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1.1 ORGANISATION PROFILE

BHEL -An Overview

BHEL is the largest engineering and manufacturing
énterprise in India in thé energy related/infrastructure sector today.
BHEL was %J;stablished more than 40 years ago when its first plant
was set up in Bhopal ushering in the indigenous Heavy Electrical
Equipment Industry in India, a dream which has been earning profits
continuously since 1971-72 and achieved a sales turnover of Rs.6347

crore with a pre-tax profit of Rs.294 crore in 2000-2001.

Power Geher‘m‘ion

Power Gen%ration Sector comprises thermal, gas, hydro and nuclear
power plant business. The company manufactures 235 MW nuclear
turbine-gen%rator sets, and has commenced production of 500 MW
nuclear tur%ine generator sets. Custom-made hydro sets of Francis;

Pelton and kaplan types for different head-discharge combinations

are also enbineered and manufactured by BHEL.



Power Transmission & distribution (T&D)

BHEL offers wide-ranging products and systems for T&D
applications. jTrhe products, which are manufactured, include: Power
transformers,] instrument transformers, dry type transformers, series

and shunt—rez#ctors, capacitor banks.

Industries

BHEL is a major contributor of equipment and systems to industries

like cement, sugar, fertilizer, refineries, Petrochemicals, paper, oil and
gas, metalluréical and other process industries. The range of systems
& equipment #upplied includes: captive power plants, co-generation
plants, DG poMer plants, industrial steam turbines, industrial boiler
and auxiliarie%, waste heat recovery boilers, gas turbines, heat ”
exchanges anld pressure vessels, centrifugal compressors, electrical
machines, pumps, valves, seamless steel tubes, electrostatic

precipitators, fabric filters, reactors, fluidized bed combustion,

chemical recovery boilers and process controls.




Transportation

BHEL is involved in the development design, engineering, marketing,
productibn installation, and maintenance and after-sales service of
rolling sﬂock and traction propulsion systems. In the area of rolling
stock, BHEL manufactures electric locomotives up to 5000 HP,
dlesel-elﬁctnc locomotives from 350 HP to 3100 HP, both for mainline
and shuﬁtmg duty applications. BHEL is also producing rolling stock
for specn%l applications vice., overhead equipment cars, Special well
wagons, Fall cum road vehlcle etc. Beside traction propulsion system
for in- hoqse use, BHEL manufactures traction propulsion systems for
other rolhpg stock producers of electric locomotives, diesel — electric

Iocomotiv%\s, electrical multiple units and metro cars.

Environm%nml Policy

. CompliLance with applicable Environmental Legislation/Regulation'

¢ Continual improvement in Environment Management Systems to
protect FJUF natural environment and controf poliution;

* Promotl\on of activities for conservation of resources by

Env:ron%ental Management



1.2 SYNOPSYS

The project #itled “ESP-I0S (EIectroStatic Precipitator-Integrated

Operating $ystem) is a Windows based system mainly being

Designed fo} controlling and centrally monitor status of

the devices BAPCON and RAPCON through a PC.

The ESP sy#tem operates with real time data

displaying t1 e current status of the BAPCONs and RAPCONs
With respect to the input values. Electrostatic Precipitator
Integrated (iperating System (ESP-I0OS) is a PC based
Managemer{t system deyeloped for ESP applications and is one
Of the most sophisticated system. Controlling an ESP with 10S
Ensures an Fﬁ’ective control of the entire process in the ESP.
Remote conkrol of entire ESP operation can be aéhieved from a

Single poin#. The set point of the various BAPCONs, RAPCONSs

Can be cha+ged from 10S. The status of the ESP and print out of

The same can be obtained in the 10S PC.



< Maximum dust collection, by optimizing charge ratio.
< Minimum power consumption with allowed emission, by

Increasin}g charge ratio and reducing current.

<+ Automate ESP startup and shutdown procedure at
Minimum time and cost.
The IOS is %daptable to the varying requirements of the
Different obiectives like above. Incorporates specialized sub

Controllers, which are independent and can control and

Supervise tﬂeir part following their local parameters. The
Comprehen#ive control of the precipitator can be set in the 10S.

On line help is available in the 10S with easy access.

Entire soMare system of the I0S (integrated Operating System)
is programnﬁed for running in Microsoft Windows NT 4.0 or later
operating s#stem. The communication between [0S and sub

controllers, BAPCON and RAPCON is made through two serial

communica#ion RS 232C ports in this port1 of the serial
communica#ion is used for communication with DATA LOGGER
\

PC which is an optional choice.



1.3 PROBLEM DEFINITION

In order to succeed and to meet the expectations of

management, every application-development project should begin

with an analﬁ/sis of the requirements and a clear list of goals.

A system is an orderly grouping of interdependent
components linked together according to a plan to achieve a specific
objective. Analysis may be defined as the process of dividing into
parts, identifying each part and establishing relationship with in the
parts. It is the process of studying a problem to find the best solution
to that problem. The problem that exists in the system is least and the

requirements are defined and the solution is evaluated.

Tﬁis project "Electro Static Precipitator Integrated Operating
System” sh{buld be for setting the parameters of the sub controliers

|
BAPCON abd RAPCON and also to display the status of the sub

which is updated as per the timer setting for each of the

controllers,

sub controllers. There should be good security measures for the



Project. There should be two levels of password settings one for the

user level and other for the official levei.

Project Function definition
e Should be capable of using the Microprocessor
technology component hardware and software.

ﬁunctions for precipitator operation.

bility to tailor the electrical operation and rectify the
ctual real-time precipitator operation condition.

ﬁast response

#eparate control Strategy







2.SYSTEM ANALYSTS

2.1 EXISTING SYSTEM

The existing system is manual. Problem is time
consuming as well as less security. All the information is maintained
manuall* Manual operation takes more time. The Existing system is
a DOS t?ased system and is not user friendly. It did not have proper
security %ystem. It did not have proper display system with this the

existing #ystem did not have the following features too

e It should be Capable of using the Microprocessor
technology component hardware and software.

e Functions for precipitator operation.

* Ability to tailor the electrical operation and rectify the
actual real-time precipitator operation condition.

* Fastresponse

* Separate control Strategy



2.2 Proposed system

The proposed system is a computerized one. Response
time of the hew system is very quick compared to the old system.
Management information report on ESP made online. This program
centrally monitors the status of ESP BAPCON and RAPCON
controller on|demand for the user in real time. Some of its improved

features are,

I#s 232C Serial Communication.
QSer Friendly GUI features.

qompatible with various printers.

Qn line help features.
Lpss storage space.

I%eliable and flexible.
Since it is developed in a object oriented programming

language it i# reusable and extendable.



- Security envisaged in the system will ensure that only the
authorizéd people do usage of the system. It does have 3 quick
response to the input. A good alarm system is enforced to tell if any
failure of} the working system in the sight. (For e.g. failure of rapper
motors). if the system is repaired it also can be reset for further use.
Entire sohware system of the 10S (Integrated Operatmg System) is
programnhed for running in Microsoft Windows NT 4.0 or later
Operatmq System. The communication between 10S and sub
controllere% BAPCON and RAPCON is made through two serial
commum#atlon RS 232C ports in this port1 of the serial
communu&atlon is used for communication with DATA LOGGER PC
which is alb optional choice.

‘ GM of the power station can monitor the situation

easily wnth#out moving anywhere. Different 10S status can be viewed.

The new system has the following facilities.

« It is capable of using the Microprocessor technology
component hardware and software.

¢ Functions for precipitator operation.

o Ability to tailor the electrical operation and rectify the
actual real-time precipitator operation condition.

| Fast response and Separate control Strategy






3. DEVELOPMENT ENVIRONMENT

3.1 SOFTWARE REQUIREMENTS

e Microsoft Visual C++ 6.0.
¢ Windows NT 4.0 or Above.
e ISA Card Port Reading and NT Port /O Device Driver

installation.

¢ Graphics server 5.0 for Windows for graphing.
‘ Help Compiler Such as

1 ROBO win help compiler.

2 HTML Help Workshops.



3.2 SOFTWARE SPECTIFICATION

MICROSOFT VISUAL C++

Microsoft Visual C++ consist of two parts
1. Software development Kit (SDK).

2. Microsoft Foundation classes (MFC).

1.Software Development
It is a part of Visual C++, which helps in developing
programming any sort of windows based programming

can be done using SDK such as

* Windows
Buttons
Dialogs

List Boxes, combo boxes etc

- & —@— -

Controls, bitmaps, cursors, string menus, accelerators.

e

#uch things could be created using the Software
ﬂevelopment Kit (SDK); with this functions for these

c}'eated items could also be written in SDK.



