VW WL CHLA Y VLSO
Dich tieng anh chuyén nghanh khoa hoc
v nhién va ki thuat.

Dich cac bai giang trong chuong trinh
hoc iéu mo cua hoc vien MIT, Yale.

‘1m va dich ta1 hiéu phyc vy cho sinh
1én lam seminer, luan van.

Tai sao moi thir déu mién
phi va chuyen nghiep 777




Cac hé thong Tin hoc Cong nghiép
(Industrial Information Systems)

Luu hanh noi bo
By  Bui Quoc Anh,
Hano1 Unmiversity of Technology
Computer Engineering Department
Website:
Email:


http://www.it-hut.edu.vn/~anhbq
mailto:anhbq@it-hut.edu.vn

Muc dich - Yéu cau

 Muc dich: Cho hoc vién/ sinh vién nim dworc:

Cau tric va hoat dong cta cac hé thong thong tin cong
nghié€p: SCADA, OCS, DCS...

Cac hé thong nhiing, cac ho Vi diéu khién va xay dung cac
ung dung l¢.

M0 hinh lién két, truyén tin trong cong nghiép, cac giao thirc
PLC va lap trinh véi cac ngdn ngir cua PLC

Hé diéu hanh, 1ap trinh/moi trudng thoi gian thuc

 Yéu cau:

Ngudi hoc tham gia day du cac budi 1én 16p 1y thuyet,
seminar va cac budi thuyc hanh Lap trinh PLC trén phong thi
nghiém, di tham quan/thuc tap nhan thiec.

Thuc hién cac bai tap 16n, tham gia/trinh bay seminar



NOi dung:
— Tong quan hé thong may tinh cong nghiép
— Mang cong nghi€p va cac giao thirc
— Embedded Systems: Vi diéu khién 51s, AVR-
90, DSP240, 386EX

— May tinh PC cong nghiép
— PLC va H¢ Siemens PLC S7-x00, ngon ngtr 1ap
trinh Step 7 va WinCC Tool

— He SCADA/ DCS/ QCS/ OCS...
— Tham quan Nha may/ Trung tam TDH A0, A1l



Tai1 l1iéu tham khao
 Publications:
— Tu dong hoa vo1 Simatic S7-300, Prof. Phan Xuan Minh

— Siemens Industrial Communication Networks
— Siemens S7-200/ 300/ 400 Series User Manual...

* Website/ pdf files:

— atmel.com; t1.com; modbus.org; scada.org...

« Software/ Tools:
— WinCC, Citec, Advanced Builder, OOP, ...

— Cac hé diéu hanh thoi gian thue/nhung - RTOS:
WindowsCE, T-Engine, VxWorks, QNX...



Bai tap 16n (Khong bat budc)

o Tim hiéu va bao cao cac hé thong:

— C?T:tu truc mang truyén tai - phan phdi dién Mién
Bac va H¢ thong SCADA Al;

— Hé DCS mét so nha may nhu Pha lai 2 Thermo
Pgwer Plant, Hoang thach 2 Cement Mill, Bai
Bang Paper Mill, ...

« RTOS/Protocol:
— Realtime ( )
— Xd Hard Real Time OS cho cac h¢ nhung.

— Multi Point/multidrop;


http://www.eventhelix.com/

Bai tap 16n (Khong bat buoc)

« Khai thac cac RTOSes: ca1 dat, 1ap trinh ud +
10, danh gi4, real time..., gom:
— WindowsCE ( )

— VxWorks

( )
~ QNX...

» Tham gia cac dé tai cia gv/ bomén/ khoa/
truong cd tinh ing dung - Industry Oriented IT;
e Thiét ké, lép rap, lap trinh cac thiét bi cu thé.


http://www.windows/imbedded/
http://www.xs4all.nl/~borkhuis/vxworks/vxworks.html

Ch 1.
Tong quan vé cac hé thong may
tinh cong nghi€p
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Ch. 1 Tong quan cac hé thong M4y tinh cong nghiép

1.1. Khai niém: La cac Mang may tinh c6 d0 tin ciy cao, gin lién
v6i d6i twong cong nghé, cho phép lién két mang & nhiéu cap do
khéac nhau dé diéu khién qua trinh va quan tri thong tin san xuat.

Dia chi ing dung: trong cac Nha may, cac hé Phat - Truyén tai - Phan
phéi dién, cac nha may san Xuat thép, cement, phan bon, hé thong
tin Piéu khién giao thong, Hé thong thim do khai thac dau-khi,
trong céac linh vuc An ninh - Qudc phong va Hang khong - Vi
tru...

e Cac Hé thong thiét bi va mang:
— SCADA - Supervisory Control And Data Acquistion Systems,
— DCS - Distributed Control System,
— QCS/OCS - Quality [Open] Control System,
— DAS - Data Acquisition System,
— PLC - Robot ... Ch 1: Overview 2



* Lich sit - phat trién:

— 1960s: Hé thong diéu khién cong nghiép trén co s& Relays/
Contactors, céng kénh, d6 chinh xac kém, khong tap trung, viéc bao
dudng, xac dinh 18i kho khan... ning suat/ chat lugng kém.

— 1970s: Xuat hién PLC - B¢ diéu khién Logic kha trinh, chu yéu thyc
hién cac ham logic, delay, b0 dém... dé thay thé cho céc bo diéu khién
cac ddy chuyén san xuat, thay ddi cau tric linh hoat hon nhung chua
co tinh tap trung hoa cao, s6 thiét bi dugc gén két v&i nhau it, dbase
muc thap.

— 1990s: Xuat hién cac hé SCADA/ DCS trén co s& mang LAN manh,
cac cong cu quan tri s6 liéu, céc may tinh va hé théng truyén tin tot...
nang cao tinh mém déo cho san xuat, nang cao chat lugng, ning
sut... giai phong stre lao dong cho cong nhan.

— Tur 1995: Mang Internet pho bién: cac mo hinh 'remote': training,
installing, service, commissioning, upgrading...
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— Vietnam: Hoang thach Cement Mill (1980s - QCX), Bii bang Pulp
& Paper Mill (1997 - QCS) cia ABB, SCADA diéu d6 ludi dién quoc
gia - A0 va cac mién A1/ A2/ A3 cung cac diéu do dia phuong - HN,
HCM.... (1995 - nay)... va tat ca cac N/m mdi dau tu, nang cap sau 1990
nhu Hoa binh Hydro Power Plan, Phti my/ Ba ria/ Pha lai... Thermo
Power Plans (OCS), Rolling Mills, Cement Mills...

— Xu hudng phat trién hién nay: Ty dong dua trén may tinh - PC based
Automation, tich hop vd1 PLC... nhu day chuyén san xuat - lap rap
BMW, Coca-cola, tau san bay USS Truman...
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* Phan biét cac h¢ thong:

— SCADA:
— Trén co sé hé truyén thong manh, tbc do cao, khoang cach xa trai
trén dién rong 16n hang trim hodc hang ngan km, c6 cac 1énh két  noi
qua v¢ tinh, may thu phat vi ba, cap quang hoac ISDN...
— Vi du: cac hé diéu d6 san xuat, truyen tai va phan phdi dién luc
Qudc gia, cac khu vuc Mién Béac, Mién Nam, Mién Trung, Cty Dién
lwc Ha noi, Sai gon, hé Khai thac va Dan khi dong hanh Dinh co...
— Thuong cac hé nay it diéu khién (tuy van cé chtrc ning PK)

— DCS/OCS/QCS:
— H¢ Do Iu’O’ng Piéu khién - Bao vé tap trung trong cac nha may, xi
nghiép, s6 diém cong nghé 1én dén vai ngan diém
— Khoang cach gan, max la 10 km
— Truyén tin trén cac dudng truyén mang/giao thirc cong nghiép
— C6 tinh thoi thye cao cho dicu khién va béo vé

— DAS:
— Hé Po luong - Piéu khién - Bao vé tap trung trong cac day chuyén
xi nghi€p nho 1¢, qui mo6 don gian
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Ch 1. Tong quan Hé thong may tinh Céng nghiép

1.2. Piic diém Cac hé thong May tinh cong nghiép:

Ghép nbi truc tiép véi d6i tuong cong nghé va xu Iy
thong tin trong thot gian thuec,

Truyén tin trong khoang cach xa (km.. Mm)

Thuong dugc lién két thanh mang vai cac giao thire
riéng, cac giao thirc hudng cong nghi€¢p, da dugc don
gian hoa va chuan hoa mic d6 cao

Do tin ciy cao, chong nhiéu tot, chong treo (Watch Dog
Timer/ Chien de Garde). Hoat dong dugc trong moi
truong khic nghiét: Out door, do am cao, bui, rung soc,
chiu dugc va dap...

Hot services (hot pluggible/swap)
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Tinh linh hoat cao, dé mé rong, nang cép, khai bado don
glan,

Dé dang chuan doan/ xac dinh su ¢d nho ¢o6 co ché
(thiet b1 va giao thurc) dé do luong cac thong tin vat ly
cua thiét b1 (t, RH, ...)

Nguyén tic hoat ddng theo kiéu chu ky quét lap lai
(scan loop), thay doi1 cac tham s6 cua chuong trinh ma
khong can (khong dugc) dung hé thong,

Cac cong cu phat trién: dé s dung, huéng d6i tuong,
than thién

Nang cao d tin cay: dung cac co ché Song hanh
(duplication), Du phong (redundancy) cho cac may chu,
may in su ki€n, thiét b1 sao luu... va cac duong truyén
tin.
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Nang cao do tin cay:
— Co ché Song hanh (duplication):
e Cho cac H¢ thiét b1 nhu, may tinh chu, duong truyén LAN, cac
modules, nguon cung cap...
e Céc thiét b1 song hanh cung thuc hién cong Yiéc chung - Load
sharing.‘ Neéu thiét bi thu (1) ¢d su o, cac thiét bi con lai thuc
hién phan viéc cua TB (1)
e Thuong co Thiét’ bi Master hay Supervisor dé giam sat viéc thi
hanh cua cac thiét bi song hanh
— Co ché Dy phong (Redundancy):
e Du phong nguoi.
e Du phong nong (Activ‘e—Standby): 2 thiét bi cung thuc hién
chirc nang ghu nhqau ve update CSDL Cong nghi€p, cung tinh
toan cho di€u khién ra, nhung chi c6 Tb1 Active dua tin hi¢u ra

— Watch Dog/ Chien de Garde:
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(a). Load Sharing Structure
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(b) Active - Standby Structure

Hinh 101. Song hanh va dw phong
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Ch 1. Tong quan Hé théng may tinh Céng nghiép
1.3. Cau tric mang:

Mo hinh mang cong nghiép thuong bao gom 3 Layers: Field, Process
Control (Master) va Supervisory/Management Levels: hinh 101
» Field Level: La cac doi tuong gan lién véi qua trinh cong nghé, thuong
duoc diéu khién boi cac may tinh cong nghiép, cac hé Vi diéu khién hay
cac by PLC nho. BPuong truyén thuong dang Point to Point hodac Multi
Point.

« Process Control/ Master Level: Két noi, tip trung hoa cac diém cong
nghé thong qua cac module truyén tin, c6 data base. Thiét bi thong
thuong la cac may tinh PC cong nghi€p hoac cac PLC manh.

« Supervisory Management/ Operator Level: thuong dung Industrial
Ethernet dé dit cac thong sb san xudt, giam sat qua trinh, quan tri co s&
dir li¢u sx, qly thiét bi, ql su co. Giéng nhu mang may tinh binh thuong,
¢6 thé ndi internet cho céc dich vu remote (installing, training, service,
update...)
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1.3.1. Field Level:

» Noi chung, chiing déu 1a cac thiét bj thong mmh (compute-
rized devices nhu Vi diéu khién, iPC), co cac cong truyén tin
RS232/ RS422/ RS485 hodc dudng truyén nguon dong dién
cO cach ly quang hoc:

« Cac thiét bi do gan véi cac qua trir}h san xuat/ doi tugng cong nghé:
May do luu lugng, nhiét do, ap suat, toc do quay...,
e Céac thiét bi diéu khién/ co ciu chép hanh: Motor, Valve, Contactor...,

» Cac hé diéu khién mang CN cap thap hon, diéu khién boi
nhitng bo PLC/PC (Field Controller) cho mot nhém thiét bi,
nhu mang AS-1 cua Siemens, MODBUS cua Schneider

* Dugc tap trung hoa, danh dia chi trén mot bus chuan, (nhu
Profibus cuia Siemens) dé€ trao doi thong tin vo1 tang trén

» Cac transducers, sensors thong minh...
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1.3.2. Master/ Process Control Level:
* La cac PC cong nghiép (iPC), PLC va cac may tinh ky thuat
(A1d/Health).
* Cac Cty san xuat PLC:
— Siemens Automation Simatic, S5/S7 series;
— Allen Bradley, a Rockwell Company, AB Master series;
— GE-Fanuc, a GE Company, Master Logic 90 series;
— ABB Automation, Master Piece Series;
— Omron,; ...
» Cau tric cac thiét bi PLC thuong chia thanh cac module
chtrc ning, dugc gan trén gia d (RACK):
— CPU + Power supply Module c6 cong ndi bo 1ap trinh (Programmer)
— [Expansion Memory Module (Flash, SRAM, DRAM, BBRAM)]
— Digital Input Module (mtrc ap dc/ac, cach ly...)
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— Digital Output Module (relay, transistor, triac..., Relay/Opto Isolated)
— Analog Input Module (u, 1, cach ly...)

— Analog Output Module (u, 1)

— Timer/ Counter Module (kHz, dém xung, do toc do, chiéu dai)

— Communication Module: (RS232/485; Ethernet IEEE 802.x)

—2/3 D Positioner Module (dinh vi 2/ 3 chiéu)

— Interface Module - dung dé mé rong thém cac Module khac

— Function Modules: cac chtrc nang diéu khién PID, Servo/ Step Motors,...
* Bus: thuong dung cac

— Bus chuan cong nghiép dé ndi voi véi cac tang dudi,

— Ethernet IEEE 802.x dé két ndi gitra cac ti PLC va ndi véi tang trén.
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* Health Repport & Aid (Development System) PCs :

— Health Report PC: Noi véi cac diém do tho (cac tang Transporrt
Oriented Protocols), hoac cac thong s6 van hanh cua céc may
chu, cac ta PLC dé cho cac chuyén gia (masters) bao dudng va
stra chira.

— Aid/ Development System Computers:

— Chtra Ctr nguon (system/application) trong PLC, chwong trinh dich
va tool - LOADER, DEBUGGER, SIMULATOR... ¢ nap va chay
thur PLCs.

