a series of one variable 
such as temperature, humidity, density or pressure. The produced data are values 
captured according to time and this type of data is called linear data in this work, as 
continuous values constitute the data of one variable. 

Due to large amount of data, including that of energy consumption, etc., most 
sensors capture values between intervals, for specific durations, or at different rate 
along time. Although the capture time may not be continuous, the produced data is a 
linear data and it is stored in a database attached to the sensor network. Suppose there 
are several sensor networks an organization operates, and a number of the 
organizations are located in a region. Consider a sort of attribute of a certain physical 
phenomenon should be attended in a region, an air temperature higher than the 50 
degrees centigrade in the rooms of the buildings for example, so the regional fire 
brigades could be notified and turn out. In this case the data produced in the region 
should be huge and if a database of the server covered the region, it would be early 
overwhelmed. If the regional server does not have its database but organizations’ 
databases only store the data, the regional server need query to every database of each 
organization or every organizational server should prepare their data to the regional 
server periodically, for the regional command of the fire brigades. 

It is impractical to have the region database in capacity equal to summated 
capacities of all the organization databases and thus the amount of the aggregate data 
should be reduced. In reducing the amount, some information may be lost but in a 
way maintaining the useful ones. Fig. 1 depicts the concept of condensing, reducing 
the amount, from the sink node of bottom sensor nodes to the topmost central server 
with the coverage of a nationwide. 

There could be three modes in capturing values at sensor nodes. The first mode is 
continuous capturing, which the sensor captures values continuously. The second 
mode is discrete capturing, which the sensor captures values at specific times,  
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i.e. periodically. The third mode is the composite capturing, which the sensor captures 
values continuously for durations with time gaps between the durations. Continuous 
capturing causes early energy drain and the other mode is preferred in many cases.  
The sensors produce linear data in each mode, and their data are collected in a sink 
node of the sensor network. The sink nodes send their data to the organizational 
server that has the organization database of the sensor networks the organization 
operates. Fig.2 shows this procedure that a region database is updated every interval. 
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Fig. 1. Hierarchically upward condensing           Fig. 2. Linear data from sensor node 

In reality, all of the large amounts of data are not necessary for every query. Thus 
the top server may not have stored all the data. A sensor data is a series of values in 
domain the sensor is able to capture. A number of physical phenomena have a 
characteristic that the captured values has their semantics defined according to the 
degree they belong to. For the regional command of fire brigades, for example, it is 
normal temperature below 50 degrees centigrade, but abnormal temperature over 50 
degrees centigrade. Therefore whether the air temperature is over or below 50 could 
be the only interest of the regional command and then the region database may merely 
stores NORMAL or ABNORMAL. Near the physical phenomenon, at the 
organization of the sensor network, more distinctions should be necessary to 
immediately cope with imminent fire, and the organization database might store 4 
statuses, ORDINARY, NOTICE, WARNING, DANGER, which is less condensed 
data. Each status has a meaning of the contiguous range the captured value could  
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belong to. Further those statuses are not necessarily stored continually since the start 
time of the status and the status value compose a tuple as a sufficient data. In general, 

},{ StT Si = , (1) 

where iT  is the tuple of the sensor node with ID i, S  is the status value, and St is the 

start time of the status. This is named as Semantic Condensing by ranges of captured 
values. If the status values are binary, even the status value could be omitted from the 
tuple, resulting a more condensed form. The database of Central Level in Fig.2 could 
store such a special tuple in the assumption the status must be NORMAL in the 
beginning. 

3   Hierarchically Distributed Sensor Databases 

The distributed databases of the organizations are the essential entities in comprising 
an entire sensor database system. According to the coverage of interest, i.e., 
nationwide, regional, or organizational, the client may make request on the aggregate 
data to the central server, a regional server, or an organizational server, respectively. 
In this system, either sink nodes or the organizational server should maintain its 
database with uncondensed data so it can reply to queries for more detailed data 
delivered from the higher level. In building the hierarchically distributed databases 
depicted in Fig. 4, the cooperation between databases of the higher-level and the 
lower level is as follows; 

 
Server of Higher-level

1. Request Information of the sensor
  data to the lower.
3. If the response is No Content,
  wait until Information is ready.
3. Otherwise, request sensor data
  with a condensing specification.
6. Receive and record in its database.

