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ABSTRACT

This thesis presents the PLC networking development via mobile phone communication
system. The proposed technique is suitable for remote control system which can display status
and monitor diagnosis of the system. The PLC networking system is employed GSM modem for
receiving and transmitting the data from PLC to mobile phone via RS-232 port. The AT
command is used as a standard protocol to communicate between PLC and GSM modem. The

proposed technique is confirmed by the experiment in laboratory.
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Indicators

Rear-panel DIP switch

These pins have the following functions:
Pins 1 to 6: Node address
Pins 7 and 8: Reserved (Always OFF.)

Rotary switch

This switch sets the Master’s single-digit hexade-
cimal unit number.

Front-panel DIP switch

These pins have the following functions:

Pins 1 and 2: Baud rate

Pin 3: Continue/stop communications for error
Pin 4: Reserved (Always OFF.)

Communications connector

Connect the Network communications cable to
this connector. The communications power is also
supplied through this connector.
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SRT2-1D/0D
. Remote I/O Terminals
with Transistors
Models avananle with

. . 4, 8 or 16 VO pomts
4 dnputs 3 Inputs 15 I puts 4 Qutpnats 8 Outputs 16 Outputs
SRT2-I004(-1)  SRAT2-ID08(-1}  SAT2-ID16(-1) SRT2-0D04{-1)  SRY2-0D08(-1) SRT2-OD16(-11
. o,
t@’/ , BRolay Qutputs ; 16 Relay ()\I‘ipul:: : ‘\"'4::"::“
SRT2-ROCOB , SRT2-ROC16 : e
M ' . . P S
\ g %, - T po e
it \ SRAT2-R b i M\’ ‘@
St o . Remote /O Terminals M
‘@v/ 8 Power with Mounted Relays . SRT2-I016T(-1),
R MOS FET Quiputs . Z SRT2-MD16T(-1).
“ Myl SATZROFOS. N 4691"“’ VRPN © and SRT2-0D16T(-1)
s . MOS FET Oitauts - Remote I/0 Terminals
e ol SRT2:ROF16 : with 3-tier Terminal Blocks

Remote /O Terminals
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unit number allocated words unit number allocated words
0 CIO 1500 to CIO 1524 8 CIO 1700 to CIO 1724
1 CIO 1525 to CIO 1549 9 CIO 1725 to CIO 1749
2 CIO 1550 to CIO 1574 10 CIO 1750 to CIO 1774
3 CIO 1575 to CIO 1599 11 CIO 1775 to CIO 1799
4 CIO 1600 to CIO 1624 12 CIO 1800 to CIO 1824
A CIO 1625 to CIO 1649 13 CIO 1825 to CIO 1849
6 CIO 1650 to CIO 1674 14 CIO 1850 to CIO 1874
7 CIO 1675 to CIO 1699 15 CIO 1875 to CIO 1899
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a1319#t 3.2 msfmuad Yo udUNALAIEMWAd IS IR

TAG.NAME TYPE | ADDRESS | COMMENT
pump_run bool | 3200.00 command pump run
valvel open bool | 3200.01 command valve | open
valve2 open bool | 3200.02 command valve 2 open
lamp bool | 3200.03 lamp full

pb_start bool | 3300.00 start button

pb_stop bool | 3300.01 stop button

sw_vl bool | 3300.02 level switch 1

sw_v2 bool | 3300.03 level switch 2

valve 1 _open bool | 3300.04 valve 1 open

valve 1 open bool | 3300.05 valve 2 open
pump_not_ready bool | 3300.06 pump not ready
motor_trip bool | 3300.07 motor pump trip

2 CLK_GSM - CX-Programmer - [[Running] - PLC_2.NewProgram1.\ater_Level [Diagram]]
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TAG.NAME TYPE | ADDRESS | COMMENT

ATH ready bool 00.00 ATH ready

Call bool 00.01 call

send_message bool 00.02 send message

read message bool 00.03 read message

reset bool 00.07 reset
received_GSM_modem bool 1.00 received GSM modem
over current SMS bool 1.08 over current SMS
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TAG.NAME TYPE | ADDRESS | COMMENT

phase A bool 70.00 over current phase A
phase B bool 70.01 over current phase B
phase_C bool 70.02 over current phase C
q_fault_1 bool 3200.00 | fault zone 1

q_fault 2 bool 3200.01 fault zone 2

q_fault 3 bool 3200.02 | fault zone 3

q_fault 4 bool 3200.03 fault zone 4

q_fault Var bool 3200.04 | fault var control

over current bool 3200.05 | fault revernue meter
q_power fail bool 3200.06 | power quality fail
fault_1 bool 3300.00 | fault zone 1

fault 2 bool 3300.01 fault zone 2

fault 3 bool 3300.02 | fault zone 3

fault 4 bool 3300.03 fault zone 4

fault var bool 3300.04 | fault var control
fault_revernue bool 3300.05 | fault revernue meter
power _fail bool 3300.06 | power quality fail
reset_fault 1 bool 3300.00 | reset fault zone 1
reset_fault 2 bool 3300.01 reset fault zone 2
reset_fault 3 bool 3300.02 reset fault zone 3
reset_fault 4 bool 3300.03 reset fault zone 4
reset_fault Var bool 3300.04 | reset fault var control
reset_fault revernue bool 3300.05 reset fault revernue meter
reset_power_fail bool 3300.06 | reset power quality fail
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oogops | Read Message => AT+CMGR="1"
(000013) AT+CMGL="REC UNREAD"
©:0.03 @XFER || [oP1]
—Id I Y1 (or2)
Read_SMS 810
Re... | D120 foRz]
0100
Title  [Wsunsuasuaussiuvadmariugs (PLC_1) Auther Pirawan T. Step Number
Number | [ Revision Date 26/05/07 £00000
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0008
1000018

000007
(002221

000008
(000228)

000009
(000031)

002310
(000735)