— Dung cho cac chuyén gia sira chita/ thay doi/ nang cap phan mém
thay doi cac tham s6 do luong/diéu khién (d6i khi dugc hiéu 1a data
base) trong PLC,

— Khai bao thém cac diém cong nghé méi, xéa bo 1 diém di co (1
data base);

— C6 cong cu DEBUG dé cho phép Test, Run, Stop, Break cho tig
doi tugng
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1.3.3. Supervisor (Operator/Management) Level

» Dung dé giao tiép voi ngu’(‘)’irvém hanh, cac cl}uyé‘:n gia cong
ngh¢ (Pién, ,L(‘), Cement, Giay, can thép...) d€ di€u khién qua
trinh san xuat

 Mang may tinh IEEE 802.3, 100 Mbps, Giao thirc TCP/IP

Cac may tinh manh, song hanh (Sun, DEC Alpha, IBM AS400/
RS6000/Netfinity...):

May tinh quan 1y qua trinh san xuét, giao tiép voi ngudi van hanh (MMI)
May tinh CSDL, luu s6 liéu, diéu khién viéc sao luu

May tinh Pao tao, phat trién

May tinh Truyén tin (gateway) noi véi cac tang cao hon

Event Printers ...

Két ndi tang dudi (Down Stream) voi cac module Ethernet Adaptor cta
PLC, iPC
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1.4. Hoat dong va cac phan mém:

1.4.1. Field Level: co thé 1a

* Duya trén cac hé nhiing - Embedded System, cac hé vi diéu
khién, cac thiét bi transducer thong minh, hay cac co cau chap
hanh thong minh... ¢c6 cac chuong trinh van hanh riéng. Mot
s6 duoc go1 la RTU - Remote Terminal Unit

 Cac Field Controllers: cac PLC qui mo trung binh va nho
(min1 & mid range: S5-90/100/115; S7-200/300), co6 cac

module lap trinh.
* Cac Transducers/T{ansmitters, thong tin ra la cac dong dién,
dién ap da dugc chuan hoa:
v Uyyr=0..10V
v Ioyr =0..20mA hodc 4..20 mA
* C6 thé duoc to chirc thanh nhém: mang AS-1 hoac RTU
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1.4.2. Master Level:
e (Cac may tinh ky thuat (Health/Aids/Depvelopment...):
Hé diéu hanh: WinNT/ UNIX/DOS/BASIC...
Ung dung dung cac ngon ngir 1ap trinh thong dung: C/
C++/ASM.
e Céac Hé PLC cau hinh manh (Hi performance: S5-135/
S7-400
- Chuong trinh diéu hanh PLC: do cac hing cong nghé TP
- Chuong trinh Ung dung:
+ Ngon ngit: hudng doi tuong, dé hoc,
+ Kiéu LADder/ StaTement List va Functional Block
Diagram (H. 102),
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LAD STL FED

10.0 10.1 Q23 A T0.0 10.0 —
— I { A T0.1 IM_& —

0 -

-
102 103 A 102 = 1
| A Tod . .
| ! & L | QL
= Q23 103 —

Hinh 102, Ba kidu n qon ngifidp trinh PLC

— Chuong trinh dich: Interpreter dé cho phép chuong trinh do ludng - diéu
khién hé thong van hoat dong trong khi thay ddi cac tham so, cau hinh cac
module chuong trinh.

— Chuong trinh tng dung va s6 liéu dugc thiét ké san kiéu module va
database, dé trién khai, dé chinh stra tai hién truong: Input data base,
Output data base... ciia cac diém cong nghé.
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— Hoat dong:

» Thuc hién kiéu quét chuong trinh
(hinh 102), toc d§ quet phu thudc

vVao d@ 16n ChlI'O’ng trinh. Inittializing
- Poc cac gia tr1 vao .
- . Fig 103.
(Digi/Ana/Comm/Timer...) P
. . s 4 1A Input
Update vao co SO le{ l1iéu ) B Sensing Scan
e Tinh toan ra quyét dinh diéu khién  } Loop
e Pua cac tin hiéu ra Processing
« Ki€m tra cac trang thai no1 bd
« Chuong trinh dugc chia thanh Ouput Port
nhiéu Function Block, c6 thé
Enable hay Disable tung block Comm &
LT n Internal Test
trong qua trinh hoat dong !
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» Data base: Mot so hang thiét ké data base cho
riéng minh nhu MasterPiece cua ABB, Habitat cua

Alstom T&D. Mbi diém do ludng/dicu khién
cong ngh¢ duoc coi la 1 data base element.

» Bus va giao thtrc 1a chuan cong nghiép veé truyén
no1 tiep, do cac hang dua ra phu hgp véi cac tieu
chuan IEC... 1EEE... vi du muc sau.
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 Vidu data base: s6 do theo tho1 gian (Time stamp
data base) [a mot bd cac so lidu (record) l1€n quan
dén diém do do, duogc hiéu nhu cac fields nhu:

Tén/ma diém do

Don vi/ thir nguyén do,

Hé so hiéu chinh tuyen tinh (ax + b) hoic phi truyén
(ham dai s hoic giai tich),

Range: min - max,

Alarm Levels: Low/Hi Alarm

E-Stop: Low/H1 Emergency stop

Thot gian update - interval hay thich nghi

Do phan ly dé update

Doc lap hay phu thudc (vector), Lién két cuia s6 lidu
Historical Events (Fault - Value, Time...)
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1.4.3. Operator Level: La mang may tinh cuc bd LAN,
chuan IEEE 802.x, giao thirc TCP/IP

e CO cac may tinh nhu cac servers, he diéu hanh UNIX hodc
WiInNT, cac server nay thuong chay song hanh:

0 Server ung dung - hudng téi d6i tuong 1a cac qua trinh céng nghé,
duoc xay dung bang cac ngdn ngit/ tng dung chuyén cho SCADA
nhu CITEC, WINCC (Siemens)...:

0 Server cho cac hé co sé dir liéu ONLINE

O Server cho cac h¢ CSDL OFFLINE, Historical Data base va cac cac
thiét bi sao luu tot.

0 C¢6 kha nang tai tao lai cac tinh huéng, cac su kién hay su ¢

0 Server dé dao tao, dé mo phong cac qua trinh, cic su ¢6 co thé xay
ra va dua ra kich ban dé xir 1y.

0 Cong ndi véi mang cap trén (gate way) nhu internet/ cap quang dé
cho phép trao doi sb liéu va dic biét ndi v6i nha cung cap dé nhan
duoc cac dich vu dao tao, cai dat va maintenance tur xa.
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* 1.5. Case study 1: PC3 - SCADA/EMS

* 1.5.1. So @6 Phat - Truyén tii - Phan phoi dién niing
Mién Trung - PC3.
Xem hinh 104,

* 1.5.2. Hé¢ SCADA Piéu d¢ lwéi dién mién Trung:

Hinh 105.
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Fig 104. Vietnam Ceniral Region (PC3) Hi-Voftage Transmission Lines and Communication Network

Ch 1: Overview 25



Hé SCADA diéu do Iroi dién Mién Trung - A3

UNIX Realtime SCADA

UNIX Disparching

UNIX Historical dBaze

NT Comm. DAG

Realtime Syne.
GPS - Receiver Energy Manag. Sys. Trainng/Devipmnt Sys Server (Oracle) Open Access Gateway
EMS DTS/DS
| [2x100Mbps | Ethernet 802.3 | Duplication | |
CFE
Communication
Front - End
20 x PC Terminals, WinNT: Read! Writef Execute/ Audihle
Microwavel PLC/ Communication
Opticalf ISDN Medliz

¥inh Son
HydroPowerPlan

Fig. 105. Vietnam Central Region SCADA/EMS -A3

220kV-40MY A
Hhatrang Interm
Station

RTU 3

220k¥-100MYA

Pleiku Interm.
Station
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1.5.2.1. Pic diém Ludi dién va Hé SCADA Diéu do:

Ludi dién cao ap Mién Trung 1a 1 hé thong cac mang 500,
220 va 110kV, tra1 khap hang ngan km, tor Quang binh dén
Nha trang - Pa nhim.

C6 2 tram 500kV/220kV tai Da ndng va Pleiku,

Gan 10 tram 220kV/110kV trai dai khap mién trung va khu
vuc Tay nguyén, noi thanh mach vong khép kin.

Hang chuc tram 110kV...

Tai mdi tram c6 RTUs 1a thiét bi kiéu PLC, dé thu thap cac
s6 liéu cua tram: 3 dién ap thanh cai, 3 dong dién so C'Qip, 3
dong dién thir cap, 2 dong dién zero, trang thai cac may
cat, trang thai cac nac bién ap, tan so, cong suat tac dung P
va cong suat phan khang Q, cac so do tu dung, cac so do
ctia nguon dc...
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» Hé thong truyén thong manh trén co so 4 loai hinh truyén
thong (song hanh): OF, Microwave, PLC va ISDN.

» Hé thong do Hang Alstom T&D, Phap thiét ké, lap dit va
ph/tr phan mém trén co sé thiét bi hop chuan cua nhiéu
nha cung cap khac.

1.5.2.2. Cau triic hé thong: Chia thanh 3 16p chinh: Mang
LAN, cac RTUs va cac thiét bi do ludng - diéu khién tai
cac tram:

® Mang LAN Ethernet 802.3, 100Mbps, gom 8 may tinh
server, chia thanh 4 nhém chtrc nang (duplication), dat tai
trung tAm TDH A3, Pa nang:

« RealTime EMS Servers, 2 may tinh DEC Alpha, UNIX,
song hanh, lam nhi€ém vu chinh cua h¢ SCADA: do luong,
diéu khién, tinh toan trao luwu cong sut...
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« DTS/DS Servers: Dec alpha, UNIX, song hanh, lam nhiém
vu mo phong, dao tao va phat trién phan mém (thém bot
cac tram, hi€u chinh tham s6 cho cac CSDL...)

e HIS Servers, DEC Alpha, UNIX: OFFLINE Database,

gom 2 x 6 HDD RAID 5; 12 MO Drivers dé luu s liéu
trong vong 2 nam
 Comm OAG, Open Access Gateway, DEC Alpha, WinNT:
dung dé noi 1én Internet va cap quang ndi A0, Trung tdm
Diéu d6 HTP Quoc gia, Ha noi.
— Data base 2 side A3 va A0

— Protocol converter: IEC 870-x <==> ICCP (Inter Control
Center Protocol),
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o GPS dung dé thu thap thdi gian thuc tir vé tinh dé chuan thoi
gian gitra cac Tram, gitta cac diéu @6 mién va diéu d6 A0

 CFE, SUN, OS: OPEN VMS, Communication Front-End
Processing : dung dé truyén thong véi cac tram dién bang 4
loa1 Adaptor: Cap quang OF, Vi1 ba (microwave), PLC
(PowerLineCarrier) va [ISDN]:

— V24,4800 bps

— Concentrator,

— Protocol converter: IEC 870-5 <==> TCP/IP

— Buffer (HDDs)

— 4 Cards x 16 path, mdi path quan 1y nhiéu diém (Multi drop),

— Time synchronizing.
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20 PC Terminals, WinNT, c6 chitc ning MMI, cho 4 cap
users: Read/ Write/ Execute/ Audible

@ RTUs tai cac tram, 1a cac thiét bi kiéu PLC
(Programmable [Logic] Controller):

CPU board hang Microsol, Ireland, CPU 68020, IMB
EPROM, 8 MB SRAM

Communication: V24/V28, IEC 870-5

Cau trac va hoat dong theo kiéu database IN/OUT
(database driven)

IN/OUT Cards:
— Analog In: 64 channels/card, 4 card/RTU max, 0..20mA, Isolated,
time resolution: 6ms
— Digital IN/OUT Cards: 64 channels/card; 4 cards/RTU,
— Hi speed counters: do dém cong suat/ ning lugng
— Power supply: Accu 48Vdc
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® Field Level: 1a cac thiét bi chuyén doi
(transducers) tur dong, ap, P, Q, f... thanh cac tin
hi¢u dong dién (0..20mA) hoac xung

1.5.2.3. Cac phan mém hé thong va ing dung:

® Phan mém trén cac may chu:
o He¢ diéu hanh: UNIX - DEC va WinNT
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I'J’ng dung:

Phan mém TOPOLOGY, danh gia hé thong ludi,
SCANNER: thu thép s liéu, danh gia so liéu
Tinh toan trao luu cong suat POWER FLOW,
OPTIMAL PowerFlow,

Economical Dispatching,

Du béo su ¢o va hudng giai quyét,

Sa thai phu tai - Load Shedding,

Du bao phu tai: mua, néng, 18 tét, mua...
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Diéu khién OLTC (On Load Tap Changer)
Work Order/ Scheduler,

Supervisor for comm: Change Over, chuyén giita 2 duong
day deé phat hién su co,
Historical Reconstruction: 2s

AGC: Automatic Generator Controlling,
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« ONLINE Database: Habitat, ALSTOM T&D
— Real time, dong déu vé thoi gian,
— Két hop mo hinh quan hé va mé hinh cay,
— Duplication, Online integration,
— Limit: 150 RTU, 15k Analog, 25 k Digital data base.

 OFFLINE Database Oracle: Copy va chuyén doi tir Habitat
sang Oracle, (Open)...
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@ RTU Software:
Qui udc database cho mdi diém do, diéu khién.
Thu thap s6 ligu, chuyén doi thanh so do vét Iy hign thj tai
cho
Tac dong bao ve khi co su ¢
DPoéng gobi so liéu, gt 1én trung tam khi co yéu cau.
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1.6. Case study 2: Siemens Industrial
Communication Networks - SINEC

SINEC H3
CFDDL, 130
33141

SINEC H1
[ Ethernet, IEEE 802.3 |

SINEC L1
[ ASi, Actuator Sensor Interface

FIG. 106. SINEC NETWORK CONCEPT
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1.6. Case study: Siemens Industrial Communi-
cation Networks - SINEC

1.6.1. K/n: D1a chi irng dung:
Linh vuc tu ddng hoa trong san xuat, cong nghiép:
— Automobile industry,
— Chemical industry,
— Power generation,
— Food 1ndustry,
— Paper industry,
— Transportation systems,
— Water and sewage treatment,

— Mechanical engineering ...
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1.6. Case study: Siemens Industrial Communi-

cation Networks - SINEC

1.6.2. Cau tric:
1.6.2.1. SINEC H3: Top speed at top level

Bgckbone network based on the FDDI standard, c6 thé trao
do1 ~thérrlg tin vo1 cac mang khac ¢ xa, bao mat va chong
nhiéu tot.

