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Abstract Various researches have been studied on WSN(wireless sensor network) for barbed wire
entanglements surveillance applications such as industry facilities, security area, prison, military area, airport,
etc. Currently, barbed wire entanglements surveillance is formed wire sensor network environment. Traditional
wire sensor network guarantee high data transmission rate. Therefore, wire sensor network use fast fourier
transform of data of high transmission rate for extraction of feature parameter. However, wireless sensor
network in comparison with wire sensor network has very low data transmission rate. Therefore, wireless sensor
network doesn't use fast fourier transform of wire sensor network for extraction of feature parameter. In this
paper, proposed method use 1 level approximation coefficient of DTW(dynamic time-warped) algorithms based
on DWT(discrete wavelet transform) for extraction of detection feature parameter and -classification feature
parameter for barbed wire entanglements surveillance. 1 level approximation coefficient have time information
and frequency information of signal. Therefore, Dynamic time-warped algorithms based on discrete wavelet
transform improve detection and classification of target rather than using energy of signal.

Key Words : Discrete Wavelet Transform, Dynamic Time-Warped Algorithms, Wireless Sensor Networks

WAIAA} - BF2FA] (eshwang@knu.ac.kr)
3 12¢ 08y Y (124 109 029 114, 22} 109 039 08¢) AL 109 044 09

1342



Az HAE A FA AA HESZe0A

ot AlolEsl W T4 At A daHEE o8 B &

Efae st Al A% AL 5= A
*41] 7“] ﬁi—ﬁ—cﬂ A, B e, omfor & o
ek ool M AFEAL ek Al AllA HIE] A= vl
of frHlFEE 2 52 9% A TeRA A AlA
Howw 1 FQAo| ¢l4x|o] IEEES} IETF £ 4| &
71729 Fe2 229 9 A EEol mEA 1Y
S QR Sl = =7F AR Ao R wEF d A
S=0 G AL AL Y "HA L AEE SR
A A HEYA A7F BhEs] 3 Foleh2). AT Al
A HEHIE 2T AlA 7], A58 RF 8 S0C 24
7l 5o HER &2, A7L ARY Y AN kE St
o} 7ol 7hssHAl HUTH3). 27 Al Ee B
=3 %ﬂ: Aol AAste] e 8k, 7 AllA kB
7h ARG A @Al o2 7hA] JEE ARSARIA
gl = Al Al HEYZZE 4k

A Al 1 HEZ9] thefel At woF FollA d=
gollAle] Ae] Q) HA B A Bet At A
A, BOHAY, Wk, AMAY, 37 5 TR ok
oA ARgEE AA 2 HAle i A A

¢

-

=2 B3k 44 AlA YEYL SBHA olTolA T 3
t}. 7120] 541 AlA YIESITE 100bps oliFe] 2 o]

o~

=2 O

ole] AFES B FAHE £ Yue| ABE &
sajo] Wk olgdto] Also| Fukh BA] JWS At
gt
AL A ZHAIE 93k A AN EYaE H
Aol A g v]g3} Qlgo] a7 Wyt oz} §
] 9@ ®47) o) ojdnh fuk ohjet fA A e
L EX oA EAV} dAEHAY, G4 AlA =B
29 Faloll EAI7F TAsHE A Al AlA HERA
of FAlo] o] Fo|A[A] gh=rt. mEbA 71Ee] A1 AllA
HEHZ g9 A2 fAl= 74 AlM EHAR
dgko] Agsiry #A AlA HEQAs 54 =EofA
SAZE A EEEte o Ret FA AN kB2
AL Qlsto] A FAl Al HEYA FAlol= &
A7 LAYSEA] ohan, ZA7E AR A Al et 4
2~
= T

2 9 B4} ool HE 1o ME Ml §E AT

N m.
C

F

B 2 A =R Sl e gee
SAlE AlEo] U Aol BEX) oo A
3 7} %3

Ex10) 2 FRUE F|AHOE Aok B
n e AAS] & 5 714
AgElof gtk 7)) of

Yo
e EAo] EA) ojRut 71X

Foz Asero R BHY ofUXS Aol BE A
2 glofelAl B o] 9l WA ABE PEs
Hpshe A4 AEAe U EAle] Ams xelo] v
& ks wio] Ylrk4.s]