Server of Lower-level
2. Respond with information of the
  sensor data, or with No Content.
4. In the case responded with No
  Content, request Information of
  the sensor data to the lower.
4. Otherwise, receive a condensing
  specification.
5. Start to condense and transmit.

 

Fig. 3. Building process of hierarchically distributed sensor databases 

The information the server of the higher-level requests are an upper limit, a lower 
limit and the resolution of the variable. The requested data is sent after condensing at 
the server of the lower level with other upper limit, lower limit and resolution as 
specified from the server of the higher-level. The building process is initiated from 
the central level to the organizational or peripheral level, and completed from the 
lower-levels to the higher-levels, to build the hierarchically distributed sensor 
databases. Multiple hierarchies of databases could be built with other sets of 
condensing specifications, as shown in Fig. 4. 
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Once a database of the higher-level is built out of the databases of the lower-level, 
updates for new data should follow. Basically the time to send the new data follows 
the expression (1) to the database of the higher-level, i.e., when the status has 
changed. In applications the time the status changes is not crucial, the new data could 
be sent every a certain time-interval. Since the data being condensed are linear data 
based on time, the time gap between the latest records increases between the levels as 
the level is closer to the central level. For this reason, the building process may be 
initiated more than once if the time of the latest record is far from current time in the 
database of the central level. Only records of the omitted time are appended during 
this partial building. 

4   Reduced Data by Semantic Condensing along the Hierarchy 

For many applications, the range of values is equally significant with the raw data 
gathered from sensor networks. In the cases, the distinction between aggregated data 
has the meaning equal to the exact value. For example, what high the temperature is 
equally meaningful to the exact temperature for the fire brigades. Furthermore, there 
could be intrinsic errors in the values captured. It is more evident in the cases some 
actuators are connected to the sensor networks to autonomously react to the data, i.e., 
whether the temperature is over 50 degrees centigrade. 

Conventionally the organization in the higher level uses briefed data of the 
organizations in the lower level, since it should manage all the events concentrated 
from the lower level. As higher in the hierarchy, the data need be more condensed in a 
way not losing its semantic meaning. Either sink nodes or the organizational server 
should maintain its database with raw data. Consider r  levels in the hierarchy of the 
databases and level r  is the topmost. The reducing rate at level 2 is the resolution of 
condensing from the raw data. The reducing rate at level 3 is the ratio of the 
resolution of level 2 to the resolution of level 3, and so on. This reducing rate enlarges 
along the hierarchy, as shown in Table. 1, which is an example the resolution of 
condensing is requested by 50% at each level. 
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Table 1. The reducing rate enlarges along the hierarchy 

Level of Database Resolution of Condensing Reducing Rate 
1st-level 100% 1 
2nd-level 50% 21  

3rd-level 50% 41  

M  M  M  
r th-level 50% 121 −r  

 

In general, the reducing rate of data to be transmitted and stored, rS , is as follows, 

at least, in the hierarchy of the distributed databases; 

∏
=

≥
r

h
hr RS

1

, (2) 

where hR  is the resolution of data at the h-th rank in the hierarchy, supposing the 

bottommost is the 1st rank and the resolution of higher-level is lower than that of 
lower-level, for every level. While the status value does not change, i.e., the newly 
captured value is still in the same range, the reducing rate gets much higher. 

The reducing rate is acquired at the cost of losing much data not interested. In 
addition, other parallel hierarchies could be necessitated for other interests. Assume a 
new application is required for other purpose to process data from the same sensor 
networks, as shown in Fig. 4. The new application requests different resolutions of 
condensing in the middle of the hierarchy, thus builds a new hierarchy different from 
the middle. The data of the new hierarchy of other interests also take place in the 
databases. In this scenario, the effect of semantic condensing decreases, however it 
should be efficient to condense the data semantically than not to condense, unless the 
amount of condensed data is larger than that of raw data by the number of hierarchies 
built excessively. Semantic condensing has another merit of indexing to the data, 
similar to Domain Name Service, which means faster access to the data. 

