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ABSTRACT

Nowadays, higher technologies have bee widely applied to agricultural industrial and
such these industrial product a food to export and get a few order income to husbandman in our
country. Automation systems in livestock house have necessary to domesticate animals industrial.
Animal food and environments for such animal have importance to greatly grow. A appropriate
environment such as temperature, moisture and lighting in each short age for animal will reduce
capital to product

Characteristic of animal ancestry, food and house have been researched being packet
formulation in order to co-operate among sensor equipment, controlling equipment, database, and
formula management system for production and communication system. These systems have
been designed to accurately and consistently operate. This is one of research examples taking

information technology to apply with agricultural industrial.
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VENT COOLING FAN HUMIDITY LIGHT

v k4 ]
VENTILATION szuoomd unvuidla Ja damninanusuniala

VENTILATION

IF HUMIDITY > SET THEN ‘ON’ IF HUMIDITY < SET THEN ‘OFF’

o o > adw
COOLING szuuvnnudu Wusvuia Ua dsmangungiiniala

COOLING
IF COOLING > SET THEN ‘ON’ IF COOLING < SET THEN ‘OFF’
5211 FAN J52neuaiy
FAN [1..9] OF FAN CONTROL
FAN

FC1 FE&2 FC3 FC4 FC5 FC6 FC7 FC8 FC9

¥ v
FAN CONTROL aauilunuuiila Ta deiningmvgiinia’la

FAN CONTROL

IF FAN CONTROL > SET THEN ‘ON’ IF FAN CONTROL < SET THEN ‘OFF’

521U LIGHT 1l5znouaiy

LIGHT [1..8] OF INTENSITY PERIOD

LIGHT

P1 P2 P3 P4 P5 P6 P7 P8

Munamaazay Usenauaie

PERIOD

START (Time) END (Time) INTENSITY (%)
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SYS [1..5] OF FORM
FORM [1..10] )F STATE
STATE RECORD OF
BEGIN (STATE)
VENTILATION : BOOLEAN
COOLING : BOOLEAN
FAN[1..9] OF FANCONTROL
BEGIN (FAN)
FANCONTROLI : BOOLEAN
FANCONTROL?2 : BOOLEAN
FANCONTROL9 : BOOLEAN
END (FAN)
LIGHT[1..8]OF PERIOD
BEGIN (LIGHT)
PERIODI RECORD OF
BEGIN
START : TIME
END :TIME
INTENSITY : BYTE
END
PERIOD9 RECORD OF
BEGIN
START : TIME
END :TIME
INTENSITY : BYTE
END
END (LIGHT)
END (STATE)
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Design of the PLC networks Using Remote I/O module
Applications for A multi group of machine
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Abstract

In this paper, a design of the programmable
logic controller (PLC) with network system using remote
/O module is presented. To distribute the control points
with a long distance and different location of machine are
developed. The communication and controlling on the
network should have the same protocol and are interfaced
through RS 485. The maximum of 32 remote /O module
can be linked to one controller. Each remote VO is
programmed for interrupt request to controller
independently. Therefore, there is no affect to the scan
time of the controller. Using this technique, the PLC can
be efficiently applied to the several hundred meters
different control points such as the ON-OFF control for a
multi group of machine control.

1. Introduction

A programmable logic controller (PLC) is widely
used in the industrial control system. The developments
of PLC are to expand the control points, to develop the
instruction programming to be easily used, and more
intelligence, to develop the interfacing with the other
system and to develop the controlling with long distance.
This paper presents a technique to expand the
input/output (/O) of the PLC using the remote o
module. Typically, there are many methods to expand the
control points such as the parallel bus connection with
/O expansion module, additional of the controller
numbers. But there is limitation in distance in the control
task and difficult to centralize control in both methods.
Generally, the communication between the controller and
the remote /O module is the polling method. The
controller has to polied data with every module.

A technique to designs the PLC in this paper is used
by some concept of ficldbus technique. The remote 7/0)
module which is connected to the PLC by the serial
communication of the IEC fieldbus RS485 standard [1].
The communication media is the twisted pair with the
several hundred meters for each remote I/O module. Each
remote 1/0O module consists of 16-bit digital input and 16-
bit digital output, and the maximum of 32 remote VO
modules can be linked to one controller. This means that
the maximum control points 512 points are arranged.
Furthermore, this technique has the interrupt instruction
in the PLC. Each remote /O module is programmed for
interrupt by this instruction. Therefore, the scan-time of
the controller is not effected.

