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INTRODUCTION

Brief Description

Purpose

TRACE MODE 6 development system is designed for automation of industrial enterprises, power plants, intellectual buildings, transportation systems, etc. Control systems created in TRACE MODE 6 may have any scale – from stand alone controllers and HMI to distributed process control or remote control systems, enterprise assets management and MES. TRACE MODE ensures all-around automation of both technological and business (T-Factory.exe modules) processes to achieve high cost efficiency and fast return of investment. 

Application Domain

TRACE MODE 6 features internal drivers, which enable connection of over twenty hundred I/O devices - PLC, remote I/O devices, I/O cards and industrial networks. 

TRACE MODE 6 is used to build various automation systems for monitoring and control, implementing different design architectures – centralized, distributed and mixed. Special attention was given to systems, built with PC-based controllers (PAC), because for the projects of this kind TRACE MODE 6 provides uniform toolkit for development of both operator HMI and controllers programs. Autobuilding technology and design of distributed automation systems in the framework of integrated development environment substantially boost designers’ productivity, cut down tedious manual operations, and minimize engineering errors, inevitable in large scaled projects. 

Network data exchange for automatic control systems (ACS) developed using TRACE MODE 6 boasts high-performance logical network protocol I-Net over TCP/IP. Process history logging is supported by powerful real time database management system – SIAD/SQL 6. Redundancy features may be provided for all components of the distributed control system (PLC, HMI, EAM, loggers etc) by the automatic hot redundancy system built-in TRACE MODE Integrated Development Environment. Dynamic characteristics and reliability of control systems built in TRACE MODE 6 allow to apply them in such industries as nuclear industry, petrochemistry, metallurgy, power engineering, mechanical engineering, building automation, utilities, food industry, transport, as well as in scientific research.

Structure

TRACE MODE 6 development system consists of:

· integrated development environment - tmdevenv.exe;

· debugger with graphic screens support – rtc.exe;

· debugger without graphic screens support – rtmg32.exe.

System Basics

For Automatic Control System (ACS) project development the unified TRACE MODE 6 integrated development environment (IDE) is used. It works under MS Windows Operating System. Project components creation, editing and linking is done in the Project Navigator. The project is presented as a tree of components, and building of such tree is greatly simplified using diverse autobuilding technologies.

When a program, a screen, documents and other user component templates are created, corresponding editors are invoked from TRACE MODE 6 integrated development environment . Created templates could be applied again both in current project and in subsequent projects, on condition that they are saved in user components library. 

To launch TRACE MODE 6 integrated development environment  (tmdevenv.exe) double click left mouse button over icon [image: image1.png]


 on the Windows desktop or via Windows menu «START/All programs/Trace Mode 6/TRACE MODE IDE 6».

TRACE MODE 6 development system produces set of files, which are used by automatic control systems (ACS) in real time monitors (RTM) on HMI workstation and in controllers. In the following examples the debugger with graphic screens support - rtc.exe, and without graphic screens support rtmg32.exe, will be used (these executable files are in TRACE MODE 6 folder). Debugger allows to run one node of designed project on a computer with preinstalled TRACE MODE 6 development system. You can run projects in TRACE MODE 6 debuggers on different computers connected with each other via LAN. This approach allows debugging of networked distributed ACS. 

In case of using the basic version of TRACE MODE 6 development system the time of continuous operation running under project node debugger with an I/O device is restricted to one hour and 24 hours – without I/O device. Professional version allows 3 hours and 3 days of operation correspondingly. Upon expiry of aforementioned terms project node can be run again as many times as needed.

To start working with TRACE MODE 6 you should install development system on your computer.

Installation Guide

System Requirements

The following configuration is recommended for normal operation of TRACE MODE 6 development system:

· Operating System – Windows XP;

· Processor – PENTIUM 4;

· RAM – 512 MB;

· Space on the hard disk – 1.5 GB;

· Screen resolution – 1280x1024;

· Color quality  – True Color;

· OpenGL v.1.1 support;

· CD-ROM drive, mouse, parallel port or USB.

Installation Sequence

Depending on the type of TRACE MODE 6 development system, the following installation options are available:

· For professional edition – you should connect electronic protection key to parallel or USB port of your computer and follow instruction in the Installation Guide;

· For basic edition – no electronic key is necessary.

To install basic edition:

· Close all active application;

· Insert CD with TRACE MODE 6 development system into CD drive and follow instructions on the screen.   
Please, read updated installation recommendations in the readme.txt file, which could be found in the root directory of the original CD with TRACE MODE 6 development system.
Quick Start

This section allows to begin working in the integrated development environment without detailed studying of all technical documentation. In the QUICK START section there are several projects provided for learning– you may start initial familiarization with TRACE MODE 6 using any of them.  

Making a Simplest Project

The goal of this exercise is to create an HMI (human-machine interface) of monitoring system, including one workstation node. For this we will use channel autobuilding technique starting “from templates”. Later on some control functions will be introduced, interaction with Windows application using DDE exchange protocol added, and in conclusion we’ll learn how to connect analog signal from remote module. 

Workstation Node Creation 

Launch the development system by left double-clicking on the icon [image: image2.png]


 which is on the Windows desktop and create a new project by clicking on the icon [image: image3.bmp]. 
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Select Easy style in the dialogue that will appear. Upon left clicking on the button Create, the project tree with created workstation node (RTM_1) will be displayed. Open RTM_1 node by left-clicking on it. Contents of the node will be displayed in the right Explorer’s window; this is an empty group Channels and the CALL channel, Screen#1, designed for displaying graphic screen in the Workstation node;
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Making an HMI Graphic Screen

Double left click on Screen#1 to open the graphic editor. 

Static Text Creation

Let’s place static text – Parameter value in the left top corner of the screen.

To do this:  

· Select from the toolbar the icon of the graphic element (GE) –[image: image6.bmp];

· place GE rectangle in the editor worksheet – to do this:

· 
set “snap point” by left clicking;

· 
set rectangle size by cursor drugging up to required size; 

· 
fix selected GE;

[image: image7.png][ Sereen_#1*




· To switch to element editing select the icon [image: image8.bmp] from the toolbar and double click on the GE to open the Properties window;

For automatic displaying GE Properties window upon GE placement you should enable the option Open Properties Automatically in the section HMI/General.
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· type Parameter value in the right field of Text line;
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· close the Properties window by left clicking on [image: image11.bmp] icon. The GE will look as follows:
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If the text you have entered does not fit into the rectangle, select the rectangle and enlarge it up to a needed size by cursor drugging.

Making Dynamic Text, Creating Screen Argument During Dynamic Text Setting

Let’s prepare displaying dynamic text to show a numerical value of a signal source (internal or external) by means of setting GE dynamization. Let’s define screen template argument assignment. To do this you have to perform the following actions:

· Create a new text GE ([image: image13.bmp]) and place it to the right from the GE Parameter value;

· Double left click on the line Text to display Indication Type menu;
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· left click in the right field of the line to display the list of available types of attribute dynamization;

· select Value type;
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· select Binding in the menu, that will appear;
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· the window Binding Setup will be display. Click the button [image: image17.png]


 on its toolbar to create a screen argument;
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· highlight argument name by double left clicking on it and change it by typing Parameter (complete by pressing Enter key);

· click OK to confirm linking Text GE with this argument

· close GE Properties window; the GE will look as follows:
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Pointer Gage Creation, Binding to the Same Argument

Let’s use for displaying a new GE type  - a pointer gage. To do this:

· highlight by left clicking the icon [image: image20.bmp] (on the toolbar of the Graphics editor) and select the pointer gage icon [image: image21.png]


;

· place the GE and set its size in such a way, that all its graphic and text elements would be clear and symmetrical;

· switch to editing mode and open Properties window of [image: image22.bmp] GE;

· open Argument table editor by left clicking on the button Main Binding;

· select Parameter argument of the screen template (by left clicking on it);

· left click on OK button;

· double left click on the property Caption and type the word Parameter in Text line;

· close the Properties window of [image: image23.bmp] GE:
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You may use emulation mode to check GE bindings to screen arguments.  Switching to emulation mode is provided by means of the icon [image: image25.bmp] on the toolbar. Upon clicking the window is displayed in which you can set an argument value in corresponding field:
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Thus, upon entering the value 25 we will see:
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In our case both graphic elements display the value we have enters, so, bindings are done properly. Click on [image: image28.bmp] button again to exit from emulation mode.

