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Development of an automatic monitoring system with TDR sensing
capacity
Student: Yueh-Hsun Hsieh Advisor: Dr. Chih-Ping Lin
Department of Civil Engineering

National Chiao Tung University
Abstract

Recently automatic monitoring systems are gradually concerned in
construction business. The purpose of this study is to develop an
automatic monitoring system including Time Domain Reflectometry
(TDR) sensing technique: The monitoring system with TDR technique
has advantages of multi-channel, multi-functional and automation.
However, the computing capability of the existing TDR data logger is not
sufficient for  TDR waveform precessing, - meaning  that physical
parameters cannot;be acquired immediately from TDR data logger. The
raw data must be transmitted to server for further computing and analysis.
Therefore, this study provides.a new hardware by replacing existing TDR
data logger to-improve computation capability firstly, and:designs relative
software with user-friendly interface for operating efficiency.

The prior consideration of hardware selectivity is sufficient
computation ability, and"integration, for both TDR and conventional
monitoring devices minor. Consequently, this study uses embedded
system to meet the aforementioned requirements. Then TDR software is
developed based on TDR characteristics of multi-channel and
multi-functional, and this software includes both human-computer
interaction program and automatic monitoring program. The interaction
program provides TDR acquisition setting and intermediate data quarry.
Furthermore, the automatic monitoring program is divided into the

server-side interface and the remote-side interface by demand. The
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function of the server-side interface is to control the remote systems and
acquire the monitoring data from remote system. The remote-side
interface provides functions of data acquisition and processing
periodically. Finally, the results show that the combination of hardware
improvement and user-friendly software increases ability of automation
system and operation efficiency. However, the new TDR monitoring

system needs further in-situ verification of stability.

KEYWORDS : Time Domain Reflectometry (TDR), embedded system
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2003)
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Reflection Coefficient, p

T —————/1

S
L1
I T ,T,\ A\ Y
! ! | ; Impedance mismatch
ﬁL I 5 I \ | [T .
Y Lo ! after deformation
1 e L , I i I
[ [ A i [ .
vl ' ! Itnpedance mismatch
% | wmmm L |
oy %
T — *‘ -H‘
% L1
\ v Connector
LY LY
LY %
LY LY
% LY
% %
i b1
% Y
3 LY
4
TDR a boeb ¢
L] i, I | - ]

Eeference line
for 1-m cable

Eeference line

for 26-m cable

fd

cable length 1 m

_ cable length 36m

1

Ay
]

=
i

=
-

:\‘.\.{ -

> xTime shift due to
B T .

.« displacement increment «

-

A

1

2

3

4

Time, ns

Bl 2- 11 TDR =# g Rl R IL 2 H & S A55g 4% 2 1t

(Lin and Tang 2005 )
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i step generator | measurement probe
oy Pl
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coaxial cable "
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ey , - F)
J_IL transmission
- line system
t)
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# TDRE device ™~ —
P Bl
s T
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2 i 1
=
S L 1
E | -
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(Frd T 24 & & 2007; 2008)
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23TDR & BI B2 - S BB i

WE KA - BTRPRBORT S G5 BT L2 M ik
2R HRTiE | f PRk Alend 3 pa ARt o BORIIR B H R
it 22 Lo P HRFF I A ¥ 53T
£ 0T TDR iRl B & - G R F ot 2 Y RA At 4

2-1e Z Pt BT VR Ea R o

231 — R B E ik B

SRR EAL LTS R B R RS R A AR R
KA il & TN (Down-hole) i Bl B - i B T F R RIE R
PRERCEF CFTEHEEFRZR SR A Ry A kEI Y
BPraFa 4o Fltaf A7 & 8 At FEE > ¥ b TSN TR
ERpEpEead > P mA L A S ¢ TR REG RS F A
R adE L BenE plHw Tt F R Y Bp i E Rk A
AR R A

S
SuEREE 0 P A BERR Y Y KA o

2.3.2 TDR R P B crif sk B
TDR f i B .ggig]gfﬁm_ A E SR E N 224

I
H_;—J-

W

ETINS

‘-m

2 ov— R FREXRE AN AL ooty TDR BB B L L
(Up-hole) & iRk & » F 3t sV enE RIRK & A 975 @300 £ 7 ok §
ARRERAyERTFEE o F TDR RRI Becfad M T2
At A AR ERAF 0 AR E S F B S i o Hak gL TDR F &
B Pl RS R R men ] A R PR