FDDI: Fiber distributed data interface - chuan ISO 9314
100Mbps, ring upto 100 km

Double ring redundancy,

500 network nodes,
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1.6.2.2. SINEC H1:Accepted basis at the Field Level

Ethernet Based Industrial Standard:
— Triaxial/ Twisted pair/ Optic Cable
— 1024 Nodes, 4.3 km Optical, 1.5km Electrical
— 1EEE 802.3, 10/100Mbps

MAP/MMS (Manufacturing Automation Protocol/Message
Specification) over Ethernet,

Access Modes: CSMA/CD (carrierSenseMultipleAccess/CollisionDectection)
Dung dé ghép ndi voi nhiéu thiét bi: PLC hay PG/PC. C6 2
Options dé lya chon phu hop:
— SINEC H1-MAP:Phu hop véi chuan quoc t&¢ MMS Use’r Intefface -
ISO 9506, dugc dung rong rai, dac bi¢t cong nghiép ché tao Otd
— SINEC HI-TF (Technological Function):

— Cung cap TF dung cac dich vu MMS dua trén AP (Automation
Protocol - Siemens)
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— Puoc chap nhan va dung nhiéu ¢ chau Au. Két noi véi SIMATIC,
H1-TF c¢6 cac dich vu don gian nham t61 uu hda thong lwong cho hé
thong.

— Dung duoc nhiéu giao thtrc trén mang nay: Novell, TCP/IP c6 thé
chay song song vo1 cac irng dung SINEC H1.

— V6i module interface ctia SINEC H1, c6 thé dung nhiéu protocols
dong thoi trén mang, ¢6 su chuyén doi (transition) don gian gitra
mang san xuat va mang hanh chinh trong Cty.

1.6.2.3. SINEC L2: Communication at Field Level
« Siemens Profibus, 127 nodes, 23.8/9.6 km - Optic/electrical
« So sanh Fieldbus véi kiéu Point to Point
e Céc dic diém chinh:
— Dai rOng cac thi€t b1 va cac ing dung
- Dé,duqc chuan hoéa theo cac chuan cua DIN, ISO va cac té chuic
Qté khac.

— Giam chi phi 1ap dat va van hanh
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Nhiéu nha sér} xuat/ khach hang da dung nén dé dang luc chon va
thoin gian ngan.

PRQFIBUS 1a chuan bus dau tién dap timg duoc cac y/c trén day -
chuan DIN 19 245.

Giao tiép tbc d0 cao v6i cac thiét bi tai hién truong (cac
Distributed I/O Stations/ devices), 9.6 - 1500 kbps

Topology: Line, Tree, Star, ring

Access Mode: Token passing underlying Master/Slave

Protocols:

* SINEC L2-FMS - Fieldbus’ Mesage Specification:Cap cac dich vu
nguoi dung co cau trac (giong qhu MMS) cho céac cac modules - nhu
SIMATIC PLCs hay PCs (10 dén 15)

. SINEC L2-DP - Distributed IOs: La Giao dién nguoi dung dé ndi cac
thiét b1 (ET200 Station, Valves...)

« SINEC L2-TF va SINEC L2-S7

Két n6i don gian giira cac PLCs trong hé SIMATIC

C6 thé dung cap dién hodc cap quang
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1.6.2.4. SINEC S1 (AS-1): Communication at Field Level

Cua nhiéu Hang, thanh chuan quéc té IEC TG 17B

Noi truc tiép gitta cac sensor, co cau chap hanh don gian voi
PLC/PG/PCs

Luong tin tirc nho voi cac 1énh ON/OFF...

100m, c6 thé dung chung cap tin hiéu va ngudn cung cap, cap
thuong

Access Mode: Master/Slave

5ms for 31 slaves - line/ tree
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QGidi thiéu mot s6 md hinh/chuan truyén tin
trong cong nghiép:

Q2 Chuan truyén tin V24/V28 (RS-232C, RS-
485 va RS-422), 12C...

0 Cac bus tiéu biéu: Profibus, CAN, Modbus,
AS-|...

a Cac giao thuwce: ProfiBus, MODBUS va IEC
870-5



2.1. Khai niém vé truyén tin trong moi trwdng
cong nghiép (TTCN):
aKhai niém:
® La mang may tinh voi s6 nodes va pham vi dia
Iy han ché, thong tin trén mang la cac so do,
cac trang tha| va cac lénh diéu khién, gan voi

cac qua trinh thwe, véi do tin cay cao, kha nang
chiu nhiéu tot

® C6 kha nang ket ndi v&i cac mang may tinh
thong thwo’ng dé khai thac dwoc cac dac tinh
LU viét vé remote va database.

® Topologies: Daisy chain, Ring, Bus, Star, Tree



® Giao thtre: (Ky thuat ghép ndi) thwérng dung céc
giao thirc cac tang phia thiét bi (Transport
Oriented Protocols)
® Bao toan thong tin — trong md hinh OSI, 1&p 2:
= Phan loai 16i:
— L6i khéng phat hién dwoc
— Phat hién dwgc nhwng khéng stra dwoc va
— Phat hién va stra dwoc
= Phan tich va danh gia 16i: Chech sum, CRC, Parity...
» Panh gia theo:
— XAac xuat xuat hién,
— Th&i gian xuat hién,
— Theo diéu kién méi trwdng,
— Theo tac ddng cua dbi twong...



» Parity: cho twwng byte/character

= Parity kep: cho 1 packet. Tinh Parity va ?(OR doc
theo gdi tin => phat hién 16i va stra 10i néu xac suat
nho

= CRC: phan ctng, vi mach

= Check sum: phan mém



0 Cac chuan truyén théng tin:

® TIA/EIA (Electronics/Telecommunication
Industry Association), mé hinh DTE va DCE,
cac chuan qui dinh vat ly cda tin hiéu nhuw:

» Complete Interface Standards: TIA/EIA 232-F,
TIA/EIA 530-A [561]...

» Electrical Only Standards: EIA 422, EIA 485...
= Signal Quality Standards...
QTin hiéu:
® Single End, RS232
® Differential, RS 422/485, MultiDrop, Hinh 201
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Hinh 201. Mang RS 485 vé&i cac driversireceivers



2.2. Standard Buses:
2.2.1. AS-i bus:

a Actuator Sensor Interface
Q Céc (11) hang Chau Au hop tac phat trién

)

Managament lavel /
Cell leval ﬁ

Hinh 202. Vi tri AS-I bus trong hé théng mang CN



2.2.1.1. Khai niém mang AS-i:

Q AS-i (Actuator/Sensor Interface) la giao,
dién két noi cac cam bién va co cau chap
hanh & tang thap nhat (field level) trong
mot hé thong tw dong.

2.2.1.2. Hoat ddng cua hé thdng mang AS-i:

Q Kién truc va cac théng so hoat ddng cla
mang
® AS-i Mang AS-i la mang Single Master/ Multi
Slaves: Trong mang AS-i chi c6 mdt master
viéc trao dbi di¥ liéu v&i cac slaves trong

mang, thong qua co ché polling céac slave lién
tiep va ch® doi tra 0.

Topology ctia mang: Mang AS-i c6 thé c6 dang
dwong thang, hoac dang cay.
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® Thoi gian vong quet AS-i Master can 5ms dé
trao dbi di liéu sb vOi 31 nut mang - polling,
analog (12 bit sensor) can 6 vong quét - 30ms.

® Toc dd truyén théng: Fixed 167Kbps

® Thanh phan nut mang: Moi nut mang co thé 13
cac sensor/actuator theo chuan AS-i, hoac cac
AS-i I/O module cho phép két nbi nhiéu nhat voi
4 sensor/actuator nhi phan

® Khoang cach mang: B0 dai cap truyén trong
mang AS-i la khéng I&n, khoang cach toi da

300m, voi 2 repeater max. Lwong thong tin nhi
phan khc“)ng lon.



1 Ché dd dia chi:

® Ché d6 dia chi thdng thworng, 1 Master co thé
quan ly 31 slaves (41/40), cho phép két ndi voi
124 sensors/actuators.

® Ché d6 m& rong (A/B), mdt master co thé quan
ly 62 slaves (41/30), két noi dwoc véi 186
actuator hoac 248 sensor.

® M6i slave AS-i duoc gan moét dia chi, lwu trong
EPROM cua slave doé. Dia chi co thé dwoc dat
do AS-i Master hodc dung mot thiét bj dat dia
chi chuyén dung (mdi slave chi c6 thé duwoc dat
dia chi 15 1an)



0 Co ché giao tiép:
= AS-i hoat ddng kiéu Master/Slave. Trong mét chu ki

quet bus, Master thwc hién trao doi di¥ liéu v&i moi
slave mot lan.

= Master givi message 14 bit (5 bit dia chi Slave va 5 bit
thong tin - di¥ liéu output hodc ma goi ham), réi chd
doi slave tra 0.

. Message tra 1&i cua slave 7 bit [4 bit théng tin (d liéu
dau vao hodc két qua thwe hién ham)].

= Théi gian mét chu ki bus phu thudc vao so lvong
slave.
= Master c6 thé givi kém mot s6 thdng bao khac. Co tat
ca 9 loai messge,
— 2 loai dé truyén di¥ liéu va tham sb,
— 2 loai dé dat dia chi cho slave,

— 5 loai dé nhan dang va xac dinh trang thai hoat déng cua cac
slave.



QCau tric message tlr Master
® 0-CB-A4-A3-A2-A1-A0-14-13-12-11-10-P-1

= Bit 0: dau Message Bit 1: cudi Message
« CB: Bit didu khién P: Bit Parity
* A4-A0: Slave Addr 14 - 10:to Slave

QCau tric message cua slave:
® 0-S3-S2-S1-S0-P-1

= Bit 0: dau Mess. Bit 1: cudi Mess.
» Bit S3-S0: to Master P: Bit Parity
Q Ky thuat truyén:

® Ky thuat ma hoa chon dai tan so truyén, tw dong
bo theo co che APM (Alternate Pulse Modula-
tion) cho phép loai nhiéu => co do tin cay cao.



aKiém soat 16i:

® Trong 1 chu ki bit 6us (chu ki bus 5ms), tin hiéu
trén dwdng truyén dwoc receiver senses 16 lan.
Theo phwong phap diéu ché APM da nai, trong
moi chu Ki bit phai c6 mot hodc hai xung va cac
xung ké tiép phai dao chiéu. Nhw vay chi co céac
tin hiéu c6 dang nay méi dwgc nhan va giai ma,
nguoc lai sé dwoc coi la nhiéu va sé bi loai bé.

® M&i Mess. chiéu dai co dinh, co bit dau, bit cudi va
c6 khoang th&i gian nghi, => phat hién tin hiéu sai
léch. Ngoai ra, céc bit truyén con co bit chan 1é
parity dé phat hién 16i.



2.2.1.3. AS-i Devices

QAS-i cable:

® Kiéu riéng, dé két ndi véi cac thiét bi mang,
khéng can tach vo, bat vit hodc han.

® Truyén dwoc ca nang lwong va so liéu trén
cung mot cap 2 day.

® Khéng truyén dwoc trong khodng cach xa (toi
da 100 mét can co6 1 repeater)

® Cling co thé dung bat ki cap 2 day thdong
thwong co kich thwoc 2x1.5mm2 trong mang
AS-i, khdng can vé chdng nhiéu.



Q Repeater/Extender

® Repeater/ Extender: Prolongation, max 100m.
Max 300m with 2 repeaters

aNgudn cung cap & cé hai dau cla repeater
Q Hai dwong cap AS-i cua repeater dwoc
cach ly vé dién véi Extender
® M& réng chiéu dai mang thém dwoc 100m.

® Chi can ngudn cung cap & phia khéng ndi v&i
Master.

QCap truc tiép: khdng cach ly vai Extender



Q Power Supply Unit:

® Ngudn cap dc cé dd 6n dinh, tin cay cao cho mol thiét bi
mang AS-i chuan va cac sensor ndi vao mang.

® Normal Actuators khong lAy nguon tlr AS-i cable, ma

thwdng dwoc cap nguon riéng.
Q Addressing Device:

® L34 thiét bi gan dia chi va chan doan (offline).

® Address: 1 dén 31 (hoac 1A dén 31A) va Ext (1B dén
31B). Cac thiét bi méi xuat xwéng cé dia chi O.

® Céac Master ho tro ché d6 dia chi mé rong phai nbi voi
cac slave co ché dé dia chi mo réng.

® Trén mdt mang khéng thé cé hai thiét bi cé cung dia chi.
0 AS-i Master: Phan sau



a AS-i Gateway:

® AS-i Gateway (Distributed 1/O) la cac thiét bi cho
phép ndi mang AS-i v&i cac thiét bi @ mang
khac, cling la mot Master, dong vai tro lam chu
doi véi mang AS-i bén dwdi va la Slave cua
mang trén (thwong la PROFIBUS)

a 1/O Module dat tai hién truvong

® La cac module ghép ndi véi cac co cau chap
hanh va cam bién nhi phan, dwoc lap dat trwc
tieép tai hién trwwong

® Compact Module: Module két ndi v&i cac co cau
chap hanh va cam bién lam viéc trong moi
trwong khac nghiét



O Motor Starter va load branch:

® Motor Starter: ,Thi,ét bi khéi dong ddng co. Moi co cau
déng Iuﬁc,vé két n6i mang AS-i déu duworc tich hop chi
trong thiét bi nay.

® |oad Branch:‘Thiét bi khéi dong bang tai, dwoc dac
treng bdi 1 dau vao, 2 dau ra nbi voi thiét bi Chép
hanh.

Q Proximity switch:

® Dung dé nhan biét, d&m san pham, dwoc dung trong
cac day chuyén san xuat. Gom:

= Cam bién ti: BERO inductive proximity switch

= Cam bién sieu am: Sonar-BERO ultrasonic proximity switch.
Ce’zm bién tr va cam bién siéu am duwgc dung dé phat hién vat
the lon voi khoang cach twong ddi xa, nhw trong mét day
chuyén rira xe tw déng...

= Cam bién quang: Opto-BERO photoeletric proximity switch



aLogic module LOGO:
® La thiét bi slave ciia mang AS-i song x( ly duoc
cac phep logic, cho phep thwe hién mot s6 quy
trinh tw déng nho, don gian.
a M6t sb thiét bi hd tro nhu:
® Push button and indicator light: BO nut bam va
den bao
® Counter module: Module dém
® Ground fault detection module: Module kiém tra
16i noi dat
° Overvoltage protection module: Module bao vé
chéng qua ap



Hinh 204. Siemens LOGO!



2.2.1.4. AS-i Masters:

4%
('F PLC /PG é AS-| slave
cPU AS-i master
- CP s
 User '
prodgram
Interface to the user
program
Configuration Para-
matars
Address

A% cable

Hinh 205. AS-I Master



a Master:

® Thiét bj truyén théng AS-i nhw CP243-2 (cho S7
200) va CP 342-2 (cho S7 300)

a Standard AS-i Master va Extended AS-i Master:

® Extended AS-i Master:; 62 Slave v&i ché do dia
chi m& réng A/B, Standard AS-i Master chi ho
tro dwoc 31 slave.

® NOi mang véi Extended AS-i Master phai la cac
slave co ché do dia chi mé rong, ndi mang voi
Standard AS-i Master phai la cac Standard
Slaves.