Send command to GSM miodem.,

c:0aC &T#D || [CP1]
._._{ } ::3cic [CF2)
AT 1 =
) —'——| [CP3
AT < [crz]
C ot
- ]
ATDT
Cal
*0.00
_h I_ 4
il
s qiloic
Read SHS
Re...
Q034 | TXD
- ‘f\-—-——-l
Yt
™D
TIMER FOR DELAY READ DATA FROM GSM MODEM (CELAY RXD)
Q0De TCOD 1.03 RECEIVED =2 ...
—t | = O
TXD
™D
1.0) TIM [CPL
| L _f e
RECEL. ocio
=3)
Read deta from GEM modem.
1.00 CFIt2 @rD || [Cr1]
[C2ay || 022
5 D2CC
15 CP3
-y = [cp3]
3100
1.00 w003 @8sET || [CPL)
— | { } A [oP2]
RECEI Iy
oice =
D11E
wo.o2
_[ % 4
RESET
cco7 @B3ET || [OP1)
— | “;C” [cr2]
RESET ] £
Sicc ]| [°P3]
o1
@BSET [cP1)
3 I:: [Gp:}
3
sz | (€7
Tite [Wsunsumupustivvaamariude (PLC_1) Auther Dirawan T, Step Number
Numker [ Revisica | Cate 250507 000015
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[Frogriam Name : hewPrograml]

[Section Mame @ Certrol'eLnk]

g | | o
010 Send_SMS
=
[OPL]
[oP2)
e = = 20
‘:E:Eg:'}:_‘:} I T S {O—
= Do
2| [[=C |
[OF1] el
(oP2] [OP2
003332 END
0003 ©
Tte [Wsunsumusssiuvannarluds (PLC_1) Auther Jirawan T. Step Number
[Revision| | Cate 26/05{07 000039

Numter
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00223
10932008

EREAH]
(000208

[Frogram Name : NawPregraml]

[Section Nanre @ Wakar_Level]

Commard Yalve 1

23000

— |
PB_Start
Sta...

aE00.02

k=zF

— |
SW L1

L2v...

23000
_| l_
PE_Stap

St

W100.020

Comn...
Comm...

3220.0%
Jalv...

Command Valve 2

230002

—
oW vl

Lev...

220003
|

KEEF

[[3AH

[
SW L2

Lev...

2300.01
._| ,_
PB_Stop

St

W100.00

—

Comm...
Comm...

320002
Jalv...

Command Valve...

Command Valve...

Tte  [lsuasumususziuvannariuds {(PLC_2)

Author

Dirawan T.

Step Number

Number

[ Revision |

Cate

26/05{07

000200
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002002
(000010)

(00003
(002218)

000004
{200021)

Command Pump

2000 3200.0e

i

Yalve.., Pump_...
Comm...  Fump N...

e

—_—y
o
SW L2

Lev...

_| |_
PB_Stop

Sk«

123,00

—{ —

Comm...
Comm...

Commiand Fault

2:00.03

KEEP
IE11}

— |

Pump._...
Pump N...

230007
—
Motor ...
Mot...

2300.01

‘W10C.00
ICom...

— |

PB_Stop

3200.C2
(T

Lamp

Commiand Pu...

Command Fault

Lamp Full

Tte [WWsunsumueuszsivuaamarluds (PLC 2)

Author

PDirawan T.

Step Numtber

Number

| Revisicn |

Cate

2505/07

00Ccs10
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[Frogram Name : hewPrograml]
[Section Name ; Wire'ess_DaviceNat]
£00200 '4'~'11'J|-JJ @voy [cPL]
(00324 I 1213 [C‘l‘
Cemm... =1
Comm.,. =
. 12,00 gwvov || [CPL]
000901 &M
joanaze) — | =t 1 [oP2]
Reset_f <
Res. c
000202 E.I'\S
(000029) fla iR
Tite  [Tsunsumusussiuganmaiiuds (PLC_2) Auther Pirawan T. Step Number
Number | Revision | Dats 25/05/07

000525
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oooog | [Program Name : MasterPLC)
(0020000
[Section Nanre @ Data_Link]
Cwver Cuirent Data link From Gave PLC
= WL | Over Currert
— Fia) {-;-
D103 Over_C
=
[OP1]
[OP2]
00001 Sending datato Save PLC
(00002)
W102.01  A2CH 154415 @PWCR || [CPL]
— ] ey
Reset_f... Com... :.‘.:11 [oP3]
e =1 674
=
Tite  [UWsuasumsanaasymuiavaisuasszuuainvl (FLC_L) Auther Dirawan T. Step Number
Number [ Revision | Cate 25/05/07 000C00
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cooono | [Program Name : MasteiPLC]
(002007
[Section Name : GSM_madem]
Ready => AT
2.9 @rFzR || [CR1]
_l I [ } H [C‘:Z‘
ATH R... M0} [ops)
R S12C d
21CC T
oomor | Call = ATDT 014830
1332336
0.1 @xrzRr || [CPL]
— | T [or2)
Call 10 [nagz‘
Cal Sie || o
S || P
coman | 19003 TCD! WA0DLC | Serd all fault ...
o1 —t | 4 O
Over_C... Send_...
Ow...
W100.00 M || [CFL]
L [or2]
Send_ 0cot
Send a... 10
coona | Send Message =»> AT+OMGS="0143300" <ar>
(C00018)
W100.00 TCCOD 10,0 SEND SMS: 1
| | A= F g, S
=T {_
Send .. [END.. SEND...
Send a...
0.02 ) @xFzR || [CP1]
_|:| [l I [OPE]
Send ... 410
L. D140 EFEEB]
o1c0
1.03
_h |_ 4
Over ¢,
0.0
_{ I_
SEND...
SEND ...
TIM || [CP1]
| _I| SENDSMS: 2 i
| 00C0 || [op2]
#5)
oonjos | TaCC EXFR [oP1]
(0000241 f_Eh|IDI :’l"'_‘ [Gp2]
- i 2] =
Bl 5.2"03]
o1cc
Tite  [Wsunsuaisssrasaumufawasuassuune’y (PLC_1) Auther Pirawan T, Step Number

Number | Revisicn | Cate 26/05/07 00eca7
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002008
(000028

000238
1003028

000207

(0022285,

000008
(000343)

Read Message => AT+CHGR="1"

AT+CMGL="REC UNREAD"

2 JIS @JE_FJs:: [cr1)
=R aio || (2]
Read_... e [cr3
B St | P

133 TCCO} 20.08 ATH

t——H O—
Qvar_c... ATH
v,

0.5 TiM || [CFL]
—] | _ [or2)
ATH DCC3
AT A0

Send command to GSM modem.