. Microsoft Foundation Class
story and Evalution

e Microsoft Foundation Class Libraries a robust C++ application framework designed
writing applications in C++ for the Microsoft Windows operating system. Is the latest
the growing and evolving library. MFC was released in April 1992 with Microsoft

o++ 7. The 32-bit was released later that year as part of the Win32® Prerelease
velopment Kit program. The features of MFC fell mainly into two categories: general-
'pose classes for the nongraphical portion of an application and Windows-related
sses for the graphical user-interface (GUI) features of an application.

neral-purpose classes were the following:

¢ Run-time type information

* Object persi#tence
e Collection cl%\sses
. Stringé ‘
. Fies
. Timé and daﬁe

e Exception ha*ndling

e Exception h ‘ndling

ndows-related classes were the following:

» Application startup and other application services
e  Window management

e Graphics device interface (GDI)

. Multiple—doc+ment interface (MDI)

e Menus ;
¢ Dialog boxes

¢ Windows controls

e Windows common dialogs

e OLE



hitectural classes were the following:
¢ Commands

e Documents and views
« Printing and print preview
« Dialog data exchange and validation (DDX/DDV)

« Context-sensitive help
h-level abstractions were the following:
e Formview

e Edit view
e Scrolling vie{/v
« Splitter window

o Toolbars anﬁ status bar

o Dialog' bar and other control bars

e VBX contr#ls (16-bit only)

|
tabase classes ;t/ere the following:

e Database engine classes

« Record ﬁelq‘ exchange (RFX)

e Record vie |
_E classes were the following:
o Visual editing servers

e Visual edith{\g containers

e Dragand d*op

e Structured {:storag'e

e OLE Auton{ation servers
e OLE Autorﬂation clients

ew user-interface classes were the following:



e Enhanced toolbars
¢ Mainframe windows

New support for Win32 consisted of the following:
¢ New Win32 APls

e Tabbed x’Tialogs (property pages)
o Multithreading
» Unicode™ support

New language syntax support included the following features:
e C++templates

e Shared I%%-bit dynamic-link libraries (DLLs)
o C++ exc%ptions

e Windows 95 common controls

¢ Simple MAPI

o Windows Sockets

* Swap-tuned DLL s

e Containment of OLE controls

e Data Access Objects (DAO)

o Simplified Windows 95 common controls

¢ Windows 95 common dialogs

- o Thread synchronization objects

Features
Portabilit

Portability has been designed to be portable to a number of platforms, allowing
applications written to target a variety of different platforms. Is also portable to a variety
of compiler implementations, and the many companies who have licensed have made it
1 standard application framework for Windows-based development. Microsoft plans to
eep extending and evolving to support new functionality for applications and to exploit

1ew functionality|in the operating system.



Multiple Platforms

Writing a program on top of makes that program portable to a wide variety of
platforms. B%cause is built on top of the Win32 API, any piatform that supports the

n be targeted by an application. A powerful aspect of portability is that

Macintosh System 7 operating system.
applications can target a large number of platforms today:
¢ Micro oft Windows 95
) Microsbﬂ Windows NT running on Intel® processors
* Microsoft Windows NT running on MIPS® processors
* Microsoft Windows NT running on Alpha AXp™

* Microsoft Windows NT running on PowerPC ™

* Microsaft Windows 3.1 using the Win32s® API

* Apple® Macintosh (using the 68000-series instruction set)

Apple Wacintosh (using the PowerPC ™ instruction set)

Windows Coi(nmon Cohtrol Classes

the user can check or clear the selected item's check box.

* CDraglListBox. A control similar to a CListBox that allows the user to move
items, such as file names and string literals, within the list box. List boxes with
this capability are useful for an item list that IS in an order other than alphabetic
such as one that includes path names or files in project.



CHeaderCtrl. A resizable button that appears above a column of text, allowing
the user to display more or less information in the column.

CHotkethil. A window that enables the user to create a hot key. A hot key is a
key combination that the user can press to perform an action quickly.
ClmagelL.ist. A 6ollection of images used to efficiently manage large sets of icons
or bitmaps. '

CListCtrl. A window that displays a collection of items, each consisting of an
icon and a label.

CProgressCtrl. Aiso known as a progress bar control, this window can be used
by an application to indicate the progress of a lengthy operation.

CRichEditCtrl. A window in which the user can enter and edit text with character
and paragraph formatting. The control can include embedded OLE objects.

CSliderCtrl. Also known as a trackbar, this window containing a slider and
optional tick marks sends notification messages to indicate changes in its
position.

CSpinButtonCtrl. Also known as an up-down control, this pair of arrow buttons
can be clicked to increment or decrement a value, such as a scroll pesition or a
number dispjayed in a companion control.

CStatusBarCtrl. A horizontal window in a parent window in which an application
can display various kinds of status information. This control resembles the
CStatusBar class. :

4607

CTabCtrl. This control is analogous to the dividers in a notebook or the labels in
a file cabinet. By using a tab control, an application can define multiple pages for
the same area of a window or dialog box.

D

CToolBarCt
buttons. Thi

I. A window that contains one or more command-generating
control resembles the CToolBar class.

A

I. A small pop-up window that displays a single line of text
e purpose of a toolbar button or other tool in an application.
1

CToolTipCt
describing t

S

CTreeCtrl. Also known as a free view control, this window displays a hierarchical
list of items, such as the headings in a document, the entries in an index, or the
files and directories on a disk. Each item consists of a label and an optional
bitmapped image, and each item can have a list of subitems associated with it.

veral CView-derived classes are also available to simplify the use of the new controls
locument-view architecture applications. CListView, CTreeView and

5230, 2



ects. To provide further support for rich-text editing, CRichEditDoc, CRichEditView
d CRichEditCntritem classes are available that provides Document/View and control

capsulation.

tichEditView m%ke it easier to use the CListCtrl, CTreeCtrl and CRichEditCtrl

il OLE Control Support

Now supplies complete OLE control container support and integrates the OLE
ntrol Development Kit (CDK) with the rest of . This allows developers to build,
e, and share OLE controls with other developers, even those using different tools.
svelopers can choose from hundreds of OLE controls already on the market or build
»ir own. These OLE controls are compatible with the latest s of the Microsoft Visual
1sic® programming system and the Microsoft Visual FoxPro™ database management
stem, as well as|with many other development tools. The Visual C++ dialog editor
pports placing OLE controls in a dialog resource, making it easy to use prebuilt
yntrols in applications. With the new OLE controls container, developers need not
derstand all the|details of using OLE container applications. Support is based on the
Wnd class, which allows users to create both the container and the control sides. In
\ OLE control becomes a special kind of child window, with CWnd functions, including
Whnd::CreateControl, which dynamically creates an OLE control rather than an
dinary window. Support is also provided for dialog data exchange (DDX), preloaded
ntrols for improved performance, and transparent keyboard translation in

DialogMessage.

|
irect Databas$ Access with DAO

In addition to the existing ODBC database support, the new Data Access Object
DAO) classes for enable developers to directly access the Microsoft Jet database
ngine, which is the same engine that is used in Microsoft Access for Windows 95 and
licrosoft Visual Basic 4.0. The DAO classes encapsulate an OLE Component Object
lodel (COM) interface to the Jet database engine, so developers don't have to write the
tructured query language (SQL) themselves unless they want to do so.

s with the ODBGC database classes, developers can open and manipulate databases
nd recordsets and display the data in a form view. With DAO, they can also set up and
se work spaces, create and manipulate tables and queries, and use and create
\dexes for those tables through the use of the SQL data definition language (DDL).
)evelopers can also access ODBC data sources through attached tables using the

)AO classes and the Jet engine.

lew Common Dialogs

Two new OLE common dialog classes, CPageSetupDialog and
>OlePropertiesDialog, have been developed to improve access to several aspects of
in. OLE object. COlePropertiesDialog encapsulates the Windows common OLE
roperties dialog box to provide an easy way to display and modify the properties of an
OLE document item in a manner consistent with Windows specifications.



In addition, PageSetupDialog encapsulates the services provided by the Windows
common Page Setup dialog box with additional support for setting and modifying print
margins. Several other new common dialogs, including the Windows 95 file I/0 dialogs,
are now supported by.

Thread Synchronization Objects

Multithread programs often require synchronizing access to shared resources by
different concurrent threads. To manage synchronization, supplies a new base class,
CSyncObject, and several derived objects that represent common synchronization
techniques. CSyncObject provides functionality common to the derived synchronization
objects in the Win32 API. Support includes Lock and Unlock as virtual abstract
operations that derived classes override. Classes derived from CSyncObject are
CSemaphore, CCriticalSection, CMutex, and CEvent, encapsulating the Win32
synchronization objects. The CSingleLock and CMuitiLock classes represent the
access-contral mechanisms used in controlling access to a resource in a multithread
program.

Simple MARI Support

MAPI, the Messaging API for Windows, is a set of functions that mail-enabled
and mail-aware applications use to Create, manipulate, transfer, and store mail
messages. It gives application developers the tools to define the purpose and content of
mail messages, and it gives them flexibility in their management of stored mail
messages. MAPI also provides a common interface that application developers can use
to create mail-enabled and mail-aware applications independent of the underlying
messaging system.

Messaging clients provide a human interface for interaction with MAPI. This interaction
typically includes requesting services from MAPI-compliant providers such as message
stores and address books.