B R Az PAE 913k 100bps 0|49
o gl AEEL BASH: §4 AN Y=g v

3 A3k AT 10bps 0|3+ Yo HlolE HAEE

2 8l pAlEE SRR A5 ARE o835 A4
A YEQANA o] 34 Y &4 9 Ade
9t B4 =& daeEs Akt

2. EYFES et dsxE 7™

2.1 o= Het

olEsl W 71 HT Ao A 7[HolA wol
AREEE W S sholth AX1E] E, AR Ha
2, AFsak e g, o7 94, 2o 5 TR Az
o] EAoflA ARgEIL) o] AlsAe] 7S ARE
Tk g9 4 54S & vepdits SHo= <

& A
ASE FA S 5 7] 2ol AL oo 22 Al
3 BT A oo oAzt AREe] gl
AEe] Fuhid EAS Hoh BEHOR el 4 9
= E4lo] gick. Wuk ohfel, 3 H Qo] gt FHo]
ZPE AEY B9 LY GFS Haod 5 g A
A& 7P JleH6,7]
Original Signal
1 T T T T
E 0 mmwu T PRI
g
<L 1 I 1 1 1
a B 8 10 14 16
Time <10
1 level Apprommanun coefficient
=z ? T T
£ ol L
[ 7
Samp\e w10t
1 level Detail coefficient
= 01 . .
= n—+ 1
S ik ! !
5] 7 8
Samp\e MD“
(32 1] o4t flelesl #ig
I 12 1 52 okt flole3 e B 7 2
AFA}4=(approximation  coefficient)Q} Al FAN(detail

1343



gtakely| setelie A A1 A4, 2010

cocfficient) 2 Ea|Fl 415olck. Teo] Ao} o] Mt

FE ALBE) AT BYS AT AT, ARARE A

¢

(o]

5o M7 £ AT Utk

dutrom, gojgsl Weke el sk e
ARAYZeo} AR 9AE S Fj4o] Auto] .
o EAe EHo A8E ME MGt Solgol of
A 9 EAAE Alse] B ek 4 ol

22 Y ANzt et ¢12|E

U Al e we] Ao glo] 7|Eu Tt A
e Apolo] e g Askstaa} & uj sejstoiof g £
A-E de A3 o w49 £w7) depxivk= Flo|
. &, 5943 FFolgle £wv) BlAFR o7 Hojut

In

At BolSA) Htk. webA] ol HAsk] S8 4 =
=13 (dynamic program)7|¥-S AMgShY, FH Ao
olM FH xeaWol AR B Aolmz
DTW(dynamic time-warped)2} F-2C}H8,9].

1% 2= warping T o) )3 % e A, BE 3
THmatching)A1713= H9& vhedh Zoleh. Zolrt L J
QA% A, Be) SAMEE o A (1) @)% 2
B e 5

A= ay,ay,a3,,a; (1)

B=by,by,b3,-+,b, 2

A Adjustment Window N
Co =)

Warped Function

a a, a, a, a,

[2 2] Wapping 3H=9} 24 %

A, BE i, j5o) ¥& i A=s AAA FE= A

c(k) e} hw, warping §H Fi= 4] (3)3} Zo] Ue

231 S22CY FAE

G2RITRE AL BE FHa bS] ofE F A%
7k A4 AdAeY] o Ak £ AEzke] A
7 e ALASE o B SRS ol §2
Tok SAREE 4] (@)} o] At

oA71A, @, Y HlEE F WERlO] T, NS AE )

42 pehict.

2.3.2 I|0{£& |AIE
slojes SAkEL Ul A= RA ot vlg 2

AR AYUAZ ulsta, e 112 9
a5k S AYTAZ ofulshe 08 5§ A Aol
oldl Mg AL 98-S olulich. soj fAbEL
4 (5)8} o] ALk

.
2 (;=m, )y, —m,)
. )

Clv'feursnn (Iy) = _
\/[E(Ii_mr)ZH (yi—my)z}

=1

=

1

o714, M, w0 HEGE UL, m, =y,
Feghe Lehdic.