0.0 ano | [cf1]
._.{ |r _:.-J:: TXD
ATH R, CICC [C'FZ]
ATH.. ::?0 [cr3]

0.01
- ]

Call
Call

12.C0

4 p
SEND...

SEND ...

TOOCO
—]l' '_ J
SEND ...

_-?.JIS EE,EIE TXD
I \)
Read ... ™D
Re...

30.08
._h }_ i
ATH
ATH

TIMER FOR DELAY READ DATA FROM GEM MODEM (DELAY RXD)
_EIB-C-E TCO1D 1.90 RECEIVED => ...

t I——J/f ]
TXD RECEL..
™D

1 :r? T || [CP1]

OP2

RECEL. T [oP2]
RECEL.. 23

Tite  [Tdsuasumsssidaypuiewatavassiuydw (PLC_L) Author Dirawan 7. Step Numker

Number [ Revision | Cate 26/05/07 000024
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200008
{C00IE0:

£o02010

co0n
(COT0EG)

000212
(000084)

Received data from GEM medem.

1.9 CF1Cz @RAD [cr1)
-1 | | = RO
RECEL. F_1s | 32C || [or2)
RECEL.. 10.. = =3
2123 )
sst faulk from mobilz phone
- TC0 W12DC4 | Received SMS fi..,
s {
_.':W Receiv...
[OP1]
D
[or2]
TIM || [OP1]
L QP2
1o i
=1]
~p1ce @wov || [CP1]
! =t 1 [op2)
D100
i || [CPL]
r 0oP2
GIGE [oP2]
=10
TC101 W 1"_3\3&1 Reset fault ...
- —1 —
Reset f...
END
163t}
Tte [Wsunsumsssiaasuauiawaisyasszuyainiv (PLC_1) Author Pirawan T. Step Number
Number | Revision | Cate 26{05/07 000050
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02200
(002200

[Frogram Name : SiavePLC)

[Saction Mame : Data_Link]

Data link to Slave PLL

195 WTIICC | Send all fault ...
— | g -
Qvar_C Serd
v
1.0 awvoy || [CF1]
A | w2t f [op2
Al Fault &1
D100
o1 |__Sending data to Save PLC
{00304
W10000 ALY 1515 @PMER || [CPL)
1 I | ol retdl BRI
f 1T 7l = __1 [opP2
Send_.. Com.. #1211 [oP3]
e =
Send a... :#:_ [Opq]
#
connn | Data link From Slave PLC
(102008
2 TCCOS W10d.C1 Reset fau't ...
—| o300 -+ AL
01300 Reset f..
=2
[OP1L]
[OP2]
i || [CP1]
I L _hor2
0Ccs [ ]
=10
THe [Tsunsumissaiaaauanufawansuaszuyanylvl (PLC_2) Author Dirawan T. Step Number
Number [ Revision | Date 26/05/07 000000
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[Pregram Name : SlavePLC]

£00000
(000015)
[Section Name : METER_MODEUS]
SEND FROTCCOL TO METER.
D10J0 = SEND MESSAGE
D20J0 = > RESPONSE MESSAG
CF122 18181 @PMCR || [CP1]
— =t 21 [op2]
P 1s =11 ]| (73]
1.0. _#C_ {034]
;—#: '
o0
o001 |__PHASE A : CONVERSED RESPONSE MESSAGE => GWAPPED FP. TO FLOATING POINT {SWAF 2 CH.)
(000218)
003 wov || [CP1]
—-t €2t N PMCR RECELY...
Ere £20% | [cP2)
DX || PHASE &
mov || [CP1]
- | =0 H PMCR RECEIV...
02074 [oP2]
D30T} prack 4
o002 PHASE B ;: CONVERSED RESPONSE MESSAGE => SWAPPED FP. TO FLCATING FOINT (SWAP 2 CH.)
(003021)
0.08 MoV || [OPL
l, | [E-L-_ [(}PS!]
SE... | D2005 [ pHASE 8
D302
Moy [cr1]
b e} H
L. 0 [CP2
02007 [oe2)
D3013
cosooa |_PHASE C : CONVERSED RESPONSE MESSAGE => SWAPPED FP, TO FLOATING POINT (SWAP 2 CH.)
(000024)
0.08 mov || [OP1]
1 =% { [ope)
SE... _DZJ?G PHASE C
D304
mov || [CP1]
- e} [C‘PZ}
D20
D305
Tite |Tsunsumissanaaayawdawaisvasssuunglyl (PLC_2) Author Pirawan T, Step Number
Number [ Revisicn | Date 25/05/07 000015
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000000
(002028

CC0001
(000031)

000202
(003034)

00203
(000037)

[Program Name : SavePLC]

[Saction Manre ¢ Compare]
Fhase 4 * 0,2 {20 %)
CF113 e Phaze A - 20%
= 1443 [O=11
P_On D300 || prack &
. =2 [o72]
D708 || pesuL
[Cr3]
- RESULT
- Phase A - 20%
Win Yy [r_
23;"3’ PHASE A
A ~
= [oF2]
D702 || pesuLr
[CF3)
+ RESLULT
Compare betwesn Phase A& B: Limitat +,-20%
CF113 <= 70.00 Cver Current Fh..,
— | s O—
P_On £acca Fhase_A
Nwan, D7eCo
[OP1]
PHASE A
[OP2]
- RESULT
Compare betwesn Phase A& B : Limitat +,-20%
CF113 <= 70.01 Cver Current Ph...
|l 1215 4(3_
P_On cacez Phaze_B
Alwa... Cveco
[orP1]
PHASE B
[oP2]
- RESULT
Compare between Phase A & C: Limit at + , - 20%
CF113 <= 70.02 Cver Current Ph...
i | B —(O—
P On Cacc4 Pnase_C
Awa... D7CCo
[OP1]
PHASE C
[op2]
- RESULT

THe [lkunsumisssiadavarufanaisvasssuuanl (PLC 2)

Author

Dirawan T.