3.1 includes support for Simple MAPI in classes CDocument and
COleDocument. This support is also provided in 2 for 16-bit development.
With minimal effort, developers can add the ability to send an application's documents
by means of the resident e-mail host. (Sending OLE compound documents is managed
correctly in the COleDocument portion of the MAPI implementation.)

Support for Windows Sockets

New Windows Sockets classes have been added for network programming.

provides support for Windows Sockets, the network-independent AP for network
communications programming under the Microsoft Windows and Windows NT operating
systems.The new classes include CAsyncSocket, CSocket, and CSocketFile. Class
CAsyncSocket encapsulates the Windows Sockets API. Class CSocket, derived from
CAsyncSocket, additionally provides a simple programming model that lets developers



serialize data f{fm one socket application to anot
i

her via a CArchive object, using a
CSockstFile object.

Enhanced Toolbars

One of the most commonly requested user-interface elements is the toolbar, a
row of buttons represented by bitmaps and optional Separators. These bitmap buttons

, Or radio group buttons. The

k. All the toolbar buttons are normally
taken from a single bitmap image, which is edited using the Visual C++ bitmap editor

and contains on image for each button. Storing all the images in one bitmap reduces
the amount of system resources used by an application.

One of the key advantages of the MFC CToolBar

class is that by using commands,
buttons in the toolbar in conjunction
This is important because toolbar

owing the programmers to write the
“ommand handler once and drive it from either a menuy item or a toolbar button.

ool "palettes” possible. A dockable toolbar can be attached or "docked" to any side of
i , Or it can be "floated" in its own miniframe window (using
>MiniFrameWnd).
’rogrammers who use AppWizard to generate the skeleton of an application are asked
0 choose whether or not they want dockable and resizable toolbars. By default,
\PpWizard creates code to enable docking, resizing toolbars. CToolBar and
FrameWnd member functions are available to customize the behavior of the docking
>olbar and to pr grammatically dock or float a toolbar.
upport for "tool tips” is also included. When the user moves the mouse over a toolbar
utton, a small bax is shown on top of the button to describe the action that would be
erformed. Also supported are “fly-by" tool tips that provide a more detailed description
f the command on the status bar. This saves the user from having to press a toolbar
utton to find out what the command does. MFC aiso allowed persistence of toolbar
onfigurations. Like many professional applications, MFC allows users to save the
ttire state of a given frame window's toolbar configuration, including each toolbar's
irrent position and visible and floating states.
1e CToolBar class can easily support additional standard Windows controls, such as
op-down list boxes or edit controls, on the toolbar. In addition, CToolBar provides
ogrammatic APIs for dynamically changing the buttons on the toolbar, customizing
cking behavior, land highly customizing user interfaces in other ways.

iniframe Windows

Miniframe windows are frame windows with thin caption bars, like those used in
e Visual C++ property windows.The MFC class CMiniFrameWnd, derived from
‘rameWnd, provides an alternative user interface for floating palettes and toolbars. In
t, the CToolBar implementation of tear-off toolbars uses the CMiniFrameWnd ciass




hold the torn-off toolbar.A CMiniFrameWnd object represents a half-height frame
ndow typicaily seen around floating toolbars. These miniframe windows behave like
rmal frame windows, except that they do not have minimize/maximize buttons or
2nus, and the user only has to single-click the system menu to dismiss them.

operty Sheets

Contains support for property sheets, also known as "tabbed dialog boxes." A
operty sheet is a special kind of dialog box that is generally used to modify the
ributes of some lexternal object, such as the current selection in a view. The property
eet has three main parts: the containing dialog box, one or more property pages
own one at a time, and a tab at the top of each page that the user clicks to select that
ge. Property sheets are useful when a number of similar groups of settings or options
ed to be changed. An example of a property sheet is the Project Settings dialog box
Visual C++. In this case, a number of different groups of options need to be set. The
operty sheet allows a large amount of information to be grouped in an easily
derstood fashion. This support is provided in two classes: CPropertySheet, which is a
1ss to contain all the pages, with one tab per page; and CPropertyPage, which is a
ass that each property page is derived from.To create a property sheet with several
ges, first create a dialog template resource for each property page using the Visual
H+ dialog editor, then use ClassWizard to create a CPropertyPage-derived class
rresponding to each property page dialog template. For each of these new classes,

e ClassWizard to create member variables to hold the values for the property page.
e process for adding member variables to a property page is exactly the same as
[ding member variabies to a dialog box, because a property page is a specialized
alog box. Creating the property sheet at run time is easy to do either by using the
PropertySheet class directly or by deriving a more specialized property sheet from it.
r Windows 95, Is designed so that applications run with the correct user interface
pending on which operating system they are running on.Developers can build one
in32-based executable file using. The application will look and act like a Windows 3.1-
ised application when run on Windows 3.1 or on Windows NT on an Intel processor.
hen the same executable file runs under Windows 95, the application will look and act
e a Windows 95-based application. Splitter windows, toolbars, status bars, and
niframe windows all have a markedly different look when running on Windows 95.

so, CScrollView-derived classes automatically take advantage of proportional scroil
umbs, if available. In addition, the property page classes were modeled after the
indows 95 user interface.

upport for Winﬁz

Continues to play its role as the C++ API to Windows. MFC provided expanded
\d improved encapsulation of some of the Win32 services. Member functions in
isting classes improved the Win32 API coverage. Classes support writing muitithread
plications, Unicode, or Double-Byte Character Sets (DBCS) applications using
, a shared DLL.MFC also included extended coverage of the Win32 API, including
DI functionality such as Béziers, Paths, and a number of other Win32 USER APIs.



Muitithreading

are encapsulated in the class CWinThread. The main application class, CWinApp, is
derived from CWinThread:; it represents the main user-interface thread of the
application. | '

distinguishes two types of threads: user-interface threads and worker threads A
user-interface thread is commonly used to handle user input and respond to events and
messages generated by the user. Worker threads are commonly used to complete
tasks that do not require user input, such as recalculation. Handles user-interface
threads specially by supplying a message pump for events in the user interface.
CWinApp is an example of a user-interface thread object, because it derives from
CWinThread and handles events and messages generated by the user.
Developers can create additional threads in their applications if they wish, creating new
objects of the|class CWinThread or a class derived from CWinThread. In most
situations, th developer doesn't even have to create these objects explicitly and can
instead call the framework helper function AfxBeginThread, which creates the
CWinThread object.
Of course, even with the multithread enabling of , writing and debugging multithread
applications is an inherently complicated and tricky undertaking, because the developer
must ensure that a given object is not accessed by more than one thread at a time.

Is threT-safe and supports writing multithread applications. Threads of execution

Unicode Su&ﬁport

Some international markets use languages that have large character sets, such
as Japanese and Chinese. To support programming for these markets, the library
is enabled for two approaches to handling large character sets, Unicode and Double-
Byte Character Sets (DBCS).

DBCS is supp

characters and strings. In particular, class CString is Unicode-enabled. CString is
based on the TCHAR data type. if the symbol _UNICODE is defined for a build of the
program, TCHAR is defined as type wehar_t, a 16-bit character-encoding type;
otherwise, it is defined as type char, the normal 8-bit character encoding. As a result,
under Unicode, CStrings are composed of 16-bit characters: without Unicode, they are
composed of characters of type char. CString also supplies Unicode-aware
constructors, assignment operators, and comparison operators.

If Unicode is not specified, the class library defaults to supporting the ANSI character
set, with support specifically for DBCS. Under the DBCS scheme, a character can be
either one or two bytes wide. If it is two bytes wide, its first byte is a special "lead" byte,
chosen from a particular range depending on which code page is in use. Taken
together, the lead and "trail" bytes specify a unique character encoding.



1 either case, CString con operators and constructors make it easy to convert ANSI

nd Unicode strings to a CString object, in the case that program deals with both ANSI
nd Unicode characters.Note that Unicode string serialization in can read both Unicode
nd DBCS strings, regardless of which of the application is running. Because of this,
ata files are portable between Unicode and DBCS s of the program.

>hared 32-Bit DLLs

provides the entire application framework in a shared DLL form. Introduced the
hared DLL feature and provided a single DLL for all the features (MFCZOO DLL). This
sature was continued with (250.DLL). However, this shared DLL was available only on
e 16-bit Windows platform.
‘he functionality was factored into three 32-bit DLLs: one for the core features
MFC30.DLL), one for the OLE 2-specific support (MFCO30.DLL), and one for the
latabase-specific support (MFCD30.DLL). Ali three DLLs are available in two forms: a
reely redistributable retail and a debugging.
;ombines all of these DLLs into one unified DLL for simplified distribution. For
creased performance, advanced page-tuning techniques reduce overhead for
pplications that don't use all features.
"he benefits of this shared DLL implementation to the programmer are significant. Now,
everal applications can share framework code if they are running simuiltaneously, thus
educing system-resource usage. Also, executable files are much smaller than static-
nk s of the same applications, although the size of the DLL must be included for a true
neasurement. |

-anguage Syntax Support

takes advantage of new C++ language features such as C++ templates and
xceptions. MFC \was designed at the time these C++ language features were still
inder development, so additional tools and macros were needed. Today, with and
lirect compiler support for these language features, the benefits of the original design
re visible.With there is no need to use TEMPLDEF or the TRY, CATCH, and THROW
xception macros. True C++ syntax for templates and "templatized" collections are
upported. C++ exceptions are supported for both new and old code, so objects on the
tack will always be destroyed when exceptions are thrown. For backward compatibility,
he old ways of doing things are still supported.

