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Abstract

In the monitoring system based on web service application, it is faced with the problems like
code reproduction, difficult scalability and error recovery derived from the frequent change of data
structure. So we propose a technique of monitoring system by DTD(Document Type Definition)
automatic generation. This technique is to use dynamic server-side script to cope with the change
of sensor data structure, generate the DTD dynamically. And it also adapt the AJAX(Asynchronous
JavaScript and XML) for XML data parsing, it can support mass data transmission and exception

processing for data loss and damage. This technique shows the result of recovery time is decreased
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about 44.8ms in case of temporary data failure by comparing to the conventional XML method.

» Keyword : DTD, USN(Ubiquitous Sensor Network),
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Table 1. The Characteristics of Monitoring System
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Fig. 1. The Structure of Web based USN Monitoring
System
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Fig. 2. Web based USN Monitoring System using DTD
Generation
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<%php

$sensorData =

$database—>getSensorData( $sensorNode, $sensor Type) ;
$sensorDS = $database->getSensorDataStructure(0);
$dtddbject = new DTDGeneration($sensorDS, $sensorData) ;
$dtdObject->Create();
echo $dtdbject->Print();
>

12| 3. PHPollAe| DTD Xt 44M
Fig. 3. DTD example generated by PHP
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/ DynamicDTD Module \

ReslutSet—» ‘Database Processing Methods |

e ‘ DTD Generating Methods |

Database ‘ DTD Printout Methods |

String

<IDOCTYPE SensorData SYSTEM
“SensorData.dtd” >

<IELEMENT SensorData (item)*>
<!ELEMENT item (name, type, data)*>
<!ELEMENT name (#PCDATA)>
<IELEMENT type (#PCDATA)>
<!ELEMENT data (#PCDATA)>

12| 4. DTDGeneration 2lo|22{2]e| 7= & ==t
Fig. 4. The Library Structure of DTD Generation
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xml = new ActiveXObject("Microsoft. XMLDOM") ;
xml.async = false;

xml .validateOnParse = true;

xml . loadXML(xm|Data) ;

if(xml.parseError.errorCode 1= 0) {

/] 2H M (xml.parseError.reason = A @FHE)
}
else { // &=l XL clolef  }

12 5. DTDE olgst XML #= #Z 2= (IE)
Fig. 5. The XML Validation using DTD Generation(IE)

3.3. XML Ho[Hf 7=

<xml version="1.0" encoding="utf-8"?>
<IDOCTYPE SensorData SYSTEM "SensorData.dtd">
<sensorData version="1.0-unicode">
<location>193.31,126.725,247 173</ locat ion>
<name> 1 O[B|XIMA 1</name>
<type>image</ type>
<gata>
<value>uimg_37826_0001. jpg</value>
<parseAs>string, image/x-jpeg</par seAs>
<time>2010/01/01 00:00:00</t ime>
</date>
</sensorData>

J8 6. MM Hlo|e] MEEA (oo|x|HIA)
Fig. 6. The Sensor Data Transfer Example (Image
Sensor)
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<IELEMENT sensorData
(location, name, type, data)>
<IELEMENT location (#PCDATA)>
<|ELENENT nare (#PCDATA)>
<IELENENT type (#PCDATA)>
<IELENENT data (value, parseAs, time)*>
<IELEMENT value (#PCDATA)>
<IELEMENT parseAs (#PCDATA)>
<IELENENT time (#PCDATA)>
<IATTLIST sensorData version CDATA #REQUIRED>

a8l 7. a8l 69 MM HlolEol| e DTD FE

7.
Fig. 7. The DTD of Sensor Data

V. AlA"1 73

41 AN2” AN E

I3 8& USN Middleware, Web Monitorings *3
3l USN Node ¥ Gateway H/W<| FirmwareZ |93t
YA stEdo] @ AZEg ol A4S vehdith

USN AlM == B Alo|Ede] H&S Hisle nlo]az
BES gAE A /5% AAM dlolelE TCP/IPE
B3l AW Sl s, e ol& FAlska Aelste]
JEujo] 2~ 2 9 ez ~EeR|d] AgeA Dot +3
# Elolg = Helgulo| 2o 598 F XML DTD F 5
o] R JtFEo] Sete|JES HTTPE °]&3t] Hg
o, o] HolHE o3t RUHT oZeAlolde Z4F
AR I FA, Ao T BARHE FYEA Hrt

o

Micro Module
(USN Sensor Node, Gateway)
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Memory
Controller

Temperature, Humidity Sirer ik
er Devices

Central
Processor Unit
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TCP/IP
(HTTP)

[ Monitoring Client (PC) \

Communication ‘

Controller Controller

Central

Processor Unit ‘ Other Devices
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(a) H/W Structure

/ USN Middlewere Application

ensor Data USN Data Receiver Save
Temperature, Hymidity.,

Sensing Fire T File
ensor Data

Data Event Lemage
(Image, Movie Stream, ...