Step Number

Number

Cate

26/05/07

000C28
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002004
10003+0

COMPARE

QVER CURRENT => SEND SMS

70.00

W o1
] .

Phase_A
(e

7.0

t
Phase_2

)

70.L2

Phase_C

—t

e AT
Reset_f..
REs..,

Cver current ; SMS

Title

TsunsumisesIaapyaMdawasyasssuua g (PLC_2)

Author

irawan T,

Stap Number

Number

[ Revisicn |

Date

26/05/07

000%=0
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02300
(0020270

[Lnele]
{000E2)

000032
(0Q005T)

02003
{000082)

009002
{000087)

[Program Name : SlavePLC]
[Section Name : Fault]
2000 30007 W10 22000C | Faulk zene:
|+ I
A s
Rezet %, Q_Fau't_
Q Fault_1
Fau...
220007 330002 W0 a200C1 | Fault z0ne2
e e C
Fault_2 Reset f.., Resst f.. Q Fauit_2
Fau... 25, Res...
2200.0°
Q Fault_2
Fau...
a2 3300.0¢  W100.01 azinc2 Fault zone3
1l P | I
I r A A
Fault 3  Reset f.. Resst f.. Q Fault_3
Fau... Res... Res,..
2200.02
— — i
Q Fault 3
Faul...
220033 3300.10 W100.01 2202 Fault zoned
e C—
Fault_ 4  [Reset f.. Resst f.. Q Fault_¢
Fau... Res... Res...
2200.03
Q Fault 4
Fau...
2004 3300.11 W100.01 220004 Fault Var centrol
¢ ] 1 -+ (O—
Fault_Var Reset f.. Resetf Q_Faul...
Fault V.., [Res... Res...
2200.04
Q Faul...
Fault V...
Tte [ldsuasumsesiaaoupuiawansyassiuuae’y (PLC_2) Author Dirawan T. Step Numkber
Munber [ Revision | Cate 26/05/07 a000=7




00008

(000072

£ood8

(C00278)

280006 KEEP
t} o
Fault r. 3210.05
Fau. Over ..

230006 220012 W120.01 2200.8
= Y
— | C—
Power fail [Reset..  Resst f, Q_Pow..
Res... Res...

Fault ravern...

Power qualty fail

Tite

suasumisssradoummAawmayasszuuan’v (FLC_2)

Author

Jirawan 7.

Step Number

Number

[ Revision |

Cate

26/05/07

0ped72
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o007
(002081)

£09008
(000281)

000008
(00008<)

Send all fault ko mobil2 shone

2200.00

—t |
Q Fault_!

Fau...

200

vl

@viov
€21}

5100
D2003

@OV
121}

4100
D2010

END
13t}

All Fault

[CP1]
[oP2]

[oPL]
[cp2]

TiHe [tsunsumsssradousuiawansuasszuynaly (PLC_2)

Author

Uirawan T.

Step Number

Number

[ Revision |

Date

2605/07

000831
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CJ1M CPU Uni

CJ1M-CPU12/13
CJ1M-CPU22/23

CPU Units

Model Number of Maximum Maximum Program | Data memory LD Built-in Mountable Built-in 'O
IO points number of number of capacity capacity instruction ports options
Expansion | connectable processing
acks Units speed
CHIM-CALIZ (320 None 10 Units 10 Kstzos ﬂé‘r}fwds 102 ns Peﬂp"'-draRI’ lé‘erréary Nore
= T, = = = iCM en'y. no ort and R3-| Card (com-
IEEETEN (X5 TUni CPURack:  [MKstess | Ep BN hon | pact flasn)
Expansion
Rack: 10 Units
CIIM-C2L22 |320 MNone 10 Units 10 Kstaps 10inputs and & outputs
CIIN-CoL22 prn Inpus: 4 :nterrup‘ npu's
CJIN-C2L22 (840 1 Unit {fg’ﬂﬁ:-k 20 Ksteps 1ouiss caten; 2
i spesg counter in
Egﬁn?:ﬂc’l‘.ms {Phase ¢ ferantia
’ 5D kHz Single phase:
100 k=z)
wmls 2 pulse cutputs
aints for pasitoning.
g kHz speed centro,
and WM output)
CPU Unit End Plate RS-42ZA  Rack Dimensions
. Converter
o CJIM-CPUT2:13 CJIM-CPUZ23 {Provided with .\ he_rt
& the CPU Unit)  CJTW-CIFN

WAL Eﬁﬁ

] [ ey e

Wegm 120§ Weght 1709

o

—rL;I
|

4

——

__...—.
LaL
n

'4“""-‘—3‘—'—1— u

5
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OmRon

Common Specifications

Item

Specification

Control method

Stored program

'O control method

Cyclic scan and immediate processing are both possibe.

Programming

Ladder dagram

Instruction length

110 7 steps s&r insTuction

Ladder instructions

Aporox. 400 (3-dgit function codes)

Execution time Basic 0.1 us mun.
instructions
Special 0.3 pus nmun.
instructions

Cverhead time J.5ms

Unit connection method

No backplane (Units joined together with connectors.)

Mounting method

DIN track mounting (screw mounting not possible)

Number of tasks

288 (cyclic tasks: 32, interrupt tasks: 256)

Interrupt types

Scheduled interrupts: Interrupts generated at a specified interval based on the CPU Unit's Luilt-in clack
O interrupts: Intzrrupts from Interrupt Input Units or from built-in inputs (CJ1M-CPUZ2/23 only).
Power OFF interrupts: Interrupt executed when CPU Unit's power is turned OFF.

Extamal interrupts: Interrupts from Special 11O Units and CPU Bus Units.

Calling subroutines from multiple
tasks

Sugported using glcbal subroutines.

CIO {Core I/O) 'O Area

Area

These bits can be
used as work bits
when not used for
the applications de-
scribed on the left

540 (40 words): CIO 000000 to 1O 003915 (words CIO DCCE to CIO 039)

Setting of first rack words can ke changed from default {CIO £0L0) to CIO £CL0 to
CI0 0999,

'O bits are allocated to Basic /O Units.

