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Dangerous Area Prediction Technique for Preventing Disaster based
on Outside Sensor Network

+

Young Jin Jung" - Keun Ho Ryu" - Hak-Cheol Kim™

ABSTRACT

Many disaster monitoring systems are constantly studied to prevent disasters such as environmental pollution, the breaking of a tunnel
and a building, flooding, storm, earthquake according to the progress of wireless telecommunication, the miniaturization of terminal devices,
and the spread of sensor network. A disaster monitoring system can extract information of a remote place, process sensor data with rules

" to recognize disaster situation, and provide work for preventing disaster. However existing monitoring systems are not enough to predict
and prevent disaster, because they can only process current sensor data through utilizing simple aggregation function and operators.

In this paper, we design and implement a disaster prevention system to predict near future dangerous area through using
outside sensor network and spatial information. The provided prediction technique considers the change of spatial information
over time with current sensor data, and indicates the place that could be dangerous in near future. The system can recognize
which place would be dangerous and prepare the disaster prevention. Therefore, damage of disaster and cost of recovery would
be reduced. The provided disaster prevention system and prediction technique could be applied to various disaster prevention
systems and be utilized for preventing disaster and reducing damages.

Key Words : Prevention of Disasters, Sensor Network, Disaster Prevention System. Dangerous Area Prediction,
Stream Processing
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\ i

Prevention
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Track and Trace

/

Service Provider
Request Data Return Data
In-situ Sensor p N
. Context Sensor Data Query Processor
Acquisition Refined
Gbservation ata Context Context )
Data_ | (g(’ Sensor . [ Analysis ] [ Management ] Service
[TrancedureM1] 2 Data Information
= Collection Spatial/Temporal Schedule
§ — [ Operator [ Manager I Supply
=4 | 91 S Context/ Log Context/Log Request Return
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& b?““:. ( Knowledge Base Rule Manager
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Remote Sensor g Meta Context Request bata Rule Rule
g — | 2 Log Processing Creation
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ﬁi )))) Request Data Return Data
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Vehicla Data Provider
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Data Data Data Data Data Data
Servnce Resource Environment
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L5 : Providing intelligent service

Level 4 : Inference Situation
inference
ohject

Level 5 : Application
Action, sexvice or other Application Penngl:;mhih Alert serves alarm message to near future dangerous area
useful result Stop people enter the predicted dangerous area
Inforred result Situation

L4 : inference rules, possibly leamning
what kinds of services user want
predict sensor data as well as dangerous area

Level 3 : Semantic

L3 : analyzing the spectral data and status
Aarea-> dustalarm (level 3, 4)
Wind direction : southeast 20 m/s

Level 2 : Data

Data

processing
object

L2 : objects producing processed data
(spectra, pronemes)

Level 1 : Physical

(ir-

L1 : producing sensor data in raw format

situ analogue signal)

