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Six-axis robot arm.




Robot work envelope.

(b) Articulated

(a) Cylindrical

(a) Gripper

E:

(b) Grinder

%,

(c) Gas welding torch

End-of-arm tooling devices.




Industrial robot used in an individual item process

Individual product production.






















Cap. 1 - Introducao a Automacao

Dispositivos utilizados em automagao industrial:

Exemplo de motor AC com driver

Research Field of Matsui Laboratory
AC Motor Drives

Sensorless AC Motor Drives
Reluctance Motor Drives
FEM-Based Optimization of Motor Construction

N

— e

Motion Control Technology
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Cap. 1 - Introducao a Automacao

Dispositivos utilizados em automagao industrial:

Dispositivos especificos

Exemplo: produciao de embalagens de aluminio
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0O RO Oa OcC

Overicads SCPR STOP

1

() (2)

H1Q H20 OH3 (PHd
— = |

Squirrel cage
protection
relay

TS24

R24
ik Discharge resisto%R—‘h

Ra‘j’
+ FR

T
(A) (B) ()

SYN.

START

FC SGR SGR

’-I o :2’\ I(x2)

FRX
O

T.O

- FC =
dc shunt

Kt
+ ammeter
M FC

FR
FRX &C

T

TC -+

o
+ «———— dc supply -

(a) Typical hard-wired controller panel. (b) Typical hardwired
diagram. (Courtesy of Allen-Bradley Company, Inc.)
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Solenoid valve.

N

N R R NNNT

g‘\ Solenoid coil

\

/
77777777/

é\\\\\\\\\\\“ﬁ

Spring ——

Movable ——»

V7 T77T7777,

Y
Y

x

Orifice

(a) Operation

[ 2 (Out)

i —>
bis”
Opan it

Valve must be installed with direction
of flow in accordance with markings

(b) Solenoid valve installation




CR1-2

e of

Normally open (NO) contact Normally closed (NC) contac

(a) Control relay symbol
Fixed contacts

Coil de-energized Coil energized -
(b) Typical industrial control

m relay. (Courtesy of Allen-

Electromagnetic control relay operation. Control relay. Bradley Company, Inc.)




Power
terminals

Contactor
coil

@ @

(a) Pictorial diagram

Stationary
contacts ——»

Movable —— 3
contacts

Solenoid
coil

Moving
armature
or plunger

(b) Operation

3-pole

N
I

(c) Wiring diagram

Magnetic contactor.




——[—- Normally open (NO) pushbutton
0 0O

QLO Normally closed (NC) pushbutton

QL O Break-make pushbutton
O 0O

Note: The abbreviations NO and NC represent the
electrical state of the switch contacts when
the switch is not actuated.

(a) Pushbutton switches

(b) Control circuit using a combination
break-make pushbutton




Contacts
Auto | position| A | B

2 Selector
A Hand X o switch

Off
OB Auto

(a) Selector switch operator (b) Three-position selector (c) Selector switch used in conjunction with a reversing motor

switch and truth table starter to select forward or reverse operation of the motor
XD
%

Selector switch.

(I




Source voltage
L1 L2 L3

|OMNOMN©

()

Auxiliary —»
contact

i
!
1

Overload ~»
contact
Overload

heaters

Overload
reset button

Magnetic starter.

Across-the-line AC starter.

High-current
power circuit

(a)

< Low-current
control circuit

(b) Typical across-the-line AC starter. (Cg
of Allen-Bradley Company, Inc.)

Motor starters are available in various
dard National Electric Manufact
Association (NEMA) sizes and ratings.




Microswitch

Pressure switch

Pressure B
inlet

(c) Starter operated by pressure switch

spring

Fig. 6-15 (continued)

(b) Bellows Pressure switch.
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T
A v

Temperature

T

I

Resistance

Temperature

T

]

Resistance

Temperature

<
o
<
e

Voltage
or current

Temperature

Advantages

« Self-powered

« Simple

* Rugged

* Inexpensive

* Wide variety

« Wide temperature
range

* Most stable

» Most accurate

* More linear than
thermocouple

» High output

» Fast

* Two-wire ohms
measurement

¢ Most linear
» Highest output
* Inexpensive

Disadvantages

« Nonlinear

¢ Low voltage

» Reference required
» Least stable

» east sensitive

» Expensive

» Power supply
required

* Small AR

* Low absolute
resistance

« Self-heating

* Nonlinear

» Limited temperature
range

¢ Fragile

* Power supply
required

« Self-heating

e T<200°C

» Power supply required
« Slow

» Self-heating

» Limited configurations

o Common temperature sensors.




Twisted, shielded D/ T Oscillator | Detector

pair wire 7 :

<TJ®DOOOOO5€%' i :

(a) Block diagram

Thermocouple

Target

) o
|
|

Target

+15 -15 C .
User { IR Qutput

dc supply ; i

Analog i ON
input i
module - (b) Operation—as the target moves into the sensing
: area, the sensor switches the output ON.

Fig. 2-12

Typical thermocouple connection to an analog input
module. ~Inductive proximity sensor.




Pickup coil Pole piece

Permanent
magnet

O e
N S\
Sensor output

Fig. 6-42

Magnetic pickup sensor.

Glass tube NO contact

!
g

.
-
=

Common
contact NC contact

Magnet

Magnetic switch (reed switch).




Heater

Pilot light

Solenoid

Solenoid valve

Motor starter

Motor overioad relay contact

I m
i

Symbols for output control devices.




Relay circuit—switch open.




Relay circuit—switch closed.




120 V ac

Pressure Temperature
switch switch

Motor
starter
coil

O ©
Manual
pushbutton

m PLC ladder logic diagram for modified process.

Relay ladder diagram for modified process.




Inputs  Output

Inputs  Output A A
Y —_—_—
B ¥

Output 0—0‘ B 0

1 0 0

1

1

B
0
1
;‘:tc;-isr;;)nl::) g\IND ? (1) Two-input ?
AND truth table NAND gate NAND truth table

w3 - 412

NAND gate symbol and truth table.

Inputs
Inputs  Output A
Y

Y
Output

B
0
1
0
1

0
0
_ 1
Two-input 1

Two-input OR NOR gate
gate symbol OR truth table NOR truth table

=

OR gate. NOR gate symbol and truth table.

Output XOR gate symbol

A (NOT A)
Output

NOT truth table

XOR truth table

NOT function symbol. The XOR (exclusive-OR) gate symbol and truth table.




Relay schematic Ladder logic program

C Stops D Starts A D A
| I
|

o |

Gate logic

o—ali—"
g L=

Example 4-9

A motor control circuit with two stop buttons. When the start button is
depressed, the motor runs. By sealing, it continues to run when the
start button is released. The stop buttons stop the motor when they are
depressed.
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Common Power Bus

Inputs
Interface

Processor

Outputs

Common Return Bus

(@)

I/0 configurations: (a) fixed 1/0;
(b) modular 1/0.




Three-phase lines

| ¥ R b
Magnetic

motor starter Load

circuit

Input

Start-stop
pushbutton
station

When a PLC needs to control a large motor,
it must work in conjunction with a starter.




Power supply

dhfl=

—) O

Input —Q_l_o—

sensing

l

Central
processing
unit (CPU)

devices ~ % S
Qe O

Memory

(S

Programming device

_/\/_

Qutput
load

N2, :
_O__ devices
/ N\

TR




PROGRAM

REAL WORLD

| |

MEMORY INPUT/OUTPUT

ADDRESS
1

|

I CENTRAL PROCESSOR UNIT |

The structure of a PLC is based on the same
principles as those employed in computer
architecture.




