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A Behavior Analysis in the Circular Hybrid Subminiture Energy Harvesting Device
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ABSTRACT

In this paper, an analysis of behavior is performed in the circular hybrid energy harvesting device. This analysis of behavior is
to confirm with or without an existence of nonlinear system because its system is required to produce the more energy. To do
this, first of all the phase portrait is reconstructed through Taken’s embedding method, and then Poincare map is organized by
using phase portrait and finally Lyapunov exponent is analyzed.

7|19 =

Chaos, Nonlinear Dynamics, Time series, Phase plane, Energy harvesting, Behavior analysis, Lyapunov exponent
e, MAY FH A2E, AAD, 94 B2, AUA FIEA, AT 4, Popmez A%

fd
30,
rir
Sl
Y

[t
:oé
iih3
_0|L
N

LME ole} 2 ujEie|7} 7HA|
o

A4 %48 ZAAQl USN(Universal sensor net- — dout
work)[1,2], RFID(Radio—frequence identification)[3- F7t= A ’]Qo}o]: ffhjr" —‘jﬂﬂ d% =
100, 23 YA AE 5 TE7] 98 dYozA o] ¢
S g2 & AREsith ey wiEge] A9 7R gl !
AR W, F71AQ A By B AVIe) e w4l HE sldsy] g WY 7 AabelA H“@ ot A&
£ 7ML B

7HA AL itk TR

4y
)

H O_|
HadAt 2013, 09. 27 HAHEE)L AL - 2018, 10. 21 ARy =bg ARt - 2013, 11, 15

1691



JKIECS, Vol. 8 No. 11, 1691-1696, 2013

st ARE-sh= olvA] =o] ¥4l i
ALt oA FegA o] W wol EAE. B
[z ]

=
T FolA gl o A A BEe

O:

l‘E

$}7] % (thermoelectric energy harvesting), %44
Az}7] o

7] 42 (piezoelectric energy harvesting),
H 317] < (electromagnetic  energy harvesting),

1A g3go] AwE A .
F mlolaz 2t A8E & Qe ATE Y
A5 WAz skl JriHoz oA
2e et 918 19 101
A% Ag 7] oFelx Eatslel o B
¥ 2AHE A3 e,

O

Aato] o gtk

1

il

Hyilvamtie (Fhis York)

8

g Multiple

I cireulurion

-

&n

T

b

|1 P R L= AR
2] Straighl Clame]
h Hydraulic |1, 2]

=

=

Hyir nllu.

L = Channel Lergth
e Stralght Changel

l, Inputdisplacement
b external forse

xlolMel =70 e Z5t
SAM[1]
Fig. 1 Saturation characteristics according to size of
energy harvester[11]

o L= B [ PR =l

olefd EAlME sAsy] flste] @wd 3 7HA
Bel obd A led FA Ve §FT A=
£ wlolam #9¢F 7]1&(12]0] HEEHY O o] 7]
AAgorn FAH Foxl dEe BEF AUAR
Walsl=d A 7T o]o B AdFE 7)E9] A
AY 7171218 €38 7171E Hskete] A
of Hlg} o W euAE xg*}o} 9% AlElS
elateh, AurE o g oA 584 7] elA o

B2 ouAE Aitetr] flaiMe AGAQl 7R
= HAgA 7]?7} o B2 o 5
o

G oA %Pi] A7} 8 ge duAE
WA 5 QEAY R @] AL olF A
9ol A $Hol Bas dugon Axd A%

o

A4l oF Qe odd AW[1415] MEMS
(16,171l S 277 19ieh
2 ApaAE £89 selnes o

ATl Be olUAE AN S AEAE
uyl 9% wew shtea H4¥ e WA

o] EAFEAT A,

O|EE|= oflX| +=HEA]

ol

a9 20 mhelam R BAS A8F A0 9
3}

ojR= oyA FEFAS YERATHIZ]

External
Pressure Fluid

Deformabl
e Chamber

Channel
with
magnets,

7 spacers
N and coils

Channel
Magnet

I
R
——— Coil

a2l 2. slo|EE|E o x| +&HEkx| 9| |2[[12]
Fig. 2 Principle of hybrid energy harvest[12]

a9 204 BolE AEEoA LA 7N HH (emf
@49 V) g dlole] WA (Faraday's law )oll <3l
213 Zo] 7l&EHT.

a

emf=— o



g A g

s A0 A% a4

=

047]/‘1 Ao =
QEAA)e uy gHoz

A%e A4 A FB) A4
(@)} ol ojAe

T

F u] Zols} .
o] Aelste] ALge.

olE 7

4714 v
3 g 5 A%

olst pe gz
A FRgAE e
vol a2 Fepol

=2 2
= T

TS, Ad)rg
< g3 2n
71 whitell 22 o] ouA] bR g
Oﬂ*i Eﬁ} 2841l oluA] ko] 7hssith
g stolBe|= ouA] ¢RI e Ve O
= 71%0] TSI 29 4ollA dojxl AYds
at7] 91 FAE 21 49 2ol HEhiIeH11l