Built-in 'O
Area

10 input bits: CIO 293000 to CIO 295009

6 output bits: CIO 296100 to C1O 295105

Built-in KO bits are allocated to the CPU Unit's built-in inputs and outputs (CJ1M-
CPU22/23 only).

Link Area

3,200 (200 words): CIO 100000 o CIO 119515 (words CIO 1000 to CIO 1188}
Link bits are used for data links in Controler Link systems.

CPU Bus Unit
Area

5,400 (400 words): CIO 1500C0 to CIO 189915 (words CIO 1500 to CIO 1835)

Special VO
Unit Area

15,360 {960 words): CIO 200000 to CIO 295915 (words CIO 2000 to CIO 2588)
Special /O Unit bits are allocated to Special FO Units (10 words per Unit).

Serial PLC
Link Area

30 (80 words): CIO 310000 to CIO 313900 (words CIO 2100 to CIO 3189)
Serial PLC Link words are used for data links in Serial PLC Link systems.

DeviceMet
Area

3,500 (600 words): CIO 320000 to CIO 379915 (words CIO 3200 to CIO 3759)

DeviceMet bits are allccated to Slaves for DeviceNet Unit remote VO communicatons
when the master function is used with fixed allocations.

Fixed allocation seting 1~ Outputs:  CIO 3200 to CIO 2262
Inputs: CIC 3300 to CI1O 33632
Fixed allocation seting 2 Outputs:  CIO 3400 to CIO 3463
Inputs: CIC 3500 to CI1O 3563
Fixed allocation setting 3 Outputs:  CIO 2500 to CIO 3663

Inputs:

CIO 3700 to CIO 2763
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em

Specification

Intarnal 'O Araa (work bits)

Thag2 £ 15 CaN be
4520 38 AT Dl
AN2N NOT Jg2d for
irs appieat one de-
scribed anna 21

4,303 (200 wores): CIC 121000 1o CIC 14991% {wzrds IO 1220 70 CiO 129¢)
37,532 12,244 words): CIC 320001 10 C10 £142135 words CIC 2200t CIO 6143)

Tnese bils Ir he CIO Are3 arz usad as work blls Ir pragramming 50 corirol program
ex2C418n They carnol b2 Lsed for excemnal 1o

work Area

8,162 1512 worcs): W230C3 10 'W31113 jworcs 'WOLD lo W31,

Tnese bis 3r2 usad 3e work bils In pragramming te corirei program execulior, Tn2y

canrs: be L5ed for exterral VO,

Neta: Wner usirg werd bits In grogramming, use Tits In tn2 Work Area et befor2 us-
Ing Lis from olher arzas.

Holglng Arsa

8,192 (S12 woros): F100C3 Lo H31115 (words 4130t FE511)
Holoing bits ara ug2d t3 coniral program 2xecLiion. and maintair their DN/CFF s1alLs
when FLC Is turnad OFF or th2 operating mede is changed.

Auxlliary Area

Rezd-ony: 7,158 (443 wonds ). ACQOOC Lo A447135 (words ACAQD 2 A24T)
Readiwrile: 3,132 bits ($12 words): A24810 10 AZ591E (aorde AZLE [0 AQES)
AUXTary 0iTs are al'os3tsd spaciic "unciieng

Tamporary Araa 1€ b1s [TRC o TR13)
Tamporary bils are useC ta slors CN!OFF 2xecutlon conditong 3 pragram branches.
Timer Area 4,068 TOOCD to TLOEE (usad ‘or tmers orly)
Countar Araa 4,065: COOCA to C2035 {usad ‘or counlers only|
DM Area 32 Kaords: DOCI00 w0 D32767 L5&d 35 3 genzrak-

CJUrpose ©313 3r2a
for r2aging and
Artirg gatainwsd
unlle 15 gits)
Viorss in e oM

Special IO Unit DM Area: D20320 t0 DE359E (110 words x 35 Units). Used 10 €21 pa-
ramsaers for Spaclal bC Unlls.

CPUBLs Und DM Arz3: 220020 to D31539 (120 words x 1€ Urits). Usad lo satparam-
elars “or CPJ Bus Unlis

Indax Reglatars

IR 10 IR1E
Slore PLC memory agdrassas for Indirect addressing.

Area maintaln el
slalus wrznn2
PLC I5 turr2d OFF
arthe gperating
mode 1s changed

Tazk Flag Arsa

32 (TKO0O0C to TKOO031}
Tas« Flags ara r2ad-only flags tnat ar2 ON when the comesponding cyclic task s belng 2xecuied and OF =
when Ihe carrespenaing sk I ot being axecuted of Is In standby salus.

Trace Mamory

4,003 words (trace cata: 31 bits, 6 worcs)

Flle Memery

Memory Cards: OMRON Mamary Cards with 8-M3, 15-MB, 30-MB. or £5-MB capacities can te us2d. M3-
DQOS format).

Function Specifications

Itam

Spaclfication

Constant cycie tima

Possiole: 110 32,003 ms (unit: 1 ms)

Cycla time monitoring

Possibie (Unit stops operating If cycla Is toa long). 10 10 40,000 ms (unll: 10 ms)

1’0 refreaning

Cyclic rateshing, Immegiate refrashing, rafreshing by IORF(0E7}.
Tne CPU BUS UNIT /O REFRESH |DLNK} inssruction can b2 used to refresh CPL Sus Lnits /Jncivding allacated
CIC and OM Area words) wnen reguired in the pragram.

Special rafraghing for
CPU Bus Unita

Data links for Contnol Link Units, rmota 'O communications for SevicaMat Units, and oihar speclal datafor CPJ 5Ls
Units arz refrashad al 1he folicwing Emes.
Quring IO rafrasn period or when CPU BUS UNIT IO REFRESH [DLNK) ngtruclion Is execulea.