Processor Combination
module I/O module

\/O\ /O\/

-

'Exk‘:::\_-:"r:i f'—:

ARSI \
E\X}Sﬁ%@‘a

O O
(o] (o] ——— M.oduk.e
slides into
the rack.

Input module  Output module




L1

Pressure

= SO AL e

L2

-

3

Temperature

S

i I

O O
Manual
pushbutton

Typical input module wiring connections.

sl

Input module
wiring terminals

— Terminals
1,2, 3, 4 are
identified
according to the
manufacturer's
I/O addresses
(e.g., 001, 002,
003, 004).

On most modules
the L1 hot side of
the power supply is
not directly
connected to the
module but is
powered from the
backplane. The
input is switched
through the input
device and the
return path is
completed internally
through the
backplane.




Terminals —
1,2, 3, 4 are
identified
according to the
manufacturer’s
I/O addresses
(e.g., 009, 010,
011, 012)

Typical output module wiring connections.

120 V ac

L1

1
(009)

2
(010)

3
(011)

4
(012)

T

Output module
wiring terminals




Output field devices

Input field devices

S P

Common

\M'/’ 1 Return

Bus

Relay contacts
User Pushbuttons
power supply | Limit switches
Analog sensors Solenoid valves
Selector switches Indicator lights e {

Relays

Motor starters User
power supply

LED displays

Common Return Bus —

(a) (b)

(a) Typical input module. (b) Typical output module.




Input

data
nput = Output

modules modules

Examine Return
data result

Program

)y H—{TH

Check/compare/examine
specific conditions Take some action

(a) Data flow overview

Horizontal scanning
order

Vertical
H '__( scanning
order

Return
for
next

scan

End of ladder

Scanning can be vertical or horizontal.




Input Output Output
data . data
Input image Output
modules table modules
file

Examine A Return
data result

l_— Program
% L

Check/compare/examine
specific conditions

Take some action

(a) Data flow overview

Processor memory Output
Data module
Input Output

input

. ' image image EEEE
device table table

P [PRS — file file
wr i - 136

| ]

Read inputs

‘ [:3/6 O::’J,.v"7

sl £
J

.

\
Adjust
outputs

Run program

Program

v
|_Bg.8-7,

(b) Scan cycle
Scan process.




Address
input
terminal
[1:3/12

o

Closed input

Fig. 5-17

Output image table
file O

O:4/6 A
Bit address

Input image table
file 1

0]0I0I1l |ofofojofofofofoofofo]0

1:3/12
Bit address

e s
|
|

00

12

4
¢ )
6

User-programmed rung

e —— e ———

Address
output
terminal
00:4/6

Energized
output

The address identifies a location in the prossessor’s data files, where the on/off state of the bit is stored.




Programming devices: (a) hand-
held unit with light-emitting diode
(LED) display; (b) industrial terminal
video unit (Courtesy of Honeywell,
Inc.); (c) personal computer with
appropriate software.




Logic

N / Input status

indicator
7 N\

e,
Li—e o } Zener e ____|__ »

Input Bridge diode [ l \ To processor
(120Y 602 signal rectifier level DL vy et Logic (5 V dc)

| pass MMisaat o b))
P S detection [ 5l

Block diagrams of a discrete input module.

Input || Opto-electrical

—
et conditioning isolation

— Logic circuits Backplane

The input circuit responds to an input signal in the following manner:

« An input filter removes false signals due to contact bounce or electrical
interference

« Opto-electrical isolation protects the input circuit and backplane circuits by
isolating logic circuits from input signals

« Logic circuits process the signal

« An input LED turns ON or OFF, indicating the status of the corresponding input
device

AC discrete input module.




Bridge
rectifier

Optical
isolator

(120 V ac)

!

= )

To logic
circuitry

120 V ac

Input module
terminal board

(b)

Input
status
indicator




Output status
indicator

—_— ' o —-@—u

From ! | Electronic
processor | Isolator ) Switch (120 V ac)

(5 V dc)

e ot g e 5

(a) Block diagram of a discrete output module.

Opto-electrical

Backplane — Logic circuits isolation

—1 Logic circuits Output drivers|—> Output

(b) The output circuit controls the output signal in the following manner:
* Logic circuits determine the output status
* An output LED indicates the status of the output signal
* Opto-electrical isolation separates output circuit logic and backplane circuits from field signals
* The output driver turns the corresponding output ON or OFF.

AC discrete output module.




Lamp output

Optical
isolator

>

- 120 V ac
Signal from .r L ( )

(5Vdc) internal logic |E ¥ ~ [
circuitry (D

>

(@) Simplified schematic for an ac output module.







cap. _l.u rodu ilu A0S

&

i's.l.r'ml..lrf_.l (nterna

nterraces de entre




=

Analogous to the normally open relay contact. For this
instruction, we ask the processor to EXAMINE IF (the contact

is) CLOSED.

—3—

Analogous to the normally closed relay contact. For this
instruction, we ask the processor to EXAMINE IF (the contact

is) OPEN.

Analogous to the relay coil. The processor makes this
instruction true (analogous to energizing a coil) when there is a
path of true XIC and XIO instructions in the rung.




Input conditions Output
instruction

oA

m Continuous path is required for logic Rung condition is TRUE if contacts
Ladder rung. continuity, and to energize the output. A, B, Cor D, C are closed.




START oL Relay coil M Output
| | equivalent ™S\ \ module
| | \/

D

Relay
contact
equivalent

oo
g i-20

Ladder logic program.




Motor
START starter coil
0 Ak
M N
| |
|

Seal-in contact

(a) Hard-wired circuit

Ladder logic program

Motor
Start PB Stop PB starter

'] | | (D
1] 1] . % ) Motor

starter
coil

(b) Programmed circuit

" Seal-in circuit.




Motor
START starter coil

\_/

M

| |
]

Seal-in contact

(a) Hard-wired circuit

Ladder logic program

Motor
Start PB Stop PB starter

|1 | | N
|1 I N,

M
|1
I

(b) Programmed circuit

Fig. 6-48

" Seal-in circuit.




Relay schematic Ladder logic program

C Stops D Starts A D A
x |

].B

Gate logic

c—alog——=
Dy | &

Example 4-9

A motor control circuit with two stop buttons. When the start button is
depressed, the motor runs. By sealing, it continues to run when the
start button is released. The stop buttons stop the motor when they are

depressed.




Instruction

Symbol Mnemonic

Output latch
Output unlatch

L) OTL
~U)- oTu

(W XXX i o
Latch coil

o Same
address

s o B e

> Unlatch coil

(a) Latch and unlatch coils have the same address

0:013
sl )
10

0:013

Uniatch

10

| Output
g
Y

Contact shown with relay in the 1716 1514 13 12 1110 07 06 05 04 03 02 01 00
G2 | ok g i

unlatched position 53 0 O O A o o o OB I R B R

Schematic of electromagnetic latching relay. OUTPUT LATCH and OUTPUT UNLATCH instructions.

(b) Control logic




B A
i ' & 4 E
j/l_ 3 E
B

Parallel input branching. Parallel output branching with conditions.

A
A E
i

L)
-

Ll
(=
A

oy a3 |

il

J

Parallel output branching. Nested input and output branches.




A B C
D A branch within
a branch
E

A B
Nested contact program.
l__—’ Contact
D instruction
C
repeated

Program required to eliminate nested contact.




<««—— Maximum 10 contacts —»)

Only one output
per rung

Maximum 7 Located at the end
parallel lines of the rung

Typical PLC matrix limitation diagram. The exact limitations are dependent on the particular
type of PLC used. Programming more than the allowable series elements, parallel branches,
or outputs will result in an error message being displayed.




