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gt = s
Measur ing channel 1—channel
Measur ing range +5V
Current consumption 150mA ~ 190mA
Power supply 9 ~ 12V

ADC resolution

1= ADC 24bit (50Khz)

Sampling rate

100, 200, 128, 256, 512, 1024Hz

Low Pass Filter

100, 500, 1KHz, 2KHz

Communication

I SA100

TCP/IP, UDP, USB

Inter face
SD CARD Micro SD(FAT 32 X&)
RTC A2 RTC LHE (3ppm ~ 8ppm)
Size(mm) 130%125%38
Operation Temperature -30C ~ 80C
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- Interface
TCP.UDPHTTE A=
Server / Client A€
20=110mm

A

on Temperature
P —B0'C~ 4B07C

= AolEdol= ARt g4 Al e S Wolsol=s HAAHIeH, AlAete] 4
A

2 g mEW 9T 47 dude FAL A%

5
AtFome= Al 2Fe] A8 e TAREN]Y AEs 98] Cortex CPUSE i
[e)

1GBytee] RAMS Aglsdle] xad gl 983 $9848 %35

< AlolEgo] BErholojad >

Wl Z=2 M A ARM Cortex AlE A&

TGAA AT gEa

e 256MB T 1GB & (3 48 B Al whe 24, +9)
YES A AHA ]2 1 10/100 00BASE-T RJ45 -1 socket
YES A A¥Helx @ WiFi, LTE &4 25 #¢

AA As5S 913 GPIO IEHool~ x|

td

40 o
e

)
of\

~
WiFi/BT4.0 Module UART cPU usB 3G/LTE Module
(Patch SHE{ILP (Dipole 2HHILY
.
f ) VCC
BATTERY = LED
—_
TEE—
FLASH DRAM Console
SMPS/LDO {(R5232)
—



® u-GISNo| A =45 AZ=Z23Z dolgu|o]x F Ao A%
B A= dolgHlo]l~s #e] sl

=

=
=
B AZE dolHe £& % AH £4/%7

JEIE 7 Al =]l ofEfje] gy o] AIMEEYH FEHE & ofd R
& 2 W3 (Analog-to-Digital Convert)ste] #&3F= u-GISN, A%
(post-processing) & AX F dlolg o] o AFsta, HAAIF A

NEE ATEE 7
Sate AW Zzad, aen AFd ASdoly

& XEEst AR, FHEA T

o
daie AdEst Zeagon PREG. B QTN AR Av mzos e




4% A74% 2 H§4

L HAF A4 HE

ARER AHRA R E¥X| 9 9=

= Se3le IF =% AF 27 27 100%

A1 A A A LZEFO & AT 14 14 100%
FAIZ FAAS/N#E FHAIZ 14 17 100%
Neds 5194 FRAASNF AFAHHA 27 34 150%
AFS) 5} ANAF EA AP 14 17 100%

24 A Ak E3Edds sl 17 100%
HAaEwWE= 35 3 248 H2EWE A4 A5 14 17 100%

=
O GSTE 2 AFRE BE FE mUHY AsY 75

5 GS Engineering & Construction

REQ. NO. 140100-RQ-J-101

SHEET 1 _OF 1
Gran Seoul, 33, Jong-ro, Jongno-gu, Seoul, 110-130, Korea
DATE I Apr. 15, 2014 I
GSENC JOBNO, 140100
REQUISITION COST CODE
(FACING SHEET) PREPARED BY K.M.Kanga
PROJECT: I No.2 Crude Wharf Recovery Project I CHECKED BY D'J'LEE
ORDER FOLLOWING SHIPPED TO : REVIEWED .
DISTRIBUTION GS Caltex, Yeosu, Korea APPROVED: b Y;@TM
(DISTRIBUTE
THIS COPY DESCRIPTION:
totocaTion  (I25%= MONITORING SYSTEM | ‘
CHECKED) :
I PLEASE PURCHASE-OR DEVELOP QUOTES FOR MATERIAL LISTED I LATESTAGCERTABLE DELIVERY
DATE IN FIELD:
QARRNN HIN ON THE FOLLOWING PAGES 1 THROQUGH 4
H = = = =
<7 sE BYEHE AlRE 5 234>




mmmmmm

3. AT Tke A A

o =] RFID/USN A% g RFID/USN 3|9 A ejzA Z3E 7|t s A7
NARFES wedstel 343 ) 20089 <F 974m 0] o Aol A 201890l & 2524717

o
we o] o]F Qo An

o RFID/USN 7]7] Al#e] Z$-ol+= 2008 oF 6H8M] 4 Ao A 20180l += 6341
7

o 9 AEe] FEE AT Ao o5

o RFID/USN MU~ (AXZEG O] 23 Al 9ol 200810 oF 269 1 GF Kol A
2018 o &= 19x433uw ] 9 HLo] o] Ho=z 4

e

o =Wl RFID/USN®| AA AH /&S 20089 9.2% el A 2018 ol &= 20%E5 A&
ZAow o= n, RFID/USNS GDP H|F gk 2008 0.09% eolA 2018+
092% Aol o]EAoE W

o Ul Al A AAA AS7] A 20061 o] 5 vid 30% o] de] viE B

o vhd 2u) ol ge] ZwAel

ol\

7}

il

e
s,
o
fr
2
oz
(it
£
&3
)
c
)
z
N
v
o,

gol oA



< <
an) 0l
) =l
ok an
rt
S _
= ok
W zr
= Jij3
5 o
T n
| )
=|al 16}
W< T0 R OT0
Al < Kl
..L..L;L.w
MR RS
Wlololol3
88 8|ls
ol =le |2
|
ol ol Rr
B0 | o) | d6) | TH [ 1H
WS S| alo
o
[y
LIR |~
o .
oamis 8l
HB S| =B




X0 = i} . 0Ol RO ®ue |~ A
00 Al 2 | o |jw=< | B g | W
7 R K i =S H_ o g o gr 2
< = it i0J Hig ol | Z o
W | Hr o [ Ew (e [ XF
) T ok wg_ O R e S L LI O I
Sl = N n 5]
o0 _x_u_zﬂ <4 ul 10 = 00 ofo 10 g Hr o B ™ &
g == % 0 Rl zr Jlo — 10 JJo oo < - i0J
J | ™ D ~ D B Rg< |®oF
T lmw [lagw|®E |(m S % 5 |
8 lno T n:..,umr__ E._omo o oD m_o M_Ei___%o RE I =
of |=0 |waP oW MR | HRA N gl s B A
b oo <@ X (s wsnmTIie= |a < .
o) MA\_ D_.E < | _ - j.m._.o - llﬂrﬁﬂﬂo .A_u prd
= w0 S | llz <R _ | g R w0 00 %)
Y M Sm S ow S| Wy [ B < Bl oR 0l0 O]
RO RO o | < 4w |0 T i !
<r SI8ul (wllgrw=ny®X Ry S =
o | Yem|Yy S PR ST GE s | NE W R
_A.:ﬂ._.m_‘ a\_|ﬂw_ a._to|_Jr A_nm_____m uam_b___ﬂAl #ﬂloLoﬁo u.__ero m_b___ju._m
= SRR ol R | = i = =
X
H % % % o o o o o
(@) (@] (@] (@] (@]
X0 — — — — — 1 1 1
on

=y Rr ok Gl % = = <l M n
o KO K - = Hio = ~ R
i) - AL = i) S .
=K o 8 |Joo =< 1 OJhl
H S Ul W o|RS | 4 ~ _2
5 = 5 ! S
R M| u Do fw | & 5 D
‘WE X0 o 0 X ~ zr o) ol 0H = ol
W - 5 = 50 _ oo o x aK
3| o L X0 o | W M = L
sl b 2 & R0 H o 3
0 = ur el - Ol ~ R0 wir — =
sl e [ K = ) I by <=
RO 7 (40 Rlgr| = d m
M- Nfo Hm | U= o (Ukz| @ s w=
2 A _ mo | 4 0
B o =X W oo |m T L Al .+ iy G0
— . 00 , KO 3 . o o _ ol il &I

&oiel




SUMMARY

I. Title
Development of Plant u-GISN(Ground Information Sensor Network) Solution

IT. Outline of The Research Development Project

1. Need of The Research Development

O A critical state-based industry of creates high-value is increasingly expanding its range,
such as nuclear power plants, seawater desalination, petrochemicals, LNG plant industry.
According to the announcement of the Ministry of Knowledge Economy as <Figure 1>
increase very high compared to other industries, the proportion of about 7000 billion 2006
global plant market in 2009. In addition, industrial plants are growing domestic and

overseas orders increase the share of industry in 2007, as compared to other <Figure 2>.

Fame | [ L
=0 ok 70|
IﬂEﬂ

EEE  doH CAGHN EM i Ther =X

R
4]

<Figure 1> Major industries worldwide <Figure 2> Comparison domestic industry

market in 2006 performance in 2007

O Displacement sensors for real-time prediction of soft ground considering as a are
completing installation of surface technology developed by the Environmental Research
and Development Project of Land, Transport and Maritime Affairs as <Figure 3>
u-GISN (Ground Information sensor Network) package technology also successfully
developed a surface suitable for wireless communications and applied technology

installed.
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<Figure 3> The development of information—-based technologies

O Ground u-GISN(Ground Information Sensor Network) is successful commercialized
and diffusion of technology package technology requires research on soft ground areas
through the application of other techniques have been developed. If the ground is soft
like a landfill with a composite soil / ground and ground survey information that is
designed to determine the geotechnical characteristics and needs, and constraints for
the installation of the sensor surface often to poor communication environment in

terms of soil u—GISN package technology requires further development.

2. Objective of The Research Development

O Development of the new u-GISN underground environment information based on the
national environmental information service by real-time detection of the underground

soil

O To achieve u-GISN by sensor node package, Gateway, underground monitoring S/W,
to match the plant facilities in soft ground in the interpretation S/W development and
to build a plant Test-bed facilities in soft ground it to wvalidate and technology

commercialization
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<Figure 4> Goal of Research Development

3. Foundation Technique of The Research Development

O Development of u-GISN, ground multi-sensor module collection information,
Convergence Gateway
By transmitting data by processing the data from the data sensors, such as
digital u—GISN depression sensor, pore pressure sensors, such as electronically,
in the microcontroller via IEEE 802.15.4, WiFi, GPRS radio in the center of local
and fragmentary current broad-based foundation of real-time information

collected from geotechnical information collected

<Figure 5> Gateway



O Apply appropriate soil information collected Geo Sensor Technology

The BASEBAND is 2.4 ~ 2.4835GHz, Power AMP USN Mote is supports the
communication speed of 250Kbps. Chip ANT was equipped with an embedded OS
TinyOS is commonly used for the wireless sensor network is in a room of about

10m reaches the to reach from outside to about 80m.

<% 6> U-GISN to support multi-sensor interface

O u-GISN energy supply module and network simulator

That the self-charging in solar and wind energy harvesting sensor networks,
taking into account the point of view that is simply the discharge energy is only
considered in the previous experiment, but, as you apply the concept to the
existing battery Battery Model properties more energy to refine the model was
applied to obtain assuming the battery charge applies modeling. And energy
consumption 1s measured by performing an experiment with a reliable widely
used in electronic devices Lithium Ion, Lithium Polymer, alkaline batteries, the

battery model by applying the model.
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O Technical implementation of data transmission platform u-GISN
The study was divided into two large software for data management. The first

1s the software structure, Im efficient protocol for energy-saving second.

O u-GISN industrial packaging technology

Structure is suitable for the difference in the role division between the layers
and hence the hardware platform because it has to the data processing,
subsystem control, and the state management is limited to tasks for the data

acquisition subsystem as a software for managing the data transfer.
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O u-GISN platform data transfer technology commercialization
Standardized in terms of u-GISN platform technology commercialization was the
purpose of the measurement data in u-GISN, installation time, location,
information was used from the hardware specs it through existing civil
engineering through the analysis of the structure of existing commercial software
products maintaining the practical use of the platform data and transmission

technology to maintain a compatibility of the software operation interface



<Figure 9> USN wireless data logger

4. Technology of The Research Development

O Compared to a type of VW products and electronic components Researchers
develop existing products (pore water pressure system) power consumption

- Low-power operation with developing more products with VW about 30%

compared to the existing logger power consumption of the developed product.

Ha  270mW BOmW

FHer Zo| M2 A o 7|=

VWEZ CH] of 30% +F 2.

<Figure 14> A Comparison of power consumption and Electronics Technology Institute Inc.
product development

O Compared with foreign advanced technology products (DT8 Battery Power (UK),
CR10X (USA))

- DAQ operation compared to conventional low power.



- Active, the stand by operating at low power state as compared to foreign

products.
- CR10X has lower power consumption represents a higher power consumption than

DT8 Sleep state
- Solution is in package price includes two VW and M2M I/F, S/W Solution .

OTa
Battery CR10OX
Power

Active  275mW  1200mW  552mWwW
andby  S0mW  300mW  156mW
eep < 10mW 2mw 15.6mwW

$4 400 $8,000 13,500

<Figure 15> compared with foreign advanced technology products

O u-GISN performance certification
- Performance verification performed by qualified steam engine
- Performance and implement the same commercial product

- Pore water pressure system, complete verification inclinometer
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<Figure 16> Perform accredited by performance verification agencies

[MI. Performance and Result of The Research Development

1. Performance of The Research Development

1) Development goals

o Ground fixed type sensor technology to monitor and commercialization
- Development of the new u-GISN underground environment information based on
the national environmental information service by real-time detection of the
underground soil.
- Achieve u-GISN by sensor node package, Gateway, underground monitoring
S/W, to match the plant facilities in soft ground in the interpretation S/W
development and to build a plant Test-bed facilities in soft ground it to validate

and technology commercialization



2) Research Objectives and Content

Annual Objectives Contents
= Existing community-based facilities,
* Monitoring techniques applied to alinstrumentation technology  analysis
fixed ground field evaluation . Terrestrial fixed site monitoring
techniques applied gender analysis
. . .. = ISA100 communication protocol applied
. Using wireless communication prototype
1st year staqdard can be applied tol’, Prototype design of explosion—proof]
environmental data loggers plant . .
. material that can be applied to the plant
development / production .
environment
Geo sensor technology and interface " Apply appropriate  soil information
e - . collected Geo Sensor Technology
verification applied to plant ground e . .
e - Interface  verification for various
facilities g
Applications
= Construction site plant soil test bed
Construction Plant Soil test-bed| = Reliability analysis by comparing the
long—-term analysis and Behavior performance of existing measurement|
systems and measurement results
2nd year = The development of wireless data
. prototype  using the u-GISN logger perfqrmance supplgment .
Technol * Prototyping of explosion—proof material
echnology suitable for plant environment and
performance verification
= Construction risk assessment system of
the upper structure of the plant facilities
. . = Ensure the plant c operate 1
* Operating system solutions can be . n pran . an. perd "
. . environments through intelligent system
obtained from the plant environment . ..
solutions for the plant facility safety
framework integrates essential
technologies Packaging
Utilization of long—distance ) . Leveraging techpolqu fgr
3rd year S . . long—distance communication in
communication in accordance with the . )
. accordance with the plant environment
plant environment and gateway .
. Development Gateway  Foundation
development

suitable for u—-GISN installation

Plant evaluation technology research .

and development facilities

= Construction Plant Facility Condition
Assessment System

Applicable to future plant facilities
condition assessment techniques

presented




2. Result of The Research Development

(1) Development of ISA100 communication protocol applied prototype

o Development of a data logger that can be applied to the plant environment, the

wireless communication standard

o With the data from the configuration is almost the main communication unit for
wireless communication, ADC (24bit) unit for chip control, and converting analog
signals to digital signals of the sensor unit CPU, for sending and receiving data,

RTC unit for time synchronization, the sensor configuration, and an external

storage memory unit for storing the DATA, the power supply

<Prototype data logger>

- Prototype Specifications

gt= s
Measur ing channel 1—-channel
Measur ing range +5V
Current consumption 150mA ~ 190mA
Power supply 9 ~ 12V

ADC resolution

1= ADC 24bit (50Khz)

Sampling rate

100, 200, 128, 256, 512, 1024Hz

Low Pass Filter

100, 500, 1KHz, 2KHz

Communication

I SA100

Inter face TCP/IP, UDP, USB
SD CARD Micro SD(FAT 32 X&)
RTC A2 RTC LHE (3ppm ~ 8ppm)
Size(mm) 130%125%38
Operation Temperature -30C ~ 80C




(2) Prototype design of explosion—proof material suitable for the plant

environment

o Shall meet the minimum regulatory explosion to install the gas, petrochemical,
nuclear structures. To the previous case mold design and production to meet
explosion—-proof certification in the second year, we conducted a mock-up sample
production design.

0 Production was completed in consultation with the explosion—proof certification
requirements to obtain through consultation with Korea Gas Safety Corporation of

plant safety oversight agency facilities.

<Sample Mock-proof case>

(3) Monitoring techniques applied to a fixed ground field evaluation

- Performed after installation of the data logger hypotheses plant performance test on
the plant floor environment, the wireless communication

: Yeosu National Industrial Complex Pipe Rack and Box Butte Local Section

. Leveraging a commercial site power supply

: Demo kit produced for field testing, and simulation data logging system for the

plant environment and utilize
- Demo kit produced for field testing, and simulation data logging system for the
plant environment and utilize

. Static data and dynamic data acquisition test

: Dynamic data is normally acquired 512 data per second
- Variety of measurement sensors and linked structures, and data acquisition test

Apply sensor inclinometer, thermometer, water gauges, accelerometers, strain

gauge, anemometer



<Added test-bed built in Yeosu>

(4) Apply appropriate soil information collected Geo Sensor Technology
o0 Vibrating Wire Sensor
VW Piezometer pore pressure value is calculated as the frequency of the AC
voltage and the tension that occurs when changing the natural frequency of the
vibrating wire is connected to the diaphragm to vibrate, and this time the
current in the electromagnetic coil when the soil pore water pressure acting on

the plate is measured

Pressure Baaring
Diaphragm

Steel Wire Tensioned Between
Diaphragm and Rigid Body

<Vibrating Wire Sensor>

0 Low Noise Analog Accelerometer
The minute vibration can be utilized for precision measurements as a MEMs types

with each of the input range of 2g Full Scale X axis and Y axis to the second



speed based sensor anthem. Acceleration inside having a structure that contains the

data and the temperature sensor is at the same time

<Low Noise Analog Accelerometer>

(5) Interface verification for various Applications

e Performing verification interface to the various sensors that may be used in the

plant facilities, soil, and measuring

<Test system for verifying interface>

(6) Construction Plant oil test-bed long—term analysis and Behavior
O Construction site plant oil test bed
1) Yeosu Industrial Complex to build a test bed
-> Not wired measurement system, including the introduction of additional

cabling and installation site agree to build a test bed test plan from the



existing chemical complex in Yeosu (South Korea plant information

management research), but the wireless measuring system performance

verification TSFs.