Image Data
Processor

Database Manager

Fetch

KWeh Monitoring Application ﬂ)ynamic DTD, XML Data Pmcessoﬁ

Alarm Disply Control .
Module Module Module Dynamic XML Data Processor (PHP)
(AJAX) (AJAX) (AJAX)

Fetch— ‘ Dynamic DTD Processor (PHP) |

Communication Module (AJAX) | ‘ Database Manager (PHP) ‘

(b) USN A|ARS| AZELQ0] 72HT
(b) S/W Structure
T2 8. Mok USN Alagle] H/W % S/W TME
Fig. 8. The System Structure of H/W and S/W
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Fig. 9. The Packet Structure of Sensor Data between
Micro Module and Middleware
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Fig. 10. The Module Structure of Monitoring Application
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Fig. 11. The Data Receiving Procedure of Monitoring
Application
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AttachedSensorList
PK | attachedSensorList

FK2 | sensorNodelndex
FK3 | sensorindex

SensorNode name Sensor

PK |sensorNodeindex | enabled PK |sensorindex

< regDate »

madel modityDate name
name comment dataFieldName
positionX dataType
positionY oo displayUnit
rengle &= regDate
modifyDate [« PK |sensorDatalndex Lo modifyDate

comment comment

FK2 | sensorNodelndex
FK3 | sensorindex
data

regDate
modifyDate
comment

12l 12. USN AAEe| Ho[EfHo|A FAE
Fig. 12. The Diagram of Database Modeling
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Administration

Management of Sensors

Hints

You can add, modify or delete sensors for your purpose dynamically.

Setting for Monitoring Sensors

FHAHZE HUMH(ESSE EE, 25)2 UYoH ZUEHEN 2R a3

= HELDM Az 22 BUEE SH0|HEH HEe2 HETLICH

@ Sensor Nodes:
@ Netus G20

@ Monitoring Sensors:
[¥] Temperature
Humidity
Wind Direction
Wind Speed

Image

Save Load Defaults Undo

O 13, ZHEE chat dM B & H Holx|
Fig. 13. The Sensors Management of Monitoring Server
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System Logs

LoadxML{} Received= <?xml version="1.0" encoding="utf-8"?> -
21.5141,61.1372 Temperature temp 23.6 float 2010-12-29 04:23:31°C
21.5141,61.1372 Humidity humi 35 int 2010-12-29 04:22:31 %
21.5141,61.1372 Wind Direction winddirection int 21.5141,61.1372 Wind
Speed windspeed float m/s 21.5141,61.1372 Image image string
LoadXML{) Received= <?xml version="1.0" encoding="utf-8"?>
21.5141,61.1372 Temperature temp 23.6 float 2010-12-20 04:23:31 °C
21.5141,61.1372 Humidity humi 35 int 2010-12-29 04:22:31 %
21.5141,61.1372 Wind Direction winddirection int 21.5141,61.1372 Wind
Speed windspeed float m/s 21.5141,61.1372 Image image string
LoadXML{) Received= <?xml version="1.0" encoding="utf-8"?>
21.5141,61.1372 Temperature temp 23.6 float 2010-12-29 04:23:31 °C
21.5141,61.1372 Humidity humi 35 int 2010-12-29 04:23:31 %
21.5141,61.1372 Wind Direction winddirection int 21.5141,61.1372 Wind
Speed windspeed float m/s 21.5141,61.1372 Image image string
Load¥ML{) Received= <?xml version="1.0" encoding="utf-§"?>
21.5141,61.1372 Temperature temp 23.6 float 2010-12-29 04:23:31°C
21.5141,61.1372 Humidity humi 35 int 2010-12-29 04:23:31 %
21.5141,61.1372 Wind Direction winddirection int 21.5141,61.1372 Wind x

m

(a) System Log
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(b) MM Hlolef 21
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Fig. 14. The Monitoring Server

A EIX3IE 1™

Zsio]l vehbA |

e 2=zl g2 e &

. EYE ] AREE R
TE2E AN R $AeA At

| Ada] 98] =A<

Tt 20% Lo g "ol A

[e]
3 149 22 AA HlolE o] FAHES 43

w8

HE
p
o

51 atd AX™



48

=
=]
o
EFl
i}
=
il
p=r=t
&
3

A CEs (2012, 3))

USN A= 9 AlolEde] 98-S F3d= ARM 7|¥
o] 2R EL Netus G20 2dS AH238190H9

H 2. A 234 7Y steslof ARt
Table 2. The Hardware Specification for Experiment

4 2 AL OF
USN A= Built on the Atmel ARM9 @ 400Mhz
% Hlo|E=]o] CPU module Netus G20-L

Sr/ac A g:z;r Humidity — and

Logitech WEBCAM C910 FULL HD 1080P

Temperature

Hilgzim 2XSTEREO MICS/10MP
DB, Web A :—Tlt)%l x86, Dual core, 2GB RAM, 160GB
Intel x86, Dual core 1.6GHz, 1GB RAM
| ) , )
ZHERIPC | 5068 HOD

of7]o] 4EH QlEHo]AE o] &3le] LE/FE AlAgL
USB 7|9+ 4738 42skleh. DB, Web A#& <219 x86
719t Ul 2355 Al2el o2 IntelAle] 7230 2.6GHz %
A2 g=x 9} 2GBS] RAM, 160GBe] st=tjxzz A=
th. RUE3 PCE IntelAte] #4324 1.6GHz T4AH%
219} 1GB2 RAM, 80GBY stet]~32 711 =EE PC
£ ARgsksiTh

a3 1el49} Zo] Netus G20 we]Z2REZ DB,
Web M lepllgom A 9lon, Hque TUE
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