B E

Boolean equation: Y = (AD) + (BCD) + (BE) + (ACE)

Program with vertical contact m

Reprogrammed to eliminate vertical contact.




A

B C Y
‘ D E ' l
FJ
Boolean equation: Y = (ABC) + (ADE) + (FE) + (FDBC)

Original circuit. Reprogrammed circuit.




{ END OF FILE}

Type a mnemonic or press a key for desired instruction.

XIC XI0 OTE OTL OTU TON CTU CPT CMP OTHERS
2o =l Jo (D=l
FI. F2 F3 F4 F5 F6 F7 F8 F9 Fl@

On-screen menu leads the programmer from one programming step to another.




: Instructions are normal
Vi
intensity
P »
Instructions intensified

Monitoring a relay ladder logic diagram.







cap. _l.u rodu ilu A0S

&

i's.l.r'ml..lrf_.l (nterna

nterraces de entre




Normally open terminals H 4—)

Instantaneous contacts

Q

77775 ik : Normally closed terminals(—/j/rf)
W20 )

TAIIAIIEIIEIIIIN

Time control contacts

o
Normally open terminals (T)

Normally closed terminals( /L )

Time adjustment

Pneumatic on-delay timer. (Courtesy of Allen-Bradley Company, Inc.)




Off-delay symbols

o

Normally open, timed

open contacts (NOTO).

Contact is normally

On-delay symbols open when relay coil

e

Normally open, timed
closed contact (NOTC).

Contact is open when

relay coil is de-energized.

When relay is energized,
there is a time delay in
closing.

is de-energized.

: | % When relay coil is
energized, contact
closes instantly.

Normally closed, timed
open contact (NCTO). When relay coil is

de-energized, there is
Contact is closed when a time delay before the
relay coil is de-energized. contact opens.

When relay is energized,

there is a time delay in m

opening. Timed contact symbols.

o@'@
Normally closed, timed
closed contact (NCTC).

Contact is normally
closed when relay coll
is de-energized.

When relay coil is
energized, contact
opens instantly.

When relay coil is
de-energized, there is
a time delay before the
contact closes.




Sequence of operation:
S1 open, TD de-energized, TD1 open, L1 off.

S1 closes, TD energizes, timing period starts,
TD1 is still open, L1 is still off.

After 10 s, TD1 closes, L1 is switched on.

S1 is opened, TD de-energizes, TD1 opens instantly,
L1 is switched off.

(a)

Sequence of operation:
S1 open, TD de-energized, TD1 closed, L1 on.

S1 closes, TD energizes, timing period starts,
TD1 is still closed, L1 is still on.

After 10 s, TD1 opens, L1 is switched off.

S1 is opened, TD de-energizes, TD1 closes instantly,
L1 is switched on.

(a)

Input __J

On

Output

On-delay timer circuit (NCTO contact).
(@) Operation. (b) Timing diagram.

On-delay timer circuit (NOTC contact). (a) Operation.
(b) Timing diagram.




L1 L2

Ut g oy = ]
P—Oj/\

Sequence of operation: Sequence of operation:
S1 open, TD de-energized, TD1 open, L1 off. S1 open, TD de-energized, TD1 closed, L1 on.

S1 closes, TD energizes, TD1 closes instantly, S1 closes, TD energizes, TD1 opens instantly,
L1 is switched on. L1 is switched off.

S1 is opened, TD de-energizes, timing period starts, S1 is opened, TD de-energizes, timing period starts,
TD1 is still closed, L1 is still on. TD1 is still open, L1 is still off.

After 10 s, TD1 opens, L1 is switched off. After 10 s, TD1 closes, L1 is switched on.

(a) (a)

10s

Input —, l | Input —, |—

On Oon

Output ﬂ |_ - _l Off

Off-delay timer circuit (NOTO contact). (a) Operation. Off-delay timer circuit (NCTC contact). (@) Operation.

(b) Timing diagram. (b) Timing diagram.




Control line

Preset time
Time base
Accumulated time

Output line

Reset line

Block-formatted timer instruction.

Timer address

Type of timer
XXX

G

PR: YYY
TB: 0.1:s
AC: 000 \

Time
base
of timer

Contact determines
rung continuity

Timer preset value

Time accumulated
or current value

(a)

Goes ON and OFF at
selected time base rate
of 1.0 or 0.1 second.

1% * 16

Accumulated value
in BCD form

E—

15 14 13 12 11 10 07 06 05 04 03 02 01 00

I

5 e o

Enabled bit.

This bit is set to 1
when timer rung
conditions are true.

| Most Middle
: significant digit

i digit

I

significant

Timed Bit.

This bitis setto 1 or 0
when the timer has

timed out; that is, AC = PR.

(b)

Coil-formatted timer instruction. (a) Generic instruction.
(b) Allen-Bradley PLC-2 timer accumulated value word.




—TON

Rung condition& TIMER ON DELAY

Timer T4:0
Time base 1.0
Timed period ——— — Preset 15

On delay a Accumulated 0
Timed duration

Timed output bit

False m
Off

On-delay timer instruction.

Preset value = accumulated value

On-delay timer sequence.




—TON
TIMER ON DELAY

Timer T4:0
Time base 1.0
Preset 15
Accumulated 0

On-delay timer instruction.
Timer element
15 14 13 12 1110 98 7 6 5 4 3 2 1 0 Word

EN TT DN | Internal use

Preset value PRE

Accumulated value ACC

Addressable bits Addressable words
EN = Bit 15 enable PRE = Preset value

TT = Bit 14 timer timing ACC = Accumulated value
DN = Bit 13 done

(¢) Timers are 3-word elements. Word 0 is the control word,
word 1 stores the preset value, and word 2 stores the
accumulated value (Allen-Bradley PLC-5 and SLC-500
format).

On-delay timer.

Ladder Logic Program

TON

TIMER ON DELAY

Timer

Time base
Preset
Accumulated

Output B

L X

N 2

Output C
Lo S

A

Output D

T N

Input condition A
Timer-enable bit
Timer-timing bit

Timer-done bit

Timer accumulated
value

On-delay timer.

AR 4

(a) Ladder diagram

NEB

(b) Timing diagram

Output B

Output C

Output D




1TD-2 Ladder logic program

(5s) Internal
Start relay

(a) Relay ladder schematic diagram
Internal
relay —>»
L M

T

Output line

(b) Ladder logic

On-delay timer with instantaneous output programming.




Start-up Reset

PB1 PB2
0—O_I—O—-0—QJ_Q

Ladder logic program

Internal
relay

AR

1TD-1
(10 s)

(a) Relay ladder schematic diagram

Internal
<« relay

S

Internal
Timer relay

]
(b) Ladder logic

Starting-up warning signal circuit.




Ladder logic program

— TON
TIMER ON DELAY

Timer T4:0
Time base 1.0
Preset 12 |
Accumulated 0

Solenoid valve timed closed.




Start Lube oil
pgo Pump motor OL

Main drive
motor oL

(Lube oil
pressure switch)

1TD-1 Feed
(15 s) motor

(a) Relay ladder schematic diagram
Ladder logic program Outputs

PB2

TON

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

(b) Ladder logic

Automatic sequential control system.




Ladder logic program
Output

901
{TOF)-
PR: 15
TB:1s

009
e oY
8 J

(a) Programmed circuit

True

Input condition
S1 False

Timed period
Off delay |

timed duration

True

Timed
output 009
Preset value = accumulated value —1

(b) Timing diagram

Off-delay programmed timer.




Ladder logic program

—TOF

TIMER OFF DELAY
Timer

Time base

Preset
Accumulated

T4:
1

—TOF

TIMER OFF DELAY
Timer

Time base

Preset
Accumulated

— TOF
TIMER OFF DELAY
Timer

Time base

Preset
Accumulated

Fig. 7-17
Off-delay timer instructions programmed




(a) Relay schematic diagram

Programming a pneumatic off-delay timer circuit.

