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Total : 4 pairs



W T 99 49 00 g © U g Sliwd YY)
o 98 S8 Dl whiuas ) wbald whiuas s self test 5 Sbli)l bbbl

C g (50 dals Vo el il 338l 5 s )y @B e Ylo) LHIAL el (5 w9 y99 )50
sy Zlaisl &5l puSiy ol uess a3 a5 il b aaly 03 Jlo s pué wumdy G o83 plfia )

Soib (503 Il ¢ 1 ol s s ¢ Yoo 4y @l puess (59 8 o 03l )9 4y N3¢ Soib (50
aliuo Jl ) wlloc slas,us Self Diagnostics (5305 b (wbaks Sieibsd slo olluws 5
sl 5 Jlops p walla Sl aaly 03,5 Zls w5 @ el el ool 33l e o5 T
Al 5o 0T s adsl Jlo s s
JB b s daly wlius Gl esls 5 wleMbl Lis a5 (wbadid el VS SIS Vob 4
o)l ) LT 5 03ls Huss ) o olSuws setting asiub g b Jl olss (oo &Sl diimd (luwd
Ol 555 b wbadis s W olfiws v w)lbs 9 Hliws a5 vl Gise vl ol - 3,8

Y-V JSb) cemanl s (sldumn

F F

4-20 mA .

(5% & &)

vo S

S B S gals VY-

& 35haml §8=3 sl sylastwl  Function Block (s ,w 5 Il Foundation Fieldbus
(AO) S oliT asa (AD) SolbT 63905 wozed S iS @lgs HST. 36 e ol J s
Iyal Function Block )l 55 8k Jl 5 Field wljuss bouw s Slsine PID 0,08 5
(E-) JSh) Sgib e

s Field wliuss & ) LS ob ol (ol ulsine Function Blocks Sob alhb L
Sslod JpiS o8l whinas s VO juslie Field wljinas o Jous wllee gajgs . 3,8
. Cabinets
Cals Gials b Laols s s Power Supply



Wiring gl f—Y—1\
a5 950l 9 3 jlw (50 oé)gT)._» J) P s s & Field S azs auls” Jlasl ool yubadys

323 (50 LA e 55 JoB Ul we & Sl le SlginlS iz 9 Barrier . Loww slass
(0= k)
o jlw A 418 31 4999 Jiwo O—Y—)

Foundation Fieldbus slas )lastowl I el (5o (wbadsd oliuas 036 )b GBS o
Dbaws 63D T an s Dls Laih a5 couwl 2o uls ol L A8 9w ol ML».QI; Al ) gbie 4y
o alike Sl JI L olluws  soled (yuizoed - So dudled ol g yd Dbkl )s s3b)

e

[\

I
CONTROLLER

/10
SUBSYSTE

R

TRADITIONAL

VY )U'D.Q L bls)l s sislgiune

~ug@ga W Fieldbus

) S



Controller

()
| T

Input/Output
Subsystem Controller
4-20 mA I I I
IS IS IS IS IS
Fieldbus

O R &

One IS barrier, one pair
for many devices

Traditional 4-20 mA wiring,
one IS barrier, one pair
for each device
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Fieldbus Massage Specification s Fieldbus Access Sublayer s Data Link Layer
Link Master wljuas 3 )Seac 05 b (b T -¥

Communication Stack ¥
e ls 9 JpiiS el &3 W el JWsl j c DLL plas sy (ebalsd aSub Jaw I p9s agY

RPIRY
OSI model based FOUNDATION™ Fieldbus H1 Model

USER LAYER USER LAYER

FIELDBUS MESSAGE
APPLICATION LAYER 7 SPECIFICATION
FIELDBUS ACCESS
UBLAYER
PRESENTATION LAYER | 6 H1
« »
SESSION LAYER 5 STACK
TRANSPORT LAYER 4
NETWORK LAYER 3
DATA LINK LAYER 2 DATA LINK LAYER
PHYSICAL LAYER 1 H1 PHYSICAL LAYER H1 PHYSICAL LAYER