-
>++ templates|

provides collection classes based on C++ templates, which makes it easier to
Jerive one's own|type-safe collection classes. MFC provided two types of collection
lasses to manage groups of objects: collection classes that are created from C++
emplates; and Collection classes that are not created from templates.
he contemplate|collection classes are the same as those provided by MFC.
Developers whose code already uses these classes can continue to use them.



velopers who wrf:e new type-safe collection classes for their own data types should
1sider using the newer template-based classes.

ollection class is characterized by its shape and by the types of its elements. The
ape refers to the way the objects are organized and stored by the collection.

vides three basic collection shapes: lists, arrays, and maps (also known as
tionaries), which provide easy-to-understand yet powerful building blocks for the rest
he application. Developers can pick the collection shape most suited to their

ticular programming problems:

1ape |Description

The list|class provides an ordered, nonindexed list of elements,
implemented as a doubly linked list. A list has a "head" and a "tail," and
adding or removing elements from the head or tail, or inserting or deleting
elements in the middle, is very fast.

The array class provides a dynamically sized, ordered, and integer-indexed
array of objects.

ap | A map is a collection that associates a key object with a value object.

e easiest way to implement a type-safe collection that contains objects of any type is
use one of the template-based classes.

ollection contents Arrays |Lists |Maps
ollections of objects of any type |CArray | CList [CMap
ollections of painters to objects CTypedPtr |CTypedPtr
F any type CTypedPtrArray List M ai/)

r example, to create a dynamically sized array of "doubles," use C++ template

ntax:
\rray<double, double> myArray;

he application already uses nontemplate classes, developers can continue to
e them, but they|should consider using the template-based classes for new
llections.

st

ray

|
++ exceptions |
\

Exceptions are used to signal abnormal execution, including situations in which
nditions outside the program's control are influencing the outcome of the function,
ch as low memory or I/O errors. Abnormal situations are handled by catching and
rowing exceptions, rather than by using return codes that are often overlooked and so
sult in inefficient code. The exception syntax is a clean and efficient mechanism for
normal conditions. MFC provides two compatible ways of using exceptions: the C++
ceptions, available starting with and the exception macros, available starting with
svelopers writing new applications using should use the C++ exception mechanism.
e macro-based mechanism can be used if the existing application already uses that
achanism extensively. Existing codes can be converted readily to use C++ exceptions
stead of the exception macros, if desired. If an application has already been
veloped using the exception macros, the developer can continue to use the exception

acros in the existing code, while using C++ exceptions in new code.



‘Whether they use the C++ exceptions directly or use the

developers willl use CException or CException-derived objec
the framework or by the application. MFC
classes to handle everything from out-

exception macros,

ts that may be thrown by
provides several predefined exception
of-memory to OLE dispatch exceptions.

Database Classes

driver is available. Also provided with Visual C++
ODBC driver ma ager, and a new set of drivers.

arameterizing” the selection with information
ogrammers will

e-safe member
urce. The proce

> C++ and data

pes such as short, long, float and CString. For large binary data, a
ss CLongBina

is provided for efficient management of large data values.



Record view
One

processing. A form is like a dialog box that the user can interact with to fij| in edit
controls, select options from list boxes and radio groups, and work with other dialog box

OLE provides many attractive features to the end user of OLE-capable
or the developer, OLE provides a lot of functionality in many APls but
adds the burden of many design decisions and a lot of implementation work.The



e user to work thh OLE documents without worrying about switching back and forth
tween the different applications; OLE does the switching.

container applicf\tion is used to create OLE documents, and a server application is
sed to create the|items within the container application. Any application may be a
ntainer, a server, or both.

LE incorporates many concepts that all work toward the goal of seamless interaction
stween applicaticrr':s. These areas include the following:

eature ' |Definition
inking and | Linking and embedding are used for storing items inside an
mbedding OLE document that were created in another application.

Activating an embedded or linked item in the context of the
container application is called in-place activation. The interface
of the container application changes to incorporate the features
of the application that created the embedded or linked item.
Uniform data transfer (UDT) is a set of interfaces that allows
data to be sent and received in a standard fashion, regardless
Jniform data transfer | of the actual method chosen to transfer the data. UDT forms
the basis for data transfers using the Clipboard and drag and
drop.

Drag and drop is an easy-to-use, direct-manipulation technique
to transfer data between applications, between windows within
Jrag and drop an application, or even within a single window in an application.
The data to be transferred is simply selected and dragged to
the desired destination.

Compound files provide a standard file format that simplifies
structured storing of OLE documents for OLE applications.
Within a compound file, "storage" have many features of
directories, and "streams" have many features of files.

"|OLE Automation allows one application to drive another
application. The driving application is known as an automation

1-place activation

. L
~ompound files |

OLE Automation client, and the application being driven is known as an
automation server.
The OLE Component Object Model (COM) provides the

OLE Component infrastructure used when OLE objects communicate with each

Object Model other. The Microsoft Foundation Class Library OLE classes
simplify OLE COM for the programmer.

/isual Editing

Support for visual editing includes in-place activation and editing, drag and drop,
nd OLE document (structured) storage. Two sets of MFC classes support visual
diting. One set of classes is designed to help developers build OLE servers, the
oftware components that can be embedded or linked inside other applications. This
erver support lets developers visually export the components in their applications. The
ther set of classes is designed to help developers build OLE containers that allow the




omponents from other applications to be visually embedded or linked in OLE
ocuments.

/isual Editing Servers

A visual editing server application can create OLE items for use by other
pplications that have the appropriate OLE support to contain these items (for
yformation on container applications, see the following section, "Visual Editing
ontainers"). Server applications usually support copying their data to the Clipboard or
y drag and drop|so that container applications can paste the data as an embedded or
nked item.
\ miniserver is a special type of server application that can be launched only by a
ontainer. The Microsoft Draw and Microsoft Graph servers are examples of
niniservers. A miniserver does not store its own data as files on disk; instead, it reads
s documents from and writes them to items in documents belonging to containers. As a
esult, a miniserver can only support embedding, not linking. A full-server can either be
un as a stand-alone application or launched by a container application. A full-server
an store documents as files on disk. It can support embedding only, both embedding
ind linking, or only linking. The user of a container application creates an embedded
tem by choosing the Cut or Copy command in the server and the Paste command in
he container. Choosing the Copy command in the server and the Paste Link command
n the container creates a linked item. When a server application is launched by a
sontainer application and is in place, handles all of the toolbar and menu negotiation to
Jllow the server's menus and toolbar to display in place of the menus and toolbar of the
sontainer. Even advanced user-interface features such as docking toolbars are
supported when a server is in-place activated; in this case, the toolbars are docked to
he container's frame window. Handles all the negotiation with the container for the tool
space, including showing correct feedback when the toolbar is being dragged.

Visual Editing #‘:ontainers

A visual editing container application can incorporate embedded or linked items
nto its own documents. The documents managed by a container application must be
able to store and display OLE items as well as the data created by the application itself.
A container application allows users to insert new items or edit existing items by
activating server applications when needed.Container applications will launch and
contain a server application. Communication between containers and servers is
achieved through the OLE system DLLs. This OLE system DLLs provide functions that
containers and servers call, and the containers and servers provide callback functions
that the DLLs call. Using this means of communication, a container doesn't need to
know the implementation details of the server application. A container can accept items
created by any server without having to define the types of servers with which the
container can work. As a result, the user of a container application can take advantage
of future applications and data formats. As long as these new applications are OLE
servers, an OLE document will be able to incorporate items created by those

applications.



Drag and Drop

Support to represent each side of this transfer. .

Data sources represent the source side of the data transfer, They are createq by the
Source application when data is provided for a drag-and-drop Operation. Data objects
répresent the destination side of the data transfer. They are created when the
destination pplication has data dropped into jt.

Compounq Files (Strqctured Storage)

Compound files are an integral part of OLE, They are used to facilitate data
transfer and OLE-document storage. Compound files are an implementation of the
structured-st rage model. Supports using both compound files and norma| flat files for

An OLE Automation server exposes programmable software Components, along
with their properties and methods, to other applications. These driving applications are
called OLE Automation clients. Exposing objects in this way is beneficial when

applications b using the ready-made functionality of other applications.
ClassWizard, ppWizard, and the framework all provide extensive support for QLE
Automation s&rvers. They handle much of the overhead involved in creating an OLE
Automation server so that developers can focus their efforts on the functionality of their
applications. A ong with ClassWizard support, makes it extremely easy to expose



assWizard will automatically maintain the .ODL source file used to create the type
rary.