Programming a pneumatic off-delay timer circuit.

LSt

Internal
relay

PR:'5
Timer TB:1s

2

=
()

=
(¥}

D ®

B

<

N

Internal
relay

0]

7 X

> e

Internal
relay

o)

N A\ AaNe SEEN
Nt = K& BNty

(b) Ladder logic

(& &)

™~

* S




PS1 PS2 PS3

(a) Process

Ladder logic program

T4:5 PS1

3/E 3 E

DN

P DELA
 +on PUMP DELAY

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

 TOF Pump time

TIMER OFF DELAY
Timer

Time base

Preset
Accumulated

(b) Ladder logic

Fig. 7-19




Cam-operated
contact

When reset switch is closed,
timed bit is reset. Accumulated
value is reset and held at zero
until reset switch is opened.

Motor-driven

1
| <«——— Enable [
True | I bitis cam

%
Input switch 113-06 False —I/ M reset
|

when
input

Enable bit 052-17 switch is
opened.

AC value retained when rung Electromechanical retentive timer.
condition goes false

Ladder logic program
Inputs
Accumulated value

| P8I 113l I . \052
—O0 O0——11306 R

Timed bit 052-15 | Time 0T ik
06 PR: 009

TB:1s

_|PB2
Output lamp 011-04 ——O O—
Reset 010

| A
Reset switch 113-07 | ./
15 0

23131 4. 54161 7.781.9710011: 12 (Timed bit)

address

4

Time in seconds

(b) Timing chart

m (a) Programmed logic

Retentive on-delay timer program and timing chart.




L1 Inputs

Pressure switch

TOE“L@

E Z Reset

— O l| 002 ,L

Ladder logic program

001

Key switch
S1

Retentive on-delay alarm program.

(=]
©

o g
A o S o/
S

g e

-
R




Outputs
— TON
TIMER ON DELAY
Timer
Time base y Fump oL
Preset M
Accumulated

— TOF

TIMER OFF DELAY
Timer

Time base

Preset
Accumulated

- RTO— — ———————
RETENTIVE TIMER ON
Timer
Time base
Preset
Accumulated

Bearing lubrication program.




Outputs
oL L2

/= 6«\
Z

/3\ s
z

7S

(20°s) (b) Ladder logic

(a) Relay schematic diagram

Sequential time-delayed motor-starting circuit.




Ladder logic program

—TON

TIMER ON DELAY

Timer

Time base
Preset
Accumulated

—TON

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

T4:5

3 E

(S T
DN
T4:5

g3 E

1 L

DN

Annunciator flasher program.




Cascading of timers for longer time delays.




TON

TIMER ON DELAY Outputs
Timer

Time base i Traffic lights
Preset

Accumulated

TON

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

TON

TIMER ON DELAY
Timer

Time base

Preset
Accumulated

Control of traffic lights in one direction.




Red = north/south Green = north/south Amber = north/south
Amber = east/west Red = east/west

«-—25g—P>¢«—— 58§ —Pp¢———255——————p«— 55 —>»

(b) Timing chart

{ Fig. 7-28 (continued)
Control of traffic lights in two directions.




— TON

TIMER ON DELAY

Timer
Time base

FEN>—

Outputs

North/south

=
)
E
(9]
&
2
[}

Preset 30 [—(DND
Accumulated

— TON
TIMER ON DELAY
Timer

Time base

Preset
Accumulated

)

(

— TON
TIMER ON DELAY
Timer

Time base

Preset
Accumulated

Sm
2o
A
5
T
72

— TON
TIMER ON DELAY
Timer

Time base

Preset
Accumulated

)t

North/south

(

Green

; N
~ 7

North/south

(

Amber

C >
North/south

Green

0l
~ 4

East/west

Amber

e N
~ £

East/west

Red

»
~ & s

East/west

(a) Ladder logic

Control of traffic lights in two directions.
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42 Series
rotopulser

ltem Reflector

counting

_ ; ’ ..
Slow down «— ——{|[Fosoos \
= Stop «—1 ——

MAX jr count MAX jr count MAX jr count

Counter applications. (Courtesy of Dynapar Corporation, Gurnee, lllinois.)




Type of
counter Counter address

¥
XXX

T PR: YYY

AC: 000
Increments l

counter by 1 = e
for each Preset counter ~/‘ccumuiate
counter value

false-to-true  value
transition

Up-counter enable bit g 2 v
(a) Generic instruction
Setto 1

when AC = PR

Accumulated value Overflow/underflow bit set to 1
in BCD form when CTU overflows 999
or CTD underflows 000.
17 16 15 14 13 12 11 10 07 06 05 04 03 02 01 00

Down-counter enable bit

Most Middle Least
significant digit significant
digit digit

(b) Allen-Bradley PLC-2 timer accumulated value word
(bit addressing is in octal)

Coil-formatted counter instruction.




Same Count line Preset value Output line
address

Type of
counter

Reset line Accumulated
value

Reset

Resets rung
counter
when

closed Fig. 8-6
m Block-formatted counter instruction.

Coil-formatted counter and reset instructions.




Ladder logic program

Qutputs

901
CTU)
PR: 007

009
3
/

010
X
J

Rung 1
(count)

901
{CTR)

(a) Program

Rung 4
(reset)

Preset 6 Z

value (007) . 5 = 7
3 7
Accumulated Z
value 17
Fig. 8-8 (b) Timing diagram

Simple up-counter program.




Inputs
PROX-SW

PROX-SW
Sl b7

Parts conveyor line

{

Proximity switch
Program

Parts
—CTU

o o

Reset PB
=1 1] [

O C

Fig- 8-10

Parts counting program.

H R [

COUNT-UP COUNTER

Counter C5:1
Preset 10
Accumulated 0

7arN
CU)

o

—CTU

COUNT-UP COUNTER

Counter C5:2
Preset 32767
Accumulated 0

@)
)

Close box

B3
PR

Packages
—CTU

N o
1
C5:1

—(RES)—

Reset PB
v 1

COUNT-UP COUNTER

Counter C5:3
Preset 300
Accumulated 0

(&)
o)

S

C5:2

A el

(RES)
(RES)

C5:3

(RES)
(RES)




Internal One-shot
relay contact output

P e

!

Trigger
input

'
-

A Internal

relay coil

One-shot, or transitional, contact program.

The two types of transitional contact. (a) off-to-on
transitional contact. (b) on-to-off transitional contact.




Inputs

G Stop
¢>—OJ_Q— 001

Start

il

0 10—+

Proximity
switch

<0 003

Reset

009
901

Proximity
switch

—cTu)
Internal PR: 50
relay 901

|| BN
1] {CTR)

b
oo

Conveyor motor program.

Internal
relay

{a
Nt

(b) Program

O
o ()
Count reset

Conveyor motor button
Start/stop station

(a) Process flow diagram




Ladder logic program

Count down

Fig. 8-16

Generic up/down-counter program.

(a) Program




Count up

Count down

Counter
accumulated
value or
count

Output

Reset

(b) Timing diagram

Fig. 8-16 (continued)

Generic up/down-counter program.




Inputs

Enter
switch

0,0

Enter
switch

Ladder logic program

Output
\ &

B bt

Exit
switch

0,0

Exit
switch

L L

——0O O—

Parking garage counter.

/ N
Lot Full
Light




Fona 901
\CTU J)

PR: 8000

o L 902
\CTU )

PR: 8000

Counting beyond the maximum count.




A 24-h clock program.




Inputs

Pressure
switch

Program for monitoring the time of an event.

