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The Implemention of RTD-1000A based on ARM Microcontroller
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Abstract

With increcse of concemn about the Ubiquitous application, the necessty of the computer sysfem which is miniaturized is
becoming larger. The ARM processor is showing @ high share from embedded systemn market. In this poper, ided method for
RTD-1000 controller construction and development is described using ARM microcontfrolier. Bxisfing RTD-1000 measures distance of
disconnection or defect of sensing casket by mecsuring receiving reflected wave which was sent via copper wire inside the
leaking sensing rod. Using this RTD-1000, leakage and breckage of water and off pipe can be sensed and it reports damage
results to the networks. Buf, existing RTD-1000 wastes hardware resources much ond cosfs a great dedl fo installation. Also, it
needs a cooling device because the heafing problem, and has some problem of the secondary memory unit such as the hard
disk. So, long ferm maintenance has sorme problems in the oufside install place. In this paper, for the resoiving the problem of
RTD-1000, RTD-1000A embedded system based on ARM is proposed and simulated.

= keyword : ARM, RTD-1000A, SoC, FAEE 2{(Controller)

LA & 3] At A DI 27 W B 5 A T
571712 w8 o3 ok oAl “AFEHE AY

e YAHoln WY wWeeld FEEHE & HEIAFIY AW oFIE Yol IR ks
A o8 Ruke 2e, F2 10d B Ayl @ EE J71ES Fl 900, AR Be

o4

o] ¥Ey 3 7)< wWE B AXHE A} AT A, AL EElx £ ¢ F1, HY
3 AFHE F3A HA olg H3l Alx"e
3lte] Aol @& SoC(System on Chip)7} 3hte

ol

*

8 9 eRgtist oot FREIHAARE)

FN

mindhawk @sch.ac.kr Wog zbg Hm glm, A YHigz A|AH
=3 2 9 SR IR ARERy 25 FolA] ok 00% olAbe] EmAel HESL 3
b ishmg@schac.lq(ﬁlﬂx-]z})ﬂ il A oF 90% olde] ERFHI HFEE A

[2008/05/13 F31 - 2008/05/21 A} - 2008/07/22 AAMEH]

Yo B d7e 204Y] Z2EATNEAGY FRMe] A&
3 grrig/dAgee ATHAYNEAHE: 42-3)00
o8] FP= RS-

313 Y= ARM ZZAAE SoCe AYE HoF
3 Atk 8T AdEe EFE 7R ARM =2
AME 4 FAE FHoE OIS Wgoz 4

Sh= el Y3S| (9A63)

117



ARM Ojo| 22 EE2f 7|4t RTD-1000AS] 7%

A7t 7FslER theFst Rold] H&3lr] fol
F34E 7.

B =R sj%staz k= RTD-1000& A8
75 B3 FrEA ZUHH A2HS 97, A
I dA ERA AlFEH 953 ok
A BUEE A" 7R, ZUHE
Z2713, RTD-10002.8 FAEo] ok 1 £ &
A7A 98 s RID-10002 F572RT A
d Feizde d23E BYn vAulE ol
AABe seog G T 9 1 Ho| Az
£ St 349 HolEHE Ay BUEFY =

E g

2agoz Huye AAA oA o],
RTD-10002 TDR(Time Domain Reflectometer),

CDMA Modem 2|1 Ho[HA e} dHA o E
A duts HAEEYZ FASJYTHIRL 2
vl AAZR), AF HF) 5& gAlsle N,
FrgAHe] WidE X Aol A 7Hhow
Ax)7t =HolQlth ol BAANA FAl FEEHE
7]& RTD-10009] Yuiti= AEEZ = ¥H-& PCA
¥o2 745 Qo €AY EAYE skt
A AAZ GUIZ|YE HE S9AA9} =A%)
2L Bx7|93R] AMReE gas Julyl A3
17 WA Eo| 2ok F HAZ XY 9ol A
A1, AY AH7} Atk A HAE 2gPo] a8
2 dro YRS "o g v Ao ¢
HYs Z2AA 7)ike] HEEZ vl3)] 7EH]&
o] ol FAFH Agle L T Ao
At FAAS <t itk

