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ABSTRACT

Globally, frequency and scale of natural disasters are growing, also the damage is
increasing. In view of the damage by natural disasters for several years, it is true that
Korea is not free from such damages. In this paper, we propose a process to efficiently
manage recovery resources in case of disaster damage. We utilize the IoT technology to
detect the resource status in real time, and configure the process so that the state and
movement of the recovery resource can be grasped in real time through the resource activity
recognition module. In addition, we designed the database that is necessary to actualize
it, and developed and experimented resource activity recognition module using smart-phone
sensors. This will contribute to building a quick and efficient disaster response system.
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(Figure 1) Integrated Process for Managing Recovery Resources
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{Figure 2) loT Database Design for Building a Resource Management Integrated Process
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(Figure 3) Design of Activity Recognition
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(Table 1) Activities of a Excavator

(Table 2) Confusion Matrix in Case of
Attachment to arm

Activity Description
to wait or idle to prepare for the Predicted Scoop-|{Dump-|Turn-| Mov-
Idle : Idle | . . .
next action Actual ing up| ing | ing | ing
Moving to move Idle 8136 0 0 0 0

Scooping Up | to dip things up

Scooping up | 3 | 891 | 347 6 0

Dumping 372 | 9142 9 9

Turning to rotate the body
Dumping |to put down
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A HAR 2nEEZES F2b7] Hof B335
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trix = AA Z E
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<Table 3>< =3 25 A5S v A5}s]

0
Turning 0 12 12| 8402 | 30
4

Moving 2 17 39 | 7906

(Table 3) Model Performance in Case of
Attachment to arm

Correctly Classified Instances 42,277
(Accuracy) (98.0%)
Incorrectly Classified Instances 862
(Error Rate) (2.0%)

Detailed Index

Activity F-measure | Precision | Recall
Idle 1 0.999 1
Scooping up 0.929 0.957 0.961
Dumping 0.960 0.960 0.959
Turning 0.994 0.99% 0.994
Moving 0.980 0.980 0.992

e & WO%E, & Aur) it 7t
vttt F-measure #42 A8 %, AdE gt
B% oFoz =2 Hdss BRI

= Mo FAEA S At =
A7) el B2kgk 13 np A &) <Table 4>
9] Confusion Matrix®l| ] = Scooping®} Dum-
ping ‘&2l ek A= thE F2ke] AR
ol A} AR <Table 5>9F 2o] el A5
& 227] ol F-32g A3} vl szsh Al 97.3%E

e Aubh uhghor], 7 vkt B 94%
olge] AR AT 9r] WRel, AA &
4918 stetshed 2 AT 9L Ao o
49

o}, o= A A XHOH §]‘7jo]]}ﬂ S AR} 2~
<= B2 wlol = 2 <]
o solel 7o)



(Table 4) Confusion Matrix in Case of
Attachment to Driver's Seat

Predicted Scoop—|Dump—|Turn-|{ Mov-
Idle |. . . .
Actual ing up| ing | ing | ing

Idle 8201 0 0 0 0

Scooping up | 3 | 8076 | 460 0 2

Dumping 459 | 7923 1 0

0
Turning 0 0 4 7358 | 91
2 0 1 91 | 7994

Moving

(Table 5) Model Performance in Case of
Attachment to Driver's Seat

Correctly Classified Instances 39,552
(Accuracy) (97.3%)
Incorrectly Classified Instances 1,114
(Error Rate) (2.7%)

Detailed Index

Activity F-measure | Precision | Recall
Idle 1 0.999 1
Scooping up 0.946 0.946 0.946
Dumping 0.945 0.945 0.945
Turning 0.987 0.983 0.987
Moving 0.988 0.989 0.988
7] A% ANE B cvpEERO R
ANz A9 AEAAT Fed Ao B
S o BT @M AAES B
P ) A5 AEHE Ao R s 5
31, 49 AN Aol 4A Arht I
SFIEALE F4 7T Aotk d & Eof, &
2}719] A 7)%5& Scooping® Dumping ©. 2,
o W97k A AR S, A4 2
A A AR 5= 9ls Aol g Akelo]
A1&AQ1 th7](Idle) Aeietd ol =
49l o] MARAHE A% AZF 9
Adt, Aol EWtha Ak AuE oA}
AHE B 5 9E Aol oF 5o, 2 Aol

2
a9
It
-
Y
e,
r o)
,
SE,
ik
>
)
o2,
offt
0,
R
td
i

=
(0]

i
_1\1

‘¥ﬂ4qﬂﬂﬁ%t A

A5

>
o> ﬂllo

za
Oﬂ' ol
Ir
=
)
§

('D
_|_,

l-u]I.
0::

ol
3R
KA

o kb & O
off 4 L& rlf pZ AL
e} o
2 2 %
L2 o g
S
g
o 2 T
2 =
o o
—_— N
o 4
= o 30
g o to
S é >:\|1_,
@ o
o ru
rﬁ‘
o L &
o