19



I I

B RTFHE B-H&T E uEeit T3 RERIE2- 15
|hp Rk okm mit ¥ & ® AR FI2- 16
A b RS RAEDT F R B LR A KEI2-17
BEIRERRF CFTHFE
Fla B En A2 wly
PN w3 BT S i 3 A & b oo 97 TDRR BB
EE A %

4 . TDRF S0 55 € 7] & 5 4 eh
A2 L EOFE A G R

ELECTROMAGMETS

YIBRATING WIRE

SENSING TURE

315 mm (APPROX.).

e

=——POROUS STONE FILTER

STEEL CONMICAL TIP

(APPROX. ) Note: 1 mm = 0.04 in.
e 40 mm —e=

B 2- 15 7 3 ;%-K /& (Wilson and Mikkelsen 1978)
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ROTARY POTENTIOMETER CONNECTED TO PULLEY
CONSTANT TENSION SPRING
FLANGED PIPE

13-mm (0.5-in) GROUT TUBES 2.5-mm (1-in) TUBING

*m\-'.y’f@g'%\\” o A

m@ = o
f} (% w‘ﬂgg/\}‘m‘ ,&“'*"’»r"‘?‘"«*“‘”“

PLASTIC PLUG

ANCHOR ASSEMBLY
WIRES

EXTENSOMETER
TO REMOTE READOUT

®l 2- 16 ¥ %5 &k (Wilson and Mikkelsen 1978)

8.4 mm (3.34 in) O.D. ABS PLASTIC
INCLINOMETER CASING

GAuGE 3 1IN
LENGTH p

(ADJUSTABLE
UPD| WP
INSTALLATION}

PORTLAND CEMENT
_GROUT BACKFILL

GROOVED PLASTIC CASING
CAST IN PLACE OR GROUTED
IN PLACE IN BOREHOLE

RIFA e kR E o
54 o TDR Flp # it E gl % &

sk A P
NIECIOIE St
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P~ Pt R BEOEIT > E W T r TDR UL E
FPRBMG R n TR e R Ay % 2K CAMPBELL
SCIENTIFIC(:Z * fj #£ CS) 2 & 2 & chik B ¥ 5 4 & FARHFB K
% » 4= TDRI100 ~ SDMX50 % % R/ B 5 TDR 1 #$3% & % » 4cF)
2- 18+ % & TDR100~SDMX50~ 7 /& # Jis 8 % TDR probe # & 5 TDR
Pt FOp ki B 2-19 5 2 ¢h & e TDR k%t o

Bl 2-19 ZF ¢t TDR p & it £ % 5

¥ 5% % (2003)F]* CS = 7 7 TDR $5~ % sz = TDR #H T3
podsit EOp kAL, 3% kkta & 4% TDR @J Sl B - AL 5= C
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(DILHE R secnpe & 2 TS - QF TGRSR S - (3)

TR IRAS o 11Tl & W kit B3R o

-~

TDR TDR Byt
B R E —» — E—»

CRIBREER A A2 TR £ Rl F BT O

=y 3

B

TDRE 4
PIRE

TR T R B

#EL RS Bk T
[N 3&"4’: SRR B e b

©000000000[/000000000000000000000000000000000000000000000000000000 000

: v : .
. T : B
. C-E I : =
: ‘ \ -—)p

. . 21
: ,g%_}zﬁ)\; ? TLE@ I - o op 4k : PR
: p = T ¥ Barrlr gl o i*

] 2- 20 TDR F 3% A o2 ¢ Eplin Az (3 & 3 > 2003)