I/0 memeory helding
whan changing oparating
modes

Possiole (using the IOM Faid 51t In the Auxlary Area)

Load OFF

All outputs rom Cusput Urils ¢an b2 turned OFF when the CRU Unitls In RUM, MCNITCR, or PROGRAN mocz.
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\. fargo Telecom

Maestro 100
Maestro 20

GSM GPRS Modem
900 / 1800



INTRODUCTION

Maestro 100 / Maestro 20 is a ready-to-use GSM modem for voice, data, fax and SMS services. It also
supports GPRS Class 10(IMaestro 100) or Class 2(Maestro 20) for hi-speed data transfer. Maestro 100 !
Maestro 20 can be easily controlled by using AT command for all kinds of operations, With standard 9-
pin RS232 port and telephone-like audio plug (via optional cable) the Maestro 100 / Maestro 20 can be
set up with minimal effort.

1.1. Package

The Maestro 100 / Maestro 20 package should include the following:
I.IMaestro 100 x 1

2. Power cord with fuse x 1

3. Safety note x 1

1.2. Interfaces
15 pin Sub-D Femae Connect
SIM holder,ziect button  SMA femace antenna connector  Staws indicator > ° S;ggg S

\

!
SIM Holder A_PIN connector (Power, Input / Output)

1.2.1. Status indicator

The LED will indicate different status of the modem:

- off Modem switched off

- on Modem is connecting to the network
- flashing slowly Modem is in idle mode

- flashing rapidly Modem is in transmission/communication (GSM only)

1.2.2. SMA female antenna connector

Connect this to an external antenna with SMA male connector. Make sure the antenna is for the
GSI900/1800 frequency with impedance of 50ohm, and also connector is secured tightly.
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1.2.3. 15-PIN D-SUB Female connector (RS232 / Audio)

- The connector provides serial link and audio link to the modem.
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Pin number ElA designation Type Note
1 Data Carrier Detect QOutput
2 Transmit Data Input
3 BOOT Input Not used
4 MICROPHONE (+) Input
5 MICROPHONE (-} Input
6 RX Receive Data Cutput
7 DSR Data Set Ready Qutput
8 DTR Data Terminal Ready Input
S GND Ground Graund
10 SPEAKER(+) Qutput
11 CTS Clear to Send Cutput
12 RTS Request to Send Input
13 RI Ring Indicatar Qutput
14 RESET Input Pull low to reset
15 SPEAKER({-) Output

Specification of microphone and speaker to be connected :

Parameters Min Typical Max Remark
Microphone current @2V / 2K Ohm 0.5 mA
Microphone input level 100
mVpp
Speaker output current 150 Ohm! 1nF 16mA
Speaker impedance 320hm

Please refer to the document “Application notes - Power supply & Audio” for more information of audio
connection.

1.2.4. 4-PIN connector (Power, Input / Output)

Pin assignment of 4-pin connector

Pin number Name Functions
1 [le] Input / Output port
2 ~INTR Interrupt function triggered by pulling this pin to

ground or LOW level; reserved for additional
functions with new firmware

3 POWER - DC power negative input

4 POWER+ DC power positive input
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9.10

9.10.1 Description :

Read message +CNMGR

This command allows the application to read stored messages. The messages
are read from the memory selected by +CPMS command.

9.10.2 Syntax:

Command syntax :
Response syntax for text mode:

AT+CMGR=<index>

+CMGR :«stat:>,<o0a>,[<alpha>,] <scts> [,<tooa>,<fo>,
«pid:, <dcs:», «<sca», <tosca»,<length>] <CR=»<LF>» <data> (for SMS-DELIVER

only)

+CMGR : <stat»,<da> [<alpha>,] [,<toda>,<fox, <pid>, <dcs>, [«vp>], <scax,
<tosca>»,<length>]<CR=<LF> <data> (for SMS-SUBMIT only)
+CMGR : <stat>,<fo=,«mr>,[<ra>],[<tora>],<scts>,<dt>, <st> (for SMS-

STATUS-REPORT only)
Response syntax for PDU mode :

+CMGR: <stat>, [<alpha>] ,<length> <CR><LF> <pdu:>

A message read with status “REC UNREAD” will be updated in memory with

the status “REC READ".
Note :

the <stat> paramoter for SMS Status Reports is always "READ”.
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Example :
Command Posslble responses

AT+CMTI: “SM” 1

Note : New message received
AT+CMGR=1 +CMGR: "REC UNREAD",”0146290800",

Note : Aead the message

"98/10/01,18 :22 :11+00",<CR><LF>
ABCdefGHI
oK

AT+CMGR=1
Note ; Read the message again

+CMGR: “REC UNREAD",”0146290800",
“98/10/01,18 :22 :11+00",<CR><LF>
ABCdefGHI

oK

Note : Message is read now

AT+CMGR=2
Note : Read at a wrong index

+CMS ERROR: 321
Note : Error : invalid index

AT+CMGF=0 ;+CMGR=1

Note : In POU mode

+CMGR: 2,,«<length> <CR><LF><pdu>
OK
Note : Message /s stored but unsent, no

<alpha>field
AT+CMGF=1;+CPMS="SR";+CNMI=,,,2 OK
Reset to text mode, set read memory to
“SR”, and allow storage of further SMS
Status Report into “SR” memory
AT+CMSS5=3 +CMSS: 160
Send an SMS previously stored OK

+CDSI: "SR”,1

New SMS Status Report stored in “SR”
memory at index 1

AT+CMGR=1
Read the SMS Status Report

+CMGR: *READ", 6,160,
"“+33612345678",129,"01/05/31,15:15:09
+00", "01/05/31,16:165:09+00",0
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9.11.3 Defined values

<stat> possible values (status of messages in memory) :

G v R PDU mode
z:sirl;lg vealues possible Status of messages in memory
P values
“REC UNREAD” 0 received unread messages
“REC READ* 1 received read messages
“STO UNSENT" 2 stored unsent messages
“STO SENT” 3 stored sent messages
“ALL" a4 all messages

Note :
For SMS Status Reports, only “ALL” /4 and "READ" / 1 values of the <stat>
parameter will list messages ;| other values will only return OK.

9.12 Send message +CMGS

9.12.1 Description:

The <address> field is the address of the terminal to which the message is
sent. To send the message, simply type, <ctrl-Z> character (ASCIl 26). The
text can contain all existing characters except <ctrl-Z> and <ESC:> (ASCIl 27).
This command can be aborted using the <ESC> character when entering text.
In PDU mode, only hexadecimal characters are used (‘'0’..."9",’A"..."F’).

