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INTRODUCTION 

It is really difficult to specify another scientific and technical problem, which is 

still valid for many years, than the problem of creating, implementing and 

exploitation of program control systems of industrial installations and robotic 

systems. 

The program control systems are the most widely used in machining [1, 4]. 

Manufacturing equipment is provided by turning, milling, boring and other machine 

tools, machining centers, robots, transport systems, warehousing, and installation of 

automatic quality control of products. 

The aspects of CNC systems use in machining are determined by their 

flexibility. Technological equipment with CNC is easily rearranged to produce a new 

product – it is enough to change the control program. The technological process of 

preparation of machining is thus reduced to the programming, which, in its turn, can 

be automated with the help of computer. For this purpose, special high-level 

languages that allow using familiar programming instructions for the technologist are 

used to program the products of any complexity. Moreover, in some cases, 

programming is carried out by the operator directly from the servicing machine. 

CNC systems have a particular importance in the organization of the control 

system of a flexible automated production (FAP). Two basic conditions should be 

provided: flexibility, i.e., the efficiency of production reorganization to a new product 

type, and orientation for a deserted technology, i.e., the ability to operate unattended 

for one – three shifts. Problem of FAP constructing can not be solved without 

mastering the most advanced structures of the CNC systems. 

The most perspective thing is the development of numeric program control 

means, meeting the requirements of the free programmability and the possibility of 

aggregation of nodes of pairing with the control object. Structures with these 

properties are based on the use of micro-, mini-computers or personal computers – 

the PC. The main and decisive feature of it is a possibility of multipurpose use, i.e. 

using the same technology for controlling a wide class of machines, machining 
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centers, robots and other technological equipment. The multipurpose CNC systems 

are the most effective for the autonomous control organization and for the FAP too. 

The subject of the “Program control systems of industrial plants and robotics” 

discipline presented in the textbook, are the control systems of robots and machining 

machine tools, which are based on computer. 
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1. CLASSIFICATION OF PROGRAM CONTROL SYSTEMS 

Control systems for industrial plants and robot-technical complexes are 

classified according to the principle of control (program / adaptive), the method of 

control (open loop/ closed loop), the type of control (cyclical / positional / contour), 

the method of programming (analytical programming / programming by training / 

programming by self-learning) [2, 7]. 

Program control systems require rigorous certainty and constancy of the 

parameters of the executed task. The control program of such systems contains much 

information, which does not change during operation, so manipulation environment 

of, for example, a robot, must be organized, i.e., all items, tools and objects, which 

interact with the robot in the process of executing of working operations, should be at 

certain places and have a well defined spatial orientation. 

Adaptive control systems do not contain complete information about the 

parameters and conditions of the executed task. The control program of these systems 

typically includes information about the initial and final positions of the working 

body of the manipulator with a set of algorithms for the robot behavior, depending on 

the possible states of the environment, and a sensory robot hardware automatically 

adjust the program of action on the basis of the obtained information by an 

appropriate change of control actions, i.e. to respond to the parameters and operating 

conditions changing by changing the control algorithm. 

Control method describes the use of feedbacks, usually by the position of 

mechanism links in the control system (open – no feedback / closed – with feedback). 

Type of the control system determines the content of the command information 

that controls the motion of the robot manipulation links. 

Cyclic program control system is a control system, in which the command 

information, contained in the control program, includes a feature of link manipulator 

and direction of its motion. Cycle control is the simplest, providing mostly two-point 

positioning, which is carried by fixed supports, located at the extreme positions, and 
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is used for processing subsidiary operations of the robot (servicing of tools, presses, 

casting machines, etc.). 

Positional program control system is the control system, in which, unlike the 

cyclic systems, command information (control program) contains not only an 

indication of a link and direction of the motion, but a parameter, determining the 

amount of movement. Position control is more complex, providing multi-point 

positioning, for that is contains the information on the position of the links directly in 

the control program. Series of the positions of the working body, fulfilled by a 

positional system, can form some definite trajectory, but moving between adjacent 

positions occurs along an arbitrary trajectory in these systems. The positional system 

has great technological possibilities and flexibility, so the robots with a positional 

control system are used for the maintenance of the main equipment (tool change 

machining on machine tools, etc.), as well as for main technological operations 

(direct delivery of goods, spot welding, soldering, riveting, drilling of printed circuit 

boards, etc.). 

Contour program control system is a control system, in which command 

information (control program) contains, besides the link indication, the direction and 

amount of displacement, and even the parameters of the trajectory (contour), in which 

the motion is fulfilled. Contour control provides movement of the working body on a 

continuous trajectory and has highly universality and significant technological 

possibilities. Robots, equipped with contour control system, are used to perform, as a 

rule, main, and not subsidiary manufacturing operations, for example, painting, 

contour welding, weld grinding, gas cutting, etc. 

There are three basic methods, depending on the way of the information 

programming and providing the given operation of the process equipment: analytical 

programming, method of training, self-training method.  

Program creation is carried out either with conventional computer equipment, 

or automatically, using a computer and auto-programming means, or by the control 

unit of the mechanism. Analytic programming is used when operator system training 
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is consuming too much time, when it is difficult to obtain the complete information, 

or the presence of the operator is impossible during programming. 

Programming by training is currently the most common for robots. Depending 

on the degree of human intervention, this method of programming is divided into 

manual, semi-automatic and automatic methods. Manual method of training involves 

the direct participation of the operator at all stages of programming: at the formation 

of the program, at the data transformation and the data entry. Semi-automated way of 

learning characterizes the operator involvement in the program creation and the 

information transformation. Control device carries out information input by the 

operator signal. Automatic training is entirely performed by control device with the 

use of computer. 

Self-training programming can be used for equipment with advanced sensory 

apparatus and adaptive control. Self-training programming occurs without human 

participation: the control unit itself forms a control program with the help of 

automatic programming systems and using information, obtained from the 

information-measurement system, or sensor system. 
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2. STRUCTURE AND SOFTWARE OF CYCLE CONTROL SYSTEM  

OF INDUSTRIAL ROBOT 

Study of system structure, principles of design of software and programming 

techniques for cyclic control systems of industrial robots are considered on the 

example of a pneumatic robot MP-9C with the control system, implemented on 

industrial controller SIMATIC S7-200 from Siemens. 

Pneumatic robot MP-9C is intended for automation of technological processes 

in industry. The robot’s actuator is able to capture, transport and placing details to the 

given coordinates of the working area. 

The robot has 3 pneumatic mechanisms for arm manipulator moving: up / 

down, left / right, forward / backward and pneumatic gripper. Pneumatic actuators are 

supplied by the energy of compressed air, coming from the main through appropriate 

electro pneumatic valves L1...L7, controlled by the controller. Air is supplied to the 

main from the reciprocating compressor through moisture separator and lubricator. 

Manometer is installed for displays of air pressure. 
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Fig. 1. A scheme of the MP-9C robot 

It should be noted, that the robot pneumatic actuator moves the links with a 

stop at the support, so at the steady state all the links of the manipulator are located in 

one of the extreme positions. For example, the manipulator arm can be moved either 

forward, until hitting the front support, or moved backward to a rear support. The 

links can be in intermediate positions only in the process of moving from one 

position to another. The limit switches are used for controlling the robot links. They 

are based on hermetically sealed elements SQ1...SQ7, triggered when the appropriate 

robot drive stops at the support. Robot gripper drive is equipped with a return spring, 

so it is controlled by one electro pneumatic valve L1 and monitored only by one 

sensor SQ3, switching at the gripper release. 
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Fig. 2. A diagram of the control system of the MP-9C robot 

This system includes also a control console, at which six switches and one 

button are placed. One switch (SA1) is used for selecting the operating mode of the 

robot: manual (programming) or automatic (executing of programmed frames). The 

SA6 switch determines the mode program, executing in automatic mode: step by step, 

or continuous (cyclic) execution. The next four switches (SA2… SA5) are used to 

control pneumatic actuators of the robot in a manual mode. SB1 button of control 

panel is multifunctional. In manual mode, press shortly this button to record the 

frame of the control program (CP), hold down the button for more than 3 seconds to 

reset the counter of the number of CP frames, as a consequence, the reset of a 
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previously saved program takes place, that is acknowledge by a light of a 

corresponding indicator on the control console. In automatic mode, the SB1 button is 

used to start / stop execution of program. In step-by-step automatic mode, the 

execution of each next frame of CP is fulfilled after pressing on the SB1 button. 

Limit switches (sensors) of the robot, coils of electro pneumatic valves and a 

console control are connected to the corresponding inputs and outputs of the 

controller. 

A structure of software of the controller is shown in fig. 3 and 4. The working 

program of the controller consists of a main program and several subroutines, which 

provide together a possibility of programming a robot in a training mode and 

automatic execution of the programmed cycles of work. 

Pooling of the robot sensors takes place at the beginning of the main program, 

and after this, depending on the selected mode of operation (manual or automatic), 

either a manual mode subroutine, or an automatic mode subroutine is called. In the 

manual mode a subroutine of setting the outputs of the controller, connected to the 

coils of the electro pneumatic valves, is fulfilled in accordance with the state of 

SA2...SA5 switches. After this, the status of the SB1 button is checked and if it is 

pressed, the reset timer is started, resulting in CP frame saving (i.e. the memory 

controller stores the state of the robot sensors and of the outputs of the controller). 

The next step of manual control subroutine is checking the reset timer bit and if it is 

in the ON state, resets the variable that stores the number of CP frames (reset 

program). 
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Fig. 3. A block diagram of the main program and «manual mode» subroutine 

The frame of the control program is proposed to form by two bytes (fig. 5): a 

byte, that stores information about the state of the outputs of the controller (i.e. 

reference to position of robot links), and a byte of information on the status of robot 

sensors, showing the real position of the robot links. 
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A task of subroutine of the automatic operation mode is to run the subroutine 

of step-by-step or cyclic (continuous) mode, depending on the position of the toggle 

switch SA6. 

 

Fig. 5. Format of control program frame 
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3. STRUCTURE AND SOFTWARE OF POSITIONAL CONTROL SYSTEM 

OF INDUSTRIAL ROBOT 

Studying of a system structure, principles of a software and programming 

techniques design for positional control systems of industrial robots are considered on 

the example of the electromechanical robot TUR-10 with a control system, 

implemented on the basis of industrial controller SIMATIC S7-200 from Siemens. 

