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Pravit Boonek 2011: Multiplex Time Domain Reflectometer Device. Master of
Engineering (Electrical Engineering), Major Field: Electrical Engineering,
Department of Electrical Engineering. Thesis Advisor: Associate Professor

Nuttaka Homsup, Ph.D. 55 pages.

This research aims to study of Multiplex Time Domain Reflectometer (MTDR), which
locates cracks in the transmission line by using the concept of a Time Domain Reflectometry
(TDR). By the concept, a test signal is sent into the cable under test. When it reaches fault,
the signal will reflects to the transmitter. The delay of the reflected signal is then used to
calculate the position of fault. The MTDR invokes a Multiplexing technique which is capable
to detect faults as many as 4 pairs in one test. Additionally, the invented equipment can
automatically adjust the range of measurement. This eases operating the system and also
increases the accuracy, especially the cable in the network, for instance, Unshielded Twisted

Pair (UTP) and Shielded Twisted Pair (STP), which is essential to the cable maintenance.
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1.1 LﬂﬁﬂﬁllﬁﬂﬂﬂﬁUﬂﬁgllﬁulWﬂW (Oscilloscope) HANNUNUDIVIEN RIGOL U

DS1052E

MNN 5 Oscilloscope ‘;:Ll DS102C
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2. gilnsainmsnaaeu

2.1 159NN UNDS (Personal Computer: PC)
2.2 CAT-5 Unshielded Twisted Pair (UTP) itas RJ-45 Connector

2.3 RG-58 C/U
dia « a ¢
3. qﬂnsmamnm@unﬁ

3.1 Relay 10/85 ASW-K
3.2 Transistor L“]JfJﬁO'AIOIS
3.3 lulnsneuInsames AVR 1005 ATmega8
3.4 99 LCD 911A 16 #2901 2 UTING
3.5 Integrated Circuit (IC)
3.5.1 SN74HCTI4N
3.5.2 SN74HCO04N
3.5.3 LT1715
3.5.6 SN74HC74N
3.5.7 SN74HC393N

3.5.8 SN74HC32N
=2 a [ ia & A do (Y] Y
4. ﬁ'lﬂﬁglﬂﬂﬂﬂ]ﬂ!ﬂﬂuﬂﬂ@ﬁ@!ﬂlﬂﬂlﬂﬂ@ﬂﬂim@!ﬁﬂﬂﬁ@uﬂﬁﬁ1ﬂ5ﬂ1‘ﬁ@ﬂﬂ!!ll‘]J'Nﬂi

I A A A~ 4 . . ’ o @
4.1 ASW-K ugnuuaaIngasad (Signal Switching Relay) nuuvasnous sy i
gagalszanm 5 Trad anwdunmiuvesuaain 178 Toy aunsonunszudgage 2 ueuus
ADUANOIADAIINAGIEA 6 Taa vl guuglins 1Fauegsznang -45 9 85 osruwaiTed

(Fujitsu Components, 2005)

<3| a J a g A . o Y
42 A1015 HUNIUTTADTUUUNOUN (PNP Transistor) wmmmmﬂmmu”lwﬁw

A 4 o (] 1 A 9
sganszunm 50 11aa @150 vunNITLILEed1NaBIlDg (Collector Current) Ulﬂﬂizll’]ﬂ! 150

N
uaa

J o o { a A J ]
aauauuys VUNTEUAFIFATIVUS (Peak Collector Current) 1200 Faaueuuds nszuanIy

VUVAFIFA (Peak Base Current) 1200 Taaueu)s (Philips Semiconductors, 1999)



13

< 4 a a & A a a o
43 ATmega 8 11lululnsnouInsanes uuy 8 dadnasznanileainga lasusEm
ATMEL Haailaenssunialuiyy Reduce Instruction Set Computer (RISE) Aion1stlseuia
2 < o o 1 = 1 91 J A . .
HaliA1mWI51 1 A1daae 1 clock visonanlai luTnsaeuInsamesgyiia Micro Controller Unit
McU) aunsodszunamdeld 1 Mbps / MHz nagaelulasiusansesaiveayumsiiu
VY04 MCU 15U Analog to Digital, Universal Asynchronous Receiver Transmitters (UART) L@
A 2 o o ' dyo Y o Y Y
295019 Fresaivayumshinumatin i Mcu aunsaha ldnaregiuuy Tagld
PR ) < % S & A
gilnsaiesauneueniosn Tag ATmega 8 MilluluTnsnouInsaaesiuosvilaiogly