9.12.2 Syntax :

Command syntax in text mode
AT+CMGS= «<da> [ ,<toda:>» ] <CR=>
text is entered <ctrl-Z/ ESC >
Command syntax in PDU mode
AT+CMGS= <length> <CR>

POU s eritered <ctrl-Z / ESC >
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Command Possible responses
AT+CMGS="+33146290800"<CR> +CMGS: <mr>
Please call me soon, Fred. <ctrl-Z> OK
Note : Send a message in text mode Note : Successtul transmission
AT+CMGS=<«length><CR><pdu><ctrl-Z> | +CMGS: <mr>
Note : Send & message in PDU mode oK

Nete ;: Successful transmission
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2. MODBUS SYNTAX AND PROTOCOL
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Energy Meter Protocol

Protocol Overview

The basic ModBus RTU protocol is shown below.

[ Start | Address | Functon | Data | CRC | End |

- Startis a delay time of at least 3.5 characters.
- The address is 1...247, where 0 is a broadcast address.

- Function is the type of operation to perform. The Mk6 meter only responds to function
code 3 (ie. register 40001 - 49999).

- Data is the starting register address followed by the number of register addresses to read.
This is only for the function code 3

- CRCis a simple LRC and the end is a delay of 3.5 characters.
The ModBus protocol has some limitations. Reading of ModBus registers are based on 16 bit
words. Since the majority of the meters registers are 32 bits the meter software will utilise 2

ModBus addresses. Therefore your software will need to be able to accommodate for this
limitation.

For more information see Modicon.

A good ModBus test program to use called ModScan32 which is available from the WinTech
website www.win-tech.com.

The Genius Mk6 meter accepts valid ModBus messages with function code 3- Read Holding
Register. The register address ranges from 0001 to 9999 which corresponds to 40001 to
49999, Each register address represents a 16 bit word (2 bytes), so to read a float (4 bytes)
requires 2 registers.

When a request is received the meter will translate that register address into an internal
EDMI register.

Each ModBus register address refers to a 16 bit word (2 bytes). When reading other data
types, like floating point numbers that are 32 bits (4 bytes) wide, there is no standard.
ModBus is big-endian, MSB transmitted first, but the 32 and 64 bit numbers are undefined.
Most ModBus reading programs have a big-endian or little-endian option, although not all do.
To cope with this, the meter also has a big-endian / little-endian option.
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Default ModBus for Mk6 Genius

The default setting of ModBus for MK6 is quite simple since the register mappings are already
built into the meter. Figure 1-4 has the list of the default ModBus address mappings used by
the Mké Genius.

Read | MODBUS | MODBUS | Meter Options | Description
Address | Address Size Register
9002 9001 2 EOOQ 1 Phase A Voltage
9004 9003 2 E0O1 1 Phase B Voltage
9006 9005 2 E002 1 Phase C Voltage
9008 9007 2 E010 1 Phase A Current
9010 9009 2 EO11 1 Phase B Current
9012 9011 2 E012 1 Phase C Current
9014 9013 2 E020 1 Phase angle of A Phase
9016 9015 2 E021 1 Phase angle of B Phase
9018 9017 2 E022 1 Phase angle of C Phase
9020 9019 2 E030 1 Phase A Watts
9022 9021 2 E031 1 Phase B Watts
9024 9023 2 E032 1 Phase C Watts
9026 9025 2 E040 1 Phase A vars
9028 9027 2 EO041 1 Phase B vars
9030 9029 2 E042 1 Phase C vars
9032 9031 2 E050 1 Phase A VA
9034 9033 2 E051 1 Phase B VA
9036 9035 2 E052 1 Phase C VA
9038 9037 2 EO60 1 Frequency
9040 9039 2 E023 1 Angle between VTA and VTB
9042 9041 2 E024 1 Angle between VTA and VTC
9044 9043 2 E025 1 Power factor

Figure 1-4 Default Mk6 Genius Register Mapping

Let’s now look at how it works when the software reads a particular register in the meter. Just
say for example that the software using ModBus wants to read phase A voltage. The default
mapping will map the Phase A Voltage register E000 to the ModBus Address 9001. Since
ModBus is limited to 16 bit words for data and the voltage is stored as a 32 bit float, the meter
will use two ModBus addresses to capture the data. That is why you will notice that in the list
of mappings that only every second ModBus address is used. The following ModBus address of a
mapping should NOT be used since it is word (16 bit) aligned.

The software however will require special handling of this type of 32 bit data. In the
ModScan32 test software the data must be set as Swapped FP. This will align the data and
format it into a floating point number before displaying it on the screen.

It is important to note that for the default mapping of say 9001, the actually ModBus address to
be read in the software is 49002.
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Abstract : This paper presents the programmable logic controller (PLC) nenvorking development for communication
with the mobile phone, The proposed technique is suitable for remote sensing control systems, which can display the
operation status and monitoring fault diagnosis of a system. The system operation is based on the use of personal
computer (PC) to logically analyze data from PLC, and existing mternct protocol for sending information messages to

mobile phones.

Keywords : Programmable Logic Controller (PLC), automatic control system, remote sensing system

LANTRODUCTION

Presently, a programmable logic controller (PLC) is
widely used in many applications such as process
control systems, instrumentation and measurement
systems, especially in automatic control systems. The
PLC-based mutomatic control system can offer the
automation system that can be controlled remotely by
using the remote [0 terminal to communicate with each
arca (node). Morcover, the PLC networking requires
only 2- or 4-conductor signal cables for connecting and
exchanging data with FA devices, such as PCs, or IT
devices, such as personal computers.  This means that
the system greatly reduces wiring work, installation
effort, and time for system maintenance and expansion.
Recently, wireless automation systems have much
received the attention. This is due to the fact that they
are low cost to get started, easy to expand, and suitable
for a variety of production styles, such as t control
production in individual cells in cell manufacturing.