Pressure
switch

Reset
button

Internal
relay

/i

I

Internal
relay

| |

| |
O]
Internal

relay

\

I

Internal
relay

AI/V

I

Internal
relay

>_

Outputs

\ Set ,




encoder
e
Pulses

Fig. 8-26
Cutting objects to a specified size.

Programmable
controller

Incremental disk
Electronics board

Code disk

Bearing housing assembly

m Output waveform
4 % % % W Code track on disk

Incremental encoder. (Courtesy of BEI Motion Systems Company.)




Inputs

Magnetic
sensor

5

Photoelectric
Sprocket sensor
WA Magnetic

sensor

N [ =]

N
(®> Conveyor Reflector

(&)

(a) Process

Photo 10 counts per foot
sensor cTU

Magnetic
sensor

<S>

Photo
sensor

]

.
C

1/ COUNT-UP COUNTER

Counter C5:1
Preset 0
Accumulated 0

Counter used for length measurement.

(b) Program




Complete stack

Metal plates

M1

Conveyor\/

source

Conveyor

(a) Process




Photo
sensor

Sensor

Automatic stacking program.

M2 run time Outputs
RTO J:2
RETENTIVE TIMER ON
Timer T4:1
Time base 1.0
Preset 5
Accumulated 0

Number of plates
CTU
COUNT-UP COUNTER
Counter C5:1
Preset 15
Accumulated 0

(b) Program




L1 Inputs Start SW i L

off On TIMER ON DELAY

1 Timer T4:1
l Time base 1.0

0 Preset 60

Start Accumulated 0
switch

Sensor
StartSW T4:1  Sensor
COUNT-UP COUNTER
Counter C5:1

Preset
Accumulated

Product flow rate program.




Timer
input T4:.0

—TON

P AR
J L j/L
DN

TIMER ON DELAY

Timer T4:0
Time base 1.0
Preset 10000
Accumulated 0

—CTU

COUNT-UP COUNTER

Counter C5:0
Preset 100
Accumulated 0

Timer driving a counter to produce an extremely long time-delay period.
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Ladder logic program

Gate logic




Contact shown with relay in the

unlatched position

Schematic of electromagnetic latching relay.




Sequence of operation:
S1 open, TD de-energized, TD1 open, L1 off.

S1 closes, TD energizes, timing period starts,
TD1 is still open, L1 is still off.

After 10 s, TD1 closes, L1 is switched on.

S1 is opened, TD de-energizes, TD1 opens instantly,
L1 is switched off.

(a)

On-delay timer circuit (NOTC contact). (a) Operation.
(b) Timing diagram.




Sequence of operation:
S1 open, TD de-energized, TD1 closed, L1 on.

S1 closes, TD energizes, TD1 opens instantly,
L1 is switched off.

S1 is opened, TD de-energizes, timing period starts,
TD1 is still open, L1 is still off.

After 10 s, TD1 closes, L1 is switched on.

(a)

10s

TSN S0 Y O S

On |

Off-delay timer circuit (NCTC contact). (@) Operation.
(b) Timing diagram.







Inputs

G Stop
¢>—OJ_Q— 001

Start

il

0 10—+

Proximity
switch

<0 003

Reset

009
901

Proximity
switch

—cTu)
Internal PR: 50
relay 901

|| BN
1] {CTR)

b
oo

Conveyor motor program.

Internal
relay

{a
Nt

(b) Program

O
o ()
Count reset

Conveyor motor button
Start/stop station

(a) Process flow diagram




Internal
relay

Internal
901 relay

e a——

(b) Program

Conveyor motor program.
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INPUT OUTPUT

Figure 1.1. Simple modeling process.




CONTROL

u(?) = y(r,1) : - 4 Opcr:-loop
system

CONTROL

Closed-loop
system

{ u(r) = y(r,x, 1)
A

Figure 1.17. Open-loop and closed-loop systems.




Desired level K

Actual level x(¢)

SYSTEM
CONTROL

fp ifx(1) <K
“’_ACLU)_{O if x(1) =K

A

Figure 1.18. Flow system of Example 1.11 and closed-loop control model.




Figure 1.20. Random walk on a plane for Example 1.12.

0.0 1,0 4,=DA-DO-DO-1DE1,-D(-1,0 (~1,00 (=1,1) (—1,0) (0,0)

2 3 4 5 6 7 8 9 10 11

Figure 1.21. Event-driven random walk on a plane.







SYSTEMS

|
(Covmamic)

( TIME-VARYING ) (_ TIME-INVARIANT )

DISCRETE EVENT

|
(CNONLINEAR )
{ -} SYSTEMS (DES)

(CONTINUOUS-STATE ) ! (_ DISCRETE-STATE )

( TIME-DRIVEN ) (_EVENT-DRIVEN )

( sTOCHASTIC )

I

( DISCRETE-TIME ) ( CONTINUOUS-TIME )

1
|
|
|
|
|
|
|
|
|

Figure 1.29. Major system classifications.













Figure 2.1. State transition diagram for Example 2.3.




Figure 2.4. State transition diagram for the nondeterministic automaton of Example 2.7.




st aarritaateace |

Figure 2.6. State transition diagrams for digit sequence detector in Example 2.9.




Y

CLOCK

STRUCTURE |

UPDATE STATE
x' = f(x, e;) _

Y

INITIALIZE

SCHEDULED EVENT |

DELETE INFEASIBILE
(ek s ‘k)

ADD NEW FEASIBLE

VQ*‘ Uk)

AND REORDER

New event lifetimes, v

A

Figure 3.10. The event scheduling scheme.
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Modelo OSI
(Open
Systems

Interconnection)

Figure 1.10
Overall structure of the
ISO reference model.

Computer A

Application layer
Presentation layer
Session layer
Transport layer
Network layer
Link layer
Physical layer

$

Data network

Network environment

OSI environment

Real systems environment

Computer B




omunicacoes

dos niveis genéricos
plo:

ierarquicos com
independentes

el requer ferramentas
ogias particulares.

Figure 1.11
Protocol layer
summary.

End-user application process I

Distributed information
services

File transfer, access and management,
document and message interchange,
job transfer and manipulation

Syntax-independent message
interchange service

Transfer syntax negotiation,
data representation transformations

Dialog and synchronization
control for application entities

Network-independent
message interchange service

End-to-end message transfer
(connection management, error control,
fragmentation, flow control)

Network routing, addressing,
call set-up, and clearing

Data link control
(framing, data transparency, error control)

Mechanical and electrical
network interface definitions

Physical connection to
network termination equipment

Data communication network

Application layer

Presentation layer

Session layer

Transport layer

Network layer

Link layer

Physical layer




Transmitted data

+V

Transmitted signal

-V

Typical received signal

Sampling instants

Received data

Figure 2.1
Effect of imperfect :
transmission medium. Bit error




Modulator Demodulator

Bandpass Lowpass
(Data signal filter

vlr)
(Carrier signal)

» Time, ¢

Signal A
power

Figure 2.18
Amplitude-shift
keying: (a) circuit
schematic;

b) waveform set; : ——
Ec)) bandwidth Foslo, Jo: 30 S+ 3
alternatives.

» Frequency

[y = Fundamental frequency component = 1/2 bit rate (Hz)
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-1

Phase Vs (1)
coherent

Differential V'psk(?)
270° 270°

Signal A
power

L+

.
-
.
.
.
.
.
.
.
.
.
.
-

—» Frequency

2 =% SLh L Lt
fo= Fundamental frequency component = 1/2 bit rate (Hz)
Q (Quadrature)

Figure 2.21
Phase-shift keying:

(a) principle of

operation;
(b) bandwidth
alternatives;

(c) phase diagram.