TUR-10 industrial robot (Technological Universal Robot – 10 kg) is a 

representative of electromechanical robots, operating in a spherical coordinate 

system, and is designed to serve a number of technological processes. Robot arm is 

able to capture, transport and place details to the given coordinates of the working 

area, and can be also used for moving the process tool (spray gun, pincers, spot 

welding, etc.) within the working area. 

Technical characteristics of the TUR-10 robot: 

Motion freedom number – 5. 

Loading capacity – 10 kg. 

Type of control device – positional. 

Number of simultaneously controlled movements – 5. 

The scheme of the robot is shown at fig. 6. The main units of the robot are: a 

mechanism of rotation around the vertical axis, the vertical link (shoulder), the 

horizontal link (hand), “fold” link (raceme), the link of raceme rotation. Gripper is 

not used in this labor. 



 16 

11

12

13

14

15

10

3

4

5

6

7

8

SupplyL+L+

Global busMM

ChassisI1.5

I1.4Mode

Q1.1I1.3Start/Stop/Save/Reset

Reset indicationQ1.0I1.2Low speed

Q0.7I1.1Drive 5 backward

Q0.6I1.0Drive 5 forward

Q0.52MGlobal bus

Supply2L+I0.7Drive 4 backward

Global bus2MI0.6Drive 4 forward

Position sensor №1Q0.4I0.5Drive 3 backward

Position sensor №2Q0.3I0.4Drive 3 forward

Position sensor №3Q0.2I0.3Drive 2 backward

Position sensor №4Q0.1I0.2Drive 2 forward

Position sensor №5Q0.0I0.1Drive 1 backward

Supply1L+I0.0Drive 1 forward

Global bus1M

CPU 

224

1MGlobal bus

Source 24V
-

+

Control console

1 12 15

1

2

3

4

5

6

SB1SA1 SA3 SA4 SA5
Start/

Stop/

Save/

Reset

I2.7

I2.6Sensor bit №15

I2.5Sensor bit №14

I2.4Sensor bit №13

I2.3Sensor bit №12

I2.2Sensor bit №11

I2.1Sensor bit №10

I2.0Sensor bit №9

EM 221

1MGlobal bus

I1L+Supply

Speed reference №2V1MGlobal bus

Speed reference №2M1Chassis

I0

Speed reference №1V0

Speed reference №1M0

EM 232

I1L+Supply

Speed reference №4V1MGlobal bus

Speed reference №4M1Chassis

I0

Speed reference №3V0

Speed reference №3M0

EM 232

I1L+Supply

V1MGlobal bus

M1Chassis

I0

Speed reference №5V0

Speed reference №5M0

EM 232

7

8

9

10

11

12

13

2 3

SA2

4

Drive №1 Drive №2

5 6 7 8

Drive №3 Drive №4

9 10

Drive №5

11

SA6

Mode

15

13

SA7

Low

speed

I3.7Sensor bit №8

I3.6Sensor bit №7

I3.5Sensor bit №6

I3.4Sensor bit №5

I3.3Sensor bit №4

I3.2Sensor bit №3

I3.1Sensor bit №2

I3.0Sensor bit №1

EM 221

1MGlobal bus

1
2

9

5

4

3

2

1

1

2

3

4

5

6

7

8

9

10

16

to local bus of

robots sensors

SF1

~220V

to drives

M2 M3 M4 M5M1

Source 36V
+

-

Drive №1 Drive №2 Drive №3 Drive №4 Drive №5

SS1

PS1

SS2

PS2

SS3

PS3

SS4

PS4

SS5

PS5

QF1

~380V

1 2 3 4 5 6 7 8 9 10

1 2 3 4 5

local bus

to controller

to local bus of

robots sensors

 

Fig. 6. A scheme of the power circuits of the TUR-10 robot 

Robot links are sequentially connected to each other. The manipulator link’s 

drive is a motor-reductor, which contains DC motor and the wave gear. Motion 

transfer to the links is fulfilled via the crank mechanism and chain transmission. 

Electric drives are based on DC motors powered by pulse-width converters 

with a common DC power supply. The analog control system consists of a single-

integrating automatic regulation system (ARS) of speed, equipped with tacho-

generator speed feedback. Speed reference is formed by a controller by giving an 

analog signal from the DAC modules to the ARS inputs. Information about robot 

links position is entered to the controller from discrete-inputs modules which, in its 

turn, receive it from positional-code sensors, forming a 15-bit binary code. 

Sensors have the command inputs, designed for reading, which are activated by 

the signals of the controller, when it reads the sensor to receive the information about 

corresponding link position; therefore outputs of sensors are connected in the local 

bus on the robot side. 

The following details are placed on a robot control console (fig. 7): the toggle-

switch for choosing the operating mode SA7 (manual / automatic), the toggle-switch 
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for choosing a speed of links movement in a manual mode SA6 (low speed / normal 

speed), multipurpose button SB1 (start / stop / save / reset) and buttons for controlling 

the robot drives in a manual operating mode SA1…SA5 (forward / backward). Short 

pressing of the multipurpose button in a manual operating mode turns to control 

program frame recording, and keeping this button in the pressed state for more than 3 

seconds, causes zeroing of the CP frame counter and, as consequence, reset a 

program, written before that, this is proved by the correspondent indicator lighting on 

the control console. Multipurpose button serves to start / stop the program executions 

in automatic operating mode. 

A structure of software of a robot control system is shown at the fig. 8…10. In 

the main program (fig. 8), depending on the position of the switch SA7, choosing the 

operating mode,, a subroutine of manual mode, or a subroutine of automatic mode 

takes place. Before transition in a manual mode, the blocking of interruptions take 

place – it is necessary for stopping the calculation of position regulators, since they 

are realized in timer interruption. 
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Fig. 7. A scheme of TUR-10 robot control system 
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 22 

In a manual operating mode (fig. 9) the continuous reading of position sensors 

is carried out, their current condition is stored in buffer V1…V10. Pressing of the 

buttons, controlling robot drives, in this operating mode leads to the correspondent 

drives moving in necessary direction, the choice of speed is carried out by a toggle-

switch SA6 for all drives at once. Short pressing of button SB1 causes the CP frame 

recording: copying of the buffer of the sensors states to CP frame, increasing the 

counter of frames number VB100 by the unity and moving of the pointer АС1 to the 

following frame. Keeping button SB1 in a pressed position for more than 3 seconds 

causes the pointer moving to the first frame. 

In automatic operating mode (fig. 10), button SB1 (start / stop) state is checked 

first and if it is pressed, then, depending on value of intermediate variable VB20, it is 

ether stops the robot (blocking of interruptions, zeroing references to all ARS), or 

starts the robot operation from the first frame of the program (enable interruptions, 

move the frame pointer АС1 to the first CP frame). 

After the errors of all position contours are calculated and if all the errors are 

less than admissible, the CP frame is regarded to be executed and the timer T34 for 

pause between frames is started. After these operations the state of the pause timer 

Т34 is checked; if it is in ON state, the transition to the following CP frame, or to the 

first frame (if the program has ended) is carried out. 

Timer interruption subroutine includes operations of reading of position 

sensors, calculation of position contours and forming speed references. Reading of 

position sensor consists of forming a signal of inquiry of reading the sensor by 

switching a corresponding output of the controller (Q0.0…Q0.4) to the off state. At 

that time the other outputs of the controller should be in the ON state to avoid attempt 

of writing off a code by several sensors simultaneously. It is conveniently to carry out 

reading of the sensor, having written a certain code to the QB0 address. These codes 

and the corresponding sensors are shown below. 

CP frame occupies 10 byte in the controller’s memory (2 bytes for each link) 

and stores the information about the set position of all robot links. 
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Table 1 

Codes, used for reading the sensors 

Controlled link Code 

Raceme rotation 23 

Raceme inclination 27 

Hand 30 

Shoulder 15 

Platform rotation 29 
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4. NUMERICAL PROGRAM CONTROL SYSTEMS OF MACHINING 

4.1. Classification and structure of the numerical program control systems 

4.1.1. Concepts of CNC, ACS TP, FAP machining control 

Machining is one of the most common technological processes. Control of any 

process is the interaction of control system with an object of control and operator. 

The X signals from the object and an operator for the control system are input, the Y 

signals to an object and the operator are the output. Obtaining information on the X 

inputs, the control system generates Y signals or a particular algorithm, thereby 

providing control of technological process with the specified objectives. 

Technological process control system with the participation of the operator is 

called the automated systems (ACS TP), in contrast to the automatic control systems, 

operating largely without human intervention. The reasons for the existence of ACS 

TP along with automatic control systems are the complexity of manufacturing 

processes, and in some cases, the economic inadvisability of full automation.  

In the machining the ordinary objects of control are different types of machine 

tools, robots, machining centers, measuring units, welding machines and other 

technological equipment. Control systems for such facilities are currently designed on 

the basis of digital computing systems and they are called computer numerical 

control (CNC) systems. The term «numerical control» means that the program of 

detail processing or the control program is given in digital form. 

CNC systems provide the desired trajectory of motion of the working body and 

the accompanying sequence of technological commands. For machining the typical 

working bodies are the cutting tool of the machine, grip of the robot, dipstick, 

welding electrode. As an examples of the technological command one may quote the 

following: switching on and control of the speed of the drive of the main motion of 

the machine, tool change, control of the clamping mechanism, switching on cooling. 

During operation, the control systems receive the information from technological 



 25 

object about its state. In general, the X and Y signals in CNC systems are a collection 

of both analog and digital signals. 

The terminology in the field of numerical control devices for metalworking 

equipment is set by GOST 20523-80. Control Program (CP) is a set of commands in 

a programming language, that corresponds to a given algorithm operation of the 

machine for processing a particular blank. Numerical control device is a device, that 

issues the control actions in the executive organs of the machine in accordance with 

the main program and information about the state of the controlled object. Numerical 

control system is a set of functionally interrelated and interacting hardware and 

software, providing computer numerical control of the machine. 

