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Abstract

In the field of industrial process control, a fast-development platform for programmable logic
controller (PLC) systems is designed in order to solve two main problems of rapid development of
PLC control system and programmability of controlling software. In the aspect of design, the platform
is composed of hardware controlling and software monitoring and is taking industrial computer as the
core. Under the Windows environment, the platform establishes the control instruction set, develops
the configuration function and visual programming function of the monitoring software and it in-
tegrates PLC controller based on Visual Basic software. In order to achieve the function of data mo-
nitoring, it has realized the serial communication between computer and PLC by using RS485 and
RS-232 serial ports line communication. The platform designs the intelligent instruction scheduling
strategy by studying the encoding and decoding rules of the communication instruction set. It propo-
ses a method for rapidly developing control programs by adopting the expert control mode, which en-
ables clients to develop and modify programs conveniently by importing instructions in a non-coded
manner. After experimental testing, the platform is proved successful achieving both the rapid devel-

opment of PLC control system and the rapid modification of monitoring software.

Key words: programmable logic controller ( PLC), rapid development, instruction set, in-

struction scheduling, expert control

0 Introduction

At present, most of the monitoring software that
are used in the industrial field can only be applied to a
fixed control system and they do not have the function
of program refactoring. Once the original process chan-
ges, professionals of these software will need to modify
the source code, which is very complicated and time-
consuming. In some cases, companies that provide mo-
nitoring software do not provide updated services be-
cause they are beyond expiration time. Based on the
above situations, users cannot modify the program
based on a changed original process, which brings
great inconvenience to the users. Thus on one hand,
people can take advantage of this system proposed in
this paper by ignoring a shifty fundamental process or a
demanded new version of service. On the other hand,
the proposal of intelligent manufacturing meets today’ s

requirements for intellectualization. However, tradi-
tional control systems have a low level of intellectuali-
zation and they are lack of self-learning function. The
defects of traditional control systems are causing unnec-
essary waste of human resources and they would make
the control system more rigid. As a result, it is neces-
sary to design a versatile intelligent measuement and
controlling platform system. The system could be pro-
grammed by users and refactored based on different
processes''|, and it has great flexibility and low barri-
ers to use. Furthermore, it could develop within a cer-
tain time frame. In this research, the proposed plat-
form is elaborated.

1 The design of the system

1.1 Composition of the system
The system is mainly composed of 6 parts, the up-
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per computer configuration software, the lower comput-
er, the cloud database, the personal computer( PC) or
mobile device, the measurement and control object and

The cloud database

The measurement Other external

and control object

communication equipment

other external communication equipment. The overall
architecture of the system is shown in Fig. 1.

The upper computer The lower computer

e — = =

Mobile device ﬁ; iee
L

The measurement
and control object

Fig.1 System architecture

1.2 Working principle of the system

The first step is to formulate an /O table based
on the determination of the composition of the system.
Then, design a background picture and import the pic-
ture into the configuration software, and add monitoring
points based on the 1/0 table to formulate a complete
monitoring picture. Enter programming mode after the
monitoring picture is designed. Users need to convert
the process into steps and each step corresponds to an
instruction. By clicking the corresponding instruction
button, each instruction is added to the program run-
ning window in the order of the process leading to the
programming is completed. The program is saved as
. ixt format, which can be called in part or in full. In
addition, an advanced programming method is also
available. According to the established standard of in-
struction set, the program files can be edited from the
PC or mobile devices directly and the programming re-
sults can be sent to the upper computer by the Inter-
net. By identifying the instruction statements in the
program file the writing of the program is completed.

All measurements and control objects in the con-
trol system have access to the input and output inter-
faces that are provided by the lower computer from the
170 table, and then, connect the upper computer and
the lower computer can be connected serial communi-
cation. When users operate the control system by clic-
king the run button, the upper computer will send the
program that is written by users to the lower computer
under the instructions, at the same time, the lower
computer will make the corresponding action and feed
the current state back to the upper computer in real
[2]

time Finally, the state information will be presen-

ted in the monitoring image that is designed by us-

ers>'. The control system could connect to other exter-
nal communication devices by one-to-many or many-to-
many. The upper computer configuration software could
control other systems or equipments based on the rules
from the instruction sets of both sides or vice versa.

Finally, the program can be uploaded to cloud da-
tabase and it can be directly searched by other users.
Users can directly embed a part or all of the functions
to the program in their own control systems by down-
loading them. The growing quantity of cloud database
keeps the system growing*'. In addition, the expert
control adopted by the system would perform operation
based on the information provided by the knowledge
base for achieving smart control and intelligent process-
ing. The system operation flow is shown in Fig. 2.