I (In phase)



+180° =10

plitude - +270° = 11

entre bitrate

Figure 2.22
Alternative modulation
techniques: (a) 4-PSK
phase—time waveform;
(b) 4-PSK phase
diagram; (c) 16-QAM
phase diagram.




Modem ‘ R Modem
EIA-222DV24 (DCE)  S“ichedorleasedcireuit ot pra 23om/v24
i ¥ ¥

\
Calling :> ° .

DTE

o




U2 3 4 25, 60 708 901070t 12:113
o M S S N AL R e e®e®/ O | DB25 connector
14 15 16 17 18 19 20 21 22 23 24 25
I DCE

DIE (Male) (Female)

(terminal or computer) (modem)

ITU-T No. EIA label Name
AA =
BA TxD
BB RxD
CA RTS
CB CTS
e

Cable shield

# Transmitted Data (TxD)

® Received Data (RxD)

-e Request to Send (RTS)

® Clear to Send (CTS)

® DCE Ready (DSR)

AB - ® Signal Ground/Common Return

CF CD * Received Line Signal (Carrier) Detector (RLSD/CD)
- - e ® Reserved for testing

Clo|w|n|wn s |w o |—

—
(=]

- - ° ® Reserved for testing
- - -8 Unassigned
S-CD ® Secondary Received Line Signal (Carrier) Detector (S-CD)
S-CTS ® Secondary Clear to Send (S-CTS)
118 S-TxD - Secondary Transmitted Data (S-TxD)
114 DB TxClk ® Transmitter Signal Element Timing - DCE Source (TxClk)
119 S-RxD - ® Secondary Received Data (S-RxD)
115 D RxClk - ® Receiver Signal Element Timing (RxClk)
141 LL LL # Local Loopback (LL)
120 SCA S-RTS —e Secondary Request to Send (S-RTS)
108 CD DTR e @ DTE Ready (DTR)
140/110 RL/ICG RL/SQD e * Remote Loopback (RL)/Signal Quality Detector (SQD)
125 CE RI —e Ring Indicator (RI)
111/112 CH/CI DSRD ® Data Signal Rate Detector (DTE or DCE)
113 CI TxClk —e Transmitter Signal Element Timing — DTE Source (TxClk)
142 DA ™ ® Test Mode (TM)

—
—

™

—
W

=




EIA-232D/V.24

EIA-232D/V.24
3E q

Calling DTE N e g e G Called DTE
PC Y . with with
RCheminal) 7 autodial autoanswer (computen)

Number of
C

called modem Ohnectjoy i
sent to modem \
‘}m'e\‘oﬂ//

y
er Oﬂ

Carri

%

Data
transfer

Caprs :
[~ Verop  cat

Connection
cleared




Computer

-4 (7]
D D

il

Zlalelzlelalolale

Null modem

w
c
S
S
3
c
=
S
o




O | DBIS connector

DCE

Circuit name
# Cable shield

ad

A } .
Transmit, T
® B

°

° A
} Control, C
* B

} Receive, R

B

} Indication, I

- A
°B } Signal Element timing, S

A L
oB } Byte Timing, B

® Common Return, G

Figure 2.35 (cont.)
(b) Socket, pin, and
signal definitions.

® Reserved




Figure 2.36

ISDN S-interface:

(a) interface function;
(b) socket, pin, and
signal definitions.

User terminal
equipment
(TE)

S-interface

Network Integrated services
termination B 2 < > digital network

(NT)

ISO 8877/RJ45

NT

Circuit name

} Transmit

} Receive

-0 I B - LT I P B e

} Optional second power source




%

&

SOH | DCI

ENQ | NAK

0] STX | DC2

1

0| ACK | SYN

)
=
o
=
7]
&

0(0] EOT | DC4

1

0

1

1

0{0|0|0| NUL | DLE

0(0}]0

0

0

0

~ ()

Metologias de codificacao
I de trama (frame)

r

a0 nive

Tabela de simbolos ASCII

Figure 3.1 (cont.)
(b) ASCII/IAS.




<— Direction of transmission
Transmitted element

S;art
bl£ 7/8-bit character

Line idle (marking)
Line idle (Or e ‘ e fu OT start bit of

stop bits of next character
previous
character)

Figure 3.3 Receiver detects start Each bit sampled 1, 1, or 2 stop bits ensure
2

Asynchronous of new character approximately in center a negative transition at the

transmission basics of each bit cell period start of each new character




Figure 3.4
Synchronous
transmission basics.

<————— Direction of transmission

m—]

Transmitted frame

i

-

1O Of140 Of1}0

Sync
characters

Start-of-
frame

or bytes character(s)

or byte

Frame contents

End-of- Sync
frame  characters
character(s) or bytes

or byte




(a)

Transmitter

Serial-out 1 Receiver

PISO | Y

Transmit

~ 4 1 0 clock =N counter
sao assincrona (TxC)

A I->
Parallc]- { ms:bj ; Isb }

Parallel-
out

- Receive clock
Isb (RxC:NxTxC) o= 118D

mn

PISO = Parallel-in, serial-out SIPO = Serial-in, parallel-out
TxD = Transmit Data out RxD = Receive Data in

LTI

y s Mark(ing)

Space

Y A V_/
Start bit 7/8-bit character/byte Stop bit(s)

Isb msb

gy fon Mark (ing)

° 0
Figure 3.5

LAY |
Space
Asynchronous
transmission:
—» Ti
(a) principle of mmm Lﬂ "

operation; Actual edge within
(b) timing principles. one clock cycle




smissao do relogio

le codificacao

svantagens
2 de banda usada
balanceada

Figure 3.8

Clock encoding
methods: (a) bipolar;
(b) Manchester;

(c) differential
Manchester.

Bit stream to be
transmitted

Transmitter clock, TxC

Bipolar encoded

signal, TxD/RxD |

Extracted clock, RxC

Received data

Bit stream

>xC

Phase (Manchester) encoded
signal, TxD/RxD

Extracted clock, RxC

Received data

Bit stream

TxC

Differential Manchester-
encoded signal, TXD/RxD

Decoded (received) data

!

J

L

[
r Either

LOr
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Bit 1

Transmitted character/byte -

-

—» Time

= mn

msb 1 [
Stop bit(s)

Parity bit

1 Start bit

Bit 2 l XOR

0

0
1
1

0

@—> Output

0
1
0
1

1
1
0

Figure 3.14

Parity bit method:

Inverter

(a) position in
character; (b) XOR
gate truth table and
symbol; (c) parity bit
generation circuit;
(d) two examples.

( \J
Even parity Odd parity
bit bit

1001001 1 (Even parity)
1001001 0 (Odd parity)




de Comunicacoes

ologias de deteccao
)rreccao de erros  Transwerse (ow)

Figure 3.15

Block sum check
example: (a) row and
column parity bits;
(b) 1's complement
sum.