2.3.3 ZA! SAIE

Aol AR ulEze] 3l 4ERA Ak
o 3AR) fAkEe] WSk Tols el nh N R
1A 7o, -1e ghds) R A ofujs)

e A WAS ulshel, 02 % wee] A

1344



541 A4 WESZA o4k ol wake £

=

Accelerometer-x Accelerometer-x

yd

1-level approximation
coefficient

Accelerometer-y Accelerometer-y —>

> ‘ DTW Algorithms ‘

Acoustic

Acoustic

Base Station

Feature
Parameter

Threshold ‘ %‘ Target Detection ‘

Cosine Similarity
Measure

Euclidean Similarity
Measure

Pearson Similarity
Measure

Target Classification

[ 3] AgtE A4 & AT e guesE

Aolo] obgel AT 5162
4 @3 ol A,

ojulgit. TRl fARES

1 N
szixyi
. i=1
Coonine @) = ST ©

A4zl = el +ad++al olm,

Iyl = /i +y3++y) olek

3. MetEl Mz X2 J|E

A AA HEL A
Yoz Qla) 10Hz o|3}9]
ek webd fAl AlA YEYTA ALgE
A 9 A 95 1 Fajo] WBhe B
242 E7bssith
2 =golA Ajket A =B AFH
o]t SOl &3 HERS of-gste] 1

&t

o

ANZ
T H

2is
%

NP ST T

v 2o

To oy
o

Al

o|8gt &

ro
oo

FAvA
AREEE EE AlA E2EQ]
215

A A el A
Aol
= 49, 25 £E U239 A%,
Yol A ANZEeE Aol
AEE S7ste] Ao ek

2

CES
o

MTS310CA Sensor board

i
0

H
o

T

1345

5 71

S A=
T TAME

“ Barbed Wire Entanglement
MIB520 Processor board

(32 4] 43 84




gtakely| setelie A A1 A4, 2010

[E 1] HolE3 71A

=
gojEam | gx | B2 9% MY | 22T
VARG L sl < ) JTE S y&= P y&=
3| | as | A% | A% | A%
g Z] 64 67 32 30
AT || 32 30 3 3
= g2 4 3 65 67
g X 93 93 84 84
Daubizchles 267 1 1 13 13
= g 6 6 3 3
= 89 84 83 84
Daub;chles o8] ) ) 14 13
= 2 9 14 3 3
= 87 78 81 64
Daubgchles ek 4 3 16 13
= g 19 3 3
[E 2] 9415 W o]4k gloj5l Wgh 7|uke] FAES of
g5k 24 A 23}
Cosine Pearson Euclidean
Similarity Similarity Similarity
Measure(%) | Measure(%) | Measure(%)
2 zul =}k
4=y 9% 66.4 85.4 64.6
;{1?:]
i=
z zu} Atk
el 41.0 23.8 3.0
i=0=
ugre] ofgk
55 442 41.0 422
Hd, Folof
o3t 52 432 42.0 41.6
7H& Aol
ofst 24 53.6 46.0 42.0
= (o =
FAE EA
ojst 27 54.8 52.0 44.2
[E 31 DIW 7|ure] fAF=S olg3t 4 A 23}
Cosine Pearson Euclidean
Similarity | Similarity | Similarity
Measure(%) | Measure(%) | Measure(%)
Az 93 29 88.6 74.6 70.2
2z Aok 2]9] 42.4 36.2 34
Hgto] ofgt
Se=a) 522 41.6 42.0
oo
uld, Folof &gt
ssg 51.0 42.8 414
==
7HE EA4ol
o3t 22 57.6 454 42.4
2AL EAel
T/ =
oJ3} 27 57.2 50.8 45.0

oj4l Yol &S WS T3l F=2H | o A}
AR E I 71E R e B 2AIE iEd 54 AkE
3k 7I6re] 1 2 2]

Ao darEls 7)eke] A dane]

S

i
by
o2
N
9
>

I
2
x ul
H—'