Obviously, the unification of CNC systems for various process units is 

economically effective. Systems, that provide control of a wide class of objects, are 

known as multi-purpose [4]. Reconfiguration of multipurpose CNC systems for the 

specified control object is provided by changing the algorithms of functioning for its 

maintenance (by reprogramming). Program, which provides the implementation of 

control tasks of separate processing group of machines (lathes, milling machines, 

etc.), is called the Technological Program (TP), and a program that defines the 

algorithms of functioning of a particular object (machine, robot, etc.) within the 

group, is called the functional program (FP). The set TP and FP in numerical control 

devices (CNC) can be combined in a single concept – functional software (FS). 

Performing of the FS tasks in CNC, based on a computer, is running under system 

software (SS) control with standard functions of resource management, input/output 

and data processing. It is necessary to distinguish the FS and control programs. FS is 

the same for a given control object, and CP is changed for the manufacture of various 

components on the same tool. 

Autonomous CNC systems are used to control various objects. They are 

machines of many types, machining centers, robots, and other technological 

equipment. A variety of objects leads to differences in the algorithms of forming the 

number of coordinates of control, speed and acceleration of the tool. A variety of 
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drive types and composition of technological command objects leads to differences in 

the number and nature of exchange signals. 

Multi-purpose CNC system, based on computer, has solved the problem of 

using common tools for the all park of CNC machining equipment of the company, or 

even the industry. It was a very important advantage of multi-purpose systems. 

The most perspective structure of control system is the one, containing the 

multi-purpose CNC systems at the low-level. In this case, the control systems are 

characterized by a high noise immunity and survivability. Computational power and 

memory resource of multi-purpose CNC systems allow to separate the phase of 

manufacturing detail from entering the control program. 

Improving of survivability of ACS TP by using multi-purpose systems at a 

low-level is determined by the fact that the latter may work autonomously for some 

time, if the upper-level computer refused. For the same reason, the system can be 

gradually put into operation, starting with the low-level. For ACS TP, as well as for 

stand-alone CNC systems, the participation of the tool operator in the technological 

process is typical. 

The most perfect form of machining organization is flexible automatic 

production (FAP). They focus on low-volume and unit release of products, which is 

typical for many branches of engineering. It is provided in FAP: the flexibility of 

production, i.e. its operational reconfiguration to manufacture any type of a broad 

class of products, full automation, i.e. the operation with unmanned technology for a 

specified period of time (1-3 shifts). 

FAP opens up new possibilities for organizing processes of machining. They 

suggest the union of the manufacturing process with an automated technological 

preparation of production and automation system design and related automated 

system of scientific research and comprehensive testing. 

4.1.2. The features and generations of CNC systems 

The first CNC machines have found a mass application in the early 60’s of the 

twentieth century. Their using has allowed, first of all, to increase the efficiency of 

process equipment by eliminating the downtime, associated with manual maintenance 
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of machines. In accordance with the level of development of electronics of that time, 

the designers of CNC systems of the first generation thought to put electronic 

equipment as simple, as possible directly at the machine. Systems with a record of the 

control program on tape obtain the expansion. There is no any coding of information 

at writing – reference to instrument movement is described, for example, by the phase 

of the analog signal from the sensor of the instrument. The apparent advantage of 

CNC systems of the first generation was the simplicity of the controls on the low-

level (directly at the machine). However, they quickly revealed significant 

shortcomings: the inability to change the control program without rewriting the whole 

tape and the long cycle of technological preparation of production. 

The second generation of CNC systems – are the so-called systems of NC 

(Numerical Control) – was associated with the transition to computer technology, 

based on transistors. It has become possible to place the digital computing device 

directly at the machine. In these systems, the control program goes to the machine in 

coded form on a punched tape. Standardized input language coding of control 

programs is used, according to the ISO instructions.  

NC systems are characterized by the orientation of individual structural units in 

the execution of the task - interpolation, the input of the control program, control the 

contour speed, etc. Thus, the algorithms of the NC systems are structural given and 

operational changes can not be made. It was able to expand the functions of several 

machine control in NC systems, for example, input of some predetermined correction 

(on the tool size, feed rate) with help of keyboards. 

Disadvantages of NC systems are primarily associated with the rigidity of their 

structure. These systems are not designed to control the various objects, here from an 

abundance of types and difficulty of operation. Storage of control program on 

punched tape and its input by parts (frames) lead to the need of using the opto-

reading device in a product manufacture phase; this reduces the reliability of the 

system. Debugging the control programs directly on the machine is extremely 

difficult because of the need to rewrite the punched tape. 
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Due to the wide expansion of integrated circuit in the 70’s of the twentieth 

century it was able to transfer to the machine even more powerful computing 

capabilities – the microcomputer and memory of sufficient capacity. The numerical 

program control systems of the third generation are called CNC (Computerized 

Numerical Control – numerical control by the computer). CNC systems ensure 

standardization of controls, i.e. they are all-purpose. They have many advantages. 

This is the most promising type of CNC systems for autonomous control facilities, 

and for operation in the ACS TP and FAP. 

The next stage in the development of CNC systems has been linked with a 

desire to eliminate punched tape and tape input and to join in the one system the 

preparation of control programs and manufacturing. Precondition for the creation of 

fourth generation systems has been the emergence in the middle of 70’s of the 

twentieth century the relatively inexpensive mini-computers, which can be designated 

as the upper-level computer that controls group of CNC machines. Systems of this 

type of machining were firmly named by “DNC System” (Direct Numerical Control). 

It might be correct in this case to use the term ACS TP as more general. The most 

promising of the possible variants was a structure with the upper level computer and 

CNC on the lower level systems (multipurpose). It is of interest that the obvious 

variant of direct control of machines group with the help of a single computer with a 

large processing resources even gave the name “DNC”, but not proved in practice. 

This structure leads to low survival – computer failure leads to a cessation of all site 

and mass waste. 

Multi-purpose CNC systems in the FAP that are oriented to unmanned 

technology, automated technological preparation of production and automatic control 

systems, should be classified as a fifth-generation machines. 

Developers of the advanced numerical control systems emitted five main 

architectural options, that exists in the market [6]. The first option is a classic CNC 

(Computer Numerical Control). Such systems are produced by firms with a rich 

tradition of its own production of high quality microelectronic devices. However, 

these firms are under the influence of process equipment users, who want a flexible 
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operator interface; these firms offer the modification of PCNC-1 with a PC as a 

terminal (second option). The next step in the development of CNC systems was the 

implementation of two-computer version PCNC-2 (third option). Some later the 

system PCNC-3 came, the core of which is implemented on a separate board, which 

is installed in the case of the industrial personal computer (fourth option). With rapid 

development of microprocessor technology and power of microprocessors the single-

computer version is more common (PCNC-4 fifth). Classification of architectural 

decisions on the NC systems is shown in Table 2. 

4.1.3. The main tasks of CNC systems 

Let’s consider the list of tasks in relation to systems of machines, running in 

standalone mode or as part of ACS TP and FAP. The main way to achieve the 

objectives is a programmatic way. The structure of multi-purpose CNC systems is 

similar to that of controlling computers. The problem should be solved not in 

association with a constructive, but with a software module, that is a part of the 

functional software and is stored in the memory. 

Input and storage of functional software. Configuring a modern CNC system 

for solving a certain class of problems is carried out only once (after the first start, or 

emergency situations) by loading the information array – functional software. To 

following possibilities are used for the FS entering: in autonomous systems – built-in 

nonvolatile memory; in ACS TP and FAP – communication channel to the upper-

level computer. 

 



Table 2 

Classification of architectural solutions of NC 

Device Nameofarchitecturalsolutions 

CNC PCNC-1 PCNC-2 PCNC-3 PCNC-4 

Personal computer No Operatorinterface Operatorinterface Operatorinterface The operator 

interface, the core 

of the CNC 

controller and 

software 

implemented 

electroautomatics 

Built-in Single Board 

Computer 

No No No The core of the 

CNC controller 

and software 

implemented 

electroautomatics 

No 

The second computer No No The core of the 

CNC controller 

and software 

implemented 

electroautomatics 

No No 

Specialprocessormodule The operator 

interface, the core 

of the CNC 

program, 

implemented by 

the controller set 

electroautomatics 

The core of the 

CNC controller 

and software, 

implemented 

electroautomatics 

No No No 
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Input and storage of control program. Control program, as well as FS, may be 

inputted from paper tape, or via communication channel to the upper-level computer. 

Memory for CP storage should be volatile. Inputted CP is usually represented in the 

ISO code. If the memory capacity of the control system is insufficient to store all CP, 

then one organizes the so-called swap mode: during the execution of one part of the 

CP as free memory, enter the next part. 

Implementation of the cycles. Allocation of repetitive (standard) portions of the 

program, called cycles, is an effective method for CP reducing. The so-called fixed 

cycles are characteristic for certain operations (drilling, reaming, boring, etc.) and are 

found in the manufacturing of many products. Software technology cycles correspond 

to the repetitive parts of the product. 

Interpretation of the frame. The control program consists of the components – 

frames. Execution of the next frame requires a series of preliminary procedures, 

called the interpretation of the frame. To ensure the continuity of the contour control 

the procedures of interpretation of (i+1)-th frame should be implemented during the 

execution of the i-th frame. 

Interpolation. Interpolation is the obtaining of coordinates of intermediate 

points of the trajectory with the help of coordinates of extreme points and a given 

interpolation function with the required accuracy. 

Serve drives control. The complexity of control depends on the drive. In 

general, the problem is reduced to the organization of positional tracking systems for 

each coordinate. The codes, corresponding to the results of interpolation, are put to 

the system’s input. These codes should be responsible for a position in the coordinate 

– linear, or angular displacement. In addition to control in a mode of motion along a 

given trajectory, it is necessary to establish some auxiliary modes. Thus, when rotary 

transformers, inductosins or various types of photo-pulse sensors are used in servo 

systems as encoders, it is necessary to perform their adapting before the first (and 

after emergency situations) switching on. Adapting lies in selecting the code from the 

CNC system, corresponding to the true state of the sensor feedback. After adapting 

the drives are switched on without any shocks. Mode of placing of machine “fixed 
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zero” allows to match the value of the absolute coordinates of the control program 

with the true position of moving units. The zero position is fixed by a special sensor. 

Drives control provides movement to the fixing sensor when a fixed zero mode 

works. Mode of placing in a floating zero implies a working body movement to a 

point, whose coordinates are stored in the CNC system memory. This position is 

accepted, as the initial for further calculations. Finally, the control of going out of 

possible values is provided in order to avoid accidents for any movement to the 

coordinates (comparing current position with the boundary values, inquiry of status 

of limit switches). The emergency stop is carried out, if required. 