ClassifiedAs measures
Field Type [ Field Typa
sid varchar (20) sid varchar (20}
sensorType text description text
scodeSpace text ‘dynamicRangeUom text
application rext &yr{a}n‘iﬂcke{x‘{geﬁ}iehm - text
acodeSpace text | eNin double
phenomenon text double
pcodeSpace Text . text
- identifiedAs ‘relativehccuracyType | text
DocumentconstrainedBy e e TelativeAccuracylin text
e :
I e Gl
gid varchar (20) shor tNexe text resolutionType Teext
startTine text 1 text re ionvalt
stopTime text mode INurber text “samplePer iodUom text
Vsamiale’i’ierric'\d\lalue double
hasCRS
Field | Type documentedBy
.
s 31 varchar
IocatedUSing descnbedBy documentEvent Type text
Field | Type do v : . text
| Field I Type LI varcher (20) docuwentEventTimePosition TEXT
sid | varchar {20) CI_ResponsiblePartyld | Text pilzune - TThad :Exc
latitude TEXT .-);hD;l‘e“““ s r—— T e el.e;:[crumc}lal ress ext
longitude text electronickailiddress cext C;nRafec e SeEY
altitude text CI ReleCode CodeList text RoleCode Codeblst Lext
value text individuaiNeme  itext 1nd1V?duaJv.Neme text
GEBEH]SEE)D];NémE’ text organisationiiame vexe
(38 3) SensorML 718 HIM 7= HE HO|E
71 dA AA g BEUE EF H2E 58 d7] 29 of §4 A3 dEste #AES A3, AA id, AA
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2B 9 ARE wPsn A PA An2E AT, 4 FAe BEYL A%, 29 O N4 ATHE W
e A Mgl dolg Mol A SensorML A oz A% AR B AF FEAAM ), 2la o
g A7l A AAM T2 FE HlEd 4% HEE Fs AR 5 AT A, o1 F AX 72 HolE
Aesly] 43 4% 74 AR Holgz ydnh
(—1%] )’\C_’T In—situ /}ﬂ}‘i 26] HE SensorML[5]°ﬂ 7 ] E'l":—_]f <contextrule> <ralecondition> <spatialinfo> <messageinfo>
oMol & A7jule vebdl Aotk SensorMLE A4 ) e e X
= = generaimsg min y Additionalmsg
WEARE ARFORH, ANY oF, Bd @, &4 54 [ min ’
cno sno [ared_ |
59 ARE ¥4& F Ath sno description 'lfFﬂIt’““""“
- 5 - summary place
(29 HE AA g digh F3E A4 AR E ¢ description | description |
335}7] g?-]z;s} /\o]-% -ﬁlf_g} ngl_ E-"O]-g-jq_ﬂ} uﬂ)\];(] E-ﬂo]_;_.% (A) Context Rule Tables (B) Spatial & Message tables
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Current Near future
Dangerous area dangerous area
< Analysis of dangerous area >
@ | Spatial Information is changed by time flow

Minute Dust 1! Predicted Minute Dust !1!

Here is current dangerous areal

watches and wamings
Messages wil be notified
after 30 minutes
In this area

watches and warnings
Messages are notified
In this area

Current and predicied
warning messages

|

@ H

@ somont

—
Context
Log
Context Rulc
Information| |Informatios

Context Sensor Data Query Processor
Acquisition
g a —— soie )® o o
. Context . -
In-situ Sensor g Information =

g - Reguestprocessing Rale =
z Sensor Data Collection Analyzer Supply
H Return Resux o
S Gty
= -

Sensor Data %
z At Context Log. l I Context/Log P y
£ e 4 @ %
[ Sensor Data Set Manager Knowledge Base Rule Manager Y [
2 @ Search n py [RIy reimBR——
a8 Rules Rule pta@@g to
2 TP : T YT
8 Processing - T pa—

< Alarm Message for waming >
Rule i i

Management

(Sensor Meta Data)

Rale | i

Sensor description

b
€ ]
[ {

Rules
Min S Sensor type < Max

15 < T <30

355  Humidity <45

< Semsor ML >

(O8 5) &%

2 7 HolRe Moz,
§ ssn P fay
AHRRE HAE A FA ok |

(2% 5t AN vENZ BFAA 4F 292 A3

Mu|zd] FEO2 A
o] $olg XML 7%

914

In-situ AMZHEH FGgE £ Pop AA dolg F4
g, 3 A, 3 AL &S T ARRAAA 23
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o537 2
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2 AEL AoAe Nades Afdd.

A EZA HAAd AAMe FF 2 54& zetdt
7] 95t MMl tls] forE WE ARE AFsE B
#¢ SensorMLE #-83to, A4 UEHI HA€E A
Ao EF 9 5AE metgth

43 dole 578 B FAdE AA HEe 4

@

AR #L71E B3t 4FE Fashs yolHE 2ol
drk olw, AAulol~ B F4 B olge} e}
B3 A AEE BAEc

A ZES F435hd

@ #4 #7974 A HolE
7 ARE FHE VEHEAE A2ste] 54 FHo|
sgete Al A AAAE 2o BuTh T A
7 dgeze MY F3g, AN £F, A¥E @8,
wE35 Sol gtk