<Yeosu National Industrial Complex Bed and plant facilities on-site testing>

2) Similar experiments in plant oil-site for performance and reliability analysis of
the u-GISN
-> Not easy to analyze the reliability of wired / wireless measurement
system in Yeosu chemical complex, a similar facility wired / wireless
conducting a reliability analysis by introducing a measurement system to

bridge temporary event structures and surface site

O Similar field tests for performance and reliability analysis of the u-GISN

- To monitor the plant’s oil to assess the state of the plant according to the

deformation of the ground subsidence and the resulting structure will major items
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- However, in other similar scene to simulate each monitoring item is not easy,
and additional cable installation according to the wired measurement systems
installed in building a test bed of Yeosu chemical test site only, as mentioned
above, u-GISN and wired measurement system hayeoteum analyze the

performance and reliability of the u—GISN installed to.

(7) prototype using the u—-GISN Technology

= Designed to the explosion proof and regulatory provisions EX d I C T5 IP68

= Korea Gas Safety Corporation in consultation with the Ex-—approved unit TSFs
(1st year)

= And designed, to meet the explosion proof rules (EX d IOC T5 IP68)
explosion—proof certified by Korea Gas Safety Corporation must apply for

explosion—-proof certification unit

[

WAFET WEM

<Korea Gas Safety Corporation Ex-approved
Notice of Results>

= Proven performance built modification / fabrication to fit the flameproof case



been developed in the first year of data logger circuit
= And explosion-proof design to fit the data logger data logger circuit boards
developed in the first year of manufacture performing

= Configured sensor interface board was power board, main board, LCD board,

a battery pack, the flameproof board data logger circuit board

<UE HOIHZH 32 HEHES <UE HOIERN 312 2SHE>

= Internal parts section measurement capability and wireless communication

capabilities into molds

= Circuit board design, enhanced by the quality of the products manufactured
parts by 3D rendering image based on the internal and external mold design
and mechanical design, circuit board, durable mechanism, mold design based on

complete production.

< 3D image of each part >



<Explosion data loggers <Explosion Data Logger

tool ing> mechanism produced>

(8) Construction risk assessment system of the upper structure of the plant

facilities
= Yeosu National Industrial Complex should build measurement systems for risk

assessment in section 10-2 of the superstructure.

Fat : _——_ t — Y

< Yeosu Industrial Complex building superstructure section 10-2 risk assessment system>

= Yeosu National Industrial Complex install additional explosion-proof wireless data
logger to 10-2 interval within the wupper structure and make performance
measurement and communication performance

= Instrumentation and communication performance of wireless data loggers installed in
explosion—proof superstructure visible results confirm the reception of 100% without

missing data values.
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< Explosion—proof wireless data logger communication reception confirmation >

(9) Development Gateway Foundation suitable for u—GISN installation

= Using the LTE broadband communication technology remote computer control

Specification

- Input Zch
Wet Input Ich
Ory Input 1ch
- Qutput tch
Y 0] OutputlZ20VEA)
- Interface
TCR UDP HTTP A2l
Server / Client A9
ADIZ 1201 10mm
- 'i\ Y
- Operation Temperature
20°C~ +607C

< Development Gateway can control the remote

computer >

= It is designed to accept input of the ground environment, the sensor gateway, a
structure for mounting the module to the communication module and the external
remote terminal and for communicating with the sensor system specification is a
communication module interworking with smooth driving of the system and
designed to establish a seamless operating environment without delay to adopt

for the CPU and RAM up 1GByte Cortex



~\ 4 N

WiFi/BT4.0 Module | = UART CPU UsBE | 3G/LTE Module
(Patch 2tE|LP -’L (Dipole 2tEILD

vCC
BATTERY = LED
| FLASH DRAM Console
=4 >

< AelEg o] EEr}oloj 1

4
k4
#

- Main processor: ARM Cortex family of Use

- Operating system: Embedded Linux

- Memory: 256MB ~ 1GB management

- Wired Network Interface: 10/100 00BASE-T RJ45 -1 socket

Wireless Network Interface: WiFi, LTE communication modules support

- GPIO interfaces for supporting various sensors linked

(10) Construction Plant Facility Condition Assessment System

= This study has the following features developed in plant facilities condition
evaluation system.
@ store in a database and files for the measurement result measured in the u-GISN
@ Provide data requested by the client in the management database, and the
measurement

@ Expression analysis of the stored data and the analysis / assessment

U-GISN state evaluation system for storing conversion (Analog-to—Digital Convert) to
an analog signal to a digital signal that is output from the sensor, as shown below, to
read the measured signal subjected to the post-processing after stored in the database,
and are separated by a server program, for the ability to provide real-time measurement
signal and the measurement condition evaluation expressing the stored data and perform
statistical analysis, such as correlation analysis program. Was developed by Delphi
language developed in this research program is a server program and the condition

evaluation, was used MySQL databases.
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<Plant Facility Condition Assessment System>



IV. Final Research Performance and Application Results

1. Final Research Performance Result

Achieve |Achieveme
Perf 1 Measu t T t :
erformance goals easurements arge ot
Paper Paper presented at the 2eq %6 100%
conference number
Intellectual Property Software registration number lea lea 100%%
) o Accredited certifier Quality
Quality certification lea lea 100%
Assurance
Technol t hi ) e
TR Accredited certifier test report Zea 3ea 150%
performance goals
Commercialization Number of Prototype Released lea lea 100%
Intellectual Property Patent applications lea lea 100%6
Construction and The number of test-bed o
Application of the test bed results lea lea 100%
2. Final Research Application Result
O GS Caltex Oil built Pier collision monitoring system
o : : —~ ‘ : REQ.NO. 140100-RQ-J-101
&£ GS Engineering &Construction
SHEET 1 OF 1
Gran Seoul, 33, Jong-ro, Jongno-gu, Seoul, 110-130, Korea
DATE I Apr. 15, 2014 I

GSENC JOB NO, 140100

REQUISITION COST CODE
(FACING SHEET) PREPARED BY K.M.Kanga
PROJECT: | No.2 Crude Wharf Recovery Project | CHECHEDBY  DJk
ORDER FOLLOWING SHIPPED TO : REVIEWED .
DISTRIBUTION GS Caltex, Yeosu, Korea APPROVED: b Y—‘@TM
(DISTRIBUTE ,

THIS COPY DESCRIPTION:
totocation  (I25%= MONITORING SYSTEM | ‘

CHECKED) 2

I PLEASE PURCHASE-OR DEVELOP QUOTES FOR MATERIAL LISTED I LATESTAGCERTABLE DELIVERY
DATE IN FIELD:

AQRENIN 1IN ON THE FOLLOWING PAGES 1 THROUGH 4

<Request to build a pier collision monitoring system>




3. Market Prospect of The Research Results

o This domestic RFID / at about 940 billion won in 2008 the market is the market

in the USN when estimating the industry survey results reflects the Korea
Association of RFID / USN based on the world market growth in 2018
25,470,000,000,000 degree to view

° RFID / USN devices in case of a market expected at about 680 billion won in 2008

to form the scale of the market 6.04 trillion won about 2018

° RFID / forecast to reach about 19.43 trillion won in 2018 at around 260 billion won

in 2008 case size (including software) in USN service markets are

° Level of 9.2% is expected in 2008 to 20% in 2018 to occupy the world market
share of the domestic RFID / USN is, GDP share of RFID / USN also expected to
be around 0.92% in 2018 from the 2008 level of 0.09%

° If the domestic market is expected to increase over 309 in sales every year since
2006, the electronic instrument market. Medals USN technology every year, while

more than two times the explosive growth expected

o Technology demand

Demand Country Demand Related Products

GS Caltex Republic of Korea 1,000 set - Industrial equipment automatic
SK Energy Republic of Korea 1,000 set control and management system
Arkema Inc. United States 5,000 set - Subsidence, erosion and crack pipe
Shell Multinational 100,000 set diagnostic system




V. Achievement and Effectiveness of The Research Objective

1. Achievement of The Research Objective

Research objectives

Achievement(%)

Major Research

= Existing community-based facilities,
= Monitoring techniques applied to 100 instrumentation technology  analysis
a fixed ground field evaluation . Terrestrial fixed site monitoring
techniques applied gender analysis
. . . = ISAI100 communication protocol applied
= Using wireless communication
. prototype
standard can be applied to . .
. 100 = Prototype design of explosion—proof
environmental data loggers plant : .
. material that can be applied to the plant
development / production ]
environment
= Construction Plant Facility Condition
= Geo sensor technology and Assessment System
interface  verification applied to 100 = applicable to future plant facilities
plant ground facilities condition assessment techniques
presented
= Construction site plant soil test bed
= Construction Plant Soil test-bed 100 = Reliability analysis by comparing the
long—term analysis and Behavior performance of existing measurement
systems and measurement results
» The development of wireless data
. logger performance supplement
. h -GI . ) )
T hI;roltotype using  the u-GISN 100 = Prototyping of explosion—-proof material
echnology suitable for plant environment and
performance verification
» Construction risk assessment system of
the upper structure of the plant facilities
. = Ensure the plant c operate 1
. Plant evaluation technology 'n pran . an. perd "
100 environments through intelligent system
research and development facilities . .-
solutions for the plant facility safety
framework integrates essential
technologies Packaging
. . - i h -GISN hnol
= Operating system solutions can Using  the u G S technology
; development phase supplies
be obtained from the plant 100 . )
. = Operating system solutions can be
environment - .
built in a plant environment
. Utilization of long-distance ) .Leveragmg techpolqu fgr
o . . long—distance communication in
communication in accordance with . )
. 100 accordance with the plant environment
the plant environment and

gateway development

. Development Gateway  Foundation

suitable for u-GISN installation




2.

o

o

Effectiveness of The Research Objective

Can see the degree of commercialization of automated data acquisition by
terrestrial wireless communications soft ground areas USN technology level is
applied, that the step applied to test underground wireless communication
technology. If the construction site of the Busan New Port is being tested
operating Internet-based integration and data management systems that are
analyzed in this office received a commercial CDMA wireless network to
automatically acquire some information and management. In the field of soft soil
ground / underground wireless data acquisition and processing is fully automatic,
will be created in the public state through which demand continuous monitoring of
the construction of the existing addition to measuring management and ultimately
the development direction of the USN. When applied to the maintenance measures
the ground wireless communication technology has the following advantages.

- Consists of independent components, without cable, available from construction

to maintenance, continuous measurement and instrumentation installation time is

also shortened the public and Medals.

- It 1s not necessary in the management of geotechnical and underground
structures to connect the sensor cable to the ground does not affect the use and
construction of public facilities and ground structures.

- Can be avoided problems such as malfunction of the measurement unit and the
measurement caused by the reduced risk of cable breakage of the structure and
function damage, the sensor cable is arranged.

- Recovery of data is stored in the observation unit is installed underground to

very easily load.

And maintenance of the measurement Iinstrumentation required for this
construction because it contains a lot of uncertainty in the design and construction
of the tunnel structure. Indicators that include acupuncture Summer, Summer
Heaven spit, pitting displacement meter, ground displacement gauge, gauge stress
shotcrete, rock bolt axial system of the construction of the tunnel measurements
are. In addition, there is a system such as earth pressure, pore water pressure
systems, strain gauge measurements is maintained by the tunnel. Were able to

distinguish between a manual measurement and wired auto measuring tunnel



o

measurements, it is difficult to maintain plenty of measurement due to the
instability of the data cable and breakage due to the occurrence of noise due to the
measurement error and the cable section of the dialog by a user. On the contrary,
a notebook PC users Refine this store multiplexer connected sensors and USN
systems are moving from each other, and automatically receive data wirelessly
received data. Measurement data is transmitted to the server PC from a laptop PC
data automatically saved, so you can try searching Refine User (USER) is related
to the transmitted data is normal. Can at the same time to overcome the problem
of the reliability of the data by the noise generated due to a conversation of the
cable section of the measurement caused by the breakage of the cable termination
or cable, eliminating the need for a pole to the data logger such data logging
method. So may be the most appropriate in civil construction site automated
measurement system based on a new concept of ubiquitous data acquisition system

for USN.

If the field of slope stability in addition to underground inclinometer, pore pressure
based, hierarchical general common groundwater instrumentation USN is possible
to apply a comprehensive index to measure the displacement measurement and
three-dimensional pictures or three-dimensional laser scanning instrumentation.
However, as noted earlier, the slope of USN technology will have to be resolved
for the durability of the USN equipment for the supply problem, the problem of the
transmission distance and the long-term behavior of the measurement problems

due to limited positions of power when applied to the measurement field.

In order to implement USN excavation site in downtown museonhwa various
instruments before - should be automated. However, the following requirements
must be met for the civil field, so outdoor scene caused various problems.

- Must be good and durable to withstand harsh weather and installation

conditions.

- Should be wide temperature measurement range.

- Should be repellent, moisture is.

- Must have appropriate considering the number and frequency of sensor data

acquisition frequency.

- Should be able to use a variety of communication means.

- Various methods of power supply should be.

- Should be able to be controlled by an automatic measuring instrument program.



- Should be able to select the set boundary value or the measured time by a
program.

- Must be easy to link with the program.

o In ready for the use of the USN currently implemented in the integrated
management of landfill management and Geothermal system in the field of oil
environment. The integrated management system detects landfill leachate leakage of
geo—grid installed pH sensor, temperature sensor, soil moisture sensor network
forms a grid constructed around the landfill to landfill floor to the ground system
to apply to the data logger via a wired data can be implemented in a real-time
remote management technology by combining the USN after transfer. Geothermal
system 1in identifying the energy supply efficiency by installing a geothermal
temperature sensor inside the medium shear transfer tube and the USN
technologies by combining them identify where energy efficiency is less able to
receive real-time information to the remote administrator and the system can be
managed using the other direction while the recovery time for the system. Can
take advantage of the USN in the apartment and Industrial Park Environmental
Management System, install the sensor on the large site in the contaminated areas
and if we expect the USN technology combines Medals will be able to effectively

manage an apartment, a large area of the plant site is determined .



VI. Application of The Research Result and Need of Future

Research Development

1. Application Method of The Research Result

o Imported from abroad, but using the data logger to meet the domestic demand of
explosion—proof standard GS Caltex, SK Energy, LG Chemical, Korea Gas Corporation,
Samchully etc. is the price that you are using the most expensive cable products.
Therefore, if you apply through this challenge developed explosion—proof wireless data
logger can solve the problem of foreign products than can be provided at low cost and
with wired communication occurs and can be solved by a highly reliable and secure

wireless communication standards ISA100.11a.

o Commercialization plans and strategies

Division Specific information

o) Commercialized forms: building and operating the system through the
production / distributor  secured directly
o Demand:

- Petrochemical and Gas Plants manufacturers: LG Chem, GS Caltex, Hanwha
Chemical, Korea Gas  Corporation, etc.

—-Industrial Complex

Type / Size

o Commercialization of the Company and the Company representative capacity
- Existing plant facilities, establish performance monitoring retention -

Similar in structure monitoring system, such as task performance reserve

o Typical Commercialization Success

Commerciali i .

] - JoT-based wireless data logger: OmniCube
zatiomn - JoT-based explosion proof wireless data logger: OmniCube-Ex
capabilities - JoT-based heterogeneous communication gateway support: OmniHub

o ensure the production base and productivity

- Circuit design and mechanism itself / outsourcing

- Assembly and performance tests conducted in our own

- Production facilities for assembling and securing the performance test
(manufacturing  Register)

- Will ensure a  separate plant in accordance with the business expansion,

and reserved

resources

o Verify performance with field—proven build 3rd year development test bed, and
Commerciali| the operating system,

o Task 3 car supply plan in the market from the year 2014

o Development of two years from termination plan to enter foreign markets Year
and schedule| 2016

o as well as advanced propulsion plant to be linked to a variety of industries

zation plan




2. Need of Future Research Development

O The necessary technology that can be utilized in a variety of geotechnical engineering
USN technology, is expected to be able to create a land market monitoring system of
value added and through the fusion of technology and Geotechnical Engineering, USN,
the following are prerequisites for this should be.

O Adjust the various requirements of the geotechnical engineering field reflects selectively.
Desired in the geotechnical field USN sensor is ideal for building a separate information
must be installed 1) of the various measurement sensors and operation, including 2) to
ground the wireless network, and can share with each other, and 3) a sufficient battery
capacity, or the available 4) permanently, while maintaining a high frequency data
acquisition system equipped in the automatic charge system, and a sufficient storage
capacity.

O also being required, such as to enable real-time analysis that did not have a long
processing time, such as a standardized, integrated data logger, which can manage the
various types of sensor signals, or the three-dimensional image processing of the SAR
data in the operating system, a high—performance processor .

O However, there is no satisfying all engineering solutions. For example, the sensor
package can not but increase In size to increase the battery capacity to increase the
frequency of data collection for use as permanent. This may cause a big problem in the
convenience of the installation side. Solar charging system also can not but be limited
depending on the sensor type used at this time is limited to be not only also be
introduced into the automatic charging machine.

O So catch the first time to raise the frequency of data collection systems should be built
with the technical trade off accordingly. That is, the operation must be preceded by
adjusting the different requirements in view of the current and future technical limits,
may be established through this USN development strategy. In addition, real-time
measurement and analysis, as well as the need to create a system for solving problems
in real time.

O And go beyond simply measuring the museonhwa of equipment, O USN technology are
futuristic therefore machine - it is urgent introduction of mechatronics technology
combines robotics. Need to be tried by challenging research for active control of the
various sensors are transmitted in addition to the simple measurement data. We believe
it is imperative that the USN technology research to overcome the disadvantage of the

ground inside the radio.