(3% 1) RTD-10002| 2jgtn} LiE

olg|g FAFY HE ez VE AxHL
A3l ARM rlolA2HEE (03 ARME 3
£317] 913 Were Aoksla RTD-1000 HEEY
£ JiE3 o]& $3iA ARM 7]¥ A8 AEE
2] Rog 48D 1 §o Aeg=zzade 3%
37) Y3 U= AZEY] TES FH3|
RTD-1000A8} HH3c) o]9} o] B =Fdxe
RTD-1000AE T83}a AlE# oA i)

2. ¥4 4+

2.1 RTD-1000(Remote TDR Device-1000)
RTD-1000& & Wer|E oA 4] vlo]aZ 0|
g 9] AAEE AT EeE AR
AEs WA Fkm7bA] FAERMo]l AYE AT
HEHZE 2UHP & 5 Sle 7]17]0Ith3].

I8 1904 9Fo) YX|gt &L 7I2 540mm,
A2 330mm, ¥°] 920mm F7)2 W3l ALAA),
ARMA7IE 28t o} Wigtel= TDR 3|
s} AEES7}F FAHANHY. e =2 4 =
BAo171e] A9} mofo] FAlSla FEA|Ho)
HAE X9 Ao ¥ HXHh a=g &
ot} Tl Lyl En BN EAHo] Utk
3|5k 7]& RID-1000& =7]9) Aeko g HA) A
ol Axshs el 7 HMolgln o]
T2 A HF Yo AX=Hn gk

2.2 32H|E 7[Hie] ARM ZEZMIM

2.2.1 8%

ARM Z2A|XE ARMAMA AAIS 348 7}
A3 A B Z2AA 2 vlo]azAEEY
£ W3l 32H]E RISC(Reduced Instruction Set
Computer) 2 3+ H 3l=go] Fazox BEF35 0
Aeol e, Ay ARV Ra 71E Ao
e FHE 7k A gREE A2 A
AL Z2AA RAY &E7F ol Al2F A

118

2008. 12.



ARM OiO|2RZHEEH J|4 RTD-1000A2 38

A9 TR 5% e AY 24 BUe T
T QE HYIM ARM ZEANE ol 74 F
FETHS). ST ARM A2Ee vlgolt BolA
Q =719 Aoz AR MR K] U2
of =9 A 43 F2E BFAGh

2.2.2 sl=slof EEHE

ARM EZZAAE HHolE AHeElslka HolHE
ZZshe 707} HAlolth. ARM ol HEe
Astixlsle ofEeAol|Mde] d3hs 53T 54
of @A stefol gl Al Falely B4 HE
A3 & A3 A% FAHGAT H E 52
Qo ¥l =3 vRy AHHPE AdL
A3 AEEHE FHGR &3th ARM FHEY
e Wz {3E YALHE T3l Aok

Folo} FHAXE AAs] 3] ARM Z2A
A9 23 o}l7|edlx]2  AMBA(Advanced
Microcontroller Bus Architecture)E AH&-3HCH6].

2.2.3 &= E8|of HEHE

ARM Al2H& 53] 93 AT ES] HX
UEE 27138 2E, SYAMGFEZY 3, ¢
nlol2 Egtol, oFgAoldeE s 4 Utk
%2718} FTE ARM HEOA AEE 3 WA

AZEdoR, B of7|HA ] &t} o] 2
ZE TIAAZ AAE @A FYEHE Had
o & FYITh o YA AyPd 1=
Eglo] = L9H)AtHe).

TIAA e FEZHE B3 st=do] 44 2

HALE 27|18 stk agn =g g
Ao} IZHAEYHXE AME3E7]) 9% 8738 Al
FEcHel T3 thE-Ed F9AAs dnlolx =
ol E gl sl=9o] Ax|ete] Qe H o)A
AFgch duits AJEAH ZeaHe
d g FAYE FHAA 7REIA et
gAoIH-E F+F 7131t} RTD-1000A8] 7%
e MYy ojZelAeldez FHHLL

g 2
id oX

u

3. 7]1& RTD-1000 A|2¢ &4

M= 7]

ARM 7]8ke] RTD-1000A%] 7&< 9
BA3 gart ok

£ RTD-1000¢] 43 715&
3.1 AlAHE 7ML TS

RTD-1000AE 7|& RID-1000& 38 o
FASE FAEE Estn dv FEE 5Ho=
7Tk ol& 3 B HelMe 7IE A" T
A 715 B3