Correction on the size of instruments. Correction of NC programs on the tool 

length is reduced to parallel transferring of the coordinates, i.e. their removing. 

Registration of the actual tool radius is reduced to forming of a trajectory that is 

equidistant to the programmed one. 

Logical control. This is a control of technological discrete nodes, the input 

signals of which are used for transactions such as “Enable”, “Disable”, and the output 

signals fix the “Enabled” “Disabled” state. An example is control of automated 

gearbox, lubrication pumps, coolant supply, etc. 

Control of main motion drive. Control provides to enable and disable the drive, 

speed stabilization, and in some cases – control the angle of rotation as an additional 

coordinate. 

Tool change. This task is typical for machines such as “processing center”. The 

task has two phases: searching for the storage position with the required tools and the 

replacement of spent tools. The substitution of motion of store tools by motion of the 

robot capture should be considered as a promising. Capture control can be considered 

as control on the additional coordinates. In such case the instrument storage is 

simplified, turning into a stationary platform (table). 

Correction of mechanical and measuring devices errors. Any particular unit of 

machining can be evaluated with the help of special means which is quite high 

precision. The results of such evaluation shall be stored in the control system in the 

form of tables of errors (inner-step error, accumulated error, and backlash). При 
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работе текущие показания датчиков агрегатов корректируются данными из 

таблиц погрешностей. The current aggregate sensor readings are corrected by data 

from a table of error when operating. 

Adaptive control of machining. The most common adaptation is fulfilled by 

changing the contour speed and main motion drive speed. The necessary information 

is obtained from sensors additionally installed - the moment of resistance, the main 

motion drive power, vibration, temperature, etc. Because of the lack of continuous 

feedback on the size of the product formed the part of the machining is not covered 

by feedback. Under these conditions, optimization is performed only by indirect 

criteria. Organization of feedback directly from the manufactured product is one of 

the main problems to improve the quality of machining. 

The accumulation of statistical information. This includes the fixing of current 

time and working time, the definition of equipment load factors, product calculation, 

etc. 

Automatic build-in control. The organization of such control in the treatment 

area is particularly relevant for FAP. The simplest way of solving the task is 

installing the measuring probe (contact, or contactless) in one of the storage positions 

of machining center, or by strictly fixed lug of probe after the tool. 

The above list may be supplemented with the following objectives: 

communication with the upper-level computer; coordinated control by the 

technological module equipment; control transportation and warehouse; 

communication with the operator; control of external devices; technical diagnostics 

of manufacturing equipment, etc. 

4.1.4. Typical CNC structures 

The most general CNC structure is shown at fig. 11. The main functions of the 

elements of that system are considered below.The control program specifies a 

sequence of actions, required by the technology of electric and auxiliary machinery. 

For example, movement of the tool by a linear trajectory, tool change, etc. The task 

of the interpreter is analysis of code of the control program and formation of the 

motion trajectory characteristics: the type of trajectory (linear, circular, spiral), the 
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coordinates of the endpoint of trajectory and the center of the circle (for circle 

trajectory), the linear speed of the tool. Further, these data are processed by 

equidistant correction and are passed to the next link in the system – the interpolator. 

Interpolator determines the necessary position of drives at each moment of time, i.e. 

it calculates the coordinates of all points of the trajectory from beginning to the end, 

taking into account the limitations on of the drives acceleration. Thus, the interpolator 

generates reference signals to position regulators of all axes of the system. 
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Fig. 11. A block diagram of a numerical control system 

4.2. Algorithms for solving the basic NC tasks 

4.2.1. Interpolation 

One of the main problems to be solved by any CNC system is to provide tool 

movement relative the detail on given trajectory. The trajectory of the movement is 

approximated by a set of curves. For the vast majority of modern CNC systems the 

admissible curves are straight line segments and arcs of circles. Each segment of the 

trajectory is given by the coordinates of the initial and final points and by the 

parameters of trajectory equation. To control the tool movement at the desired 

trajectory it is necessary to know the current values of all the coordinates and to form 

the control actions to drive on the basis of these values. Calculation of the current 

values of the coordinates is called interpolation. Modern CNC systems support the 

following types of interpolation: linear, circular, polynomial, spline interpolation. 
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For linear interpolation (for the linear plot) the type of interpolation (G01) and 

the coordinates of the end point of the site are indicated in the frame. 

At the circular interpolation (for region in the form of an arc) the type of 

interpolation with direction of motion (G02 – Circular interpolation clockwise, G03 – 

counter-clockwise) and the parameters of the interpolation in the form of coordinates 

of the end point and coordinates of the center of the arc, are indicated in the frame. 

The coordinates of the starting point are the coordinates of the end point of previous 

section in all cases. 

Interpolation algorithms can be divided into two groups. The first group 

includes algorithms, whose task is to determine the time of issue of unit increments in 

the coordinates (movement particle). Frequency of issuance of the increments 

depends on the rate of change of coordinates. The algorithms of the second group 

differ in consistently of the period of calculating of the current coordinates values. 

The task of the algorithms is to determine the coordinate increment, accumulated 

over this period (time slot). Time slot is unchanged, the increment depends on the 

rate of changing the coordinates. 

The first group includes the algorithm of the evaluation function and a method 

of digital differential analyzer, the second group includes a method of digital 

integration. Interpolation algorithms of the second group are widely used in the multi-

purpose CNC systems so they will be discussed in details. From the algorithms of the 

first group we shall focus on the method of the evaluation function, which is used in 

the control of technological equipment with stepper motors. 

Interpolation is usually carried out in the abstract (generalized) coordinates α, 

β, γ and so on (as opposed to real, given to the object coordinates x, y, z,...). 

Renaming coordinates is carried out in the interpretation of the frame, so that the 

segment was interpolated in the first quadrant (such as the α value is y, as β –z, etc.). 

Reverse renaming is performed before the issuance of the signals to the drive. 

Transferring to the abstract coordinates is explained by the desire of reducing the 

variety of interpolation algorithms. For example, the step of the algorithm depends on 

which of the coordinates the highest increment is given (called the leading 



 36 

coordinate). Maximum can be any of the coordinates x, y, z,...,but it is always denoted 

by α at the transition to the abstract coordinates. 

4.2.1.1. Interpolation by the evaluation function method 

The evaluation function algorithm with a certain frequency, depending on the 

speed of movement, is based on the analyses of the sign of the so-called evaluation 

function, and depending on it, a signal on a single quantum of the estimated value 

changing of one, or other coordinate is given out. The scale of the increments is 

chosen to match the quantum unit of lower bit of CNC system word. 

Linear interpolation by the method of evaluation function. Fig. 12 shows the 

motion by the method of evaluation function along the line, i.e., with linear 

interpolation. Start of the trajectory conventionally coincides with the origin of 

coordinate system. It is enough to specify as endpoint coordinates αк, βк the 

increment Δα and Δβ. The figure shows the position of the line in the first quadrant 

(Δα and Δβ – positive). To draw the straight lines in other quadrants it is just the 

same algorithm, but the output signals to the drive is assigned to an appropriate sign 

of the increment. 

Coordinate plane is divided into two half: over the line and below the line. The 

evaluation function F (α, β) is introduced so, that the condition F (α, β)> 0 was true in 

the upper half plane, F (α, β) <0 – at the bottom, and F (α, β) = 0 on the line. Motion 

control is done by the following rules. If at the current moment (for a given state the 

current coordinates), the value of the evaluation function is positive: F (α, β) > 0, then 

a step to the coordinate α is fulfilled; if negative: F (α, β) < 0 – a step along the 

coordinate β is fulfilled. If F (α, β) = 0, the step is fulfilled on leading coordinate, 

which has the largest increment in the frame. 
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Fig. 12. Linear interpolation by the method of evaluation function 

For the evaluation function at any point one can take the difference between 

the current β and calculated βp values coordinates for a given value α, i.e., 

F (α, β) = β–βp From the equation of the line we can get the coordinates of the 

calculated value of βр = (βк /αк ) α. Hence, F (α, β) = β–(βa/αk), and because only sign 

of this function has importance, and it characterizes the deviation point of the given 

line, we can offer an equivalent expression for the evaluation function: 

F (α, β) = αкβ–βкα.     (1) 

Let’s construct the recursive expression for computing the next value of the 

evaluation function in terms of its previous value. If one step on the coordinate β, 

then the evaluation function is changed, as follows:  

F (αi, βi +1) = (βi+1)αк–αiβк = βiαк–αiβк+αк. 

Using equation (1), we obtain 

F (αi, βi +1) = F (αi, βi)+αк.    (2) 

Similarly, doing step to the coordinate α, we obtain the variation of the 

evaluation function: 

F (αi +1, βi) = F (αi, βi ) – βк.    (3) 

The algorithm, which implements the formula (2) and (3) can be improved by 

doing increments to a maximum coordinate for each time step. If the maximum 

coordinate designated by the coordinate α, is marked on the x-axis, then the positive 

value of the evaluation function should give the increment only on α, and if negative 
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and zero values – on both coordinates α and β at the same time. In this case, the new 

value of the evaluation function is calculated by the formula  

F (αi +1, βi +1) = F (αi, βi)+αк–βк.     (4) 

The advantage of this algorithm is that when moving along a straight line at an 

angle of 45° to the coordinate axes the maximum rate increases by two times due to 

the simultaneous movement to the coordinates α and β. 

Evaluation function algorithm can be easily extended for the number of 

coordinates more than two. For this purpose the evaluation functions are written; they 

connect each coordinate with the maximum coordinate of α. At a constant issue of 

increments at the maximum coordinate the control of the end of the frame can also be 

carried out only by the maximum coordinate. Knowing the time of algorithm 

execution Tn (n– the number of simultaneously operating coordinates), one can 

determine the maximum feed rate along a coordinate axis: Vп max = ( h / Tn ),  

Vn max = (h / Tn) where h – the value of a single step movement (discrete). Maximum 

contour speed Vкdepends on the ratio of the increments to the coordinates and is the 

greatest when the increments are equal, at the same time nThV n )/(max к . 