241 RHE R A & TR

TDR ERIEBIEP w2 g 8y ? g Bl EF TDR -k ix(k
J&)2- ~ TDR & £ 3+« TDR -k T % =2+ ~ TDR 3,2 B2t £ (&
2003 ; #k< 4 > 2007 ; Lin and Tang > 2003) » &% fif g ¥ T K= F
Bls A BER S H ACBERAE KSR nERE > & TDR £ 2
BREVAAIMRESBIFES - TFEDER A BRFLE 2 5
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FRIpE TR BREEAR > BB AT
(). B4 Heh1nB g -
ARALND DB TREERREDT T FFEY R
BH R REX %mkﬁji°§ﬂ ‘b B IR Sl U
FPLg > & B T AR A PILS R A PR AT P Rk 0 s
KR P B L ik o
(2). 3% %K TDR g R B 3|7 2 B g
2R PERERKE R PSR RE o AR
FHERPE TR IER NI IR o VT BT E e
Wk R A AT K G nfe s 1 TR - 2 R
BV E o
(3). THut R A Ao 7RO R e &
770 TDR & R % 38 7 & 548 a6 & ST (Lead "Cable)¥r TDR
Wik Ak FROREeRE TDR F 5% B 428 R
Pl 7 PR R SLIEIT R Rk et T SAR T AR ST 0 2R T
7 TDR BRI @ AT ALE 1 22 - FRHEF Bk i s
FeuE L FRPEES o VS TR TIRER - FoREE  #T
B
" CS = @6 TDR $8~ 5 % i ) o B4 '} 3L HE B R ‘3?“"3-@
d B REHRTRESEE L1 TR FRE LT @My F
FLEB R IR AT PR Ao ] 2- 21 46F o p 1 5 4 (Lead Cable)id 4%
1 F(Multiplexer)# 45> T ERIFHd g8 NG w 3 F R
T R TR A > B 2- 22 5 FTOREEER K 0 WA Y
2R B A r R i AT
(1). % 1 % (Multiplexer) :
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ETDRERIBAR LG GRFATTRRIIE 5 5
1 BAEBFH N ANBALRFEFT PR R BT - 1 B

CSSDMXS50- # - % 51 7 I prid 42 8 i WA =7 5 ¥
P 3 57512 nf-@ﬁ%]ﬁ‘ﬁﬁl c Bt I BAMR T e oo
HpIRg A epss A e (Jumper) 4 % 5 MSD 2 LSD > i&d5 %
Reni ¥ 2 g a3 2o T FeE R LR e o
(2). Pt k& ik (Time Domain Reflectometer) :

TDR % - "#rT A2 B> A2 2 " FTRBI P T H
o USEEEHE Baemdk BB T B TDR 425 0 4 A
T @i faplan® it @ o pow ¥ e _TDR A5 5 CS
TDR100 » # 4 & R4t4efs - %] J1 % Rl RS 250mV o~ 5000 0
B 5020 T 20482k a'%’f%%l?]?& 2 2100 &% (L iH:E v
® Vp=1)> f245 & 6.1 picoseconds™ i = ¥ = -20C = 50C - &
TDR %3k =% > 742 %10 BT B @ 12V 2R -
4 b PR g AL e Rl B e F 0 T RS232
Fdt o VNIRRT S @0 PCTDR &4k 7 TDR100 -

A TR BB B R R TDR A gl o B S
7 Vp(ik @i R vWig) ~ Points(EHI AR ¥ P~k B #ic) - Cable
Length(x, - @55 & & )f- Window Length(Ax > # AR ¥ &
B)em X, ~AX P = %#,k®& d CSTDRI00 0% * 34| 3c 48 PCTDR
kR o B SBCRIFEP 40T ATt
(@) Vp: p#icle 3 TR e A T8 Ay §f hBiig B2 0 & o
ABRREAFTOATHEF B RAMTT VT ERDITARE
RN > P Vpe #&-] 0 F 2. Vp#x o
(b)Points : ¥ AR ¥ P-4k B o P~k BRBAR § o ﬁg*’?&»ﬁ&% °
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TDR100 #7 4% ehb B Bhic 5 2048 gk o
(c) Cable Length(X,) : i # #4p A5E % Vp 5 1 p¥ > i 4% TDR &2
TDR BRI B2 B ecnfRE R o Fli P B TDR & S gL x 28
ERDERITI 0 ZEF L7 S edko
(d)Window Length(AX ) : 34L& & & o 2 Vp 5 1 FFiaL % > 4R
TRl W ARG EFRER P B R ) B
1DR3%§3§%F%@0aﬁﬁﬁ?&&ﬁ@’@ﬁ&Aﬁ
g o RHRE P ZRAIENT OREFR
(3). F 4P~ % (Datalogger) -
FORBEERE R - AR 0 TS PN AR SR R (7 3
o kpfRRETRAESA R B F 2 el iTAE 0 H P
SR PR B T e BN T R Gk T BT R R AT
Flc ek o Pk @ * enF B ® L CSTCRI000 - CS
CR1000°% & i¢ * PC200W 4 k-~ FABB- iz - &
w0 AT PITOR R e AR iR (g R 5 ] 2 3R
S 5d PC200W. p et 1 d 3K 20 PC200W. s14% 5% 41 & 4 B
2-23 #T5T o
4). = R = B (Power Supply) :