AA dlel8 g 7|tes
14 dlole] 2 Ak
aste] 7i7kE me 3
= 7 Ao A F7%

X

P

o do X

o
o2,
o

14 R AFgAT ol HE 4
£ Bud o, 249 32 An 2
wie BAsE 37 AR B
el 87 A WiE PAFORA,

HgH AR AA 2L P95 Y

oy 8oy 2o
:_‘oé
PO}
>
o X
Mo
=

of AellMe AAE A HA AAdY 84S HES
7] st d7] 29 WA AU eE TpteR
Fete S A¥En

(28 62 o A3 T vAAA o FHBLHo
A A5 dg BoAFd A deHe vARAC}
@A 2~3 dAE BT, FETol 25

dgoln.



ARl MMUIERIT 7i8t THSHEXI AL S 21T ASRS oi=718 781

Level Contents Dust density
(pgim?/day)
Good 50 015t
Normal 51 ~ 100
Sensitivity 101~ 150
Not good
4 Little bad 151~ 200
Bad 201 ~ 300
Very bad 301 Ol&F
Date/time : August 26, 3 P.M.
Wind direction : SE, wind speed : 20 mfs

(32 6) Mall WX AlLf2| - OJH] 2] &8

Dangerous situation Dangerous situation

. X Dust| ... . ecicraees iti

"o Critical  Dust |.uvveufeunsn Critical
pre point point
August x
(level: Time Time
Wamingf - : -
4]

: [+ <]
Date/time : August 26,3 P.M.
Wind direction : SE, wind speed : 20 m/fs (a) 1 hour ago (b) present (c) near future

{August 26, 1 P.M.) (August 26, 3 P.M) (August 26, 5 P.M.)

(3% 7) HMs x| A2 - ©

(Y De ANE Asl WA Azdo] (1Y 6)F T
yr)e.gol WANS u, dHss HAL Jedrt (a),
(), () BAL S8 Agah,

(@) M2 A - 124 A2

AA, dy] 2ol Ay 147 Aol £4 AXelA
AEAZE Erbeke Ae AAEH o AEY WA=
AJe7) AolAwh, A WA o] AL Frd= 3
o7 B v oz 9o © Hsp ofFejd 4 slem
2, dol8E U2 9% Azt AAF AFd o] 2F
dEg 2y, 9% Fo, w23 2§, 5 At
A9 A S, ARF o3 EA Hiol Had AF
P 1AL 62~8% AR WA AR ¥ & drh o
o, Aol i Aol AEHW nrh HAF PYRE A7
Astd HEY HHE FA 24T

(b) @4 - 9F 14
@ 2ol 1417 A 1219 vle W] o dug @
8 5 9% a4 A4 HolEst A9 A AuE A
golth, Aal PA AzEe HAwe @A dolEt A%
wE}EA ARG F, A 9T FF L A
o]

e M

X Hlole A H HE XY

(© ## - 2% 34]
(b)s} Zol dA deoleg 2AR 54 AFEd

N

A —

& to

d FIRE WAW ¥, e A AY AGL 92
ooz s WAl @, AN @l W 37 wEss,
A AR £G A2, ¢ melse AM @ A5
Akl we F3 Aol wE, $Y3} FH2 neW I
Ao 2 52 DAY 22 428 A4 gel (bIA
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Qe A7t dojw s w, el s e
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1 tEsleE AL 6 Fasy] wid, (2¥ N £
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o 7)utate] AAE N2 Me XNelfgd s duich

(29 8)2 A& HAS A A dHold ¥ 43 AR
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g ANzEE SAHZo A PR Alxgoz AFHW
SensorMLS 53 47 @ AN 94x 9 545 A
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F ARE siAH o) &l AAr30].

(2d e ANE A A5 A TR Az Al

A dlolEzt Fdstd Fo A WEe roFn A4 id
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Sensor
Data.

current
dangerous area

near future
dangerous area

C\u' rent data

Abstraction

( SensorML )

Air pollution
monitoring

(72! 8) Xsh XIS o

Near future earfuture | |Alert Messa
values cuntext Rased on
prediction prediction Spatial Info.