% 2¥ 7]1& RID-1000 Al28] FAZo|th 1
HollA A7 wiZlE wiQl AEEE TDR
& AjoJslal A dHo[HE ol B4 2 X &
of ZUEH My gtk 7]E RTD-10009]
ol HEZHE Intel x86 oFF1ElA] T A|xe}
MiniITX 72 WelRe 7|uk A|x®lo]t} E3 &
4GB 49 3jmr]A3, SDRAM HWEIF= 1
g3 ALFFAR7E A" HE PCY AYes
F44=o] Qith4]. o] 42 TDRS Alofst7| g
PHt= AESHEE FEE Ao, HE PC
ALeFo]7] wWiEel Ak @R ol o] A%t =
A 2 730 Aol AEsHA el

TDR2 3] AEE &) AMoAsy F7t
A#] BAZAE S35t dolH dHolHE e
o} a2]3 do|y dolHe BHE F3 A=A

. 4chencl

serniatl line tonnector]

Main Confroller |
Board - 1l

Channel
Distributer

x86 CPU - mATX type

- Store device - || Coolng
(HDD) fon

serial line — ams
for controt BNC line
—

-Tme Domain
Reflectometer -

(3% 2) 7I& RTD-1000 AAH FHT

gk QB S| (963)

119



ARM ofo|Z2HE E2 7|8+ RTD-1000A2] +&

o] @A, 9k AAgHL

AdPuirle AR FAEHMT TDRY |4
9l BNC ComnectorZ 4392 Urx AEE ¥
ke 93e ok Adiurie AARNS
] AdE U 3 AR ] Alde] AsE
ojzke q¥vs ke FHEY 7lsoln
RID-1000 A|AE] Agole Fio] glomz B =
BolA A ez mesiA et

2

3.2 HAloe 74t Jls

71& RID-1000 AEEZ 9 AZEAE FA
SA4H A}  HYolg FAEL EA3AAe
Windows XP Embeddedo|™ -8 WA} g o]
U= Al2"e] &4 & 4 UEE 2FF0] 7153
t} A F=raa 22 U8 BEI|943
o Mxjsgojo} &1, GUI 7|4ty tiFg HE|w|T]
o - Y3y " tjxEdo] FA7F 2
8317 e AlEHdA e gaid Wzl v
EAS zh=th ¢Eo] RID-10003 Z2 AAE
2302 sh= Al2dd A8 A=z E FFE
A ity 2¥7] wjie] B =FoA At
RTD-1000A¢] $dAAle = lEa 7lde
T35tk ARME Addde dHtE Esie
2 HFAT $53 JEYAS 3o A3
gut oplel AAIZHA EFA Aol TE&FHY WX
Zaelel A"@EE sbsA IOHTIEL
RTD-1000A9] A|2H] PFAL 433 a8 A
oln] Aunje} o] A FAFH o} BT ThEH
o} Aoz} BV A4S Eole Aol vis- T4
3ty 123 RTD-1000AE ZHA#e) AElE A2
o2 Ak IS sjof = EEY T
5 Z2ao] PFFo|t}. o]t Qo B3t
< 9= gx52e AI2E AR ] 71H
& F ole B3 dREe}t AA e ol AF
He, £3 AAIZMES AFe

7]1& RTD-10000] AX€ 5 ZEIH2 GUI
7)hke] A5$ gz adoZ TDRF} ModemE

£3)

Aofsta, EXHE dHolHE wolr MW FHFE
Agshe 98E 3t AR GUIE F3) A&
® MAo] o]FolHE RID-1000 7-5 ZE1e
2 Ao} EERT GUIY| B2 gixrt @34tk
ol = AMEALS}e) QEF 0|2} BA] QFEA] =
RTD-1000 A|l~¥o 2= wf-¢ vl g8 FAJo|th
Hhd B =FojjA] Zokst RTD-1000A 7% T2
#L GUIE wiAIEt F2F el HFAAQ] e
HAsld EEE FEIIUTh 1 A" AR
WAL 2oy g FEete AAEE e
o2 FgAo|x A T35k