Link Active ylgic vz (b $ 35 e 0348 (S ju) aobi po K 3 b JI DLL 4V (yizen
CAUS e e e wbals s (LAS) Scheduler
Data Link Layer \—¥

il (553 Gl e a3 395l L osls Jlawl sl e e 308 3 (DLL) Data Link Layer
oo 9 Lid 03,85 ey e b Jlanl sla ) sz 5 Lol uized 9T .3i)ls osls & jls as
LA e a1 el G Ul 4 bogs pe

ols 05580« 35 o Joe 313 Sl wns s &5 S jud Y % 59, DLL asistmT
. 3,ls Medium I eslaiwl (sl
(Medium Access Control: MAC) Medium & Jlawd J 5 \—\—¥

>olos aSiyl 3535 b ol Fildbus (sl Medium ay ybiws JpiiS DLL SO 5 siose
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PowerEn.
,Time Available , jl ass)lc &S 3o (50 iy p25 DLL aliw gy w515l Jl mbouws auws 0 juilSo
2523 liwlan )51 5 358 5o Jla)l alooldd, Urgent elsy 5 Normal , Urgent
03 i olol o (sl s Lind 031851 (a3 ) 5 - bl aisibls Hlbisl ao )3 659 sbdasls|

-l ol axibie pV-Edsa

Priority Maximum Data (DLSDU) Size
URGENT 64 bytes
NORMAL 128 bytes
TIME_AVAILABLE 256 bytes
V-F Jgd
kw)éi' Y—\-¥

aw Jolois waT al . 359 (50 aisliss DL yu)psT L DLL Sbls)l asls )3 b5 o
S 9 0390 e 16 Jwlis Link iz .Selector , Node , Link: jl i)l a5 sl woomd
Vo oso iy oyl « 238l 5o Blast Link o g9 byl a5 Solia . 23S 5o askine |y Link
o 253 sl ddls & Ly sapb Sl ply < 5 B9 Ygaze (T Il ik ol - Ssib (o B3
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Link Node Selector
(16 bit) (8 bit) (8 bit)
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( LM sla s )3 93,85 500,53 0x109 OX FF w0 039350 03 a5 cwawl 0,5 (wpaT
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hand held a5 auis 53890 olfiuws <. 3ibl 50 4l 5 LMslwds )3y oSiuws Ygoso
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0x10 ~ V(FUN) Address for Link Master class
devices

V(FUN)+V(NUN) | Address for Basic class devices
~ OxF7
OxF8 ~ OxFC Default address for devices with
cleared address

OxFD ~ OxFF Address for temporary devices like a
handheld communicator
0x00

Not used
LM Class Devices

0x10

V(FUN) ——>]

Not used V(NUN)

V(FUN)+V(NUN) ——

BASIC Class Devices

0xF7
0xF8
OxEC Default Address

0xFD

Temporary Devices
0xFF

“-F S

Ol e 90 Y—F

AS (g (5o w5 wglaio DLL  wlasive L & olluws 5 wljus Jl aliso g9 aw
1)l ass)be
(Basic Device) aby ol jues -\
Link Master «l jus -¥
(Bridge) Js sl jues -¥

L ool 6 ) 4ol o 5 o pede wulhlB a5 S5 gl (5o adsS (L ol 4 Al sl ol
S 50 olaiul wledbl Jl)l 5 w8l wua b Jl Ls 5 anblas

Sl 635 o LAS G s )s auslsine Link Master sla olfuss a5 walls )3 ol
590 VG el 6 ) aels a9 e pa

D)0 sl alub sl e jKaes & (whals sl asub Juasl sl s (bridge) b s
2508 (50 )3 eslaiwl 3) g0
L oluws < JSlaa doa9 (plulis . AiS 50 )5 LAS ylgiss link 5 0o olfiws K Lis 9 5
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a5 385 o ol b il re V=€ JSib . oS Ll 1ink )s 1y oT Gids 3iilss g0 « S (o JSiko
 3gb 5o Joaws LAS 5 a0 LM olBiws

(1) Fieldbus starts up
1 1 1 1 1

BASIC Link Master BASIC BASIC Link Master

(2) A Link Master claims
“LAS” ‘
1

1 1 h

BASIC Link Master|]| BASIC

BASIC Link Master

(3) A Link Master becomes LAS
1 1 1 1 1

BASIC Link Master|]| BASIC

Y-F S

BASIC Link Master

ou (539 5 4ol g9 LS o1 \—Y—F
03 8L seles sl « Jlw)l slgle) Jl iw md sl (LAS) Link Active Master
LAS . 500) (50 158 olfiuws < 8L slgizxe Jw)l dcgo a5 (SolKid .2l (50 1 olluws auls
Ol - (Y-€ JSb) 88 (50 03bo olfuws 9T sl Compel Data(CD) ylsic ws play
90 d9ase N0 whins seles & D) 395 ,8L YIS 03l « Ab gy ye olfiws CD wsl)s
Jl plaS »a &y 5 Publisher LaMlaol olSiws ol &5 . (E-€ JSib)aas e bl Fieldbus