Channel Autobuilding

Let’s use autobuilding procedure to create a channel in a project node by screen template:

· open RTM_1 node in SYSTEM layer;

· right click to display context menu and left click to open Properties window for Screen#1 component:
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· select Arguments tab; 

· select Parameter argument by left clicking on it and create a Float channel of Input type with the name Parameter using the icon [image: image30.bmp]:
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Setting Boundary Limits and Set Points

Double left click on Parameter channel to open attribute editing tab and enter the following data into Limits section:
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Making a Sinus Generator and Binding It to Channel 

Let’s introduce into the project a signal source – internal sinus generator, bind it to the created channel and check implemented displaying means. The following actions should be performed for this:

· open Sources/Receivers layer and create Generators group in it (by right clicking):
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· open Generators group by double left clicking and created in it (by right clicking) the component Sinus;
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· capture the created source by left clicking and drug cursor holding the left mouse button to RTM_1 node in System layer, and then, to Parameter channel in the window of RTM_1 components. Release the mouse button.
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Project Start

· Save the project using the icon [image: image36.bmp] with the name QS_Lesson_1.prj.

· Select the command [image: image37.bmp] on the toolbar and compile the project for running in real time.

· Highlight by left clicking RTM_1 node in System layer, and click [image: image38.bmp] icon on the toolbar to run start execution mode.

In the GE window that will be displayed sinusoidal signal changing will be shown in the box which is to the right form the box Parameter value. The pointer gage displays the same value:
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Adding Control Feature

Let’s add to the graphic screen a tool, which provides entering numerical values from keyboard. Let’s create new screen template to receive these values.

Graphic Screen Editing

· Open the graphic screen for editing;

· Select [image: image40.bmp] icon on the toolbar of the graphic editor and with the help of the mouse place it in the screen worksheet beneath [image: image41.bmp] GE;
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· Switch to editing mode ( [image: image43.bmp]),  select Button GE ([image: image44.bmp]) and open its Properties window;

[image: image45.png]ERCEER

[ox] Buttor

Property. Value

Toggle False

Binding

Flat False

Text Control

Font MS Shell Dig 6
Text Color I
Eilling

Image

Genuine Image Size  False

Hide at Stert False

Toolip

Highlightin Real Time False





· Enter Control caption into Text field.

· Open Events tab ([image: image46.bmp]) and Pressed menu (by right clicking on Pressed option);

· Select from the list the command Add Send Value:
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· in the field Send Type select the option Enter & Send:
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· Left click in Destination field to switch to table arguments editor;

· Create one argument with the name Control;

· Change argument type for IN/OUT and click OK to confirm binding of the GE attribute to this argument:
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· close GE Properties window by left clicking on the icon[image: image50.bmp].

Now let’s place Text GE for displaying a value being typed. To do this let’s copy GE, that we already have. To do this:

· select (by left clicking) Text GE, used for displaying Parameter:
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· copy selected GE to the clipboard with the icon [image: image52.bmp] on the toolbar or Ctrl+C keys;

· then paste the copy onto the graphic screen (with the icon [image: image53.bmp] or Ctrl+V keys;

· drug the copy to place it to the right from the Button GE;

· double click on the new Text GE to open its Properties window;

· double left click on Text option ([image: image54.png]


tab) to switch to setting dynamization of the graphic element’s attribute;

· left click in the right field of Binding line to open the table editor of screen template arguments;

· select in the list (by left clicking) Control argument and click OK to confirm biding of Text attribute to the screen template argument;
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· close Graphic editor.

Linking Screen Arguments to Channel 

Let’s create a new channel for Control argument of the screen template and edit its link.

· Open RTM_1 node in System layer;

· open Properties window for Screen#1 component (by right clicking on it):
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· select Arguments tab, highlight Control argument and create a new channel using the icon [image: image57.bmp];

· as a result a channel with the name Control will be automatically created in RTM_1 node:
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· Double click in the field Link of Control argument to open Binding Setup window, select in it Input Value attribute and click on Link button to confirm link of the screen argument Control with the attribute Input Value of Control channel:
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Close Screen#1 Properties window.

Trend GE Placement

Let’s now add a new GE to the created screen. This will be Trend GE providing scanning of channel values and tracing prehistory. 

Let’s place Trend GE ([image: image60.bmp] ) in the right-hand part of graphic screen to output Parameter and Control values. Double click on the GE to open its Properties window, select [image: image61.bmp] tab and right click on Curves line to add two new curves. Now you have to setup their links to argument as well as their line width and color:
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The GE will look as follows:
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Project Startup

· Save the project by clicking on [image: image65.bmp] icon;

Click [image: image66.bmp] icon on the toolbar to compile the project for running in real time.

· Click [image: image67.bmp] icon on the toolbar to run execution modeя.

Now enter control action value using Control button and watch result on the indicator and trend:
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Simplified Data Processing

Now using new project component, program template, we will bind two existent channel to each other by means of addition operation. We will sum up actual channel values – Parameter and Control, and put result to newly created screen argument, Sum (and display them in Text and Trend graphic elements) without creating an additional channel in the project node.

Graphic Screen Finishing

· Copy Parameter value and Text graphic elements and place them beneath Button GE.
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· Replace static text of the first GE by Sum.
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· Bind the second GE to the third screen argument (IN type) with the name Sum (this argument is created during binding).
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· Add one more curve to the trend with binding to Sum argument.
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Creating Program in Techno ST

Let’s create a program, which summarizes two arguments linked to Real Value attributes of Parameter and Control channels and puts the sum to the third argument with the name Sum. Then we will take advantage of binding template arguments to display program operation results without creating an additional channel.

· Left double click on RTM_1 node to open it:
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· create in the node a Program component.

· left double click on Program#1 component to switch to program editing mode.
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· left click on Arguments option (in the tree of Program#1 template)  to open table arguments editor. 

· using [image: image75.png]


 icon create in the editor three arguments with the names Parameter, Control and Sum. Two first ones should be of IN type, while the third one - of OUT type.
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· left click on Program#1 line in the template tree and select the option Structure Text in the box that will be displayed:
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· click OK and type the following line in the program editor window that will be displayed:
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· compile the program using [image: image79.bmp] icon on the toolbar or F7 ‘hot key’. Click on the icon [image: image80.bmp] to get confirmation of successful confirmation (in Output window):
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Linking Program Arguments

Now let’s link program arguments to channel attributes.
· Open Properties Window for Program#1 component (using context menu);

· select Arguments tab;

· double click in the field Link to link program arguments to channel attributes – Parameter argument to real value of Parameter channel and Control argument to real value of Control channel.
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· double click in the field Link of Sum argument to open link setup window. Select in the left window the Call channel Screen#1, select in the right window Arguments tab and Sum argument in it. Click Link button to confirm the link:
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The result will look as follows:
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· close Program #1 Properties window.

Project Startup

· Save the project by clicking on [image: image85.bmp] icon;

click [image: image86.bmp] icon on the toolbar to compile the project for running in real time;

· click [image: image87.bmp] icon on the toolbar to run execution modeя.

Enter control action value using Control button and watch corresponding change of actual value of Control channel and results of Sum program:
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Dynamic Data Exchange (DDE) by the Example of MS Excel 

RTM as DDE-Server

Now we will create a query for real values of channels of the project node. The query will be issued by the MS Windows application, namely MS Excel. To do this:

· start MS Excel;

· write the data queries in two cells of the first column:

=RTM0|GET!Parameter

=RTM0|GET!Control

where 0 is an individual project number;

· run the node RTM_1;

open Edit menu in MS Excel, then select Links command, highlight all three parameters and click Renew button;  then click ОК to close the window;

make sure that that values in the Excel Workbook are updated along with corresponding channel values (Parameter channel value is updated permanently, while Control channel value is updated upon entering a new value by means of Button GE ):
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RTM as DDE-Client

In case when it is required to receive data using DDE from an external application, TRACE MODE 6 RTM must be a DDE-client. If, for example you need to input data to a new channel From_Table belonging to RTM_1 node (into its Input Value attribute) from R3C3 cell of the MS Excel Workbook, you have to create a new DDE group in Sources/Receivers layer, then to create DDE#1 component in it and edit it as follows:
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in Name attribute:

· Excel – application name;

· Sheet1 –Excel workbook sheet name;

· R3C3 – cell address.

ADVISE – mode, providing sending to client value at its each update.