<Hash tables>

* Rule
Context *» Message
database * Spatial information

MA ClolE X2 2HH

feedback
< Sensor deta> m < Abstracted sensor data>
., Value . Value - dangerous Spatial Priority .
id Dust ( 48/ ) Time Dust ( #g/m" ) variation | Count Probability type Of space Time
! 20 20060804123456 Sensor 20 +5 2 30% 1 3 2006 ...
Data
2 30 20060804123446 30 +3 3 20% 1 2 2006 ...
Abstraction HaSh table 40 +8 5 60% 3 1 2006
b
3 40 20060804123450 . update

‘( SensorML )I

Dangerous situation

Sensor data

< Sensor Model Language> EX)Dust | e Critical point
id e C::iixc“al Stp;::l s;i:;;tcye Probability;
i 20 30% 1 3 Time
2 30 20% 1 2
3 40 60% 3 1
(33 9) MM Hjoje HE 24
of wzh A FrRE AA gh(value), W3} (variation), A o, 54 Az =2 AHE AN F, ofel wiy|
Z7 wkE 315(count), 93 =(dangerous probability), &3t e ez 352 Aast
AR A& (priority of space), AHtime) T3 A A <E >& AA7E A" AG9 €S APEE FAE
et fste neE ¥ AR A <9, 2 & A % =2
AA dlolezt dEE wuitk <F 2>9 Zo] F3td &8, A4 @ 58 JEhn oo 22 1y ARE &8
AM BEe AAEY, 7k vdge] APAGE A58 st AlA diolg F 45 R ABEE dZFste A2
fsted AAM dASH % AFES ted 22 HEE Ed g B0 dd
Z Addrh ' olg) A= gl A #F WHskFwt ;ete] 60
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ER A 99 4% gt 71 1027 054 Z7hach
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ER A7 HY 42 93

= AN dE g e FFTH #F=9A % 2Y FE+a
4 43 @e WA AN do) A Yol 02t A
A5, % JPEE AN g+ FU B AW, F)
W %, QA 59 G5 g %Zé%!t} o % A
& 5% H2e A7) 44 g A A5H 02 o Fol

102 #He d2 3 = 40 (@A) + 600 U vig A
* 05 (F7he) /10 (BEH T4)
=70
=g A7k
(A -40@ A * 10 (HZY 7H4) / 05 (F7H)
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AA gk double A AN ZRE 7t
AN F5H int Z AMY FF (@]l - &5, 2 - 5, F)
e double old &7 e iM A () +4, +45, 24, %)
TR e int Z7 2 Zart 949 35
ok double q=8 44 @9 ﬁb:d A% (9 30%, 605%, 5)
o . AN AR E A D xa &9
R int (ol - ojRio] WA, WA, 51, A%, 5 )
A int T A9 7 (o 1—%}% L -EAAY, 5 )
AzE double CERCE LR EERE
(E 3 HIM dioje] 2= 1 &=
iy g5 oA B A4 4
- o @ # B AR gE 4 &9 GAE e Rl
gL AR i e 1-5 1 4 2- Aol 4x ge B .
6 ~ 10 1 ~ 15 7 - 44, o™l A
3 #*
z7 o 5 ols 1 AN Fel 2 oA FRT 7 B& B2 A5E
°r 5~ 10 1~ 15 EdZ &8 & AR
10 ©4 16 ~ 25
Eg Azt EE D
1~ 10% 80% ~ 90%
] 3tg 9 = Alzbel] ube) e
A @ =g TR S J7 gkl Egahz Azl el e e
a 196 4% 3= dg A5 #