[ Formulate an 10 table |

| Formulate a monitoring picture |

All measurement and control objects
access to corresponding I/O interfaces of
the lower computer, and connect the
upper computer with the lower computer

If upload the program to
cloud database?

I Formulate a monitoring picture |

-
-

Fig.2 System operation flow chart
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2 The design of communication instruction
set

2.1 Instruction design

Instructions act as messengers. On the one hand,
when users use the upper computer configuration soft-
ware, a series of operations are converted into instruc-
tions and the configuration software makes correspond-
ing actions by identifying different instructions. On the
other hand, the interaction between the upper comput-
er and lower computer is also achieved by identifying
instructions. Thus, making a set of instruction rules is
a premise of the communication between people and
machines, machines and machines. A collection of all
instructions is called an instruction set. The types of
instructions included in this program’ s instruction set
are system operating instructions, alarm instructions,
program call instructions, device action instructions,
logic judgment instructions, parameter setting instruc-
tions and function instructions. The design of instruc-
tions needs to take into account the readability and
quick recognition”'. Some of the instruction sets of the
program are presented in Table 1.

The following contents describe the structure of all
types of instructions, and the first three digits of each
instruction are instruction serial numbers.

The functions of the system operation instructions
are Run, Pause, Execute Next Instruction and Inter-
rupt Program. Every instruction is composed of instruc-
tion serial number and four characters. For example,
003NEXT, it means to execute the next instruction op-
eration.

The alarm instruction is composed of instruction
serial number, Wam and the three alarm numbers. For
example, 000Wam100, it represents programmble log-
ic controller ( PLC) communication failure.

The program call instruction is composed of in-
struction serial number, Load _ and ten characters.
For example, 004Load _ Trclig, it means to call the
local program named TrcLig.

The device action instruction is also a digital out-
put instruction. The structure of the instruction in-
cludes instruction serial number and QX. Y-Z in which
X.Y represents the address of PLC’ s digital quantity
output and Z represents 0 or 1. For example, 026Q1.5
=1 means to set PLC’ s digital quantity output Q1.5 to
high level.

The parameter setting instruction is composed of
the instruction serial number, AOX = and twelve set-
ting values. For example, 004A05 =100 means to set
the value of analog quantity output 5 to 100.

Table 1 ~ System partial instruction set
Instruction Explanation of the instructions
0007 10.0 =1 Whether 10. 0 is a high level or not
0017 10.0=0 Whether 10.0 is a low level or not
000Q0.0 =1 Set Q0.0 as a high level
001Q0.0=0 Set Q0.0 as a low level
0007 Q0.0=1 Whether Q0.0 is a high level or not

0017 Q0.0=0
0007 AIl >> Value

0017 AlIl << Value

000AO1 = Value
001A02 = Value

000RUN =
001PAUS

004Load _ Name
005Time = Value
006Loop = Value
007EndLP

008Goto = Value

009ElGoto = Value

0100r
011//
000Wam100

Whether Q0.0 is a low level or not

Whether All is greater than the set val-
ue or not

Whether All is less than the set value

or not

Set AO1 is equal to the set value
Set AO2 is equal to the set value

Program running

Program halt

Call the program named Name

Set the time

Set the loops number

Loop end

Set the liner table of jump

Line number to jump to when setting
condition

The logical or instruction

It is available to add comments after //

Error code 100

The logic judgment instruction includes the digital
quantity input logic judgment, the digital quantity out-
put logic judgment and the analog quantity input logic
judgment. The structure of the three instructions are
instruction serial number, ? IX.Y =Z and a twelve bit
setting values, instruction serial number,? QX.Y =7
and a twelve bit setting values, and instruction serial
number, 7 AIXYY and a twelve bit setting values.
The structure of the first two listed obove is similar to
the action instructions’ structure. YY of the analog
quantity input logic judgment represents logical sym-
bols that includes ==, >>, <<, >=,
different categories. The instruction 0117 Q0.5 = =
and 0157 Al4 > > 200 separately represents a judg-
ment on whether the digital output Q0. 5 is low level

<= as five

and the value of analog quantity input 4 is greater than
200.
The function instruction is composed of the timer
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instruction, the cycle instruction, the jump instruc-
tion, the logical or instruction and comment instruc-

tion.

2.2 Dynamic adjustment of instruction sets

The instruction set contains both public and cus-
tom parts, and the public part is the same for all users
but the custom part is different. The former can not be
operated, thus, users can only operate on the latter.
The adjustment of instruction set needs to be synchro-
nized with the control systems to achieve the right cor-

'] The configuration software will dynam-

respondence
ically modify the instruction set in the following cases.