Since the maximum feed speed of CNC systems, working on a evaluation 

function method, depends on the discreteness of given information, for such systems 

typically one indicate the performance estimation in the form of fmax = 1 / Tn, i.e. in 

the form of the maximum frequency of output pulses to one coordinate of drive. The 

necessary at this time the frequency f of steps issuance is determined by the given 

feed speed Vп and angles between the trajectory and the axes: 

...γβα

α1

2
к

2
к

2
к

кп
α

V

h
f .      (5) 

Circular interpolation by the evaluation function method. With circular 

interpolation, i.e., motion along a segment of the arc, the beginning of coordinate 

system, when developing the frame, is the center of the circle (fig. 13). Interpolation 

calculations are made for the arc, located in the first quadrant of the abstract 

coordinate system for moving in a clockwise direction. 
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Fig. 13. Circular interpolation by evaluation function method 

If the arc is situated in the other quadrants or the motion is counterclockwise, 

then this is taken into account during the transition from real to abstract coordinates 

by selecting the appropriate signs of displacement. 

The evaluation function F (α, β) is chosen in such a way, as if a point inside the 

circle is found, then the condition F (α, β) <0 is fulfilled, outside the circle –

F (α, β) > 0, on the circle –F (α, β) = 0. As the evaluation function is convenient, to 

take the difference between the current and the calculated values of the radius, or, as 

only the function sign has an importance for the direction choice, – the difference of 

the squares of the radiuses. Using the equation of a circle, one get: 

222),( RF . If F (α, β) <0, then a step in the direction of increasing α is 

carried out. In this case the new value of the evaluation function is determined from 

the expression  

12),()1(),( 222
1 iiiiiii FRF .  (6) 

If F (α, β)> 0, the step in the direction of decreasing β is carried out. The new 

value of the evaluation function may be got from the formula: 

12),(),( 1 iiiii FF .    (7) 

For increasing the contour speed one can improve the algorithm, which 

implements the formulas (6) and (7) due to the issuance of the increments at each step 

for the leading coordinate, i.e. having the largest increment in the frame. At the area, 

where the angle φ changes from 0 to 45° (see Figure 13), such coordinate is α, at the 

area 45° <φ <90° – coordinate β. In order to identify the leading coordinate, one can 

use the difference between the current values of (α–β). For the simultaneous issuance 
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of steps on both coordinates, using (6) and (7), the evaluation function is computed as 

follows: 

2)(2),(),( 11 iiiiii FF .   (8) 

Since the initial and final points of the trajectory (the area) may not lie exactly 

on the circle, one need to check the end of the frame execution for both coordinates. 

To do this, when the given value of one of the coordinates is reached, the algorithm 

switches to the linear interpolation for the remaining coordinate. 

At a constant frequency of steps the contour speed will have a maximum at a 

point lying on the bisector of the coordinate axes. Graph of speed changing when 

driving at a constant rate of steps issuing is shown in fig. 14. 
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Fig. 14. A graph of contour speed changing at the circular interpolation  

with constant frequency of steps issuing 

This speed inconsistency is unacceptable from a technological point of view, 

so one must adjust the frequency steps. It can be shown, that in the first section it 

should decrease by the value of Vк / R with each step issuance along the coordinate of 

β, and in the second section – increase at each step, issuing along the coordinate α 

(Here Vкis a given speed of the contour). 

In general, for arbitrary initial point in the quadrant with coordinates I and J 

the initial frequency fн is calculated by a formula, similar to (5), 

22

max
н

),(

JI

JI

h

V
f      (9) 

If the given arc is located in several quadrants, then it is divided into multiple 

frames at the preparation of control programs in some of CNC system. 
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Combining algorithms for linear and circular interpolation (see fig. 11 and 12) 

allows helical interpolation. The error of interpolation by the method of evaluation 

function with the finite digit capacity of computer does not exceed h. Advantages of 

the evaluation function method is the simplicity of connections with stepper motors, 

the relative simplicity of data preparation for interpolation, there is no accumulation 

of errors in calculating the trajectory and the demand for a small digit capacity of 

CNC PC, which is determined by the maximum values of coordinates for the adopted 

discreteness. 

The disadvantages of the method include a relatively small achievable 

displacement speed, determined by the value of step and CNC speed. 

4.2.1.2. Interpolation by digital integration method 

The digital integration method (DIM) is based on the time slice (constant 

frequency of calculations), and the coordinate speed changes because of issuancing 

different (not only single-type) increments to the coordinates. Thus, the increments 

are collected over the equal time intervals. 

The value of i-th position and its speed can be calculated at any time t by the 

method of DIM as follows: 

,
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t

iii

dtVSS

dtaVV

     (10) 

where Si0,Vi0– the initial values of the i-th coordinate and its speed, respectively (at 

time t = 0); Si, Vi– the current values of thei-th coordinate and its speed at time t, 

respectively; аi – the current value of the acceleration of thei-th coordinate at time t. 

Depending on the given law of coordinate acceleration changingаi from time and 

from other coordinates values, the movement by various curves is obtained. 

Type of the interpolated curve determines the method of digital integration, the 

most suitable for evaluating definite integrals (10) as well as the cumulative error and 

time of execution of the algorithm depend on the type of curve and the method of 

calculation. 
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At linear interpolation it is necessary, that speed and acceleration in each 

coordinate at any given time should be proportional to the increments of the 

coordinates on the given trajectoryTo calculate the integrals by (10), one can apply 

the least work-intensive method of Euler (of rectangles), as the error of the method 

does not lead to a disturbance of proportionality and has no effect on the trajectory of 

the tool. When moving with constant acceleration, the speed and the coordinate on 

the (j+1)-th step can be calculated via the values of speed and coordinates for the j-th 

step, as follows: 

),2/)((

;

1,1,

1,

tVVSS

taVV

jiijijji

iijji
   (11) 

whereΔt is a quantum of time integration. 

Since this quantum is constant, then we can eliminate from the expression (11) 

the multiplication, by introducing appropriate scale of speed and acceleration to the 

coordinates. Per machine speed unit, one can take the speed of one machine unit 

increment of coordinate for time Δt. Per machine acceleration unit, one can take the 

acceleration of one machine speed unit increment for time Δt. 

Circular interpolation can be obtained by digital integration of differential 

equations of the circle. However, analysis of errors shows that to obtain the required 

accuracy apply the methods of integration (Adams, Runge-Kutta method), requiring 

significant computing time. Let’s examine an algorithm, based on the rotation of 

vector with radius R and its subsequent expansion in the coordinate axes in certain 

discrete points. 

In the first stage of the algorithm one calculates the new values of the angular 

velocity ωi +1, and the rotation angle φi +1, which are used to determine the moments of 

the end of acceleration and start of deceleration and finishing of the frame execution: 

tii 1 ; 2/)( 11 tiiii ,  (12) 

whereε is the angular acceleration. 

In the second step one determines the new values of the coordinates 1i  and 

1i  (see Figure 15): 
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11 cos ii R ; 11 sin ii R  

Taking into account, that φi +1 = φi + Δφi, where Δφi = (ωi + ωi +1)Δt / 2, we 

obtain 

.sincoscossin

;sinsincoscos
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1

iiiii

iiiii

RR

RR
   (13) 

Due to the small values of Δφi one can take cos Δφi ≈ 1 – 0,5 Δφi
2
; 

sin Δφi ≈ Δφi. Since Rcosφi = αi; R sin φi = βi, we finally get: 

.)5,01(

;)5,01(
2

1

2
1

iiiii

iiiii    (14) 

0

φi

α

i+1

i

αiαi+1

βi

βi+1

Δφi φi+1

β

 

Fig. 15. Determination of the current coordinate values at the circular interpolation  

by a method of digital integration 

To control the drive it is necessary to form signals proportional to the velocity 

of the coordinates. For such signals one can use the increments of the coordinates for 

the Δt time interval: 
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Let’s estimate the systematic error of interpolation, that occurs due to an 

inaccurate calculation of trigonometric functions in (14), compared with (13): 
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iii

iii     (16) 

where αi+1,βi+1 – the calculated values of the coordinates; α
*

i+1,β
*
i+1 – the exact values 

of the coordinates; δαi+1, δβi+1 – an error of the approximate calculation. 
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The calculation error can be estimated by the first cast member, as the series of 

sin φ and cos φare sign-alternating: 

)!3/( 3
1 Ri ; )!3/( 3

1 Ri .   (17) 

In the next step, using the expressions (14) and (16), we obtain: 
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Since the value of Δφ is small, cos Δφ ≈ 1 and sin Δφ ≈ 0. From this it is 

follows, that the accumulated error of the coordinates calculation will not exceed 

NR (Δφ
3 
/ 3!), where N – the number of integration steps. That number can reach 

maximum Nmax = 2π / Δφ. 

The maximum coordinate accumulated error δα∑ can be obtained by the 

formula 

.
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2 2

1

max RN

i
i     (19) 

Step Δφ has a maximum value of 

minmaxmax / RtV ,    (20) 

whereVmax – maximum contour speed; Δt – quantum of integration; Rmin – the 

minimum radius of the arc. Taking into account (20), the expression (19) takes the 

form 

2

min

2
max

3
t

R

V
.     (21) 

Taking into account, that the Vmax / Rmin should not exceed the allowable 

coordinate acceleration аalw, we obtain the final estimate of the accumulated error 

3/2taalw .     (22) 

This error must be increased by the error due to rounding errors, which are 

proportional to the number of steps because of the small of Δφ in (14). The obtained 

estimates allow one to select computer digit capacity, or to develop requirements to 

the maximum allowable acceleration (i.e. to increase Rmin) for circular interpolation). 
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Linear and circular interpolations are the main types of interpolation, used in 

modern CNC systems. Sometimes one use more complex types of curves, which 

approximate the trajectories of the movement of the cutting tool. One of the examples 

is a helix, i.e. changing of γ coordinate, proportional to changes in the rotation angle, 

formed by the circular motion in the plane of the other two coordinates α and β. 

It is follows from this, that the speed and acceleration of the coordinate are 

determined by the formulas: /V ; /a . 

4.2.2. Correction of control programs 

Correction of control programs is a change of the value of any of the 

programmed parameters without editing the program itself. In autonomous systems, 

this change is implemented, according to the data, which are typed by the operator 

from the control panel; in FAP and ACS TP the data for the correction is entered 

automatically. It can be adjusted: the contour speed (feed), the speed of the main 

drive and the trajectory of relative motion of the tool and of the blanks. In the latter 

case the differences of the tool size and blank location, compared to the accepted in 

control program, are taken into account. 