QL

ox
=
g
jﬂi

D

o]

w2

'S

o uwt
=

N

— =
o
fo

(o]

offl
o
=
il
finld
x,
“
s
1)
4
¥,
|
o)
[e]

tr

o= 10T 7]&S o] &3t Bayd
ZAAE ARSI ToT 717190
tolg & &-&at] 5 4 #
TR yES oA 5= Qe
el =skalc.
LA B AR A
uhd 29l | who} B Abg)
A8ghA] AA ko R BEEs %
1 AN Ee LTS £3) 53
Aole} dolelu]o] 25 A5}
ysolx 0]]}\1 } Gyr

o o Bk
el e oft
i i, m?L' Mo
&l
2|
E

p

o 2> o

N
==

fm%

[kl

=2

o

)
N
d

)
m\m &2
FUHT

te  fof

i

]:E>‘I ﬂJ_:_‘ ol

2
_V."L_

i)
o

ﬂ

i&

>
o
e o om S}

=
o %
ot o=
o
bl
2,
COR
»
9 m
o
e} fFr
o2 mlo
e
Moo
T2

o

=

1 ool o & & ofl
oot ox

oot
o
=)
12
i)
4 o
32
=
ot
ol



112 @547 A4 223 A45

33 A A A FA RS Fae] whE A
S AAEHE d 23S F 5 doH g%
o Aos Fa =9 A% 9 A Al
A = s Aolzt 7oEr

FF ATEE 7Y % ZEAAE
AE8 5 e Al2glS e, g T
71718 7IHbe R st AhE] $49S
JAAE = s wEo] Fge RUHE A
AE TE=s Zolth volrh 38 Astol thgh
A3 QAo welo] v ad Ao
Atg gt B Agos AY o] dAR
Q13)] Decision Treedll 7]RFS & Q1A &arg
S ArE oY, 5 d9l= SVM 55
g3 Ao},

References

[1] Cheng, W. and Lu, J., Operational analy—
sis on emergency logistics system and
emergency response model, Service Ope—
rations and Logistics, and Informatics,
IEEE/SOLI 2008, IEEE International Con-
ference on, Vol. 1, pp. 1323-1328, 2008.

[2] Choi, W. J. and Min, S. H., “A Study on
Application of ICT for Excavator of Di-
saster Management Resources for Emer-
gency Recovery Support,” Journal of Korean
Society of Hazard Mitigation, Vol. 16,
No. 5, pp. 157-161, 2016.

[3] Dai, W. and Yan, H., “Supply Chain Sys—
tem for Emergency Rescue of Natural

Disasters,” Proceedings of International

Conference of Information Science and
Management Engineering, pp. 218-221,
2010.

[4] Hwang, G. S., Han, S. M., Choe, S. Y.,
Hwang, C. H., Park, J. W., and Yun, H.
J., “Development of the Response System
for Disaster Recovery Action Plan Using
Internet of Things,” Journal of Korean
Society of Hazard Mitigation, Vol. 16,
No. 2, pp. 315-323, 2016.

[5] Kim, Y. H., Disaster Management Using
Big Data in the IoT Environment, Pro-
ceedings of KII'T Summer Conference,
Korean Institute of Information Tech-
nology, pp. 287-289, 2015.

[6] Koreanre, Insurance World, No. 480. 2015.

[7] Lee, J. S. and Huh, E. N,, An Analytics
Platform for Earthquake Prediction Using
IoT and Disaster Data, Dept. Computer
Science and Engineering, Proceedings of
Symposium of the Korean Institute of
communications and Information Sciences,
pp. 1101-1102, 2016.

[8] Ministry of Public Safety and Security,
2015 Disaster Annual Report, 2016.

[9] Ministry of Public Safety and Security,
2016 Disaster Annual Report, 2017.
[10] Munich, R. E., “Loss events worldwide
2014,” NatCatSERVICE, Geo Risks Re-

search, 2015.

[11] Ozdamar, L., Ekinci, E., and Kucukyazici,
B., “Emergency logistics planning in na-
tural disasters,” Annals of Operations Re—-
search, Vol. 129, pp. 217-245, 2004.



[12] Tovia, F., “An emergency logistics re-
sponse system for natural disasters,”
International Journal of Logistics: Re-
search and Applications, Vol. 10, No. 3,
pp. 173-186, 2007.

[13] Yoon, H. J, Kim, J. S., Park, J. J., and
Jang, T. W., “Development of Electronic
Documents and Management System for

Transfer of Disaster Damage and Re-

covery Information,” The Journal of So-
ciety for e-Business Studies, Vol. 20,
No. 2, pp. 15-16, 2015.

[14] Yoon, H. J., Lee, K. T., Kim, J. S., and
Jang, T. W., “Design and Implementation
of Web-Based Support System for Di—-
saster Damage Recovery of SOC Facility,”
The Journal of Society for e-Business
Studies, Vol. 20, No. 4, pp. 227-239, 2015.



114 =327 HG8A] #1224 242

< Z 2 &

3 (E-mail: csy8959@snu.ac.kr)

2013 AgHsrsdsa 22t EeT (D

20133 ~ A A AUt Ah ekt (URAbabA)

Al EoF 2uEA, AR, MAlEY

w3 (E-mail: twiinimd89@gmail.com)

20163 AMdieta g rAe g8t (3HAh

20163 ~ A A Aguigtal 2k Eetat (MAtaA)

ARk ERP, =A%

Eialill =71 (E-mail: hans8501@snu.ac.kr)

2010 AEogta 23t (A

20100 ~ A A Agosta 2k Feta) (HAkA)

Al Eok A oS, 2vtEF, AFEJIE Y

bzl $- (E-mail: autofact@snu.ac.kr)

197441 Aeista Akedwety) (A}

19763 Gt A e (AAh

1985 u]=F U.C. Berkeley 4td&83} (2FAh)

19851 ~ & Al A Mgt 2yt ag

20153 ~ A A A 1#E AnfEY FG 93
u

S ol 2utEFA, ERP/SCM, A€ 2 Al B o)A



(E-mail: keenbee@kgu.ac.kr)

3} (3hAD)

Ho

el
Lo
3
—

1997d
2004

/&7/SCM

bz

il

%, %

(E-mail: scipio@krri.rekr)

w
op)

ﬂv.o

o)

2000

2002

20061





<<
  /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
  /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 false
  /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 300
  /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 300
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