2.2.2. Profibus:

PROFIBUS

Hinh 206. Sor d6 mang Profibus



2.2.2.1. Khai niem Mang PROFIBUS:

aMang PROFIBUS (Process Field Bus) la
mang truyén théng tai hién trwérng (cell and
field area) theo chuan EN 50170-1-2, DIN
19245, két ndi cac thiét bj vao ra phan tan
(distributed 1/O), céc thiét bj truyén dong
(drives) v&i cac b diéu khién kha trinh,
nhw PC hoac SIMATIC S7.

2.2.2.2. Cac giao thirc PROFIBUS:
® Bao gom DP, PA, FMS va FDL.



QPROFIBUS DP (Decentralized Periphery)

® |4 giao dién chuan dé trao dbi thong tin gitra
tram SIMATIC S7/M7/C7 v&i cac thiét bi hién
truwng phan tan (SIMATIC ET- 200), trong do
cac DP Master va Slave trao ddi di¥ liéu vaolra it,
tdc do cao.

® Khoang cach truyén Ién va dd tin cay cao.

® DP Slave: Ia thiét bi hién trudng twong thich vo
cac module vao/ra duwoc két noi qua giao dién

PROFIBUS DP (CP, IM) v&i bd diéu khién trung
tam.

® B/v Chwong trinh diéu khién trung tam, cac thiét
bi phan tan dwoc danh dia chi nhw cac thiét b
trung tam.



Q PROFIBUS PA (Process Automation)

® IEC 61158 - 2, két noi cac thiét bi van hanh trong moi
tredng khac nghiét, doi hdi ddé an toan dir liéu cao.

® Cho phép truyen di liéu va nguon cap trén cing mét
dwong truyén duy nhat.

® Topology: Star/ Line/ Tree.

® Tc dé truyén: Fixed 31.25 kbps.

® Mang PROFIBUS PA duoc két n6i véi PROFIBUS DP
gua cac bd chuyéen déi DP/PA Coupler hay DP/PA Link,
trong d6 DP/PA Coupler chi hoat ddng nhw protocol
Converter,

® Két ndi nhiéu nhat 5 co’ cau chap hanh, con DP/PA Link
hoat ddng nhw mét slave cua mang DP.



QA ProFiBus FMS (Fieldbus Message
Specification):
® L4 giao thrc chuan kiéu théng diép, lwong théng
tin Ion,
° Truyen glwa cac PLCs cua cac hang khac nhau,
trao déi gitra SIMATIC S7/M7/C7 vé&i PC.

® Yu diém: D liéu cé cau truc dwoc truyén di &
mot dinh dang trung lap, khong phu thudc thiét bi
truyén (non-device specific format) va sau do lai
dwoc chuyén dbi thanh dinh dang two’ng ng
thiét bi nhan (device-specific format) & dau kia.

®* PROFIBUS FMS va PROFIBUS DP st dung
cung mot Ki thuat truyen va cung giao thwc truy
nhap bus, do d6 co thé hoat ddng dong thoi.



QPROFIBUS FDL (Fieldbus Data Link):
® L4 giao thire truyén thdng véi cac thiét bi twong
thich cac hé S5 dé trao dbi di¥ liéu v&i cac
mang con.



QTo6 chire mang: dang Master/Slave,

® Master clla mang la cac module truyén théng
DP (nhw CP 342-5 - cho CPU S7 300)

® Topology: Star, Tree, Line

® Tin hiéu: vi sai, RS 485 hoac Optic

® Thoi gian xi ly mét vong quét 1ms veéi toc do
truyén la 12Mbps va dms voi toc do truyén
1.5Mbps



DP-Master DPF-Master
class 1 Class 2
Segment coupler Terminator

—

AT

. " PROFIBUS-DP Slaves
falfale

@ PROFIBUS-PA Siaves

HART devicas

&

Hinh 207. Profibus



0 Két ndi véi mang PROFIBUS DP qua cac DP/PA
Coupler hoac DP/PA Link + Coupler (khi do DP/PA
Link la slave cua mang DP nhwng |a Master cua
mang PA)



Q Méi trwérng truyén:
® Céap xoan hai day co boc (tré

khang 150Q))

® Cép xoan c6 boc + bao vé trong (d/v PROFIBUS
PA) cho méi trwong khac nghiét, IEC 61158

® Cap quang: loai trir duwoc nhiéu dién, ton hao
nang lwong rat thap. Cap quang dwoc ché tao tw

chat liéu nhya hodc thuy tinh,

in/out door, khoang cach >10

® Truyén khdng day (InfraRed -
dwoc truyén thdng qua Modu

c6 thé st dung
Km

"echnology): SO liéu

e ILM (Infrared Link

Module) c6 khodng cach truyén toi da la 15m.



QCo ché truyén:
® Token Bus

= Néu mang nhiéu active nodes (masters) tao thanh
mot mang Token Ring logic voi tho ty xac dinh theo
dia chi ciia node d6. Méi active node mang tw nhan
biét dwoc cac active node khac.

= Quyén truy nhap: “Token” 1a mot frame dac biét
dworc truyén lan lwot gitra cac active node trong
mang Token Ring.

= 1 node nhan dwoc token (dwoc gan dia chi trong
token), nod co thé glvi cac frame va chi duwoc gilr
token trong 1 khoang th&i gian xac dinh - token
holding time) dwoc kiém soat bdi token timer. Khi
Time Out, node mang dé chi dwoc quyén g di mot
thong diép dang wu tién cao.



= Active node gilr token co két ndi t&i cac passive
node dé trao dbi di¥ liéu v&i slave kiéu polling hoac
gtri di¥ liéu dén slaves.

= Khi mét active node nhan token ma khéng co yéu
cau trao doi di¥ liéu, né chuyén token sang active
node tiép theo

» Cac passive node khdng co token

= C4c node co thé dwoc thém vao hay loai bd trong
qua trinh hoat dong



Q Ché dé Master — Slave

® Néu mang c6 1 active node va nhiéu passive
nodes, duoc goi la hé thong Master/Slave.

® Ché dé truyén Master/Slave cho phép Master
danh dia chi cho Slaves.

® Master trao dbi di¥ liéu v&i Slave kiéu tuan tw,
Master truyén xudng Slave théng s6 cau hinh/
cac I1énh dé trao doi di¥ liéu, diéu khién.

® Slave gtri 1én cho Master trang thai, di liéu thu
thap dwoc va két qua thuc hién cac l1énh cla
Master.



2.2.2.3. Cac dang vat ly cua ProFiBus:
d Mang cap quang:

o (3 a3y O catinds

B mable
for PR ELR

Hinh 208. mang cap quang cta Profibus



® P&c diém mang cap quang:
= Chong dwoc nhiéu dién - t,
. Thiqh hop v&i cac mang ¢ khodng cach truyén Ién (khoang cach
truyén > 10km)
= Cach ly (dién) véi cac thiét bi hién trwdng
= Mang c6 thé co cu truc dang bus, star hodc dang vong
= TAc d0 truyén tr 9.6Kbps t&i 12Mbps
® Cac thiét bi mang cap quang:
= OBT (Optical Bus Terminal) dwoc dung dé két ndi cac thiét bi
mang hoac cac segment RS 485 khéng qua 31 node vao mang
cap quang.
= OML (Optical Link Module) cho phép thiét 1ap cau hinh mang cap
quang, co 1 giao dién RS 485 va 1 hoac 2 giao dién cap quang.
= Cac loai cap quang dung cho OBT va OLM la khac nhau, c6 thé
la cap quang thuy tinh, cap quang plastic, cap PCF FOC, glass
FOC



QMang khong day:
® Module ILM dwoc st dung dé két ndi khong day
cac slave riéng lé hoac slave segments, cho
phép diéu khién va truyén thédng v&i cac thiét b
di ddng, max 1.5Mbps, 15m. Tia hong ngoai
dung dé truyén dir liéu dwoc phat trong dai +/-
100 so v&i truc thang.



Hinh 209. Wireless ProFiBus network



a PROFIBUS PA:
® Tét trong méi trwérng CN
nhw bui kin) loai, n/dd axit
cao, ap suat, t° cao...
® Téc dd truyén co dinh, -
31.25Kbps fomA —

® Truyén tin hiéu va nang

ls =10 mA

lwong (ngudn cap) trén
cung mot cap 2 day

1TmA —

® Tin hiéu dwoc ma hoa
Manchester ||

Hinh 210. Manchester Il Code

Manchester - Il - Code




OP-Master
class 2

Segment coupler

Teminatar

PROFIBUS-DP A B /A
: . S B (|

frequency converter

Termnator

FROFIBUS-PA

i

Fielad instrumenté: FPROFIBUS-DF Slaves

@ FROFIBUS-PA Slaves

Hinh 211. Profibus PA Network



RS485 s IEC 61158-2 max. 1900 m
EEEEs———

[ R g
S

e " max 32 devices
U = 24V .;;,; i@: =

| e <380 MA g -n?
k .
B |

IEC 61158-2 max. 1000 m

o | _ _

| _. ¥ ~§" max. 10 devices
T 1 P
| e < 110mA | " -4

I

|

|

foria /b lIC

RS485 .7

Hinh 212. Quan hé Khoang cach — U/l cua PA



® Céc thiét bi mang PROFIBUS PA:

= Nhiéu loai T/b cho cac rng dung khac nhau (w/wo Ex)

= Cable: nhwa PVC chong chay, dién ap trén cap khéng
qua 100V.

= Split T Connector: dé két ndi thiét bi slave PA vao
duwong PROFIBUS PA chung

= DP/PA Link: dwgc ghép noi véai DP/PA. Toc do truyén
thong PA: 31.25Kbps, toc dd DP khi c6 DP/PA Link co
thé Ién t&i 12Mbps.

= 1 DP/PA Link c6 thé ghép ndi vi toi da 5 DP/PA
coupler.

= DP/PA coupler chuyen (1’0| format 11bit/char (Async)
=> 8bit/char (Sync) va dbi toc do truyén.

= DP/PA coupler caQ ngudn cho cac thiét bj hién trwdng
va gigi han dong toi da trén mach. Mai tredng nguy
hiem (Ex version) dong gi¢i han la 90mA, trong moi
trwong binh thwong (non-Ex version) la 400mA.



aMang tin hiéu dién:
® RS 485:
= RS 485: tin hiéu ap vi sai, khoang cach >1 km trén
dwdng cap xoan 2 day cé vo boc.
. Cap truyén trong mang dwoc chia thanh cac segment
c6 tré khang khéng doi.

= C4c thiét bj dwoc ndi vao mang (node mang) qua bus
terminal v&i tap line ho&c bus connector (thiét bj két
ndi/giac cam)

= C6 t6i da 32 node mang trén mot segment.

= Cac doan duwoc két ndi v&i nhau bdi cac repeater. Co
thé c6 toi da 9 repeater trong mot network.

= Cac cable terminator phai dwoc cap nguon trwde khi
dworc kich hoat. Bus connector va bus terminal dwoc
cap nguodn badi thiét b DTE gan vao no, con repeater,
terminator, ILM cé nguodn riéng.



Hinh 213: So’d6 PROFIBUS - RS 485 str dung repeater



= CO cau tric mé, linh déng véi cac bus terminal, bus
connector, repeater cho phép dé dang gan cac thiét b
mang, mé rong mang hay thay déi cau hinh mang.

= Pudng truyén vi sai cho phép cac thiét bj co thé dirng
hoat ddng (deactivated) ma khéng hé lam anh hwéng
dén hoat déng clia mang

= Lap don gidn, khdng can kién thirc chuyén mén sau
= Khodng céach gidm, toc dé truyén tang I&n
= Can co thiét bi bao vé chong sét khi lap dat ngoai troi



= Cau hinh mang: Dang bus, cau truc tw do, ding
repeater

= Mdi trwdng: Cap xoan 2 day co vé boc

= Chiéu dai mang va toc do: 1000m - 187.5 Kbps
400m — 500 Kbps
200m — 1.5 Mbps
100m — 12 Mbps

= S6 Repeater max: 9

= SO node trong mét segment max: 32

trong mot network: 127

= TOc d0 truyén: 9.6 kbps, 19.2, 45.45, 93.75, 187.5, 1.5
Mbps, 3, 6 va 12 Mbps



a Mang PROFIBUS DP

® M6 hinh mang
PROFIBUS DP:
* PROFIBUS DP

CINEA | &
(Distributed /0) 12 giao e L2IET200

dién chudn dé traodéi = TR

dir liéu vao ra gitra cac Ploy SRR~

tram SIMATIC S7/M7/C7 %™ ;
v&i cac thiét bi hién .

trwdng phan tan nhw STV e |
SI’MA’\TIC ET 200, trc‘)ng Hiﬂi' 'i'.é;,,;,-_; éiﬂ‘“'
d6 cac DP Master va DP o o — M g
Slave trao déi mot khoi W i &
lwong nhé dir liéu vao/ra lefT ¥,
mdt céch tuan tw véi toc

do cao.

Hinh 213b. Simatic ET200

=



aF1F ET S00e S T | ET St i eoe=aller

Hinh 213c. Mang Profibus DP



® Ghép ndi PLC SIMATIC S7:

= Chuwong trinh i’ng dung PLC SIMATIC S7 diéu khién
va kiém soét qua trinh truyén théng trén mang
PROFIBUS bang cac khdi chwong trinh FC (cho S7-
300) va SFC (cho S7-400). Cac FC thwc hién cac
chirc nang sau:
— Chuyén d liéu ra tir ving nhé& ,Cﬂa PLC (process image, bit
memory, data block) t&i cac thiét bi hién trwdng
— Poc di¥ liéu vao tir thiét bi hién trwéng t&i ving nhé xac dinh
cua PLC
— Thwe hién céng viéc giam sat va chan doan



® Cac tram lam viéc trong hé PROFIBUS DP:
* DP Master (class 1): thiét bi thwc hién cac tac vu diéu
kKhién
= DP Slaves: cac thiét bi hién trwdng, nhan 1énh ti
Master va guri dir liéu vé master
* DP Master (class 2 — tuy chon): thiét bj Iap trinh,
chuan doan hoac quan ly



Céac dang truyén thong
trong mang DP

® Dt cau hinh Modular/
Compact DP Slaves
(Trao d6i di¥ liéu Slave
<=> Master)

= Trong co ché nay, DP
Master polling lan lwot
cac slave, giri va nhan
di liéu voi slave do. Dia
chi vao/ra cua cac slave

dugc danh tw dong khi Hinh 214, Trao déi dir liéu
dat cau hinh mang .
DP Master — Slave (a)

DOP master systam

OF mastar

=

OP slava I ||IIF'sIa».re ! OP slava




® P&t cau hinh vaoi Intelligent
DP Slave (Trao doi di liéu
trwc tiép Slave <> Master)

= |-Slave la cac thiét bi co kha
nang thao tac déc lap va tw x
ly s6 liéu v&i cac co cau chap
hanh gan v&i no truwdc khi glvi
sO liéu vé master (nhw CPU S7,
Drives...).