ATz0A AVR (15231, 2549)

4.4 SN74HCT14N iiludunesinessiindninines silafifamauiid Hysteresis i1 l¥
mu@iat‘fﬂgmmmmu“lﬁ'mﬂﬁu Wathilo 1fuumassious s Tlihd 4.5 Thad usssumsa
Teagaugs (VTH) Usguna 2.5 Thad usssumsaleadaue (VIH-) Useina 1.6 Thad
AMMU9IA1 (Propagation Delay) Uszunmt 12 w1 T1311% UA1 Rise Time 1@ Fall Time

152319 6 W1 TUIUIN (Texas Instruments, 2008)

I a o S a == A 9 o [ ] A
4.5 SN74HCO4N 151U nosonsianite o lsiuuvasniens au v 4.5
Y 4 J [ [
Taad useduedyadugs (VOH) Usyunat 4.4 Tad Aminanan (Propagation Delay)
lszanas 12 w1 1IN 3A1 Rise Time tag Fall Time 1523198 6 W1 142110

(Texas Instruments, 2005)

<3| @ { 4 o o @ {
4.6 LT1715 {lulednlSeuiieuussduanud g e ldnuunastienssau Ivdha
o o o 4 1 1 A 9 a A d
Vee =4.5 Thad Vee = -4.5 Toaa ansndunszuaeianaodeaoiiiodld 20 daduouls a1

a

#1291781 (Propagation Delay) U5zanas 4 11 Tu3udi guvgims 1901uegsenang -40 19 85

U

DIAUFAIFYE (Linear Technology Coporation, 2001)

4.7 SN74HC74N fuvldiviaodsiiad 71 4 Sunaie dunad (D) Bunaduoain
(CLK) Bunansisa (PS) wagdunanaos (CLR) ieldnuunasseussauluihi 4.5 Thad
Y 4 FY Jd 1 .
H3IAUDIANAA UG (VOH) Uszuna 4.4 1@ A1M12319a1 (Propagation Delay) 1321191 15

TRNCYRITRLY (Texas Instruments, 2004)
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4.8 SN74HC393N 1 lodniinesuia 4 ia e l¥suvdetrens i lulihi 4.5
Taad usaeIAnAdIUgs (VOH) 1szana 4.4 Taa@ f1m1aa1an (Propagation Delay)
Uszina 13 i Tudni enwddyananimgagaiicunsanevaues@fie 25 MHz
(Texas Instruments, 2005)

4.9 sN74HC32N ifuleFoesing 2 una eldtuundedoussiu i 4.5 Toad
s NAgIEA (VOH) 1szanst 4.4 Toad A1viaa9a1 (Propagation Delay) 152181 8

U TUIUIN (Texas Instruments, 2006)

4.10 LM7805 111 loFAIununs afusiia Positive Voltage Regulator 19911 134

=

4
usasu Trlihdudunadue 7 Taad 69 20 Taad anuaulivinaussau Tuihduednail
1 d' LY 4 U Y 4
Anaiininy 5 Toad wageunsotienszud Ivaaladszina 1 ueuwls

(Nation Semiconductor, 2000)
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=g Y a0 Ad' ] Y 4
1. Anmndeyanazngugensy memsinlfldeenuuuginsal
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1.1 ?fﬂmmimmummqﬂﬂim Time Domain Reflectometer (TDR)

. . < A A o a a 2 &
Time Domain Reflectometer (TDR) Lﬂuzﬂimmmwmmﬁﬂmmmwuﬂﬁm N

Mo TagordenanmsazNounduvesdyanmuiidaly nanaedyanama iz gnasly
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1/52neUA8A1 Resistance (R) , Inductance (L) , Capacitance (C) 148 Conductance (G) NTE1¥Y
v o v o Y 1w v o < A AR Y
agodnainaue aauiudadsdyanand i lume dyapanszamnsaniounntaateniala
@ [ [ § [l 1T a A o =

Tagdseanmsaznounay uaanssaruviadulavesmeiapuiinausalaouuilaslyl

= a 42’ A 1 o Y a 9 @ [ o ] dy Y
mmmzmmmmminﬂmmcﬁmm *DZ‘VI'IGI,W!ﬂﬂﬂ1§"(3f$1/lﬂuﬂﬁﬂﬂ]ﬂdﬁﬂgi}‘ﬂmﬁi\‘m1LL°HL!\11'!119’I