(1) When it comes to complex control systems,
the 1/0 port may not meet the needs of users, therefore
the system provides an extended function that can in-
stall the input and output module based on users’
needs.

(2) Remove excess 1/0 ports.

(3) The system provides the setting function of
custom alarm condition, which allows users to add or
remove alarm instructions by themselves.

(4) When the platform system adjusts its func-
tionalities.

(5) When the instruction set used by the program
that is downloaded from cloud databases is different
from users’ own instruction set.

In order to reduce the number of modifications for
the instruction set after adding or removing instruc-
tions, the instructions that can be adjusted are given a
set of independent instruction serial numbers. Howev-
er, system operation instructions, program call instruc-
tions and function instructions can not be changed,
leading to a combination of those above with a separate
instruction serial numbers. The part with a separate se-
rial numbers is called an instruction block and each
particular part is stored in a separate array.

The adjustment of instruction set is divided into
two cases including adding or deleting instructions. In
the case of adding instructions, according to the types
of instruction to find the instruction block to which it
belongs, add the instruction at the end of the instruc-
tion block, at the same time, it is given an instruction
serial number sequentially. As for the deleting of in-
structions , in the instruction block, all instructions that
are located after the instruction which has been deleted
need to be moved forward by one position and the in-
struction serial number needs to be modified to be con-
tinuous.

For cloud databases, whenever the functionality of
the entire platform system is adjusted, some instruc-
tions may be added or deleted, thus, the common part

of the instruction set needs to be modified. The result
of the modification will be sent to all users by the net-
work to remind them to timely update the instruction
set. When users download someone else’ s program
from cloud databases, the corresponding instruction set
will be downloaded synchronously. The custom part of
the instruction set which is downloaded from the cloud
databases will be compared with the existing instruction
set, and instructions which are not included in the ex-
isting instruction set will be added in. This is the way
to run someone else’ s program correctly.

2.3 Execution of program

The selection and application of data structure
have attracted more attention in the execution of a pro-
gram, because the right data structure can greatly in-
crease the processing speed of instructions. Normally,
the control process in the industrial environment is car-
ried out step by step in accordance with the production
process, and each step of the production process corre-
sponds to an instruction. This has followed the princi-
ple of first-come-first-served in order to avoid the phe-
nomenon of false overflow. A circular queue in the lin-
ear table is selected as the data structure. However,
the loop execution for partial operation often occurs in
the industrial control, and even multiple layers of loops
can be nested, causing rapid enqueue and dequeue of
the phenomenon in the loop and wasting a lot of time
on read and write instructions. Thus, a data structure
of nested loop team is proposed to nest and add linear
tables on the basis of a loop queue.

While the program is being executed, instructions
will sequentially enqueue. When receiving a loop start
instruction, all instructions between the end and start
loop pair will be stored in a separate linear table. Store
the address pointer of the first instruction * Do in the
linear table at the position that the previous layer of
loop-start instruction has located. Then record the ad-
dress pointer * Upt of the instruction next to the previ-
ous layer loop-start instruction and the number of loops
of the current layer Num. For linear tables, after the
last instruction is executed, the address pointer can
point to the first instruction by subtracting the length of
the linear table. At this point, a loop is completed. To
subtract Num by 1 every time after the loop is execu-
ted, when Num =0, to call the * Upt back to the pre-
vious layer and free the memory of the linear table.
The principle of nesting loop team is shown in Fig. 3.

2.4 Instruction query
By instruction transmission, users can operate

the upper computer and the lower computer can feed the
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call ¥*Uptl

Layer 1 of linear Layer 2 of linear

call ¥*Upt2

If Num3=0,
call *Upt3

Layer 3 of linear Layer n of linear

Fig.3 Nested circular queue

information back to upper computer. Once the upper
computer receives the instruction, it will look up the
corresponding meaning in the instruction set and per-
form the corresponding action. For complex systems
with many instructions comparing to small systems, the
method of instruction query can affect the running speed

7] Based on the design of instruc-

of the entire system
tions that is mentioned in this research, the index look-
up method is proposed'®’. The main idea of this meth-
od is to store different instruction blocks into separate
arrays and store the instructions into the array in as-
cending order, so that the instruction serial number of
each instruction is the index in the corresponding ar-
ray. There are two steps for the execution of instruction
query. The first step needs to extract the fourth and
fifth bits of the instruction, and find the array to which
the instruction belongs according to the index table.
The second step is to find the target instruction by con-
firming that the array index is the instruction number.