4.2.2.1. Correction of the size of the instrument 

Correction of the deviation of the radius ΔRф of the tool (cutter) for contour 

processing depends on whether a given contour is conjugate. Conjugate curve does 

not contain kinks (corners) at the points of sites conjugation. 

Correction of the radius of the cutter for the conjugate contours. For conjugate 

contour (Figure 16) the following sections can be distinguished for the correction: 0-1 

– trajectory, where the correction is not required and is not made (for example, the 

tool is brought to the details), 1-2 trajectory of exit to the equidistant contour of 2'-6 ', 

2-6 – trajectory of equidistant contour, including 3-4 and 4-5 – with detail processing; 

6-7 – area of return to the calculated trajectory. 
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Fig. 16. Calculation of an equidistant trajectory for the conjugate curve 

The need for correction is given by the preparatory function G41 (tool on the 

left of the blank, fig. 16, a) and by the preparatory function G42 (tool on the right, 

fig. 16, b). Exit to equidistant contour should be programmed on the straight section, 

and to avoid undercut – outside the treatment area. 

The return to the calculated trajectory is similarly programmed at the abolition 

of the correction by the preparatory function G40. 

At exit of the equidistant contour it is necessary to deviate at the end of the 

linear section 1-2 to the normal from calculated trajectory by the correction ΔRф to 

the direction of the tool (at G41 – left and at G42 – right). At that time the new 

coordinate increments Δx'12 and Δy'12 can be calculated by the formulas: 
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Signs before the second items depend on the preparatory functions: upper – for 

G41, lower – for G42. On straight trajectories 2-3 and 5-6 the coordinate increments 

for equidistant and design contour are equal. 

Calculation of the equidistant arc is reduced to increase its radius by ΔRф (at 

the combination of preparatory functions G41 and G02 or G42 and G03), or to 

decrease it (G41 and G03 or G42 and G02). It is necessary to recalculate the 

coordinates of the starting point of the arc relatively to its center: 

IRRII ф )/( ; JRRJJ ф )/( ,   (24) 

whereI, J and I', J' – coordinates of the starting point of the calculated and the 

equidistant arc, respectively. 

The coordinates of the end point of equidistant arc are similarly calculated. 

Then one defines the increment of the coordinates: 
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    (25) 

To reduce the accumulated error of the calculation of I and J one can take the 

corrective amendment to be equal at the end of the previous frame. Thus, the 

accuracy of calculating Δx ' andΔy' will be determined only by the accuracy of 

calculation of last corrections (without accumulation of error). At the return to the 

calculated trajectory by the preparatory function G40 it is necessary to add with the 

opposite sign the amendment calculated on the last frame of circular interpolation to 

the coordinate increments in that frame. 

Correction of the radius cutters for nonconjugated contours. The volume of 

computational work for calculation of the corrective amendments of the tool radius 

increases significantly when operating nonconjugated contours. Let’s consider the 

calculation of the corrective amendments on the example of a contour that consists of 

two segments of straight lines (fig. 17). For simplicity the coordinate center is placed 

in the break point. For the trajectory of the tool center movement the break moves to 

point A, which is the intersection of two lines, spaced at a distance from the given 

ΔRф. As a result, the 1st part changes by the length of the segment BA and the 2nd – 

by the length of the segment AC. The task of calculating corrections is to determine 
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the projections of these segments on the coordinate axes. To do that we define the 

coordinates of point A, and subtract from it the coordinates of points B and C. 
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Fig. 17. The calculation of corrective amendments for nonconjugated contour  

of two straight line segments 

The coordinates of points B and C for the case of G41 are, respectively: 

1
2
1

2
1

y
yx

R
x

ф
B ; 1

2
1

2
1

x
yx

R
y

ф
B ; 

(26) 

2
2
1

2
1

y
yx

R
x

ф
C ; 2

2
1

2
1

x
yx

R
y

ф
C . 

Equations of the lines AB and AC can be written as the coordinates of one point 

for each line and the inclination of these lines are known. 

For the line AB : 11 /)( xyxxyy BB . For the line 

AC: 22 /)( xyxxyy CC . 

Simultaneous solution of these equations gives the coordinates of point A: 
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Subtracting the coordinates of point B from the coordinates of the point A, we 

obtain a corrective amendment for the end of the 1st section. Subtracting the 

coordinates of the pointA forms the coordinates of the point C, we obtain a corrective 

amendment for the beginning of the 2nd section. To obtain the total corrective 

amendment for the 1st segment it is necessary to calculate the corrective amendment 
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for the beginning of the section by the same method, and for the 2nd part – the 

corrective amendment for the end of the segment. When using the considered method 

to compute the total corrective amendments at the preparation of input data, it is 

necessary to process once the two frames. The advantage of the considered method is 

that the algorithm for calculating of the corrective amendment is the same as in the 

processing of external corners and internal, and does not require the introduction of 

additional frames. 

Correction of the tool length is performed in the frame with preparatory 

functions G54, G55 or G56 by changing the increment of the coordinate. Correction 

cancel is implemented by G53 function. 

To calculate the corrections of the instrument size it is necessary apart from the 

set the preparatory function to specify the frame address of the cell in which the 

numerical value of the correction is stored. Since for each instrument in general the 

two amendments (the radius and length) are used, then it is advised to set a number of 

corrections under the address T. 

4.2.2.2. Correction of inaccuracy of blank installation 

Handling of large parts (especially in the FAP), the exact blank installation is 

connected with great difficulties. 

In general, at the plane of the table, on which blank is installed, the start of the 

machine coordinate system x', y' is shifted relative to the origin of the calculated 

system x, y to a point x0, y0, and the axis – are turned at the angle α (fig. 18). 

xx1

1

0

y y'

x'

0'

x2

y1

y2

x'1

x'2

y'1

y'2

2

x0

y0 α

6 (x'1, y2*)

5 (x'1, y1*)

2 (x1*, y1)
1 (x1, y1)

3 (x2*, y1)

0 (x'1, y'1)

4 (x'1, y1)

0
2r

2Δ

x1–Δ, y1–Δ

r

r
r 2
Δ

 

Fig. 18. Correction of inaccuracy of blank installation 
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The offset of the coordinate system origin is eliminated by the introduction of 

the “floating zero”; to compensate the rotation of the coordinate it is necessary to 

recalculate the coordinates of the coordinate increment Δx and Δy and the center of 

the arc I, J for circular interpolation: 

.cossin;sincos

;cossin;sincos

JIJJII

yxyyxx

  (28) 

Recalculation of coordinates must be performed at the preparation of input 

data for execution of the next frame. For linear interpolation the amount of 

computational work to correct inaccuracies of blank installation consists of four 

multiplications and two additions. For circular interpolation the amount of computing 

work is twice much, but it is negligible compared to the total amount of 

computational work for preparing input data for execution of the next frame. 

To determine the coordinates х'0 , у'0 of 0 point in the system x', y' and the 

rotation angle α the two basic points (or two basic holes) with the known calculated 

values of the coordinates x1,y1 and х2 , у2 can be used at the blank. Using the formulas 

of coordinate transformation by the parallel translation of the origin and by the axes 

rotation, we can write the following system of equations: 
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11011101

yxyyyxxx

yxyyyxxx
 

From this system we can determine the unknown х'0, у'0, sin α and cos α and 

verify the accuracy of calculations and measurements, calculating the sin
2
α + cos

2
α. 

To determine the coordinates х'0 , у'0 and the angle α automatically it is 

necessary to enter the coordinates x1,y1 and x2,y2 of base points in the calculated 

coordinate system from the operator console, or from the upper-level computer. It is 

also necessary to measure in the manual or in the automatic drive control mode the 

values of the coordinates х'1, у'1 and х'2, у'2 of that points in the coordinate system of 

the machine. A special mode can be provided for the decision of system of equations 

in the CNC device. 
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4.2.2.3. Other corrections 

To achieve high precision of machining, it is required to compensate the 

individual errors of measurement and mechanical devices of technological 

equipment. One of the components of errors is the inner-step error of position sensor. 

It has a periodic character (the period is equal to the value of turnover of position 

sensor). The curve of the error is obtained by means of calibration instruments and it 

is approximated by a piecewise constant or piece-wise linear function for storing in 

memory of the CNC. The first type of approximation requires a large amount of 

memory, the second – a large amount of computational work. 

The second component is the accumulated error. This is either the error of 

mechanical parts not covered by the feedback, or the error of the inductosin, 

associated with the volatility of the value of its step. A characteristic feature of the 

function of this error is large limits of the argument (the entire range of the 

coordinates). As the operation of technological equipment, this error varies because 

of wear and tear of mechanical units, so from time to time it is necessary to re-take 

the curve of errors and to store it to the memory of the CNC. 

In the console type machines it is necessary to compensate the deflection of the 

console. To do this, the CNC system must enter the mathematical dependence of the 

error of the coordinates of the desk, or of the tool head. In the case of console 

fastening of instrument the error Δy depends on the length of the instrument. In the 

case of console fastening of table, when processing large details the deflection Δz 

depends on the mass of the blank. That error is particularly characteristic for the 

robots. These errors must be taken into account when calculating the current values 

of the coordinates of the machine, i.e. their compensation raises the increased 

demands on the speed of CNC system. 

The error of mechanical part of the machine that does not have feedback 

(“backlash”) should be compensated by some different way. It appears only at 

changing the direction of system motion, so if one changes the motion direction, then 

it is necessary to add (subtract) the value of backlash to the current value of the 
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coordinates. Backlash may depend on the current value of the position and change in 

the operation of the technological equipment. 

For the precise positioning it is necessary to ensure the transition process 

without overshoot. In this case, when there is a monotonous movement, we know the 

actual position of the instrument – at one boundary of dead band (backlash) zone. 

Otherwise, the drive can stop at any point within the zone. 
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5. SCADA-SYSTEMS 

5.1. General concepts and structure 

5.1.1. Basic definitions 

Supervisory control and data acquisition (SCADA) is a major and currently the 

most promising method for the automated control of complex dynamic systems 

(processes) in the vital and critical in terms of safety and security fields. At such 

principles of supervisory control large automated systems in industry, energy, 

transportation, space and military fields, in various government structures, are 

designed [3]. 