16

I ~ @ T Y o w Y @ 9 ) T a A P
Wuinsdueguarndyanuamnsoaznounau laassdwmuaduinausig

{ { a o QaJJ a g % {
malasunilasll nazmsnlasunlasvesduiiuausiinavu 1d 2 anyazae nlasulag

A dy A a 1 dy 1 Y a 9 A 1 [
"lﬂ“luwmwmum@aﬂm guvartozdwaliinamsdenounuana1Nenu

=1

Ada o LS A A dg’ [ 9 o =\
ﬂimmuwuﬂuwﬂmﬂaﬂuuﬂaq"lﬂ”lumqmmu AUVIUNTENOUNAVNIISY

o

[

anvuzAeINUA T Y

g

19 A

a41Uu5eNi58n 1 Positive Return Pulse tao1umilasuiilas

=)

9/ Y =

T lunvanas dyananazfounduinsslisnsazinssiuinuidyaandslUvioson

g 9

[
o

1 { 1 Y] 1 a d
71 Negative Return Pulse MInaungiuanaaena i ldisieanunsofzinszianyuzuo

a o a =}

A A a 42’ 9 A = 1 Y 4 = @ ~
mardeinaiula iesnnmadeuaaziai Inaduiuaudslasunlasly ludnyuzn

E4
=K A =

1 v { o 1 a s A Y '
uananeny mqienih IdmouiuaumnuuAomMadoIUY Series Fault 8u launaoa

q

a A J A

a s 1 { o '
WAl visomaven leanyane wazma i ldaduiitaudanafomegdonuy Shunt Fault

e

[
%

dulaunmedalrsasuazuazauIasmsasNouNaUNG 2 LUVLTAIAININA

| WA
i « GRIERIG
®
source ZL
—> 4—
RLLLIPREE]
S
source ZL

M 8 MIazNoUNTUVITRIUNTH A 0VIALALAIOAAINDT

vad A [ o 1 L4 o [
nnMIANBIRAENTANINEIAUMININUA1Y Yoaglnsaing g umLude
o w o Y 1 A o 9 4 o Yy = Aa A
yosaoidyana hldnnunmsnezivglnsal MTDR o laeddidszansam
uazesaudasszezneiinagade lded1amingr dedldaumsntianunertoslumsi

E4
[

TAsINuIeA



17

Fuilszanimsaziou (Reflection Coefficient: 0 ) (Dunlop and Smith, 1994)

MNFUMIA (10) p:ﬁ
Z +Z,

Z Ao Load Impedance (£2)

Z5 A® Characteristic Impedance (Q2)

9 [ Y
aumst1Flumsasndgeuaehdyanuimhmsnaao Ui uNatioan1993

o w o { o I .. o
Tagvnmethdyaanadyanuiaziounauaziiu Positive Return Pulse ttaziinaiatil

o o o ! Y [
ﬁ@mﬂmﬁﬂ’)ﬁﬁ]iﬁﬂgm1mﬁﬁzﬁ®utﬁa‘]_lﬁ]$l,ﬂu Negative Return Pulse

< ' .
Aanusa lumsunsnseaenau (Velocity of Propagation: Vp)

(Agilent Technologies, 2006)

v

\Vp = C
P \/a (17)

) .
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) 8831’]1@%5@@@@{ 8 (Distance to Fault: D ) (Agilent Technologies, 2006)

D = Vpx (18)

] ' 4
Vp Ao anusalumsuninszanenau (m/sec)

T Ao Frnaidyananadouaunialiiazndy (sec)

1 4 1
szognuinayadenieluamethdyanail auvaidewinsdie 2 mszsiana

v
[

I~ a o 3 ~ o 1 A a =
N ﬂgmﬂmwﬂaamﬂumﬂﬂuazﬂauuu mgﬂzuluﬁmmwmizazmwmmmmﬂ

1.2 ﬁﬂymm’Efﬂymzmaﬁ%ﬁmﬁmﬁauﬁama Unshielded Twisted Pair (UTP)

a9y A

A o IS 1 = A A 1 1A =
a1y UTP uaﬂymmﬂumwmum 4 ﬂiﬂﬂﬂﬂﬁﬁlﬂﬁﬂ’}t!ﬁﬁ%ﬂﬂﬂ AFTNALNAYD

U
9

Y] 9 = = [ = = = 1Y = = osl = = [ o

Auduv Mhandernuihn @erdindernuidisrnn uaz@ihmadnasinuihaan ae
nowasn Ihdyanugliniuasgunisonan American Wire Gauge (AWG) 15Ue19 UTP
Category 5 Ethernet (CAT 5¢) 19WaA9INA18NDIAI AWG24 30 UTP CAT 6 19HAAIIN