Dol 5o axaS Subscriber sl oo (sais ) 1 osls =8l Gl a5 Sl s

LAS = Link Active Scheduler

P = Publisher
Schedule S = Subscriber
CD = Compel Data

B g

LAS b

c

Fieldbus Physical Medium

CD(x,a) "mmmmm
[

v Device x Device y Device z

[p] [s] ] | [”] [s] [P] [s]

Yoy S
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LAS = Link Active Scheduler
Schedule P = Publisher

S = Subscriber
DL = Data Transfer

LAS

Physical Medium

DT& I I NN ——— *

Device x I Device y Device z

c a d a
[P] [s] [p] [s]
F-F S
ovid (5 3 3 4wl w OLS o) Y—Y—F
S0 el pa sl play Jw)l Sl o )8 S odub (5 a0 4ol jo sl oals Jlw)l JY¥a )
Pass ol G vsdwo buwss LAS 5 50 03l (ubadid 55) whius soles 4 osuis
S 5o JIASTy oKiws ol & ) Fieldbus Jl oslaiwl js=xo ofiws ,& & Token(PT)
sy gy PT oliuy a3l s phmas . cwl wlo) 9 wapslsl cleMbl Juobis PT ol (.(0-€ JSib)
S iledbl olfiws K a5 Solfia . 8IS 5o law b GisleMbl Jlu)l ol oiws « olSiws
RT ulsic oo i « ol piinl woglsl an)s b sleMbl shls asiyl b 3)las Js)l
a8 ilos b 0T plesl ple) b5 wslebl Jus)l JI5 . 355 e Jus)l LAS sl (Return Token)
(P8 JSib) A3 50 Iy aelal (Aubly yiSa 55 wlo) plAS aSisl 4 Alwy) 3 e yaskie LAS
AR o S JpuS s B auglsl 03, Jo) 4 b ) wleMbl Jusl sl 8 LAS
Opizmed . 383 5o ebainl s i glo) ,3 YU waelsl b sl olfiws & LAS Jls ylgis
SRS 5o i L wuedsl bl o Sla L ol A e sl ule) a5 Sids
s yulas SleMbl IS Holay o S (so e a5 (5l 03w (550 aslip jud wleMbl
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Token
Circulation
List

LAS = Link Active Scheduler
P = Publisher

S = Subscriber

PT= Pass Token

M = Message

Physical Medium

Device x

LAS

Device z

LAS = Link Active Scheduler
P = Publisher

S = Subscriber

PT= Pass Token

. . M = Message
Physical Medium g
Device y Device z

Device x

p-F S

LAS & Shos ¥—Y—¥

V-& )56 o> LAS o Slec H),ﬂlmuoa.:).m ) LAS 5 Slec ») sla Liso

sl 034 031 yiuled
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Is Wait until it is
There time to do Ne time to issue the CD 1
Something Send > Zs[u)e
Befor next en
CD? Idle messages
' While waiting.
Yes CD: Compel Data
PN: Probe Node
TD: Time Distribution
PT: Pass Token
Issue
»  PN,TD, or PT
V-¥ }i.ﬂ

CD 4l y F—Y—¥

ala o shyal 6l b e &5 sl wllac I sl acgaze Jolis Compel Data asb 5
< & CD o ool 3 Jl euslie wlilac ol - 3gib (5500 aob p eolebol JUisl o
S ulsie 4 oKiwd YT Dsiwd (pl wbleie a5 ubakd whinzs Jl SO Vs Jasuie 3L
S oo L)l & oluws )5 sl alolds ) 353 48 osls « Publisher