Therefore, the development of the PLC-based control
system for wircless automation in mobile phone
networks is proposed in this paper. The proposed
technique can identify the system operation fault and
report the operating status to the mobile phone via SMS
text messages. The simulation of liquid level control
system is designed and constructed in order to confrm
the validity of the proposed control technique. The
experimental results show that the obtained system
becomes a wireless automation control system, which
can remotely monitoring the system operating status
through mobile phones. Finally, the proposed technigue
is also expected to be useful m a wide-covering wireless
autornation systems,

2. BASIC SYSTEM CONFIGURATIONS
The basic system configuration for communications
with the PLC network is shown in Fig.l. With using
PLC links, the system operation can be divided into
three network levels, i.e., component network,

controller network, and imformation network. For the
component network communication levels, the PLC is
used to control and conncet the various control
components, such as digital /O module, analog 1O
module, temperature controller, servo driver and bar
code reader, via the DeviceNet network. The
DeviceNet supports IT devices such as, personal
computers (PCs) to access control devices setting and to
reduce work hours. The controller network level
provides a gateway that easily exchanges data benveen
FA devices, such as PLCs, and IT devices through
Ethernet. The information network is the top level of
communications. This allows sending PLC's data to the
server, and also enables a PC in the head office, remote
office, home, or on business trips, to monitor the system
in operation and the settings of each device, therefore
casily allowing the centralized monitoring of the
network. This decreascs the sctup time of the system,
allows improvements in system expandability, and
provides ease of system maintenance.

A possible application for telccommunications based
on the basic PLC nenvork communication of Fig.l can
be shown in Fig.2. In this case, the protocol support
tool is composed of middle ware, active X control and
gateway, which is the software for creating a procedure
or protocol for sending and receiving data to or from
general-purpose external devices through RS-232C or
RS-485/422. A protocol consists of a set of
communications sequences that constitutes several steps
and allows the user to iterate, branch, or end these steps
according to the result of the process. The PC function
as a server connected to an internet cxplorer for
accessing mobile phone database.
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3. PROPOSED PLC NETWORKING SYSTEM

In order to enable a PC in the system to monitor the
system operation and the settings of each device, the
DeviceNet (CompoBus) network configuration shown

in Fig.3 is used [1]. The DeviceNet, developed by
Allen-Bradley, Inc. of the U.S.A., is an open field
network that can connect to a wide range of I/O lines,
analog signal lme and communication lines (e.g., RS-
232C and RS<422). The DeviceNet is a multi-bit, muhi-
vendor network that combines controls and data on a
machine/line-control level. Two types of
communications are supported: 1) remote [/O
communications that automnatically transfer between
slaves and the CPU unit without any special
programming m the CPU unit, and 2) message
communications that readAvrite messages. control
operation, or perform other functions for master units,
CPU wnits to which a master unit is mounted, or slaves.
Message communications are achieved by exccuting
specific instructions from the program in the CPU unit.
This allows the DeviceNet network to be used as a
common bus to unify control while reducing wiring.

DevicelNet
Mlucr Unit
DeviceN et network
Rcmd: ro l ]
Slaves

Figure 3 : DeviceNet network configuration



Figure 4 : Proposed PLC networking system

According to the basic concept of the system
configuration of Fig.2 by employing DeviceNet
network, the proposed PLC networking development
system for communicating with mobile phones, which is
suitable for the remote sensing control system, can be
shown in Fig.d, A computer server used in this system
functions as a central processing unit for sending,
receiving and monitoring data from system operation, as
well as connecting to an internet explorer. For the
commurication between PLC and computer server, the
host link protocol is employed via RS-232 scrial cable,
and using the FINS gateway as a software driver [2-3].
The Compolet program, which is an active X control, is
the command format for the sending or receiving
commands from PLC [4-5]. For the middle-ware, it
consists of Visual Basic 6 (VB6), PHP Hypenext
Preprocessor (PHP) together with intemet explorer.
VB6 will mantain the PLC data using command format
form Compolet active x control program, and send to
PHP, which processes for the web server. By using the
internet explorer, the processing results from PHP are
then sent the status of the system operation o the
mobile phone through the web browser.

4. EXPERIMENTAL RESULTS

In order o verify the control operation of the
proposed PLC npetworking system for wireless
automation n mobile phone networks, the liquid-level
control system depicted in Fig 5 is used as a system
under control. In this configuration, the configurator is
a software application, VB6, running on a PC that
operates as one node in the DeviceNet (Compobus)
network, allowing message communications between
PC and internet database. When the PB-START is
pressed, the motor pump will be operated and the green
lamp will also be "ON". In the other hand, if the PB-
STOP is pressed. then the red lamp will be "OFF"

indicating the stop operation of motor pump. where the
level of the liquid in the tank is detected by using level
SENSOT.

Figure 5 : Liquid-level control system
using DeviceNet network

Referring to the DeviceNet network configuration of
Fig.3, the node numbers of the inputioutput stave must
be set up. The beginning word is begun at address
2000, 16 bits/address, listed as the ladder commands
below.

Address output

slave node: 0 200000  Motor pump
200001 Lampred
2000.02  Lamp green
2000.08- Input slave
2000.15  error flags

Address output

slave node: | 2004.00  PB-START
200401  PB-STOP
2004.02  Levelliquid

SENSOT

2009.08-  Qutput slave
2009.15  error flags

Fig.6 illustrates VB6 editor PC program configured
the control application for monitoring PLC status and
sending PLC data to the mobile phonc. In the
experimental, if the system has a fault diagnosis or the
system cannot operate properly. The operating status of
the PLC will be sent to the mobile phone through
intenet system by VB6 progmm. The VB6 user
interface screens showing the resulting operation of the
system arc shown in Figs.7 and 8, respectively.
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Figure 6 : VB6 editor PC program

Motof pung OFF

Figure 7 : Sending text message to the mobile phone
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-}

Figure 8 : Resulting message after sending

5. CONCLUSIONS

In this paper, the development of the PLC-based
network configuration suitable for the wireless
communication with mobile phones is proposed The
system configures, transfers, secures, reports and
interfaces the text messages of the system operation
from the PLC-based networking to mobile phones.
Furthermore, the proposed system is also expected to be
useful in a wide mnge of wircless automation
applications such as, machine and device controls and
remote monitoring, pumping and water handing
applications, energy and network controls, measuring
and SCADA type remote controls, industrial and
building and vchicle automation,
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