aUNDAULAYT AWG23

msandeuietlosnudyanusuniuitnanndyanunieluaiows (Crosstalk)
A A o =3 = 1 1 Ia [ a Y dy
gafiiauseumsanagiaeszezmannile nastlesnuilyminmaine Crosstalk lAuniiu

o Y o ~ a tg = 1% A
mﬂlﬁmmmmamwmmaqwu“lﬂ HIANNHUTVOIT1Y UTP UFAAIAINTNN 9
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=,

NN 9 SNYULVDIAY Unshielded Twisted Pair (UTP)
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[ e

Property Nominal Value Unit

Characteristic impedance@100MHz 100 9)
Nominal Characteristic impedance@100MHz 100 0
DC-Loop resistance <0.188 Q/m
Propagation speed 0.64 c
Propagation delay 4.80-5.30 ns/m
Delay skew < 100MHz <0.20 ns/m
Capacitance at 800 Hz 52 pF/m
Inductance 525 nH/m
Cutoff frequency 50323 Hz
Max tensile load, during installation 100 N
Wire size AWG-24 (0.205mm*)

Insulation thickness 0.245 mm
Maximum current per conductor 0.577 A
Temperature operating -55 to +60 °oC
‘ﬁ?ﬂ: Wikipedia (2011d)

1.3 Anm3imavonTeedyanansevisdmesiinunsgiu 10Base-T
10Base-T Lﬂummgmwﬁeﬁi%’ﬁm% Faa vazgou Teaduyaunsete

= ]

=

=~ < @ 19 9 a 1A = 9
2IN9311# (Eternet Network) Mﬂmmiﬂumﬁuaweyjaﬂ 10 IUUNEDIUIN (10Mbps) A

@ J

guuMUaILUUA (Base Band) Qﬂlslsllﬁﬁ’ﬁﬁlsl}@uummﬂ Manchester Line Coding Tasauuneg

9 9

1¥eodanouAsAINGNLY Unshielded Twisted Pair (UTP) iumedadayana Tashdiu

"o Y, " Y o < s A Ao v Y
ﬂa1ﬂsllﬂ\1ﬁ1ﬂﬁ\‘]ﬂ\‘]ﬁﬂ\1ﬂ'IUﬂ$@l@lell']ﬂﬂﬂf]ulltlﬂlﬂaﬁslfuﬂ RJ-45 NUITUIU 8 U1 Llagﬂ@\jclf]fﬁ@

Y o Y @ ~
NUWILE YU RJ-45 ﬂQLLﬁﬂQGLL!ﬂ']WVI 10
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3 [ < a
anﬁ 10 aﬂymzﬂlmﬂamuﬂma{%uﬂ RJ-45 Llﬁglgﬁlﬁflﬂ

4 v o w [ <
11AT31U 10Base-T lumsiFoudemethdyaiauinduneutinmes RI-45 3 2

111D TIA/EIA-568-A 1A TIA/EIA-568-B aataadluning 11

F‘alrz Pnlr:!
P.air!. Pair 1 | Pair 4 F'alr.'Z Falr1\| F"iir&i
il AT |
| 111 111l
12345678 12345678
W-3 5 W-0 BL W-BL O W-BR BR W 00 W0 BL WAL G W-PE e

T568A TS68B

ﬂTWﬁ 11 msu&%wiammmu TIA/EIA-568-A 11ae TIA/EIA-568-B
3N: Fiber Optics for sale co. (2007)

3199 2 MIFeNADE I UTP N1AT31U TIA/EIA-568-A LAz TIA/EIA-568-B

Pin T568A Pair  T568B Pair  Wire T568A Color T568B Color
1 3 2 tip white/green strip white/orange strip
2 3 2 ring green solid orange solid
3 2 3 tip white/orange strip white/green strip
4 1 1 ring blue solid blue solid
5 1 1 tip white/blue strip white/blue strip

6 2 3 ring orange solid green solid
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Pin T568A Pair  T568B Pair  Wire T568A Color T568B Color
7 4 4 tip white/brown strip white/brown strip
8 4 4 ring brown solid brown solid

A Wikipedia (2011¢)
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4 a 4
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0 0 0
0 1 1
1 0 1
1 1 1

Nan: Wikipedia (2011f)
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