(a)

=
=

Frame

parity bits <
(odd)

0
1

S lIelo|lo|c|lo|lo|loc)lo

0
[

0

0

v

Longitudinal (column)
parity bits (even)

I:] = Example of undetected error combination
Pr = Row parity bit

(b) At sending side: At receiving side:

0000010
1011011
1101100
0000011
fproo1r11roo0
1

1001101 I’s-complement sum

U 1nvert

0110010 BCC

Example contents

contents

0
1
0
1
0
0
1
1

Direction of
transmission

= Zero in 1’s-complement




Generation of the FCS for the message 11100110 is shown in Figure 3.17.
Firstly, four zeros are appended to the message, which is equivalent to multiplying

unicacoes

(a) 1011 0110 =Quotient (ignored)
~ 1100111100110 0000
e deteccao ®11001y
001011
®00000
010111
@11001
011100
®11001
00101 O
Frame contents: 11100110 ®0000 Oy
With appended zeros: 11100110 0000
/ ancy CheCk) Genera‘iz:polynomial:llom é}?(l) 3?,y
011 010
@11 001y
00 0110
@0_0000
Transmitted frame: 11100110 0110 011 0 = Remainder
(FCS/CRC)

1011 0110 1011 0110
1100111100110 0110 1100111100110 [T111]Error burst
@11001Y @11001Y
001011 001011
@00000 @00000
010111 010111
®11001 ®11001
011100 011100
@®11001 @®11001
00101 0 00101 1
@0000 0y ®0000 Oy
0101 01 0101 11
@110 01y ®110 0ly
011 001 011 101
@11 001y @11 oonL
00 0000 00 1001
®0_0000 @0 _0000
0000 1001

Figure 3.17
CRC example.

Remainder = 0: no errors Remainder # 0: error detected




Figure 3.18
CRC hardware
schematic:

(a) generation.

TxC

Feedback control signal
(1 — 0 after 8 x N TxC)

Transmit SR

S|

sb
foade o

\

I
o sifii}

[ | |n
+

J

Byte parallel loaded by
controlling device (xN)

Transmit SR

—

—

SR = Shift register

[T Ry e e |




Dmunicacoes

e CRC

Figure 3.18
CRC hardware
schematic:

(a) generation.

(a)

TxC

Transmit SR

Isb I

s
* J

FEFFrqd
«
Byte parall:l loaded by
controlling device (xV)

Transmit SR

Feedback control signal
(1 = 0 after 8 x N TxC)

SR = Shift register




Timer stopped
@) Timer started Timer started Timer stopped

Yy Vv y
Primary, P (N + 1) | IV + 5'
T e

=3
2
X

=

< ':||> Time
o] ]

Timer started Timer expires/restarted Timer stopped

=
-

Y A y
(V) : i | |v+n]
<

=

2 Z

Timer started Timer expires/restarted Timer stopped

Y Y 4
v | [ | | v+

-
. S =

= £
P Sl i)
<, < r:b Time

L

Figure 4.1
Idle RQ operation: Lo | |1
(a) implicit

retransmission. —><—> = Frame corrupted

Duplicate detected/discarded




Timer stopped

) Timer started Timer started Timer stopped

\
Primary, P (N I

f Y

N+ 1) I

=

gt Z.

—

25

[~

-
S/ x &
-,
8 % S

| N+ 1) l

(i) Timer started Timer restarted Timer stopped

Y 4 ‘U
Primary, P v | v | |

(N +1) l

= = &
Z -7 > &
<

| @™ |11

——>¢—» = Frame corrupted

r:‘D Time

(iii) Timer started Timer expires/restarted Timer stopped

A Y A 4
Primary, P v | Ul |

| N+ 1) ]
=

t—_—‘> Time

—

S
> g
.
o]

Figure 4.1 (cont.) ‘
(b) Explicit request.

S
(&)
-

Duplicate detected




ACKRCVD/NAKRCVD; [5]

Incoming

event
Proscat LDATAreq | ACKRCVD NAKRCVD

state
IDLE

WTACK 0 2

Figure 4.6 0 = 5], IDLE (Error condition)

Idle RQ specification — 1 = TxFrame, [1] [2], WTACK

primary: (a) state 2 = P0 and P1:[3] [6], IDLE

transition diagram; P0 and NOT P1: RetxFrame, [1] [4], WTACK
(b) extended event— NOT P0 and NOT P1I: [5], IDLE

state table. 3 = RetxFrame, [1] [4], WTACK
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Continuous RQ frame V(S) = Send sequence variable + * f f f
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Figure4.12
Selective repeat —

implicit retransmission:

(a) corrupted |-frame.
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Figure 4.12 (cont.)
(b) Corrupted
ACK-frame.
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Figure 4.13
Selective repeat —
explicit request:

(a) correct operation;
(b) effect of no
retransmission state.

—>—> Corrupted frame
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Figure 4.14
Go-back-N
retransmission
strategy: (a) corrupted
|-frame; (b) corrupted
ACK-frame.
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Destination

link layer Correspondent LS_user

L_CONNECT.request

L_CONNECT.indication

L_CONNECT.confirm
L_DATA request

L_DATA indication

L_DISCONNECT request

L_DISCONNECT.indication

Figure 4.21

Link management:
(a) time sequence
diagram.




DISCONNECTED

UA recieved L_CONNECT.request; SETUP

Data transfer

Figure 4.21 (cont.)
(b) State transition
diagram.

Timer expires




(a) Header

| SOH | LEN ‘ SEQ |TYPE' Data | BCC I CR l

L -

SOH = Marks start of a frame
LEN = The number of characters/bytes in the frame following this character

up to and including BCC. The number is encoded in excess-32 notation

using a single character in the range from ASCII # (decimal 35) to
ASCII ~ {decimal 126) where # indicates a length of 3 (no data) and ~
indicates the maximum length of 91

SEQ = The send sequence number of the frame. The sequence number is
incremented modulo-64 and is again encoded as a single character in the
range ASCII SP (decimal 32) for zero to ASCII _ (decimal 95) for 63

TYPE = The type of frame encoded using a single character:
S = Send initiation (parameters)
' = Filename
D = File data
Z = End of file
B = End of transaction
Y = Acknowledgment (ACK)

Figure 5.4 N = Negative acknowledgment (NAK)

. g E = Fatal error
Kermit operation: Data = Frame contents

(a) frame format and BCC = Block check character
types. CR = End of block marker (ASCII carriage return)




Source (originate) computer

KERMIT
CONNECT

SEND [filename] 100, S, Init Params] RECEIVE
ACK[0, Y, Init Params]
I[1, F, Filename]
DATA BLOCK [1] RECVD
DATA BLOCK [1] SENT 2. D, Data)
DATA BLOCK [2] RECVD

DATA BLOCK [2] SENT 15, D, Data)

I[3, D, Data]
DATA BLOCK [3] RECVD

DATA BLOCK [3] SENT 114, D, Data)

DATA BLOCK [4] RECVD

1[4, D, Data)

Duplicate
DATA BLOCK [4] SENT detected
END OF FILE
END OF FILE
EXIT

END OF TRANSACTION

EXIT

Figure 5.4 (cont.)

sequence number in each I-frame increments modulo 64 and the receive sequence
(b) Frame sequences.

number in each ACK (Y) and NAK (N) frame carries the same sequence number




| Network layer I I Network layer I

L_CONNECT.confirm L_CONNECT.request L_CONNECT.indication

L_DATA. indication L_DATA. request L_DATA. indication
L_DISCONNECT.confirm L_DISCONNECT.request L_DISCONNECT.indication

SNRM
Link layer SABM, UA, DISC, DM, FRMR Link layer
I, RR, RNR
REJ, SREJ

Physical layer Physical layer

I i

Link
Disconnected L—CONIFB[;ZMC{M' management

s
UA A
I
L_DISCONNECT req, DISC A

RR ‘ ' I-frame, RR
Invalid N(S), Information Timer expires,

I-frame RR(F=1) “;‘;‘giK“S
Stn Busy,
RNR
Figure 5.17 Busy clears,
LAPB summary: : ER Raniote
(a) service primitives; S;::;” station \
(b) state transition 4 busy D

H transfer
diagram (ABM).
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Figure 6.1
‘. g 6 Thin-wire Thick-wire CATV networks

LAN selection issues.










A starts to transmit a frame

JU> =l

ff——<  Bstarts to transmit a frame

" i

B detects a collision has occurred




DTE C assumed switched off
and hence in bypass mode

DTE H not part of logical ring
and hence is receive only

Figure 6.6

Control token MAC:
(a) tokenring;

(b) token bus.