4. RTD-1000A 2A 2@ 3

2 FAME 37N 4% 7]€ RID-10009]
FAAT AFFFs A% a7ARES nkgsl
RTD-1000A FEE89] AAY FHZaade
Bl Ead =

4.1 7% 8 75 2 2F 84

dA ARM wlolazAEEe e FHe s
o. ARM FlO|AZAEZH: dhs BHIE 7Y
A3 =Zojel wAE ALES Tk s
RTD-1000A 7@ #83 AEEY Tupo]2vhs
FAsorth £ st=do] et HlE Aol
Trade OffE Z¢tsfopsta, 75 £ZEH 7} 87
3k a9 st=do] 7Ao] vhdsofo} 3.
g =izt 7|t Hojop Az EY o] A
o §BA Fro g EAES B HE &
At

RTD-1000A YH|TIE AZEFE 27|38 2=
£ X Fololst tlolx =EtolHE Eiehe
$AAA g FF ZEaPe s FAEL H
doje st=dolE 27I3A71T, FIAAE 2=
ke AEE stz ALEdM 7P ZewA g
FHY Z2aoltt. 1u FYojE 7tes
TF Z2aY 78| etk AT 13T T

120

2008. 12.



ARM olol22HEEZ 7|8 RTD-1000A] 78

A2 Ft=do] Fxo) F&H A S %
A2 dadgol=e Aks L 4 on, T2
a3 g g g 71wy TR FARST)
gol&tA grH7.
B =%oA RTD-1000A%] FFZZadL 7HAh
gEa 7o) =20y BEE FHALE o
oldA]] EEay &2 FUE] A Hod
7Festa thekgl o EelAlo)ld Lay dupeja
27b FNEe] T2 sfire] Lol g
gE2e oFEAME B 3=l A
BTt 2 AR AESE vEYa He5E
7HAY Y EEt Al2E F¥o) Jhesith 1B
2 RTD-1000A AlZ=H SFAAZ A P52
ALDE A2l T H93 BEE A9 FH
H3lgk FAHoE gAjsteqof 3t

RO

B O i dov

K

4.2 ANA” T 2 A

RTD-1000A 2] Hals &3

TDR#} EAISTHY. 2HEZ ARM vlo]|AZAE
8% USART(Universal
Asynchronous  serial Receiver and Transmitter)
ControllerE §#J3te] Fd=]ojof gt

a9 3& 7]& RID-10009] FA14& BHgsla
N5e B 8l TS AESY Rey 7

AESHE A

=

Synchronous and

system JTAG Slection & Scon
controller . | E 2
v ethemet L
0osC: MAC -
Rsic mir & ARM9TDMICore
mo & : Cache . MMU DMA
layer - Matrix (AMBA ) o
320 peripherdl EBI G e
Rom | SRAM bridge | DMA SORAM .
5 T controlier =
conirolicr DPRAM [T o] RSA?A
USART USB Device controker .
o -z
w0 i !

(32 3) RTD-1000A HEEY B F4%

Az o)t} RTD-1000A AEEY HEE
ARMITDMIAIE CoreZ 492 SDRAM L&,
ZA] B 2E, RS232 Algl¥ ¥E, USB ¥E 1
23l RI45 o|odll XE Fo8 FAdEL o &
1€ 7]& RTD-10008] HEZEZ2} RTD-1000A%]
ARM ZEEZ 9 A4S Hlag Rojth

(E 1) HESY EE= Al B|R

RIDIO0A | 71 RID1000
Z2AA ARM926E)-S(200Mhz) |Pentium HI{800Mhz)
wQl wlxz] 64Mbyte 256Mbyte
F 244 |NANDFlash(256MB) [HDD(40GB)
DSUB, RS232, Rj45,
ol E
A 28 RS-232, RI-45, USB USB, EIDE, audio, etc...
A7) mm)  |100x170x15 170x170%55
191
g’;;“- 5V DC(10 Watt) 5V&12V DCR50 Watt)
, oF  33°Clcooling fan
iy ez 194 19°C bl A

¥ 1% EW RID-1000AE 7|& RID-1000¢] ©|
& viimzel} = AFFR Y LS HATEG
1, S99 BY8s ¥EE AAsIY HPEEY
HEo] 37|15 A €U AL I F Uk o)
B AAAHQ sl=do] g@lixrt 715%0]4 7HAE o
& HoAFErh =g y7gd #AHAAE 3=
do] FFx AAE £ Ao A}t B T
A Al2H QAT B