o
THEBHZET AR TEHF-F2 A RIS THEFKF L
FFET > 7HEX 9.6V~16V T HT &R -

(5). F #4555 % (Storage) :

FTHEGETL TR B2 p 2 ol & ¥ st
VYRR T R TR G A A o TR E B CS 1000
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7 2MB 2 B F & > ¥R H 4L AMB =i & 2GB «h CF +
6)@@&%:
"% 7R Bt s TCP/IP ﬁ’!fi}%?lﬂ v BBt P*;}—'%#"E’» & «i@ﬁ;?]
=+ % B~ GPRS ﬁ@ﬂ@ﬁ%]kﬁ’ GSM fizficie o H i 2 & )%
+ 4% SIM + 2. @éig?]ﬁ . * fe & GPRS #-/efr GSM #4230 5
FRLHE B2 RS232 7t 6 > GPRS i5 46 & 508 i - R4 B &

FHREGEN FRBEI PIREH-GSM |7 12 #5584 &

A E R BEDBA L o

Bl 2-21 TDR FALFEP-3K & AR (E &3 > 2003)
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Big

Fa1F

| .
GG EHERE

£ Tt

A TR

B1'2-22 FFHREPRR A eyl Al I (R A 5 1 2003)

File Datalogger MNetwork Tools Help

@ Disconnect % % 7 E

CR1000

Clock/Progra
| = =

idd  Delete PorFlag
Rechum 23
TimeStamp |[14:48:05
Batt_VWolt 1267
FTemp_C 2665
Temp_C 2596

Collect Data

Decimal Places: |2 =]

e [Kj

Update Interval: W
RFecMum 1
TimeStamp [14:438:00
EBatt_Volt Ay 1267
FTemp_C_£ 2665
Temp C Aw 2612

Connection Time 0:05:55

Bl 2- 23 PC200W /i & 3k 2
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2.4.2 E BT R ekIT B ik oy

X ABERPES R R Pl MBI @ v 5 TDR R4 K RIF AL
t$ > "¢ & TDR | Plisgi;if%ﬁ?ﬁ:iﬁ%\zﬁﬁa SE o ETHEA R
BB 15l > = WA 2 AR GFENAIL - LF DA FER >
F— A FRaty o Tl ERTRY LARNMERR S RER
PR PR £ 42(Clock)k T_f # 1t chil (7 TR AL « B 4oenE B T &

TEARN R o TN SR R sk 0 L5 TR
PR MR TR TR R g L BIE -

S22 $ £

Text File

B 2-24 FALAIL M A2 B (E 3 > 2003)
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2.4.3 T RERIRIE
I8 FRERp BT R fﬁiﬁxd P tZ Rt e o I e

BLenfr e A p b Y ORI PR Ko TR BRI & LR T
PIRERERET F A PRIF - T FEMEF BRI~ 2 TR EHF IR
Eoufﬁﬁﬁéﬁ$&@w X~ R B FRE TR gl