SCADA is a process of gathering information in real time from remote 

locations (units) for the processing, analysis and possible management of these 

objects. The requirement of real-time processing is due to the need for delivery of all 

monitored events (messages) and data to a central operator interface (dispatcher). At 

the same time the concept of “real time” is different for different SCADA-systems. 

The prototype of modern SCADA in the early stages of evolution of automated 

control systems were telemetry and alarm systems. All modern SCADA-systems 

consist of three main structural components (see Figure 19): 

Remote Terminal Unit (RTU) – remote terminal associated with the object of 

control (OC) and performing the processing tasks (control) in real time. Spectrum of 

its manifestations is wide – from smart sensors, receiving the information from the 

object to a specialized multiprocessor fault-tolerant computing systems, performing 

information processing and control of the object in hard real-time. The use of low-

level information processing devices may help to reduce the capacity of 

communication channels with the central control station. 

Master Terminal Unit (MTU), Master Station (MS) – dispatching control 

(main terminal), provides data processing and management of high-level, usually in 

the soft mode (quasi-) real-time. A major function of MTU is providing the interface 

between human operator and the system (HMI, MMI). Depending on the system, 
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MTU can be implemented in the most varied forms – from a single computer with 

optional devices connected to the communication channels to a high performance 

computing (Main frames) and / or the local network of workstations and servers. As a 

rule, different methods of improving the reliability and security of the system are 

used, when designing the MTU. 

Communication System (CS) – the communication system (communication 

channels), is needed to transfer data from remote locations (objects, terminals) to a 

central operator interface.   It is also needed for transmitting control signals to the 

RTU (remote object, or - depending on the performance of the system). 

RTU MTU

ОУ Operator

 

Fig. 19. The main structural components of the SCADA-system 

5.1.2. Functional structure of SCADA 

There are two types of remote site SCADA: automatic and initiated by the 

system operator. 

There are four major functional components of a supervisory system and data 

acquisition (fig. 20) – human-operator, computer for interaction with human, 

computer for interaction with task (object), the task (object) of control. 
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The subsystem of interaction with human 

(HIS – Human Interactive Subsystem) 

 

 

 

Subsystem of interaction with the task 

(TIS – Task Interactive Subsystem) 

 

 

Task (object) of control 

Fig. 20. The main functional components of the SCADA-systems 

In addition, five functions of the human operator in the supervisory control are 

defined. They are described as a set of nested loops in which the operator plans to 

which the following action is to be done; 

a) training (programming) a computer system for the next actions; 

b) monitoring the results of system semi-automatic work; 

c) interference with the process: 

– in the case of critical events, when automation can not handle the control 

task; 

– if adjustment of the process parameters is necessary; 

d) self-training in the work process (getting experience). 

Such SCADA representation was a basis for the development of advanced 

methodologies of creating effective traffic control systems. 

5.1.3. Features of SCADA, as control process 

Characteristic features of control process in modern traffic control systems: 

– SCADA process is used in systems, which need the presence of human 

(operator, dispatcher); 
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– SCADA process is designed for systems, in which any improper exposure 

can lead to failure (loss) of the control object, or even catastrophic consequences; 

–the operator is usually responsible for the overall control of system, which 

under normal conditions, only occasionally needs to adjust settings for optimal 

performance; 

– active participation of operator in management occurs infrequently and at 

unpredictable times, usually in case of critical events (failures, emergency situations, 

etc.); 

– operator actions may be severely limited in time (several minutes, or even 

seconds) in emergency. 

5.1.4. Basic requirements for traffic control systems 

SCADA-systems must meet the following basic requirements: 

– the reliability of the system (technological and functional); 

– safety of control; 

– accuracy of processing and presenting data; 

– easy system expansion. 

Safety and reliability of SCADA control include the following: 

– no single equipment failure should not cause the issuance of a false output 

action (command) to the object of control; 

– no single operator error shall not cause the issuance of a false output action 

(command) to the object of control; 

– all control operations should be intuitive and easy for the operator 

(dispatcher). 

5.1.5. Application fields of SCADA-systems 

The main fields of supervisory systems are: 

– control of electric energy transmission and distribution; 

– industrial production; 

– production of electricity; 

– diversion flow, water treatment and water distribution; 

– extraction, transportation and distribution of oil and gas; 
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– control of space objects; 

– control of transport (all types of transport: air, subway, rail, road, water); 

– telecommunications; 

– a military area. 

The introduction of new and upgrading existing control systems in various 

industries, in most cases is done on a supervisory control and data acquisition.  

Really, the most often mentioned modernization of existing facilities in 

industrial sector (manufacturing, mining, power, etc) is done by new generations of 

SCADA systems. 

Advances in information technology has led to development of all 3 major 

structural components of the supervisory control and data acquisition systems – RTU, 

MTU, CS, thus significantly increasing their capabilities, so that the number of 

controlled remote locations in modern SCADA-system may reach 100,000. 

The main trend of development of technological tools (hardware and software) 

of SCADA is migration towards a fully open system. Open architecture allows to 

select independently different components from different vendors: and as a result – to 

get enhanced functionality, easier maintenance and lower cost of SCADA-systems. 

5.2. Key features of the ClearSCADA 

ClearSCADA is the most modern, completely russified software, designed to 

create a SCADA-systems. ClearSCADA was developed by Control Microsystems 

company. ClearSCADA can be applied in any field of industry. 

ClearSCADA is certified [8] for using in automated control systems, metering 

and control of the production of electric power facilities. A certificate, issued by 

EnSERTICO, confirms compliance with the requirements of a number of software 

standards, in particular, IEC60870-101, IEC60870-104, ISO / IEC 12119-2000, ISO / 

IEC 9126-93, GOST R IEC 9294-93, GOST 28195-89, CO 34.35.127-2002. Besides 

this, the certificate confirms support for the distributed network protocol DNP3 by 

ClearSCADA. 

The software has a powerful interactive database objects with the functionality 

of  control, configuration and data archiving. Distinctive feature of the software is the 
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ease and efficiency of its use, both at the design stage and during the lifetime of the 

object. 

An open platform is built on client / server architecture. The package 

incorporates industry standards such as OPC, OLE, ODBC, HTTP / XML, and open- 

communication protocols such as Modbus RTU / ASCII, DNP3, DF1, IEC 60870-5-

101 & 104, Siemens S7, and others, supports third-party OPC-clients and drivers. It is 

possible to backup servers, clients and communication channels. It is possible to edit 

the project on-line (at operating equipment). 

ViewX is a full-featured client, providing reports, trends, access to the 

database, OPC-navigation, messages and alarms control (alerts on accidents). ViewX 

combined with the development environment, in which  for building the project 

architecture, the templates and objects of different elements, communications and 

signaling subsystem, ready to oil and gas industry, water supply, sewerage and 

electricity, are used. Libraries can be easily built, changed, and recopied within the 

system many times. 

There is an embedded web-server accessible via a web browser with functions 

to access the database, display, process monitoring and control. The system includes 

powerful security based on the organization of access with passwords and user rights. 

5.3. Technology of SCADA-systems designing 

5.3.1. Description of the training stand 

Training laboratory stand consists of a personal computer (PC), programmable 

logic controller (PLC) and physical model of the controlled object (see fig. 21). 

Twido series controller (production of Schneider Electric), supplemented by modules 

of analog input / output and Ethernet-interface module for PC communication with 

the controller through the Ethernet network is used on the stand. A physical model, 

allocated at the stand demonstrates the thermostabilization system, for example, a 

power converter unit, and includes a radiator, heated by transistor-heater, fan and 

radiator temperature sensor. Fan motor speed control signal and heater power control 

signal come from the DAC of the analog inputs / outputs module, and the signal from 
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the temperature sensor come to the input of the ADC of the same module. The fan 

has a built-in pulse speed sensor, which output is connected to the controller’s digital 

input %I0.1. 

Monitoring of the current status and control of the physical model is realized 

by means of SCADA-system by reading / writing certain data into PLC memory. Pre-

prepared controller operating program allows to specify one of three modes of thermo 

stabilization system, depending on the value of %MW0: 

–manual (%MW0 = 0) – providing manual setting of fan speed and heater 

power; 

–automatic-1 (%MW0 = 1) – ensuring maintenance of a given heat sink 

temperature by adjusting the heater power (changing the fan speed in such case is 

regarded as an external disturbance); 

–automatic-2 (%MW0 = 2) – provides maintenance of a given heat sink 

temperature by adjusting the fan speed (changing the heater power in such case is 

regarded as an external disturbance ); 

In a manual mode, the direct control of the heater and fan is realized via 

variables %MW1 (fan control) and %MW2 (heater control), which values are 

transmitted from the SCADA-system in the DAC of analog output module. Valid 

values for these variables are in the range 0...1000 for %MW1 and 0...2000 for 

%MW2. 
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Fig. 21. A general view of a laboratory stand 

In automatic mode, the controller makes maintaining the desired temperature 

of the radiator with the help of a heater (automatic mode-1) or a fan (automatic mode-

2). The variables %MW1 and %MW2 are used for monitoring the operation of the 

heater and the fan, namely, to transfer to SCADA-system the current values of the 

control voltage of a heater power and fan’s speed. Variable %MW6 is used for 

transferring r the desired temperature (in °C) to the controller. Appling of the 

disturbance (switching on the fan in automatic mode, or a heater in the automatic 

mode-2) is realized by using the toggle switch, connected to the controller’s input 

%I0.0. 
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Regardless of the system operation mode, the variable %MW3 contains the 

current value of the heat sink temperature, measured in °C, and the variable %MW4 

is the output of the pulse- frequency meter, coming from the fan’s speed sensor. 

5.3.2. Method of project creation in the ClearSCADA 

To create a project in the ClearSCADA one should perform the following 

operations: 

1. Log in under the profile of the user, which has the right to edit the project. 

To do this, one should start ViewX, select File – Log (see Figure 22) and type in the 

input window (see Figure 23) the following: 

 

 

Fig. 22. Log in menu item 

Username: EnX, where X is the 

number, specified by teacher; 

Password: 1234567 

 

 

Fig. 23. Log in dialog 

2. To create a project group, which will host all the created objects, such as 

mimic input-output points, trends, etc. To do this, one should make a right-click on 

the icon, labeled Main (here is the name of a local database that stores all the objects 

of the project) and select New → Group → Group (see fig. 24). 
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Fig. 24. New group creation 

The result of these actions should be the appearance of the structure shown in  

 

Fig. 25. Project tree 

Fig. 25, where the Stand is the grope named Stand; Default is the 

mimic, named Default, to rename it you can click on it, right-click 

and select Rename pop-up menu. 