CONTENTS

Chapter 1 Outline of The Research Development Project s eeeseseissesees 1
Phase 1 Need of The Research Development - s sereessermissereineseisnesessesiens 1
Phase 2 Objective of The Research Development - s wseeresseeresereescsiensereens 3
Phase 3 Foundation Technique of The Research Development -« 14
Phase 4 Technology of The Research Development - s esereessecessnceiene 17

Chapter 2 Performance and Result of The Research Development -« 21
Phase 1 Performance of The Research Development ............................................. 21
Phase 2 Result of The Research Development ......................................................... 25

Chapter 3 Final Research Performance and Application Results oeeeeeeeeee: 180
Phase 1 Final Research Performance RESULE - eeeeeermssmmmmmmemimmsmmsesissessesnnn. 180
Phase 2 Final Research Application RESUIL - eessseresssermssseemseriiseriieniseseis 193
Phase 3 Market Prospect of The Research ReSUILS - wssreesseremsseremsneeiinnnn 194

Chapter 4 Achievement and Effectiveness of The Research Objective -+ 199
Phase 1 Achievement Of The ReSearCh Objective ................................................. 199
Phase 2 Effectiveness Of The Research Objective ................................................ 201

Chapter 5 Application of The Research Result and Need of Future Research

DIEVEIODIMENT +++eresesssessssesssssssessussisosssssssssssssssssessnssssnsssssssnsisssssmssisssssssssssssissssssssississsssssss 206
Phase 1 Application Method of The Research Result «ooeeeeeeeeeeeeeeeeermmieeeenninnn. 206
Phase 2 Need Of Future ResearCh Development .................................................... 213

Chapter 6 Reference ........................................................................................................ 221

Appendix. Quantitative Research Results






A1 AFINDIIA] TP Q. cerersrrrnesiseniieriiiieniissiseistssestss st 1
Xﬂléﬂ ﬂ?—ﬂ]ﬂé—g jEJ_Q_}‘é .................................................................................................... 1
]{]27% OL:I_'_EL7H1£—94 %_X_-]' ........................................................................................................ 3
A3 ATINEEG] B Q] i 4
A4 ATINEG] T] L A] e 17

A2 AFNLIA 53 U8 LD I e 21
A1A ATFINEFY] 28I LJ] -8 cerveerreeeein 21
X{]Zéj OLﬂ_:[Ljﬂlg—_O/] 7&3} ...................................................................................................... 25

A3A AE AFAT D F LA A s 180
Xﬂléﬂ g/]%‘ ?ﬂ?—/\éjl/]. LH% .............................................................................................. 180
A2 AFTA T Z LA 193
;q]gxé o LA 2} }\]?gl— T T e 194

A4 ATEFE DA E G I oo 199
AT F] I T T AL o et 199
A2 ATFAND FIFEA] s 201

zq]57g- A+ F& 2 63:_‘_'5‘_ ALY HFBF crerveneiniinen 206
A1 DTA T BFRHFOE v 206
A28 FED A N HEE LY HFBE oo 213

e B iy - 221






oM e

F

TN

A 1

— = ™ oo M
o T o S T T
— e ) ~
o B T © 0 < o ‘M| op TN ol X H
om0y W E T o F R w o
= M ok L —
‘:1_ dﬂ ‘m_ﬂ D \H ﬂb ‘% JH ﬁo ﬂi ZT E._o ZT o
o= A - R o ro
o T N = R = = iy T
i 5 |8 2 5 = T o il
wo ol o= R o] T ow o _
D ol R by M wm T < AL
iy = = = T U] ol
LG SRRV o 1o PR ~ = T T =
e ~ = - X ~ = W N
X AT T L 0 o < n X =) tHo A
N T o B Kk N oo o Jo T T
TR o Mo — ML oy Hp = A
3 oz oo 3 B oo . D R T =
HoR M mHma pudO + 5@ K
o ) N - o v o W
T N = w S LR TR o e N
. - ELGY - . ~
M_M_u nLOv S 4 H " A io, X = B % o =8 N
) S~ % E dw s w Gl
1 .o s = 70 ot I T ANl ~ X
T o i o 8 N e i -
o o ol < v B TE o3
Hp 5% A ofn K < - X B = =~
Ll T o < i B S
P EEw R o BRaP T e R oo X
O T ! I - 3
> W (XS R ] .m“o Tow - L w T
= @ < ﬂ_ﬁ.,_ = ; b =< A# = Ne o)) N_M_ H, X S - W
- B = il i < %O gy o
TR % o s = = H O N « E ) o LL mﬁ
‘W@l ﬂﬂ m a m o EE ~ 0 ﬂ I.ArO \I.,..Iml OT — —_—
70 of N B i 1 o _H__A_ﬂ_ ] O < K © <ogrox%
o o < = B T _
W S AT gy % = O TR S v i
B ) s _m 0o = %o i s oF o F N oo Hp
A H B o ol - CHN D Iy M_. N 0
n © =3 N ﬂ__lm N Mﬂ Of 0o 7L my B Vi
o} o S o B © Y e Iy X ™ | —
=1 =R = w2 %%mﬂﬂw aly o W GG
T = o o S o L T "
—_ P s = H T W W T = o B oy o o
N Y " o#u o N i N.! E oT ~X Eo il ‘:o Jum
M SUCCIIN i a0 2 - LT << R )
T ﬂNw_ 1r1_ ,Iyl X mm% ﬂArL g H_K i EE ~n 0
o_._ 2y o T —< zr n ) o | N . -
= A o~ T = v wi wo Yo = Hp _- %L = W_ T oo op
el TN % o g %_ T oo oo oo " No e
— o R e 5 L o
53 Ce v N & @)
O

Ak u-GISN(Ground

sl

S

o

E

=

=

A

7))



Information sensor Network) | 71#] 7]&S /| XTAHEES Al2dH 7|&2 AlH A5
3= 9Jste] Ao A AH EAS nEd AlA, B4 ZYEL V)ES L5 o HAE

MEZ A4E AFA H2E dse] AEe B8] Asge] 4% 43S £

O <§l 3>3} o] FmaFR AT AR
sensor Network) 37]#] 7]

kel A7 MAE A58
yEHow g,

u
Hote] ddE TeEd Ao

Wl g B FA L AX H§7ES

R
ro
rz‘

>~
to

NZe N Yat 2 ; U-GISH 7|8 HIERIT 7=

+ RILF8 500 Al=2Z9| TgHaE I8k A} o o+ TIBHEEE S A HIEHT JIs W
I %0 Ik (et 87 -MIA%E, WY, PES 2F SAR =5

- oI 01 Se g BE HYSE « M3 HY S Ibse HIEHA L

+ ARE 9, HE MY EMO Be| + = 118 B4 % GIS 7|49 HI0IE B

<A 75> I gE Ji=sUsE

O AW u-GISN(Ground Information Sensor Network) #|7]%#] 7

>
lo,
oX,
ok
a
0,
>
>
A
oty
fo
~

% S AL AN JEe B Rokel 183 Fa) deputel QI A7} 2
%

m g2 el e AR Hel A EI AHb/A|Fo=z AuHk E HEZ A}
U A AR st AbA] Al AXE QS AlF o] How FAl 37 ZHof A
= dotsle] AWk u-GISN(Ground Information Sensor Network) {714 7149 A &< ¢



A2 AT =5

O =7} 2 Aube] xF37 ARE AAZF gAste] MR u-AFHH AH 7|9 Au]x
¢l u-GISN<S 7ft

u-GISNS ©]F+= u-GISN A== 712, AolES ], AFTEYUHH S/W, i+ S/W&
ZUE AAE O dopute] REE teln FAE ARE ) Ao Testhed® T
% =

R 7lE A s}

SHE A\|dE 1| oM el & |8t u-GISN *
(Ground Informaion _Sensor Network) &= Jj & '

U—GISN A AEHOA SA=EJNTH
X HOH -8=34 SMJH HOH 8534
= XY He= 0| M Geo HA * DM7|U ZAE X|G BLETY THAEHE ¥5 2 HY A8
=T gole=A A8t B3
* Oge S8 AAIS A UEE0~ (SUE FHo| M3 s2=eT) T RMASAxEI 45 HE/EY
B - == _
uﬂl: amol = e mumg | EOC 2O A8 59 YEAY * SUE ALE AW gEHE
e = = =l E=) Lt e
712 742 (wibro, LTE, WIFI 5) S50t S5 =l = A
= HIS HolE B4 o
= XYt u-GISN 2% BHo| Mu A ey

HolEsjo] FH| HE

l{é'l'l HURENZL

Konon Electrnes Trchaology iwtiics

@. HE| M 5|
BT Comubtonts Co, Lad.

<JdE 5> g =2



w ATelA ApEstaAtshs NEES aEAGET HIEAUNEARIS Skl idE A

1Y RUHY 7E2H ARSI A A du ek kel Aztek ks w A= Auke] A sskE
st AT wEE FHFEH 22 §871E<U u-GISN(Ground Information sensor Network)S
7Zluko 2 &al 9Jth u-GISN 7]£S 7|utow ZHE A AHE Agke] 24 543 By
g el BAS 98] USN7IWE B4l 7, Ak =2 Adeg Al 7s, A= 7] &

AE 7E Y 7HE V|Es Aty A AE8ES 9%t Open Platform dEje] X wk

-GISN(Ground Information Sensor Network) 3| 7]#] 7|42 /&322 3o}

7h 71 Ay

HEBE | L X = S EES
C 2EHYS
ooy | 07 | AR EEEADIZAE FSPYEES
1| MY NSDBENE SUHY JIEHY | o7
« ®TI|2E 2007, 11. 27 ~ 2012. 04. 26




[EUFITTSEYE SR LUAMNBE

=T =4

O 334598 45%E 3%

dsSE 58 RIADIMME BUEE AlAH
A A FEAASEEA DA 2 2R} &8 E
£ a7o2 2007. 09. 11 ~ 2012. 04. 26( 43 7.5 W@ )
. -
AF 2847 FHE400034 @3
1. Ad3g a4 2. e 9= 3. AstE 484 A3 s34
815 77.0 82.0 79.5

1. 4¥& g4

S5l

pEEE v HEAT NE o cat o
111 A AE 72 2 438 24 20 8.0

« HAE AE7ERE B S70M SHE sl 0D A 2, S35l AS0H HECs dM(EE 44,
o/ | RLIERNS| w2t HAIZO0F 2 218
17k - HEGIH 2HSIUS

201 e szmen o dEsEe agwE v % 201 ASE ANGS
=5t 72 AN =22

AR 72 L ATE 24 20 228
AP 2019 J|E0 CiEt AIZENE HABSRE

10 AlE !
@.0) o | - = ATUM (JA0F st= NAB(TE TIE)N Cfet] AFE0 wEHe Sul UE AIRE SCiE 84y
23 (&H H2ME D8 AZREE LMY + 2|5 3D
- EoiE
UL T B2 Y AT 49 A0 SEVARAE $7) 22 208
B
=
1.1.2 J1s/501 58 24 2l [ 8.0

17 e |° HAE TTA 20M= 2 833 2018 HESD|dls Fa20t s, SFFHH IS6iol D&, S8 S&8(E= 8
- E4) TEE St AR F28 AR HSE A0 ¥ 2102 BTEO|E AF0880M S AE s




6. 71g} oA

= BIS MAob FAREE USN DI2F DEE A JIS/ARIN OE FPHEQ ZAVEH0| 22 01F S5 N JlEel ZVEHE E
FSE ot BEgdt
<IN D=2 FrdE SYUY o = TF Sl Ol EM/=E S8 2 e SFEL
= S #AIY B2 JNE2 UFLE SHY £ AUSE CI2f8 830 MY W3 g2 3 33 215 HS0| R
ol = AFLN tHilds =5 AIEel B Z03 HA 42X HEE HASED ELE
« BAIA S S0 SESYAUSEE Alds AS0H S U2L8 STEI00E 310, 01F Asids H 32| A2
-HEHIYAYNE
- TS
- dagss NE

SE 42T £ s NE g2a
- 2Al 23 Atz 2@ a3

=1l JIE Usy Dls ¥ RA HENel HIDE <=¥sle 0l ChEt RIS E HAISISE slE,
e | ANSSAIKE AEAALE0| oHE UHE 20p A2 &5 U AHE E8 27 2ASE SUIGUE
« HAIE HIAE S 2150 238 FiRE SRBUS.

« JIE HEEN 4= bl Tt ¥ EF 2|2 45 TOF ZUE MAIGIH NEE Jlgel 45 2/E HMABIRS.
< 2 HE|d, oiEg, 7Y S0l 28 ds B0 HEH 2le=2 oft) ChE #2lo| e
= BE RSN ARHEVYES AST 29
< HZ20R K& DF U HHE DS
o | HHE| 92 Atme| HE0| S50 HoE,
o RAM = SSUHE S| MUUmAILE FSAE 2EE - 210 HaE,
25t ~ HEZ ZF MAF Sdet sy EE o JHAl MHMAAE F& AZ0 a8 39 84851 Aesz 42FH JiE0l
G S8 212l AT HHL IHESH 2|0 & = 2US 292 HEE
« 17 HEA HAIEA 23 228 23t AIBE S8 (152 =212
< EL FE0l e L4 S2 i BEAEDI2 AIE YFS0/22 Id S& Jol AES0 = 20

ZAl
el

- 15 =
U Barle We

O u-GISN, AWrg R = dERE, § Alo]ESe] 7+ /e
YA AN, 5N 5o u-GISN AlAM 9] dolHE A
EZoA dHeolH & 7t&ste] IEEE 802.15.4, WiFi, GPRS &9 F4

Ol E HAEFomA A ZF ol Al Ao ARt W FRoA FAH, AT

-

<8 6> HOIEROI



2 Y. FHAAMUEY A F2 AFEH= embedded OS2l TinyOSE © A3 A 1 &
zty]o] 9lE Chip ANTE AWolA ¢ 10mES =gty AelolA < 80m7FA =g 3},

Case@ & Al °F 10%2] LossE H 5.

O u-GISN Y% FF EE 2 UELYA A Edolg N
]

71E dux 2dS wiHe 548 443 wEg 2d gder F o AEd A
Agstlon 7 AoAe @] W e olyARES a1 gk Zo] ofye}, o |A
st ~E A& nelete] B B Y AlA HESA S4dA At s s 7
U= 7HE sl viE e S EEE s A5t 28 wiE g REE x| 7] A
el 2o]iL < ™,

ato] A=A

_7_



O u-GISN E¥3& Hlolf dE7& &
dolg HE #es 93 Az EY]

O u-GISN 28 w714 7l< A
ol A% #AYE Y3 AT EY o] subsystem HlolE FE5S
Zlo] otyel HolE ZEAA subsystem Ao B AE] BEE afof &7] uwjEol

AT Zre] AEEHEI} 2o wE st=go] ZHFl Aozt 9l= Tiered T27F 493

u-GISN : Ground Information
u-GISN Sensor Network
System

& mm/m
u-GIS -
System)

f

S gjelwr =

iNnputs

Mam 1/F

-~ ()

WiFi I/F

N
X

Satalite

/\\USBJ’ RS232

Jre )
'
'
[s]
.
[ Q_g
' -
oy
m

r"'"-'r""'- =

=D
e
=
Web—basgd .u-GISN OGC Sarver
Monitoring

<8 9> u-GISNS JHE

O u-GISN &3¥3F dloly AF7s 483
u-GISN Z33% dloly dF7le A&3t SHddA u-GISN oA 2] Ao 53 AdA
S gFIegon ols EF s=go] 2= Aagon AXEoj
BE 7T AEAF BHE S8 71 ER ZobidlA Abgdte AZE ol &

=
AH A AE TS FAsto] SHF HolH R dF7ed 4835 74



<8 10> USN SR HO0IEZ A

N
o
b
o
ri
>
ot
n
,
I
o

Ay

C_') SUSINAY RNE

OGC(Open Geospatial Consortium) Z& QIE{Ho|A 2 MM OOjE s

u-GISNE SWEQ| SOSo SDP(SensorData Producen2M2o| ¢

A2 0| GML, Observations and Measurements= OGC &

=2 S
ISO BEE

RE LRt

2 s AIEA AIE 24ES

“pjong “lope \Voniloring

REN - 202 2R

¢ KTO|AM SOS 28

i It vigs sy




- sloj=elE EHI| -

<J8 12> A ZUIEE AIAE BE I

Qb 7R 718 NS ESANEE EARBATY 702 162 ARALRA) )

| @ u-GISN Technology | I o XHF= Jxo| golH 2H |
- [ u-GISN : Ground Information ] [ e R0
o | Sensor Metwork Aefive 275mW 552mW
= = I— = "} Standby S0mW 156mW
| 2 . . Sleep < 10mW 15.6m\W
o ]
o = ! z Solution Cost 54,400 $13,500
B 7l el x i .
< N = - 7|E DAQ UjjH] HHBo =z FF

i B e - Active. Standby AEj0M= CR10X0| H|3| HEHos =&
- Sleep #Ef= CR1OX 2Ot B2 HHL S 71

| @ RUC(RFID/USN Center) A0S

ktl == . betl e

AN

TRV RAIEER

_10_



‘iﬁlé&i HOEEA RE

*  Open Platform HEj=2 7} ” | ssmenre [ 5; i: 1’_} H ‘
© K|t HE 40| UY GeoMA HBVE Y T T =| _
© o RuPYE SEMA PE| 2F g ) ) Ry

Cjerst S8 AlLE 98 elEimjo|2 5 () (o T % f==]|

HO|A FTISo| IEEE 14511 Wrp mexel o . s ] —T.