= Master khdng truc tiép truy
nhap cac 1/0 module gan véi I-
slave, ma chi truy nhap vao
vung dia chi cua CPU cua I-
slave. Do do, dia chi cua cac
/O module do I-slave quan ly,

dwoc dat trong khi khai bao cau  Hinh 215. Trao déi dir
hinh mang cho DP I-slave. liéu ISlave — Master (b)

OP mastar systam

Master-Slave (MS)

0P slave HEIPsIave HDPsIa\re I

3

lshve |




® Trao dbi di¥ lieu
trwee tiép Slave >
Islave

= Cac DP Slave co
thé trao dbi div
liéu truc tiép voi
cac Intelligent
slave v&i toc dod
cao ma khong
qua master.

DP master system

OP slave H OP slave l

Hinh 216. Trao déi dir
liéu Slave-Islave (c)



® Trao dbi di¥ liéu qua 2 tram: truc tiép Slave => Islave

= Cac intelligent slave c6 thé doc di liéu tir cac slave véi toc
do cao, ca cac slave cung hay khac master véi i-slave do.

OF Qaiter systeam 1 CF ma Eteytem 2

ODF masten I |EIF' masters l
OF skaveqq I | DOF slavesq I OP- savess | slavesgs

" Diraect Data Exchange DX ——

DF slaveya DF slava 4z

Hinh 217. Direct data XCGH (d)



® Trao doéi div liéu gitra 2 tram Master (Trao di di¥ liéu truwc
tiep Slave => Master)

= Trong ché dd nay, dir liéu tlr cac slave hay i-slave cé thé duwoc
master nay hay master khac trén cung mang PROFIBUS DP truy
nhap.

= Co ché nay duoc goi 4 “ chia sé dau vao” vi di¥ liéu dwoc s dung
chéo gilra cac hé thong PROFIBUS DP.

DP master systam 1 DP master system 2

\ /-"’_

Direct Data Exchange DX
‘ DP slavey I DP slaveqsz | slaveqy

OP slavess

Hinh 218. Trao doéi sé liéu (e)



2.2.2.4. Hoat d6ng cua Mang Profibus
QDP Master

a Profibus CP
aDP Master va DP Slave
Q CPU Cycle & DP Polling Cycle




2.3. MODBUS Protocol:

0 La Giao thirc chuan cho cac dwdng truyén mang cap
thap ( ca RS232/485/422) do Modicon/ AEG/
Schneider Automation

a Thwong dung trong cac PLC, cac computerized
sensor, cac drives, trong cac hé SCADA, DCS...
Nhiéu hang dung

a C6 cac qui woe trao ddi Iénh, dir liéu, diagnostics

Q Truyén thdng mrc thap (232/485), gobm standard
modbus va trén cac giao thurc khac: TCP/IP, MAP, ...

a Master/Slave:

® Master: Command (query message)
® Slave: Response message



Hinh 219
So do
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Oueny wnessaye Fonm ki ‘

Device Aiess

Funcbon Cock

Device Adess

ExfitEi
— Dk Eytes

Funcbon Cock

Ermir CHeCK

ExfitEi
— Diaka Eiyles

Emir CHeck

. Eefponse message o Sble

Hinh 220. Kich ban MODBUS



QaDevice Address: gom 247 slaves, Dia chi 0 13
Broadcast

A Function code

2 8bit data bytes, tuy so lwong

aQ CRC Error checking

A Characters: 7/8 bit data, PE or Non

QASCII/ RTU modes:

® ASCII: breaking down 1 byte = 2 ASCI|
characters: 7, [PE/ PO], 1[2]

® RTU: binary character: 8,[PE/PO], 1[2]



WiH Paly Checking

St : 4 g Pat | Shop
Witout Pady Checking
St : 4 g Stop | Shop
Wi Paly Checking
Skt 3 4 g 6 Pat | Etop
Witout Pay Checking
Sk 3 4 g G Stop | Etop

Hinh 221. MODBUS Format of Frames




Q Format of packet:

® ASCII format

* Functions: Read
Reg, Fetch Event-
log, Diagnostic,
Preset Reg...

® RTU format:

= start: 4 space chr

= Time out: 1,5 char
time

= End(n)&start(n+1)

Hinh 222. MODBUS Packet

I

START | ADDFESS | FUNCTION D4TA | ovprye | EMD

1 i ; ; ; i

CHR | cHaps | cHaRs CHeRs | CcHepg | CHARS

: CRLF
CRC

TART | ADCRESS |FUNCTION | DATA | ooy | EWD

HTIET | gEms SETS | awdETE | BETS [TATITITY




2.4.1EC 870-5-101 Protocol

0 2.4.1. Giéi thiéu chung vé IEC 870-5-101.

® Giao thtrc IEC 870-5 do t6 chirc IEC (International
Electrotechnical Commission)Technical Committee 57
cho cac linh vurc telecontrol, teleprotection va
telecommunication cua cac hé thong nang lwong. C6 5
tai liéu dac ta vé chuan giao thirc nay:

® |EC 870-5-1 (Transmission Frame Formats)

® |EC 870-5-2 (Data Link Transmission Services)

® |EC 870-5-3 (General Structure Of Application Data)

(

® |EC 870-5-4 (Definition And Coding Of Information
Elements)

® |EC 870-5-5 (Basic Application Functions)



0 Giao thire IEC 870-5-101 cho cac irng dung co sw
dung cac RTU diéu khién xa, cac dinh nghia va
dac ta cua giao thirc nay duoc lwa chon twr 5 tai
lieu trén.

a La giao thire truyén théng gitra cac thiét bi dau
cudi (RTU) va hé thong trung tdm (Central
Station).

Q Théng tin theo hwdng tir thiét bi dau cudi (RTU)
t&i Central Station thwéng 1a cac thong s6 do
RTU thu thap ti cac thiét bi vat Ii (nhw tan so,
dién ap, dong dién, cong suat...) va

Qa thong tin theo hwdng nguwoc lai thwong la cac
lénh diéu khién hoat doéng thiét bi vat Ii.



QM6ét s6 dinh nghia:
»>Controlling Station: Tram diéu khién hoat déng
toan bo hé thong.

> Controlled Station: Cac tram cap duwdi hoac thiét
bi thu thap so lieu RTU.

»Unbalanced Mode: La ché d6 hoat dong ma chi
c6 Controlling Station khé&i dau mét phién truyén
nhan.

»>Balanced Mode: La ché d6 hoat dong ma tat ca
cac tram déu co thé kh&i dau mét phién truyén
nhan.



02.4.2. Cau trac giao thire

» Giao thire dwa ra mo hinh phan I&p mang bao
gom 3 1&p:
= Application layer
= Data link layer
* Physical layer

Application layer

Data link layer

Hinh 223.
IEC 780
Layers

Phisical layer




Phisical Layer:

Data Terminal
Equipment
(DTE)
of the
controlling
station

Data circuit

Terminating

Equipment
(DCE)

A

Serial
telecontroll
channel

\ 4

Data circuit

Terminating

Equipment
(DCE)

Data Terminal
Equipment
(DTE)
of the controlled
station

\ 4

Data circuit

Hinh 224. IEC Physical Layers




Link layer:

0 Cung cap cac thi tuc truyén théng, siv dung
tredng diéu khién va trwedng dia chi.

aLién két gitra cac tram c6 thé duoc thuc
hién theo ché do truyén thong unbalanced
/balanced mode.

aNéu s lién két gitra tram diéu khién trung
tam va cac tram khac chia sé cung mot
duwong truyén thi ché dd hoat déng phai la
unbalanced mode.



Application layer

a Application Service Data Units (ASDU): Ia
cau trac di liéu trén tirng tng dung.

QCac ASDU thuwc chat la 1 frame ¢co chira sb
idu hay lénh didu khién.



2.4.3. Cac dac ta ve truyén théng

0 Cac dac ta nay dinh nghia cau hinh mang,
dinh dang chuan ki tw va cac luat truyén
thong.

Q Cau hinh mang: bao gdm céac dang sau:
»Point - to — point, figures @ next page
»Multiple point - to - point
»Party line
»Redundant line



Hinh 2.2 Cac mé hinh mang cua giao thirc IEC 870-5-101

Point - to - point Multiple point - to - point Party line Redundant line
Controlling Controlling Controlling Controlling
Station Station Station Station

Controlled Controlled
Controlled Controlled Controlled Station Station
Station Station Station
Controlled
Station
A Y
Hinh 225. IEC Models
Controlled
Station




Q Character format: 1 Start bit, 1 Stop bit, 1 Parity bit (even)
va 8 Data bits

Q Transmission rules:
> Dudng truyén réi 1a mdre nhi phan 1.
» MOi ki tw co mot bit kho dau (binary = 0), 8 bit thdng tin, mot bit
parity (chan) va mét bit stop(binary = 1).
> Khéng duwoc cé khodng thdi gian roi trén dwdng truyén gitra cac ki
tw trong cung moét frame.

> Khoang thdi gian xac dinh 16i gitra cac frame cho phép nhoé nhat 1a
33 bit (3 ki tw)

> Céac ki tw dir liéu dwoc két thic bdi 8 bits checksum (CS).
Checksum duwoc thwe hién trén toan b cac byte mang dir liéu.

» Phia nhan thyc hién kiém tra:
» Cac bit khéng mang tin/char: bit start, bit stop va parity bit.

> Do voi méi frame: ki tw start, do dai (2 bytes trong frame co6 do dai
khéng cb dinh), check sum cua frame va ki tw két thuc



2.4.4 Dinh dang frame dir lieu

QA Giao thic IEC 870-5-101 sty dung ba dinh
dang frame

>Frame c6 dd dai thay doi
»Frame c6 d6 dai co dinh
»Frame chi cé mot ki tw



Frame c6 dd dai thay doi

Start 68H

L

L

Start 68H

C

A

A

Linkf/ user data

éheck sum

End 16H

L: S6 byte, gbm ca diéu khién va dia chi.
C: Trwdng diéu khién (Control field).
A: Trudng dia chi (Address field) 1a dia chi cho I&p Datalink.

Frame ¢6 d dai ¢d dinh

Start 10H

Frame chi ¢d mét ki tw

C

ESH

A

Check sum

End 16H

Hinh 226. IEC 780-5 Frames



QFrame c6 dé dai thay dobi: truyén di liéu
gitra controlling va controlled station.

QFrame c6 dd dai co dinh: dung cho céc dich
vu cua link layer.

Q Frame chi c6 m6ét ki tw: xac nhan cac hoat
dong nhw dong bd thdi gian, yéu cau div
lieu...



Q Cau trac di liéu
»|EC 870-5-101 dinh nghta: Cac Application
Service Data Unit (ASDU) chira théng tin truyén
thong glua cac tram. Cac ASDU dwoc dinh

nghia la cac frame di liéu cé dé dai khéng co
dinh. Binh dang cua frame:

»Khé&i dau frame:
» 1 byte START CHARACTER
» 2 byte FRAME LENGTH
» 1 byte START CHARACTER
* 1 byte LINK ADDRESS

>Keét thuc frame:

= 1 byte CHECKSUM
= 1 byte STOP CHARCTER



Hinh 226.
Formats of
Application
Service
Data Unit

START
FRAME

|

START CHARACTER

LENGTH

LENGTH

START CHARACTER

COMTROL FIELD

LINK ADDRESS

APPLICATION

SERVICE
DAT A LINIT

CATA LIMIT
IDEMTIFIER

INFORMATION OBJECT

TYPRE IDENTIFICATION

WVARIABLE STRUCTURE
CILALIFIER

t

DT UMIT
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CALUSE OF TRANSMISSION

CALSE OF TRANSMISSION

COMMON ADDRESS OF
ASDU

COMMON ADDRESS OF
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INFORMATION OBJECT
ADDRESS

INFORMATION OBJECT
ADDRESS

INFORMATION OBJECT

SLILI

INFORKMATION ORJIECT
IDEMTIFIER

|

SET OF INFORMATION
[T

TIME TAG ms
TIME TAG ms
= TIME TAG min

T

TIME Tas OF
QBJECT

1 '
_

+
STOR
FRAME

+

CHECK SUM

STOP CHARACTER

7] Optional
per systam

Wariable

par As0U




aMoi ASDU bao gom hai phan:
»DATA UNIT IDENTIFIER:
= 1 byte TYPE IDENTIFICATION,
= 1 byte VARIABLE STRUCTURE QUALIFIER,

= 1 hay 2 byte CAUSE OF TRANSMISSION,
= 1 hay 2 byte COMMON ADDRESS OF ASDU

»INFORMATION OBJECT:

= Néu ASDU duoc truyén tir Controlled Station theo
yéu cau so liéu tw Controlllng Station thi ASDU
thong tin cac doi twong co thé kém theo thé thoi
gian.

= Néu ASDU duworc truyén tiy Controllmg Station thi
thong tin dwgc chira la thoi gian néu la Iénh dong bo
thdi gian hay la trang thai trong I&nh diéu khién...



2.4.5. Command set and Scenario

O Command set:
> Station initialisation: Kh&i tao cac tram.
> Data acquisition by polling: Thu thap s6 liéu kiéu polling
> Cyclic data transmission: Truyén di liéu c6 tinh chu ki.
» Acquisition of events: Thu thap sw kién.

> General interrogation: Thi tuc d& Controlling Station cap nhat cac
Controlled Station, thwc hién sau khi khéi tao.

> Clock synchronisation: dong b thi gian.

» Command transmission: Truyén I&nh diéu khién.

> Transmission of integrated totals: Thu thap gia tri dém xung.

> Parameter loading: Nap tham sé cho Controlled Station.

> Test procedure: Tha tuc kiém tra sy két ndi gitra cac tram.

> File transfer: Truyén file.

> Acquisition of transmission delay: Xac dinh dd tré dwdng truyén.



A Case Study: Acquisition of events

0 Cac sw kién xay ra duwoc lwu triv trong buffer cua
Controlled Station cho cac sy kién xay ra nhanh hon so
véi toc dd truyén thong Khi Controlllng Station hoi
Controlled Station yéu cau cac s kién thi ¢ hai kha nang
xay ra: khdng coé sv kién trong buffer va cé suw kién trong
buffer cua Controlled Station.

® Trwdng hop khdong co sw kién trong buffer: Controlled Station tra
&1 NACK dudi dang message chi co mét ki tw (05H) hay hay mét

frame c6 do dai c6 dinh (fixes frame) mang théng diép "Requested
data not available".

®* Trwdng hop co sw kién trong buffer: Controlled Station tra 1&i bang
mot fixed frame NACK nhwng bit trang thai = 1 bao hiéu cho
Controlling Station c6 s kién. Controlling giri message "Request
user data class 1" yeu oau va Controlled trd bang mot ASDU chira
sy kién, ASDU nay cé thé chira toan bd hodc mot vai sy kién cla
Controlled Station.



Chapter 3
INTRODUCTION of
EMBEDDED SYSTEMS



3.1. What is an Embedded System?

 Electronic devices that incorporate a
computer (usually a microprocessor) within
their implementation.