The automatic control system in industries have

many kinds of ficld device (c.g. sensor, actuators), and
many kinds of process control. The fieldbus concept
needed to combine the signals from many kinds of the
process control equipment to be the same signal by
digital communication [1], [2], [3].
The traditional communication standard known as 4-
20mAdc [2] (e.g. transmitter, /P transmitter). This
standard provides for point-to-point connection which
consists of all information exchanged between field and
control devices in both directions. The great number of
field devices being used require a lot of cables. This is the
problem in installation and maintenance and the
documentation work as well.

The ficldbus concept is basically a digital
communication, which is capable of interconnecting field
devices with control system in any process control
environment. The fieldbus communication architecture in
the term of node will be used to refer to a field device.
The fieldbus devices have wide varieties of field devices.
There are simple devices such as the limit switches,
relays, single-contact device and dumb actuators; the
simple intelligent devices such as the transmitters, the
receivers; the intelligent actuators; smart sensors; the .
complex devices such as the programmable controllers,
PID and other loop controllers, etc. The fieldbus
supervisor is the central controller that takes the total
responsibility for initializing the bus, establishing what
devices are attached to it and monitoring its activities.
The ficldbus system are currently available in the market
several venders. But none of them used an international
standard, and only the IEC/ISA fieldbus communication
system that is in the final stage of standardization [2].

2. Network System Configurations

The system consists of the PLC to be used as the
fieldbus supervisor and the remote I/O module as the
fieldbus device. The fieldbus device and fieldbus
supervisor are connected through the twisted pair in form
of the bus topology. Each remote I/O module has the unit
number in order to identify the fieldbus device. Fig. 1
shows the connecting between the PLC and the remote
/O module. The unit number can be set from the dip
switch which run from the unit 00 to unit 31. The unit
number must have the different number.
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Fig. 1. The connecting between the PLC and the remote
I/O modules.

3. Hardware design

In Fig.2, shows the PLC that used microprocessor
No. Z84cl1 [4] as the Central Processing Unit (CPU).
The PLC consists of opto-isolated 24 inputs and 12
outputs The sequential operation control program and the
special function, such as shift register, can be written
down to PLC through build in keyboard. The PLC has the
build-in serial port RS485 to expand the control points by
remote /O module. The programming language being
used is the Ladder Diagram instruction. The monitoring
function which used to observe the status of the PLC
operation is also included. Fig. 3 shows the remote /O
module that used the microcontrolier MCS-51 as the CPU
for manages the digital communication, such as the
protocol and the interfacing with I/O port. The input
output port is protected from the outside electrical signal
by the opto—isolator.

Fig. 2. The programmable logic controller (PLC).
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Fig. 3. The remote /O module.

4. The protocol design

The controller and the remote /O module use the
same protocol. When the controller is programmed to
request the data from the remote /O module, the
controller has to send the command block through all of
the fieldbus devices. Then the remote /O module which
be requested will send back the response block
immediately. Fig. 4 shows the block format.

@ Unit Header | Data | *| FCS | [CR]
Number ]

- Fig. 4. The block formats.

The meaning of each section in the block format is
explained in the Table 1 and Table 2, respectively.

@ Start block character

Unit Node number refer to field devices (00 -
Number | 31)

Header Command code (ASCII Code 2

characters)

RD : Read data from input module
WR : Write data to output module
MD : Module Description to check

modules which are connected.
(The type of modules)

Data Information message (ASCII Code 2 - 4

character)

RD : None information.

WR : The hexadecimal code data instead
of the binary 16 bits

MD : None information.

* Close block character.

FCS Frame Check Sequence to recheck data
by XOR each of character and compared
the result of XOR calculated between
source and destination. The result has to

match.

[CR] Carriage Return code

Table 1. Command block.



@ Start block character
Unit Node number refer to field devices (00 -
Number | 31)
Header Response code (ASCII Code 2
characters)
RD : Return Data from Input module to
the PLC.
MD : Module Description is the type of
module.
Data Information massage (ASCII Code 2 -4
character)
RD : The hex code data instead the
binary 16 bits.

MD : 00 : Output module.
01: Input module.