5   Related Works 

The nationwide sensor database system of this work is similar with the concept of 
Virtual Sensor[5]. Virtual sensors abstract from implementation details of access to 
sensor data and define the data stream processing to be performed. Local and remote 
virtual sensors, their data streams and the associated query processing can be combined 
in arbitrary ways and thus enable the user to build a data-oriented ‘Sensor Internet’ 
consisting of sensor networks connected via a global sensor networks. The coalition of 
virtual sensors is Virtual Sensor Networks (VSN)[6] to provide protocol support for the 
formation, usage, adaptation and maintenance of subsets of sensors collaborating on 
specific tasks. Its example introduced the functionality including the support for nodes 
to join and leave VSNs, broadcast within a VSN, and merging of VSNs. 
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While those works have proposed the concept, mechanisms, and benefits of using 
VSN, an XML extension technique called Stream Feed[7] has addressed the sensor 
data-stream and evaluated their technique against the large streaming data object. As 
the sampling interval decreases the number of clients reduced, and as the network is 
deeper the latency increased. They are natural results but a big obstacle in creating an 
application of sensor database with a nationwide coverage. 

6   Summary with Future Work 

The hierarchically distributed databases store the condensed data of one kind of 
sensors. Some of servers could request exchanging their condensed data each other to 
form new data by combining the data of different kinds of sensors. The organization 
could operate the networks of other kind of sensors, i.e. the sensor for temperature 
and one for smoke. Captured data of smoke sensors should be helpful in detecting the 
occasion of fire, in the previously described example. The reduced amount of data 
lessens transmissions over network, and should be also helpful in exchanging the 
condensed data. 

A condensing method is proposed to reduce the amount of data to be transmitted 
and stored, by condensing the data according to semantics. The building and updating 
processes are suggested for hierarchically distributed sensor databases. Although only 
the method of condensing ranges into semantic values is addressed in this work, there 
could be another method of semantic condensing by purposes. If there is a set of 
specific thresholds on one variable and a semantic value is assigned when the value 
captured is greater than one of the threshold, the status value should be one of the 
semantic value. In this case the set of specific thresholds are the information for 
semantic condensing, not an upper limit, a lower limit nor the resolution. Semantic 
values resulted from a complex combination of conditions also possible, and thus this 
is why the semantic condensing is different from a generic coding. 

The reduced size of data becomes an advantage in pervasive computing. The 
briefed data could diminish the load of applications running on resource-constrained 
devices, such as handheld devices, by semantic condensing. It is also preferable in 
creating applications of nationwide smart space for use in pervasive computing. 

References 

1. Balazinska, M., Deshpande, A., Franklin, M.J., Gibbons, P., Gary, J., Nath, S., Hansen, M., 
Leibhold, M., Szalay, A., Tao, V.: Data Management in the Worldwide Sensor Web. IEEE 
Perv. Comp. 6(2), 10–20 (2007) 

2. Henricksen, K., Robinson, R.: A Survey of Middleware for Sensor Networks: State-of-the-
Art and Future Directions. In: International workshop on Middleware for sensor networks, 
pp. 60–65. ACM, New York (2006) 

3. Campbell, J., Gibbons, P.B., Nath, S.: IrisNet: An Internet-Scale Architecture for 
Multimedia Sensors. In: Annual ACM international conference on Multimedia, pp. 81–88. 
ACM, New York (2005) 



76 M.H. Ok 

 

4. Deshpande, A., Nath, S., Gibbons, P.B., Seshan, S.: Cache-and-query for wide area sensor 
databases. In: ACM SIGMOD international conference, pp. 503–514. ACM, New York 
(2003) 

5. Aberer, K., Hauswirth, M., Salehi, A.: Infrastructure for Data Processing in Large-Scale 
Interconnected Sensor Networks. In: International Conference on Mobile Data 
Management, pp. 198–205. IEEE, Mannheim (2007) 

6. Jayasumana, A.P., Han, Q.: Virtual Sensor Networks - A Resource Efficient Approach for 
Concurrent Applications. In: International Conference on Information Technology, pp. 111–
115. IEEE CS, Las Vegas (2007) 

7. Dickerson, R., Lu, J., Lu, J., Whitehouse, K.: Stream Feeds - An Abstraction for the World 
Wide Sensor Web. In: Floerkemeier, C., Langheinrich, M., Fleisch, E., Mattern, F., Sarma, 
S.E. (eds.) IOT 2008. LNCS, vol. 4952, pp. 360–375. Springer, Heidelberg (2008) 

 


	A Hierarchical Representation for Recording Semantically Condensed Data from Physically Massive Data Out of Sensor Networks Geographically Dispersed
	Introduction
	Condensing Ranges into Semantic Values from Linear Data
	Hierarchically Distributed Sensor Databases
	Reduced Data by Semantic Condensing along the Hierarchy
	Related Works
	Summary with Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