R AL " AA 45 g dAF =2 A E ¥ olwl, HH= FA ARG AT a7 1 05D T
9o R A% = #E 5 nestd 53 AR A8 ©AZ 9, 7 whE 3F7E 13, YAF 28 &
A HY AERE A%k dE £9 &0 HHE AHY 8o 95 %9 o] BAA P AFo] dE2HE BL
SAZE 30lx, F7F wbE 37k 5, AR B9 &80 B 2 7|20z 3o AU AA o= 2o A AA
% ( GAYZ &2 Az 137 )2 4%, 108 §9 4% 4 Ztol Waats Axo wet AN dE Y= AA
BEE nEs A9 Zg « 37 AR A9, 27 WE 0%, A =2 I
102 59 o= 93 o wet FAHE 1 T A EY FES A AA
= AN 4% gt ox %7& £9 3 x 37 YA E2 $E «a el W &R ool o, 54 AAg] =2
=T0*1%1%0%*a =70%07*a g NS AR F, old) Wk goew &S AN
=525xa = 268 =

(2% 102 As LA Alz=gelA dA 2 7k vy
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Sensor

current value
SR

near futyre value

;_, samEle interval
value
min
max

(32

Current
-t dangerous area
locatedIn

Area

Prediction

notified
resource
[_resonres

combined

Schedule

name
e —p
longtitude type interval
latitude eople type eriod
EULLLLUN |_period
altitude, The numpber of people
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CGE ) SR A Re 24 g
No relation Parameter Return values Description
1 normality() void id of disable sensor AA el ZA s
2 dangerousCell() Sensor id Cell id, level, type A LA Cell B3R
3 statusOfContext() sensor id Sensor id, status A Mg we 712 4% A
L . i . EA Ak S wEE ]
4 satisfiedWithRule sensor id, rule id 1as 3 A Fere A
current value 24
5 scheduleOfCell() cell id cell id, event EA Celle] 718} ALA AA
cell id, =) 3 A AR A
6 AlertOfCell level type message E4 Celld that 1B WAz A4
( Return Cell id, message \
Current
dangerous area
@AlertOtCe]]O
H Es d
[ ol | | |}
< ®sht,c _‘g L’i § §
3 b O, 3
<Hash tables> 4 - &y Otexy, 3
@E g 7 Sengyy
3 § " g Return Cell id, event {current dangerous area>
il Cam D
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No relation Parameter Return values Description -
1 dangerousCell() sensor id Cell id, level, type A A HA Cell B3
2 PredictionOfContext() sensor id Cell id, level, type A 2 Cell 4=
- . i . 54 A S W& 73
3 satisfiedWithRule sensor id, rule id 573 AA %ki e A
current value R
— - == ] AR
4 PredictionOfCellAlert cell id, message.. 8 Cellel 1‘41 " Al wAA
level type 2
5 scheduleOfCell () cell id cell id, event 3 Cell?] 7]El AL A
f N\
PredictionOfContext() PredictionOfCellAlert()
Sommmrmmerreers | Near fUttire | ce— ,
Sensor /) ________.| dangerous area Service
g Return Cellid, level, . Return Cell id, message §
2 T e & 113
: E 2 AR E
@1 | HRE ®%¢| |3 o
| & il | = i3 oo
> @] |3 2 an
Rule k| g
<current dangerous area)> 3 Schedule )} | noar future dangerous aread
Current
dangerous area
. J

(T2 12) k2 vlekel HERIE 24

(29 1294 7Pk vee 99 Ade BAse B
2 7 ¢4 weh A¥Hor Agse et 2o,

@ dA A" A9 AR ZFPA dangerousCell 05 &
235t} o 2F(Area) 5 A A4F Qo] Y=A 4
Egt o] A4l BRE o 29 AN gt ¢ 2~
AE Frol wet 77k v 98 NgE FATL

®@ <F 5> o] 2Asg A HRE 7802 Predic-
tion OfContext() &+ &8t 7171& veje] AA #
2 45 AEEE FHA) 9F 9¥Es AN 45,
I AE #E, FUF e g AR B §F AR
g EYQ= 74]495}

@ AHEAE dEe o8 AE T dEE AAM g Tl
A AFAAAE A2} satisfiedWithRuleQ g5
Zoto dF8 AN gol B AE uFI=AE A
sk, i AA gl o A FF 42 AREE
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@ oZd AA g di A& FTH L AL=E Ferd
% PredictionOfCellAlert O848 S8t Aol ot
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< Sensor Network >
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