Then you have to create a Float channel with Input type and From_Table name and link the source Excel.Sheet1.R3C3 to this channel (using drag-and-drop method). Save the project and prepare it for real time running. Run Excel and then launch АРМ RTM_1 node. Upon entering arbitrary values into R3C3 cell you may watch them in attributes of From_Table channel, using Components View window (you can open it using main Profiler menu):
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Thus we will reach the following result:
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Distributed I/O Module Connection

Now let’s add to the project the distributed input module, I-7011, with the sensor, connected to its inputs. The sensor is the thermocouple of TXA type (chromel-alumel) with Type K calibration characteristics.  First, we have to adjust the module for the specified calibration characteristic using configuration utility supplied with the module. Let’s set ‘engineer’ data format, assign the number in RS-485 network, which equals to 1 and set 9600,n,8,1 data exchange format without check sum generation. Now connect the module to СОМ1 port via the automatic interface converter I-7520, and supply power to both modules.

Creating Source Component to Input Data from I-7011

Now you have to create source components, linked to selected input/output equipment and set their attributes. 

· Right click on Sources/Receivers layer to create a Distributed Modules (DCS) group in it;
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· right click on the group Distributed Modules (DCS)_1 to create in it the group I-7000;
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· right click on the created group I-7000_1 to create in it the group I-7000#1.
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· open the created groupI-7000#1 by left double clicking on it and switch to created components, describing I-7011 module connection to the workstation:
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double left click on AI#1 component to switch to its attributes editing;
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use default values for all main attributes: Port Number 0 corresponds to СОМ1 port, module Address is 1, Channel and Slot attributes are not set for the module, no Checksum, Signal Type is Input. Change Signal Type using pop-up list in compliance with sensor type and type comments in the field Comment.

Com-Port Creation and Setup

Since I-7011 module is connected to the node via serial interface we have to create and setup a serial port for RTM_1 node. To do this:

· open System/RTM_1 layer and right click on RTM_1 to create Com-Ports group:
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· double left click on Com-Port#1 component to switch its attributes editing;
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· in this very case use default values of all attributes; 

· close the window by left clicking on the button[image: image101.bmp].

Changing Channel Link to Data Source

Now we will change Parameter channel link: from sinus generator to a real analogue input signal. 

· Use Duplicate option ([image: image102.bmp] ) button to open one more Project Explorer window. Open System/RTM_1 layer, select in it (by left clicking) analogue input source for AI#1 module and drug it onto Parameter channel, which is open in the additional Project Explorer window;

· release the button.
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Save the project and prepare it for running.

Project Startup

Select RTM_1 node (by left clicking on it) in Project Explorer and click on [image: image104.bmp] icon on the toolbar to run execution mode.

While sensor, connected to the module, is being heated or cooled you may watch signal changing on the trend. If by any reasons there is no sensor you may link CJC#2 component to Parameter channel and watch fluctuations of thermojunction temperature, which is measured by the module.
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Human Machine Interface: Monitoring and Control

The manufacturing process being considered is implemented at three sections: Thermotreatments Section, Storage Section and Dosage Section. The goal is to build a process control and monitoring system using existing check points, actuating mechanisms and hardware automation facility.
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Thermotreatments Section is controlled by PC-based controller (using two analog input signals - 2AI and two digital output signals - 2DO). The technological task is to maintain constant temperature in the device, which performs long term heating of feedstock (control function). Temperature control is effected by means of varying a consumption of incoming heat carrier supplied to the device. Control algorithm is of PDD type – proportional-plus-derivative-derivative; an actuating mechanism is controlled by means of PWM  - pulse-width modulation. Analog signals from technological parameters’ sensors go through normalizing converters and are supplied to a PC-based controller, where they are processed by 12-bit analog-digital converter (ADC) and represented as codes (0 – 4095). Let’s assume, that for temperature measured by the sensor the codes correspond to the range of (0 – 100) Сº, and for heat carrier consumption – (0 – 10) м3/h. An operator’s workstation monitors technological parameters of the sensors connected to PC-based controller (monitoring function) and sets PID-loop parameters (control function). 

Storage section is maintained by controller with traditional PLC architecture (with three digital input signals - 3DI and four analog input signals - 4AI). The workstation is used for monitoring only. SIEMENS S7-200 PLC controller contains central processor CPU222 (8DI, 6DO) and EM231 module (4AI). The program, that maintains a level in the storage and provides data exchange with workstation using freely configurable PPI communication interface available in on-board processor module (via standard exchange protocol Modbus RTU), was developed using STEP7 software package. Low order bits of byte-wide controller cell with 0х0 address contains data about signals from storage room door sensor (0 – door is closed, 1 – open), ventilation sensor (0 – not operational, 1 – operational) and fire alarm (0 – no smoke formation, 1 – smoke formation present). Two byte cells with addresses 0х1, 0х3, 0х5 and 0х7 contain data, corresponding to such parameters as filling level, storage room temperature, air pressure and humidity. ADC implemented in ЕМ231 has 12-bit resolution with codes range of (0 – 4095), while corresponding controlled values fall in ranges of (0 – 5) м, (0 – 100) Сº, (0 – 5) atm and (0 – 100) %. PPI CPU222 serial communication port has the following parameters:  19200,n,8,1 (baud rate, data bits, parity, stop bits, flow control)

Dosage Section is monitored and controlled by PC-based controller (using one analog input signal - 1AI, and one digital output signal - 1 DO). Supply of final product is based on the task originated from operators’ workstation, while monitoring is effected using flow gauge display (codes (0 – 4095), consumption (0 – 100 l/min)). Controlled equipment is represented by dosing pump. In order to switch pump on the controller sends logical «1» to galvanic decoupling module, which engages pump actuator; logical «0» results in switching the pump off.

PC-based controller is connected to the workstation via network hub (TCP/IP protocol). Any PC-compatible computer can be used as a controller. It works under DOS OS and uses А-8111 – ISA data acquisition I/O board with 8 analog and 16 digital inputs (8AI, 16DI) and 16 outputs (16DO /ICP DAS).

During operation of the system storage parameters (level, temperature, pressure and humidity) should be recorded in MS ACCESS database with time stamp within 5 minutes period.

The system should allow concurrent work of two users – operator and developer. Unlike developer, the operator must not be able to make any changes in the structure of the system.

Creating HMI Screens

Now we will illustrate control system development by the way of design ‘starting from templates’, i.e. we will create project information base (channels) basing on arguments of screen and program templates, supplementing the main approach by procedures of autobuilding and linking channels in project nodes. 

Let’s use user components library. To do this copy tmdevenv.tmul file from the subdirectory %TRACE MODE%\Lib to the directory %TRACE MODE%.

Open the Integrated Development Environment and click on [image: image107.bmp] icon to create a new project. Let’s select Standard development style. 

Open Component Libraries layer and its User Library section. Then open the library Library_1. The library’s object Object_1 contains in its Resources layer a set of graphic objects, which will be required for following development (these objects are valves, tanks, motor, etc.).
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A number of graphic objects in the library is different depending on Integrated Development Environment being used (base or professional one).

Move the groups to Resources layer of the current project using drag-and-drop method.

In the same Resources layer create Images group to put in it textures, which will be used for graphic screens design.
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Let’s create a new component in Images group – Images_Library#1.
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Double left click on the newly created library to edit it. Use [image: image111.png]


  icon on the toolbar to fill the library. Select …\Lib\Texture in the dialogue that will be displayed, select all files and click Open button.
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The contents of Images_Library#1 will be the following:
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The same way create Animation group in Resources layer, and Videos_Library #1 in it. Fill it by the contents of …\Lib\Animation.
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From all videos presented in the library, we will use fluid_blue only, other ones may be deleted using [image: image115.bmp] icon on the toolbar (select a video and click the button)

A number of available textures and videos in the library is different depending on Integrated Development Environment being used (base or professional).

Actually any avi or mng files may be used as videos.

Save the project by left clicking on the icon [image: image116.bmp] with the name QS_Lesson_2.prj.

Switch to Screen templates layer and create in it Screen#1 component.
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The created screen will display technological parameters of thermotreatment section, and it will be used also to generate tasks for operating temperature keeping. Rename it into Thermotreatment_Section. Create also screens to set PDD-loop-Parameters, Storage_Section and Dosage_Section and rename them correspondingly:
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Open Properties window for Thermotreatment_Section component (right click on it and select Properties option) and select Arguments tab. In this tab you may create required arguments (using [image: image119.png]


 icon) and set their names, type, data type, default values, links, flags, etc.
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Those arguments which values will be displayed on the screen, have IN type, while those which are set from workstation keyboard, displayed on the screen and finally sent to PC-based controller, have OUT type. In progress of channels autobuilding from templates autolinking of arguments will be done to channels’ Real and Input Value attributes correspondingly. 