ER : 00: Over range character.
01: Format error
02: Unknown command.
04: Execute error.

. Close block character.

FCS Frame Check Sequence to recheck data
by XOR each of character and compared
the result of XOR calculated between
source and destination. The result has to
match.

[CR] Carriage Return code

Table 2. Response block.
5. Operation of the Instructions

The instruction used ~the ladder diagram
programming in order to send or receive the information
with the remote /O module. The ladder diagram
programming is named as RDI is the instruction to read
data from remote I/O and WRO is the instruction to write
data to remote I/O. This ladder instruction is
controlled by the interrupt request control relay. If the
condition of the interrupt request control relay is logical
"1" then the controller will create and send block
command to read or write data depend on the program
requested. Therefore the controller not necessary to
communicate with the unconcerned remote I/O module.
In this case, the scan time of the controller is not effected.
Moreover, adding or removing of the remote /O module
can be done independently. The flowchart of the WRO
and RDI instruction is shown in Fig. 5.
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Fig. 5. The flowchart of the WRO and RDI
instruction.

When the remote /O module received the command
block, the remote /O, which is defined by unit number,
will send the response block to the PLC. If there is any
error occur, the write command will send only the
response block to the PLC. The PLC will check the
header and the FCS calculations from the read command
response block if the error was not found, and the PLC
will write data to the word memory.

RDI instruction (FUN70)

l Jl i RDI(70)

Interrupt control relay

#Unit No.

Word Momory

Fig. 6. The RDI ladder instruction.

In Fig. 6, the RDI instruction is the function number
70 in the ladder instruction of this PLC.
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WRO instruction (FUN71)
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|
2ad)

Interrupt control relay

Fig. 7. The WRO ladder instruction.

In Fig. 7, the WRO instruction is the function
number 71 in the ladder instruction of this PLC.
Both instructions have to determine the unit number of
the remote 1/O module, which requested information. The
WD is the word memory in the controller as hexadecimal
code for 16-bit binary system. The data from the remote
/O should have temporary storage arca in the word
memory, which is determined. Therefore, the remote 1/O
memory is considered as the PLC memory. There are
many kinds of word memories in the PLC such as
Internal Relay (IR), Holding Relay (HR), and Data

Memory (DM), respectively.
6. Implementation

This system can be applied to the multi groups’ ON-
OFF control with long distance (maximum distance 4,000
feet at 100 kbps data transmission rate). In this
experiment the 9,600 bps data transmission rate with 200
meters distance is used. The case study model consists of
the main conveyer and subs conveyer A -BAreh
respectively. The products are moved by the main
conveyer and are detected by sensorl, sensor2 and
sensor3. If the product is identified for arranging to sub-
conveyerA, the cylinderl will move out to tun the
product to the sub-conveyerA. So the interrupt control
relay which control the operation of remote input number
00 and remote output number 01 will operate by the
condition of timer for 20 seconds.

Therefore, the controller dose not necessary to
update data of the other remote input/outputmodule
every scan-time.

Cylinder :C3

Cylinder :C2 Cy#nder C1
Lsw3 Lsw2 Lswi

L Main
E} O

o T
s

Aot Ovgust 08

conveyel

Fig. 8. The application example.
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Fig. 9. The ladder program.
7. Conclusions

The paper shows the technique to design the PLC
system in order to expand the input and output with the
remote 1/0 module. This PLC system can be used to
control many devices with long distance as same as the
fieldbus technique. The instruction being designed in this
PLC is very elastics and suitable for the ladder diagram
programming. The PLC can be efficiently applied to the
ON-OFF control.
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ABSTRACT

In this paper, the design of the networks system through
CAN bus is presented. To distribute the control points
with a long distance and different located for the
application to on - off electrical equipment by the remote
[/0 module. The controlling and communication between
the PLC and the remote [/O modules are used by the CAN
bus serial communication. In this paper, the experiment
has been set up the maximum of 32 remote I/O modules.
Each remote 1/Os are linked to host PLC programmed for
handling a interrupt request from any remote 1/O
independently. Therefore, the scanning time of the
controller not effects. By using this technique, the
controller(PLC) can be efficiently applied to the several
- hundred meters

1. INTRODUCTION

A programmable logic controller is widely used in the
industrial control system. The development id proposed to
expand the control points, develop the instruction set for
easier programming to more intelligence, the interfacing
with the other system , the controlling with long distance.