A7 AgFS

L

2l

ol ol o

)

S m J[N- um

O}O]HE]CKJ Oﬂ
AP gtk B3l 219 v 71%4
X S5@e Hdl A4S 1% 5b)

fr o X

gl v vehie,

)
Tni-directional
valves

IIyd l'auli\&g
Chamber

sto|E2|E o L4 X| Tg"ﬂﬂ 7| 7H{11]
of circular hybrid energy harvesting[11]

a0 3 A
Fig. 3 Device

Multi-meter
DAQ Software LabView (kR enkNoltnn®)

N

Collect anatog data \ﬁpgﬁ;g’ Harioming:
to Computer with 1KHz
=

O3 4 et 5 &[]
Fig. 4 Device of voltage acquisition[11]

Muax Voltage of 2mV”

(b)
=X

s sk ]

E
5 Measured voltage wave[11]

5.
Fig. 5 Me

. 74s siiAd

WEE g 134
[18]
At gk A

NAEE

ez ]
=

1
3000

I
o 1000

2000 4000 5000 6000 7000

J% 6. AlAY dlolE
Fig. 6 Time series data

A4

o8 =

1693



JKIECS, Vol. 8 No. 11, 1691-1696, 2013

19 63 Zo] @olxl ZStel uigk AlAE ©lolE]
A EA WstE AHny] 9t 12149 dolElE
221919] dlolE mi: 3x1%) dlolE 2o WIS 43

k= vl H(embedding)ol 23t AE] F7He] x]HLAg
(reconstruction)©] 4@ =] oofrt i},

ATEE A3 YL FolF Holert 2 Ay E
= 2 Y 5§ HEUEE gt & =RoAe
A Al 2] B0 Q19 neighbourEs A2
3l false neighbour’|H& Z-&3le] HZ e A4
A0S AAsAY. ol AA FEAM 9%
neighbour7} ofHe}t Axpele] Atdog Qlste] A7
= Ao = false neighbour’} £A8FA] %= HA A

Aol HA o] A4 Apelo] At
At 2159 false neighbours ATA 2Fhe] 3

ol AE o ol EAEA gorz ATFA A
& 302 AAstdon oy Ao 4 FUHE
a3 7o) JERRATE

ag 7. 914 32
Fig. 7 Phase portrait

32 TA7tH Wl 23
a9 79 94 TE olgste Y WS
At I 8% 9S4 Utk ¥ 89 AnE
EAS AW F714 Al
w2 AJAEE o]

MY 549 Fhes

S 29 & =+

a7 7oA 2 AA

o
o rlr o0& 1 r—1m

Jn T }01- Hu:

1694

S F7149 AEE BHS) TR RaGAT
Ej BE el MAY B4 Gn BAT
714 Azuel EARS & 4 A
paincare mep toirtersect x axis pancare mep to intersect y axis
1 A 162
16 ' 16|
:158 :158
156 156|
:;54 156 168 16 162 1£:56 168 16 - 162
[yl [x]
paincare mep tointersect z axis
_ 16
158
1:%6 B8 16 162 164
[x]
a8 8 =dztef
Fig. 8 Poincare map
33 9 FopZ I X5 93 54
79 79 EdAA 98 4l G 47 %
BE AU BAGE of dolels Furde

Maximal Lyapunov exponent

-3.2

-3.4

-3.6

-3.8

gl 9. glofZ = X[
Fig. 9 Lyapunov exponent

2% 99 Ho gopri
o & kil 7714

A 24 At el
REDE

nlo

o
[«

™
.:L
iried



>

tolBe|= 229 AuA FRgA| A9 75 84

ol

ot
o

i

o
=)

o, oX
2

o

#7149 Aol
AR St et
Wl o e o
ozl @y iz g

L
o X
ot 2

B
il
oz,

ol
-
rlr

Aol =

HEisin Wiy od7a| X|2lol 2fet

r°l
>\l

inlie

Kl

MO

[1] Kyu-Su Lee, Hyeon Sim, - Jai-Cheol Oh, “The
Design and Implementation of Intruder Access
Control System by based of Ubiquitous Sensor
Network”, The Journal of The Korea Institute
of Electronic Communication Sciences, Vol. 7,
No. 5, pp. 1165-1171, 2012.

Sin-Chul Jeoung, Hee-Taek Ceong, “Online
Identification for Normal and Abnormal Status
of Water Quality on Ocean USN”, The
Journal of The Korea Institute of Electronic
Communication Sciences, Vol. 7, No. 4, pp.
905-915, 2012.

2]

[3] Na-yeon Park, Cheol-su Son, Won-jung
Kim),”The Efficient Computation of Node
Position on Mobile Sensor Network”, The

Journal of The Korea Institute of Electronic
Communication Sciences, Vol. 5, No. 4, pp.
391-398, 2010.