Left click on [image: image121.bmp] icon to close Properties window. To switch to screen contents creation and editing double left click on it. Select metal_011 texture as the screen background. To do this select Tools option of the main menu, and Screen Settings in it. In the dialogue that will appear set Image as a background type and metal_011 as a texture.
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Upon clicking OK button graphic screen background will be changed by one you have specified. 

Using graphic objects (GO), which are saved in resource libraries and may be loaded by means of [image: image123.bmp]  icon on the toolbar,
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as well as 3-D pipe ( [image: image125.bmp] ) and text ([image: image126.bmp]) graphic elements (GE) create of a static part of the screen. An example of its appearance is presented below.
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Graphic objects are placed by means of drag-and-drop method and may be scaled. To change GO size select it by left clicking, position cursor to node points and perform necessary operations:
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We will display heat carrier consumption and operation temperature by means of Pointer gages ([image: image129.bmp]). Place them on the screen and left double click on the left one to open its Properties window:
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Then setup properties of the right Pointer Gage:
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Using [image: image132.bmp]icon place ‘Trend’ GE in the bottom part of the screen to display the following parameters: Operation Temperature, Heat Carrier Consumption and Temperature Setting. Leave main GE properties as default values and add the heading Thermotreatment Section.

[image: image133.png]ETrend

Giid

Legend
Cursor color
Time axe
Value axe
Buffer size
State colors
Hile at Start

Property. Value
Orientation Horizantal

Background color
Base fort MS Shell Dig 6

Resizeable False

Caption Thermo Treatment Section

Highlightin Real Time False

500

False





Add three curves to be displayed on the trend, link them to corresponding channel arguments and set color, pen width and displayed value intervals.
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To generate tasks for PDD-loop place Rectangle GE ([image: image135.bmp]) to the right from Trend GE. It will be a base plate for Slider GE ( [image: image136.bmp]) with the help of which we will set task values and display it. Precise task value will be display in the top part of the rectangle by means of Text GE ([image: image137.bmp]).
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[image: image139.bmp]  GE will have the following properties:
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We will not use outline and filling for this GE and will set the following properties:
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Properties of [image: image142.bmp] GE should be set as follows:
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Outline and filling are not used.

Place caption – Thermotreatment Section – in the right top corner of the screen.

Since two screens more (Storage and Dosage) will be developed for the workstation, you should provide corresponding tools to switch between screens. [image: image144.bmp] GE may be used as such tool.

[image: image145.emf]


Left double click on Storage GE to open its Properties window. Select Events ([image: image146.bmp]) tab  and double click on the option pressed (event at left clicking on GE). Right click to display the pop-up list add Jump to Screen property:
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Left click on Jump to Screen and select the screen template Storage Section:
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Use the same procedure to set jump to Dosage Section screen.

Set PID-loop parameters (Kp, Kd, Kdd and Dead Zone) using the pop-up window. The window opening will be provided by [image: image149.bmp] GE, which is to be placed in the left-hand part of the screen. Binding should be done the same way as described above. 

To display date and time in the left top corner of the graphic screen, use Calendar GE ([image: image150.bmp]). Let’s setup GE as follows:
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Thus, the screen presenting on the workstation Thermotreatment_Section is developed and looks as follows:
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Set arguments of PDD-Loop screen as follows:
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Open the screen for editing. For setting pop-up window properties select Tools option of the main menu and the option Screen Parameters in it. In the dialogue that is displayed set screen size, background type, set the screen as a pop-up window and specify popup initial position:
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Place Frame GE ([image: image155.bmp]) on the screen and move it to the background by clicking [image: image156.bmp] icon on the toolbar. Place screen heading at the top using Text GE ([image: image157.bmp]). The heading is PDD-Loop_Parameters. Then insert Button GE ([image: image158.bmp]) to send parameter values and Text GE ([image: image159.bmp]) to the left from the button to display the values. Link graphic elements to screen arguments:
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and
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Now select the Button GE ([image: image162.bmp]) and apply the replication tool:
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Set parameters in the dialogue that will be displayed:
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Edit captures and links of created graphic elements then repeat the procedure for Text GE ([image: image165.bmp]). The result will look as follows:
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Arguments for Storage_Section screen template will be as follows:
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The arguments Event_Door, Event_Vent and Event_Fire are intended to display and acknowledge events using Event GE ([image: image168.bmp]).The arguments Main_Layer and Trend_Layer are to manage screen layer visibility. Storage section mnemonic diagram will be displayed in the first layer, trend of values of storage parameters will be displayed in the second layer. The flag NP, which is set for arguments, will disable creating corresponding channels during autobuilding procedures.

Select one of the textures available in the library as a screen background. Use the graphic object [image: image169.bmp] and graphic elements [image: image170.bmp] and [image: image171.bmp] for the static part of the screen:
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Set output of values of storage parameters using Text GE ([image: image173.bmp]):
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Link graphic elements to screen template arguments, set output format, like, for instance, for Level argument:
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Let’s use color and text indication, defined for Text GE ([image: image176.bmp]), to display status of digital signals to open/close storage door, to turn on/off ventilation and to enable fire alarm enabling. Thus, let’s set the following properties to display current storage door status:
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Set properties of other graphic elements the same way. We will display product level in the tank using arbitrary bar chart, which may be created with the help of Polygon GE ([image: image178.bmp]).
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Set dynamic filling for this GE and bind it to corresponding screen template argument; set background and filling colors and specify limits:
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Then consequently copy (from Thermotreatment_Section screen template to Storage_Section template) graphic elements to display current time and Jump to Screen buttons. To do this select required GE (you may select several graphic elements at once by holding Ctrl key or select an area with the mouse holding its left button) and click [image: image181.bmp] on the toolbar. To paste a GE click on [image: image182.bmp] icon. You may use the following standard key combinations to work with the clipboard: Ctrl-C and Ctrl-V. Upon GE pasting you have to link it to arguments of the current screen template.

Place Events GE ([image: image183.bmp]) in the bottom part of the screen, select it by left clicking and center it horizontally in the screen using corresponding menu option:

[image: image184.png]Tools | View Window Help

Align

8 Replicate
¢

| 2-=

Centerin screen ».

[ Horizontel

B verical

[




Let’s keep without changes main features of [image: image185.bmp] GE and set three links screen template arguments in the tab Links:

[image: image186.png]Properties | Links

Property | Value
Links
Link  Event_Door
Link  Event_Vent
Link  Event_Fire





Thus, the current screen will look as follows:
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To output current values of storage parameters to the trend create an extra graphic layer for the screen template Storage_Section. Open Screen Layers window using View option of the main menu:
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In the Layers window rename the existing layer giving it Layer name and bind it to the Main_Layer template argument. Click on [image: image189.bmp] icon to create a new layer, rename it giving Trend name and bind it to Trend_Layer argument.
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Place in the layer (at that the it  must be selected in Layers window) the graphic elements Trend ([image: image191.bmp]) and Button ([image: image192.bmp]). Set the following properties for the Trend:
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Specify seven curves:
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Set the following properties for the curves: bindings to corresponding arguments, color and pen width, limits and captures for their identification on GE. Define Events property for Button ([image: image195.bmp]) GE as follows: direct sendings to screen template arguments, for which bindings to graphic layers are specified, take place at clicking on the Button. Values, being sent to the arguments, manage layer visibility: 0 – the layer is displayed, 1 (any value that differs from 0) – the layer is invisible:
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Text ([image: image197.bmp]) graphic elements to display current time and section name are copied to Trend layer from Layer layer. Trend layer of Storage_Section screen template will look as follows:
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To switch to viewing values of storage parameters on the trend, placed in Trend layer, set the following properties of the text graphic element Storage Parameters (which is in Layer layer):
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To provide availability of layer operations at project running in real time, be sure that before saving a project on HDD all layers are marked by checkmarks in the very left position of the Screen Layers window.