LE Automation Clients

An OLE Automation client manipulates components implemented in other
plications. The application being manipulated, which is the OLE Automation server,
poses programmable components and allows clients to automate certain procedures
' directly accessing the server components, along with their properties and methods.
/ creating an OLE Automation client, makes it easy to drive other applications,
lowing developers to build an application using C++ language to drive the objects
posed by large applications such as Microsoft Excel, Microsoft Word, or any other
LE Automation server that has a type library. ClassWizard reads the type library
ovided by the OLE Automation server and creates new custom C++ classes for the
ispatch interfaces exposed by that server. provides the glue to connect these
namic OLE (IDispatch) interfaces into type-safe C++ classes. Therefore, most OLE
stomation clients written in C++ do not have to deal with the dynamic nature of

ispatch.

LE Controls

The OLE control architecture merges the popular VBX custom control
chitecture with the open, standard architecture of OLE. OLE controls make
>mponent-based development a reality by allowing developers to easily use existing
odies of functional code encapsulated as OLE controls. An OLE control is a custom
sntrol, implemented as an OLE object with visual editing and OLE Automation support.
n OLE control has additional capabilities beyond those of ordinary OLE components,
uch as the ability to fire events. With, using AfxEnableControlContainer supports
ontainment of OLE controls. Most OLE objects require a substantial amount of
nplementation effort. Fortunately, the OLE Control Development Kit (CDK)—built into
isual C++ 4.0—provides most of the required implementation, so developers only have
y fill in details that are specific to the OLE control. The OLE control CDK classes
emselves is based on base classes (that is, COleControl derives from CWnd). This
\akes it easier for developers who are experienced with to create OLE controls. It also
\akes it easier ta use existing code inside the implementation of new OLE controls.
\cludes support for creating and using 32-bit OLE controls. Along with the newly
verged CDK, provides support for creating, testing, and using OLE controls, including
undreds available from third parties.

\rchitecture Cl%asses

A key benefit of an application framework is that it not only provides a large body
f prebuilt functionality but offers an architecture in which to add new functionality. An
legant architecture gives developers a logical and obvious location to add application-
pecific code when implementing features in their applications. For example, when
levelopers are implementing the File Save command, the application framework shouid



inctionality. It is not enough, however, to point programmers to the right place,

ecause there is often no single right place, or the application framework may not

resee the exac%’situation. Addresses these issues with a group of tightly integrated
|

ave an obvious *Eachnique (such as a member function or a hook) to add this

lasses collectively known as the application architecture classes. These classes
rovide support for the important areas common to many parts of the application, such
s commands, documents, views, printing, online help, and dialog processing.
>ommands Menu items, keyboard accelerators, and toolbar buttons are the most
ommon sources of commands in an application. A command is an instruction to the
yrogram to perform a certain action. Unlike a procedure or function call, a command is a
nessage that is routed to various command targets that may carry out the instruction.
~ommand targets are objects derived from the CCmdTarget class, and they include
jocuments, views, windows, and the application itself.

'he command architecture ensures that any user-interface action, such as clicking a
oolbar button or|selecting a menu item, wili route the command to the appropriate
\andler. Command routing can also be used to update the visual state of menu items or
oolbar buttons. For example, the Edit Cut command might have both a menu item and
1 toolbar button that can be enabled or disabled. Using the command architecture, it is
easy to maintain the visually enabled or disabled state of both the menu item and the
toolbar button with a single line of code in a single location.type-safe mechanism for
directing any windows message, control notification, or command to a C++ member
function in the appropriate class. Each command target has a message map, and it
contains entries that map each command ID defined in the Visual C++ resource editor
to a C++ member function. Because there can be a large number of commands (as well
as Windows-based messages and notifications) handled by each command target,
ClassWizard is usually used to create classes and to maintain a class's message maps
and message-handler functions.MFC extended the use of the command-handling
architecture to support OLE Automation. Any class derived from CCmdTarget can
expose member variables and member functions as OLE Automation properties and
methods. MFC also included macros to make it easier to handle ranges of command
IDs, a commonly requested feature.provides support for extended control notifications
(WM_NOTIFY), routed just like any other command. This support is included for new
services that are exploited in the release of future operating systems, and it is another
example of being on the leading edge of support for new operating systems.

Documents and Views

The document/view architecture introduced in MFC is the basis for managing the
storage and display of application-specific data. The CDocument class provides
support for managing an application's data and an application will typically derive a new
class from CDocument for each document type. The key feature of a document class is
its ability to save a document object to a file for later use. The programmer’s
responsibility is to override the Serialize member function, which saves and loads
application-specific data to and from storage. By implementing this function,
automatically supports high-level commands such as File New, File Save, File Save As,

and File Open.| Does all the work of displaying a dialog box to gather information from



with disk files, the CDocument architecture is flexible enough to allow manipulation of
data stored in other ways, such as in a database file, or to allow manipulation of data
without any kind of stored representation. AppWizard provides several options for the
initial skeleton (of an application that incorporates database functionality in a variety of
ways.Each document in a running application is attached to one or more views of that
document. Views control the graphical display of the application's data on the screen.
Programmers typically derive a class from the CView class and then implement the
display code. A view represents the main area of a window on the screen and is a
simple child window that can be manipulated with CWnd member functions. This
usually involves implementing the OnDraw member function and writing the code that
displays the data that is currently visible to the user. The OnDraw function replaces the
low-level OnPaint handler of MFC with a high-level abstraction. After implementing
OnDraw, the program automatically supports printing and prints preview. The CView-
derived class is usually the best place to handle most of the commands and window
messages that graphically manipulate the data. To support high throughput and fast
updates, a number of APIs enable optimization of the drawing process to support most
professional applications. It is also easy to have many views on the same document,
and each view can be a different CView-derived class. For example, a splitter window
will have one view for each pane.To coordinate documents and views,uses the helper
class CDocTemplate. This class orchestrates the creation of documents, views, and
frame windows in response to user input. One document-template object is created for
each documenttype and is the glue that connects the document and view types. The
application object maintains the document templates. Two document-template classes
are supplied: one for multiple-document interface (MD!) and one for single-document
interface (SDI). The significant differences between an MDI and SD! user-interface
model are encapsulated in the document template and frame window classes.

the user and vlanaging the disk file. Although most documents are typically associated

Printing and Print Preview

By leveraging the document/view architecture, MFC is able to provide an
application with device-independent printing. This means that the same code written for
OnDraw in the CView-derived class can be used to draw on the screen and on the
printer. When the user asks to print a document using the standard File Print command
calls the OnDraw member function with a special device context that is aware of the
current printer and knows how to translate the screen display into appropriate printed
output.  also provides support for all the standard printing user-interface dialog boxes.
In combination with the printing and document/view architectures, supports print
preview functionality, which shows a reduced image of either one or two pages of a
document as they would appear when printed on the currently selected printer. The
implementation provides the standard user interface for navigating between pages,
toggling between one- and two-page viewing, and zooming the display in and out to
different levels of magnification. The ability to support print preview is an excellent
example of the level of prebuilt functionality and the high level of abstraction in
The print preview feature represents several thousand lines of code in the application
framework, but programmers only need to handle the display output code in the

)



\Draw member fpnctioh of class CView and make sure that the File Print Preview
nu command is available—the framework does the rest.

alog Data Exchange and Validation (DDX/DDV)

The capability known as dialog data exchange (DDX) introduced in MFC
vides an easy way to initialize the controls in a dialog box and gather input from the
er. An associated mechanism known as dialog data validation (DDV) provides
idation of the dialog data. The heart of the DDX/DDV feature is the
DataExchange member function, which is called automatically by the application
mework when data must be transferred and/or validated.
cause there are so many possibilities for exchange and validation (for example, the
2 of custom controls or the need for application-specific validation schemes),
crosoft made the DDX/DDV architecture fully extensible. Developers can supply their
n DDX and DDV functions and integrate them seamlessly with. In MFC |, this
chanism was used primarily for dialogs. Now, the DDX mechanism has been
ended to work with data-bound record views as well as with normal dialogs and
ple form views. The DDX/DDV architecture is tightly integrated with ClassWizard,
ich enables developers to define all the necessary member variables and DDX/DDV
itines without having to write any code.

>ntext-Ser'1$itiv% Help

Support for online and context-sensitive documentation is essential for most
olications. Provides an architecture that makes it easy to incorporate the two most
nmon types of help support in Windows-based applications. Help support includes a
Ip menu with the standard commands and provides architecture for the application
mework to map from command or resource IDs to the various help contexts. Help
itexts are easily created in Visual C++, because every time a user-interface element
reated in the Visual C++ resource editor, a help context for that element is
omatically created. Help files (. HLP) are authored using standard authoring tools.
len a user presses the F1 key, automatically processes the keystroke as a help
uest for the current command target. For example, the CDialog class processes the
p request by invoking WinHelp on the help topic for the currently displayed dialog
. If no help context is defined for the current command target, then the application
mework automatically launches the default help. The CFrameWnd, CMDIFrameWnd
1 CDialog classes all provide handler functions for help support. Developers can add
port to any class that is a command target. When a user presses SHIFT+F 1,
tures the mouse and changes the cursor into the standard context-sensitive help
sor (arrow + question mark). When this cursor is displayed, clicking a user-interface
ect tells the application framework to invoke WinHelp with the correct help context
ed on the selected object. Provides a tool to manage the help-context information,
ch associates user-interface elements with help contexts. in addition, AppWizard
vides much of the standard WinHelp-format file with prewritten information on all of
standard commands. All that is needed is an editor capable of editing Rich Text
mat (RTF) text, such as Microsoft Word, to add application-specific information. In



his way, AppWizard, and the Visual C++ development environment work together to
orovide programmers most of their applications' help features automatically.