JMa ) LAS )% wldece 9 wuwbls LAS sy oo s 1) a9l (9 )3V iy ol
LS9 50 yal B98 wlidac (sl yal
Live List Maintenance —Y—¥

axsf Live List « 3ias 50 glis STy PT play 4 (5950 a5 1 olfiws (oles v jud
ooy LAS . 359 aslal wbalis &5 aF cuwl See ulo) s )3 $auda liues Seib e
Live List jl z)la 2law)sT & Probe Node (PN) ulgic e bl 5w & o slie
3L ) PN lany 5 aubl abls Sgas s Syg0 (uosT 03 Sallws )51, 338 5o Js)l
OS1.361s 5 (50 02 Probe Response(PR) plsic wsxs ) o & mwly pliyy < alioldds oS
L ol oyl -3uled 5o a8Lal Live List ay 1) oliws ¢l LAS . aas wlsa PR % b olSiuws
ol . 33,5 50 b oliws sl LAS luwgs Node Activation elay X ool )8
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rower | consboyhy g ) &y Sy

PowerEn.
=P C)l'; Live List I LAS .b.m}'i AR5 glis uhifl} PT rol.m.» a)bawl olfiuwd 5 as

D5

& LAS busgs juss ol « 354 (50 33a 9T JI L 03538l Live List & olfiws < o5 o
st G ¢ s Al a8 Seb ge el ol oyl dwsy o Field  wliuas ads SalT
bl aubls sea 555 1) Live list I ool
S oy F—Y-—F

oobals 9y (Time Distribution) TD b)) g2)95 Pl & (ol = g LAS
oo Link & ols a5 by WolS sla glo) 05 o olSiws soles aSglay ¢ 8 5o Jlw)l
Shal 5 (wbadd b (59) caub (S 39 4ol o 0 ulxo a5 | ) MIN)LH@).QI ol - SS9
Siiwd TD sloliy Jl 0w T wuwas wlelbl ab 0 Function Blocks oaus (5 59 4ol »
Token Passing Y—Y—¥

O3 - 35 o Jlu)l PT playy S5 Live list )3 35350 sl olfiws eles (sl LAS
Dol (50 0313 03 (5 330 by wleMbl Jlw)l ol L olfuws a4 b
LAS Redundancy A-Y—¥

S sl LAS sl 551, sl Link Master pais IS wawl jSon (wbads
c3ls saled ell ) LAS caslbs S5 Link Master o sl (i
DLL slss b uwo>193—Y—¥F

323 5o wlis ) DLL & bgs ye PDU slivs sla saly aoda P-€ Joaa

DLPDU Name Functionality
EC Establish Connection Connect DLCEP
DC Disconnect Connection Disconnect
CD Compel Data Poll a Publisher
DT Data Transfer Send a data unit
PT Pass Token Give the token
RT Return Token Return the token
RI Request Interval Request more PT
PN Probe Node Search new node
PR Probe Response Join the link
D Time Distribution Synchronize Time
CT Compel Time Request CT
RQ Round-trip Time Query Measure delay
RR Round-trip Time Response in CT
CL Claim LAS Becomes LAS
TL Transfer LAS Request LAS role

IDLE Idle No activity

._:|).u<.7u u.»l.a.a.w.) kSLie‘i’ﬁ) 9 d.(mu —alizxo g_sLQJ)}J)J}J 09 ) L')'-’-I Y o)Lo.»l'b D gy D AT oR
LA g (50 () 2 doMA ) glay aSiul wileMol 4y Al & | Juaie
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Fieldbus Access Sublayer ¥—¥

O 52 o w S DLL oaus yuss 9 odub s iw Jl sldlsy s S I FAS
L s ilzxe wilbls )l 5w < aluw 9o FAS (5la (s s gloil 23S 5o o3laiwl FMS
35 oo o o3 Virtual Communication Relationship (VCR)

welibl sl (yals o pleud .3ubl (5o (yals akasls Speed Dial o guoa auib VCR (S 509

e My dlued sl VLS« 3ibl (5o osb opledd 9 puah A O glS IS Jolds &S alixe
o 48,5 a5 3 )90 oleud Speed Dial Number auls )Lié L Las Setup Jl (e 93554
)fﬁébb@)lks)l)é)gksl).?VCRo)Lo.bekﬁ W&M)ﬂu)l.&m\_dbumw.)pm
QG b bl Siali alie wledlo &S A95led Al (50 IS Sge ubalsd ol s
50 2 T a8 SIS caliso glgil 35 VER Cao)ls 399 0 e 9 sl paiS wilollfo « yasib
kbl
Client/server VCR —\

o cwl See oliwd oT S e wdlys LAS I PT pliy S olfiuws S &5 olSia
Client oS wuwlga)s ollues .diuw pdy wbald 690 )% olws & wuwlsd s ely
o b Oliswly SErver .sgub (50 0auels Server wuwlsd )s 036 38 olfiuws 5 dguib (50 03uols
% & % blijl sl VCR g55 ol @bl 03 . 365 o Jlusl LAS JIPT % by i
bl (o o olfiws

wl s Set point il yuss Jio 93l sl wuwlsn s sl e Client/server go5 VCR

(A-€ JSib) . 39) (50 VS o 9 093 o) Jl b ue o Alarm = 5005« Tuning sl el

* One-to-one two-way connected
communication
* Universal communication
— Manual operation
— Download configuration
— Maintenance
* Response time depends on
— Device throughput
— Bus traffic