Set arguments for the screen template Dosage_Section as follows:
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Using methods described above place graphic elements and link them to screen template argument in such a way as to get the following result: 
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Video presenting the product flow is linked to the screen argument as follows:
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The graphic element Setting Volume ([image: image203.bmp]) requires some explanations. Left clicking on it results in sending values to two screen arguments:
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The first value specifies an amount of the product being supplied, while the second one provides the reset of product value, which was accumulated in the controller during preceding pour-out cycle. After clicking GE PRODUCT SUPPLY with left mouse button corresponding screen argument will receive value “1”. When requested product volume has been supplied, the controller resets channel’s Input Value attribute to “0” (in the workstation), which is linked with Start_Stop screen argument. 
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Save the project by clicking on the icon [image: image206.bmp]. Thus the graphic part of the project for a workstation is done and now it’s time to develop project software – program templates.

Program Development

Now we will develop program templates which implement control functions – temperature maintaining and product pouring, as well as optional ones, design to work with digital signals. Select Program Templates layer in the left window of Project Explorer and right click on it to create the component Program #1:
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Select the created component and change its name to Control#1, since the program will be loaded to PC-based controller with the purpose of maintaining the specified temperature in the device at Thermotreatment Section.

Double left click on Control #1 component to open Program Template Editor and select Arguments option to open table arguments editor. Create arguments for the program template basing on requirements specification for PID-loop development with actuating mechanism controlled by means of width-pulse modulation (WPM).
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Upon specifying input and output argument you may start development of the program itself. To do this left click on the template name and select Function Block Duagram option in the dialogue that will be displayed.
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In the program editor window that will appear left click on [image: image210.bmp] icon providing access to the library of functional blocks. Then select required blocks, drug them to the editor’s worksheet, group them, specify internal connections between block inputs and outputs and assign links to arguments. The finished program looks as follows:
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To start debugging the developed program template must be compiled. To do this click [image: image212.bmp] icon on the toolbar or press F7 key. Compilation result is shown in Output window that can be opened from the main menu or by clicking on [image: image213.bmp] icon on the toolbar or from IDE main menu:
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In this very case the window contains the message on successful compilation completion:
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Let’s create Pouring#1 program to control product dosage pouring and specify for it the following arguments:
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On top of this you have to define one global variable to accumulate in it an a value of supplied product amount:
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To use Techo ST language for program development select Structured Text option in Language Selection window.
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The program text may look as follows:
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Compile the program by pressing F7 key.

To work with input and output digital signal we have to develop on Techno FBD Unpack#3 program to unpack a byte, received from PLC controller, as well as Pack#4 program to pack control bits into a byte, which is sent to PC-based controller. You should mind that actually it is not required to create bit packing/byte unpacking programs, because HEX16 channels include Bit1, Bit2… Bit16 attributes providing access to its separate bits. However, we will use this method to provide integrity of describing ‘from templates’ method. So, let’s specify arguments for the template of Unpack#3 program:
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The program will look as follows:
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Pack#4 program template arguments and the program itself will be the following:
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and
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Compile the program by pressing F7 key.

Save the project by clicking on [image: image224.bmp] icon. As soon as you developed workstation graphics and software for PC-based controller, you may start to create project nodes and generate their Channel Bases. 

Project Nodes and Channel Base

Now you have to create project nodes – Workstation and PC-based controller, for which we will generate channel bases using autobuilding procedure. Select System layer by left clicking on it. Then right click on it to create (one by one) RTM node for Workstation and MicroRTM node for PC-based controller.
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As a result two project nodes will be created in System layer:
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Click on [image: image227.bmp] icon to duplicate Project Explorer window and open Screen Templates layer in the upper window and Channels component group of newly created Workstation RTM_1 group in the lower window.
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In RTM_1 node change name of the group Channels by the name Thermotreatment_Section and create groups with the names Storage_Section and Dosage_Section.
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Then drug screen templates to groups of RTM_1 node. 
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The next step is creating channels basing on arguments of screen templates that have been developed. To do this select the group Thermotreatment_Section (RTM_1 node) and open Properties window for the CALL channel Thermotreatment_Section:1.
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Switch to Arguments tab, select (by left clicking) the first argument and left click on [image: image233.bmp] icon to create channels in the group and automatically link their attributes to screen template arguments:
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and
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Create channel in Storage_Section and Dosage_Section groups the same way. But before this set default values of Main_Layer and Trend_Layer arguments (Storage_Section) as 0 and 1 correspondingly. Upon autobuilding procedure completion we will get:
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For Dosage_Section:
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To create channels in the node of PC-based controller and specifying information flow you need to setup workstation archive and Alarm Report. 

Data Logging and Alarming

To put real channel values to SIAD/SQL 6 database keeping Alarm Report records on such events as exceeding preset set points and limits you have to preset some common parameters for a project node and then set (individually or using a group method) for channels corresponding SIAD and/or Alarm Report attributes. 

Right click on RTM_1 and select Edit option. The window will be displayed in which you can specify data exchange settings.
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Switch to Archives tab and set technological parameters archiving into Type1 archive.
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Set the following parameters in the tab Alarm Report/Dump/Parameters:
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In Main tab set workstation IP-address and directions of data exchange via network.

You may not specify IP-address in the tab because at Profiler of RTM identifies this parameter at start and uses it during network data exchange.
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Close RTM_1 editing window. To view channels, combined in groups, in Profiler, open Properties window of Thermothreatment_Section group and set the flag Load Group in Flags tab. Do the same thing for other groups.
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To put channels of Thermothreatment_Section group the archive and Alarm Report open editing window for the group.
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In the window that will be displayed right click in the line of channel attributes to open setup menu for attribute displaying. In the right window generate list of attributes, displayed in the table.
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Select the group of channels with the left mouse button (holding it) and holding Ctrl key double left click on selected channels in SIAD column and set the value 1.
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As a result real values of selected channels will be written to Type1 archive. Attributes for Thermothreatment_Section group will be set as follows:
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For Storage_Section:
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For Dosage_Section:
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Now let’s set limits and define procedure of conversion to physical quantities for analogue parameters. Here you should mind that all data come from 12 bit AD converters, i.e. in codes falling within the range of 0-4095. There is an example below for Heat_Carrier_Consumption parameter in Thermotreatment_Section group:
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You have to set initial values for channels, generating tasks for PC-based controller. For Temperature_Setting parameter it may look as follows:
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For other parameters let’s set the following values: Кp=1, Кd=0.1, Кdd=0.01, Dead_Zone=0.5 and Voulume_Setting-50. 

Now let’s set Alarm Report messages for analogue parameters of the channel group Storage_Section. To do this create Message Dictionaries group in RTM_1 node
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Create in this group a new component – Message Dictionary for a FLOAT Channel.
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Double left click on the component to edit it and create Alarm Report messages.
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To connect the dictionary to FLOAT channels of Storage_Section group you may perform one of the following actions: open consequently channels for editing (by left clicking) and specify Alarm Report index in Archiving tab; or use the group editor:
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We will also create message dictionaries for Alarm Report for Storage_Section group channels receiving digital signals from PLC, but now we will use a basis the dictionary, created for HEX16 channels. We will specify in it the message for zero bit:
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For Ventilation:
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For Fire Alarm:
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Connect created dictionaries to channel the same way as described above. Save the project ( [image: image258.bmp]). 

Connecting PLC to Workstation

COM-port Configuring

Since PLC, serving the storage section, is connected to the workstation via serial interface, you have to create and setup a serial port for the workstation. Create a new group – COM-ports – for RTM_1 node and open it to edit.
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Set required parameters of the serial port.
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Creating Sources/Receivers for Data Exchange via ModBus RTU Protocol

Since PLC supports data exchange via Modbus RTU protocol you should create a group of source components, MODBUS_1, in Source/Receiver layer to manage PLC data queries. 
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Create components in the group:
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Edit source components minding PLC address and location of parameters in its address space.
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And the last analogue parameter – Humidity:
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Linking Sources/Receivers to Channels

As soon as source components are created you have to specify their links to channel attributes, usually to Input Value attribute. Set links between and created channels for analogue parameters of the group Storage_Section as follows. Duplicate Project Explorer window and select Storage_Section group in RTM_1 node in one window, and MODBUS_1 group in the second one. Select by left clicking Rin Word(4)#2 component and holding left mouse button drug the source component onto Level channel.
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Check source component links to channels in both windows. Link source components to the channels Temperature, Pressure and Humidity the same way. To receive digital signals you have to create the HEX16 channal FROM_PORT in the group Storage_Section and to link it to the source component Rin Byte(2)#1. Since you have already created Unpacking#3 program to unpack bits, related to digital sensors, open Program Templates layer in the lower Project Explorer window and drug Unpacking#3 template to Storage_Section group. 
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To link program arguments to attributes of Storage_Section group channels open Properties window of Unpacking#3 CALL channel and left double click in the field Link to specify attributes of required channels or apply drag-and-drop method – subsequently drug channels to corresponding lines of Arguments tab.
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If in Preferences in Arguments Editor tab the flag Rename argument when link is set, then argument names will be replaces by names of channels being linked with adding underscore and mnemonic name of the channel attribute.