High-Level Abstractions

High-Level Abstractions was the cornerstone of a robust framework for building
eusable classes, but it did not provide enough high-level abstractions to reduce
orogramming time. With and later, this issue is addressed with a set of classes that
support the most/common user-interface idioms and provide capabilities for taking
advantage of other rebuilt functionality. These classes, collectively called high-level
abstractions, are|designed to be used as supplied by and can result in a dramatic
eduction in programming time. In a few lines of code, programmers can build a text-
rocessing window that integrates seamlessly with other MDI windows, or they can
hange the base class to turn a view into a scrolling view. In addition to this power, all of
hese high-level classes are designed to be easily modified using C++ inheritance.

-orm View

The functionality of CRecordView is built upon the CFormView high-level
bstraction introduced in . CFormView supports many features that true form-
rocessing applications require but which are not available in the native Windows dialog
nanager, such as scrolling, multiple forms for the same data, synchronous update, and
rinting.
\ CFormView provides a view (a class derived from CView) based on a dialog
esource that can be edited with the Visual C++ dialog editor. This view can be used to
reate form views with arbitrary Windows controls. The user can scroll the form view
nd tab among controls. The benefit of CFormView over standard dialogs is that
>FormView gbjects integrate with the entire application framework architecture,

roviding automatic support for command handling and document management. A form
iew can also be an MDI child window.

ditView

CEditView is a simple, plain-text-editor view that has all the functionality of the
tandard Windows edit control. In addition, however, CEditView supports high-level
inctionality such as printing, find and replace, cut, copy, paste, and undo, as well as
1e standard File commands (Open, Save, and Save As). Of course, because
EditView is derived from CView, all of the architectural benefits described above
pply. From a simple AppWizard-created application, programmers can use CEditView
y simply creating a document template that uses CEditView; applications can have an
DI text editor without the programmers having to derive their own view classes.

crolling View |

Most applications can show only a portion of their data files on the screen at a
ingle time. The CScrollView class, which is another high-level view class derived from



Obsolete Features

progra

fith MFC's tradition of providing very good backward compatibility, most and
ms will work with which a few very minor modifications. Very few features of

VBX Controls (16-Bit Only)

Microsoft Visual Basic introduced the concept of add-in components known as
VBX controls. VBX control functionality is replaced by the new OLE controls model.
Provides support for creating, testing, and using OLE controls.

\
Windows API Classes
|

Provides classes that simplify programming for Windows while at the same time
permitting lapplication developers to leverage both existing Windows-based code and

Microsoft Foundation Class Library simplifies Windows-based programming by
providing prebuilt functionality for many standard programming idioms. These classes
have evolved from the implementation, but backward compatibility has been
maintained.

Standard Application Support

Encapsulates the standard application structure in an easily customizable
application object. In addition to standard initialization, message processing, and
termination, the CWinApp class supports idle-time processing of user-defined
operations. Additional features of the CWinApp class include support for profile
settings, context-sensitive help, File Manager drag and drop, shell registration for
launching the application from File Manager, and other user-interface features. The
CWinApp class frees the programmer from the details of the WinMain, LibMain, and
WEP routines and provides a standard abstraction across Windows platforms.

Frame Wiﬁdows
|

Along with an application object, most programs will use a standard frame
window. Provides support for both the single-document interface (SDI) and the multiple-



liew, supports views that scroll and views that are automatically scaled to the size of
» frame window that displays them. By deriving from CScrollView, developers can

d the ability to scroll or scale to their view classes. CScrollView manages window
es and mapping mode for graphics, manages special modes needed for OLE in-

Ice editing, and handles the automatic scrolling in response to user-interface actions
ch as clicking the scroll bar.

litter Window

in a splitter window, the window can be split into two or more separately
ollable panes. A splitter control in the window frame next to the scroll bars allows the
er to adjust the relative sizes of the panes. Each pane is a different view on the same
cument. This type of user interface is useful, for example, when a user wishes to view
th the beginning/and end of a very long document on a single screen. Provides the
jh-level class CSplitterWnd to support this user-interface model. The CSplitterWnd
ss also supports the two most common types of splitters: dynamic and static. With
namic splitters, the user can add or remove arbitrary split panes, static splitters have
yredefined number of panes. Each of the splitter pane's views can be the same class,
each can be a different derived CView class. In all cases, the application framework
tomatically manages all aspects of the user interface and standard Windows
2ssages.

ontrol Bars

CToolBar, CStatusBar, and CDialogBar all derive from the common base class
>ontrolBar. The CControlBar abstraction enables the implementation to reuse code
ong these classes. CControlBar provides the functionality for automatic layout
thin the parent frame window of the derived classes. CControlBar demonstrates the
wer of a base class that provides a partial implementation that is completed in a
ries of closely related derived classes.The CStatusBar class implements a row of
xt-output panes, or indicators. The output panes are commonly used as message
es and status indicators. Examples include the menu help-message lines that briefly
scribe the selected menu command and the indicators for the keyboard states of
im Lock, Scroll Lock, and Caps Lock. The CStatusBar class supports any number of
nes and automatically lays them out based on the width of the contents. Each pane
n have a customized style, including three-dimensional borders, pop-out text,
sabled, and stretchy. The command architecture supports automatic menu prompt
ings, and when using the Visual C++ menu editor to edit menus for applications,
ogrammers can also define the prompt string for the menu item. When creating a new
plication with AppWizard, developers can specify whether or not the application will
ovide a status bar.The CDialogBar class is like a modeless dialog in that it easily
pports any combination of Windows controls and is created from a dialog template
lited with the Visual C++ dialog editor. Dialog bars support tabbing among controls
d can be aligned to the top, bottom, left, or right edge of the enclosing frame window.
1e most common example of a dialog bar is the print-preview user interface.



The device-context class, CDC, provided a simple Windows API wrapper.
extended the CDC implementation to allow polymorphic implementations of device-
context output functions. This enables a virtual-display context that allows

common Windows idioms (such as window repainting) simpler and less error-prone.
The graphical o jects are designed to free system resources automatically when they
are no longer needed, which simplifies common object-ownership problems and
enables an application to run safely in a resource-constrained environment.

Dialogs

Makes it easier to use dialogs within an application. The application framework
manages many of the intricate details of Windows-based system-oriented dialogs
automatically, in luding the handling of dialog-specific messages. Dialogs are handled
with the CDialo class, which supports both modal and modeless dialogs.

Controls

Controls are windows that are drawn in the client area of frame windows or as
ontrols in a dialog box. Provides classes for all of the standard controls: static text,



eneral-Purpose Classes

The general-purpose classes give programmers a wide range of functionality
signed to take advantage of the powerful features of C++. These classes are
ailable for programmers to develop the nongraphical portion of the application. In
any respects, the general-purpose classes, iogether with the Windows API classes,
e the building blocks for the entire application framework and provide fundamental
ctionality to those classes as well as programmer-defined classes.

un-Time Type ]Information

Most classes are derived either directly or indirectly from the class CObject,
rich provides the most basic object-oriented features of the framework. CObject
ipports dynamic type checking, which allows the type of an object to be queried at run
ne. This feature provides programmers with a type-safe means to cast down a pointer
ym a base class to a derived class. Without dynamic type checking, this cast can be a
yurce of errors and can break the type safety of C++. Most programmers find this
ature useful, but because it incurs a very small run-time overhead (approximately 24
ites per class), its use is optional. '

bject Persiste%ce

edium, such as a disk. If a collection is made persistent, then all members of that
Sllection are made persistent. The CArchive class is used to support object

srsistence and allows type-safe retrieval of object data. To use persistence, a class
plement must override the Serialize member function, call the base class' Serialize
nction, and then implement the data-storage routines for member data that is specific
 a derived class| Entire networks of objects, with references to other objects, including
oth multiple and circular references, can be saved with a single line of code. As with

Persistence is the ability of any object to save its state to a persistent storage
ynamic type checking, the use of persistence is optional.

ollection Clas%es

Excels in the efficiency of standard data structures. The provided collection
asses, a standard component of any C++ class library, are well tested, well coded,
nd highly reusable. The collection classes include double-linked list classes, map
jictionary) classes, and dynamic (growable) array classes. All of these have been
nplemented using the proposed ANSI template syntax for type-safe usage. For
xample, the list ¢lass is supplied with variants supporting UINT, BYTE, WORD,
)WORD, void*, CObject*, and CString elements. The map and array classes have
imilar sets of variants. In all, supplies 17 collection classes. For users who wish to take
dvantage of the | emplate syntax to generate a type-safe variant of a supplied



implementatioh (or write their own templates), a template-expansion tool written using
is provided as |a sample application.