Client

Request: Give me

current pressure g
4 Response: It's
Server

10.3 kPa.

A-F S



Source-Sink VCR -Y
S A el L 39y 50 IS ol i b oy S wlbls)l sl VCR g45 ol

QG asgd S ollws Ol ¢ 38 5o wdlys LAS JIL PT 0 i8S K sl olSuws
Sy &5 Shiuas . 38 oo Jwpl ¢ asl esub iy 25 VCR s &5 wliuss Jl 05,5
£95 ol pEzed L AU 50 8L D GBS al - el (5o (G xS VCR ) b
c 35 oo 3 oslawl 3)ge B Heihul O LeoVT ol wledbl Jus)l sl VCR

(A-£ Jsi)

* One-to-many one-way
connection-less
communication
— Event reporting

« Device or process alarms
* Trending

— On-demand aperiodic

communication
4 [07
5 Event Report: My

hardware failed.

Source “

-F S

Publisher/ Subscriber VCR -Y

o I3 oslaiwl 3) g0 ollunsd i &y olfiws K oub 3L wlblis)l sl VCR go5 oyl
o33 5 Mgub 5o ALDIAS aASub )3 1 oald AT Lis aF wuwl Size (s odub 3L . > uS
C gl (5o it BB 031 K JolS D gdos duan sla

ol plos 4 1) Giolis olSiw « 335 5o wxslys LAS jI CD % olSiws a5 olSia
bl odub ubiie ply =il 3 Jliwlgh a5 Lol 3 e ubiio (wbals ss)
. Sgub 50 03uels Subscriber

WG9 9 63909 Jw)l sle Field sla oliws aluwgs VCR  go5 (il
(V=€ JSb)S9) oo ) PV aws Function Block



* One-to-many one-way
connection-less
communication
— Event reporting

» Device or process alarms
* Trending

— On-demand aperiodic

communication

Source

Event Report: My
hardware failed.

Veo¥ S
Fieldbus Message Specification(FMS) f—¥
plasy ;5% & BUS 50,b 1 b 2ids e o5l o)ls & FMS (sl o 5 wloas
nl USG9 5 5 el Slde yd ¢ Gbli)l s puw bl 5 ayyes FMS L. 2 Jlw)l
(=€ JSb) 239 50 )G User Application (sl p Lol ¢yisln sl »o a5

Communication

Services
Fieldbus Fieldbus
Device Device
USER USER
APPLICATION APPLICATION
FIELDBUS MESSAGE FIELDBUS MESSAGE
SPECIFICATION SPECIFICATION
FIELDBUS ACCESS FIELDBUS ACCESS
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Read Read value of a variable
Write Write value to a variable
Information Report Send value as Publisher or Source
Define Variable List Define a list of variables to send
Delete Variable List Delete a list of variables
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Request Domain Download Request download

(Generic) Initiate Download Sequence Start downloading
(Generic) Download Segment Download
(Generic) Terminate Download Stop downloading
Sequence

Request Domain Upload Request upload
Initiate Upload Sequence Start uploading
Upload Segment Upload

Terminate Upload Sequence Stop uploading
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Start Start a program

Stop Stop a program

Resume Resume a program execution
Reset Reset the program

Kill Disable the program
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Part-2 Blocks

Major in control and measurement

Al Analog Input Block

DI Discrete Input Block

ML Manual Loader Block

BG Bias/Gain Station Block
CS Control Selector Block

PD P, PD Controller Block
PID PID, PI, | Controller Block
RA Ratio Station Block

AO Analog Output Block

DO Discrete Output Block

Part-3 Blocks Enhanced Blocks

DC Device Control Block

0S Output Splitter Block

SC Signal Characterizer Block
LL Lead Lag Block

DT Dead Time Block

IT Integrator (Totalizer) Block

(More blocks are under development)