<k

R s BRI B T e S B e RS pE

agﬁ%&,gjggﬁimo
(1). TDR 7R &
TDR R % (TDR 'Server) & &F i %] & Svend 3¢ 1% 0 975
TR AL e R B e RAER o TG PR EP AKX
w B AR B R P IR A o AT A
1. % F P E(Web Server) {4k BEHR=a R s ~ @ % > 5 igzgi@ *
jﬂz B RPR B 0 @ o i 3% (2003 ) * MSWindows 2000
Server p e g2 ' IR EAIIS (Internet Information Server)ZE 3%
e xk e TWeb b Segoesie@sitieIP(Internet Protocol) i+ 1t >
P PIRBIT T FIE
2. F#E @R E(Database Server) : & &5 BRI F A o ¥
i kR g8 4o MS Windows SQL2000 2 MySQL -
3. Bt 475\ PR B (Application Server) © 2 £ 5% (2003) i & o
BT Javaf2N % P B A WIRERN KK Java mEB EIVM -
Java Virtual Machine) > &84 % Java A2 £ F v 5T 5 3 & en
M 4o m & B % Java #25% Jf %3k J2SE (Java2 Platform, Standard
Edition)s@E 4F ~ it - © & JVM %2 J2SE K&K = = 0 Bl * 4250
PR R I T 2 {7 Java 4750 o
4. R PR E (Mail Server) © & &3 1% 7f EEU 2 PRFE o 2 MS
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Windows 2000 p i g PR3 £ 1IS; fx# T SMTP(Simple Mail

Transfer Protocol) #8i% PR7% 5 % T ¥ RGP i=ht % Rl ¥
o AR ERE GIRE R TR D 3R
Q). #F & FA R

#EFET e

B Java B e p R TR E AW 0 B & Java p

i# e ;8 B JDBC (Java Database Connection)f fie & 7L i 4
PR E AR A o R AR @ JDBC 1945 3ok B i e 54 o
B-BRde 4250 4 = w faEE ] > Typel ~ Type2 ~ Type3 % Typed o ¥ ik

8 (2003 ) #722 B 200 80 e B T ciAE sV AL * Typel &2 F

3
AR > ™ ARl T AR AR Type3 07 3% ad i

_{'T:& %@ ]‘\‘ m@ F'/” ﬁirﬁ‘]"!zr?} 2=25 MT'T °
De 1
JDBC ODBC
Java
Application

\
\
\

TDR
|| DataBase

\
1
[}
\

\ Type 3 7/ II,
Java
Applet ----- JDBC ........ .

Middleware Server

Bl 2- 25 Java & TR E @ Sor & BI(E 33 > 2003)

Typel #h5g#- 42 ;% £_i% #8 ODBC(Open Database Connectivity)
ﬁ@ﬁﬁﬁ%%&ﬁi&mommcmm@,%{nmcg%

SQL #; 4 i 5~ ODBC» ¢ ODBC % § # # F# & 2t 4 g8 A
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3).

Mg SRR AR ¢ p23 JDBC ¢ oo 42 BEE S 7ok i £ o Type3
BREs AR50 ehie * pES > H_Java Applet eAz it AT b 7 & & F
R @ * o f xE % JavaApplet &2 TR & ik e o o
*t Java Applet #3 22 % B en® 284> At R § B¢ [ RIR
B (Middleware Server)eig £ » 4 v $51F Applet 0% > L& »
TAHEME TR H R R 2 L I RTHEE
Fafd # ik Tpye3 cnBpdefzst > @ 4.8 % % = 54 R pLT
R RREE R

ﬁﬁﬁﬂﬁﬂﬁ%%€%@%m5$ﬁﬁﬁﬁﬁ’ﬁ%?&
%jﬁ@%ﬁ@»ﬁu"ﬁb@mgw Wh A TE G A Igenid
L AR R A SLenE o B aRnE S A TDR FIRE
N MS Windows 2000 Server € 3 & biAp & £ > )’I*u{%’ B g
SN E mE RS e |0 O ABAR Tk et L i
Foo FREIR T f B AR g A R R RS LT
¥ % Srdeafe T BN

e BEZEHReHTCA TDR RIR B 45 L s B B e it RIIR

s

PRA% > @ fulb A 2k SoAn BEERRIR RSN A 4T K b
HUv g g PIRE P im LR N ALt PR B ] RS R
e Vgt B L od Akt F 4] sk ( Domain Controller) ¥t — #77
? o o B2-26 3 F 3 (2003) 72 % 2. TDR IR B ihad B

T el R ol ot LB o
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B 2- 26 TDR 7' PR B 2235 =h.2 Poall 31 & B (F 3 » 2003)
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=21« TDR @825~ TDR %70 #3228 + % i+ &

PR e b
TR B A 47

FORERES & & {Fat bl R E R RIE 0 7
g RIF R EZ B R RE R RMRETR O a e
At s RFRR. F E R RELHIEF TDR g RIEE -
R RIE 2T EAIRERIFRSUT A A oo@ ERE S
kAN R R ERBLERE TR THEE S
A7 % it B o
%ﬂ@ﬁ%%