3. Establish a connection of SCADA project with the stand, creating a channel 

Modbus. To do this, one should make a right-click on the created group and select 

the menu item Create → Modbus→channel, and call it, for example, modbus 

channel. Settings window channel is performed by double clicking the icon of the 

created channel, or by selecting the Properties in pop-up menu that appears when 

you right-click on an existing channel. In the settings one should go to the tab 

“Channel”, select Enabled and go to the tab “primary port”, where the user can 

configure the connection of the controller to the PC. Here one should select 
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TCP / IP, since the connection to the controller is carried out via Ethernet. Window 

of selection of the connection type is shown at Figure 26. 

 

Fig. 26. Modbus channel properties 

The next step is to create a Modbus scanner (the procedure is similar to the 

creation of the channel). One should check Enabled item in the scanner settings on 

the tab “Channel” and select this channel. After this to set the polling frequency, 

the starting address of the reading points (“Data address”), the number of reading 

points (“Data length”) and location of registers (see fig. 26, a). In the tab. 

“primary port” one should select the type of connection to the network, the address 

of the server to 10.16.14.201, (here is the IP address of the controller Twido), to enter 

the port number 502 (standard port for the protocol Modbus TCP / IP) and to set the 

type of connection to the Modbus TCP (see fig. 27, b). 
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a) 

 

b) 

Fig. 27. Modbus scanner properties: a) scanner; b) port 

4. To create an analog point by right-clicking on the group icon and by clicking 

New → Modbus → Analog point. Type the name of new point –Heater power. To 

go to the tab. “Modbus” in the properties of the created point, to check the item 

Enabled, to select scanner, created earlier, to set the pointoffset (it is determined by 
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the formula: offset = Modbus address of the controller variable – start address of the 

reading points, in this example, the offset is equal to 2), to select variable type and 

disable scaling. Analog point settings window is shown at Figure 28. 

 

Fig. 28. Analog point configuration 

5. To open a mimic and to create an analog point value indicator. In order to do 

this, one should drag the point icon to the mimics and select the value in the menu, 

which appears (see fig. 29, a). As a result, the mimic should see a field, which 

displays the current value of the point (see fig. 29, b). 
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a) 

 

b) 

Fig. 29. Placing of point value to scheme: a) menu item; b) result 

6. To create a trend for a Heating power point. In order to do this, one should 

right-click the group icon and select New → Trend. To add data, one should open 

the trend and drag the desired point to the trend. A trend window is shown in fig. 30. 
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Fig. 30. Trend window 

7. To allow the Heating power point value changing from SCADA. To do 

this, one should select Enabled in the tab. “Control” of the point settings, and to 

enter the maximum and minimum number of the allowed point values in the field 

maximum and minimum (see fig. 31). 

 

Fig. 31. Point configuration 

8. To create a button that will draw the windows for setting heater power value. 

To do this, click the icon Button on the mimic edit toolbar and place a desired size 
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button to mimic by selecting the area, allotted for the button (see fig. 32). Raise the 

button properties window (see fig. 33). Elements “Handle”, “Fill” and “Font” of 

 

Fig. 32. Button 

button properties window allow to customize appearance of the button. 

The button “Animations...” of “General” tab. allows to associate the 

button’s appearance with the values of other SCADA objects. 

 

Fig. 33. Button properties 

The button “Choose action…” allows to define the action of SCADA system 

on pressing the left mouse button on the object. For adjusting the button for the value 

assignment, it is necessary to press the “Choose action…” button, to choose type of 

action, as a Method in the appeared window (see fig. 34) and to press button 

“Further”. 
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Fig. 34. Button action configuration 

One should assign the Heater power point by means of the button … (browse) 

in the next window. It is necessary to choose Control inthe Aggregate field and 

Control in the Method field. 

 

Fig. 35. Button and point association 
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If in a following window (fig. 36) some value is typed in the “Value” field, 

this value will be copied in the earlier set object when SCADA user presses the 

button. 

 

Fig. 36. Value type configuration 

If “Value” field is left empty, the value input window will raise when SCADA 

user presses the button (see fig. 37). 

 

Fig. 37. Value input window 

It is recommended to leave the “Value” field empty in the present project. 

9. Check the project work.  For doing this it is necessary to leave the edit mode 

by pressing tools panel button  and, staying in the created project, to test the 

actions of the created object. 
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CONTROL TASKS 

Cyclic control system of the MP-9C robot 

Task 1. MP-9C robot’s software allows you to specify a program of the robot 

links motion without any special programmer, using only the control console. To do 

this one should select a manual mode and move robot to the desired positions, in each 

one, the control program frame must be recorded. Program reset can be done by 

holding SB1 button down for more than 3 seconds. 

Attached to the task version of the MP-9C robot’s software (Appendix 1) 

provides control only by one of the coordinates (up / down), i.e., the controller and, 

accordingly, the robot does not respond to SA2...SA4 toggle switch. It is required to 

complete the proposed code so that it becomes possible to control all the coordinates 

of the robot. 

Task 2. Modify the code (Appendix 1) such way that when programming the 

robot the input I0.7 is used as an input, specifies the pause withstand after the frame 

was done. If I0.7 = 0 the pause duration should be 0.5 s and at I0.7 = 1 the pause 

duration should be 3 s. Input I0.7 should not affect to the work of the program in 

automatic mode. 

Task 3. Modify the code (Appendix 1) so, that when running in the automatic 

mode the input I0.7 is used as an input, allowing the execution of the program. If the 

input I0.7 is switched to zero at working out CP frames, the CP is performed until the 

final frame, but the transition to the first frame and restarting are not carried out. 

The order of work. 

1. Open the program mp9c in Step 7-Micro / WIN editor [5]. 

2. Using the scheme, shown in fig. 1, 2 and / or structure of the robot control 

system software, shown in fig. 3, 4, modify the program. 

3. After loading the program into the controller, test its efficiency. 

Instructions on how to work. 
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For solving tasks, one should use the commands of Bit Logic block: normally 

open (normally opened contact), normally close (normally closed contact), and 

command of Move block: move word (Mov_W). 

Positional control system of TUR-10 robot 

Task 1. Create a program that controls the robot in a manual mode. As a value 

of the reference signal for speed drives for setting in “reduced speed”, one should use 

the numeric code +500 (move “forward”) or –500 (move “back”), and for  setting in 

“normal speed” +1500 or –1500, respectively. One should remember that there are no 

matching elements between the controller and speed automatic control system, and 

the maximum DAC voltage exceeds the allowable ARS control voltage, so that the 

excess of these values can lead to equipment physical damage. 

Task 2. Modify the code (Appendix 2) so that when programming the robot, 

the input I1.5 is used as an input, specifies the pause withstand after the frame was 

done. If I1.5 = 0 the pause duration should be 0.5 s and at I1.5 = 1 the pause duration 

should be 3 s. The input I1.5 should not affect to the work of the program in 

automatic mode. 

Task 3. Modify the code (Appendix 2) so that when running in automatic 

mode the input I1.5 is used as an input, allowing the execution of the program. If the 

input I1.5 is switched to zero at working out CP frames, the CP is performed until the 

final frame, but the transition to the first frame and restarting are not carried out. 

The order of the work. 

1. Run the Step 7-Micro / WIN editor. 

2. To solve the task 1 one should, referring to fig. 6, 7, create a program, 

download it to the controller and test the results. When solving problems 2 and 3, one 

should open the program tur10 and, using the information shown at fig. 8…10, modify 

the program, download the modified program to the controller and test the results. 

Instructions on how to work. 

For solving tasks one should use the commands of Bit Logic block: normally 

open (normally opened contact), normally close (normally closed contact), and 

command of Move block: move word (Mov_W). 
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Study of the methods of creating the project in the ClearSCADA 

Task 1. Introduction to the fundamental principles of configuration channels of 

communication with SCADA-equipment projects: 

– study of technology of creation of SCADA-project channels of 

communication with equipment in ClearSCADA environment; 

– creation of a project for data exchange with programmable logic controllers. 

The order of  the work. 

1. Run the ViewX client, designed to create a SCADA-projects in 

ClearSCADA environment. 

2. Login using the following username / password: EnX / 1234567, where X is 

the number, given by the teacher. 

3. Using the guidance of paragraph 5.3.2, create a project that reads and 

displays the current values of the stand heat sink temperature. The value of the heat 

sink temperature, measured in degrees Celsius, is stored in the memory of the Twido 

controller at %MW3. 

Task 2. Introduction to the basic principles of creating the visual part of 

SCADA-projects: 

– study of the technology of creation of SCADA-project visual part in 

ClearSCADA environment; 

– introduction to the full version of stand SCADA-project; 

– completion of the training version of the project to a fully working version. 

The order of the work. 

1. Run the ViewX client, designed to create a SCADA-projects in 

ClearSCADA environment. 

2. Login as Student10 with an empty password, and view the complete version 

of the project. 

3. Logout and login using EnX as a name and 1234567 as a password, where X 

is the number, given by the teacher. 

4. Using the guidance of paragraphs 5.3.2, create a project that provides control 

and display the value of stand heater’s power. To pass the value of the heating power 
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the controller uses a Twido variable that has address %MW2. The range of valid 

values of this variable is from 0 (no heating) to 2000 (maximum heating). 
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APPENDIXES 

Appendix 1 

SOFTWARE OF THE MP-9C ROBOT-ONE COORDINATE  

CONTROL SYSTEM 

Main program 

 

Automatic work mode subroutine 
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Manual work mode subroutine 
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Continuous work mode subroutine 
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Step-by-step work mode subroutine 
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Appendix 2 

SOFTWARE OF THE TUR-10 ROBOT ONE-COORDINATE  

CONTROL SYSTEM 

Main program 

 

Manual work mode subroutine 
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Automatic work mode subroutine 



 82 
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Timerinterruptsubroutine 

 



 85 

 

 

Position regulator calculation subroutine 
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