A53t 77) | I =

u-GISN 2 Z o]0 134

A. VW Sensor, Thermistor Interface Connector
B. Analog Sensor Signal Conditioner

C. Power Regulator

D.RTC, Flash Memory

E. CPU & ADC

F. Extra Sensor Input

G.RS-232 Sensor Interface

u-GISN S™2# 1= DMZ|E WA CO|E] SAS 9|3t Filter 27

<J8 14> 3 S HE Atdl |

A8t FF AlelEd el HF B GeodlA 83}

Y AclESIO]l B Geo AAS] HEsE ot TIE AFS SR oW HHE
AAlst ds i ARs & Y e Aed AAMTE SAHske Tl 450
to 6000Hz ¢ 953} HEoloF 3 Band pass filter® Center frequency & 3KHz7}
A5kgt, &A= Pass band, stop band®d el 7. Pass bandE 6KHz7MA| A7 s#
W e Z47F 163F o] FHojoF 7153 Pass bandE 53]W & 2] Hu 45071KHz,
476KHz Frequency: ©]5°] ZA&sdte] Als7 ZA o= EA1Ho 21S. Stop band?
A9 drive coil®] F3+= A A7) YA E 10KHzol 42 Frequency: =Fehsfjof s
I e Folok AlTd FEAE FA ¥&. 17100Hzo 2%+ #Fo] 7+ #he #
Al BetA sh7] w2 Al A E o oF 3




A el urGISN AlA 2] ‘WE*% de}*ﬂ*&i U} JARES MW HolEl g 7Haat

o] IEEE 802.15.4, WiFi, GPRS 59 74 &3 AH=E HolHE AEFomr =4
Holm d@A @A AW A FHAA FAH, AN A Au FYS 2

= g

I
EII

- AgrEe 3

o

XY +UE AT M2 2 USN

Y UEsAY

Tl i |
\\ (Piezometer)

<u-GISNE 4>

<% 16> u-GISN JHZ W=

O u-GISN E#HF A 4

(b sEslol T4

@ u-GISN EFF9] F8 A2 a3 2=
e 8H|E AVR & 7FA+= ATmegal28L
* 24GHz®] RFE AH838H= CC2420 RF EdAH
o Ay~ S UXE o2 WM3stE= Impedance Converter
o 7S A48l Voltage Reference
e ADC, GPIO, JTAG g #o|~5 A Hbst= AdH
e Power : ¥iH g &2 % DC At (5.0V ~ 9.0V)

(7h) &5l 14

_12_



12C

2.4GHz RF

[«—Vout—j [€«—SCL— —CS—» [RF+»
s ADC Converter
MEMS (16bit:L.TC1864) [ SCLK RF BALUN l<—»| ANT.
| Vin—»] «—SDA—»] I——si—»{ (CC2420)
,|\ ‘ l«—S0— [-RF—>
[«—Vout—y [€«—SCL—
s ADC Converter Microcontroller 3.3V
MEMS (16bit:LTC1864)
——Vin— [«—SDA—>|
I TX—>
m | | RS-232
(MAX3232)
«—Vout—j «—SCL— [€—RX——
Piezo ADC Converter
Meter (16Dbit:LTC1864)
——Vin—»{ €«—SDA—» Management Consolé
3.3V
DC Power (5V~9V)
3.3V LDO
Voltage Reference i) v Battery Power |
(AD423) (5V~9V)
5V ~ 9V |
s ==
<8 17> u-GISN 2SS =000

ATMELAFS] ATmegal28L X ZAHAE
Converter 2+ Clock, Data B =& o]
RF Transceiver ¢ CC2420%}+=
o 7}7}o] u-GISN ZHFe
e u-GISN Z¥F HES Z2 IS

3

91

7215 MEMS Al14] 2] @Em]o]
ATmegal28Le] A A4d wal g 4
71 918 A/D ¥gk 4‘59} GPIO

7} 7} o] y-A] A

I

L4 ==

o2 Ao BE

_13_

=T AS5s
A2 VW Data Recoder Y Data Loggerel] 14

ot HERC A UG

HAdZZAME A3t Impedance

g3oto] A4
4 Wire SPI Slg]# o] ~E A}&3A T4
dole 2 H& RUHYS RS-232 BAS Ed 7

o] &5+ SPI, JTAG ¢lgdo] =7} -

=)
i E
ol
e

st

B
&

L
2

-

s0

m
:(lg
i
S
i
=

Iy

o] IDE 13 A]
4 Data Read Wt

)
20y
o

[>

Ll

offt

ol

z

3 ARG o] AES NEHE

3 X

A
pug

Hir

L

=
[}

P

T

ol 2 7hs e

ol =

A=

A

rsﬂ

e

.



_ Plucking Coil

RTD or Thermistor,
Lightning Protection

Filter

High Grade Epoxy

=g Nrow ol AR ﬂ wﬁ el oﬁ ma
_ o R mo K| = A o
2 3 i T ;R N
° B 4 y B < MR E% oy
£ ol % g 2 o o WMo =
=] oru = i~ — X 5 d M
m. R h - O 75 al T S Wl
5 : : _ G g W o T M
. i z Al E i RO, R o
T & B i T o X 2
5 * 2 | T o og < o X T x
~— C|_ ‘HA_I m..wo ] \C ) \m_wo Q‘ll TM\_ _ R A_.E LE L.mJl EW R
g = = 2 1 2y T DALy
_ " 5 ) ) i T
£ % o o = [ & | : m._ G N o i Uu
= A_l (e _.c_u < B
[ ar = 2 o o do o " Al &+
R ~ ol o A : do m o X T MT v i
™ n W - ! BN — =
ey B : AN - wmo T e ooy
T 3 8 "= = o= LT oo T T e P
oy g T ul Mr oo A T om M E T
© =] n oo — 1o <A M W =
O e M N i Ulo o o D
- Y & o Vi o1 ~ T oo o &
@ & - a0 ey
) ®w o — do m 2 e
NP , | al %M@@ pE e o
e 4T <] = MR N 5w oo
LT 2 PO TXET T o B oS W
N = = J\ = =9 X =T
%8 i Lo 93 F  Ipz=w
= o = 8 SN\ A = o < ~ ol X
M_- B0 ‘1:|L B! 3 - B ‘_x m ﬂ MA_IM nﬂ " iy .El Ky 5 .
ar Ein & \/ M j d fi ; kN \Y% pE ‘Wul_u ,.ﬂwﬂ_ 000 ) T % ~ M,OI =
- _ﬁ I \ uu E
| nE ] LA | ng I
n. ,.;L = Lf m _ o i . o ‘ﬂ_/H m ,D| X mwv‘._ ﬂ_EU MWL
& X o = : o] oF =g T o P " =
|1D =z R wﬂu m_m = A =y ol ~ 1Ir 5 I B o N h
g YEw opsrETr pRrEl
! . ,cww Lf M a ._“. NN O_ E. ﬁﬂu ~o HA_I 1_,_.An ,mr,._’ = E.
LA S o & JNd B O % 4 N =~ K R
—_— o Cﬁ Z —~ Z,.* — ._mﬁ ZL ﬂ.wﬂ jan _ QO
A Uy ~ = ® < ~ = _ R
, RO oW RE & o) oWy
. O O
oy

AR QAN BE BEAA AL,
— 14 —

15

R



O = 53 %
- SUES A, RFID § Mg AH|z=e] &d B w7k Al 474 2kde] dig A=%
AN A Ao whet Feo] St
- =9l 82.8%(10171), 1=Ql 17.2%((217)& W=dle] t= o7 e
- EUdd A= F 42.6%05470), AAHATE 9.8%(1271), ETRI 7.4%(971), A=t

- 9= Y2 49%(67), =T10t 25%((37) £, 7E BHE 53 29 A5e
A HA Aol Ve, &8 Aula, AdaE] B 58 S, U4 TE, 52 Vs,
s 2 wEds Ve OB ®ol &%

- IPC &4 53 =9 A< okl 19y o] HO4L, HO4B, HO4Q, GO6F <o =

H
gt dinlste] BY, Sul= HOAL7F

HOABRT} o @oih n]=e & o] &9wt npale # 1 9 28
(22zs) (F82%)
50 w7|of
45 —— ——H#
L = AN HRREATY
——39|

7

EE————— . MHER

juuum

2000 2001 2002 2003 2004 2005 0 10 20 30 40 50 60

<dg 21> =UWH&EHM S4
<8 20>

W
0
rol
Ol

)

+

(¥

@
S

50 [

|
f
EER-CEN 40—
' |

=
Y7z 20 —H —

olo
ofo
=z
=
>

)

o H

= H

o H

o >

20 25 30 35 PR s IR s T s R B s B s |
(2d7d%) HOAL  HO4B  HO4Q  GO8F  HO4M  HO4)  GO7B  FI5B  A83B
<18 22> Y Oz 2RY S5 s

_15_



2003 Tt A
rral® 2004d0] Al Z7tEE 34
Mujzae] Fdow FYo] v Ut

20023 o]
L &} A]
a gJold, FUEY=, RFID 5 MZ&
Ao 1

=, e A"E, 35
234% 2 W=lo] teAow
=7} 58%(91) 2 Bekor}

] 1A% gloy m=

F4o] AuAE /)%,

==

=
-

!

=
[}

[}

4
e

Lo

o

R E) 76.6%,

M)

beta)
[o

o
H

s
a
o

%k

o
offl

1 r2 ¢
i
(o,

-

pah:ls

Tl

ol

ofr

Z<lo

Ry

I
Lo

i

o|

]St S

32

(o

-—2=el

A
=Yzl

/

2000 2001 2002 2003 2004 2005 NL SG us

(AU:

<Jdg 23> 0= W &x

S, CA JHLCH FI: &, GB: &=, Il 0lAcHd, Jp: &

SRR

_16_



HO4B HOAL H04Q GOG6F HO4J GOBE HOBM HO4M GO1C HO4K GO8G  7IEt

|A._||5 o w0 o w o w o w o
™ < =3 I 5} ISy Iy — —
ol
w
F
=
< of
T
0
@
o
@
re}
N
o
N
o
o
o
IS
om0 T M o omo <]
= N M @ K X ® o T
K om oW oy S oW X
oW & uE oW =Tk ofo
R = gk M@ olo
_ mo
4 o z
L ™l oF
Klo of

3+
Y
o
i

1]
uir

=
I'rrté:‘

A
=

<™ 24> 0= W DI

_17_



A4d AT e

R KETI x| = .

3 = . P T

ﬁ‘
S,

HE 54mA 16mA
Hy 270mw 80mwW

JHEEEl H|ZEo| M3 A g 7
VWE A CfH 30% £=9.

a an T — (= B ..,' ’ -d
- msew == 2

° -

<8 25> AAL Ml dXUESAEAE Y

[

>d

|22 ™
O &fe AR AFEe 7148 (DTS Battery Power(<d =), CR10X(7]=F))
- 71 DAQ tiv] AdH oz 54,
- Active, Stand by FEANA = 2] AlFol vl AAHorw F=
- Sleep FJHl= CRIOX Rt} v AHAEIS 7IAY DT8 Kt}
ey
- Solution Cost= 270 VW % M2M I/F, EUHHS/WE X33 97]%] 714

rlr
e
rlo
>

Active 275mW 1200mW 992mW

Standby S0mW 300mwW 156mwW
Sleep <10mwW 2mw 15.6mwW
Solution
Cost $4.,400 $8,000 $13,500

<J8 26> oflel 8% MBS Jl=Hlul

_18_



ket e

Bl

UR R E-H Li-Fsd=uf
A% HE

el EER T R

Tt e[
MmN oo

A HA

Srgfemn
S EEa] AT HaF 1D

[t il
Al

FEY P
LA =
LULE L

oW §E

CECENE B E-E R
E iE
L Ll R

5

g e

TR R HOLE [ 3T

For oW by
P wite

wliem gy S
L

=, §ff

THRES DN

B Ll

# Uy #f e S ¥

TP IENEUY
R PR I fou ) B
< o> BUUSIBE S8 M5 2S 4
2. 719 534
O u-GISN A|2=H]
- Open Platform F e = 7§t
- ARE AR S A3e GeoAlA ALV ML AAA, HAEHSHAA, A

ZAlA)

_19_



<8 28> Z2El A AEHHOIAE XI&6t= u-GISN

AR F=HAN HE E
€

AEE 9 Al AF

(S1EHol~ ¥ 53|+ [EEE 145118t 849 A%3 +%)

1 2 43HE FE
My - - -
= LT T o e I e L e =
ol ADC Corvertar
MEMS (18 LTC BEd) SCLK—E AF BALUN e ANT
i a5 e, — Hi—  (GCR4E00
-t -
M i |
LYY
. fvour— [5G0 —
33 A0 Corvetar I crocontnolarn S
MEWS CYEE LTC Bé4|
" o ]
T ]
A | [ AS-2a8
WM (AAXIZIZ
|e—ioui—oy ot —E L] o F——
Fhazo 4 LN CGordrtar
Meter CTEmE LTC] Bad|
I e 2 R nngemeni Dornsls
3.3V
DO Bpper | B Sl
=30 Loa-
Valtage Raiorenco. LK17) Py ety
(mDaza| | e

= — o

<8 29> u-GISN ESCH0I0 I8

HEAA Ald FFF oy =A

USN7I$S 5% 953 714 744 4748 48
A g L ARE A4S AF A9
OGC H#S 5% FFRAASITE)IN 200 Ju AT

_20_



;on_
Mo
=)

o
A

A7l WAl 7]

s

NV
ol

ot
oF

o)
oH
X

)

ol

gl
mﬂ
il

B

_g]

=)

=]

O USN 7]

&

N

AA =4

y

1z

A X

aHor MAGdeRA AxHor AU

Toll

. mebA USN 7]Rke] &4 7|3 Ak

o4 <

=
=

o

Aol Aol A &

ol
=

j=i1e]
&

1

A e

9

)

ox

4
o
63
T
ol

o

—
file)

ISA100 %

3T 2
it

0
pu
N

1oH

O u-GISN A]=gle] ARkl A4 gl

ol

O

stol At

S

==
=

f_r"L

=

=

7] o

=

=

]
7}

=N

}, 2 Ao TEST BED
3 =

=7k 2k A zE
— 21 —

284 =

A ES) 27 %

ol
=

O =7F 82 SOC A &9 AAIE ANt R YEAE &
7 &

O A7 uw-GISN #HAA T3



M
A\l

oK

12 s &

o

H 2

Ald A7) 3 &

=)
Mo
‘_ﬂ.ﬂ
o)

Cayl

B/

u-A= 27

bol A=

5]

)29l u-GISNS 7

a4

o] F= u-GISN AA == 714, AolES o], AFHUHA S/W,

o
=

- u-GISN

B

B
i

ato] ol &

g 75

Testbed

.

vze)
pal
K
fue
0
=2
Hr

oMo Z Iyt F8 SOC AlAEo

N

™

&t

Al 7k

Al
=

u-m R 714S g8 F7F A w o

oﬁ

R

B!
ry

-

(e) 7
&

u-s B o] SlojA A=

-
e

Ased B

wjr

8

2 ZAZd Avk Aol

Fob By Aze A

I

Al2=Eo] o] &

Heol s1Ee] Au/A %

w
&

"
1o
+

o

)

0

o] =+

=714 8.7

1
.

HolglolA] HAZE FE wUH ol

|e8oz F&

o

ki3

2

g

R

on
oR

™
fite)

R

i
-

USN Al 5o A3 43 7o A

¥

Fwol o

7}

B

FH

O

ol

o

3

R&D At el

gelghel wak Al

EAle el

e

!

)

JEl 2 T3t

AUtE A

ol
=

o U-City

_22_



fite)
r
g

o

olo

Aol 4 15

o op @1 7|

A g 7=

S

i 9E FASL

—_
o

No

A}

G AFANHELS A

1
o

ol HelA

27k of e $u, A

0r o
=]

Aol o

1

;.Ow_

Al

KeR
LN

7l=9 7

i
=)
el

B

A}
=

& o
EEhs

Abglel 4

3|
=

o] of AMUENAD A

1
.

O
i

AT

i+

ol

o

o
22

o

mn

A

u-AMHl A2 8

RERS

ki3

A

ol
=

|-

=

. AnEw

= ilul = T
L E | B | X R Njo
ﬁo RS E“ E“ X0 x° A o IS =
AR A A B R B R X X u ﬂ <
T T | < |Wr| < [H] < Hio %)
mlelsl88 - |8 8188 =8 8z
Wﬁ D.rv SO O (e S S (@) S (@] (e
e
E N — H 2} el
o | 2| |5 = 2 = o
o | <T. in ~ < < e A T ~
%O | TR | %O T T Gall Xl ~ Gl
_z__u &o E r ~ = = ™ i ==
O A X E | I X ~RY o) |} D e M ~
EﬂLE“ - 8 - - - - O T -
Bl x| B | B | M R Jo R x| g % mo|
mﬁ | BT | < < < @ W | T RO ! 4
O] 9 8 @ @ @ 0 [9] @ O
" x0 <] S 2 o S 2
~O K MA]_I A - ~ WW S ~
oy % R | o N 3 e
R - Bl B X |gp | K X
~ - N2 < N N2 <
ﬁ; HL juy ) OT_ E juy =y
m@ e &) X i S D dlo
235 dgw | | sellz |®
% |e T |y = o o T Xz W o
T = o | R < N S {
E (= N - ~ W olm 2|
AN =
BBy e lu ZluF x| F o |uomY R x| F
X golm N |® D % w T T |® A o’ v
X ol Wy m ldk | w3 L i = |™ wo B L
T N ik T < T T N
— — — [a\ [a\ a ap] (ap]
o EK %o TRy T K AR
p M- = =
m@ <~ 5 E =) 2 n 2
Ei= (o e 2 A
R BT S y ©oE o 75 T o
— Q N N 15
22 TR P e P T 5 E &
o W T X T B W N KD 5 o X
— [aN} o
T W o o
Is N Mo o

_23_



mK

B

B/

=2 g7UE

180
RO

= X
i

gt

=
Al
=

H
H

I
=

Iz

=

= ISA100 ¢ Z2EZE HE Al

AXNS 2

H
=]

A

CIEf IOl

2| 8t

=
=

4
It

70

<
0
o
M

Bl

)]

ok
Hy 700

7F 71E AA

o

]

hy2

B

B

A

A RF u-GISN

al
=

ol 74

E

=8
Oir

Y

=

o)
Wi

il

Hi

A=

Xetol Geo &AM

* U-GISN Jl== &8 A3 K

Hi

&l

_24_



xr
]

{J
Nr

p—

oL

(1) 71 AF3] 714 A

Al
=

= O
T

H

o]

3

o %

14 Sol 7=

]

)

<
=

7]

=
=

Al

-

EEE IR D)

3l 71

9

.’{

Qg

3

Ay

FAIRE, i o2 B ARE 7]RE A4

s

°

o] 5}

Skl At

AH oz o gxtel

S

o

o

=

goltt.