AEEZ#9 ARM IojE ARM 92 &3y
ARM 99 Clock Speedt < 200MHz AEE
RTD-1000A 75 F27} gla SFAAE 283}
7] $13 MMUMemory Management Unit)= B 5
oUtHi0]l Zole WAE Ed) ¥xe] 32kB =)
SRAM, 9|F HRz] ZHEEY IHHo|L,
Ethemet MAC ZEE#] 18]31 Peripheral DMAS}
Bridge7} A2 €t} o274 7433 ARM AEEHE=
71&2] RTD-10009] H-E PCAFSY] A|2~"-E A
3t oz YulE Fola A%E =Y FAl4

71E AAEOA B BAEE AEdE 5 At

8= QlE{Hl HEEHS| (9H635)

121



ARM glo| AZHE S

7|8k RTD-1000A2] 78

4.3 78 T2 7

St o4 RID-1000AS +837] 93 Al&H
N7 733 ARM 715 RTD-1000A2] HEE
2 BH=E AASIYT. o] RTD-1000A Al2~H-& +
5371 Y3iAde ARMOIA A8 753 AZEY)
o] ®Eo] BWQ3jth RID-1000A¢] &2 7§k
ZZ2IY A=+ 7]E RID-10008] 929 =21
A7 g FxFHo|1 FFHolojo} itk o] T
A A gA2E 7H7] ARM ARl H et
T2 gy w3 Z2ads vher] 93]
t}.

RTD-1000A8] % EZZIa#e g
olZFgAolA g agoely 75 u}
& Aoty ST HolHE dv SHREH] S
AE dolHE MHZ Afse AFEREZ Uw
t &4 ZE9 3 Hae AL FHis] ¢
3] TDRS ARt FHHHES AF3ch Ao
45 5d TDREZE flojBE HlolE
ARE A AuiAsE #AFE AA MY =2
UEY =20 Q12 & e dolH BHYL
2 UEY AEEES AW FIP(File Transfer
Protocol) & ©]8-3t Ho|HE HEdrh & Hy
Heyg Z23d o] & A, HolE d%4
FARE A 715S Eg9 F 252 ¥
Hol Azt oJ3) Fr1Hoz FefElojol gk o]
Az 7 3 g XA o g3 23
o] HA R3it}h. o]F WAL FF ZEI10]
A3 AL 317) 98 select 2d-E HL319 T

RTD-1000A A HA]2E]¢] TDRE] Aoje HHE
21& o] &3t Hlolg w Aoz £FyJirh TDR
Aolg F3A AFT F4E 3] HalAe EA
& F718 #AAFE  FHEsoop gtk o]
RTD-1000A9] 7% T2 IW L select 2L ALE-
3l 2E 3L TSI g44Q] 98-S
k= select F4= TDRAS] AF AHHE HA 3t
o AY9E AR seect e Aol o
79 oWMEE F shtel dis) trstA 3t sfF

[e]
3]

e
T
T,
[

9

i)

ko
o,

# Timeout or exception
e \-\\\

// ™
TOR Setting N,
7 “ N
TDR ‘Connect / ! N N
O Tn[ion:\?er Meosure to
pipe
L N [ Process Select K
Profilestoad % . function |
'l Vo P
O \\ Y T 4 /
Monitoring \ /
O /
severconnect ‘g:;f dafa W:;’g;’,;"’ /
e s o) o L
. //

(T8l 4) Ls=2 10| select ZH

olEZ} WA ALY AA3 AlZto] HHslH T2
AANA gele 9L Stk B =FoA 33
FEEZE2IPL o] T 7P EAHE o]&sl=w,
TDRY| &4 F7] 2 7AS 243A 3 53
HAo| 9] timeouts} exception®.E A3 A=
LHE AAAHET select T T8 wiESE
file descriptor®] ZHti7}4®, YO field, timeout struct
olt}. file descriptors= TDR#}S] 92 2AL 9|3}
o timeout structs FEIE ZX s AFAIZHE 9
v] gt}