The index table is shown in Table 2.

Table 2 Index table

Number The fourth b?t of The 'fifth bit. of Array
the instruction the instruction name

1 Q Coml

2 ? Q Com?2

3 ? I Com3

4 7 A Com4

5 A Com5

6 % Comb6

7 Others Com7

Therefore, the average search length ( ASL) of
the index search method is the sum of the average
search lengths of the two parts, which is shown in
Eq. (1).

ASL = ASL, + ASL, (1)

Each instruction has the same search probability
P, = 1/n for the instruction set C[ 1:n]. The second
step is the direct addressing method. The number of
comparisons of each element is 1. Assume that the
number of logical judgment instructions is L, which

means that the sum of the instructions in the arrays

Com2, Com3, and Com4 is L. Then the average search

length is shown in Eq. (2).
ASL = ASL, + ASL,

1 Y. C o+ Ly

n “~ n

=1

n

1[L><2+(n-1)><1]+l21

n n i
L (2)
n
The result shows that0 < L/n < 1, so the average
search length should be 2 < ASL < 3. The time com-
plexity is O(1). It is not difficult to see that the design

of the instruction set, while taking into account reada-

bility and scalability, greatly shortens the instruction
search time and improves the overall operating efficien-
cy of the system.

2.5 Instruction optimization scheduling

System instructions are divided into internal and
external instructions. The instructions stored in the up-
per computer instruction library are internal instruc-
tions, which are used to provide programming with
judgments, loops, functions, logic, and other state-
ments. And the external instructions cause an external
communication device to operate. Each instruction in
the system has a priority, some are buili-in to the sys-
tem, and some need to be defined by users. The exter-
nal communication equipment in the system is mainly
based on the lower computer PLC. It can also be con-
nected to other communication equipment or systems
help them control the rest other systems or equipment.
It can also be controlled by other systems. Because
there are many types of external communication de-
vices, the instruction set of each device is different,
and the communication interfaces are mnot uniform.
Such a good instruction scheduling strategy will make
the system operate in an orderly manner'®!. The system
instruction schedule is shown in Fig. 4.

The external instructions defined in the system are
set for the PLC, because it is very difficult to record all
the instruction sets of all external communication de-



HIGH TECHNOLOGY LETTERSI Vol. 27 No. 2| June 2021

215

vices. In order to provide the function of connecting
other external communication devices, the system pro-
vides an external instruction input function. The user
enters control instructions according to the instruction
set rules of the external communication device, and
then adds them to the program running window. When
the upper computer is programmed, the system will run
the program linearly, and then execute the next one af-
ter receiving feedback from the instruction. When run-
ning to different external instructions, the system will
automatically open the corresponding communication

Internal

Execution completed

channel. But when the upper computer receives control
instructions from other external communication de-
vices, it will conflict with the running program, and
there may be multiple external control instructions at

17 Tt needs to be executed in the order

the same time
of priority. The highest priority will be compared with
the priority of the instruction that is running in the up-
per computer' ', The higher priority will get the con-
trol of the upper computer. Follow this strategy until

the program end.

|

I instruction

I v Inquire
|

|

[ Program running window

b

r
External Inquire Execution
instruction " w completed

Execute

A 4

|
[
|
|
[ Instruction library |
|
|
|
| Instruction '—

Execute

Instruction library ]—PI Instruction ]

Other external communication equipment 1 ]

Other external communication equipment 2 J

Other external communication equipment 3 ]

Other external communication equipment » J

Fig.4 Instruction scheduling

3 The design of software

In terms of the process control in the industrial
environment, although the control flow is diverse, it
can be split into the fundamental operation of ‘input’
and ‘output’. Considering the upper computer config-
uration software of the platform, give sufficient consid-
eration to the feature, programming mode and program
modification of the process control in the industrial en-
vironment. A new design philosophy is proposed in this
research in which user can devise monitoring menu
based on different features of control system and select
or define operation upon needs within the offered oper-

121 The software en-

ations of ‘input’ and ‘output’
capsulates each control instruction into a button, so
that users can do programming by themselves. The
control flow needs to be split into many basic opera-
tions referring to a single control instruction. To com-
plete the programming simply and efficiently, users
need to click the corresponding instruction button or in-
put the external instruction; then, the instruction

needs to be added to the program running window or-

derly incorporating with some other operations, such as
loading, program invocation, adding, deleting and
clearing. Thus, it is obviously that the modification of
the program can be accomplished simply, which makes
the system have the feature of refactoring and can
check the syntax'™! | logic and format fault of a pro-
gram'™*'. This software set up fault alarm library to
store the failures that would happen in the system.
Adopting expert control structural, this system can in-
telligently process failure and provide user with extend-
ed function. Thus, users can define warning condition