Part-4 Blocks

Multiple 1/0 Blocks

MAI Multiple Discrete Input Block
MDI Multiple Analog Input Block
MAO Multiple Discrete Output Block
MDO Multiple Analog Output Block

Part-5 Blocks

IEC61131 Blocks

(Under development)
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Number Devices
4 Flow Transmitter
3 Level Transmitter
1 Pressure Transmitter
3 Temperature Transmitter
1 pH Transmitter
2 Control Valve
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Acronyms

AC Alternating Current 1P Internet Protocol
Al Analog Input Function Block IS Intrinsic Safety
APL Application layer ISA International Society of
AO Analog Output Function Block Measurement and Control
ASN.1 Abstract Syntax Notation 1 ISO International Organization of
AUTO Automatic mode Standard
AWG American Wire Gauge IT Information Technology
BG Bias/Gain Station Block IT Integrator Function Block
CCITT International Telegraph and Kbps (kbit/s) | kilobits per second

Telephone Consultative Committee kHz kilohertz
CAS Cascade mode LAN Local Area Network
CD Compel Data DLPDU LAS Link Active Scheduler
CF Capabilities File LL Lead Lag Function Block
CFF Common File Format LM Link Master
CL Claim LAS DLPDU LO Local Override mode
COTS Commercial off the Shelf LS Time Link Scheduling Time
CPU Central Processing Unit mA Milliampere
CS Control Selector Function Block MAC Medium Access Control
CT Compel Time DLPDU MAI Multiple Analog Input Block
DC Direct Current MAN Manual mode
DC Disconnect Connection DLPDU MAO Multiple Analog Output Block
DC Device Control Block Mbps (Mbit/s) | Megabit per second
DCS Distributed Control System MDI Multiple Discrete Input Block
DD Device Description MDO Multiple Discrete Output Block
DDL Device Description Language ML Manual Loader Function Block
DDS Device Description Service NM Network Management
Device ID Device Identifier NMIB Network Management Information
DI Discrete Input Function Block Base
DLCEP Data Link Connection End Point oD Object Dictionary
DLL Data Link Layer 0S Output Splitter Block
DLSAP Data Link Service Access Point O1s Out of Service mode
DT Data Transfer DLPDU OSI Open System Interconnect
DT Dead Time Function Block PC Personal Computer
DO Discrete Output Function Block PCI Protocol Control Information
EC Establish Connection DLPDU PD PD Control Function Block
EU Engineering Unit PDU Protocol Data Unit
EUC End User Council PD Tag Physical Device Tag
ETS Enterprise Technology Solutions PHL (PHY) Physical Layer
FAS Fieldbus Access Sublayer PID PID Function Block
EB Fieldbus PLC Programmable Logic Controller
FB Function Block PN Probe Node DLPDU
FCS Frame Check Sequence PR Probe Response DLPDU
FDA Field Device Access PT Pass Token DLPDU
FF Fieldbus Foundation PV Process Value
FMS Fieldbus Message Specification RA Ratio Station Block
Gbps (Gbit/s) | Gigabit per second RB Resource Block
HMI Human Machine Interface RCAS Remote Cascade mode
ID |dentifier RI Request Interval DLPDU
IEC International Electro-technical ROUT Remote Output mode

Commission RQ Round-trip Time Query DLPDU
IMAN Initialize Manual mode RR Round-trip Time Response DLPDU




RT Return Token DLPDU

SC Signal Characterizer Block

SDU Service Data Unit

SM System Management

SMIB System Management Information
Base

SMKP System Management Kernel
Protocol

SP Set Point

SP50 Standard and Practice committee
50

B Transducer Block

TCO Total Cost of Ownership

TCP Transfer Control Protocol

D Time Distribution DLPDU

TL Transfer LAS DLPDU

UDP User Data Protocol

VCR Virtual Communication
Relationship

VFD Virtual Field Device

VIEW View Object

WAN

Wide Area Network




Industrial Data Communications -
Local Area Network Topologies
and Access Control

Tutorial 3

This tutorial on industrial data communications is broken down into the following sections:
. Local Area Networks

+  Topologies
. Access Control
. CSMA/CD

+  Token Passing

Local Area Networks

Local Area Networks are about sharing information and resources. To enable all the nodes
on the network to share information, they must be connected by some transmission medium.
The method of connection is known as the network topology.