_Ltiﬁ%ﬁééﬁﬁm%ﬁﬁwwvm # - TDR % B F
Ao FInF o F R BB R 2 T EA > T AR TRk
R A SRR EACE AP > I ¢ Fob

;
?’
B
ﬂl‘
s
3
&
=
=
J'Ii
ST



-iill‘#liiiil.iliiilli.liiilliiiitiil‘.iiiiil.'lIliill‘iiiiiiiiiii“ilil
L]

Eﬁ b
[ TDRAw 5 H ﬂ ﬁ%ﬁ;n@l% I
gw : g ;
e 1 2 3 4 5
Rl &2 F OF o2 0=
§§ 2 B F} b #r ¥ :
rle & B & & &
T #F R O R OB

) 3- 1 TDR g #s 1S i) 42

32 AR HERT

¢ TDR thf B (- Z9pladese 3 7 a2 TDR F 41855 % & TDR
R AT BREL ERNE ¢ 3 AN R ARE R EFTRE
B Afre @8 0 TDR ERIFHL T 2 AME S F L2
FIP MAETE AR L VA TR RBENRE G LT
PRI BRI TR A4 K e B F L -
BEodp A TRk 2 B RN o S e B
IR LAR SRR AR DI B

L AT TDR TR f e 7 1 it ehet i o 2 AT

37
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Datalogger | = ¥EM | #AX A& FPGA

&Es | URETEDN | TEAL THEAL THEAL
HHEH HHAEAH Rises | EHEARY
A WIAEE S R TE D | RBETE )
Ghys | PPREENEAH | KREEA | ARFEIBA w5
FR HATRk &S

PCM- ?351(Advantech}
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BB 3-5AcE 3-6 G ¢ T Y —F% 11 Server #% 3% §r Remote

& Server #23' - Remote #23% ¢ » K T/t ¢ 7 B 75" a9k o fic
Eitepfg Ao 2 T RY FITHE AR L TE R A B TR - K
T A L AR 3- T FIB 3- 100 T AR 4 B & AN
KETEAH RO E
(1). Parameters X #_.-

¥k i i 4§ 85 TDR R EA-THE e
DAQ » %7 % % TDR—k Bervipaf {of 35 g i > 4o
3- 7 o 2ufs MEIE B R T DR A A 0 H - Mg T 0 S
B~ ofe BRI i o gl TPl 0 & TR RAEIE B ER] A VR R
A fs B Plre & R ARR BT R Am LBAEGE 7 2 18 gL T p &
Bl o e o DAQ e 2 B TDR a2k 7 - X > & Lag
LA B 2 (8 BT I B WDAQ i L BB
PITRGD ® K pIRTEn A Sk S
(2). Threshold % =_
Bl 3-8k T RS L ENFHE  F REFCEFE Fﬂ*}éﬂ‘h
PE S BIc F ERIGHERF » FRER DL S %A
F”%;:i}éfifﬁfjﬁfé EMAS R RPLR I &k B TR
P RRRARENEE R 2K BT P R B LR o
(3). Schedule & #_

<y

Bl 3- 9 ek ¥/ 75 BARE p & £ RIeDAR R i AT o Bhoii

46



%%@Tﬁ%+%iﬂ—ﬁgw%§’ﬁgw%ﬁﬁﬁﬁﬁﬁﬁ
Boet Lo BE PR - X2 HER °
(4). Backup % =_:
B 3- 10 5k & i< B epfe N (P FHRT U/ ER S FTR
LR ST e B F AR F T

RN

Hd e IR AT

47



Select Channel & Channel Setting

v
1.Parameters | 2. Threshold | 3. Schedule | 4.Backup
TDR#5H DAQ
v ‘L

1. & Aoy ae R4 145 A & 83T X
Ex: TDRAAL Ex: & B #t(y=axth)
TDR&20 R A 2.3% X % #(a.b)
2SR
TDR 5 #7 #% é8. DAQa# 4 &

Bl 3="7 Parameters 772k E.