« A computer Is used in such devices
primarily as a means to simplify the system
design and to provide flexibility.

e Often the user of the device IS not even
aware that a computer Is present.

Mtcn_3



Aerospace |Navigation systems, automatic landing
systems, flight attitude controls, engine
controls, space exploration (e.g., the Mars
Pathfinder).

Automotive | Fuel injection control, passenger
environmental controls, anti-lock braking
systems, air bag controls, GPS mapping.

Children's | Nintendo's "Game Boy", Mattel's "My

Toys Interactive Pooh", Tiger Electronic's
"Furby".

Communi- |Satellites; network routers, switches, hubs.

cations
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Computer |Printers, scanners, keyboards, displays,

Peripherals | modems, hard disk drives, CD-ROM drives,
USB Mem sticks.

Home Dishwashers, Microwave Ovens, VCRSs,
televisions, stereos, fire/security alarm
systems, lawn sprinkler controls,
thermostats, cameras, clock radios,
answering machines.

Industrial | Elevator controls, surveillance systems,
robots.

Instrumen- | Data collection, oscilloscopes, signal

tation generators, signal analyzers, power supplies.

Mtcn_3
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Medical Imaging systems (e.g., XRAY, MRI, and
ultrasound), patient monitors, heart pacers.

Office FAX machines, copiers, telephones, cash
Automation |registers.

Personal Personal Digital Assistants (PDAS), pagers,
cell phones, wrist watches, video games,
portable MP3 players, GPS.

Mtcn_3 5



Embedded Rules!

e Embedded processors account for 100% of
worldwide microprocessor production!

e Embedded:desktop = 100:1

o 2003: #embedded processors in the home
estimated at 70-80.
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Design Goal: Reliability

e Mission Critical
 Life-Threatening

o 24/7/365

e Can’t reboot!
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Design Goal: Performance

« Multitasking and Scheduling
o Optimized I/O = Assembly Language

e Limits, Inaccuracies of Fixed Precision
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Design Goal: Cost

o Consumer Market: Minimize
Manufacturing Cost.

e Fast Time to Market Required

 No chance for future modification.
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What Is a Real-Time System?

o Real-time systems process events.

* Events occurring on external inputs cause
other events to occur as outputs.

e Minimizing response time is usually a
primary objective, or otherwise the entire
system may fail to operate properly.

Mtcn_3
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Hard/Soft Real-Time Systems

o Soft Real-Time System

— Compute output response as fast as possible,
but no specific deadlines that must be met.

* Hard Real-Time System

— Output response must be computed by specified
deadline or system fails.

Mtcn_3 11



Multi-Tasking and Concurrency

e Most real-time systems are also embedded
systems w/several inputs and outputs and
multiple events occurring independently.
o Separating tasks simplifies programming,
but requires somehow switching back and
forth among the three task (multi-tasking).

e Concurrency Is the appearance of
simultaneous execution of multiple tasks.

Mtcn_3
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Three Concurrent Tasks Within a
Programmable Thermostat

[* Monitor Temperature */|/* Monitor Time of Day */ |/* Monitor Keypad */
do forever { do forever { do forever {
measure temp ; measure time ; check keypad ;
if (temp < setting) iIf (6:00am) if (raise temp)
start furnace ; setting = 72°F ; setting++ ;

else if (temp > else if (11:00pm) else if (lower temp)
setting + delta) setting = 60°F ; setting-- ;
stop furnace ;

Mtcn_3 13



Programming Languages Used In
New Embedded Designs
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The build and load process for
desktop application programs.

Object Files

Executable
r Image File

Run-Time L/'brary:
Operating System /mage
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The build and load process for
embedded application programs.

Object Executable ROM
Files Image Fil Image

File

Program
Initialization

Re-Entrant Library:

Real-Time Kernel: r

Mtcn_3




Use of Real-Time Kernels In
New Embedded Designs.

Mtcn_3
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Examples of Embedded Real-Time Software.

Property FAX Machine CD Player
Microprocessor: 16-bit 8-bit
Number of Threads: 6 9
Read-Write Memory
(RAM): 2048 Bytes 512 Bytes

Total RAM Actually Used: 1346 Bytes (66%) 384 Bytes (75%)
Amount Used by Kernel: 250 Bytes (19%) 146 Bytes (38%)
Read-Only Memory
(ROM): 32.0 KB 32.0 KB
Total ROM Actually Used:  28.8 KB (90%) 17.8 KB (56%)
Amount Used by Kernel: = 2.5 KB (8.7%) 2.3 KB (13%)

Mtcn_3 18




Processor Types Used In New
Embedded Designs

[11998-1999
l [11999-2000 .

8-bit 16-bit 32-bit 64-bit Special

Mtcn_3
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Mtcn_3

Product: Hunter
Programmable Digital
Thermostat.

Microprocessor: 4-bit

20



Mtcn_3

Product:Vendo V-
MAX 720 vending
machine.

Microprocessor:
8-bit Motorola
68HC11.
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Product: Sonicare Plus toothbrush.

Microprocessor: 8-bit Zilog Z8.
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Product: Miele
dishwashers.

Microprocessor:
8-bit Motorola
68HCO0S5.

c4Yh
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Product: NASA's
Mars Sojourner
Rover.

Microprocessor:
8-bit Intel 80C85.
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Mtcn_3

Product: CoinCo
USQ-712 coin
changer.

Microprocessor:
8-bit Motorola
68HC912.
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Product: Garmin
StreetPilot GPS

Receiver.

Microprocessor:
16-bit.
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Mtcn_3

Product: TIQIT
Computer’s
“Matchbox PC”.

Microprocessor:
32-bit AMD Elan
SC410.
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Mtcn_3

Product: Palm Vx
handheld.

Microprocessor:
32-bit Motorola
Dragonball EZ.
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Product: Motorola
11000plus IDEN Multi-
Service Digital Phone.

BV
| ¢ Net Readu

Microprocessor:
Motorola 32-bit MCORE.
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Mtcn_3

Product: Rio 800
MP3 Player.

Microprocessor:
32-bit RISC.
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Mtcn_3

Product: RCA
RC5400P DVD
player.

Microprocessor:
32-bit RISC.
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Mtcn_3

Product: IBM
Research’s Linux
wrist watch
prototype.

Microprocessor:

| 32-bit ARM RISC.
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Product: Sony Aibo
ERS-110 Robotic
Dog.

Microprocessor:
64-bit MIPS RISC.
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Bosch Electrohydraulic Brake EHB

@ Electrohydraulic actuator
for EHB, ABS, ASR, ESP

@ EHB-ECU
@ Active, direction-sensitive WSS

@ Brake operation unit with
integrated pedal stroke
sensor

® Steering wheel
angle sensor

® Yawrateand  \\
lateral acceleratio
sensor

@ Engine management
ECU

BOSCH Foproduction 190 f charga with notaton “Photo; Basch Pross proto o 1K1-10583
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Ch. 4 Programmable Controllers

J PLC/PC Overview

J Siemens SIMATIC S7-x00 seri PLCs

J STEP 7 — 300/400 Programming
Language

J WInCC
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4.1. Khai niém PLCs

4 Lich su:
» 1960 — 1970s: Hard wire

» 1980 — 1990: Programmable Logic Controller

» 1990 — nay: Programmable Controller,
Process Controller

0 Cac hang san xuat:
» USA: Allen Bradley, GE-Fanuc

> EC: Siemens, ABB, Schneider
» As-Au: Omron, Hitachi, Misubishi...

Ch4 ProgControllers 2



3 Cau tric: chia thanh cac modules:

> CPU, Power supply Module c6 céng ndi bd
ap trinh (PG)
»[Expansion Memory Module (Flash, SRAM,
DRAM, BBRAM)]

»Digital Input Module (mtrc ap dc/ac, cach ly

guang...)
» Digital Output Module (relay, transistor,
triac..., Relay/Opto Isolated)

» Analog Input Module (u, i, cach ly...)

Ch4 ProgControllers



»Analog Output Module (u, 1)

> Timer/ Counter Module (kHz, dém xung, do
toéc do, chiéu dai)

» Communication Module: (RS232/485;
Ethernet IEEE 802.x)

> 2/3 D Positioner Module (dinh vi 2/ 3 chiéu)

> Interface Module - dung dé mé réng thém
cac Module khac

» Function Modules: cac chirc nang diéu khién
PID, Servo/ Step Motors,...

Ch4 ProgControllers



[ Hoat déng cua PLC:

» Hoat dong theo chu ky cac vong queét:

= Poc céc thong tin tir cac 16i vao: DI, Al, Counter,
Communication...

= Xt ly, tinh toan, Update data base, update cac c&
trang thai

= GUi ra cac port: DO, AO, Postioner,
Communication...
» Ngon ngir Iap trinh:
» Ladder
= Statement List
* Flow control

Ch4 ProgControllers



4.2. Siemens SIMATIC S7-x00 PLC:
4.2.1. S7-200:

Hinh 402.
PLC S7-200

Ch4 ProgControllers



 Micro type, high-speed, compact, low-cost solution for
automation tasks within the low-end performance
range.

3 CoO nhiéu loai CPU: 212 (214...)

» RAM for Program & data:
= 212 CPU: 1Kbyte — 512 statement, 2048 word data
» 214 CPU: 4Kbyte — 2048 statement, 2048 word data

» Execution time of 1024 Statements: 1,3ms (212CPU) va
0.8ms (214 CPU)

» Bit memory: 128 (256)

» Counters, Timer: 46 (128)

» DI/DO max/onboard: 30/14 (64/24)
» AlI/AO max: 8 (16)

» Communication: PPI

¥.Real time clock: CPU 214. 7



4.2.2.

Hinh 403a — PLC S7-300

Ch4 ProgControllers



d Mini PLC system, the custom solution for
extremely fast processes/ automation tasks
requiring additional data processing
capabllities

 Spec.:

» High computeing performance,

» Complete instruction set,

» Multi Point Interface — MPI

» 5 CPUs for a wide varietyof requirement

» Expandabillity: upto 3 Expansion Racks (ERS)

Ch4 ProgControllers
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4.2.3. S7-400:

Hinh 404a.
S7-400

Ch4 ProgControllers
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J Power PLC for automation tasks within
mid & upper range:
» High Speed, 1K statement — 200 us

» Rugged: full enclosed, for industrial
environment

» Module can be hot pluggible

» Communications power house:

= Connection to SINEC L2 or SINEC H1 or Point-to-
Point

» Fast data exchange to the distributed 1/Os

Ch4 ProgControllers 12



IMATIC §7-400 with

o - cPUa V32 0F | CPUA1B

FW.‘I for program and dla, buitin :';}.'5:' B Koy g T2Koytes

“Execulion time per 1 Kb%nary O2ms ~ 02ms
statements .

Bimemores

Gountem :

Tlmﬂrﬁ

Dighal mpuls and omputs each K

Analog inputs and outputs eat;h '

Ogﬁetatart erface systen

CQmmurricatmn p@ﬂ

Nelworkng

Real-time clack

......
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4.2.4. Programming Devices

Handheld

programming device
PG 702

Hinh 405a.

Ch4 ProgControllers
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Portable
programming devices
PG 720,

PG 720C,

PG 740

Hinh 405b.

Ch4 ProgControllers
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4.2.5.

Ch4 ProgCont

Distributed 10s

riager4O6. Distributed 1O Modules

16



 In conventionally automated Plants, 10O are
plugged directly into PLC. Frequently this
leads to extensive wiring with

» High cabling cost

» Reduced flexiblility in the case of modifications
and expansions

A distributed configuration means:

» The PLCs, IO Modules and Field Devices are
connected over a single cable known as a field
bus,

» The IO Modules can be installed in the
Immediate vicinity of sensors and actuators

» The process signals can be converted and
rocessed locally

Ch4 ProgControllers 17
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Fig. 406a. SINEC L2-DP with Distributed IO Modules
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 The following can be connected to the
ProFiBus-DP:

» Active Stations:

= S/M7 300 — 400 automation systems ...as well as
from other manufacturers

= Programming devices and AT compatible PCs
» COROS Operator Panels

» Passive Stations:

= ET200M/L/B/C/U distributed IO Stations, S5 Seri
PLCs, DP/AS-I link transceiver

= MMI

= Additional field Devices as well as third party devices
with slave interface Modules...
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4.3. SIMATIC SOFTWARE

J STEP 7 Mini programming software

J STEP 7 Micro/DOS/WIin programming
software

Ch4 ProgControllers
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4.3.1. Introdution

dApplication:

»SIMATIC software are array of tools based on
standard for PLCs S7

» It provides all software functions required for:
= Configuring
* Programming
= Testing
= Starting up and
= Servicing PLCs

Ch4 ProgControllers 21



dDesign:

> Feature:

» Comprehensive:

—Shared data management; All data of a
project are filed in a single central database.

—Comprehensive series of tools; for every
phase of an automation project there are user-
friendly functions: configuration,
parameterization of the hardware, creation
and documentation of programs, as well as
testing, startup and servicing.

—Openness: Imp/Exp interface ensure
connection with the PC world

Ch4 ProgControllers 22



= User-friendly:

—Individual programming languages, Help
and doc. Functions

—EXxtensive set of command and detailed
iInformation functions (Err that may occur
and their causes...)

= Standard: based on Windows OS,
satisfy the standard DIN EN 6.1131-3

Ch4 ProgControllers 23



»Package:

» STEP7 Micro/DOS/WIN: for programming
S7-200

» STEP7 Mini: for programming stand-alone
S7-300

= STEP7: the universal software for S7-300,
-400

* High level programming languages S7-
SCL: similar to PASCAL

Ch4 ProgControllers 24



Technology-Oriented Software Package (w/o
knowledge of PLC, computer or programming):
S7 Graph: describing event driven processes w
sequential Operation.
S7 HiGraph: describing event driven processes
w non-sequential Operation.
Software for special applications:
COROS for parameterization of the MMI
SIMATIC S7 standard control system
Fuzzy control

Ch4 ProgControllers 25



SIMATIC M7-DDE

57-5CL

STEP 7 GFC
basic software (for S7 and M7}
i \\ Project Manager
g

% Symbol Editor

A, SR -
Hardware

st b
LAD, STL  y_Configuration )

Programming
languages

S7-GRAPH

M7-ProCIC++

. S7-HiGraph
Technology-criented
software packages

%W Communication %
piEe R et e R RS e R G e e R

Software for the
SIMATIC M7

\ ' HARDPRO{WIN) /

FE
COROS Fu control
\ ProTool ‘ vt
SIMATIC 57 standard
control system

PRODAVE MPI

Software packages for
special applications

cna progeoniibd 407a. STEP7 software package
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SIMATIC 57-200 A

STEP 7 |
Micro/DOS |
i ;

| STEP 7 Mini

A
‘ S7-5CL | CFC | ‘ S7-GRAPH ‘
e s
[T o R L ] SIMATIC S7

| o || R || S
Ll L _| o e R IS 8

i Fuzzy Contral |

Fig 407c. PLC S7 seri software tools
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4.3.2. Micro/DOS/Win for s7-200

dConfiguring
JProgramming
1Debugging
dTesting

Ch4 ProgControllers
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4.3.3. S7-300/400

 Configuring
U Instruction Set

Ch4 ProgControllers
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4.3.3.1. The

modules of S7-300

] CPU Modules:
» CPU, Mem/OS, Timer, Comm 485, onboard

/O ports (O

» CPU Modu
CPU31x IM

ntion)
e: CPU 312, 314, 315,

- (Integrated Function Module -

Onboard I/O & OS)
» 2 Comm ports CPU - CPU 31x - DP
(Ditributed Port): the second for networking.