The nodes need to share this transmission medium in such a way as to allow nodes access
to the medium and minimise disruption of an established sender. The main methods of this
media access control, as it is called, will be discussed as well as their effects on system
performance.

Network Topologies

The way the nodes are connected to form a network is known as its topology. A physical
topology defines the wiring layout for a network. This specifies how the elements in the
network are connected to each other electrically. This arrangement will determine what
happens if a node on the network fails. Physical topologies fall into three main categories...
bus, star, and ring topology. Combinations of these can be used to form hybrid topologies
to overcome weaknesses or restrictions in one or other of these three component topologies.
A bus describes a network in which each node is connected to a common single
communication channel or “bus”. This bus is sometimes called a backbone, as it provides
the spine for the network. Every node can hear each message packetas it goes past. Each
node checks the destination address that is included in the message packet to determine
whether that packet is intended for the specific node. When the signal reaches the end of
the bus, an electrical terminator absorbs the packet energy to keep it from reflecting back
again along the bus cable, possibly interfering with other messages already on the bus.
Each end of a bus cable must be terminated, so that signals are removed from the bus
when they reach the end.



In a bus topology, nodes should be far enough apart so that they do not interfere with each
other. However, if the backbone bus cable is too long, it may be necessary to boost the
signal strength using some form of amplification, or repeater. The maximum length of the
bus is limited by the size of the time interval that constitutes “simultaneous” packet reception.
Figure 1 illustrates the bus topology.
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Figure I Bus Topology

Bus topologies offer the following advantages:

+ A bus uses relatively little cable compared to other topologies, and arguably
has the simplest wiring arrangement.

+  Since nodes are connected by high impedance tappings across a backbone
cable, it's easy to add or remove nodes from a bus. This makes it easy to extend
a bus topology.

. Architectures based on this topology are simple and flexible.

. The broadcasting of messages is advantageous for one-to-many data
transmissions.

Bus topologies have the following disadvantages:

+  There can be a security problem, since every node may see every message,
even those that are not destined for it.

. Diagnosis/troubleshooting (fault-isolation) can be difficult, since the fault can
be anywhere along the bus.

. There is no automatic acknowledgement of messages, since messages get
absorbed at the end of the bus and do not return to the sender.

. The bus cable can be a bottleneck when network traffic gets heavy. This is
because nodes can spend much of their time trying to access the network.

A star topology is a physical topology in which multiple nodes are connected to a central
component, generally known as a hub. The hub of a star usually is just a wiring centre; that
is, a common termination point for the nodes, with a single connection continuing from the
hub. In some cases, the hub may actually be a file server (a central computer that contains
a centralised file and control system), with all its nodes attached directly to the server. As
a wiring centre, a hub may, in turn, be connected to the file server or to another hub.



All signals, instructions, and data going to and from each node must pass through the hub
to which the node is connected. The telephone system is doubtless the best known example
of a star topology, with lines to individual customers coming from a central telephone
exchange location. There are not many LAN implementations that use a logical star topology.
The low impedance ARCnet networks are probably the best examples. However, you will
see that the physical layout of many other LANs look like a star topology even though they
are considered to be something else. An examples of a star topology is shown in Figure 2.

Figure 2 Star Topology

The advantages of the Star Topology are:

+  Troubleshooting and fault isolation is easy.
. It is easy to add or remove nodes, and to modify the cable layout.
. Failure of a single node does not isolate any other node.

. The inclusion of a central hub allows easier monitoring of traffic for management
purposes.

The disadvantages of the star topology are:

. If the hub fails, the entire network fails. Sometimes a backup central machine is
included, to make it possible to deal with such a failure.

. A star topology requires a lot of cable.

A ring topology is both a logical and a physical topology. As a logical topology, a ring is
distinguished by the fact that message packets are transmitted sequentially from node to
node, in a predefined order, and as such it is an example of a point-to-point system. Nodes
are arranged in a closed loop, so that the initiating node is the last one to receive a packet.
As a physical topology, a ring describes a network in which each node is connected to
exactly two other nodes.

Information traverses a one-way path, so that a node receives packets from exactly one
node and transmits them to exactly one other node. A message packet travels around the
ring until it returns to the node that originally sent it. In a ring topology, each node can acts
as a repeater, boosting the signal before sending it on. Each node checks whether the
message packet's destination node matches its address. When the packet reaches its
destination, the destination node accepts the message, then sends itback to the sender, to
acknowledge receipt.