A
Al

b T2E AZE 79
Al

q_mo

3

X

2
7K
,.._mo
1Ho
B

ol

all

ATolME 7IE TE

-
= &2

af

AEEE

7K
0
oy

=
"o

ol

713 d ARSI Al o

719 ¢

= A

b,

kel
pad

¥ X 312}

bz

A}
=

af

5

oo, F3 Axol= X

of o

PN

ot
=

_\le_
7]

=
=

ARB]Z1HE Al Eoll Tl

N
o=

Al

—
o

2

= 3
T

5}

°

e

=
=

H

=

Huel o,
o v

1

9
i

oL
[}

A A
| Ao e wa o

9]

nheto 2

}

o
pal

=
=

tel AA e
A= Gl o

8

HolMar ol

Fol A=A AA] B

5]

ki

)
i

)=
T

e
&

T
)

e
o7

wK

shal, AA A= )

S

17]-

8

A== A

S|
=

3} )

ke
T

6‘:]:
- 25 —

=

=

g o] &

=

A tel
=

ol
7) dE e A

6) Tx=



Ho
o
</

ojn

4

o
~
fite)

X

g]

LR

=
F o

o] 8 (4]

= =%
- T

Akl

8)

o

2 HoFE 4 rh

o
= =

=

5 BE A

=i}
=

=

fite)
B
on

1

SAR A A A A ol A

A AL A

A
=

ol
P2

2 ARk AL

s

0
Ar

—

;.Ow_

o

A

—_
fito)

=

9l

A}

=

=

arL

ol A

S o}
27 1

A

%
1

0]
yul

3

0

1]
=

b1 9l

A

A

IS

=

Al A

S|

=

=
=

9 2

57 9

N AN A 2T A n

=]
=

AAHoZ 23]

=

o

o
Ho

Ho
o))
A

=)

or

B

Al

=

=

olell, AZAe] A dapst 7

1o

o

al

A

-
R

=
=

A2k 71 A A

Tor

=K

o

b =] g},

1
T

"_

S

ARE B§

ks

%2

|

7

J

A
ax

l

AJr

—_

BH

_—
o

=K

shsh Q1 Tare) B FREO A

_26_

il e S I g

o

==
[}



AF

Mo

Far A A<

°

AN AlgeAl A FE A

A

to

Al

=i}
=

o] A= A

ol
=

17H4, AFEAARA, A5 =

[

=
=

3l A=W, FEALA, AFEAA, A

9

‘(H

=

=

©

P} o

P
T

ol

T

o

vzl

—_
fito)

i+

Z o]y

- A
- A

diole e 2 A%

=

=

Mo

B W HE Rm

X

el

o 5

Wru i/
v T
% i
R =
, 2
HE = _ZTI
o o TH

4 5

w@ M i
—_ S
~ &o

ol My E
< O
Nr X <
T oF B

l!

) <]

T <

=

i Ar

= =

] O

M
o
__O_

_ZT|

Nfo
Ho

<A

_27_



A i
3 ul
RO o | i
T = X Nfo ‘w_ﬂu
B IxET la® B | fe
< Ny = op | o
= Eﬂ_ ) o —_
e | R = I G
R T | O8 N | oF Mo
" o g we | W | H
o O QN S %o
’ e I N R
T S =
N ~ Ho T
w W o
= _ _5.0
oo
w T
' L
;OU
= =
U 0 3
~ =
R —
B m i R T
W _—i l_ﬁD »Ae \.n/ ‘_m_v _ ﬂA_vD ﬂﬂ
o ~N® | 2 3| =T nom
T 1885w =
R | = | g | < | omoar
O — T S —_ JI.._ — _n: —_—
oF [ [
<
|
A
~
fi ‘B o ir
0 I - T -
b ojo R bir
T < W o
T
h

Mo

=
N

o
o
=y
il

AR AlE

=1
=

Al

health

TZAAA 2 YE ¥ (structural

of o

monitoring, SHM) 7|

)

—
fIfe)

o wlsta F@Are] )

71

ke
T

4 B2UHY

!

N

~

vl O
TS

-
o

1th et e wska @Ak

=~ o
T M

Agel=t &

15

[e]

- =
RG]

EEEREE IR

ol
|

o
4

9 A Sewe o
4 mUE ]
_(H

| Agke] Aok,

e

=z}

A

|

18-t

H

of o

o~
=

9]

_28_



B owo o i do oo o I I S R e T S

= do W R o T = ol = N AT T D o

TP w T m W T i

EEd e dITo. v oo

~ o° ~  mR ) o) CICIE o Doy

- T Ia R = W T iy W N - =

Y EE e q E.E p _zrv J@o 3 Z..ﬂ ﬂo = o K o5 _i 1ﬂ__.EHIo oy G

MM — _,i ~ ET ll ~o Jl X [

T R T T oz o5 2o o 4 H % RN

- T % <0 09 dn B <o o

E7%¢;%ﬂmﬂ4} I T

N T g T oo T oMo o N )

MlL g o oo <] R T omx 2 BB T owr

g8 m oo Tt 2% e o = TR M g o TN

m ® ﬂL_H N < s o) > N X0 T o o = m U

55 N T oo M= ujp o I - ©° %

" © = ) e Nl X | T o=
g2 ) @ o o o X W o o) RGNS

auw N ) 7 B o X | o o N = = @ o
" d_évovﬂi%ﬂz %Mt?yrwx@ =

Y= X N = ) e N — U o =

9 N ook WP ~ B o W o

~x T H X o !

g . P PPy 22 zRdiseiics

aﬂu S N T N o ﬂ o X 0|0 — _L - E_

I © o W w MO - X - "
§ 2 22 > w Ho%mrﬂwhuf mqmﬁ HOﬁT%%ﬂo%M@ﬂ
© =5 £ D o . F T T =0 = N - i
2 o= 2 T <! o A oo N g M = 5 B
8 5'c 4 RS = = X W WX g M
2 52 8 M & M 7o ~®w P _Zgﬁ,ﬂmuriﬂo%nun%ﬂ
3 ¢ 2% . g I T I S T = 0 2 + = U
c © = o —= X alh] .o ol o ol = =
§: @ 5 ToMealamEs PRt xlrmuaex gl

3 2 B R A BV S TS I

nm 3 g Nd Bo o ;]& G2 o. s = ar o ur T 3 N _iu "

£ g 8 s s Sl urmo.waaww_wu%z.ﬂg

& R FE T o ooy ety o F

T o TR A e
e I I R vl R
,Wo mH ) ol TR G IS N ~ B oo g MJ ﬂ =0 "
] oy o R o o o o o ofw N o Mo
o AR R = - e — Iy N 1| | I
T Tap 0 e X ®TEE T __FDEom
£} M ol ™o W._ —_— L — ™ G W = o o conl e =
I A N . . IO BN
= T T o T Lo s N = N N N B R

- % ) T N Y MM R T Mo M

X MR

=]
(optical fiber)

7} & (piezoelectric material), &

= ER (electro—rheological)

o]
A

=
T

_29_

(shape memory alloy), 2|1l #|

(magneto-rheological) 4,



s

Rkl

2

-
1

o] TolA AmE AREM o orol A 7 el AEHL 3

o] Att.

to

il

= GARAE o

gl

il

ﬁ
jod
T
ol

B
J|

—~
o

PZT f

-
R

7HA]

el

)l

o)
;O._

o]

Fr olEe A

o]

o)

1A

F7] w2 ol vt

S

ARt 9

A=

_(H

F257)

A 37FA #AHA A HF 7]

<
5 a1 =}

Rz

= Al

ey g glol s

A9l

%) &

3l A

HA =2 A7t 9

A

5
pul

b,

X 7}

A}
=

3

Aol o

ki3

B

4
—_

3|
pud

| w4 A A4 H o

9]

3 Aol

Fide )

Sof ojef vl n i

1§ AT

KeX
=

Y,

Monte Carlo

ZH,

extended Kalman

b

E]
o] 3tk o 7IHE

Kalman 2

el =

==
5,

oo =
=2 O

a

AR(auto-regressive)

AR =
itk AR 2499 AR ASgke W3t

5|

-
R

13 ™ Sohn¥} Farrar (2000)

R

ol o 3l

A&

s

R

& it

ZR:

(o]
A dEA S

E
|

3

=
S

KN
=

(outlier analysis)

ARMAV

Eigl

e
T

AR 2493 MA (moving average) X 20|

oS
T

Bodeux®} Golinval (2000)

bol Aol 2o}

S

(aute-regressive moving-average vector) 2 @& o]&

o4

kel
T

(1997)

1t Heyns

)

ATE

(multivariate) ARV (auto-regressive vector) 2 2-S o]-&

N

gnel T

ol <l

S

N
3o
~

B!

~
o

o

gy

<
el

—
o

3tk ARV

A2

s

B

-

o
g

=0
0

g

e
N
N

—~
fIfe)

-

el

°o]-&

gl o
==

99t AR =

S

R

=
T

SR

yAO
4

_30_



(1)
192

(2)

<)

2 ol g
eb,
%78 AR ®de] MSDe|

=

=

=

o o] g
] e]

PN
T

It

[e]

|

19 =

=
-

a4 mdshe w

9

= YET AR A

P
Equx(t—j)—l—e(t)
j=1
5
Fst=n] 2 A5 A 2] (Mahalanobis squared distance, MSD)

o 2]

1

gl

Fol 3
x(t)

Q =

-

, 2001)

=
o

BE

o]
=

H

BRI Th B3 e(t)= AIRE toll 9] o5 o4
0eT 2e

O 7F&5=7]9F AR 22 (Sohn

Mo

N
N
)
)

o

)

=

3)

[e)

=

vebdic, MSD7F UCL

UCL,, = pp+30,

#¥ % (control chart)

}

)
pad

control limit, UCL)E& % &3} %t}

o
7}

ol

HA =

5

ol

3

S
L

(2000)

=
o

)

HH W, Agneni
oA Furg oz WA o

A}
=

El

9

ol
=2

1
-

(2000)

L=2
[¢)

}2t}. Monaco

7}3

|

o -
45 ¥

R

R A

eE

TEE

1

RS

(e]

Ee
Ton
o

olo

e

—_
file)

)

3

_31_



B

(2010)

of ths

L=2

(¢}

PN
T

199tk Kim

7] 1378 =3¢

c‘)_]__

=

A

o
=

= &l
ks

Al
ax

It Chouaki (2000)+=

°©

Y

wd

A 4§ T P T U FF = W ﬁ 1) WAk
=Tl 5 3 i T
7T 5] XA < T
—_ _]_l ] ~o n . Eo
o o E X & o ) s =
B od g W R A = 3o
o 2 AR % o~ Gl = o
Nl 5 o o £ 3 o ARy o X
IS o 5 om o o iy E NN oo
ﬂw w MLV o S oo do m ol - o NB %
e = g P R o0 N g
= - o 2 " Ow plo i A
E > N | n R £
g = wjr E N N = = o o o
S 23 m i S f o L = S ' o A
H@Poﬁo FQEGEE] « T E =< w T
: T o 2T S Tag < ‘3
LE T w w2 - oo N | oo
| | = S W o —_ <
g8 m of b B =~ T oF SE Ty
s 7 oy om K i o= S K @
RaRFUR B g - S o> < B oo
) EgHww & e B
g g W = S ¥ g Ty 1Td o ) o U
- = . F S P Tan S R <
&y N I N <
U g A | e - S I a9 2
=i BT o i i N = o, F 5 5o
By 2Ly ELT A4S T SIS T
Tow L Lok 2o oW X Ny & s
G o W oo gy e T L Hoowo
W E o o = P w5 A,
FFom S mu D Ewe g ~ o X F %
T T S - B G W
o g T g Ew WL R S
Gl s ° o, S = < Moo mF 4 "
R T S W ey ~ o o
. AT o, ® Jone gy
™ r aﬂwﬂ_ﬂ%@mmé 5§ % b ° T
GC wodE o o W S < =
2,55 Tor.dsh: S E g
T 02 N e ¥ oW - T M -
z 8 o TOE Iy | T = T
"wveafew FrPeswewa ~ v Ny
P o RSN oW w4 T O ™ T M

(6)

o] & At

=

=

A H ok

°©

LCL = —30
Gy~ Hacg CCss

](lower control limit, LCL)
sk Aoz R

ANNA, oo, F 000 = 22



il

| =5
H

ASHE &

KN
T

A

%, A 71 (forced
71 71 de 4z

S
ATt

o

°] ¥}g](delamination)ol ¢]

=
i

T—]H

0.

7 AWH A e,

PP(peak-picking) 1< & 4 Atk PP 7]
Fith 879 =

A=

=

°

K

o

T

(1999)

=
[€)

1
T

=

S

o g
A B9t} Zak

3

Ak
=

&l

o

of i

=

-y

34 = (frequency resolution)ol] wehA T4k EEx| = o]

T A7 BaE
excitation)®] A& o =
EtzEd A= 1970

S

ot

=K

~
file)

gt

=K

o
K

)

o<

¢+

B

171 &

i<

A= 2UE

TUEY A

0

}

)
yad

o

Aol o
ts ¥ GA(genetic algorithm)

=13
=

3ttt Ryttere}t Kirkegaard (1997)& A%

S

=

3FAth. Ruotolo®}t Surace (1997)= HTFZ2E9 o

S

Al

A7 W (neural network) 7| S

2}

B

M
rJ

0

ZO
<t

A7]9]

al

Z

REREL TP

o

A
9tk Williams ¢ Messina (1999)= X 7-

°

bol w0

3
Al F

&

5

[e]
=

!
_ZM_I

o
o
o
ot
<

o
)

+
e

oF
B

e
A

ol &

& it

Al ¢ks

=

=

A =(multiple damage location assurance criterion, MDLAC)

=

[}

B

4

o

ojn

ol
T

iy

=15
=

3H

0

g el Wstol 9

4

o

oo

oy
qr

]

_33_



(7)

:uFreq - 3O-FTeq

LCLy,,,

= "o XA =W

5

7} LCLo]

PN
T

ol

yAO
0

p]
sl

=

el

nze)
il
o

17 9

)

FEAAY BUHG) AL

el

o
b
a%)

)

Wi 3k CoMAC

1
o

i

MAC (modal assurance criteria)

T

1

Aoz

hya
ar

3

S

(coordinate MAC)

olty. MAC kol 7x%&

Gt

=0

H

A}

—_
o

il
il

of

]

3

} 1. Doebling #}

SEREE

o] 2| 7] ko]

R

3}

pA

3

PN
T
&

[
o

5

P
T

]

T

KN
=

i

R4

W7o 7 Monte Carlo 7] W

A7E 5

(laser-based vibrometer) 258 F&%E 2=

- o
T

}9it}. Stanbridge (1997)

°©

Al
2

AR
s

Y =:]
=

[e]
A
=

T

HH ™ Natke (1997)

R

Ak
=

gl

Farrar (1997)

o

]

B/

|

~
fi%e)

Gyl

<
o

4

)
—

4

o
~

37

S

(1998)2 ==

A==
[}

199t} Ettounery

?_SB o)

PN
T

| Al okel £=4F2] 4= (damage index, DI)%

(2000)°1 ©] 3

p=2
[}

Fitk, =3k Stubbs

S

gl

&+

o}
¢

oF
B
7K
Nro
0

i
sl

ol

JJo
—_

itk Maeck®} De

°

A Al

A& PSC

-

.

Holmz, AHE A

1

0
yad

Roeck (1999)

Al

Z ok 2} A central

[e]
s

\_ao

2=

F=4

]

TEZRERHRE

A}

o

HA,

el

Hr

difference approximation)™H

Fi Tk Ho¢t Ewins

I_Sg ]

o
}\—H—é“l‘

&4

bl &

S

olo

NI

B

fite)

B
el
s

_~
0

I
o
HH
]

o

osto 2 ARMA (auto-regressive

[e)

(1998)
moving-average) o5& RS o] &35}

A H B A A

=
[€)

Garcia

ik
o
N
N

ofy

X0

il

2=

_34_

| 7F

=

=



B

T
Nro
0

il
I

=

ol

zel

-
!
o

°]-&

(modal assurance criteria, MAC)E&

FA%

o] REH

H7] #18

[

il

ok MACS 4 (28)3 o]

Fol YERATH(West, 1984).

3|

ki3

(8)

.]2
2 7]

¢
H¢

2
1

17
i
1
i

B
x>

[,

)=

1
)

MAC(¢,

4

A 52

-
T

2
i

st 4

1
i

71 ¢,

MAC®] LCL& ©]

9)

Parac— 3% ac

LCL ‘MAC

vebditt MACeo] LCLO]

047]}\1’ /f'MACYs)Jr UMAC"E Z+zF MACel| o gt

o8 ZRaA Hrh

2

T

;OL

, 2003)

=4
¢}

O FBDD 713 (Kim

5 (2003)

— Kim

5

=4

)

B

S
%

H NMY R

=
=

NE) F+zx7A1¢] 7

1 NE F-A(j=1,2,

il

.
%)

e
B

B
A

Nl

T

(10)

il

2=

W U el wge vrhls

s

A7|M, F, = mEEAAM jEAE A

_35_



AEolw, Z,& £AMA AT muE wiHY W, ofl-1<a,<0) jUA *
Ao wABAES] Ashge vehdeh £, Qele] nzso] tald A(1)e te 2
o] xdH

NE

EEU'O‘;‘ =2, (11)

j=1

a;=0,j7¢q (12)
aj¢0,j=q

S7|A, a,#0%E —1<a, <09 2otk 2&W 2(10), 4(11)e thea o] THH
T},

Z,/2, =F, |F

mq! * ng
A7, Z /7 &4 e o8 mEE AWML pEE 15X WE89] Ho]
i, B JFE mEEANAY A g0 RE WES pREA HA ¢o] RE WE
o A<l vlE dET 919 2(13)2 A (1Del Ast HA ASE= nwell o

ol thent o] BgE 4 9

NM NM

Z,/3%4,=F,/3F, (14)
k=1 k=1

‘,:
=]

S, 413 A1 4719 AR AUl AT FA ¢7h E4E 2 AT
ATk A9 FA =12 NE) HAA A5 P AEE e 2
e AAGE ALgetel Agehalt

oX
M

flo

NM NM

€; _Zm/ZZk m(/ZE@q (15)
k=1

—{n:
®
1—0

j Ag GEE g jRAlel A7 A elA
¢ dATE AH oA ARE ANV U5 eA7F 0 A W, AN =4l
AZANTE uBTh =, vIA e EAUA @lA e, =00 A ¢FAol =4

B
| .