Topologia de Redes

Acesso aO meio fiSico Frame waiting to be Forward token l »
transmitted? with correct priority.

Token ring/bus

Token priority <
frame priority?

Transmit waiting frame.
Remove frame after
circulating the ring.

Pass A4 and C bits from tail

of frame to higher sublayer. Set R bits to
frame priority.

Token hold timer expired? s Forward tolgen_
with correct priority. l

Wait for a frame
to be received.

Enter transmit
routine.

Store frame contents and
repeat at ring interface.

Frame for this DTE? W—v
frame.

Set 4 and C bits at tail of frame.
Pass stored frame to higher sublayer.

layer operation:
transmit;
) receive.
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Figure 8.3

Virtual call/virtual
circuit relationship and
packet routing
principles.

VCI(3)

Virtual

circuit ," Physical
circuits

VCI(2)

VCI(1)

Virtual circuit = VCI(1) + VCI(2) + VCI(3) VCI = Virtual circuit identifier
PSE = Packet switching exchang
In Out
PSE 1 routing table VCI(1)/Link (1) — VCI(2)/Link (2)

VCI(2)/Link (2) = VCI(1)/Link (1)

PSE 2 routing table VCI(2)/Link (1) — VCI(3)/Link (2)
VCI(3)/Link (2) = VCI(2)/Link (1)




(a)  X.21/X.21bis X.21/X.21bis

PSPDN = Packet switched public data network

Internal network
protocols
Physical

Figure 8.4 Link layer
X.25 network access Packet layer
protocol:
(a) applicability; >
(b) protocol DCE = Modem/line interface

components. PSE = Packet switching exchange

Transport layer




DCE = Modem/line interface
PSE = Packet switching exchange
TPDU = Transport protocol data unit

Packet

header

End-of-frame
sequence

Frame header 1-field

Transport layer

Packet layer

43

Figure 8.5

X.25 message units
and layer 01111110 _ _ _ Serial bit stream __ _ 01111110
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Link layer

o

v

Physical layer
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(network service
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Network layer Network layer

L_CONNECT. confirm L_CONNECT. request L_CONNECT. indication

L_DATA. request L_DATA. indication

L_DATA. indication

L_DISCONNECT. request L_DISCONNECT. indication
L_DISCONNECT. confirm

SABM, UA, DISC, DM, FRMR
I, RR, RNR Link layer
REJ, SREJ

Link layer

Physical layer Physical layer

; Commands (A)
Figure 8.7 ', Responses (A)
Link layer: Commands (B)
(a) summary; Responses (B)

(b) address usage.
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setup?

Data
transfer T
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clearing

ﬁ

Figure 8.11 (cont.)
(b) example use of

[

VCls.

N_CONNECT.
request

N_CONNECT.
confirm

N_DATA. request

N_DATA. indication

[ N_DISCONNECT.

request

Call request
(VCI=11)

Call confirm

(VCI=11)

DTE data
(VCI=11)
DCE data
(VCI=11)

Clear request
(VCI =11)

DCE clear
confirm
(VCI=11)

Incoming call
(VCI = 23)

Call accepted
(VCI = 23)

DTE data
(VCI = 23)
DCE data
(VCI = 23)

Clear
indication
(VCI = 23)

DTE clear
confirm
(VCI = 23)
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N_DATA .request

N_DATA. indication

N_DISCONNECT.
indication
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Bitorder —»1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Version  |Header length Type of service

Total length

Identification

Fragment offset

Header < Time-to-live Protocol

Header checksum

Source IP address

Destination IP address

Options

Data
(<65 536 octets)

9 10 11 12 13 14 15 16
Type of service Precedence | D | T | R | Unused
| L High reliability
High throughput
Low delay
Priority (0-7)

Figure 9.9
Internet datagram
format and contents.




(b) NSDU Host Host NSDU

NS_user NS_user

Source IP Router/GW Router/GW Destination IP

Subnet/ Subnet/ Subnet/
network network network

Internet

Header
Data

GW = Gateway © +=— Subnet/network header l

MTU = Message transfer unit
NSDU = Network service data unit

MTU

1_ ~=— Subnet/network trailer




Terminal user

Operating system

Local mail
system

Figure 13.2
TCP/IP application
protocol summary.

Port

Local
requests/
responses

Standard
requests/
responses

Server host

Operating system

Local mail
system




Figure 14.3
Name-to-address
resolution protocols
and sequence.

Terminal user

Network manager

Names

resses
AP
IP add

g 8 ©

Reny Client
application licati e |
protocol application protoco

IP addresses

1 User issues request to client protocol
2 Client protocol passes name to resolver

3 Resolver passes name to DNS

A

Names
DIB = Directory information base

Domain
Name
resolver i
server

4]

To/from
other DNSs
>

IP addresses

4 DNS returns IP address to resolver
5 Resolver returns IP address to client

6 Client communicates with server using IP address

}

IP addresses
DNS = Domain name system




Figure 9.25

Effect of congestion
on: (a) throughput;
(b) transit delay.
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Table10.1 Bandwidth requirements of different media types.

Media Transaction Format Sampling dimensions Uncompressed ~ Compressed
type pixel, line, frame/s bit rate maximum bit rate

Speech and Telephony 8 ksps 64 kbps 8—32 kbps
music x8 bit/sample

Telecon- 16 ksps 128 kbps 48-64 kbps
ferencing x8 bit/sample

CD-audio 44.1 ksps x 16 bit/sample  705.6 kbps 128 kbps

Normal 640 pixel x 480 line 2.458 Mbits 24 k245 kbits
resolution x8 bit/pixel

oage 720 pixel x 576 line 6.636 Mbits 104 k—830 kbits
x 16 bit/pixel

Very high 1280 pixel x 1024 line 31.46 Mbits 300 k-3 Mbits
resolution x 24 bit/pixel
image




Business video

Videophone

Video
conferencing

QCIF
(H.261)

MPEG-4
(H.320)

CIF
(H.261)

MPEG-1
(PAL)

MPEG-1
(NTSC)

176 pixel x 144 line
%12 bit x 30 frame/s*

176 pixel x 144 line
x 12 bit x 10 frame/s

352 pixel x 288 line
x 12 bit x 30 frame/s*

352 pixel x 288 line
%12 bit x 25 frame/s

352 pixel x 240 line
x 12 bit x 30 frame/s

9.115 Mbps

3.04 Mbps

36.45 Mbps

30.4 Mbps

30.4 Mbps

p x 64
=12

64 kbps

m x 384 kbps
(m=1,2,..5)
1.15 M-3 Mbps

1.15 M—3 Mbps

Entertainment
video

VCR

Broadcast
television

High quality
television

CIF
(MPEG-2)

MPEG-2
(PAL)

MPEG-2
(NTSC)

HDTV

MPEG-3

352 pixel x 240 line
x12 bit x 30 frame/s

720 pixel x 576 line
%12 bit x 25 frame/s

720 pixel x 480 line
%12 bit x 30 frame/s

1920 pixel x 1080 line
x 16 bit x 30 frame/s

1920 pixel x 1080 line
x 12 bit x 30 frame/s

30.4 Mbps

124.4 Mbps

124.3 Mbps

994.3 Mbps

745.8 Mbps

4 Mbps

15 Mbps

15 Mbps

135 Mbps

20 M—40 Mbps

* Frame rate can be 30, 15, 10, 7.5 frame/s.
CIF = Common intermediate format

MPEG = Moving pictures expert group

QCIF = Quarter common intermediate format

JPEG = Joint photographic experts group