5] Besides, it has the function of self-

and solution
define report printing, curve chart painting and print-
ing. Fig.5 shows the programming interface of the soft-

ware testing the water cleaning machine.
4 Expert control method

Expert system (ES) is an intelligent computer
program and it records one or more experts’ experience
and knowledge of a certain field. When it comes to
problems, ES can use the stored knowledge to imitate
the expert in doing reasoning and judgement, in order
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Turn off the heater

Timer=10s.

Open the clean
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Open the rins
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: 00: 05: 23
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Cleaning valve || open | Close 2 [ ame | | Q11 open | Close || open? | _c
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Rinse inlet valve || open Q15 open || Close | open |_cu
Rinse pump open | aee || QL6 open || Close || open? || ca
Q0.7 open || Close 2 ][ o QL7

open | Ciose | Open? | cu

Fig.5 Programming interface

to solve those complex problems''®'. The expert control
in this system is used for fault detection and alarming,
syntax checking, instruction scheduling, instruction
searching and instruction dynamic adjustment.

4.1 The design of knowledge base

First, the syntax checking rule, instruction sched-
uling strategy, instruction lookup method, instruction
set dynamic adjustment strategy, fault information and
solution are put into knowledge base. Then, the cus-
tom interface is provided and it is used for the opening
of the knowledge base to users. The system can trans-
form the user-defined fault alarm messages into the
ES’ s specialized form and store them into knowledge
base. The problems that user’ s device cannot solve
will be uploaded to cloud databases, and they will be
handled by professionals. Then the professionals would
update the knowledge base. For all users, as long as
the devices access the Internet, the software will auto-
matically upload the content of the knowledge base to
cloud shared databases. Then the cloud shared data-
base will integrate the collected knowledge base, and it
will delete the meaningless rules by using the screening
and discriminating mechanism. Combining the upgra-
ding of the platform system which includes many modi-
fications and expansions of every rule, strategy and
method, a new knowledge base will be constructed, at
the same time, it will be sent to all users. The system
is improved by the expanded knowledge base which has
been achieved by constant interactions between cloud
platforms and different users.

4.2 The design of inference machine
The inference machine is the main part of the ex-

pert system. For this system, a problem can be caused

by a variety of reasons and then be assigned a priority
level to every situation. The value of every reason is
initialized as 0, the case holding the higher value of
priority will be judged at first, and increase the fre-
quency of this situation by 1 after a successful diagno-
sis. After a round of judgement, the priority of every
reason will be adjusted according to the value of the
frequency. The flowchart of the judgement and reason-
ing is shown in Fig. 6.

Problem acquisition
Problem matching

Select the highest priority
situation in order of priority

T & Select sub-
= priority case
Problem diagnosis

Whether the problem
is solved?

Add 1 to the frequency of
this situation

Upload questions to
the cloud database

Rearrange the priority of all cases
of the problem by frequency
T

dl
-

Fig.6 Diagnostic flowchart

4.3 The constitute of rules
The expert system utilizes production rules which
are constructed by if-else for the representing of knowl-
edge, and the general representation of the rules is as
follows.
(1) If(term 1) Then (action or conclusion 1)
(2) If(term 1) And (term 2) -+ (term n) Then (ac-
tion or conclusion 1)
Else(action or conclusion 2)
(3) If(term 1) Then (action or conclusion 1)
Elself(term 2) Then (action or conclusion 2)

(4) If(term 1)And (term 2)---(term n) Then
(action or conclusion 1)
Elself(term 1) And (term 2)---(term n)

Then (action or conclusion 2)
5 Conclusions

In view of the monitoring software in the present
industrial environment, it can only be used in a fixed
control system and it does not have the function of pro-
gram refactoring. This research has built the instruction
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sets and turns the instruction sets into buttons to make
users program and amend the codes by themselves''".
According to a number of tests on different control sys-
tems, the platform system has been proved achieving
strong versatility and better readability, and it has sim-
ple operation logic and can complete programming real-
ly fast. Also, it works well in fast processing failures
and detecting the validity of programs. In addition, us-
ers can alter the program by themselves once again with
the change of technologies. All in all, this system
works on programming not just for professionals, but
also for the improvement of industrial process control ,
because it provides new ideas for the development and
modification efficiency.
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