‘gl

_36_



(16)
o]
(17)

]

#yel g

T

=]

7HAH, =45 ghol =

[e)

=

= —1<B <9 g

FBDD 7]WeolA] Ak

o ¢4 j7}

ol

8

S

Jol whel Ab of

=

A el &

=3
=]

-

9

[e)

=

o}

ettt 1) Choose H, if Z; = z,, 2) Choose H, if Z; <z, “1714, z

SHoh =

7)) &

=

(null hypothesis, Hy)<> A jol &2fo] Al

A
Al el

H

=]

ok WA, 957}
2o

sl o) Y714 (alternate hypothesis, H,)->

S

EEE

o
k

o)

)

PN
T

, 20l 2013 F-A ol A=

ul- o

A8 4= (confidence level)S U ERATH

}

9
yul
L

H71 <l
A

Fol 2wt} ATk, WAl jo &l

Al 7Y

<]

g

5

=]

A

N
_Z?

of M2 w=tt

ARE Aoz by
L Ae] WSk A

s
5

=s

B AR} =

_37_

S,

B2 uhre, Fuel T

Fais
Hl- /ng
1) 2533



el

2) s}

ﬁo

M
Gl

%

!

3) A

0

i

—

il

oy
B
o}

Ho

Ton

=3
o

=K

n.mo

HFARE FEAl A

R AlE

i

R

p 84

3t A

t7]

S

o] FEEDBACK

pariy
fite)

® A& Holl o]

FEEDBACK
® PRE-LOADING]

)
vze)

X
0

0
o

s
i+

ol

_38_



3ol

PN
b=

o aAA AEel wE vy

=
T

|

o]
=
3

_ﬂ

712, AEEES] 1A, At (berm) 2

.

3

o

=
T

2] o}

HEAZ Fol

=71

A
bol ofelel e} ook e

3|

Fol A kel v ==

S

bere) &

=
3o

ERs

S

(?J__

9

s

2 047

= glofol

obg

2 5

—~
file)

veel

A

o

AZGE AR o Ao A

=
T

;é!

J—

_39_



I
T o Mﬁ .
cy T r ™ : :
~ op W T 5 -
Y MMN gm%m T T 3
@ %m WEW MMM& aaﬁw :
: : z i N 7 N o o !
: t : EW obmﬂ% W W I 9 oW —
70 o X QEOQE E%ﬂ mﬂzmw1 mm
T mﬂ JEM ﬂﬁc il W_.a mw. 4w B i) =P mﬁ b
< X w K w A g .
| 4 : . T 9 =)
Lou Hlo il = % JE 70 o il i & WQ @% T
: s : T il - & X0 ) Ho &
: = o o i m o
3 G o oF ° : : n_rﬂ |
- m K ! oy Ea i - |
X I = Hpo il N - L
E ‘HL - - < # ~ Eo o"
r o5 T 7 0 i) - - 1& : mﬂ
oo o Ko C o 7o oF % : :
| i 2t o 5 o & o
N N > W £ % :
N_.o M ) OE " Eo AJT o) N lﬁﬁ
=y o 17r ‘.ﬁ_mo C_.ﬂ _g.m.o i ,_._,mo ,a\lﬁ ‘ilo
mﬂ% 13 - mﬂ% Gy muwx
: : : > = Wo oo WL o Wﬂm =) K
do W T I F X o : L
b z Mo AT o oF LTk Q-
| | ‘._m_l ;O ui ‘mﬂ ‘H_OF . ;OL ﬂ.\ﬂ OL
E_u s ﬂ.L ® rn Ty e o = ! 3
. 8 H 5= B ™ B N m .
o o ™ <H T E ; X Mﬂ
e X ' oy : d.
N —~ o o - : - ¥
Bl Nfo o o 1y oo e i
= B N in® 70 = : :
N XA =) bo : _m :
i Mo N o oﬁa |
o = = 3
zl No & zo
N R
B it
: A g :
mL A
nr
|
w
ol

A9
Zouf A

_40_



=719 A

ok wEbAd A

PN
T 3

)} O
=

o)

< N
s ~ Hcm m olo ]
S To HA_I ) N
) ! s o
AL E.._ . 0 El J_,mo
0 w OT . KO A —_ nmr
TN 50 T o o o
AT qu o 3 fo o or o5
‘Ul. ﬂ OL 0 MM ,.;O \Ml ‘OI
o -
&o o %E HT o= — L
L No — R 0 g ! o
0 ] M o | P o & e
T | op | M oo do | R o
o5 e < o | Al —_ ~ A
= os o o}/ x ~O = i -
T T ~ o | M & . <
~ = il
o | — | W | X i 14 5
DT I Yo = G ﬂa
ra Aol A T o o | m A M M e
R TR R A
o2 T — | W | T Mo
AR R N T T | "
=0 A} X x-oe — ) oy ) 3 o o]
5 | L A wo| T
S Wow | % e | B | T o ) oo
Pla 2 E %AQMAMAT PN L B
0 J— f ‘I ~ _
Ly il mw 7 | N mo | =2 X ~ W mK K oﬂw
Sl 2 ® |8 X G | TR | ®
° |- ok L - N 1 J—
~ = < o
_Eﬁ
‘umo ~n —
A 1 0 X0 X0 70 o o J.o
o0 . (el - o X Xo 7o
T = = oo T -
T || o < %
5 -
= T

- 41 -



e

o
ToR

A= 50

L

Xé's

A

AS71E

Il

T0F 20 A
" ur 0 o -
= = ool
35) ~ = @m MLn\ m@
- Ll
mﬁﬂ
- = 1
KIr ioJ
= = .
.ro w
= o -
100 Tl ok~ WK
Ar KA o
) ~ &0 &0 °
AR
i)
< !
m@
xr
1 iz
ok =g
m
or & oT !
= il > B 0+
- ook or 2 o
nJ o 700 uﬁ ~
i o oo
= R = )
RE!
A5
T
N mm
bl
O —
= m

K0
Hr s
= <
!
_ 3 _
2 31 !
750 o = RO
K = =
il -
w B AT 30
= %0
e
! =
0 1
<l _
<9
o
K .
= o
=
)
~ T
W
! =
X
=y
=z
)

27

<A

_42_



AN AT AZFu Aol AFHES FAA AFF ASFuE e
Figey
<AZ W GE>
A4 g A S 7 % A %
AZY5
= A 7 A 2~ 5 2 A = A A n 2R A A
PLATE
STEEL PLATE
A % 900 X 900 X 10
) LEVEL STEEL PIPE |2 % : + Imm
At PIPE
STEEL BAR
2inch & 6inch
AT+ 05% F.S
V.W AW E 0.1 uSec )
A5 V.W ) =49 150%
PIEZOMETER |[ZA4WY :
=% | READOUT F.S
LEAD CABLE [500 ~ 3000 Hz
RANGE : 3 bar
WATER CASAGRANDE PIPE : KS 4%
=] 5} AYE D+ Imm
LEVEL TIP CASAGRANDE TIP
T4 RANGE : 50m
METER PVC PIPE 0.5m FILTER PIPE
AT 0+ 0.0lmm
BIAXIAL =47 = 90, W7 50mm
A & ABS ACCESS L
INCLINOMET Fas4d7 i+ 35, 27 60mm
THHE TUBE
ER 2 4ol : 3m
720 -~ 500

_43_




o
el

o

w

—_
fite)

N
N

vj) <] 7+

=
T

ojaL ofef u}

)

o)

rvze)

X

X
X
oF

—_

;01_
ol

A A

o] e A

ahv] A

14171 9]

73 °]

]

A X

AgEAo weA
S EICEE I

-
6}

H Q1o1A]

s

g 27

A% 914

=1
(¢}

0

o
P
ol

~X
7

il

25 ofo} 7

skA

B
ol
o

W

)

s

el e

2aAE dAel A e Al

FefoF A=

S

HAMNE 117

&

5

ARl A A A

b 2

ks
pul

olefsl 7ol *

7] WA=

=
=

H

o

]

9 =
7h WA A

=
-
. 3ok o

@ 7

= A4

5

\;HE
Al

=
=

ToR
o

wr
H

ok

¢+

=

W

ﬂ

o

i

b sow Awzdel &

B A G

uh Aol Apzeh @A AL

_44_



® 7571 WA LA

AopAuke] HE Akl ole] g XuAEE elshe] Al g,

i

(Heaving %)

olofes =
<HAL=> <HAHA> <EYEBHA <HAHAD> 5>
JERSIVD
FH x|gtol e ) SEHS FEAIEO]
Yaiet= x| = HA R st =3¢ = UrMR| Fge= Ay

= Sy

<AFAR HEA AWAF L AZT] WA o

o
H
v

_45_



—_
lﬁmU ;O 4_.% ~ S«L _ﬁ.o
= S
R x Pz M o oy o) oF
G nooow W .
: = oo B ° M
—_m kT HY o WD B oo o
B H o woE o o B G X
£ TR 0
S e o) T o . o o 7 % &M T =
X = o H =T o oy _ X N
2 | =X T R T T T
X S W e T e e Bo B o
il T - ol o~
= o Nom T X < < Nr
%o ot ) NG _Eo ﬂ.‘% o7 ) _—
~ T = 5 ° ™ ok W
; ~ f ﬂl _w 1__/l i~ oT
il = T o= = % o £
= < M H H < o oy o 1%
a 9 g w T PR = ° T
g o E P R T "
Gy T LY N2 ¥ P
N T o A & R & N R g o
o = O oF — co T ﬁ X %O i
To | X & W o 7o Ho m
mﬂ_u wH — | o ~ m._ { T = Nlo 0 o~ B
< e wa |w o g © ow T UT T )
| o ME | =3 R R o T EE T
|2 s |E2E ﬂ R R
e | X BT woe o mﬂ%oﬂﬂ@wﬁ oo g
® < ™o | A o I I YRS ~ = R T
- ila R m o B N i ok 7o
o I X = it o= F X
X | ﬂu | H.I o0 N =K OT o el = xO 0 %O
N b %o | X O R S ~
_ < I = s Nr S
_ZO 0 Pul \.__.WO | ,IH |
Bo " - T oo |
— bl P —
0 M 7o 0ron _
A B = oF o —
= A= e oF MM
A= <
ﬁo

- 46 -



EECERE

=
-

@ 7

&to] 7

ARE 7]Eo=2

il
el

Ho

#$4 8 A

] 3

==
jLS

ol A

MAA o} 2HE A 2R o

278kl

7] B Al

=
=

<A

B B B
Y - aY - Y = -~
N N il
™ W ™k ™ T ml
_ W W o wORT
= o= N No =
< =~ o
o~ Mo~ NA
* * *
ﬂ
< — — N N N o\ N ™ N ™ xQ
ﬁo
=
oF
o
<
Hr
ﬂo
Nro| =
T | o
nr
i~
=
i
fie)
(T IS o — — — — o o o o o o o o 3
B
<
nNu o o =, o o o ) o o o o o o o _
x S ) = i S | S g = oy S S S T
ﬂ © 0 ™ O o0 — o — o~ (@)} <t 0 — o
< + + + + + + + + + + + + + + .
mﬂ <t <t Te o) o) © o o o o <t <t Te) © o

_47_



7] A A

=
=

O]

o
Ho

No

&H

o

=

o

ol Stk A71e E

Tor

=K

—_
o

il

7] S

tel olel FE3ko] A

] 3]

slof gheh. wehA ofe o}

1 24

o}
H

o

o
X

i
E

i

Eiasy

fl oF

9]

l

SQH4rt BEEA SR )

Fesl7l e TIPS) 9170

5|

O A

_48_



T A

rir

~nd

I.

[

mm
[I[e]
0
[a)l
I

SAND MAT

=71 WA A E>

T30 A

¥

XO
o
B

(3

)
N
B
V

-

EN
[[e]
K

—_

mm
o
il
gl
4

SAND MAT

_49_



® AZ7) WA L S

A 7 ek
1) A"
@O AAel Fag 2AA, =T, Gu7t FEeA GEE lEA FRltt
@ A=A ZY(SAND MAT)E dA|vke] vepd wj7rx] g o] §3ste] A4
skal etate] g (HH)S Belste] dx ettt
@ Had 92 2YgS 9 03m FAsL BRayPS A} olv Hede =45
W Bo o] @A FEE Folet)
A ol FEHE HugoR MAE FRITH

///////////////////////////////

2) S
O ZA4H(LEVEL)E 4 &3étA SETTING? .
@) STUFFZ 7|&Ao] nAAI| L 7]%73S solsa o2 =4Axo 7|2 v}t
@ STUFFE 3ald #Halvtel Halid nAA 7 A3t o]E 4R 7|23
ot
@ =Ho] TrEW AN B3t HaFS 3HQls)
ST
1) A=A
@ A Fadt AA, =F FuH| 7l 28 FRFo] 9=z I} & 2o



%

Jjo
—_

of-

Y

e
7

it

o

Mo

0
o

i
()]

—_
fiTe)

oH

(¢F 02m)e] EHE F

o
4

N

Wr
b

R

&+

=

o
o
i

Nr

Mo
il
;ou

)

bol o 1m v)9lo)

o]-&3

!

—_
fite)

w3 glol 7]

[e)
&5

o

gt

o]
H

bol

5

10(=)¢] vl&= Az

ol
o
;Ot

HH
RLe

JAlzbe] weheiAl &
Bel 297}

)

X

o

S

;OE

A

o
=

= o= A

ol =

@ S 3

S

E3}o)

o

-
1

s
o

-

o

A

4

-—

.A
0
K

3l
o =
) R
< o
v
v v

Z

B =
E=
_I_O

H

%

KO
or
Bl

_51_



O 2&¥F AF5 100mm o]Fow ato] WA wje] HA A& A =7tA] -3t
@ =#F3s+= Fot  Casagrade  Peizometer Tip¥t PVC  Stand

Pipe&
Coupling .2 <143k},

@ =2y Ao 4RHW AR HIHHE AR 5 A= 2 gH)9 B E

T8t 108 71 7] 3 Casagrande Tip¥ PipeE #AZ#H oz AAd ] Fuol

Fqekel 242 A W
A7b g olwel 2

b I e I 64
woFel o AR AR AT AAE JFoR HAdY x/AZ
FAE FH BAL JEHNN AZS FPFES A}
. PIC EF3
F ”””_”/
5222 HyHES Z
2 ME
clors
Casagrande Tip
<A A AA A E>
« A
1) A
D 223 ABL 100mm oo sto] Adstes AwstA Aot

_52_



tol A4

°©

A

o

=

Houppz 23 2 ¥(RIVER)

—_
fite)

—_
fite)

olo

o
‘mmo
0]

o]
!

ﬁo

Ho

o

==

o

wr

o

o
.E.._

5 =l whEhA Al
® At} = 2E o] of ol

Eiasyg

ABS Access
Tube Coupling
PVC End Cap

22F ek kA A

A A =>

<
T

=

Py
o] AbxLo]l Cable StopperZ A %]

g AJof <]
<ZAAHA

[$)

= =
e

3

5

]

o

@ Zepe"e] guHd HA 19 4
olA S|

@O ZAte] Hzmpoy

&ty %] 4]

Aol 7}

Ao

el

18] 3L Indicator® 43+

0

o
o
il
]

@ ZArd Wil A7)

© #A 71k Al

=7

=

0.5m*

Indicator?]

2kt

A71E AAbEel A Aol =HE o R 180°
k)

R

o)
T

1

=0

-l =
_53_

o] &8 HH

A2 5 TA 2)~4)¢] =AdHE Al

=

A

p=R
=

o
=

Indicator ©l %t
© A Cable Stopper7h#] A



- 54 -

s
imﬁ
%%%ﬁ%
1ro‘_ .me»OfA
r falg G+ 4 AR
%;ﬁELwrx =
Eﬂgﬁ_é_ iu.l}
~ ) gmm_b
ﬂﬂiﬁﬂ”% EOOMM‘A;O\A
Hoo o Lo Ak o <
Q@mﬂﬁoﬁ ﬂ;ﬂ@i L
AEﬁena.% X Bl mz_:l
ofp SIS T B oy WO -3 o1 B =0 "
” B aﬂqaqgr qlﬁm@1oﬂ
Exggﬂ;ﬁ% = wmﬂg}guﬁlmﬂ
r \ml Or.c\lﬂw_.cf‘l#o vAOO ;OOHHJAMM'E‘HD‘A
Ekleg_gq ﬂmi iaﬁmafmﬂﬂﬂh% s 7
ﬂwwgﬂﬁﬂgwﬂ zﬂfrmom@x; _ﬂ_wq@ﬁ
_— o _|_1ru = ﬁl_w@] 1_<
Alﬁc © o i « 0 44%2
wwmaﬁﬂwﬂgﬁ .@M@m - S
&W%Wmﬁﬁ gﬂbc 3 - 7L7r W%ﬂauu
= T ,;M U ! o5 =3 B o o — o ol ~o UU
@_M;ﬂuﬂwffﬂ@ﬂ | 2 ® 2 T ¥ s
7 i]oﬂoﬂﬂaELWE@ zww_mﬂoﬂ &)
?%Mﬂfﬂ?ﬂﬂxeﬁﬂo N o_Uo_y_l 7
%%ﬂ %ﬂ%ﬁﬂl@ﬁa B i o "
M}uﬂhﬁﬁl@%ﬂ b - N
ZA. ) eJ7|o]L I o
ﬂ%%ﬂ#mﬂmuga%wré m -1 ) - ~
ovankggﬂm&@w i 5 | f; "
mxﬂT&EEﬂmﬂ ﬂplﬁvpv @. ﬁr _Wm
. el g o . il " J th
1107L¢1ﬂr§m¢§amu[g B s )
< mm o EK ° ! pj = —_ o ~ 7o)
E:xﬁu%lﬂ s T e ~ =~ - )
B EE%WEEEH&% NE ) — d
= 27 io; T o oy — o
Alr Cra e o r p o o . N
= <° w o o ﬁoﬂ,rﬂ + Mo NF ) -
ﬁz_v,lnmf ‘_JOﬁO i o~ — (&N
il e 4 T
ﬁo_zTﬁLoxU} ;omu Xo )
1 ﬂ..ﬂom%wmﬁl = - s &
M N w N i = e & -
_sﬂrﬁﬁollh = o
%_EA07 N N =y il
ﬂanio‘_.mﬂrm — N
G T A
% _
v | B =
;OO ‘E|L MH _
T ) T -
° "
~ MW -
o b
X s
A
o
X




71 FAASA =" FAASA "oz AV ThsetAl B A AA 29l
ox 1) FAo o dHelg F54 A" 2) A7FY FAMAe] s 5 5 3
TRl EA ] o 2 MEMS (micro electro mechanical systems) Al
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th. Mitchell 5(2001, 2002)& F-Z=°] JAHAIE g 54 ASASA =8-S Atst
otk Egh stue] BAAE S olfste] v FAHAAAMEE 2l

T A ofg 2 YF7|(multiplexer) & ©] &3 wlola=z AAE JLE T Lynch
(2001, 2003)2 FAA A== WIMMS (wireless modular monitoring system)& 713
sheitt. o] A=l BT ol R AMEs F8Y 5 U= 4MHz CPUZF WiHd
8bite] AVR (automatic voltage regulator, A& 424 7]) vlo]AZAEEHE AL
o AlA A EF] FAS AHTsAFEA A~ EH(direct sequence spread  spectrum,
DSSS) WS A&t AAMZE 14bit UAE ANEE Z9€3stE Duty Cycle 27
(modulator)& AH&-3t= MEMS 41421 ADXL210 7}&=AlE  AR&3sEth Ricest
Spencer (2008)= Imote2 AlA ZHEZ S o] &3l 7tEEHS A=8:= SHM-A AlA
LEE NESAT Imote2 AlA FWEFLS A E 32Bit Z2 M A PXA271S AF-&38te] 2l
IAY Aol ek, FH3 wEE A Y(256kB SRAM, 32MB FLASH, 32MB
SDRAM)< HE 383tk 24GHz 41 SHElUE o] &3 FdiY 4 2 & AE A7
7 golsttt, FA AAE o] &3 AT REY AH S S AAAS] AMUE
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IEEE 802.15.4 X|Q, Futs= Y2 2.4GHz. MAC protocol X|2l
DSSS (Direct Sequence Spread Spectrum) gl

250 kbpsQ| H|O|H H&&T

MEZ X AH| (RX: 22mA, TX: 29mA)

Low supply voltage (2.1~3.6V) Integrate voltage regulator
Low supply voltage (1.6~2.0V) external voltage regulator
Programmable output voltage

Qo RF A9X|Lt HEZF EQ fls

ool Zhet

Battery 2 L|E 7}s.