Ch4 ProgControllers
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dExpanded Modules:
»PS - Power Supply: 2, 5, 10 Amp

»SM - Signal Module: In/Out signal modules:

= DI: Digital Input, 8, 16, 32

= DO: Digital Output, 8, 16, 32

= DI/DO 8/8 or 16/16

= Al: 12 bit ADC, 2/4/8 channel
= AO: 8/12 bit DAC, 2/4 channel

»IM: Interface Modules: For expanding more
rack. Each rack for 8 modules max (Not
including CPU & PS). 1 CPU S7-300 can
connect to 4 racks max via IMs.

Ch4 ProgControllers
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»FM: Function modules: PID controller, Step
motor, servo... modules.

»CP: Communication Modules: to
communicate between PLCs and Computers

Ch4 ProgControllers
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4.3.3.2. DATA & MEMORY MAPPING:

dData types:
» Elementary data types.

Formet Size in Bits Nurber Notation
Hexadecttral 6, 10,and 32 |Balee, Wil 0% and D] G
Binary o 10,and 31 |0
[EC date 6 D#

[EC time 3 T#
Time of day 3 TOD#
Character i A

Ch4 ProgControllers
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= Bool

» Byte: 8 bit or ASCII character: L B#16#14 // load
byte 14h into Accul

= word: L WH#H16#32A
= |nt; -32768 .. +32767:
* DiInt: 4 byte L DW#16#234F

» Real: Floating Point 4 byte

» S5T (S5TIME): interval (hh/mm/ss/ms) L
S5T#2h 1m_7s 13ms.

= TOD - Time of day: hh/mm/ss L
TOD#12:34:40.

= DATE: L DATE#2004-12-
31.

= CHAR: max 4 char L 'HE 6'

Ch4 ProgControllers
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Ch4 F

»Complex data types

Data Type

Description

DATE_AND TIME
DT

Drefines an area with 64 bits (s bytes). This data type saves 1n binary
coded deciral fortrat:

s TRIMG

Drefines a group with a masziimumn of 254 claracters (data type CHAFE.
The standard area reserved for a character string 1z 254 bytes long Thus
12 the space requited to save 254 claracters and a header of 2 bytes. You
cat reduce the memory required for a stnng by defining the munber of
characters that will be stored in the character string (for eszarmple:
atring[ 9] "Siemensn.

ARRAY

Defines a multidimensioral grovping of one data type (either elementary
or cotmplessy. For esatrple: “ARRAY [1..2,1.3] OF INT" defines an
array i1 the formmat 2 x 3 consisting ofirtegers. ¥ ou access the data
stored in an array usng the ndesz [ 2,2]"). You can define up toa
ezt of 6 ditnensions in one array. The indes can be any integer (-
3L7A8 to 32747

s [RITCT

Defines a grouping ofany comhbination of data types. ¥V ou can,
for estarmple, define an array of struchres or a studwre of structires and
arrays.

mimplifies the stroctunng of large quantities of data and entering data
types when creating data bloclks or declaring variables in the wanable
declaration. In 3TEP 7, you can combine cormpl ex and el ementary data
types to create your own “userdefined" data type UD T s have theit own
rarne and can therefore be used more than once.

FB, -FB

Y ou detertmne the stracture of the assigned instance data hlock and
allowar the transfer of instance data for seweral FB calls in one instance
LB

I\vaul Iuavitivwi1 v
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» Parameter data types

Paraneter |Capacity [Description

TIMVEE. 2. tytes|ndicates a timer to be used by the program m the called logic
hlock,
Fommat: Tl

COUNTEE. |2bwes Indicates a counter to be uzed by the program in the called logic
hlock,
Forrmat: G110

BLOCE FB |2 bytes Indicates a block to be used bty the programin the called logic

BLOCK FC hlock,

BLOCKE DB Fommat: FC101

BLOCKE DB ISR

POINTEE. |6 bytes I[derntifies the address.
Fommat: PRS00

ANY 10 bytes [z used when the data type ofthe current paratmeter 15 unkown
Fommat: PAVSO0B Y TE 10
FrT100.0 WOED 5

Ch4 ProgControllers
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d Memory: 3 parts

Distribution of the Memonry Areas

CPU
Work rmenory (Rahf
contains the executable user
program

Crynamiclaad memaory (RAR, (for exxample logic and data blodks))

integrated or on 3 memony card):
contains the user program

Systern memory (RAahf) contains:

Process image input'output tables,

Reterthve load memary (FEPROM, bit memary, timers, counters
an memony card or integrated in 57-
200 CPUs): Witk SRR
contains the user program Block =tack

Irterrupt=stack

Diaqnostic buffar
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» Application Program memory Part - 3 sections:
= OB: Organisation Block
» FC: Function - Sub module with dummy parameters of main program

= FB: Function Block: Sub module with data exchange to/from other
modules. The data must be DB (data block)

» Data Area of OS and Appliacation - 7 sub areas:

» | (Process Image Input): data input buffer for DI ports. CPU just read this
buffer, not ports

Q (Process Image Output): data output buffer for DO ports. CPU just
writes this buffer, not ports

M: Status/Conditional: bit (M), byte (MB), word (MW), double word (MD)
T: Time buffer: preset/current time value and logic output.
C: Counter: preset/current counter value and logic output.
Pl. I/O External Input Address for analog inputs: PIB, PIW, PID
PQ: I/O External Output Address for analog outputs: PQB, PQW, PQD
» Data Blocks - 2 blocks:

» DB: data block, accessible by: DBX (bit), DBB, DBW, DBD

» L (Local data blocks) local data memory of OB, FC, FB. Accessible: L
(bit), LB, LW, LD.
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4.3.3.3. SCAN LOOP:

4 phases

[ Scan time not fix - tuy
nhiéu hay it Iénh

Interrupt Service block:
OB40, OB80... duoc thuwc
hién tai bat ky theri diém
nao - khéng can trat tw.

Ch4 ProgControllers
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4.3.3.4. PROGRAM STRUCTURES:

dLinear Programming

dStructructured Programming: OB
(Organization Blocks), FC (Program

Blocks), FB (Function Blocks), DB (Data
Blocks)

QS6 cac module goi Iong nhau: CPU 314: la
8, néu qua thi STOP
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4.3.3.5. SPECIAL BLOCKS:

1 OB10: Time of day Interrupt - single, multiple @ fix time
from SFC28 (sys function block),

d OB20: Time delay Interrupt, SFC32,
1 OB35: Cyclic Interrupt: default 200ms,

0 OB40: Hardware Interrupt, bao ngat théng qua mot s
module dac biét: SM, CP, FM, onboard IO.

1 OB80: Cycle time Over, default of cycle scan time 150ms,
d OB81: Power Supply Fault,

1 OB82: Diagnostic Interrupt: from 1O Module

1 OB85: Not Load Fault - No interrupt service block

1 OB87: Communication Fault - parity, time out error

1 OB100: Start Up Information - from STOP to START

Q...
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4.4 Programming Languages

d 3 types of Prog Language
»STL - Statement List,
»LAD - Ladder and
»FBD - Function Block Diagram.

Trong d6 LAD va FBD don gian hon, vay khéng chuyén
duwoc qua STL, nhwng nguwoc lai thi duorc.
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4.4.1. Cau trac lénh STL:

dLabel: OpcodeOperand [// Comment]

dData Operand: bit (logic), binary, hex, INT,
DINT, REAL, S5T, TOD, DATE, C(ounter down),
P - dia chi 6 nh¢é, CHAR...
dToan hang la dia chi:

» M (bit-mem), MB (byte-mem), MW (word-mem), MD

(DW-mem),

» | (bit-Inp), IB (byte-Inp), IW (word-Inp), ID (DW-Inp),

» Q, QB, QW, QD,

» T(imer), C(ounter),

» PIB (analog inp - byte), PIW, PID,

> PQB, PQW, PQD,

» DBX (bit), DBB, DBW, DBD, ...
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JAddresses and Data Types Permitted in
the Symbol Table

dOnly one set of mnemonics can be used
throughout a symbol table. Switching

between SIMA

IC (German) and IEC

(English) mnemonics must be done In the
SIMATIC Manager using the menu
command Options > Customize in the

"Language" tab.

JIEC SIMATIC Description Data Type

Value Range
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IEC |SIMNATIC ||Descriiption Diata Tvpe Value Range
I E Input bit BOOL 0.0 to 655357
IE |EE Input byte BYTE, CHAE. 0to 65535
W [EW Input word WOED, INT, S5TIME 0 to 65534
I |ED Input double word DWOED, DINT, EEAL, TOD, ||0to 65532
TIME
» A Chuatput bt BOOL 0.0 to 655357
QB AR Cutput byte BYTE, CHAE. 0to 65535
QWA (AW Cutput word WOED, INT, S2TIME 0 to 65534
QD |AD Cutput double word DWOED, DIMT, EEAL, TOD, ||0to 65532
TIME
I Memory bit BOOL 0.0 to 655357
ME (B Iemory byte BYTE, CHAE 0 to 65535
W (B MMemory word WOED INT, S5TIME 0 to 65534
LD | ID MMemory double word DwWOED, DINT, EEAT., TOD, ||0to 65532
TIME
FIE |FEE Peripheral input byte BYTE, CHAE 0 to 65535
FQE |PAE Peripheral output byte BYTE, CHAE 0 to 62535
P |PEW Peripheral input word WOED INT, S5TIME 0 to 65534
POWIPATW Peripheral cutput word WOERED, INT, 55TIME 0 to 655754
FID' (PED Peripheral input double DWORD, DINT, EEAT, TOD, |0 to 65532
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word TIME
POD [PAD Peripheral output double  |[DWOED, DINT, EEAL, TOD, 065532
word TIME
T T Timer ITOMER 0 to 65335
c |z Counter COTUNTEE 0 to 65535
FE |FBE Function block FE 0 to 65535
OB OB Organization block OB 1. to
63535
DE |DE Data block DE, FE, 5FE, UDT 1. to
65535
FC |EC Function EC 0 to 65535
=FE [-FB systemn function block =FE 0to 65535
=FC [SFC systemn function SFiC 0to 65535
VAT VAT Wariable table 0 to 63535
DT |UDT Tzerdefined data type DT (to 65535

Ch4 ProgControllers

46



Vi du:
> | 1.3 /I bit 3, byte 1 from Input port PlI
> M 101.5 // Bit 5, byte th& 101 trong mién M
> Q 4.5 [/ bit 5, byte 4 cua PIQ
> DIB 15 // O nhé 1 byte, byte thr 15 trong DB
» DBW 18 // 6 nh& 1 word, byte 18 va 19 @ DB
> DB2.DBW 15// byte 15 va 16 trong khoi so liéu DB2
» MD 105 // 4 byte 105..108 trong DB
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Status Word: 9 bit (2 byte)

» Bit 0 - FC - First Check: khi = 1 bao thwc hién 1 day cac |énh
logic, thwc hién xong FC =0

» RLO Result of Logic Operation - két qua cla phep thwc hién
logic.. Vidu:A  10.3 Néutrwée do, FC=0 thi
chuyén bit| 0.3 vao RLO

> Néu FC=1 thi (1 0.3 AND RLO) => RLO
» STA - Status bit, twong *ng v&i murc logic cua port.

Vi du A 10.3 // hgéc
AN 1 0.3 // déu gan cho STA logic cua
port | O.

> OR - gia tri logic cia phép A dé céc phép v sau doé. ,

» OS - Store Overflow bit - lwu lai c& tran ra mem cung két qua x
ly

> OV - Overflow: bao phép tinh s6 hoc tran

» CCO & CC | - condition codge: cho 5 trvong hop tinh toan khac
nhau, vi du nhuw tinh toan s6 nguyén - khong tran

0 két quéd = 0
0 1 két qua <0
1 0 két qua >0

> BR - binary result bit: két hop 2 loai [ap trinh LAD va STL
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4.4.2. Instruction Groups:
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d Bit logic Instruction (18Y):
» Lénh gan:
= Caphap=  <toan hang - I/Q/M/L/D>
= Vi du: gan gia tri ttr céng vao 1 0.2 sang Q 2.1
Network 1
Al0.2=02.1
»Lénh AND (A) :
= Clphdp: A <toan hang - sé liéu kiéu Bool hoac dia chi
I/IQ/M/L/D>
= Vi du: t/hphép AND va cét két qua
Network 1
A 10.2
A 121=046
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»Lénh AND-NOT:
« Clphap: AN <l/Q/M/L/D>
= Vi du: t/hphép AND-NOT va cét két qua

Network 1
A 10.2
AN 12.1 = Q4.6

»Lénh OR:
= Cu phap O <I/Q/M/L/ID>
= Vi du: t/hphép OR va cét két qua
Network 1
A 10.2 //doc néi dung 10.2, dwa vao RLO
O 12.1= Q4.6
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» Lénh OR-NOT:
= ClphapON <l/Q/M/IL/D>
= Vi du: t/hphép OR-NOT va cat két qua

Network 1
A 0.2
ON 12.1 = Q4.6

> Lénh AND véi 1 biéu thdrc:

= CU phap A( - Ienh khong toan hang. Néu FC=0, két qua logic cya
biéuthrc sé cat trong RLO. Néu FC=1, sé& AND két qua logic biéu

thirc véi RLO
> Vi du: t/hphép AND va cat két qua
Network 1
A(
O 0.2
O 121 ) Il chuyén k/qua vao RLO
A(
ON 1.2
® 23 )
= Q4.6

d Two’ng tw nhuw AN(, O(, ON(
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>Lénh XOR:
« Cti phap X <l/Q/M/L/D>
= Vi du: t/hphép XOR va cét két qua

Network 1
AN 10.2
A 10.5
X 0.6 = Q4.6

»Twong tw nhw XN, X(, XN(
»Lénh SET RLO:
»Lénh CLR RLO:
»Lénh NOT RLO:
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> Lénh set bit mem c6 diéu kién: Lénh sé gan 1 vao
diachid nhod khiRLO =1  Cuphap S <toan hang>
> Lénh clear bit mem c6 diéu kién: Lénh sé gan 1
vao dia chi6 nhd khi RLO=1  Cu phap R <toan
hang>
» Lénh nhan swon |Ién : theo chu ky cac vong quét.
Néu trwdc do, RLO =0, lwu vao M10.0 - bit nhé co),
chu ky sau RLO =1
= Cu phap: FP <Toan hang>
= Vi du:
Al11.0
FP M10.0 = Q4.5
> Lénh nhén swoén xudng
* FN <Toan hang>

= Copy RLO sang BR - binary result
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dComparison Instructions (2"4 Group)
» Description: ACCU1 and ACCUZ2 are compared
according to the type of comparison you choose:

» == ACCUL1 is equal to ACCU2
= <> ACCUL1 is not equal to ACCU2
= > ACCU1l is greater than ACCU2
= < ACCUL1 is less than ACCU2
= >= ACCUL is greater than or equal to ACCU2
» <= ACCUL1 is less than or equal to ACCU2

» If the comparison is true, the RLO of the function is
"1". The status word bits CC 1 and CC 0 indicate the
relations “less,” “equal,” or “greater.”