3% 4% select EES 283 RID-1000A TF
Z2ae] AYE SAHOE FYshe e B
ok S olg] B Al st ZYPE wkEE)
55 39 AYY Fg& WA3ka, TDR#A 5713
st Ao} WHEAI FE AFHe RS gerh
select 292 B<3] TDRY A% HHAE 714
© Zo] ofet AIFA] F2o] Vel Ty
Eg ¥UAHE 7Y o]& select FE TDRHS]
EAlof| o]8& supervisor29 AHEEE Aol ofY
2} RTD-1000A 7% Z2a#] 25 F2S select
g oA o] FolA A o224 TDRAIA FA3H
tlolele] #&g wdd RSt FEH A H)
olEE MM RUEY T2 A2 4 9l
TE 7] elth 28a A2EHe NS =
o)7] A8l &4 3E Aadld YA F7vg
AlzE"lE 27188k 71%S SR F7Fs

122

2008. 12.



ARM ClOj3RZEEY

7|8k RTD-1000AS 78

2 FEZEIYE AFBZ oy 7XA o] Holut
o2 z2a3e] gagels @ AsAeS 343}
717k wig- &oldttt 21¥AT AFRE HE
FIP T2 3=y} gid Efsie] B pEx
23 o Zo] 798 A% T2 HAAE B
FsA dte AL iFt: asER B FEE
2o AEREY FIPE FHtolHele 4
o7 FHEIAG FhoelHde golnHs
HulclEsE B T2y w7 glo] adiz A}
€8 T JEE AU} o] select BE ol &
ARED MFEES THA HA 7T g8
o=y} fAHSE Aldle M2 S FA| gol =
239 FAAE 433] ol AFEERES U
Z2EZ 9oz A AT 5 AE oJHE 7}
Zltt,

RTD-1000A AEEZ = Theks gultis =24
Xt FGAA FolX ARMT BlH2 2Fg AE
Atk o] 2L A Guit= AlaHoA 713
H¥EHo|n AY AZEY} gl adug
o0& = Z2AMY EGA A Hg)
RID-1000A2] 7% Zzadel 78 2 skl uj
5 B otk

4.4 ANBY0|M U Ms H|Z

B =FoA RTID-1000A TZEER]S Fds}Ix
7]& RTD-10007}9] Asvln 2 AFE 317 99
TS M MEYAE AAsn AlEdolA
stk H2ENZE QRIS Astn Ay
A 1Ade A JdAFse AoE Iy,
EUHY Mo YEHNIESE Y] TCPIP ZEE
2 LANS 53 Jdejuldel H&st

aY 55 ARM FlO|AZHEEY 7y
RTD-1000A #I%1 AEEY HE9 ZHo|r 7&
RTD-1000 AEEY HE the] 30%E 483 9
Rem st=do] Fx7b BehA| geng Ay
Hol Mz gojur) =3 AEEZY FAsh=H 9
BEAGGR) 9} 2o dre] FHy|7)7F 2 FHA] &

(3% 5) RTD-1000A HIQIHEES H=

=tk

s ® 29|14 RTD-1000A8} 71& RTD-1000
T ZEaYe] 4% vng Y8 gL ge] =
AT, 229 g =27), A3 3, wie A
e Husi. Ha wolEY Be4de £
71 i3 7F 2O olee Aed AF%E F=
7202 JhF AAGAT FAHA HlaL dlo]
B 103] $4& i3y 4 Fagelth

(B 2) 7 =273 Mdsdl2

RTD-1000A 7]& RTD-1000
SR B 192 HF 3:x
w37 41KB 9.4MB
A2 Profiles GuUI
A v=e )} 2000 KB o 20,000 KB

23 AR Hlae 1AEe VEeE 59 4
olg A% ZAAZ A WHS AFE do|n
tolge] M SE/AE AFsAch I A
g 93 time FFE olRIATh wim HY
RTD-1000A%] FEZ2#o] B 65%°1%
H S 45 Y

T7& T2 34 7] vae FF golr
Helg IEFS HAA HYIAV|E NTES(New
Technology File System)dollx ZAslgicy 7|2
RTD-10008) ==7#8 =77} <F 10MBSl wHH

gk QlE{Ul HEts| (9263)

123



ARM Olo| 2 2HE S 7|8 RTD-1000A9] 78

{root@ ocalhost rtd—1000al# ./rtd—1000a
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