Controller Area Network (CAN) is a well-known bus
technology in industrial communication system. Two
versions of CAN differing in the size of the identifier exist
that consist of CAN 2.0A with an 11-bit identifier and
CAN 2.0B with a 29 bit identifier. This paper focuses of
CAN 2.0A providing a sufficient number of identifiers for
design PLC with low cost network.

The communication media used a twisted pair with the
several hundred meters for each remote I/O modules. Each
of remote /0 modules consists of 16-bit digital input and
16-bit digital output, and the maximum of 32 remote I/O
modules can be linked to host PLC mean that the
maximum control points are of 512 points.

The automatic control systems in industries have many
kinds of field device (e.g. sensor, actuators), and many
kinds of process control. The fieldbus concept needed to

CCECE/CCGEI 2001 0-7803-6715-4/01/$10.00 ©2001 IEEE

combine the signals from many kinds of the process
control cquipment to be the same signal by digital

" communication.

The traditional communication standards know as 4-
20mAdc (e.g. transmitter, I/P transmitter). This standard
provides for point-to-point connection, which consists of
all information exchanged between field and control
devices in both directions. The great number of field
devices being used requires a lot of cables. This is the
problem in installation and maintenance and the
documentation work as well.

The fieldbus concept is basically a digital
communication, which is capable of interconnection field
devices with control system in any process control
environment. The fieldbus communication architecture in
the term of node will be used to refer to a field device. The
fieldbus devices have wide varieties of field devices.
There are simple devices such as the limit switches, relays,
single-contact device and dumb actuators, smart sensor,
the complex devices such as the programmable
controllers, PID and loop controllers, etc. The fieldbus
supervisor is the central controller that takes the total
responsibility for initializing the bus, establishing what
devices are attached to it and monitoring its activities.

In the past, incompatible vendor-specific fieldbus
were frequently used. Many fieldbus systems today are
open standard system. The user is no longer tied to
individual vendors and is able to select the best and most
economical product from a wide variety of products.
Today, all leading manufacturers of automation
technology offer fieldbus interfaces for their devices. That
is why the fieldbus systems present very dynamically
growing branch of science and development directly
applied in industry. These technologies are developed and
administrated by user organizations (CAN in Automation,
Open DeviceNet Vendor Association [8], Fieldbus
Foundation[1,3], Profibus International[2,5] etc.).

The popularity of CAN is due to its ease of use, to its
extremely high efficiency and reliability and to the low
costs of CAN implementations. Therefore, in this paper
focuses on the Controller Area Network to design the
PLC network.



2. CONTROLLER AREA NETWORK

Electronic units began to cquip vehicles in the carly
*80s. Gradually, they increased the need for real-time
communications with in a vehicle. However, adding more

dedicated signal lines soon became impossible because of
cost, reliability and repair preblems.(The total length of

cables in some high-end European cars released in the Tate
*80s was estimated to be over 2 km!) To fulfill this sharp
need for multiplexed communication, the “Robert Bosch
GmbH™ company designed the CAN network. Although
specifically conceived for the automotive industry, it is

widely used in automation mainly due to the low price of

CAN communication solutions.

1
|
bus arbitration field : control data CRC |ACK| EOF bu;
1del | —‘ 'd"_
[ I '
11 bit identifier DLC 0108 bytes 15 bit
i
f l [ 1 interframe
space
RTR /o
IDE

Fig.1 Format of a CAN telegram.

CAN is a broadcast bus, with priority-base access to
the medium and non-destructive collision resolution: when
two or more nodes try simultancously to transmit a
message, the lowest priority frames lose the contention.
But, the highest priority message successfully destination
without being destroyed by the collision. Nodes do not
possess an address, and none of them play a preponderant
role in the protocol. A message contains and identifier,
unique to the whole system, that serves two purposes:|
assigning a priority for the transmission (the lower the
numerical value, the greater the priority) and 2 allowing
message filtering upon reception.  Data, possibly
scgmented in several frames, may be  transmitted
periodically, sporadically or on-demand. A minimal, CAN
communication profile has a three-layered architecture: a
physical layer, a Data-Link Layer (DLL) and an
application layer. The DLL is implanted in an electronic
component called a CAN-Controller.