» There are comparison instructions to perform the
following functions:

» ? | Compare Integer (16-bit)
» ? D Compare Double Integer (32-bit)
» ? R Compare Floating-point Number (32-bit)
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dConversion Instructions (3"9)

» Description You can use the following instructions to
convert binary coded decimal numbers and integers
to other types of numbers:

* BTI BCD to Integer (16-bit)

«|ITB Integer (16-bit) to BCD

« BTD BCD to Integer (32-bit)

«ITD Integer (16-bit) to Double Integer (32-bit)

« DTB Double Integer (32-bit) to BCD

* DTR Double Integer (32-bit) to Floating-point (32-bit
IEEE-FP)

> You can use one of the following instructions to form the complement of
an integer or to invert the sign of a floating-point number:

* INVI Ones Complement Integer (16-bit)

* INVD Ones Complement Double Integer (32-bit)

* NEGI Twos Complement Integer (16-bit)

* NEGD Twos Complement Double Integer (32-bit)

* NEGR gg?ate Floating-point Number (32-bit, IEEE-
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» You can use the following Change Bit Sequence in
Accumulator 1 instructions to reverse the order of
bytes in the low word of accumulator 1 or in the entire
accumulator:

« CAW Change Byte Sequence in ACCU 1-L (16-bit)
e« CAD Change Byte Sequence in ACCU 1 (32-bit)

» You can use any of the following instructions to
convert a 32-bit IEEE floating-point number in
accumulator 1 to a 32-bit integer (double integer). The
Individual instructions differ in their method of
rounding:

« RND Round

 TRUNC Truncate

« RND+ Round to Upper Double Integer
« RND- Round to Lower Double Integer
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d Counter Instructions (4th)

» Description: A counter is a function element of the STEP 7
programming language that acounts. Counters have an area
reserved for them in the memory of your CPU. This memory area
reserves one 16-bit word for each counter. The statement list
Instruction set supports 256 counters. To find out how many
counters are available in your CPU, please refer to the CPU
technical data.

» Counter instructions are the only functions with access to the
memory area.

» You can vary the count value within this range by using the following
Counter instructions:

* FR Enable Counter (Free)

o L Load Current Counter Value into ACCU 1

« LC Load Current Counter Value into ACCU 1, BCD
e R Reset Counter

S Set Counter Preset Value

« CU Counter Up

e« CD Counter Down
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d Data Block Instructions (5th)

» Description: You can use the Open a Data Block
(OPN) instruction to open a data block as a shared
data block or as an instance data block. The program
itself can accomodate one open shared data block and
one open instance data block at the same time.

» The following Data Block instructions are available:

 OPN Open a Data Block

« CDB Exchange Shared DB and Instance DB
L DBLG Load Length of Shared DB in ACCU 1

« L DBNO Load Number of Shared DB in ACCU 1
e L DILG Load Length of Instance DB in ACCU1

« L DINO Load Number of Instance DB in ACCU1

Ch4 ProgControllers 59



dLogic Control Instructions (6t")

» Description: You can use the Jump instructions to
control the flow of logic, enabling your program to
Interrupt its linear flow to resume scanning at a different
point. You can use the LOOP instruction to call a
program segment multiple times. The address of a Jump
or Loop instruction is a label. A jump label may be as
many as four characters, and the first character must be
a letter. Jumps labels are followed with a mandatory
colon ":" and must precede the program statement in a
line.

» Note: Please note for S7-300 CPU programs that the
jump destination always (not for 318-2) forms the
beginning of a Boolean logic string in the case of jump
Instructions. The jump destination must not be included
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» You can use the following jump instructions to
Interrupt the normal flow of your program
unconditionally:

e JU Jump Unconditional

o JL Jump to Labels

» The following jump instructions interrupt the flow of
logic In your program based on the result of logic
operation (RLO) produced by the previous instruction

statement:

¢« JC Jump If RLO =1

 JCN Jump If RLO =0

« JCB Jump If RLO = 1 with BR
« JNB Jump if RLO = 0 with BR
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» Logic Control Instructions: The following jump instructions
interrupt the flow of logic in your program based on the signal
state of a bit in the status word:

« JBI JumpifBR =1
« INBI Jump ifBR=0
« JO Jump ifOV =1
« JOS JumpifOS =1

> The following jump instructions interrupt the flow of logic in your
program based on the result of a calculation:

o JZ Jump if Zero

« JN Jump if Not Zero

e JP Jump if Plus

e JM Jump if Minus

o JPZ Jump if Plus or Zero

« JIMZ Jump if Minus or Zero
« JUO Jump if Unordered

Ch4 ProgControllers 62



d Integer Math Instructions (7t)

» Description: The math operations combine the contents of
accumulators 1 and 2. The result is stored in accumulator 1. The
old contents of accumulator 1 is shifted to accumulator 2. The
contents of accumulator 2 remains unchanged.

> In the case of CPUs with four accumulators, the contents of

accumulator 3 is hen copied into accumulator 2 and the contents
of accumulator 4 into accumulator 3.

» The old contents of accumulator 4 remains unchanged.

» Using integer math, you can carry out the following operations
with two integer numbers (16 and 32 bits):

«+| Add ACCU 1 and ACCU 2 as Integer (16-bit)
* -l Subtract ACCU 1 from ACCU 2 as Integer

o *| Multiply ACCU 1 and ACCU 2 as Integer (16-

o/l Divide ACCU 2 by ACCU 1 as Integer (16-bit)
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° + Add Integer Constant (16, 32 Bit)

«+D  Add ACCU 1 and ACCU 2 as Double Integer (32-bit)

e-D Subtract ACCU 1 from ACCU 2 as Double Integer (32-bit)
**D Multiply ACCU 1 and ACCU 2 as Double Integer (32-bit)
/D Divide ACCU 2 by ACCU 1 as Double Integer (32-bit)

« MOD Division Remainder Double Integer (32-bit)

»See also Evaluating the Bits of the Status Word
with Integer Math Instructions.
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Qd Floating-point Math Instructions (8t™")

» Description: The math instructions combine the contents of
accumulators 1 and 2. The result is stored in accumulator 1. The
old contents of accumulator 1 is shifted to accumulator 2. The
contents of accumulator 2 remains unchanged.

> In the case of CPUs with four accumulators, the contents of
accumulator 3 is copied into accumulator 2 and the contents of
accumulator 4 into accumulator 3.

» The old contents of accumulator 4 remains unchanged.

» The IEEE 32-bit floating-point numbers belong to the data type
called REAL.

» You can use the floating-point math instructions to perform the
following math

» instructions using two 32-bit IEEE floating-point numbers:
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e +R Add ACCU 1 and ACCU

e -R Subtract ACCU 1 from ACCU 2
e *R Multiply ACCU 1 and ACCU 2
e /R Divide ACCU 2 by ACCU 1

» Using floating-point math, you can carry out the
following operations with one 32-bit IEEE floating-
point number:

* ABS Absolute Value

* SQR Generate the Square

* SQRT Generate the Square Root
 EXP Generate the Exponential Value
* LN Generate the Natural Logarithm
* SIN Generate the Sine of Angles

* COS Generate the Cosine of Angles
* TAN Generate the Tangent of Angles
* ASIN Generate the Arc Sine

« ACOS Generate the Arc Cosine

« ATAN Generate the Arc Tangent

» See also Evaluating the Bits of the Status Word.
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A Load and Transfer Instructions (9th)

» Description: The Load (L) and Transfer (T) instructions enable
you to program an interchange of information between input or
output modules and memory areas, or between memory areas.
The CPU executes these instructions in each scan cycle as
unconditional instructions, that is, they are not affected by the

result of logic operation of a statement. The following Load and
Transfer instructions are available:

o L Load
o | STW Load Status Word into ACCU 1

 LAR1 AR2 Load Address Register 1 from Address
Register 2

 LAR1 <D> Load Address Register 1 with Double
Integer (32-bit Pointer)
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 LAR1
 LAR2 <D>

. LAR2
T

e TSTW

« TAR1 AR2

 TAR1 <D>

 TAR2 <D>

« TAR1
e TAR2
 CAR

Ch4 ProgControllers

Load Address Register 1 from ACCU 1

Load Address Register 2 with Double
Integer (32-bit Pointer)

Load Address Register 2 from ACCU 1
Transfer
Transfer ACCU 1 into Status Word

Transfer Address Register 1 to Address
Register 2

Transfer Address Register 1 to Destination
(32-bit Pointer)

Transfer Address Register 2 to Destination
(32-bit Pointer)

Transfer Address Register 1 to ACCU 1
Transfer Address Register 2 to ACCU 1

Exchange Address Register 1 with Address
Register 2
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L Program Control Instructions (10th)

» Description: The following instructions are available
for performing program control instructions:

 BE

« BEC
« BEU
« CALL
e CC
« UC
o Call
o Call
 Call
o Call
 Call
 Call

* MCR
Functions

Block End

Block End Conditional
Block End Unconditional
Block Call

Conditional Call
Unconditional Call

FB

FC

SFB

SFC

Multiple Instance

Block from a Library
(Master Control Relay). Important Notes on Using MCR

« MCR( Save RLO in MCR Stack, Begin MCR
« MCR End MCR

* MCRA Activate MCR Area

* MCRD Deactivate MCR Area
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A Shift and Rotate Instructions (11th)

> 11.1 Shift Instructions

= Description: You can use the Shift instructions to move the
contents of the low word of accumulator 1 or the contents of
the whole accumulator bit by bit to the left or the right (see
also CPU Registers). Shifting by n bits to the left multiplies
the contents of the accumulator by “2 n ”; shifting by n bits to
the right divides the contents of the accumulator by “2 n ”.
For example, if you shift the binary equivalent of the decimal
value 3 to the left by 3 bits, you end up with the binary
equivalent of the decimal value 24 in the accumulator. If you
shift the binary equivalent of the decimal value 16 to the right
by 2 bits, you end up with the binary equivalent of the
decimal value 4 in the accumulator.
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The number that follows the shift instruction or a value in the low
byte of the low word of accumulator 2 indicates the number of bits
by which to shift. The bit places that are vacated by the shift
instruction are either filled with zeros or with the signal state of the
sign bit (a O stands for positive and a 1 stands for negative). The bit
that is shifted last is loaded into the CC 1 bit of the status word. The
CC 0 and QV bits of the status word are reset to 0. You can use
jump instructions to evaluate the CC 1 bit. The shift operations are
unconditional, that is, their execution does not depend on any
special conditions. They do not affect the result of logic operation.

» The following Shift instructions are available:

o SSI Shift Sign Integer (16-bit)

« SSD Shift Sign Double Integer (32-hit)
o« SLW Shift Left Word (16-bit)

« SRW Shift Right Word (16-Dbit)

e« SLD Shift Left Double Word (32-bit)

« SRD Shift Right Double Word (32-bit)
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] 11.2 Rotate Instructions

» Description: You can use the Rotate instructions to rotate the
entire contents of accumulator 1 bit by bit to the left or to the right
(see also CPU Registers). The Rotate instructions trigger
functions that are similar to the shift functions described in
Section 14.1. However, the vacated bit places are filled with the
signal states of the bits that are shifted out of the accumulator.
The number that follows the rotate instruction or a value in the
low byte of the low word of accumulator 2 indicates the number
of bits by which to rotate. Depending on the instruction, rotation
takes place via the CC 1 bit of the status word. The CC 0 bit of
the status word is reset to O.

» The following Rotate instructions are available:
 RLD Rotate Left Double Word (32-bit)
« RRD Rotate Right Double Word (32-bit)
 RLDA Rotate ACCU 1 Left via CC 1 (32-bit)
« RRDA Rotate ACCU 1 Right via CC 1 (32-bit)
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dTimer Instructions (12th)

» Description: You can find information for setting and
selecting the correct time under Location of a Timer in
Memory and components of a Timer. The following
timer instructions are available:

* FR Enable Timer (Free)
" L Load Current Timer Value into ACCU 1 as Integer
» LC Load Current Timer Value into ACCU 1 as BCD
" R Reset Timer
= SD On-Delay Timer
= SE Extended Pulse Timer
= SF  Off-Delay Timer
= SP  Pulse Timer
SS Retentive On-Delay Timer
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d Word Logic Instructions (13t)

» Description: Word logic instructions compare pairs of words (16
bits) and double words (32 bits) bit by bit, according to Boolean
logic. Each word or double word must be in one of the two
accumulators. For words, the contents of the low word of
accumulator 2 is combined with the contents of the low word of
accumulator 1. The result of the combination is stored in the low
word of accumulator 1, overwriting the old contents. For double
words, the contents of accumulator 2 is combined with the contents
of accumulator 1. The result of the combination is stored in
accumulator 1, overwriting the old contents.

> If the result does not equal 0O, bit CC 1 of the status word is set to
"1". If the result does equal 0, bit CC 1 of the status word is set to

"0".
» The following instructions are available for performing Word Logic
operations:
= AW AND Word (16-bit)
= OW OR Word (16-bit)
= XOW Exclusive OR Word (16-bit)
= AD AND Double Word (32-bit)
= OD OR Double Word (32-bit)

XOD Exclusive OR Double Word (32-bit)
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d Accumulator and Address Register Instructions
(14)
» Description: The following instructions are available to you for
handling the contents of one or both accumulators:
= TAK Toggle ACCU 1 with ACCU 2

= PUSH CPU with Two ACCUs
= PUSH CPU with Four ACCUs
= POP CPU with Two ACCUs
= POP CPU with Four ACCUs
= ENT Enter ACCU Stack

= | EAVE Leave ACCU Stack

= INC Increment ACCU 1-L-L

= DEC Decrement ACCU 1-L-L

= +AR1 Add ACCU 1 to Address Register 1
» +AR2 Add ACCU 1 to Address Register 2
= BLD Program Display Instruction (Null)
= NOP O Null Instruction

= NOP 1 Null Instruction
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