Digital LQI / RSSI X|& - =4l

HOb AES 128-bit SIEY0 L12|S LHZE

Microcontroller@| X2 9| Duty cycle 2t50| 2|50 RFZ} shut off =

o el F2 Aojet oy e HES 98 Control BlockJJr RF A& A4
VCO, FSKA %S €3 VCO Controller, RF 44415 93 LNA/PA Block %

@)

dEo] g
o W Control BlockelA Coding® ©l°]E ¢l Encode/Decode 7]%5°] F+3% i, Rz

gl
i

[e)

=

olHE HEd

2 9%
o=

o Registerg< SPI PortE &3l Alojste] dolH Y &3} Configuration 4274

=]
=k
WHAstal, ol& 9 PALEPCLKPDATA 215& GPIO 4Al%

R=N)
=

Azste] -

Configurations A A 3lH, Configurations 913 21359 Eo]& t}hgi} 728

Parameter Min. | Typ. | Max. | Units | Condition

Supply voltage for on-chip voltage regulator, 2.1 36 V

VREG IN pin43.

Supply voltage (VDDIO) for digital I/0s, ovDD3.3, | 1.6 36 |V The digital /0 voltage (DVDD3 . 3 pin)

pin 25. must match the external interfacing
circuit (e.g. microcontroller).

Supply voltage (VDD) on VDD _VCO, DVDDL. 8, 1.6 1.8 20 V The typical application uses regulated

etc (pinno 1,2, 3,4, 10, 14, 15, 17, 18, 20, 26, 35, 1.8 V supply generated by the on-chip

37,44 and 48) voltage regulator.

Operating ambient temperature range, Tx -40 85 °C

<Operating Condition>
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PA_LEVEL TXCTRL register Output Power [dBm] Current Consumption [mA]
31 OxAOFF 0 174

27 OxAQFB -1 16.5

23 OxAOF7 -3 15.2

19 OxAQF3 -5 139

15 OxAQEF -7 125

11 OxAQEB -10 11.2

7 OxAQET -15 2.9

3 0xAQE3 -25 85

<Output Power Setting and Typical Current consumption @2.45GHz >

tw tme—- -—-}"v—- tsd(-—-— t"d-—- i t.-., -
|
SCLK J—]“IU*III:.IIJ—_F’J—\_I—JI}JLI_IJ—I_J—J—LF#
CSn ie’ R s .. - - [
Write 1ofregisfer | REFIFO) 1
FIEED €5 € € € € € CPE: 'm@@@@'@’w O EXCR € €% €% CF) €% €D CF) I
MR 6 6 £ & 6 D € X
Write tol TXFIHO
TS €5 € €3 €3 €3 GF G EXE €9 €59 € € C (5 OO EIE O O €7 €5 (5 €8 () B
MFOHOOOOO00EE0000 600 ERa0 a0 aac e
Road frgm register | RXFIFO
MECE S €5 € € € € & X
el £ £ £ € £ & £ &N C5D B (Ab 5D D) 5 €5 &5 €5 €5 €9 5 (5 ¢ ¢ (AL
Road arfd writp one pyte tp RAM: (muliple thad [ writes alsp posgiblo)

S| (T A YCAs WAy A3 A2 YCAT WA Y X (81 B0 Yo XX Yk X Y X XX \%(D,7YD,6¥0,5%D,4¥0,3)0,2X0,1¥0,0) X
SO [--{ 87 X' 56 ¥ 55 Y o4 )\ 83 § 52 Y 61 § S0 x { 0a7_X0.6 § 0.5 X D8 { 0.3 X 0.2 X 01 X 0,0 f D7 =vev

Read orje byt from|RAM I repuds alpo pogsible)

LNED €3 €5 € € €3 C O EXCD £ @D €9 €3 €9 &9 & X
SO -{ 87 ¥ 56 X 55 54 ¥ 83 482 )81 Y¥S0 X Da7 X O X Da5 X Dt X Da3 X Da2 X Dn X D40 f Dy7 ~

<SPl Timing Diagram>

o ZF YA AEH7F el A= AlolEFY uwf, 24U EV} SI linedl EW XA tl CSn pin (Chip

Select, active low)2 AFH = &< low FHIE FxdloF strf. A AA Buylxl HE

= RAM/Register B E (register 4A2E 28] 02 AF), oo R/W HE (02 &

71 A, 18 217] AH). the 6 HEE address-bit (A5:0). 16 data-bit7} HALF T}

(D15:0). register access byte, command strobes, first RAM address byte, ~12] 3. data
transfer’} TXFIFOZE A4 5+ FoF, CC2420 status byte:= SO pinoll @ ¥ H.

o ofgf I RF F4 &4 &S Hd =S 7le A2 3VE Ao

Microcontrollers &3l Alo]. op5t AWtz o2 RF SAE &A= UART (Universal
5 Azl wet Error &°|
o} FEe] m=g Wl

L
Asynchronous Receiver Transmitter) Datas # 3 B9 7

F43] F7Fst2 2 Manchestortd NRZ(Non-Return —Zero)

My
rlo
ot
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st A ofdl, dHloly EHE HAxstety] 913 4 vle]ES Software FIFO &<
AbgatH ) Zwho] Null Data® E Wi User DataZ EY UL AAZoEHN ©o]
He AEE o5 7 s olE FlA H49 BERBIt Error Ratio)s W&

l

9lal, 53] One-Chip Solution®]A]+¥ Rx Sensitivity7} ©o] ®o]x|7] wjio] A7 g
A8 98] otely AAIE v T8 E RF B4 BEdA = oHUY AAE T 50
Qo=x A ¥ Monopole SHEIUE AMEstEs AAENSH Hoof wet LC filters

i
| I IGITAL
iy den mapi0 | oiemAl
T AT J T A ROUND GROUND
ACHD

SBohm impedance Matching

1= o
<RF 52 B& 2>
e FH A FAYN 22 24Ghz T S AFEF RN F A
TAZE AT e e e T 29 A e ASgeRA Fake M F
AE A Atk
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Back Listrg

IEEE 802.15.4 Radio: 2.4GHz ISM Band

802154 &s 0 b & - Mesh network
MMMMMWM id Do caat
2400MHz T425MHz 2450MH: 247%;
n ]
12
3
T
g
Y
n
n
n =
i = .
N Superfrare - s

ISA100.11a Architecture / Channel Hopping to avoid Radio interference

@ ADC F-(24bit)
o 24bit Wide Bandwidth Analog-to-Digital Converter ICE A}-&3}o] 7]& 16bit

ADCE.t} Al A

< 7H =
o AC Perfomance® b51kHz Bandwidth®t 109dB SNRe]™, DC Accuracy= 1.8uV
/C Offset Drift, 2ppm/C Gain Drift .

AINP

AINN

A= Ao g s o] 2564
o ADC Data Converter Rate= 105kSPS=® 1% 75 %

G4 %

JIN' B

AL 93t

92 A% Ay AEY

-

B

VREFP VREFN AVDD DVDD
Control SYNC/PDWN
Logic MODE
-—) CLK
1 —
> DRDY/FSYNC
AX [ | Digital L Serial SCLR
Modulator Filter Interface ’ bout
DIN
FORMAT
O %
AGND DGND

<24bit ADC Block Diagram>
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s
bt pm ut3 | i ]
=
P TJoure < R8T & REH R83 Ra4
13 : ¢ L pez
— L AVDD k= 10K ; 10k S nez 10K 10K
(REFP Yy VREFF 5 Res Q0A0a ADS1Z
aErN 5y VBEFN L e [ RET., . ,0/0603
REE, 148,99
= T of i ___Res. . 4980002
Al iaE 2 SCLK f— RS - ~39.540603
- i AINN 8 RS2 49.5/0803
| DIN =S RS
70 k] 8 DOUTY 0
LI AGND: R83., - 3000000
[o0eF OpF = L
~ % RS5
= l * ¢ 10K

@ FER

o Fully Differential Amplifier&
Low-Power Differential Signal Conditioning 3| Z& JA3sle] vig g A&

2 2559 &

<24bit ADC 3|2 %=>

ALt

..||_,v.

dolgl SAA

| wolz 4w

1-kHz FFT
0
G=1
—20 Rr=Rg=1kQ
Ce=1.5nF
I Vg=5V
o s
5 —60 Load =2 x49.9 @ + 2.2 nF
=]
S -80
=
S -100
=
—-120 i
—140
—160
0 8 12 16 20 24 26
Frequency (kHz)
Tone Signal SINAD SFDR
(Hz) (dBFS) SNR (dBc) | THD (dBc) (dBc) (dBc)
1k —0.50 109.1 —107.9 105.5 113.7

<Amplifier &4 &>
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En AN DD
e
Ra3 295 5
Al
_I__ L=t
. TuF
N S s
Rga 2K
= “-:_,_h__

©® CPUH

O

CPU= #HA4l¢] 32bit ARM Cortex-M3& Ab&3ste] 1149 7F&% 54 9 Data
A4S Aol 7Fssl, 96Mhz Maximum Operating Frequency and High
Data-bandwidth architectre based on a b5-layer bus matrix with 22DMA
channels& ©]&3to] Data A% A £A7F $AE + 9= Data HE A4S FH4

2 ¥ 5 9ns 449

o
<
&
A S
FOL y &
&f & S g &
SSEF & SEEEF §
VASTER - SIAVE | '
TST.
PCKO, Voliage EBI
PeK2 TCrelt Enualy Uss Regilaby
SysTick Caunter F Daice
v HS
Cortex-3 Processor 1 INAND Flas
XIN: Fmax 96 UHz c CErECCEr
YOUT- o A
lm lg 1 :: >
o0 1301 % i
e 19817 [NAND Flash] f=={ =2 a0
SoART [wor] o Sleyar A Bus Nalr N | e e
SR (eKBytes) AT
e S| i = = s
oo 14 1 1 1t i = =
IRG a2¢f 2 tes || 22 KByles| tes| Bridge DA
GPBRE 1x128 KBytes || 16 KByles| | 16 KBytes| 8RB/ conroler s
X2y 050 164 KBlos AR T 1T Memory
XOUTZ 04— AT T T 7 7 T Contioler | f=] e natinaLe
SHON ¢t}
] svee | arc = = P~ > |« nanocie
VDDEU O] &
\RSTE=—>] el USRI o |[ 151 SPl 856 Asue
] RETC 120 ADC USARTH i
s — H 10-bit ADC USART2 it N OV;\NECE
- e NANCWE
oA | [Fios
?'H [TTTITTT TT 11 [111

T 8% 39 300008080 44 30 7349 104084 NC/

a > O O VUG ANPDSR D QO P ok
& U 0® B Il P D0 Al &
$§£<§§§$ "’fj‘"@f&;@ ﬁ%ﬁf%%%«q@*‘}%ﬁ@@%%@% . W&;?“&o ¢
R SO SY¥ Sy &
& & & ¢ Sy oL ©
&8 ® <
9

<CPU H/W Block Diagram>
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ATS1SAMITAC . = o IW N
VODOLT q = i Tm -.‘m.m
; - R VOUT (o _f_:::- _I__m _]__cw __[_mr _]__c-: l—i—tu
B e 73_1_| [E— T vene T 0o T vooer T wooer | rooew _Emfam
L 3 ——— T-[_c.'ﬂ :1:515 __L_mo j_cm L an
- i 173 T M) 00 e W B
ﬁ"?':"' VDOAMNA 1= =
vDDasa |- 1 - ;‘m
NEEEn —T_sooer o4 voo_230
voosu |45 l - - I
D Ve :l_""
<CPUH- 3]&=%>
® Filter -
o Universal Active FilterE A}-83lo] A3t} sl Az st Ass ks
7] 938 FilterE 7P gtozx B3 A5E AAT 5 QS
High-Pass Band-Pass Low-Pass
out® O Out O QO Qut @ Q
R
R 1000pF(™" 1000pF(!) o V4
In, & Ve I ’—n = I
p —C
In, & +
R R L V-
s W
O 6)
R = 50kQ +0.5% NOTE: (1) £0.5% GND

<Filter 3|24 A &>
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MOLEX 82572 -
| = REE 57 R8s
T———1 :
iy 3.2 Pzoka2M 16
4ma_chi
3 d8
o M~ ) (- 5y AVDD
I w| m| w
2| o o B - ,_-.T =
-] U7
BNC Cas Rea OR EEEEE?E
1 : 9 Sk 13
- ! H RET npp 42.8kING Al
| . 10uFIZEVIAVIIIZ2S ki RTO 459 ] A s
Bfi. 1 5.5k 4
10KINC BT Ay 43 810N VINZ -
z e

= 0
=z & *
UaF4z = o
’* By
g
HT3§H?4

442K /M

<Filter¥- 3 2%>

@ RTC ¥ A#&4A(SD CARD)+
o A RTC(Real Time Clock) ICE AF&3lo] AA Data =74 Al =4 AlH2] Al
7} Datas A AEsto 2y HAE Al AT A7F Delays A AT 2N T2 Al

Mot A 24 A B8 A s EEl S

RV-3049-C2

.|!£J. i"'f': L]

Optlon A: Calibrated
Tempersture  Time Devistion
@ +25°C £ 026 siday

=
0°C e +EOTC 038 a/day 2
“10°C 1o +E0°C 2044 afday % Spp
<0°C e +85°C 2082 eiday % Sppm
—A0"C ta +128°C £0.70 afday E Sppm

AEEEEE IR I NN EE NI NI IEEIEEE I EEE R R R R RSy

<RTC IC &%° tigt A7t Delay 574>
o AlA Data Back upg 9% ¥ 4G22 (SD CARD)E A A&atAdE. o F

=]
A viRe = 2pEel "HAR Gateway’b 100m REAEOl 91X A5 HolHE A

Fatam w7 del XA we A% 24 doHF AR AF vl 4% A
o
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i = U oy, s B it T |
HpFINF == TRE10 TR Ia |
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<QBEA#(SD CARD)H 3= %>

I
o WHYE AlEste T AFoEZAN HAHS a&40=2 AHES7] LDO Regulator
= ARE T3k Ao AlZe] 9SS Ha= 7)Y e Ultra-low-noise outputE 2

s

A .

o

W OF IN'L .J!OUT OVour

I A/ !
BYR® > ; Cout

Cavn . _] 2
||:|pt:nal,] +
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EN +
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<Ultra-Low-Noise Fixed Regulator>
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10 |BRNLHOLDER wphir2 1 sy
0 [ransi_ ooy o ' FrecioE Wagly
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<HOIH 2H AIEE>

- Al AR ALY
gt= B R=S
Measur ing channel 1—channel
Measur ing range +5V
Current consumption 150mA ~ 190mA
Power supply 9 ~ 12V
ADC resolution = ADC 24bit (50Khz)
Sampling rate 100, 200, 128, 256, 512, 1024Hz
100, 500, 1KHz, 2KHz

Low Pass Filter

Communication

| SA100

TCP/IP, UDP, USB

Inter face
SO CARD Micro SD(FAT 32 XI&)
RTC &2 RTC LHZE (3ppm ~ 8ppm)
Size(mm) 130%125*38
Operation Temperature -30C ~ 80C
BN ZRESR
Z12AQ T4 2= flel 2" 3 #Zo] 4ol Hu Systeme] Fetol

USN



DeviceE ©]-&3dto] TS FaTh

o Sensor Boardel W PacketS F4l8lil DataE H$E 4 A EF USN Module
o] F#Em PC Zoli= Systems TASIE EE NodeE Aolstal DataE 541
T J%EE GATEWAYE Etherneto = A43E

0 USN &A1 7]1HEA 07 Node WolA  Gateways A% A EE FAEHO 9l
o 7}7be] LinkeES 27 59H¥ 54 AdS 53 Gatewayol Al PCE Datags %
&3

o 7] FZ(USN xX)

- RE Protocol ofl#e] F+%E5 w21 Packetol = STX(02H)¢+ ETX(03H)ES &
of Az B& FEEH Zol: ZF 12+n byted. Packet®] Data o] 7}HH % o]
7] wiEell STX th&ol= Length =5 Yo Packete] WA Holg &El%.

- Group IDE 9 NodeZ Systemo] TAHE 2% &&% ¢ #AygE Exo=w A}
&3tk wkek 3 Systemol A oJ# 7l9] BaseZ AF£3HA EHW Basertt} Group ID
= detopsh

- Node ID+= Node9] F4°]x 1 IDY. PC(Base) to Node(Sensor board)e] 7
+ Node 1D Packet®] H2%]7} 503t} vbof = Nodeoll Al BHE S Bl 4
$-(Broadcasting)&}®, = zg]o] FFFF7} Eo{%k. ¥Fdl2 Node(Sensor board) to
PC(Base)®] 4%+ #4l9] Node IDE ¥ +.