The ISO standards 11519-2 and 11898 on define the
physical layer and the DLL. However, standard proposals
have been made for the application layer (CAN
Application Layer, or CAL) or for complete profiles based
on the two normalized layers (Smart Distributed Systems,
of SDS, DeviceNet)

Duc to the medium access technique ( Priority-based
Carrier Sense Multiple Access/Collision Detection). the
maximum data rate that can be achieved essenually
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depends on the bus® length. For example, the maximum
data rate tor 30 and 500 meter buses are respectively
IMbit/sec and 100kbit/sec [6].

2.1 Format of a CAN telegram

The CAN message format that uses 1 1-bitidentifiers
(2.0 A format); however, an extended CAN format ( 2.0 B
format) also exits that uses 29-bit identifiers instead. CAN
controllers supporting the extended format will in general
also work with the standard format communication using
I 1-bit identifiers although the reverse is not always true.
Some devices supporting purely the standard format will
be able to tolerate other devices transmitting CAN frames
using the extended format (2.0B passive devices) and
function correctly.

A message in the standard format begins with the
start bit or start of frame (SOF). This is followed by the
arbitration field which contains the identifier of the CAN
telegram and is used to arbitrate access to the bus . Also
part of the arbitration field is the RTR bit (remote
transmission request) which indicates whether the frame is
a request frame (without any data , this type of message is
used to trigger a transmission by another node ) or a data
frame.

The control field contains the IDE bit (identifier
extension), which indicates whether the frame is a standard
format frame or an extended one, the r0 bit that is reserved
for future extensions and four additional bits containing
the length of the data field (data length code). Next comes
the data field which can be from zero to eight bytes in
length and the CRC field that contains a 15-bit code that is
used to check frame integrity.

The acknowledge(ACK) field comprises an ACK slot
bit and an ACK delimiter bit. The ACK slot is transmitted
as a recessive bit (a bit with a value of 1) and receivers
that retrieve the message correctly ( regardless of whether
the message is meant for the controller or not) overwrite
this field with a dominant bit (a bit with a value of 0 ). The
detection of this dominant bit by the transmitter means that
the message was accepted by at least one node and was
therefore error-free.

The end of frame field (EOF) denotes that the frame
terminated. Finally, the intermission (Int) space represents
the minimum number of bit periods that necd to clapse
following the frame before another station is allowed to
transmit a message. If no other transmissions follow the
frame the bus remains in its bus idle state.

2.2 CAN hardware mechanisms

Two basic mechanisms exist for integrating CAN in
to a product. For existing products a standalone CAN
controller can be interfaced to the same micro controller
using the external address and data bus. For new products



a different microcontroller with integrated CAN interface
can be used. The two are shown in Fig.2.

microcontroller microcontroller

external data/address bus
integrated

CAN controller

stasudalone
CAN controller

RX1 RX0
RX1 RX0
TXI TX0 TXI X0
bus driver ‘ | bus driver
CAN_H
CAN_L

Fig.2.Variant of CAN hardware.

3. NETWORK SYSTEM CONFIGURATIONS

The system consists of the PLC to be used as the
fieldbus supervisor and the remote I/O module as the
fieldbus device. The fieldbus device and fieldbus
supervisor are connected through the twisted pair inform
of bus topology by CAN bus. Each remote 1/0 module has
the unit number in order to set the identifier on CAN
protocol. The unit number can be set from the dipswitches,
which run from unit 00 to unit 31 the lowest value of unit
number is the highest priority so that user can select the
priority of any device. Fig. 3 shows the connecting
between the PLC and the remote I/0 module.

REMOTE  INPUT REMOTE INPUT
UNIT 00 UNITO!
TWISTED PAIR l

ime

e

REMOTE OUTPUT
OR INPUT UNIT 06 TO UNIT 31

REMOTE OUTPUT
UNIT 04

REMOTE OUTPUT
UNIT 03

REMOTE OUTPUT
UNIT 05

Fig.3 The connecting between the PLC and the
remote 1/0O modules.