Hee-hoon Kang, Young-jong Lee,
Han, “Energy-Efficient Hierarchical

Won-ok
Cluster-

Based Routing for Ubiquitous Sensor Net-
works”, The Journal of The Korea Institute of
Electronic Communication Sciences, Vol. 4,
No. 3, pp. 243-246, 2009.

[5] Jae-Hui Shin, Suk-Seung Hwang, “Design of

RFID Packaging for Construction Materials”,

The Journal of The Korea Institute of Ele-

ctronic Communication Sciences, Vol. 8, No. 6,

pp. 923-932, 2013.

Young-Jun Lim, Ha-Joo Song, Oh-Heum

Kwon, “Massive RFID Tag Write Technique

using Parallel Deployment of Readers”, The

Journal of The Korea Institute of Electronic

Communication Sciences, Vol. 7, No. 6, pp.

1493-1498, 2012.

Han-Young Lee, “High-Tag anti-collision algo-

rithm to improve the efficiency of tag Iden-

tification in Active RFID System”, The Journal
of The Korea Institute of Electronic Commu-

nication Sciences, Vol. 7, No. 2, pp. 232-242,

2012.

Myeong-Sook Shin, Joon Lee, “A Study on

the Efficient RFID Tag Identification consi-

dering Performance Information of Individual

Nodes in a Grid Environment”, The Journal

of The Korea Institute of Electronic Commu-

nication Sciences, Vol. 6, No. 5, pp. 797-805,

2011

Li Peng, - Zhang Yu, - Yun-ho Shin, - Hyun-sik

Shin”, A study on RFID technology and

application of China”, The Journal of The

Korea Institute of Electronic Communication

Sciences, Vol. 6, No. 2, pp. 330-336, 2011.

Myeong-Sook Shin, Joon Lee, “Method to

Reduce the Time when Identifying RFID Tag

by using Computational Grid”, The Journal of

The Korea Institute of Electronic Commu-

nication Sciences, Vol. 5, No. 5, pp. 547-554,

2010.

[11] Jiyoung Son, Arhatha Bramhanand, Youngchul
Bae, Yong-Min Kim, Hanseup Kim, “Maxi-
mized fluidic circulation based micro energy
harvesting device”, PowerMEMS 2012, Atlanta,
GA, USA, December 2-5, pp. 484-487, 2012.

[12] Arhatha Bramhanand, Youngchul Bae, Minsoo,
Kang, Hanseup Kim, “Prototype of a
fluidic-based energy harvesting system”, ICEIC
2012, pp. 60-61, 2012.

8

[

9

—

[10]

1695



JKIECS, Vol. 8 No. 11, 1691-1696, 2013

[13] B. Ando, S. Baglio, C. Trigona, N. Dumas, L.
Latorre and P.Nouet, "Nonlinear mechanism
in MEMS devices for energy harvesting
application”, J. Micromech. Microeng, Vol. 20,
125020, 2010.

[14] Youngchul Bae, “Diagnosis of power supply
by analysis of chaotic nonlinear dynamics”,
The Journal of The Korea Institute of Elec-
tronic Communication Sciences, Vol. 8, No. 1,
pp- 13-19, 2013.

[15] Suk-Seung Hwang, Youngchul Bae, “Diagnosis
of power supply using time-series of infrared
camera”, The Journal of The Korea Institute
of Electronic Communication Sciences, Vol. 7,
No. 6, pp. 1443-1447, 2012.

[16] Ju-Wan Kim, Young-Duk Koo, Youngchul Bae,
“Nonlinear Phenomena in MEMS Device”, The
Journal of The Korea Institute of Electronic
Communication Sciences, Vol. 7, No. 5. pp.
1073-1078, 2012.

[17] Youngchul Bae, “Chaotic Phenomena in
MEMS with Duffing Equation ”, The Journal
of The Korea Institute of Electronic Commu-
nication Sciences, Vol. 6, No. 5. pp. 709-716,
2011.

[18] Takens, F. “Detecting strange attractors in
turbulence, in dynamical systems and tur-
bulence", Lecture Notes in Mathematics, 898,
pp. 363-381, Springer 1981.

[191]. M. T. Thompson and H. B. Stewart,
Nonlinear Dynamics and Chaos , John Wiley,
Singapore, 1988.

1696

XA 274

i 212 (Young-Chul Bae)

19841 F2oita A7)k

skah

19861 -z starchshd A7)t
\9\ 51’]’(%"‘51'&1/‘]')

1997+ - sk skl A7) g-skahg-shaah

198611 ~1991d =2 FA}

199111 ~1997 417]1E4 2 Aded4d

19971 ~2006  oJoistal HAFEAIA 7 A

g

20021 ~20023 Brigham Young University WHE-a/<®

20061 ~ A At 7] - AAREAL - 7155

I A

20111 ~2011 University of Utah ¥t

% ¥HA1E-ok © Chaos Control and Chaos Robot, Robot

control etc.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