- Function®} ParameterZ Packet?] <V} F/F5 i3l Data® 4%+ System
T wel 23 a2 delk dAA Fa

[e)

- Packet®] &5 % 2 byte o]d o w2 FAHE @ d5E9] Datai= Little Endian 2]

2 nE.
STX Header CRCIl& ETX
{1bytc) (Bbytc) (2byte}) (1 bytc)
Length G:;"P hl;d: Function Paramcter
@byee) iy i (1byte) Qbyte)

<Packet J|& 2EXE>
% Length = GroupID ETX (9+n) byte
% CRC16: STX Datazt# A Akgkc},

o Ao Fx
- PColA] %4l ¥+ Data Packet AIZFAE7F wx] 1 Aojqtzo] & HH7F A

=2
=.
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STX Header Data CRC16 ETX
(1byte) (8byte) (nbarh} (2byte) (1byte)
rs et -
s et
’ = - -
' T iaRE

s = - o
Length GVE;"IP Node ID Function Parameter
(2byte) (1byte) (2byte) (1byte) (2byte)

<HIXH Date Packet>

<OOIHZH ds HAE - 2 AIE>
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T
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# B

FREES B o — W

22 e B ) 304
whan oy
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& Be i
W B A e e g e e
waw 5 ey
e LTy
PR e
v
B LS e REA S Bb Shad g8

T w1 SRR ETET LR TRES IR PR S e
e

<A A AlE BaiA>

=

H& =A : Filter 500hz. Sampling Rate 1024, Input Freq. 10z
r 2lE EHel i 7V, £2V, £3V, £4v, 45V

A 2

[ gz | 5 | 4 I 3 | 2 | 1 ] 1 | 2 I 2 i 4 [ 5
[ memer | 37es70s4710 | soe76i8ea30 | 22700357130 | 15027352850 | 0754798660 | -0 760553734 | -1 5185516780 | -22758813320 | -5,0333413090 | -3 7511867620

22 A+

| | e | 1% | 2% | iy |

L =& | oopopeirese | isisscgrses | coopolepssi | ooopooizess |
& ] A
Fa
1 | | , §-t —
| g a-t : /.!.’
| A s
- 3
L ] 3 p
1 | =
” | t
W 4. L I SN (] i I o
i %o :
| 1
=1 -
B T [
Vi ] -_ ;’.. |
-3 - =
P | £
"X 2 3 2 & o 1 2 3 & 3 5 4 & 5 4 8 : A 3
A ALT

<dlolg 2 A A H e o]H>
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=3 - Sampling Bats 1024,

Filter © 50Hz, 100Hz. 250Hz, 500Hz

Filter Ripple(mV) Hmv) Hamv) B mY) HEEAmMY)
50 2260 -0.9038070 21528320 -15212310 0.1792120
100 11186440 -0.5779180 -1.6965610 -11718250 01585370
250 0.9345570 -01861580 -11207150 06399930 0.1130650
500 0.9213750 00828844 08380850 -0.3907680 0.1041440

Z=2 : Filter 500hz, Input Freg. 10Hz
Sampling Raie - 128, 257. 512, 1024

Filter 500Hz IHE

<Y EFE HZE>

Sampling Rate HI L == = FFI(HZ)
128 8000 6000 10.0000000000
256 6000 €000 10.0000000000
212 6000 6000 100000000000
1024 6000 6000 100000000000
2z 3z
1 HIgH I3 Alole &8 Hel 28
&8 Y4+ =7
L=
<dolE 27 s
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Sampling Rate 512

4T

Sampling Rate 256

s

ApTE

<dolHZA A5 HXE - Sampling Frequency>

i BEEal £  Filter 500hz, Sampling Rate 1024, Input f

<HolH=ZA A% HXAE - ADC ZAg B o)A >
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A5
YEEe-gEEy

1. Filter500hz. Sampling Rate 1024, Input Freg. 10Hz

gt Visitage
5 4 3 s 1 -1 2 -3 A 5
47363112621 A TBAS0EIETS ZR3IISB61234 1RRIST13586 09375836773 -09378301977 -1LETIS33ET04 -2B0TSEE1S -3 TFRGARDIDO -1 BA66403053
0.263688TLTI 02154936425 01674138766 01164286414 00624161227 -0062 1638028 ~01264661 296 ~0.1959743385 -0.ZT10510701 03533596547
I i 5.0181192836 401347062138 10092062651 20052766806, L0012284300 -1 0006205082 -2004E146187 -3.00%0040479 ~1.0056920061 50144137316 |
QOIBNSFE3  OOISTORRIS  -0009I06ASSL  -ODOSITEGENS  -0ODIZISAI00  DODIGIOSOEZ  0ODSIABIET  OD0SSMDITE  0Q0SGSS008L  DOIAALINIS

Fitter Inprut Freg:

5.30B2BE9TES 45179194551 3.IRIE24EE 22503001082 LIA37100761 -DLAR0IRIEL1T -1.2030058342 -10330050085 -2 5142443 TRE -3A5BIGAETAS
-0 IDEZBEATES -0 5135134661 -0.3E5457 0486 -OZE030010ET AL 1I3F10976L -03407103583 ~0T0G00917 58 -106E949015 -LABSTSSE2I4 -15436013255
AT341366815 27833657514 ZHIIMAGS0EL 1EAF3380314 09375027957 -083T1IREIGL ~187 24768972 -2E8025100726°  -3.7758034680 481515700
D.265B63IE1ES 02166337885 CIETSE544919 01166639636 00624977043 -D06ZETIITIE 01275230028 -0 1974895274 -3T31065311 03558430299
S0B3401589 40057110272 IG0IBIITEET 20022673630 LO004156157 -1,000B4DE922 -ZLOLI3EI0NS -30005173068 -4.0006845065 S011220373 |
i | i -0.C0B3401 589 -00CSTLI0ETE -0 3BT 7587 -0.002257%1539 00004156157 DEAG6922 DO0L33BI025 OHOEL T 3068 EO0D6SA9865 GOILIRIETS

51433007452 41099100217 IOTEIATEAZL 204843198194 10220680830  -0S11BA2R234 ~LE345152201 -27150531788% . -3.6140200510 +1.5195254521

100Hz

il -0I43300752 -0 1099100217 -0TEIITEAIL 00443198194 A 0Z208EIEI0 -DOEE1ETITIE L IBSAB4TTOR -0.2849‘132_‘311 -0, AEF0T 00450 A ABQATAS4TY

sk 4 73ITREE I TEIFIAIT0 TRIZIFTITI IBATEIILOE 09381737345 -09363255904 -LETI3550525 -ZBOIFIISS05 -3 TESASEIRIE 426427018

O.26E034 146 D2IERB0T2TL D ISTEESZEIT DIIGITEREZ DDELEZEI0ES -BOEIETHI0SE -DAZEEEITS -QISETTAMGE -D.2THI4IA1GT 13573572982

T l 1o S.00LE162553 4.00064 70500 30003581300 ZDO0STETMT 0.9999241034 -10003235087 2 -E002501595 -3.9990376272 ~1 9995036005
-DO0LE16Z553 -0.00064 70200 00003681300 -DOC0STETIMT 000007 38765 QORE01595 -00000623721

S S.O752269735 40600778934 JHISTOLSIEL 20313735635 1.01E0TAZIES -100FT6IS53 4 “A0SS13043TT 40700635545 -SOE4GE2E3E0

-DLFEII60235 -0.06007 78234 -0A5TOESIEL A03IITISEIS QOLE0TEILES OR02TEIFII DOIRHITT G O05513SA3TT HOTHGINEE NOB4%E2E3E0

ATIFIA0EEIZ 3. TE1BIRESE0 ZBIIB1RGIE4 1ER3EITIION 09383230246 -09357133739 -LETO285E135 -2T9ORITIE0T  -3.¥R3I43090R -1 EAD004C2 14

M DIGTEINGIET 02181514550 DLEEIS1 3636 0A15I6I0E02 Q0616169754 -D0E4IBET211 01237104565 -0.20017 26393 -BITERSTO00Z 3599950785

e et 5.0001905443 3900R765927 T O99E324GT 20003634923 10000495879 -0.999037A538 -2 0003716184 -29%95E0BES] -5 0997556508 -5.0000976683

00000905443 000037 34078 DO0JIS6TS05 ADD00FEIA92T =0.000049 587 -O00ITRLA62 DO00ETIGLES -00000393346  -0.0002443402 OO0009FEEES
s SOELI3ETE 40307542013 30229585508 20157157787 L0764 17016 -1.0G75901731 -201A233IEREE -E0201105632 ~40PE0TSLIETA 50325397377
2 . .
L O03ManrsiE 003072003 Q0EI9SSSS0R  -OOISTISITED  OOUTRAITONG  DOTSONITIL  QOIAI3cAcs  (0J0MI0SGR  OO0ZGOVSIATA  ON325S9TATT |

[] 2Eol met 4E Jtset dE =0

<dolH=ZA A% H2E - ADC g B¢ o]A>

i
s SRR

s AvsaTy

T =msnan
Frre - H
T v A P

e 1
|- et LR s

< g Al gk KTLE 1l Al 24>

@ 542 H2EME Al2we] dolHar 9 A2

[0}
ofr
T
X
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6t 2t ol S8 ZHME AT UI2US AT S| INEE S26 ==LICH
TE =5 FU A CHAl 83 2FAF =ELICEH

2t et HEE &2 2 &0 §HAI2| HIZLICE

at 2l
YEEE = HOE 22 S 88
2% 4 :KGS 324
3.4l 2F-16A| 402 ~17A| 202
4 ZH AR}

NKGS - 2HEZS AL QF ML AN S AHS AFANY
2LI2tED|  RESOIARE

3IKPM : Et=ZHHO| AL, ZEIE 0| A, HEHAAE
5z EHal W=

NAHH 22 F Lock EHA| B2

2)ZHEILIE SM &3 -3 22 13mm 20|12 #E & EM= 0.5mm 0|5H 2
| dIolE "=

4T
021
Ja
0z
jan
=
x
o
£ 1]
I
I
=

BINE FHEm A

== ==

T)Thread : 5 O] &2HZFE E 402 H 21), 1.5pitch O] 4

8)Glass2t HHH Z & Al Epoxy A2| & Lock Nut AIZ & 21.

AR HE -2 AMEE, ZLY AEE Tap Hole(3/8" 320, MA14-1 15p 120) =& 21
=E ZHE D S SHA AEZ2 EE 22 0lE

10)Epoxy AlZEF HHAZI Z2EAHNZ 2= HE

1112 212F: &= 1002 0
12)IP68= KGSHI M 21= 22

—_—

SHE = IPETR Al

-
L

| AA @Ol with 7F2=Qbd S AR
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7= A

GeoAll A

ki3

ol

(D A

=13
=

A
ZS|

@ u-GISN Z33F 7]13ke] Geo AlA

o0 Vibrating Wire Sensor

ﬂ
)

A ko]

-
.

VW Piezometer

Pressure Baaring

Wire Ratained Under
Tension by Swage

Steel Wira Tensioned Between
Diaphragm and Rigid Body

Magnetic Coll

<Vibrating Wire Sensor2l =

o Open Platform & 19 Geodl A #&7]<& /it

by

CHOI O &>
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<&d 2H & Al=d0l&>

o Low Noise Analog Accelerometer

257kE R 7o A2 X53 Y5l tisiA 22t 2g9] Full Scale 918 W& 71
A" MEMs @el9] A2 i s 540 28 75

gel A delE e BAe] £ AA7 ZFFel i TEE T

il

[

<Low Noise Analog Accelerometer &= AF&I>

@ u-GISN =%
o gl 4

u-GISN ZHF9] F8 AbdS vadt 2+

rlo

e JH|E AVR F o= 71A]+= ATmegal28L
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2013-06-01 0:00 -12.45 -12.52
2013-06-02 0:00 -12.44 -12.55
2013-06-03 0:00 -12.47 -12.58
2013-06-04 0:00 -12.51 -12.53
2013-06-05 0:00 -12.5 -12.57
2013-06-06 0:00 -12.44 -12.56
2013-06-07 0:00 -12.44 -12.57
2013-06-08 0:00 -12.45 -12.54
2013-06-09 0:00 -12.46 -12.57
2013-06-10 0:00 -12.51 -12.62
2013-06-11 0:00 -12.51 -12.63
2013-06-12 0:00 -12.55 -12.66
2013-06-13 0:00 -12.53 -12.53
2013-06-14 0:00 -12.47 -12.57
2013-06-15 0:00 -12.5 -12.63
2013-06-16 0:00 -12.48 -12.58
2013-06-17 0:00 -12.42 -12.54
2013-06-18 0:00 -12.43 -12.54
2013-06-19 0:00 -12.43 -12.55
2013-06-20 0:00 -12.46 -12.57
2013-06-21 0:00 -12.5 -12.62
2013-06-22 0:00 -12.55 -12.66
2013-06-23 0:00 -12.61 -12.71
2013-06-24 0:00 -12.63 -12.72
2013-06-25 0:00 -12.66 -12.71
2013-06-26 0:00 -12.7 -12.78
2013-06-27 0:00 -12.61 -12.71
2013-06-28 0:00 -12.6 -12.72
2013-06-29 0:00 -12.63 -12.73
2013-06-30 0:00 -12.62 -12.74
2013-07-01 0:00 -12.64 -12.75
2013-07-02 0:00 -12.63 -12.76
2013-07-03 0:00 -12.47 -12.58
2013-07-04 0:00 -12.45 -12.56
2013-07-05 0:00 -12.49 -12.61
2013-07-06 0:00 -12.52 -12.64
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2013-07-08 0:00 -12.45 -12.56
2013-07-09 0:00 -12.46 -12.53
2013-07-10 0:00 -12.53 -12.62
2013-07-11 0:00 -12.53 -12.63
2013-07-12 0:00 -12.58 -12.69
2013-07-13 0:00 -12.58 -12.69
2013-07-14 0:00 -12.55 -12.57
2013-07-15 0:00 -12.49 -12.61
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2013-07-16 0:00 -12.52 -12.6
2013-07-17 0:00 -12.56 -12.68
2013-07-18 0:00 -12.48 -12.57
2013-07-19 0:00 -12.47 -12.55
2013-07-20 0:00 -12.53 -12.64
2013-07-21 0:00 -12.49 -12.61
2013-07-22 0:00 -12.53 -12.64
2013-07-23 0:00 -12.52 -12.63
2013-07-24 0:00 -12.42 -12.53
2013-07-25 0:00 -12.43 -12.55
2013-07-26 0:00 -12.4 -12.51
2013-07-27 0:00 -12.45 -12.56
2013-07-28 0:00 -12.46 -12.56
2013-07-29 0:00 -12.48 -12.59
2013-07-30 0:00 -12.52 -12.63
2013-07-31 0:00 -12.51 -12.62
2013-08-01 0:00 -12.46 -12.57
2013-08-02 0:00 -12.43 -12.55
2013-08-03 0:00 -12.48 -12.6
2013-08-04 0:00 -12.59 -12.71
2013-08-05 0:00 -12.6 -12.73
2013-08-06 0:00 -12.55 -12.68
2013-08-07 0:00 -12.48 -12.59
2013-08-08 0:00 -12.46 -12.58
2013-08-09 0:00 -12.45 -12.55
2013-08-10 0:00 -12.46 -12.57
2013-08-11 0:00 -12.48 -12.58
2013-08-12 0:00 -12.53 -12.64
2013-08-13 0:00 -12.55 -12.67
2013-08-14 0:00 -12.56 -12.58
2013-08-15 0:00 -12.48 -12.59
2013-08-16 0:00 -12.5 -12.6
2013-08-17 0:00 -12.48 -12.59
2013-08-18 0:00 -12.47 -12.53
2013-08-19 0:00 -12.47 -12.52
2013-08-20 0:00 -12.49 -12.58
2013-08-21 0:00 -12.52 -12.6
2013-08-22 0:00 -12.57 -12.62
2013-08-23 0:00 -12.65 -12.75
2013-08-24 0:00 -12.68 -12.72
2013-08-25 0:00 -12.72 -12.8
2013-08-26 0:00 -12.63 -12.74
2013-08-27 0:00 -12.61 -12.75
2013-08-28 0:00 -12.69 -12.81
2013-08-29 0:00 -12.67 -12.78
2013-08-30 0:00 -12.68 -12.78
2013-08-31 0:00 -12.65 —-12.75
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<ISA100.11a S¢&! 28 2> <|ISA100.11a S& 25>

= LTE ZE218E AAA FH3 dHolgE: dAHR AFsr] & LTE

= ADCH+= FHA

850MHz(Band 5) Single Band W9 & A¥Y3sl= LTE B2 EE A&t om,
LTE(Band 5 W% OFDMA(Orthogonal Frequency Division Multiple Access)<
719k o 2 DiversityS A3t 3GPPTS 36.101/35.5219 +4<2 =533

\\\\\\
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Sttuctural Health Monitoring of Plant Pipe Rack using
Safety Management System based on IoT(Intemet of Things)

o]-8-8" LEk - i AL 38 o g4
Lee, Yong Hwan Parkk Soo Yeol Eamg, Hee Cheul Song, Byvumg Hm  Yeo. Kewn Soo

Absmact
The importance of plant pipe rack safety management has been increased. In this study, a plant safety
management system based on IoT{Internet of Things) was constucted m Yeosu Industrial Complex. The
purpose of this study is o imvestigate the structural characteristics performance and structural health
monitonng of pipe rack using measured data
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Development of Plant Pipeline Diagnosis System Based on
IoT(Intermet of Things)

ﬁlw i‘qn u}*ﬂ--l qa ey
Lee, Young Hwan Oh, Jeong Seok Park Soo Yeol Yeo, Keum Soo

Abstruct
In this study, plant pipeline diagnosis svstem based on IoT{Internet of Thingsywas developed. The svatem
consists of three parts : sensor svstem, omnicube system and pipeling safety assessment solutions. The
plant pipeline dizgnosis system was constructed in plant pipeline and was validated field applicability.
Plant pipeline dizgnosis svstem based on loT is appropriste for plant pipeling safety monitoring.
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