4. HARDWARE DESIGN

In Fig 4, shows the PLC that used microprocessor part
No. Z84C11[7] as the central Processing Unit (Host CPU).
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The PLC consists of opto-isolated 24 inputs and 12 output,
the sequential operation control program and the special
function, such as shift register, can be written down to
PLC through build in keyboard. The PLC has the CAN
controller part No. DS80C390 (DALLAS semiconductor)
[9] and CAN transceiver chips part No. 82C251 (Philips
semiconductor) in order to communicate with the remote
170 modules. The programming language being used is the
Ladder Diagram instruction. The monitoring function,
which used to observe the status of the PLC operation, is
also included. The remote /0O module used the similar
CAN controller and CAN transceiver. The input output
port is protected from the outside electrical signal by the
opto-isolator

Fig.4. The programmable logic controller(PLC).

Host PLC
Twisted pair
CAN
CPU of PLC Controlller
Local input Qutput
[ [
E | Remite VO ! I Remite 11O
i !
CAN | CAN
Controller i Controller

Lopt Onipe

Fig.5. The structure of PLC and remote I/0O modules.

5. OPERATION OF THE INSTRUCTIONS

The instruction used the ladder diagram
programming in order to send or receive the information
with the remote [/O module. The ladder diagram

|

i
i
]




programming is named as RDI is the instruction to read
data from remote 1/0 and WRO is the instruction to write
data to remote I/0. This ladder instruction is controlled by
the interrupt request control relay. If the condition of the
interrupt  request control relay is logical "1" then the
controller will create and send block command to read or
write data depend on the program requested. Therefore the
controller not necessary to communicate with the
unconcerned remote 1/0 module. In this case, the scan
time of the controller is not effected. Moreover, adding or
removing of the remote 1/O module can be done
independently.

RDI instruction (FUN70)

| |
RDI(70)
.
Interrupt control relay #Unit No.
Word Momory

Fig. 6. The RDI ladder instruction.

In Fig. 6, the RDI instruction is the function number
70 in the ladder instruction of this PLC.

WRO instruction (FUN71)

I |

| }— WRO(71)
Interrupt control relay #Unit No.
Word Momory

Fig. 7. The WRO ladder instruction.

In Fig. 7, the WRO instruction is the function number
71 in the ladder instruction of this PLC.
Both instructions have to determine the unit number of the
remote [/O module, which requested information. The WD
is the word memory in the controller as hexadecimal code
for 16-bit binary system. The data from the remote I/O
should have temporary storage area in the word memory,
which is determined. Therefore, the remote I/O memory is
considered as the PLC memory. There are many kinds of
word memories in the PLC such as Internal Relay (IR),
Holding Relay (HR), and Data Memory (DM),
respectively.

6. IMPLEMENTATION

In Fig. 8 ,The system can be applied to the multi
groups’ ON-OFF control with long distance (maximum
distance 48 meters at 1Mbps data transmission rate). In
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this experiment the 100 kbps data transmission rate with
200 meters distance is used. The case study model consists
of the main conveyer and subs conveyer A, B, C,
respectively. The products are moved by the main
conveyer and are detected by sensorl, sensor2 and
sensor3. If the product is identified for arranging to sub-
conveyerA, the cylinderl will move out to turn the product
to the sub-conveyerA. So the interrupt control relay which
control the operation of remote input number 00 and
remote output number 01 will operate by the condition of
timer for 20 seconds.

Therefore, the controller dose not necessary to
update data of the other remote-input/output module every
scan-time. The ladder programming that show in Fig. 9.

Cylinder :C3 Cylinder :C2 1 Cylinder :C1
Lsw3 Lsw2 Lswt | | r
@ el D Sensor:S3 D Sensor:S2 Sensor:S1

s

| —— 0 =]
F @@\ L@
=

l-nn-i o8

Remote Oupnt 08

B
=\\

Fig. 8. The application example.

Start Stop Internal O/P
— | RIS {1000)
1000
1000 C1 c2 C3
M1 y———]
1000 S1 LSW1
== (1 y
Cc1
1000 C1 TIM 00 Internal O/P
— — — (11003
1100
st timer
- e
20 sec
1100
ROI
| UNIT 00
WO 000
WRO
‘/ UNIT 01
A WD 001
Other Ladder
about sub
conveyer A

Fig. 9. The ladder program.

7. CONCLUSIONS

The paper shows the technique to design the PLC
system in order to expand the input and output with the



remote I/0 module based on CAN bus. This PLC system
can be used to control many devices with long distance as
same as the ficldbus technique. The instruction being
designed in this PLC is very clastics and suitable for the
ladder diagram programming. The PLC can be cfficiently
applied to the ON-OFF control.
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