Thus, equipment status digital signals, received from PLC, will be assigned to corresponding workstation channels by means of the developed program. Save the project ([image: image268.bmp]).

Creating Channel Base of PC-based Controller

Sequence of actions to create controller channel base will be mainly the same as for RTM node (this case is described above). Open in Project Explorer the node of PC-based controller serving Thermotreatment and Dosage sections. Create in MicroRTM_2 node the channel the groups Thermotreatment_Section and Dosage_Section.

[image: image269.png]X o RE o RE @A E

@ Resources

@ Program_Templates
[ Screen_Templates
B Report_Templates
@ DB_Link_Templates

5 % System

ad RTM1

(48 MicroRTM_2

. Sources/Receivers

113 Technolagy

i Topolagy

@ Equipment

€ Companent Libreries

S Themnotreatment Section

S Dosage Section

System MicroRTM_2





Open additional Project Explorer window and open in it Program Templates layer. Drug Control#1 program template to the group Thermotreatment_Section of MicroRTM_2 node. This will result in creating Control#1 program call in the controller node. Select Arguments tab of Control#1 Call channel to create corresponding channels in Thermotreatment_Section group and link their attributes to program arguments. Left click on [image: image270.bmp] to get the following result.
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Drug Filling#2 program template to Dosage_Section Group (Filling#2 program provides product dosage according to a task form workstation). Repeat the the same procedures as in the previous case. This will result in the following filling of Dosage_Section group:
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Links of arguments to attributes of created channels will look as follows:
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To pack digital output signals into a byte create TO_PORT HEX16 channel of OUTPUT type and drug it to the group Control#4 program template.
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Link manually program arguments to channel attributes in Arguments tab of Properties window of Control#4 Call channel.
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Making Templates of PC-based Controller Channels

Open Sources/Receivers layer and define PC-based controller hardware as an input/output card of А-8111 type. Create the sources/receivers/ component group with the name IO_Cards_2.
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And  А-8111#1 subgroup in it.
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Open for editing the newly created group of source-receiver components of the card A-8111 and keep three input analogue signals and one output digital port.
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By default digital input ports are created for А-8111 card, that is why you have to open this component for editing, to redefine its  State and Direction, parameters and to change Name  parameter. Change component’s pictogram in its Properties window.
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Linking Sources/Receivers to Channels

Link А-8111 card components to channels of MicroRTM_2 node. Link the source PCL_channel#1 to Input_Parameter channel; link PCL_channel#2 to Heat_Carrier_Consumption FLOAT channel, newly created in Thermotreatment_Section Group; link PCL_channel#3 to Product_Discharge channel in Dosage_Section group; link DO_port#12 to TO_PORT channel.
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In the layer Sources/Receivers create the component group Diagnostics_&_Service_3, Diagnostics_1 subgroup in it and @Calc_Loop_1 component in it. The component will control node channel base processing time (in milliseconds). Link the component to the Time channel (Dosage_Section Group of MicroRTM_2 node). You should mind that to provide more precise calculation of supplied product it is necessary to link Period Between Calls attribute of Filling#2 CALL channel to Time argument of the same channel.

Setup of Channels, Setting Control Initial Conditions

Set initial values for channels related to equipment control in the field At Start and set the flag Assign at Start in the main editing tab.
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Thus, assign 1.000 to Kp channel, , 0.1 to Kd channel, 0.01 to Kdd channel, 0.5 to Dead_Zone, 50 to Volume_Setting, 0 to Resolution.

Network Exchange Parameters and Node Dynamic Characteristics Setup

Before starting configuration of links between channels of workstation and PC-based controller open MicroRTM_2 node for editing and set network exchange direction, IP-address and channel base processing period (Recalculation period).
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Networking

Since data exchange between project nodes is proposed, it is necessary to specify in each specific case a data source and a data receiver and finally configure information data flows.

Open two window of Project Explorer; the top one will display the workstation node RTM_1, and the bottom one will display MicroRTM_2 node.

Edit links manually by imposing the source on the receiver by means of drag-and-drop method. For instance, Heat_Carrier_Consumption channel of RTM_1 node, linked to the channel  Heat_Carrier_Discharge of MicroRTM_1 node, which, in its turn receives data from flow gauge, installed at Dosage section, looks as follows in Info tab of its properties window:
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In this very case Auto parameter specifies that channels, located in different nodes communicate via local network. Upon setting all links between node channels channel groups of Workstation nodes and controller will look as follows:
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and
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Network Exchange Setup

Since two node only are defined in the project being developed and the scope of data they exchange via network is not large it is quite reasonably to apply ‘point-to point’ method for configuration of information flows. However to optimize network traffic  let’s set Autosending flag for source channels in the nodes.  At that, data sending from source to receiver will take place only at changing source channel real value. By fitting values of Aperture attribute for source channels you may also adjust ‘sensibility’ – to filerr small fluctuations of real value, caused, for example, by measurement route noise. 

Open Thermotreatment_Section group in MicroRTM_2 node and set To Network flag for selected channels:
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For Dosage_Section group:
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Perform the same actions for Thermotreatment_Section group (RTM_1 node):
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and Dosage_Section:
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Channel Base Editing

RESET channel, created by autobuilding method by Filling#2 program template, will not be used in the controller node and may be erased, but before doing this let’s edit the Call channel Filling#2 in MicroRTM_2 node by the following way:
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Let’s also edit the Call channel Dosage_Section (RTM_1 node) by the following way:
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This, in particular, illustrates an example of using attributes of remote node channels as arguments of template, which is called from a node. At the same time in order to avoid creating a channel by template argument,  Flags field is provided in the Arguments editor, where NP flag may be set for argument for such case.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Select used channels and delete them by means of Del key or [image: image292.bmp] icon on the main toolbar.

Time Output to HMI

There are several ways of time output to graphic screens. The most simple of them is in setting Parameter attribute for CALL channels, which are setup to call graphic screens.
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If Parameter attribute equals to 6 the following text will be output in the window heading:

[image: image294.png]



Another way is in creating @t_Seconds, @t_Minutes and @t_Hours system variables in the component subgroup System of Diagnostics&Service group in Sources/Receivers layer and linking them to screen template arguments, which display system time (hours, minute, seconds) in three Text graphic elements, located on the screen.

Event Fixing

To fix events by changing state of digital signals of Storage section (open/close storage door, status of ventilation and fire alarm systems) and to display and acknowledge them create three Event channels in the group Storage_Section (Workstation node). Rename them, open an additional Project Explorer window on the same group and link the newly created channels to corresponding HEX16 Channels: Door, Ventilation, Fire Alarm.
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Open for editing Event_Door channel and set Alarm Stack Size attribute to 20. Repeat the same actions for two other channels.
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Since we have already created the graphic element Events ([image: image297.bmp] ) on Storage_Section screen template, link attributes of newly created Event channels to arguments of Storage_Section Call channel::
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Set default values for Main_Layer and Trend_Layer arguments (0 and 1 correspondingly) in order that the layer, containing Trend GE ([image: image299.bmp]) would not be displayed at opening either of these layers. Save the project by clicking on [image: image300.bmp] icon.

Connection to MS Access

According to specifications provided above it is required to record Storage Section data, received from PLC, to relational database table. MS Access data base, Storage.mdb, is designed to store technological parameters, received in real time from the workstation. The structure of Storage1 table, which belongs to Storage.mdb, looks as follows:
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It is necessary to set point as a separator of number integer and fractional parts. You may do it in MS Windows Control Panel – Regional and Language Options – Regional Options tab.

Let’s start creating Database query and building it into the project. Open DB-Link Templates layer in Project Explorer and create a new component – Database #1.
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Open template Properties window and set arguments:
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Close Properties window and double click on the template to open template Editor. Before writing data on Storage Section into the file С:\Storage.mdb on the Storage Section, log the file as data Source/receiver. Left clicking on ODBC Administrator button will result in displaying corresponding dialogue for user DSN creation:
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Using Add button create a new data source/receiver - STORE.
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Then adjust it as follows:
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Click ОК. Thus, a new DSN – STORE –  will appear.