Select Channel & Channel Setting

v

1.Parameters

2. Threshold

3. Schedule

4.Backup

v

nig

(]

v
2L =

X JE TR %‘{E
Ex: K4 >3m
B i3 oor

Email

v

TREH A

48




®B] 3- 8 Threshold =773k Z_

Select Channel & Channel Setting

r

1.Parameters | 2. Threshold | 3. Schedule | 4.Backup

v

B EA % T

W LIAE
hRedERE &
Ex: AD1 1 time/day
TDR1 1 time/hr

L\ 4

PR HITH A

®] 3- 9 Schedule 7=k T_

49




Select Channel & Channel Setting

y

1.Parameters

2. Threshold

3. Schedule

4 Backup

v

iy 46 X

!

27
o

iy B X F X

E 4B 7 fiE
Galok: e

+

G thitda

@] 3- 10 Backup =73 %_

50




Frd o gANRY S

AFARE - R HA MR RPN F R WL (S he
%0 LS TDR $B ke 23 A BT AR LR S 5 ki &
HAdd<Moes > - FHM ¥- T omgMatd TDR #5~

K2 HuppH At 2 3 RPE 18 -TDR REZ
DAQ~ 4t » 3%k e~ b @I e 8 TR B fls o HH > 6 5 U E R
B2 R BB BB G o S R A B R i
¥ % 35 Windows XP.Embedded > B % 42 3% B & 41 * Lab VIEW & {7
B2, Ao ez 2% TDR 88 cnfe ;N B 2<% — & 5 IR TDR % B %
FUAA Y 0 GRPNE = SR A B e 5 T g 5 = &0 KGR
PP TDR #icf8=nf 2,1t iw » @ 2 TDR 4383 &% ivf2 ;1 & TDR p

B b 5 pIAR RN e

41 AR AL R R
Bl 4- 1~Fl 4= L1 5 1995 TDR 7 73k B BLiRbA B2 14 & 5oz T fomr

EPhA & B SRR TRk S MR 4o B 4-12 - AR

<
]
bt
el
dt
T
1%

s F BTN B E R RN RIRA A uiE e T
(1). R P B (Sensor) :

BB EH* TDR 7 7))k & & B % (TDR Probes){-if & & Bl &
(Thermometers) > 4@ 4- 1 fr®l 4-2- B R BIBEF* = ¥ 2 7 o5
P-100 25m & TRH-301V > &if & 25°C @i pg & 5 £0.190 0 i 4%
MERT TR Er BT REDCO2V I d T RHEE 2 F
A& -20~80°C -

(2). % 1 B(Multiplexer) :

51



TDR % 1 ® * Campbell 2 7 14 & » 4] % SDMX50 4]

4-3 o % X7 S RS2 Tid4n SRR F Bk o £ B R B

)

KRB B AR 74 BAEE 0 — 5 Multiplexer ¥ i 4% 8 i
Cables & H 4 Multiplexer » T % ¥ i 4% 512 #% Cables o

(3). 3¢ & 5% (TDR) :

4.

(3).

Pt F Btk ER % Campbell 2 @ e 4 5 0 345 TDR100 » 4§
4-4- 3538 RS232 & A LAGAARF R BE T AL L o
TR B~ i 2 (Data Acquisition Module) :

T 3 i (DAQ) Al # 42 50 ch USB4718 > 4o ] 4- 5 -
TR AR R R R ﬁaa])‘ e e a‘rﬂil“@] | feficin
i ~ 0 7 5a8 USB £k 0 UECE AT o
«a},\ » 3% 4% (Embedded system) :

«1,\2\ O R SLER R P E O 2 gt sV H 45 PCM 3353 0 4B 4-
6 i G AU il R Aol SR R G A O R L
BRI 4-1 5

G sVER L SRRl Gy T E NS Ay e R A
A R R N R TR % kLS Microsoft o 7 i A &
Windows XP Embedded® Windows XP Embedded & - i =~ i* it {o
Hic e it sk e7 Windows XP Professional © Windows XP Professional
EBAT%EY GitE k fio F]* Windows XP Embedded 7 3% i®
tEEF 58 RAT % v Windows XP ApFF o % e eE_Windows
XP Embedded 3 q”;i R eniTE kA AT L T S5 A
o LROITE A REFF FE AR R E

5=
A °

52



A1 A

F R

CRY AMDS500MHZ

Memory 1GB

Storage 4GB Compact Flash Card

Operation System XP Embedded
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