Strings

The CString class supports a very fast string implementation that is compatible
with standard C char* pointers. This class allows strings to be manipulated with syntax
similar to the Basic language that includes concatenation operators and functions such
as Mid, Left, and Right. CString also provides its own memory management, freeing
the programm 4 from having to allocate and free string memory.

Files

Offers three general-purpose file classes: CFile and its two derived classes,
CStdioFile and CMemFile. CFile supports low-level binary file I/O (read, write, and
seek). CStdioFile provides buffered file I/O similar to the standard I/O run-time libraries.
CMemFile supports file semantics in RAM-resident files for managing Clipboard data as
well as other forms of interapplication communication. The polymorphism provided by
the three file classes (CFile, CStdioFile, and CMemFile) allows the same code to be
used for sending data to a variety of destinations using the CFile interface. Extend the
use of the file classes to include compatibility with OLE structure storage (IStream and
IStorage). .

Time and Date

In addition to the standard time and date functions, a class is provided to
conveniently support time-and-date arithmetic using overloaded operators. Binary time
values are automatically formatted into human-readable form.



3.3 HARDWARE REQUIREMENTS

Computer/processor

Personal Computer with a Pentium-class
processor; 166-megahertz or hlgher processor
recommended.

Memo

32 megabytes (MB) of RAM or 64 MB or more
recommended.

Hard Disk Space

2 gigabytes (GB) or more recommended.

Display

VGA or higher-resolution monitors; Super
VGA recommended.

Operating System

Windows NT workstation 4.0 or server 4.0
with service pack 4 or latter.

Peripherals/Miscellaneous

Microsoft Mouse or compatible pointing
device.

RS 232C Cable for serial communication.



BAPCON (BHEL’s Advanced precipitator
controller)

BAPCON is a sub controller  specially
designed for ESP., which is one of the most
sophisticated power controliers available.

The controller utilizes 8088 [Intel] family
microprocessor component and support
hardware. These components support have a
proven reliability in control instrumentation in
industrial  and utility  application and
environment.  Field programmability  of
operating parameter permits an extremely
high degree of flexibility. The controller
automatically selects and optimizes
precipitator electrical operation based on field
parameters. ;

Features of BAPCON

» Effective spark rate control.
» Deletion of spark / arc by dv/dt.

* Automatic current control based on steps
all ram control settings.

* Intermittent charging technique.
* Measurement of peak, mean &valley of
secondary voltage.

» Base change setting & measurement.

* Automatic selection of change ratio based
on VI characteristics of the ESP.

* Annunciation of warning and trip alarms.



* Facility of remote control through 10mA
balanced current loop.

OBJECTIVES

 Utilization of state of the art lip technology
components ,H/w & S/w,

* S/w development specification for
precipitator operation of the transformers-
rectifier to actual real time precipitator
operation condition

* Fastresponse to sparks

e Separate control strategy.

RAPCON

RAPCON is a microprocessor based unit that
controls and surveys the operation of rapping
motion is ESP. one RAPCON unit can control
up to 16 rapping motors RAPCON starts and
stops the rapping motors as programmed and
will give an alarm if a rapping motor fails.
RAPCON is a component of ESP-IOS. The
RAPCON is pre-programmed with number of
Sequences, any of which can be selected
depending up on the field failure condition of
the ESP-IOS.






4. SYSTEM DESIGN.

S&stem design is a process through which requirements
are translateb into a representation of software. It is the process of
planning a an system to replace the old. Initially the representation

depicts a ho*istic view of the software. Subsequent refinements lead

to a design #epresentation that is very close to the source code. The

system desiJn takes care of the following:

o Identiﬂcatﬁon of outputs and reports of the new system.

0 Scrutiniz% the data present on each report/output.

e Sketch 04 the form or display as expected to appear at the end of
the co_mphetion of the system.

o Descripti%nn of the data to be processed or stored.
\ ..

o Individuaf data items and calculation procedures are written in

details.
|
e The pro¢edures written should tell how to process the data and

produce khe output.



4.1 ARCHITECTURAL DESIGN

System architecture is the high level part of software
design, qhe frame that holds the more detailed part of the des:gn
System érchltecture IS also known as “System Design”. The quality of
the archl#ecture determines the system. Good design makes
implementation easy.

System architecture first needs an overview that describes the

system in broad terms. We should find evidence that alternatives to
the final #rganlzatlon were considered and find the reasons the
orgamzatnbn used was chosen over the alternatives. The architecture
should de%ne the major modules in 3 program. A module is collection
of routines that work together to perform a high-level function such as
formatting output, interpreting commends, gettirig data from files or

accessing major data structures.

i The interface of each module should be defined. The
arch:tectur% should describe which other modules the module could
call dlrectly‘ which it can call indirectly, and which it should not call at
all. It shoul# specify the data that module passes to and receives

from other rbodules.



The architecture should describe a strategy for handling
changes clearly. It should show that possible enhancements have
been considdred and that the most likely enhancements are also the
easiest to implement.

The entire ar¢hitecture is shown below.

Hardware lnteAface and Software Interface with other systems
1

Printer ¢ ESP-IOS PC 1 ~ Analog\Digital input
ig——— COM2 port
—————— Datalogger PC

' RS232C

COMCON
I»BAPCON 1 RAPCON n
i x
| !

) 4 |
BAPCON RAPCON 1
APCON n




- 4.2 INPUT DESIGN

The design decisions for handling inputs specify how data
are accq‘pted for computer processing.

Objectives for Input Design:

- The quality of the system input determines the quality of
the system output. Input specifications describe the manner in which
data enjer the system for processing. Input Design features can
ensure the reliability of the system and produce resuits from accurate
data or they can result in the production erroneous information. The

input desjgn also determines, whether the user can interact efficiently
with the system:.

Six objectives guiding the design of the input are as follows:

< Effectiveness : This means that input forms and screens serve
specific purpose.

* Accuracy: Refers to design that assures proper completion.

< Easy to use: Screen designs for user interaction are
straightforward and require no extra time to understand.

<> Consistency: Means that forms and screens should group data
of similar nature together.

* Simplicity: Refers to keeping the forms in the screen simple
and unciuttered.

% Attractiveness: Input forms should be of appealing design that
pleases the user.




All these’obj1 ctives are important and can obtained by the use of
basic design principles.

Iin our systemJinput design is nothing but giving command to the
BAPCON and RAPCON. They are,

MAIN MENU

When the ESP 10S program is executed, the opening screen will
display the following menus.

This menu c#nsists of the following sub menus.

... for commands and settings of sub controliers.

... for st%tus display of sub controllers.

COMMANDS

Commands to the sub units BAPCON, RAPCON, etc are set using
this menu.

The following sub menus are available.

- Commar{ds and settings of BAPCON.



- Commands and settings of RAPCON.

Depending upon the project configuration, other sub units like
Statcon-E etc will appear in this command menu.

the [ESP performance.

Current mode 10S (Manual/Auto) is indicated in the status bar
of the main form.

Exit:
To exit I0S program.

Auto Mode
This is a command to execute sets of Closed Loop to optimize

\
BAPcoN COMMAND

In this form, the default values are indicated near to command
legend. Next to that suitable controls are provided for the user to
give command to the BAPCON. Press SEND key after entering
values to transmit the command. The default values displayed in
the form menu are either last command sent or local values /
status.

A status indication about the communication link is provided.

Red indicates communication is not ok. Green indicates
communication is ok.

The list of commands that can be given to BAPCON from 10S is
indicated in the table given below. Also the range of input values
and error message also given in the table.



BAPCON PARAMETERS

ITEM RANGE ERROR MESSAGE
BAPCON NO. 1 to Max. no of BAPCONs UNIT NUMBER OUT OF RANGE.
connected.
T/R POWER ON/OFF -
OPTIMISE ON/OFF -
CHARGE RATIO !ito 159 CHARGE RATIO SHOULD BE ODD
NO. CHARGE RATIO OUT OF
| RANGE.
AV.CT.LIMIT *0to Max. Rating of T/R set. CURRENT LIMIT QUT OF RANGE.
IC.CT.LIMIT '0 to Max. Rating of T/R set x 2.  CURRENT CHARGE QUT OF
RANGE
BASE CHARGE Oto49 BASE CHARGE OUT OF RANGE
REPEAT TIME 0.1to 25.5 REPEAT TIME SETTING OUT OF
RANGE.
ALARM OFF -

* In 1:1 charge ratio.

In case of intermittent charging,
Average Current Limit = 0 to (Max. current rating of T/Rsetx2)/ .
Charge Ratio) '




RAPCON COMMAND

On display of this form, the default values of time factor and set
number for rapcon-1 is indicated near to command legend. Next
to that suitable controls are provided for the user to enter
command to the RAPCON. Press SEND key after entering values
to transmijt the command. Similarly Time factor, Set number can
-be given to other Rapcons also.