[image: image307.png]ODBC Data Source Administrator
User DSN | System DSN | File DSN | Drivers | Tracing | Cannection Pasling | About |

User Data Sources:

Name Driver
dBASE Files Microsoft dBase Driver (lbf)
ExcelFiles Microsoft Excel Driver (*xis)

MaIS SOL Server

MS Access Database  Microsoft Access Driver (*mdb)
MyTab Driver do Microsoft Access (*mdb)
Project Driver do Microsoft Access (*mdb)
STORE Microsoft Access Driver (*mdb)
Visio Database Samples Microsoft Access Driver (*MDE)

]  AnODEC User daia source stores informafion abouthaw o connect o te
indicated date provider. A User data source is only visible to you, and can
anly be used on the current machine





Click OK and proceed working in the editor of the template Data_Base#1. Specify created DSN in DSN/Connection String (in our case it is STORE) and check (using Test button) correctness of DB connection to the file in Status Log window: 
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Using Schema button view structure of connected DB:
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Then, using SQL Statement Wizard or directly in Query tab create the query (using SQL language), which puts channel attributes, linked to template arguments, into the table Storage1 of the file Storage.mdb with creating new records:
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To use SQL Statement Wizard left click on Wizard button and select INSERT:
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click Next;

select Storage1 table;
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Click Next to proceed to the next step.

Link consequently corresponding template arguments to database fields. Upon selecting (by left clicking) DB field from the list and clicking Link button the argument, being linked, is specified in the pop-up window Column value:
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At that query will be generated in the bottom window of SQL Statement Wizard:
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To complete query generation click Finish button.

You may check the query from Query tab. Debugging is done by setting default argument values in corresponding column of the table arguments editor. To start a query in IDE click [image: image315.bmp] icon. Beforehand you have to set default argument values in the corresponding column of the table argument editor. Query running is displayed in the window Execution Log:
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Open additional window of Project Explorer and select in it Storage_Section group. Select (by left clicking) Databse#1 template and drug it to Storage_Section group.  The Call channel Database#1 will be created in Storage_Section group. Double left click on the channel to edit it:
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To link arguments of the created query to channel attributes click on [image: image318.bmp] icon to open table arguments editor and perform linking by the following way:
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To generate time stamp we will use the attribute Change Time of Meander#1, channel, created in the group Storage_Section by autobuilding basing on corresponding generator component in the layer Sources/Receivers:
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where
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Drug created component to Storage_Section group. Since real value of Meander#1 channel is changed at each cycle of channel base processing, time stamp by the current time will be saved at writing to DB file.

To provide Storage section data recording to Storage.mdb DB file at running Workstation RTM a number of executed query (in our case it is 1) should be sent to Call channel input value. It may be implemented using a program or Button GE. So, let’s create a new program, Write_To_DB in Program Template layer:
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Compile the program and drug it to Storage_Section group of RTM_1 node. Open Write_To DB Call channel for editing and set in its Main tab the attribute Period as 5 cycles.
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Click on [image: image324.bmp] tab to switch to channel arguments and set the following links:
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Changing channel processing period you may regulate rate of recording Storage Section parameters to the file of MS Access DB. Save the project by clicking on [image: image326.bmp] icon.

Local Archive Data Processing

Since all data on values of technological parameters are recorded to SIAD/SQL 6 database, for getting, for example,  statistical characteristics of such parameter as Operational_Temperature in a Thermotreatment Section device we may use TRACE MODE procedure of processing data, which are accumulated on the local archive. Create in Thermotreatment_Section group of RTM_1 node a Call channel and double left click on it to open its editor. Change its attributes – Name, Type and Call Type:
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Specified LocalStatistic call type is designed for statistical processing of local archive data by a channel. Since thermotreatment process takes several hours, Fetch Depth has default value to estimate temperature changes in the device during the current hour. Set OUTPUT type for T_Statistic channel. Click on [image: image328.bmp] icon to switch to table arguments editor. Create 12 arguments, rename two last ones and link ARG_000 argument to Operational_Temperature channel. 
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Mean square deviation will be written to STD_Error argument, and mean value for the channel, specified in ARG_000 argument will be written to MEAN. 

To display mean value and mean square deviation on the graphic screen open in Screen Templates layer Thermptreatment_Section template and place on it three Text graphic elements ([image: image330.bmp]) and one Button graphic element ([image: image331.bmp]) to start processing T_Statistic channel.
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Disable frames and filling for the Text GE. Create three new screen template arguments and link them to the GE:

[image: image333.png]Name 10Type | DataType Def. Value
Heal_Carier_Consumpionglall
Opsraion_Temperatue  plall
Temperatue_Seting  gla0UT
STD_En elall
Mean elall
STATISTICS LhiNAOUT





For the Button GE set direct sending of 1 at left clicking on it:
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Open Properties window of Thermotreatment_Section Call channel of RTM_1 node and link newly created arguments:
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Arguments of STD_Err and Mean screen templates will be linked to corresponding arguments of T_Statistic Call channels, while STATISTICS screen template argument will be linked to Input Value argument of the same channel. Thus, upon left clinking on Button GE at real time operation statistical processing of Operational_Tempreture channel real values accumulated in local archive during the current hour will be performed and its mean value and mean square deviation values will be displayed on the graphic screen.

Click on [image: image336.bmp] icon to save the project.

Providing Security

To prohibit unauthorized access to the control system being developed it is necessary to define control system users and assign their access rights, as well as to assign logins and passwords. With this purpose create in RTM node new group, TM_Users.
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Open the group and create two new components – TM_User. Open subsequently each of them for editing to change name and to set login and password. The goal is to provide maximum rights for admin user (developer) including rights to make changes, and to provide restricted rights (just to work with the system) for oper user. For admin user the editor will look as follows:
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For oper user:
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Save the project on HDD with the name QS_Lesson_2.prj (using [image: image340.bmp] icon), and then left click on [image: image341.bmp] icon to create files to load them on target platforms for project debugging.

Simulators

The examples, considered in the first chapters were based on particular equipment, but not all users have one in their disposal. To check operability of the developed project let’s apply simulation to both technological object of Thermotreatment Section and signals sent from Storage Section’s PLC and Dosage Section’s flow gauge.

Preparatory Operations

First let’s perform some preparatory operations. Load QS_Lesson_2.prj project, open Sources/Receivers layer and delete MODBUS_1 and IO_Cards_2 groups using Del key. Thus, we delete links for channels, interacting with input/output hardware. In Storage_Section group of RTM_1 node select Unpacking#3 Call channel and open its Properties window. Select Arguments tab and delete argument links to channel attribute by the following way:
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In practice such thoroughgoing approach is probably not used, especially in cases, when by some reasons there are no hardware facilities, implementing input/output channels, needed to perform project (one of its nodes) debugging. In such situation you may replace such hardware facilities by a source generator or another equipment. In such situation the most efficient solution is to apply double link of sources with setting Data Sources Trace Depth in general IDE settings  before performing Saving For RTM procedure:
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To replace, for instance, PCL_channel#1 source – ADC input on А-8111 input/output card by sinus generator it is enough to create Sinus#1 source in Generators group in Sources/Receivers layer and using drag-and-drop method link it to PCL_channel#1 source (which already exists). By setting Data Sources Trace Depth in general IDE settings  as 2 we thereby implement source replacement. However you should mind that it is possible to change Data Source Trace Depth during real time operation.