Since ring topologies use token passing to control access to the network, the token is
returned to sender with the acknowledgement. The sender then releases the token to the
next node on the network. If this node has nothing to say, the node passes the token on to
the next node, and so on. When the token reaches a node with a packet to send, that node
sends its packet. Physical ring networks are rare, because this topology has considerable
disadvantages compared to a more practical star-wired ring hybrid, which is described
later.
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Figure 3 Ring Topology.
Ring Topology Advantages are:
. A physical ring topology has minimal cable requirements.
. No wiring centre or closet is needed.
. The message can be automatically acknowledged.

+ Each node can regenerate the signal.

Disadvantages of the Ring Topology are:

. If any node goes down, the entire ring goes down.

+ Diagnosis/troubleshooting (fault isolation) is difficult because communication
is only one-way.

. Adding or removing nodes disrupts the network.

. There will be a limit on the distance between nodes.

As well as these three main topologies, some of the more important variations will now be
considered. Once again, you should be clear that these are just variations, and should not
be considered as topologies in their own right.

Media Access Methods

A common and important method of differentiating between different LAN types is to
consider their media access methods. Since there must be some method of determining
which node can send a message, this is a critical area that determines the efficiency of the
LAN. There are a number of methods which can be considered, of which the two most
common in current LANs are the contention or CSMA/CD method and the token passing
method.



CSMA/CD (or Contention Systems)

The basis for a first-come-first-served media accesses method. This operates in a similar
manner to polite human communication. We listen before we speak, deferring to anyone
who already is speaking. If two of us start to speak at the same time, we recognise that fact
and both stop, before starting our messages again a little later. In a contention-based access
method, the first node to seek access when the network is idle will be able to transmit.
Contention is at the heart of the Carrier Sense; Multiple Access; Collision Detection (CSMA/
CD) access method used in the IEEE 802.3 and the original Ethernet networks, described
in greater detail in a later tutorial.

Let us now discuss this access method in more detail. The Carrier Sense component
involves a node wishing to transmit a message listening to the transmission media to ensure
there is no “carrier” present. In fact, the signalling method used on Ethernet type systems
that make use of this method do not use a carrier in its true sense, and the name relates
back to the original Aloha project in Hawaii that used radio links for transmission. The
length of the channel and the finite propagation delay means that there is still a distinct
probability that more than one transmitter will attempt to transmit at the same time, as they
both will have heard “no carrier”. The collision detection logic ensures that more than one
message on the channel simultaneously will be detected and transmission, from both ends,
eventually stopped. The system is a probabilistic system, since access to the channel cannot
be ascertained in advance.

Token Passing

Token passing is a deterministic media-access method in which a token is passed from
node to node, according to a predefined sequence. A token is a special packet, or frame,
consisting of a signal sequence that cannot be mistaken for a message. At any given time,
the token can be available or in use. When an available token reaches a node, that node
can access the network for a maximum predetermined time, before passing the token on.
This deterministic access method guarantees that every node will get access to the network
within a given length of time, usually in the order of a few milliseconds.

This is in contrast to a probabilistic access method (such as CSMA/CD), in which nodes
check for network activity when they want to access the network, and the first node to claim
the idle network gets access to it. Because each node gets its turn within a fixed period,
deterministic access methods are more efficient on networks that have heavy traffic. With
such networks, nodes using probabilistic access methods spend much of their time
competing to gain access and relatively little time actually transmitting data over the network.
Network architectures that support the token passing access method include Token Bus,
ARCnet, FDDI, and Token Ring.



To transmit, the node first marks the token as “in use”, and then transmits a data packet,
with the token attached. In a ring topology network, the packet is passed from node to
node, until the packet reaches its destination. The recipient acknowledges the packet by
sending the message back to the sender, who then sends the token on to the next node in
the network.

In a bus topology network, the next recipient of a token is not necessarily the node that is
nearest to the current token passing node. Rather, the next node is determined by some
predefined rule. The actual message is broadcast on to the bus for all nodes to “hear”. For
example, in an ARCnet or token bus network, the token is passed from a node to the node
with the next lower network address. Networks that use token passing generally have some
provision for setting the priority with which a node gets the token. Higher level protocols
can specify that a message is important and should receive higher priority.
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Figure 4 Token Passing

Now click here to go to the short quiz based on this tutorial.
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