The defaﬁlt values displayed in the form menu are either Last

command sent or Local values / status.

ITEM RANGE DEFAULT ERROR MESSAGE
RAPCON NO. | 1 to Max no. -

RAPCONSs

connected
TIME 0.0to 25.5 Last sent values RAPPER time factor
FACTOR or as in LOCAL. out of range.

Mode

SELECT SET 1 to Max. no of RAPPER set number
NO SETs available.. out of range

Further to these commands, following commands are provided
through separate forms.




A statuéLindication about the communication link is provided.

Red indicates communication not ok. Green indicates
communication ok.

Also a rjhessage box displays the error status if a command is
given.

RAPCON COMMAND - AUTO ON / OFF

Select the‘ motors to be made Auto On/Off. Selected motor is
shown in black color with / without tick mark.

Press SEND key to transmit the command.
1

Motors selected in AUTO MODE are shown highlighted in pink color
based on the reply from respective Rapcon.
|

Settings, which were changed, can be cancelled by pressing
CANCEL key.

RAPCON %OMMAND - MANUAL ON / OFF

shown in black color with / without tick mark.

Press SE

Select the motors to be made Manual On/Off. Selected motor is
D key to transmit the command.

Motors selected in Manual MODE are shown highlighted in pink
color based on the reply from respective Rapcon.

CANCEL key.

Settings, \ﬁhich were changed, can be cancelled by pressing

RAPCON qL,OMMAND - GET RAPPER TIME

This form di‘splays the Rapper timings of the set number entered.



This timings are the preprogrammed timings of the respective set no.
and cannot be altered. However, when this set is selected using
“SET

RAP. TIME” 'i‘:ommand, the set ‘0’ (Operating Set) is copied with this
set. This can be edited as described in the SET RAPPER TIME
section.

If the RAPCON is not connected to the system an empty table will be
displayed, with error annunciation.

Settings which were changed can be cancelled by pressing
CANCEL key.

Set Rap Ti+ne

This form displays the present rapping frequency, on which the
RAPCON is working. The present rapping frequency can be modified
using this form and sent to Rapcon by pressing SEND key.

In case of power supply interruption to RAPCON and when power
supply resumes the standard rapping frequencies as per set no.1 will
be transferred to set number-0 and used by RAPCON automatically.
If the RAPCON is connected to the system an empty table will be
displayed with error annunciation.

If the RAPCON is not connected to the system an empty table will be
displayed, with error annunciation.

Settings, which were changed, can be cancelled by pressing
CANCEL key.

Set Real {(ime
|

Use this form to alter required date and time in all RAPCON:Ss.
Date and Time controls provided in this form can be edited to the

requirement and press SEND key to transmit new date and time to
the RAPCON. -



f the RAPCOljU is not connected to the system error annunciation
will happen.

Settings, which were changed, can be cancelled by pressing
CANCEL key,

Alarm Reset|

This form is nrneant for resetting the alarm of a rapper connected to a
Rapcon.

Select the motors to be made Alarm Reset. Selected motor is
shown in black color with round mark.

Press SEND key to transmit the command.
|

If the RAPCON is not connected to the system error annunciation
will happen. |

Settings, whijth were changed, can be cancelled by pressing

CANCEL key.
|




4.2 OUTPUT DESIGN

One of the most important features of the system is the
output it produces. Without quality output, the entire system may
appear to be unnecessary that users will avoid using it. Users
generally merit the system solely by its output. Therefore an effective
output design is an important feature of design specification.

Objectives o# Output Design:

Since useful output is essentially to gaining use and
acceptance of the system, the systems analysts should try and
following objectives which are for designing acceptable outputs.

¢ Design the output to serve the intended purpose.
Design output to fit the user.

¢ Deliver the appropriate quantity of output.

+ Assure that the output is obtained, where it is needed.
Provide output on time.

¢ Choose the right output method.

*

L 4

DISPLAY

Status display of sub units BAPCON, RAPCON, etc can be viewed
using this menu.

The following sub menus available are.



STATU}S DISPLAY BAPCON

The STATUS DISPLAY for BAPCON allows viewing of the status of
BAPCd)Ns. The status of up to a maximum of 64 BAPCONS can be
displayed depending on the project configuration.

in the respective BAPCONSs, except OPTM. REACHED (AUTO) and

The pagmeter,_ which appears in this display, is the status availabie
FIELD

YMBOL.

OPTM.‘ REACHED (AUTO):

If the OPTIMISER ALGORITHM is selected and when I0S is in auto
mode the optimum reached feedback will be displayed as YES in
this status display. During this operation OPTM. FEEDBACK is
ignored.

FIELD SYMBOL:

The symbol of the BAPCONSs allotted as per the site requirement.
See SETUP.

STATUS DISPLAY RAPCON

The STATUS DISPLAY for RAPCON allows viewing of the rapper
motor status of RAPCONSs. The status of up to a maximum of 16
rappers and RAPCONSs to a maximum of 8 depending upon the
project configuration can be viewed depending on the project
configuration. '

For all Qrappers of a RAPCON, Auto/Manual/Running/Error status of
motor is indicated by means of glowing LED display. In addition to
that following status is displayed.

“+ RAPCON No.
“+ Rapcon Symbol
< Time Factor

<> Staﬂus (Local/Remote)






5. SYSTEM IMPLEMENTATION

System implementation includes running, testing and the
use of the system. After completion of the system analysis, design
and codi}ng, the user and the management evaluates the new system
to ensure that it fulfils all its goals.

" Thus implementation is the stage of project where the
critical design is turned into a working system. The system can be
introduced in two methods namely parallel running and the other is
the sudien implementation [tested along with the existing system].
The for‘
system to the new system.

er one is a good method for smooth transfer of the old

But here there is a repetition of work, which is being done
by proc%ssing the current data by both the old and the new system,
which @ kept alive and operational until the new system has been
prowded! for at least one system cycle.

In the second method the old system is suddenly scrapped
down aﬁnd the new system is introduced all of sudden. This reduces
the duplication of work. But here the drawbacks of the_new system
may Ieab to confusion and total disorder of the system.



The new system is implemented by using the parallel
running, thus the system is going to be implemented simultaneously
along with the current system for testing.

The process that is done during the implementation is
checking the proposed system with the existing system.



TESTING



6. SYSTEM TESTING

Software testing can be considered as the combination of
two elements — Verification and Validation. Verification refers to the
set of activities that ensures the software correctly implements a
specn‘lcw function. Validation refers to a different set of activities that
ensure ﬁhat the software that has been built is traceable to customer
requnreerents In simpler terms it can be explained that verification
ensures that the product is being developed in the right way and
validatidn ensures that the right product is being developed.

| Any software has to under go series of tests during its
development stage. The main types of tests that any software has to
undergq are,

% Unit Testing.
% Integration Testing.
< Validation Testing.

6.1 Unit Testing

This testing focuses on each module individually, that it
function# properly as a unit. It also ensures that all the paths in the
module’# contract structure are covered. This can also be used as a
tool to |uncover errors which may arise due to improper or
inconsistent typing, erroneous initialization or default values, iricorrect



or miss spelt variable names, inconsistent data types, errors that may
occur during file handling.

Hence the individual modules were first tested for their
effective performan'ce. The system was tested with sample data and
the irregularities that occurred were corrected and again put into
testing.

6.2 Integration Testing

~ After the successful completion of unit testing, the
integratio]n testing is performed. The integration testing is systematic
techniqu¢; for construction of program structure at the same time
conductiﬁng tests that uncovers errors associated with interfacing.
This testjng can be used as a tool to uncover — errors like of data
across idteﬁace, the adverse effect that one module might have on
another, b}oblems rising due to global data structures.

When individual modules were found to work satisfactorily
the system integrétion was performed and testing was carried out. All
the requi\red outputs were generated and corrections were made till
they weré found to be satisfactory.



6.3 Validation Testing

At the culmination of integration testing when the software
has been completely assembled and all known errors have been
uncovered and corrected, the validation testing is carried out.
Validation is the set of activities that ensure that the software
functions' in a manner that is expected by fhe customer. Hence,
validation] testing eﬁsures that all functional requirements are satisfied

and all the performance requirements are satisfied.

Hence, validation testing was carried out to the
conﬂrmat‘on that the function performed according to the
specificatjon.

At various stages, the system is subjected to undergo all
the abové—mentioned tests and it is found to be working satisfactorily.

In this application the validity test was done with testing
. software ﬂwamed SIMULATOR specially designed for ESP-IOS.
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7. FUTURE ENHANCEMENT

e Analog display of BAPCON and RAPCON could be
established.

e Separate algorithms could be generated and attached
so that certain job could be done regarding ESP. (for
example, algorithm resetting)

- o Performance Evaluation of the entire system could be
monitored.

e Analog input to the system could be given by having an
Analog to Digital converter card. |

¢ Graphical representation of data could be view with the
help of Graphics server. Like VI curve etc.

e Reply from BAPCON and RAPCON can be view as a
web page for plant manager to view the status.
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