Development of Simulator Programs and Building Them into Project

Now let’s start creating object simulator at Thermotreatment Section. Let develop Thermotreatment_Simulator program in Program Templates layer and set its arguments:
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PLUS and MINUS input arguments are signals from PDD-loop with PWM, while CONSUMPTION and TEMPERATURE OUTPUT arguments are heat carrier consumption and temperature in device correspondingly. Let’s build mathematical model of the device, basing on presumption that its functioning is described by inertial first-degree element with delay. Basing on specifications, heat carrier consumption will act as input action, while temperature in device will act as output action. Let’s set the following object parameters: transfer (gain) coefficient is 2.5, time constant is (in processing cycles), delay is 3 (in processing cycles). We will also impose on its output harmonic and random noise. We will use Techno FBD as a programming language.
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The functional blocks TRACT are used to smooth and limit output parameters, being generated, while the functional multiplication blocks X*Y 8 and 9 are used to bring values to output range of a 12 bit ADC. Compile created program. Open additional Project Explorer  window on Thermotreatment_Section group of MicroRTM_2 node and drug program template into it. Link channel attributes to arguments for created Thermotreatment_Simulator channel.
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To simulate product consumption create template of Product_Discharge_Simulator program and use Techno FBD programming language. Program arguments should be defined as follows:
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Discharge random component will be generated using central limit theorem from combination of four random number generators in the range (0,1) with even distribution. Set consumption rating as 50 and apply a functional switching block with dynamic balancing, SSWT, for smooth changes at the moment of dosaging pump turn on/off. Don’t forget to bring program output value to the range of 12 bit ADC, using X*Y block. 
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Compile the program. Select Dosage_Section (MicroRTM_2 node) in additional Project Explorer window and drug the program template to it. Link channel attributes to arguments for created Product_Discharge_Simulator Call channel.
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Since both analogue and digital data are received from S7-200 PLC, we have to create two corresponding program to simulate the data on the workstation. At that we will  create separate programs for each type of parameters, and set parameter values and their stochastic variations by varying arguments which are set as constants in Default Value field of the table arguments editor. 

Create a new program, YX_Analogue_Simulator in Program Templates layer. Set its arguments:
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Develop the program on Techno FBD.
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We will scale ‘random’ component in (-1,1) range, which changes by sinusoidal law, by setting Fluctuation argument and adding to Basis parameter, which defines steady value. Compile the program by pressing F7 functional key.

To link the developed program select Storage_Section group in RTM_1 node. Select Level channel and open its Properties window. In Info tab define the channel as Call channel by specifying in the dialogue Simulator_YX_Analogue program template.
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Switch to Arguments tab, link program arguments to channel attribute and set constants in the column Default Values.
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Perform the same actions for Temperature, Pressure and Humidity channels and set Fluctuation and Basis parameters as (0.25,24), (0.025,0.98) и (0.2,70) correspondingly.

To simulate digital signals create Simulator_YX_Digital program template with the following arguments:
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The program developed on Techno FBD will look as follows:
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This FBD-program will periodically generate discrete sensor ‘pickup’. A number of ticks, coming from G01 generator till  Signal  sensor ‘pickup’ (TP trigger settings) are set with Cycle_Counter input argument. As soon as this number is reached Signal is kept in 1 status during 20 following 20 processing cycles, then it will be reset to 0, then the process will recur. Upon program compilation select Door channel in Storage_Section group (RTM_1 node) and set its class as Call in Info tab:

[image: image356.png]Info. | Flags | Arguments | Attibutes

Name:  [Doar

Node: [SystemRTM_T

Codng  [TC2 Type: [HEXT6_Charne Reference Courter: |2
Comment:

Link

Cali [Proffer_Discrete_SS{Program_Templates)

e ‘6 o





In Arguments tab link program argument to Real Value attribute of the current channel and set default sensor ‘pickup’ period:
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Perform the same actions for Fire_Alarm channel, but set its pickup period as 1000. As for Ventilation channel, we will set for it the constant corresponding to turn on status of ventilation system:
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Thus, the control system project developed in previous chapters is available for running and debugging, at that all external components are replaced by simulators.

Save the project on HDD with DEMO_PRJ.prj name, and click on [image: image359.bmp] icon to create files for loading on target platforms for project debugging.

Project Files

As a result of performed actions in the folder where TRACE MODE 6 is installed (in our case it is C:\Program Files\AdAstra Research Group\Trace Mode IDE 6 Base\DEMO_PRJ) the directory will be created with the same name as the project file (without extension):
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The directory, in its turn, contains subdirectories with the names of project nodes, which contain files required to start corresponding RTMs. A node folder has the name <name>_<ordinal + 1>, where name is the name set for a node during its configuration in System layer, starting from 0. MicroRTM_2 subdirectory has the following contents:
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RTM_1:
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During export of project nodes the system creates the following files:

· <filename prj>_<ordinal>.cnv – text file, containing control information;

· < filename prj>_<ordinal>.dbb – node binary file (loaded by RTM);

· < filename prj>_<ordinal>.dbx – node binary file (used for project node conversion to RTM node);

· < filename prj>_<ordinal>.rtp – optional node text file (loaded by RTM);

· addr.ind – description of node parameters (the file is created in each node folder);

· <program name>.tmsd – the program called by node channels (script to debug in IDE);

· <ordinal + 1>_<order number in node >.res – files containing executable code for RTM, file numeration starts form 0;

· t_factory.txt – debugging information on User channels and T-FACTORY channels.

Debugging

You may debug a multimode project without using input/output equipment by the following way:

· consequently drug project nodes to Technology layer;

· create a new node on System layer, for example, RTM_Common;

· drug Technology layer to newly created node in System layer;

· execute for this node Save for RTM command from context menu;

· start RTM_Common node for execution, to vie channel attributes use built-in facilities of debuggers supporting/not supporting graphic screens;

· upon debugging completion and making necessary changes in ‘real’ project nodes RTM_Common node may be erased.

In our case the following facilities are required to run the project in demo mode: two networked computers running under MS Windows XP with installed and properly setup TCP/IP. 

Network Protocol Setup

[image: image363.png]L LAN Properties

General | Advanced.

Connest using

B8 DLk DFE 5907 PO Fost Etemet | [ Congue.

This connection uses the follwing fems:

12} Hckioe Frewal Nt Fite
12} e s e Shain o Microsct Hetwarks

=005 Packet Scheduier
I

3

[ | T Popatis

Desciption

Allows your computer o access resources on a Microsoit
netviork.

howican n noifiation area when comnected

ity me when tis connestio has limted or o connectiviy

oo )




When setting TCP/IP it is required to set real IP-addresses of networked computers, for example,  IP-address is 192.168.2.122 for computer designed to start RTM_1 node, and IP-address is  192.168.2.123 for MicroRTM_2 – 192.168.2.123 node:
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Preparing Project Folder for Debugging

To provide access to files, created for project nodes, from other computers we recommend to share the folder containing TRACE MODE 6 development system with network users:
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and authorize access to it for network users in Authorization tab, shown above. This will allow to start debuggers on remote computers without installing TRACE MODE 6 on them – rtc.exe (supporting graphic screens) and rtmg32.exe (not supporting graphic screens) – for example, for MicroRTM_1 node).

Debugging

On computer with installed TRACE MODE 6 system start profiler supporting graphic screens by left clicking [image: image366.bmp] icon on Widows desktop or using Windows in the current directory – C:\TM6. Select File option in the window that will be displayed, then – Open option and specify DEMO_PRJ_0.dbb file from \RTM_1 subdirectory to load Workstation node. Upon load completion the following dialogue will be displayed:
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set in the dialogue Login and Password of project users – admin or oper.  To start the node press Ctrl+R or click on [image: image368.bmp] icon on the toolbar. You may also start the node from Integrated Development Environment by selecting RTM_1 node in System layer and clicking on [image: image369.bmp] icon on the toolbar. 

To start PC-based controller node on remote computer using Windows explorer open \\Computer_name_with_installed_IDE\TM6 folder and start  rtmg32.exe file, having set in Open menu DEMO_PRJ_1.dbb file from \MicroRTM_2 subdirectory. To start execution left click on the icon [image: image370.bmp]. 

If network settings have been done properly, the graphic screen of Workstation node, displaying Thermotreatment Section will be ‘animated’. Upon changing regulator tasks and settings we will watch in the trend object model reaction:
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By switching screens you may ‘monitor’ Storage Section, supply product,  
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fix events that ‘took place’, etc. 
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Data, being recorded to Alarm Report of Workstation node (alarms.txt file) , are available for viewing using, for example the Notepad:
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Storage section data being recorded to the Database, may be also viewed in ‘real time’:
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Click on [image: image376.bmp] icon to complete node operation.

 [image: image377.bmp] icon on the toolbar provides information required to choose RTM ‘power’ (by a number of channels).  Clicking on the icon results in opening the window displaying both a total number of project components and their distribution over nodes:
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Conclusion

The above given material shows only some possible approaches to control system development using TRACE MODE 6 and is designed to introduce you a new product. We hope that you found proposed development and implementation methods effective. We also hope that the nearest future TRACE MODE 6 will become your favorite tool - providing you with the best control solutions.
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