2 98 T4 AA YEQIeN g5
= [A]o} BAA L0 10Hz

o
2

2
il
o

>,

N ol 1o r
[RaIW
foir rlo
it
9
oo
ol
ol
2

,d
>

Moz O
LI

0 o
oo

o
[T
o,
filo
ne.
N
)
QL

N
o}

L
i3
P
rE

i
tlo

L
o

ARSI
Qe e

o
s

ok
1 ol S
iy
=
o,
i)
1
=)
rE
o _]1.>
. {7
mo—
I
r)v
oftt
)
o
tu
i
2
v

>
oX

O

il

S
~
o

[1] J. Sung, S. Ahn, T. Park, S. Jang, D. Yun, J. Kang,
S. Yoo, C. P, D. Kim. “Wireless Sensor Networks
for  Cultural  Property  Protection,”  Advanced
Information ~ Networking  and  Applications -
Workshops, 2008. AINAW 2008. 22nd International
Conference on, pp. 615 - 620, 25-28 March 2008.

[2] AEFAIF MIC, “u-AlA HEZA(USN) % 7|2
A2, 2004.2.

[3] Z. Chaczko, F. Ahmad, V. Mahadevarr, "Wireless
sensors in network based collaborative environments,
" Information Technology Based Higher Education
and Training, pp. F3A/7 - F3A13, 7-9 July 2005.

[4] X3, olefd, FX, 3], A, “HA A

2 9fat B4 AN HESTA Folus A4E

olgT B &7 W=AIests] &4 shedx
=53, 2008.11.

(5] olef<d, Ad, S22, Tts), A, “Hxw o
AE A% A A YEQINNA ot foled
ek 7Rk FA ARE A daEEs o8 &
3 FEy dEiRstts] 37 seddeiil,

[6] I. Daubechies, "The Waelet Transform Time
Frequency Localization and Signal Analysis," IEEE
Transactions on Info. Theory, Vol.36, No.5, pp.

1346



A2 A S P ALK HETel ol PolS3l ekt B4 Az AR duES ol8F 54 23

gl

961-1005, September 1990.
[7] O. M. Vetterli,
Processing," IEEE Signal Processing Magazine, Vol.§,
pp. 14-38. October 1991.
[8] Sakoe, S. Chiba, "Dynamic programming algorithm

Rioul, "Wavelet and Signal

optimization for spoken word recognition," IEEE
Trans. ASSP, Vol.ASSP-24, pp. 550-558, December
1976.

[9] L. Hansheng, S. Bingyu, "A Study on the Dynamic
Time Warping in Kernel Machines," Signal-Image
Technologies and Internet-Based System, 2007, SITIS
'07. Third International IEEE Conference, pp. 839 -
845, December 2007.

0| Ei H(Tae-Young Lee) EsEEEN

* 2008\ 29 : Aot AR
e &4

o 20084 3Y ~ A : AEGE
T s A R R =R
BHE AAL

<pHilEop
A s AL, 5 o3 AsA,
24 AA Y

Z} L #(Dae-Hyun Cha) [Hsld]

° 2004 2¢ : AET
slat AREA AE 5

* 20064 29 : Fofat AA-Fs
3 HREA AT A4}

* 20064 39 ~ @A : Frhsted
RAAR7) e whakaby

o

. AR

Tl

oH

<o
SAGAEA, FA AN =B s, 54 A4
YE9a ZReE 9 6ok £F 99 A5

Ofoh
A
rl
3
A
g

=
Q

&

(g1

© 2008 129 ~ A : 9y}

I GHEFASHT wg

2
>
of
rz,
2

144, RFID, A=l H

(0

st &t 3|(Kun-Hee Han) e

e 20084 8Y ~ FAY : WAy

o) A
o AEFASE

By P
FELREF, UEYDL ¥k, GYH

e

e 1977 29 AZoEta AX
sht &4
« 19799 29 : BRFIEY A

| 1Rt A

« 19964 29 : Sefabel AH7]0A
Al it

o 19799 39 ~ AR Ay

o

3 AR R 3

FATAE, FFEFAEAE, HALAEA,

1347




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


